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ABSTRACT 
In this study, the effects of dynamic message sign (DMS) messages on traffic 
approaching and passing the signs were investigated. Traffic data gathered by several 
Mobility Technology Units (MTUs) near DMSs along I-95 in Rhode Island were 
analyzed. It is intended, through this traffic data analysis, to understand the effects of 
various DMS messages on the speed variations on traffic approaching and passing the 
signs. With a positive correlation found between certain posted DMS messages and 
traffic slow-downs, the study next explored means to better the design and display on 
DMSs. A questionnaire survey was developed to find the general and specific causes of 
slow-downs. It was also used to assess drivers’ preferences and responses to various 
DMS design and display features such as message category, message type, number of 
frames, message details, and use of graphics. A total of 150 subjects participated in the 
survey. Survey results indicated that DMS was among the top few that caused drivers to 
slow down while danger warning messages attracted the most attention from drivers. It 
also showed that the majority of drivers reduced their speeds when approaching active 
DMSs while lengthy, complex, or abbreviated messages caused further slow downs. 
Regarding DMS design and display, surveyed drivers preferred text-only messages over 
graphic-aided ones, one-frame messages over two-frame ones, messages with more 
details over those with less. When cross-examined by the age distribution, it found that 
elder drivers exhibited a higher tendency to slow down as affected by active DMS 
messages. 
 
 
Keywords: slow-down effect, dynamic message sign, traffic data analysis, driver survey. 
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INTRODUCTION 
This paper presents a study that investigated the effect of various DMS messages on the 
speed variations on traffic approaching and passing the signs. The study was motivated 
by observations made on traffic monitors that “slow-downs” occurred when DMS 
messages were displayed. Thirteen dynamic message signs (overhead electronic bulletin 
boards) were installed on Rhode Island state and interstate highways since 2004. They 
have helped the traffic management authorities to communicate effectively with the 
drivers to disseminate real-time traffic information and travel advice. The DMS system is 
considered as the most critical component in RI’s Intelligent Transportation System. 
Though successful with its function, it has been observed that drivers often reduced their 
speed to read, comprehend and respond to these DMS messages. It has also been 
observed that drivers usually sped up after passing the DMSs to compensate for the slow-
downs took place earlier. These variations in speed could stress driving conditions, 
increase congestion, and cause accidents. 

A traffic data analysis was conducted to determine whether the “slow-downs” were 
caused by active DMSs and the extent that the traffic speed was affected by various DMS 
messages. The study next examined various design and display features on DMS 
messages such as message type (text-only, graphic-aided or graphic-integrated 
messages), message category (danger warning, regulatory, and informative messages), 
number of frames, the amount of information and use of graphics in multi-frame 
messages. A questionnaire survey was developed to gather drivers’ opinions about 
possible causes of slow-downs and to capture their preferences on various DMS design 
and display features. The objectives of this study are to understand the effect of active 
dynamic message signs on traffic, to identify causes of slow-downs, and to improve the 
DMS message design and display. The findings of this study could help highway 
transportation authorities better manage the traffic on highways via DMS messages, 
enhance drivers’ comprehension of and responses to DMS messages, and ease the slow-
downs caused by DMS messages. 

 
BACKGROUND 
Reviews of literature and past studies regarding the dynamic message sign its effect on 
traffic are provided below. 
 
Impact of DMSs on drivers 
Many studies were conducted to investigate the impact of DMSs on drivers to see 
whether the posted message were noticed and responded to by drivers while driving. In 
Benson’s study (1), a questionnaire survey was conducted to investigate the effect of 
DMSs on drivers. Among the 500 drivers participated in the survey, it found that about 
half of the participants often responded to DMSs while 38% occasionally or sometimes 
responded to them. In another similar study conducted in Wisconsin by Peng et.al. (2), 
62% of the drivers indicated that they responded to DMS messages more than once per 
week and 66% of them changed their route at least once per month due to the posted 
message. Chatterjee (3) also employed surveys to investigate drivers’ response to DMSs 
in London. Most of the participants indicated that DMS information could be very useful 
to them. An empirical analysis based on an extensive survey conducted in Amsterdam by 
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Emmerink et. al. (4) revealed that over 70% of the drivers were sometimes influenced by 
VMS information. 
 
Speed change and its effects 
Many researches were conducted to assess the relationship between speed and crash 
occurrences. Moore et. al. (5) found that the risk of being involved in a severe crash is 
proportional to the speed of driving. Kloeden et. al. (6) also found that the risk of 
involvement in a casualty crash with traveling speeds above 60 km/h increased 
exponentially when compared to the risk of involvement with traveling at 60 km/h. In 
their study they conclude that “the risk of involvement in a casualty crash is twice as 
great at 65 km/h as it is at 60 km/h, and four times as great at 70 km/h”. Many researches 
(7, 8, 9, 10, 11) found that the risk of a car getting involved in an accident is related to the 
relative speed of that vehicle to other vehicles traveling in the traffic. In other words, the 
deviation of the speed of a vehicle from the speeds of other vehicles increases the risk of 
being involved in a crash. Vehicles traveling at speeds much faster or slower than the 
average traffic speed have high probability of involving in a crash. These findings 
pointed out that crashes are highly correlated to driving speed and speed variation could 
pose a threat to the other vehicles in the traffic.  The speed changes observed on vehicles 
approaching active DMSs could have serious consequences if not being remedied.  
 
Slow-down effect 
The slow-down effect has been studied by a few researchers. Using a computer based 
driving simulator, Harder et. al. (12) conducted two experiments to see if different DMS 
messages cause slow-downs or not. The first experiment displayed a crash message and a 
recommended exit to use and the second experiment displayed an AMBER Alert 
message. One hundred and twenty subjects participated in the simulation and results 
showed that 21.7% of the participants slowed down by at least 2 mph (3.2 km/h) and up 
to as much as 13.9 mph (22.6 km/h) as they approached the AMBER Alert messages. 
When a “Crash” message is displayed, 13.3% slowed down by at least 2 mph (3.2 km/h) 
and up to as much as 12.7 mph (20.4 km/h) as they approach to the recommended exit in 
the message. It would be a concern if these many drivers were to slow down on highways 
in real life and its consequences on crash and traffic congestion.   

In another study, Boyle and Mannering (13) used driving simulators to study the 
impact of DMSs on drivers’ driving speed. Drivers’ driving speeds were collected when 
they were approaching DMS messages. They found that while DMS messages cause 
drivers to reduce speeds significantly, drivers tend to compensate for this speed reduction 
by increasing speeds downstream once passing the DMS message. The study found that 
when drivers encounter a new DMS message, they were more likely to have a larger 
deviation in speed. New messages with new information required drivers more time to 
process the information and act accordingly. They also found that once a driver got 
familiar with a message, she/he no longer take much time to read the message.  

In their research about incident warning systems, Alm and Nilsson (14) found that 
incident warning messages posted on VMSs could cause drivers to decrease their speeds 
before the VMS is posted and an increase in their speeds afterwards. They also found that 
the long text messages displayed on the VMSs resulted in high levels of visual workload. 
To compensate for this increased workload, participants tend to reduce their speed so that 
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they have more time to respond and react to the displayed message. A recent study 
conducted by MacCarley (15) analyzed drivers’ responses to “fog warning” or “traffic 
hazards ahead” messages displayed on a DMS in terms of traffic speed. The study found 
that when mean speeds were compared for the same visibility level, sites after the DMS 
had higher means than sites before the DMS. This indicated that drivers increase their 
speed once they pass the DMS. 

 
Use of graphics 
Use of graphics or symbols on DMS signs has many advantages over text-only DMS 
signs. A graphic-aided message could be identified easier, quicker, and from a further 
distance and thus might help ease the slow-downs caused by DMSs. In many European 
countries such as Great Britain, the Netherlands, Italy, Spain and France, graphical traffic 
information has been used on DMSs to influence drivers’ route choices as mentioned by 
Tsavachidis et. al. (16). It is also recommended by the Conference of European Directors 
of Roads (CEDR) report and Lucas et. al.’s study that graphics and symbols should be 
used as much as possible to avoid the problem of disseminating information to drivers 
who speak and use different languages (17, 18).  

Many studies found that graphically presented information allowed faster responses 
than words (19, 20, 21). Wang et. al. (22) conducted a pioneer study on the use of 
graphics on DMSs and found that most test drivers preferred graphics over text and 
responded faster to graphic-aided messages than text-alone messages. Their study 
indicated that adding graphics to DMS messages might help enhance drivers’ 
understanding of and responses to those messages and ease the slow-downs. 
 
 
DESCRIPTION OF THE STUDY 
Two approaches were employed in the study, a traffic data analysis, and a questionnaire 
survey. A description of each is given below. 
 
Traffic data analysis 
To investigate the effect of DMS messages on speed variations, traffic data gathered by 
four Mobility Technology units (MTUs) along I-95 in Rhode Island were analyzed. It 
intended to find out, through these data, whether particular messages displayed on these 
DMSs cause slow-downs or not. These MTUs are part of a network of radar vehicle 
detectors which are capable of collecting average speed and vehicle count information on 
all lanes of a highway. The data collected by the four MTUs, located in close proximities 
of four DMS sites (see Figure 1), between June 1 and June 14, 2007 were analyzed. Each 
MTU recorded the average speed in 5 minute intervals. The average speed was calculated 
by averaging the speed of all the vehicles that passed the MTU. A log of the DMS 
messages displays and their durations for the same time period (June 1st - June 14th) 
were provided by Rhode Island Traffic Management Authorities so that the speed data 
could be synchronized with messages displayed. The DMS log contained the following 
information: 1) the message content, 2) the time when the message was sent to the DMS, 
and 3) the time when the message was removed.  Table 1 shows the full message content 
of each message as it was displayed in real time during the two weeks. 
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To facilitate the analysis regarding the effect of different messages, the messages were 
grouped into three categories (as shown in Table 1), they are: danger warning messages, 
informative messages, and regulatory messages per Ridgeway’s classification (23).  
After synchronizing the speed data with the message display log, an Excel file was 
created for each MTU location. Each of these Excel files contained data for four time 
periods: “pre-display”, “first 5 min”, “last 5 min”, and “post-display”. FIGURE  
illustrates the four time periods via an example where a DMS message was posted on 
10:47 AM and removed on 11:45 AM. 
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TABLE 1  Contents of Individual DMS Messages 
 

Message 
category 

Actual message displayed 

DISABLED VEHICLE 
195 E EX 4 

LEFT LANE CLOSED 

DISABLED VEHICLE 
EX 18 RAMP BLOCKED 

USE CAUTION 

CRASH 195 E EX 2 
CENTER LN CLOSED 

ACCIDENT 
AHEAD 

KEEP RIGHT 

D
an

ge
r 

W
ar

ni
ng

 

REDUCE SPEED 
AHEAD 

RIGHT LANES CLOSED 

REDUCE SPEED 
SLOW TRAFFIC 

AHEAD 
ROADWORK 
95 N EX 23 

LEFT LANE CLOSED 

ROADWORK 
1 /2 MILE 

LEFT LNES CLOSED 

In
fo

rm
at

iv
e 

DELAYS AHEAD 
THRU EX 20 

DELAYS 
EX 22 THRU 20 

WORK ZONE 
KEEP RIGHT 

WORK ZONE 
KEEP LEFT 

R
eg

ul
at

or
y 

S-CURVES AHEAD 
REDUCE SPEED 

S-CURVES 1/ 2 MI 
REDUCE SPEEDS 

 

 

FIGURE 2 The Four Time Periods Considered in Traffic Data Analysis 

 
Traffic data were compared between the “pre-display” period and the “first 5 min” 

period for the same message. The analysis performed here was named “before and during 
analysis”. It was hypothesized that drivers might slow down due to the active DMS 
message. If a significant slow down occurred, the speed averages in “pre-display” period 
would be higher than that of the “first 5 min” period. Traffic data were also compared 
between the “last 5 min” period and the “post-display” period. The analysis here was 
named “during and after analysis”. Again, if the slow down did occur while the message 
was displayed; the average speed in the “last 5 min” period would be lower than that of 
the “post-display” period. These hypotheses were tested using paired t-tests with a 0.1 
significance level within individual message category. 
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Questionnaire survey 
A questionnaire survey was developed to gain insights about the causes of slow-downs 
on highway driving and also to identify drivers’ preferences on various message design 
and display features. 
 
Design a computer-based questionnaire survey 
The electronic survey was developed using Microsoft PowerPoint with Visual Basic 
macros. The survey contained 24 questions. The first six questions were designed to find 
out the causes of slow-downs in general and those associated with DMS designs. In some 
of these questions, participants had the option to choose multiple answers. Other 
questions investigated drivers’ opinions and preferences regarding various DMS message 
display features. Each question was designed to assess a single design or display feature 
with multiple DMS displays as possible choices. Some questions assessed subjects’ 
attentions attracted by messages in different message categories (danger warning, 
informative, and regulatory messages.) Some others surveyed subjects’ preferences 
among three matching messages displayed in different types, text-only, graphic-aided 
(graphic placed on the left of the complete text message), and graphic-integrated (graphic 
replaced the first line of words in the original message). Other questions surveyed 
subjects’ opinions regarding the number of frames used to display the same message 
(single frame vs. two-frame) on the ease of understanding, and their preferences between 
messages with more details displayed in two frames and those with less details in one 
frame. Figure 3 gives a few sample questions. 

Survey administration 
The survey was conducted at multiple locations in Rhode Island in order to obtain a 
representative sample of the Rhode Island driving population. The University of Rhode 
Island, Pawtucket Department of Motor Vehicles, and Warwick Mall were among several 
survey sites where the survey took place. A total of 150 subjects participated in the 
survey. Among them, 75 were between 18 and 40 years old, 39 between 41 and 60, and 
36 were older than 60, and there were 71 females and 79 males. Age and gender 
percentages of the survey and Rhode Island population are almost the same. The survey 
was done by voluntary contribution. Each participant was asked to read and sign a 
consent form, approved by the university’s Institutional Review Board, prior to the 
survey. The subject would then start taking the survey presented as PowerPoint slides on 
a laptop computer. Survey questions were presented one at a time with no constraint on 
the answering (response) time. Answer(s) could be made by using a clickable mouse or 
by telling the survey assistant. Upon the completion of all survey questions, the subject 
was asked to fill out some demographic information such as age group, gender and native 
language background. Answers made and demographic information provided by subjects 
were stored in a password protected computer for later analysis. Individual’s 
demographic information was only used in data sorting and analysis and was kept 
confidential at all time. 
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FIGURE 3 Sample Survey Questions 

  
RESULTS AND DISCUSSION 
 
Traffic data analysis 
Traffic data analysis consists of two parts, the “before and during” analysis and the 
“during and after” analysis. The “pre-display” data were compared with the “first 5 min” 
data in the former while the “last 5 min” data were compared with the “post display” data 
in the latter. For each MTU, paired t-tests were conducted with respect to each message 
type displayed. A 0.1 significance level was used in the tests. 
 
Before and during analysis 
Multiple “before and during” analyses were conducted for the four MTUs on seven 
different message contents. The summary statistics are exhibited in Table 2. It was noted 
that there was a decrease in speed in five out of eight cases when danger warning 
messages were displayed with two cases being significant (p-value < 0.1). When 
informative messages were displayed, mean speed decreased in three out of five cases 
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with one being significant. When regulatory messages were displayed, average speed 
decreased in two out of three cases, also with one being significant. Overall, speed 
reductions were observed in ten out of sixteen cases where four were significant. This 
indicated that many drivers slowed down when approaching active DMSs.  

 
TABLE 2 Before and During Analysis for the Three Messages Categories 

Message 
Category 

Message 
Contents 

Averages 
and 

p-values 

MTU #8103 
(DMS 2-4 SB) 

MTU#8114 
(DMS 2-6 SB) 

MTU#8127 
(DMS 2-3 NB) 

MTU#8132 
(DMS 2-13 NB) 

Pre-display 58.74 62.06 60.42 
First 5 min 58.09 63.15 60.67 

Disabled 
Vehicle 

p-value 0.38 0.21 0.41 

N/A 

Pre-display 60.28 64.49 59.53 59.46 
First 5 min 58.92 59.57 59.25 59.97 

Crash and 
accident 

p-value 0.02 0.06 0.33 0.27 
Pre-display 59.67 
First 5 min 58.98 

D
an

g
er

 w
ar

n
in

g
 

Reduce 
Speed 

p-value 
N/A N/A 

0.15 

N/A 

Pre-display 60.13 57.71 60.71 
First 5 min 59.13 58.48 61.38 Roadwork 

p-value 0.02 0.21 0.21 

N/A 

Pre-display 62.41 60.71 
First 5 min 47.65 60.48 In

fo
rm

at
iv

e 

Delays 
p-value 

N/A 

0.18 0.35 

N/A 

Pre-display 57.11 56.21 
First 5 min 55.45 56.61 S-curves 

p-value 0.08 

N/A  N/A 

0.32 
Pre-display 61.81 
First 5 min 60.94 R

eg
u

la
to

ry
 

Workzone 
p-value 

N/A N/A 

0.17 

N/A 

 
 
During and after analysis 

The summary statistics obtained from the “during and after” analyses with respect to 
each MTU are exhibited in Table 3. It showed that when danger warning messages were 
removed, some increases in speed occurred with one case being significant. Regarding 
the informative messages, average speed increased in three out five cases with also one 
being significant. For regulatory messages, the mean speed increased in one case but 
slightly decreased in the other two cases although none was significant. Overall, speed 
increases were observed in seven out of sixteen cases where two were significant. The 
results indicated that the speed variation caused by the removal of the DMS message was 
not as obvious as in the case when the message was first posted. The somewhat marginal 
results could be due to the fact that many drivers already got familiar with these messages 
since they were posted for a long period of time. This observation was especially 
common with informative and regulatory messages. 
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TABLE 3 During and After Analysis for the Three Messages Categories 

Message 
Category 

Detailed 
message 

Averages 
and 

p-values 

MTU #8103 
(DMS 2-4 SB) 

MTU#8114 
(DMS 2-6 SB) 

MTU#8127 
(DMS 2-3 

NB) 

MTU#8132 
(DMS 2-13 NB) 

Last 5 min 57.61 63.79 60.87 

Post-display  57.60 63.62 60.60 
Disabled 
Vehicle 

p-value 0.50 0.37 0.27 

N/A 

Last 5 min 59.03 63.74 58.58 52.33 

Post-display  59.64 63.59 58.85 52.37 
Crash and 
accident 

p-value 0.08 0.44 0.34 0.48 

Last 5 min 59.74 

Post-display  58.62 

D
an

g
er

 w
ar

n
in

g
 

Reduce 
Speed 

p-value 

N/A N/A 

0.16 

N/A 

Last 5 min 59.85 59.15 59.36 

Post-display  61.10 59.96 59.70 Roadwork 

p-value 0.02 0.26 0.26 

N/A 

Last 5 min 61.64 60.41 

Post-display  46.30 59.26 In
fo

rm
at

iv
e 

 

Delays 

p-value 

N/A 

0.17 0.22 

N/A 

Last 5 min 59.52 58.97 

Post-display  58.97 59.68 S-curves 

p-value 0.3 

N/A  N/A 

0.21 

Last 5 min 59.54 

Post-display  58.33 R
eg

u
la

to
ry

 

Workzone 

p-value 

N/A N/A 

0.1 

N/A 

 
To summarize, speed reductions were observed in ten out of sixteen cases in the 

before and during analysis where four were significant. This indicated that slow-down 
occurred when drivers approaching active DMSs. It also found that speed increased in 
seven out of sixteen cases in the during and after analysis where two were significant. 
Due to the fact that many regulatory and informative DMS messages were repeatedly 
posted for long periods of time, the slow-down effect was more obvious when danger 
warning messages were displayed. 
 

 
Questionnaire survey 
Twenty-four questions were presented to participants with the first six questions designed 
to find out the causes of slow-downs in general and those associated with DMS designs. 
When asked about the general causes of slow-downs on highways, most participants 
chose weather, poor visibility, roadwork, crash, police vehicles, congestion, and DMSs. 
When asked about which traffic signs were they likely to ignore while driving on 
highways, many indicated that they ignored static and temporary road signs but not active 
DMSs. When subjects were asked whether they would slow down when approaching an 
active DMS, 33.3% indicated that they always slowed down, 56.7% slowed down 
sometimes, and 10% never slowed down. When cross-examined by age and gender 
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groups, it found that elder drivers (> 60 yrs old) slowed down most of the time while the 
majority of young drivers slowed down occasionally (see Figure 4). Female and male 
drivers didn’t exhibit much difference in their answers. For those who slowed down, 
many indicated that they slowed down since they need more time to read the messages. 
For those who didn’t slow down, many indicated that they did not read the DMS 
messages because they were distracting. Figure 5 showed some reasons that subjects 
chose as why they slowed down or not. Answers obtained from the above questions 
indicated that most drivers paid attention to DMSs while driving and active DMSs could 
cause slow downs. 
 

 
 

FIGURE 4 Slow Downs per Subjects’ Gender and Age Group 

 
 

 

FIGURE 5 Reasons to Slow Down or Not to Slow Down 

When subjects were asked about the issues associated with DMS design and display 
that could cause difficulty in their reading and understanding of the messages in time, 
their top choices were lengthy messages, complexly worded messages, abbreviated 
messages, and unfamiliar messages. They also indicated that poor visibility, poor weather 
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conditions, distractions on the road, and driving at high speed could make it difficult to 
read and understand the DMS messages.  
 The majority of subjects (46%) indicated that danger warning messages got most of 
their attention, followed by informative (30%) and regulatory messages (24%). This 
supports the findings found from the traffic data analysis where the slow-down effect was 
more obvious when danger warning messages were displayed. 
 When subjects were asked about their preferences on message types, text-only 
messages were preferred (44%) over graphic-aided messages (34%) and graphic-
integrated messages (22%) by the majority except young subjects (18-40) who preferred 
graphic-aided messages over others (See Figure 6). This finding is at odds with the 
common understanding that graphics are usually better than texts since they could be 
identified easier, quicker, and from a further distance.  
 

0

5

10

15

20

25

Text-only message Graphic-aided message Graphic-integrated
message

P
er

ce
nt

a
g

e

18-40
41-60
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FIGURE 6 Subjects’ Preferences Regarding Message Types 

 
Regarding the number of frames used in a message, the survey showed that subjects 
preferred a one-frame message (58%) over a two-frame message (42%) if the same 
contents were displayed. If a two-frame message gives more information and uses no 
abbreviations whereas a single-frame message gives less information and uses 
abbreviations, most subjects would then preferred a two-frame message (59%) over a 
single-frame (41%). When a two-frame message was displayed, the subjects’ preferences 
regarding whether to include graphics in the message or not were split at 50-50.  

In conclusion, the majority of drivers would reduce their speeds when approaching 
active DMSs, especially elder drivers. Danger warning messages got most of drivers’ 
attention, followed by informative and regulatory messages and this agreed with the 
findings found from the traffic data analysis. Lengthy, complexly worded, and 
abbreviated messages could cause drivers to slow down. It is also found that drivers 
preferred text-only messages over graphic-aided and graphic-integrated messages; one-
frame messages over two-frame ones if they contain exactly the same content; two-frame 
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messages with more information were preferred over single-frame ones with less 
information and abbreviations.  
 
CONCLUSION AND FUTURE WORKS  
In this study, the effect of dynamic message sign messages on traffic slow downs were 
assessed through a traffic data analysis and a questionnaire survey. Traffic data collected 
by MTUs near four DMS sites were synchronized with DMS log to investigate the effect 
of different DMS messages on speed variations. Paired comparisons were made on speed 
data collected in five-minute periods before the message was posted and after the 
message was posted. Same comparisons were also made to compare data collected in the 
last five minutes of the message and the first five minutes after the message was 
removed. Results showed that slow down occurred in more than half the cases especially 
when danger warning messages were posted. Since the positive correlation found 
between active DMS and slow downs, a questionnaire was developed to collect drivers’ 
opinions regarding the causes of slow downs in general and those related to DMSs. The 
survey also collected drivers’ preferences on various DMS features with the intention to 
better the design and display of DMS messages to ease the slow down effect. Results of 
the survey showed that the majority of drivers would reduce their speeds when 
approaching active DMSs, especially elder drivers. Lengthy, complexly worded, and 
abbreviated messages could cause drivers to slow down. The survey also found that 
drivers preferred text-only messages over graphic-aided and graphic-integrated messages. 
Single frame messages were preferred over two-frame ones if they contain exactly the 
same content; otherwise, two-frame messages with more information were preferred over 
single-frame ones with less information and abbreviations.  

To further assess the relationship between DMS messages and slow downs, traffic 
monitoring videos shot during the same period when the traffic data were collected will 
be examined. Also, another traffic data analysis for a longer period in a different season 
could be performed to help validate the findings found in this study. Employing different 
technologies will help in understanding more about specific in-vehicle driver behaviors, 
e.g. eye-tracking technology. To help assess drivers’ responses to DMS messages with 
different designs and displays, it plans to set up a driving simulation study to find out 
whether a preferred feature could lead to shorter response time. A factorial design would 
be employed to help investigate the effects of various features on subjects’ response 
times.  

Overall, this study found that active DMS could cause slow downs. Some features in 
the DMS design and display could impact drivers’ reading and understanding of the 
message and thus cause slow downs. Results of this study could help traffic management 
authorities better manage the traffic on highways by improving current DMS message 
design and display practices to ease the slow-downs. 
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