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= Dynamic Message Signs
(DMS) are
programmable traffic
management & control
devices to display text G ——— -
and/or symbol messages. =

= |t is especially important
for drivers to detect,
comprehend, and
translate signage
Information timely and
accurately.
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Current DMS system in RI:
Vanguard® VF-2000 series manufactured by Daktronics.

= Full-matrix, tri-color display, permanently mounted on an overhead sign
bridge.

=  Approximately 8.5 m x 2.4 m with a matrix of 120 x 27 LED pixels

= Typical font employed in RI is seven pixels tall by six pixels wide and
has a two-pixel stroke width with two pixels inter-character spacing.

= The Vanguard® sign is able to display a three-line text message with a
maximum of twenty 18 inches characters for each line.

= Several dynamic display modes, including flashing, scrolling, and
multiple-frame, are also available for presenting DMS messages.

Problems:

= Would DMS text messages cause difficulty or confusion to
drivers, especially to elder drivers?

= Could graphics be employed to enhance the message display on
DMS?
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Rationale of employing graphics:

= Graphically presented information is usually more effective
than textual information.

= Research has shown that graphics alone often lead to quicker
completion times, but words lead to greater accuracy.

= Transportation authorities in several Western European
countries have pioneered the use of graphical traffic
Information on DMS and found promising results

Current Studies:

= The use of graphics on DMS is still relatively new in the US
and little research has been done regarding the use of
graphics in DMS.

= Detailed knowledge on recognition and understanding of
graphical traffic information Is sparse.
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Objectives

Gain insights into drivers’ understandings and preferences of
graphics-aided messages and determine variation in drivers’
responses to these messages.

Examine the feasibility of employing graphics in DMS
messaging and determine factors to be considered in simulated
driving experiment.

Design and conduct simulated driving experiments to assess
drivers responses to various types of graphics-aided messages.

Analyze experiment results and make recommendations
toward the design and deployment of graphics-aided DMS.
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* Driver questionnaire survey

Collect respondents opinions through a list of
multiple choices or open-ended questions.

* Simulated driving test

Collect drivers responses to artificially introduced
DMS stimuli in a simulated driving environment.
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Questionnaire Survey

Execution

= 127 people attended the Survey

= Survey questions are given in random order.

= 46 questions were asked addressing a number of

message display effects
Goal
=  To understand drivers responses influenced by the

graphics-aided messages and to uncover potential
problems with the use of graphics in DMS.

=  To correlate drivers demographics including gender, age
group, driving experience, and native language with the
survey results.
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Questionnaire Survey
Subjects Demographics
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=  Age- groupl: 18~40 yr. (62 subjects)
group2: 40~60 yr. (34 subjects)
group3: over 60 yr. (31 subjects)

=  Gender - Males (68 subjects)

Females (59 subjects)

= Native language - English (86 subjects)
Spanish (33 subjects)
Other (8 subjects)
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Questionnaire Survey
Message Types
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Four types of DMS messages are considered in the survey:

Type Situation
Slippery Road
Weather = }---- PREIY ROAQ.
Snow
_ Road Work
Construction oo R
Lane Shift
: Congestion
Information |- i L ERTERE RS
Accident
SpeedLimit
Regulatory Seat Belt
No Truck [,
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Display Effects
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Effects considered in the survey:

Text vs. graphic-aided messages
Alternative graphics

Preference in color

Dynamic features

Position of the graphical image
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Questionnaire Survey
Example

Text vs. Graphic-aided

2 ROAD WORK
AT EXIT 12
REDUCE SPEED

ROAD WORK
AT EXIT 12
REDUCE SPEED
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Results
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Text vs. Graphic-aided

Text

Graphic-aided
94%
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“Text vs. Graphic-aided

Male

Text
7%

i

Graphic-
aided
93%

English

7%

Graphic-

93%
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“Text vs. Graphic-aided

18~40 yr.

Text
4%

e

Graphic-
aided
96%

40~60 yr.

Text
5%

o

Graphic-
aided
95%

Over 60 Yr.

Text
10%

!

Graphic
90%
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Questionnaire Survey
Example

Alternative Graphics

MAJOR ACCIDENT
AT EXIT 9
EXPECT DELAYS

MAJOR ACCIDENT
AT EXIT 9
EXPECT DELAYS

MAJOR ACCIDENT
AT EXIT 9
EXPECT DELAYS
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Alternative Graphics

LLadF .
e Accident

Graphic B Graphic C
14% 5%

Graphic A
81% IhpPr-Ak

Graphic C
53%

snow

Graphic A ISR

20%

27%

@rapmc B
e

‘. i Road Work
Graphic C
39%

.

Graphic A

@ 57%
Graphic B
I 4%
1

[N Graphic B
(] 0,

L N

Slippery Road

Graphic C
5%

Graphic A
93%
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Questionnaire Survey

Example

Message Colors

CONGESTION
AT EXIT 23
TUNE TO 1610AM

CONGESTION
AT EXIT 23

TUNE TO 1610AM
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Results
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Message Colors

18%

Amber
50%
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Message Colors

18~40 yr.

Green
12%

Red
28% eAmber

60%

40~60 yr.

Green

25%
° Amber

48%

Red
27%

ower 60 yr.
Green
21% Amber
Red

45%
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Questionnaire Survey
Example

Dynamic Features

EOAD KOER AHERD

EORD WOER AHEARD
LEFT LARE CLOSED
MEELE EIGHT
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Results
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Dynamic Features

Static
26%

Dynamic
14%
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Dynamic Features

Male

Female

English

Non-English

87%
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Dynamic Features

Static

18~40 yr.

32%
namic

68%

40~60 yr.

Static
24%

Dynamic
76%

Static
16%

Over 60 yr.

Dynamic
84%
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Questionnaire Survey
Example

Image Position

CONGESTION
AT EXIT 23
TUNE TO 1610AM

CONGESTION
AT EXIT 23
TUNE TO 1610AM

CONGESTION
AT EXIT 23
TUNE TO 1610AM
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Image Position

GT: Graphic on left
TG: Graphic on right
GTG: Graphic on both sides

TG
4%
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Execution
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= A video background representing a driver’s view driving at
highway speed was produced.

= A digitally generated DMS was merged with the video.

= The DMS initially appeared at the far end as a small dot and
gradually increased In size as it was seen in actual driving.

= The video was projected onto a widescreen In front of a test
vehicle where a subject was sitting in the driver’s seat.

= The subject was required to identify each DMS by pressing a
corresponding button on the steering wheel.

= Response time and accuracy were recorded for further
analysis.
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Simulated Driving Test
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Simulated Driving Test
- Photos




Simulated Driving Test
y Lab Setup

I
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Simulated Driving Test
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Number of Runs for Each Subject:

Message Content: 2
Graphic-aided and Text only: 2
Color Scheme: 3

Secondary Messages: 4
Repetitions: 3

Total no. of Runs =(2x2x3+4)x3=48runs

* Secondary messages are to prevent subjects from guessing.

* Each stimulus video is approximately 27 seconds long.
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Simulated Driving Test
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Primary messages
= Road Work

Text Only

Graphic + Text
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Simulated Driving Test
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Secondary Messages with Graphics
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Simulated Driving Test

Color Scheme

Example
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Simulated Driving Test
Experiment Design & Factors
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Statistical Model

T=n+M+C+MxC+A+G+AxXG +¢
Where:

T — Subject’s response time in seconds;

n — Overall mean in seconds;

M — Message type;

C — Color scheme;

A — Subjects’ age;

G — Subjects’ gender;

¢ — Error.

Within subject factors

= Message Type (Text-only vs. Graphic-aided)
= Color Scheme

Between subject factors

= Age

= Gender
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Simulated Driving Test

Between Subject Factors
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= 48 subjects participated Iin the simulation.
Their demographics were as follows:

Age 20~40 yr. Age group
40~60 yr. Age group
Over 60 yr. Age group

Gender Female
Male
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Simulated Driving Test
Analysis of Variance
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Source DF Seq SS AdjSS Adj MS F P
Age 2 2751.9 2994.2 1497.1 88.03 0.000
Gender 1 95.1 67.3 67.3 3.96 0.047
Age*Gender 2 53.5 39.7 19.8 1.17 0.312
Message type 1 17445.0 17340.3  17340.3 1019.58 0.000
Color scheme 2 2552.9 2535.4 1267.7 74.54 0.000
Message type*Color scheme 2 412.7 412.7 206.4 12.13 0.000
Error 1621 27568.9 27568.9 17.0
Total 1631 50879.9

* Significance level of 0.05 has been used in the analysis.



Simulated Driving Test
Overall Main Effect Plots

N

J

. Young SUbj@CtS IVeinEffects Plot for Resp Tine
responded faster. - —

= Males responded ]
faster than females. 3 — —

= Response time for o) o
the red colored = u]
messages were the £ 0w aov oerbow. rer e
SlOweSt % o Color name Graphic or Text

= Qverall, subjects = e /
responded faster to :
graphic-aided . /
messages. 14

Ani)er Gréen Féd Gaphirlz-eided Textlonly
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Simulated Driving Test

Interaction Plot of Color and Graphics
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Subjects’ response
times were faster
whenever they were
presented with
graphic-aided
messages.

The response times
for the red color
messages were the
slowest for both text
only and graphic-
alded messages.

Mean

Interaction Plot for Resp Tine

Color name
Amber

== Green
-+- %
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= Graphic-aided DMS messages were preferred
by the majority and were responded faster than
text-only messages.

= Amber-colored messages were preferred by the
majority and both amber and green-colored
messages were responded faster than red-colored
messages.

= Older drivers took longer to respond in driving
simulation.
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