Simultaneous Signal Indications- Are We Confusing Drivers?

David A. Noyce, Ph.D., P.E.

INTRODUCTION

The Manud on Uniform Traffic Control Devices (MUTCD) provides severa specific requirements
when protected/permitted left-turn (PPLT) sgnd phasingisused (1). Although aseparate sgnd facefor
left-turn control is not required, shared signal faces in place shal operate during the protected |eft-turn
phase asfollows:

“During the protected left-turn movement, the signd face shal smultaneoudy display a left-turn
GREEN ARROW sgnd indication and a circular sgnd indication thet is the same color as the
sgnd indication for the adjacent through lane on the same gpproach as the protected left turn.”

If aseparate sgnd faceisprovided, it shal be consdered aleft-turn signa face and shal meet thefollowing
requirements.

“During the protected | eft-turn movement, the left-turn Sgna face shal Smultaneoudy display aleft-
turn GREEN ARROW ggnd indication and a CIRCULAR RED dgnd indication.”

Other combinations of smultaneoudy displayed sgnd indications in the PPLT display are dlowed with
vishility-limited displays. Examples of the required indications are shown in Figure 1.

The mandate to s multaneoudy display the green arrow indication with ared or green bdl indication
requires two indications to be smultaneoudy illuminated in the signd face controlling left-turn operations.
A dgnd face with two lensesilluminated, providing two potentidly conflicting messagesto the driver, can
be confusing and lead to safety problems.

This paper looks at the results of several research studies completed to explore driver's
understanding and the effectiveness of smultaneous signd indicationsin asngle left-turn display. Studies
completed in Nebraska and Texas are presented aong with the results of a nationd study completed by
the author.
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Figurel MUTCD Arrangementsand Indicationsfor PPLT Signal Displays

PREVIOUS RESEARCH

Severa research studies have explored smultaneous indication illumination required with PPLT
sgnd phasing.

Bonneson conducted a driver survey in Nebraska to evauate driver' s understanding of different
PPLT sgnd display arrangements(2). Bonneson's study evaluated both the protected (green arrow with
red bl indication) and permitted signd indication in thefive-section horizontd, vertica, and cluster display
arangement. Approximately 115 responses were received for each display/indication combination. The
results of the sudy are summarized in Table 1.



Table1 Driver Understanding of Five-Section Sig_]nal Displaysin the Bonneson Study

Through PPLT Signal Per cent Correct Response
PPLT Display M ovement Display
Arrangement Arrangement Placement Permitted Protected
Clugter Vertica Center LT 66 80
Verticd Vertica Center LT 80 82
Cluster Vertica LaneLine 66 85
Horizontal Horizonta LaneLine 76 53
Cluster Horizontal LaneLine 63 84
Horizontal* Horizontal Center LT 80 88

1. Green arrow shown without corresponding through indication.

Bonneson found the green arrow indication in the five-section cluster display had the highest level
of driver understanding; however, when the green arrow was shown without the corresponding through
movement (bal) indicaion in the five-section horizontad display, a dightly higher level of driver
understanding was found. Bonneson concluded that approximately 10 percent less drivers are able to
understand the protected indication with smultaneous indications shown.

Asante and Williams eva uated the s multaneous use of the green arow indication with the green or
red bal indicationinfive-section PPLT displaysin Texas(3). Field studieswhere conducted at more than
100 sites and surveyswere mailed to 6,000 Texas resdents, of which 902 werereturned. Theresultsare
presented in Table 2. On average, 80 percent of Texas drivers correctly understood the green arrow
protected indication when presented in afive-section horizontal display. Resultswereimproved when the
green arrow was presented independently for the protected indication.

Dataindicated ahigher level of understanding when only the green arrow indication was displayed
as compared to when both the green ball and green arrow indications were displayed. When the green
arrow indication aone was compared to the smultaneous red bal and green arrow indications, a larger
sgnificant differencein driver understanding wasfound. Asante concluded that ared bal and green arrow
should not be shown smultaneoudly on afive-section PPLT display.

ANALYSSOF PPLT DISPLAYS

The author recently conducted aresearch study that looked at al elementsof PPLT sgnd displays,
induding the protected indications (4). To provide a data collection insrument that best smulated the
drivers view of asgnalized intersection, a computer software program was developed. Photographs of
actual sgnalized intersectionswere incorporated into the software as background scenes. Computer-based
data collection methodol ogies provided a better presentation than traditiona pencil and paper methods used
in previous research sudies.



Table2 Driver Under sanding Results from the Asante/Williams Study

PPLT Signal Through Supp. Number of Per cent
Indication® Indication® Sign? Display Responses Incorrect
GA/RB GB No 5-Section Horz. 79 23
GA GB No 5-Section Horz. 93 13
GA/GB GB No 5-Section Horz. 80 19
GA RB No 5-Section Horz. 80 20
GA/GB GB a 5-Section Horz. 91 8
GA/RB RB b 5-Section Horz. 93 34
GA GB c 5-Section Horz. 93 18
GA RB d 5-Section Horz. 86 5
GA RB No 3-Section Vert. 96 9
GA GB No 3-Section Vert. 95 27
GA RB b 3-Section Vert. 103 17
GA GB e 3-Section Vert. 103 31
GA RB b 3-Section Vert. 92 14
GA GB b 3-Section Vert. 69 23
GB GB No 5-Section Horz. 79 25
GB RB No 5-Section Horz. 93 34
GB RB f 5-Section Horz. 92 14
GB GB g 5-Section Horz. 86 24
GB GB No 3-Section Vert. 84 50
GB RB No 3-Section Vert. 107 47

1. G=Green; Y=Y dlow; R=Red; A=Arrow; B=Ball; F=Flashing.

2

a- PROTECTED LEFT ON GREEN ARROW.

b- LEFT TURN SIGNAL.
c- PROTECTED LEFT TURN ON ARROW ONLY.

d- PROTECTED LEFT TURN ON GREEN ARROW ONLY.
e-NO TURN ON RED.

f-LEFT TURN YIELD ON GREEN BALL.

g- LEFT TURN PROTECTED ON ARROW ONLY.




To obtain the desired redism, it was essentid that all survey graphics depicted a sgndized
intersection from the perspective of a driver, looking through the windshield of his or her vehicle, while
positioned in an exclusve left-turn lane. To fulfill this objective, photographs were taken at sgndized
intersections throughout the state of Texas and in Cdifornia, Colorado, Florida, Maryland, Oregon, and
Wiscondgn. Each photograph was taken from approximately the drivers' eye location asif the driver was
positioned asthe firg left-turn vehicle in queue, in an exclusive left-turn lane.

Photographs were digitaly scanned to create an electronic format and copied into the software.
Supplementa signswere not included in the andysis Since the objective of this study wasto evauate each
PPLT sgnd digplay without secondary influences. Animated signd displays were created to replace the
exising Sgnd displays in each photo. Each animated signd display was enlarged to 110 percent of the
origina sgnd display sizeto add dlarity to the presentation without disturbing proportiondity. Backplates
were included with each Sgnd display.

PPLT sgnd displays used in the research represented every combination of protected left-turn
indications, permitted Ieft-turn indications, through movement indications, and PPLT signd display
arrangements currently used throughout the U.S. Additionally, an dl-red scenario was aso created for
each PPLT signa display arrangement. Therefore, 35 scenarios per photo were required to create each
of the combinations described which resulted in atota of 210 unique scenarios. Because horizontal PPLT
sgnd digplays are not recommended in median post mounted situations, the five-section horizontal display
scenarios were removed from the two photos that contained median post mounted PPLT signd displays.
A tota of 200 scenarios remained and dl 200 of them were evauated in the photographic driver survey.
Figure 2 presents asample of a survey scenario.

Through movement Sgnd displays were also animated and placed in ether ahorizontd or vertica
position, in most cases cong stent with the through movement displaysin the origina photo. Both horizontal
and vertica through movement displays were used to provide diveraty and to provide the opportunity to
andyze the Sgnificance of this varigble.

Due to time congtraints, it was not possible to present al 200 survey scenarios to each of the
photographic driver survey respondents.  Therefore, a randomizer function was added to the survey
software dlowing asubset of scenarios to be randomly selected for each respondent.  The randomizer
function added two important features to the survey software. Firg, it diminated the need to develop
multiple versions of the survey software to accommodate all 200 scenarios. Second, it strengthened the
andyss by randomizing the data collection process and minimized potentid bias effects due to learning
effects from the presentation order of the scenarios.

A response question was developed that could be applied to each of the survey scenarios. Using
only one question reduced the demand on the survey respondents and alowed each scenario to be
consstently evauated. The survey question was asfollows:

“1f you want to turn left, and you see the traffic signals shown, you would...”



Figure 2 Photographic Driver Survey - Scenario Example

Four responses to the question were developed, one that applied to each of the protected, permitted, and
al-red |eft-turn indications presented. The four responses included:

GO

YIELD - wait for gap
STORP - then wait for gap
STOP

DO OO

Note that the yield - wait for gap response gpplied to the green bal and flashing yellow permitted
indications while the stop - then wait for gap applied to the flashing red permitted indications. The go
response appliedto al protected lft-turn indi cation combinations presented. A 1, 2, 3, or 4 wasrecorded
to identify the response selected. If no response was selected, a 0 was recorded.

One of the objectives in the development of the photographic driver survey wasto makeit as self-
explanatory and sdf-administrating as possible, requiring little input from the survey adminigrator as eech
driver completed the survey. To meet this objective, al survey ingtructions were voice recorded using
Macromedia SoundEdit™ software and included as asound track within the survey software. Alongwith
the genera survey ingdructions, the computer operations necessary to complete the survey were
demongtrated through an example survey question. The voice ingtructions and survey example were
choreographed, and appropriate sections of the computer screen highlighted when described. The
computer clock time was used to record the time duration of each response. All data was automeaticaly
downloaded to an attached spreadshest.



Data Collection Sites

The firgt step in the data collection procedure was to contact locd officids in each of the eight
geographic locations sdlected to assst in identifying Sites to conduct the photographic driver surveys.
Shopping Mdlsand state Department of Motor Vehicles(DMV) driverslicensefacilitieswerethe targeted
locations because of thelarge and diverse subset of driversthat were generdly available. Additiondly, mal
shoppers and drivers waiting in line at the DMV's were often without time condraints. Table 3 presents
the survey sites selected in each of the eight locations.

Each driver who volunteered to take the survey was asked to St in front of acomputer and press
the Enter button on the computer keyboard. Drivers were told that al necessary ingtructions were
explained in the survey, but to ask questions if any developed. Only thel, 2, 3, 4, and Enter keyson the

computer were needed to complete the survey, and each of these keys were highlighted with a colored
sticker.

In the event that a respondent was concerned with the confidentidity of the demographic data
requested in the survey, a disclamer satement was prepared and available to dl drivers. Essentidly, the
disclamer stated that al responses were anonymous and they were not required to provide their name.

Table3 Photographic Driver Survey Data Collection Sites

City Days of Data Collection Data Collection Site

Ddlas 3 Dallas East - DPS Drivers License Fecility

Dover 3 DMV Dirivers License Facility
Pontiac Summit Place Mall

: 4
(Detroit) Oakland Mall
Post Oak Mall
College ,
) 4 Memoria Student Center

Station

Texas A&M Universty Campus

Seditle 3 DMV Dirivers License Facility
Portland 3 DMV Drivers License Facility (3 locations)
Cupertino 3 DMV Drivers License Facility
Orlando 3 DMV Drivers License Facility




Study Results

A tota of 2,465 drivers completed the photographic driver survey. Each of the eight survey
locations had more than 300 drivers complete the survey except Orlando where 289 drivers participated.
Since 30 scenarios were presented to each survey respondent, a total of 73,950 PPLT signa display
scenarios were evaluated. Fifty-eight percent of the participating drivers were mae, 41 percent were
femde. Twenty-seven percent of participating drivers were less than 24 years of age, 44 percent were
between 25 and 44, 21 percent were between 45 and 65, and seven percent were over 65. Fifty-eight
percent of participating drivers lived in acity, 30 percent in a suburban location, and 11 percent in arura
location. Of these drivers, five percent did not drive at al last year, 31 percent drove less than 10,000
miles, 44 percent drove between 10,000 and 20,000 miles, and 19 percent drove more than 20,000 miles.
A rdatively uniform digtribution of driver education was found among the participants as 29 percent of
drivers had ahigh school or equivaent education, 35 percent had some college education, and 35 percent
had a college degree.

Sixty-eight of the 200 scenarios contained protected left-turnindications. Each PPLT signd display
was evaluated twice, once showing the adjacent through movement with a green ball indication and once
with ared bal indication. Five-section PPLT sgnd displaysilluminated both the green arrow and through
movement (green or red ball) indications asrequired by theMUTCD. Thefour and three-section displays
presented only the green arrow. The correct response to each survey question was go.

A summary of the percentage of correct responses for each location is presented in Table 4.
Between 134 and 201 responsesto the five-section horizontal display and between 220 and 320 responses
todl other sgna displayswerereceived at each location. Approximately 1,500 total responsesto thefive-
section horizontd display and 2,200 responses for dl other signa displays were recaeived. Intotd, 87.2
percent of drivers participating in the survey correctly responded to the protected scenarios. When the
scenarios containing afive-section sgnd display with ared bal through movement indication wereremoved
from the data set, the overall correct response rate increased to 92.0 percent.

A comparison of correct responseratesby PPLT signal display arrangement ispresented in Figure
3. Percentage of correct responses ranged from 61.6 percent for the five-section horizontal display with
ared bal through movement indication to 93.3 percent for both the four-section cluster display with ared
bdl through movement indication and three-section verticd display with a green bdl through movement
indication. The difference in correct responses between display types was satisticaly significant (p =
0.0001). The magority of incorrect responses to the five-section displays with the red bal through
movement indication werestop, then wait for gap, demondrating the confusion associated with conflicting
ggnd messages. Similar confusion was not found when the green arrow and green ball indications were
shown smultaneoudy or when the green arrow indication was shown individuadly. Severd related findings
are identified in the following paragraphs.



Table4 Percentage of Correct Responsesto the Protected I ndications

Indicationt L ocation?
Display L eft Thru | Dal | Dov | OC | CS | Sea | Por | Cup | Orl | Ave.

5-Section GA

GB 899 1895|836 |911|948 ] 904 | 87.7 | 84.3 | 89.0
Horz. GB

5-Section GA

RB 8231601 | 535|751 | 628 | 458 | 514 | 60.2 ] 61.6
Horz. RB

>Section | GA | g | 808 | 903|880 | 962 [ 931 | 892 | 872 | 864 | 902

Vert. GB
>Section | GA | e | 855 | 725 | 658 | 87.8 | 80.4 | 589 | 659 [ 67.0 | 731
Vert. RB

>section - GA | o | o3s | 026 | 869 | 949 | 918 | 927 | 872 | 926 | 915

Cluster GB
SSedtion | GA | oo 1 g9 | 854 | 699 | 856 | 815 | 687 | 799 | 762 | 792
Cluser | RB
o | ea | B [947 | 02| 882|968 | 965 | 946 | 917 | 903 | 929
o | ea | o [ous | o18 | 902 [965 | 953|843 | 901 | 908 | 012
“secion | o | R | 938 | 923 | 886 | 962 | 967 [ 946 | 937 | 910 | 033
Cluster
asedion | ca | o8 | 927|012 | 861|947 | 959 | 931 | 898 | 006 | 920
Cluster
SoN | Ga | rB |26 | 922|865 | 975 | 964 | 952 | 011|881 | 924
SO | ea | o8 [ 951 | 900|930 [920 |81 96| 905|900 | 933
Location Average 909 | 870 | 822 | 925 | 910 | 846 | 847 | 847 | 87.2

=

G=Green; Y=Ydlow; R=Red; A=Arrow; B=Ball; F=Flashing.
Da=Dallas, TX; Dov=Dover, DE; OC=0akland County, MI; CS=College Station, TX; Sea=Seattle, WA;
Por=Portland, OR; Cup=Cupertino, CA; Orl=Orlando, FL.
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Figure 3 Driver Understanding of Protected Indicationsin PPLT Signal Displays

Firgt, driver understanding is sgnificantly reduced when a greenarrow and red bal indication are
presented smultaneoudy within afive-section PPLT sgnd display. Two smultaneous indications within
asinglesgnd display provides conflicting information that leedsto increased driver error. Noneof thefive-
section signd displays showing the green arrow and red ball indications had a correct response rate that
exceeded the desired 85 percent threshold. Thisresult was consistent with both Asante’ sand Bonneson's
findings (2, 3).

Second, when the green arrow and red bal indications are shown smultaneoudy in afive-section
sgnd display, driver understanding is lowest with the horizonta arrangement. Loceating the green arrow
to the right of the red bdl indication in a five-section horizontd display arrangement gppears to provide
additional confuson. When the green arrow and green ball indications are shown smultaneoudy, thefive-
section horizonta display aso has the lowest leve of driver understanding, however, driver understanding
exceeded the desired 85 percent threshold.

Third, when only a green arrow indicetion is provided in a left-turn signa display, driver
understanding of the protected indications was not affected by the through movement indication. Each of
the four-section and three-section PPLT signd displays had levels of driver understanding that exceeded
91 percent with both the red and green ball through movement indications. This finding provides further



evidence to suggest that the low level of driver understanding associated with the five-section displays,
when the green arrow and red ball are presented smultaneoudy, is due to conflicting right-of-way

MeSSages.
CONCLUSIONS

The results of the studies presented cdlearly show that the smultaneous illumination of the green
arrow and red bal indications in a five-section PPLT signd display during a protected Ieft-turn phase
sgnificantly reduced driver understanding and increased driver error. The reason for this decrease in
comprehensionis likely due to the increased perceptua processing required and the associated increase
indriver workload. In addition, other research as shown that the smultaneous green arrow and red ball
indicationsin afive-section horizonta display resulted in asgnificant number of traffic events (4). Driver
understanding isincreased when only the green arrow indication isilluminated during the protected left-turn
phase. The National Committee on Uniform Traffic Control Devices (NCUTCD) should consder these
results in future evaluaion and revisons to the MUTCD.
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