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•DURING the last few years the nation's motor vehicle accident rate has been gradually 
increasing. The National Safety Council indicates that 1964 motor vehicle fatalities 
were 47, 800, approximately 4, 300 more than in 1963 (13). Accident data reveal that 
many highway accidents occur at rural intersections with stop sign control. Analysis 
of accident records shows that most of them were caused by violation of the stop con
trols. Normal corrective measures, such as signals or grade separations, are often 
too costly. Signals especially are not usually warranted because of the low traffic 
volumes (7). 

Since stop sign controls and all other associated warning signing normally installed 
at a rural highway intersection are apparently not fully effective, it has become neces
sary to develop devices which will encourage the motorist to stop. One such device 
that has been used with increasing frequency in recent years utilizes audible, tactile, 
and visual stimuli from coarse-textured pavement surfaces alternating with the smooth 
texture of the road. The most common name for these roughened pavement surfaces 
is rumble strips. 

This study is a comprehensive investigation of the influence that rumble strips pro
duce on traffic operation at rural stop locations. 

PREVIOUS STUDIES AND BACKGROUND 

The idea of an irregular surface at stop sign approaches was apparently introduced 
by the Cook County, Illinois, Highway Department in 1954 (2). Cook County installed 
a non-intermittent rumble area for a distance of 300 feet from the intersection. Well 
over 200 stop sign intersections in Cook County have been treated in this way. Stop 
sign observance studies at one such intersection showed the percentage of drivers 
making a full stop increased from 46 to 76 percent after the rumble areas were in
stalled. Observations were made of more than 1, 000 vehicles in this study. 

In a 1962 report, Kermit and Hein (5) concluded that accident rates, speed, and 
deceleration rates were greatly reduced after the installation of transverse strips, 
defined as " ... a series of 25-ft long areas of rough textured aggregate placed on the 
appropriate lanes at 50- to 100-ft intervals." The study was of three installations in 
Contra Costa County, California. The speed distributions for the "before" and "after" 
conditions were presented without any supporting statistical analysis. One of the in
stallations, on which many of the results were based, involved the approach to a curve. 

A recent article in a national highway engineering periodical indicates that some 
state highway departments have recently made experimental rumble strip installa
tions (!). The majority of the installations are based on the Kermit and Hein study 
with respect to spacing and application. A few, however, have employed some minor 
variations. As reported in the article, a one-year before-and-after accident study at 
ten intersections by the Illinois Division of Highways indicates a 27 percent reduction 
in total accidents after the intersections had been treated with rumble strips. Illinois 
also reports that "Accidents caused by running stop signs have been virtually elimi
nated." A preliminary one-year acCident study by the Delaware State Highway Depart
ment at three locations indicates a 50 percent reduction in accidents. 
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A few theses somewhat related to this study have been written regarding transverse 
pavement markings as a driver stimulus on stop sigr. approaches. One, by Puy
Huarte at Ohio State University, was used considerably as background material for 
this study (12). Puy-Huarte's study was conducted at two stop sign intersections and 
at one hazardous curve in Ohio. The only field observations consisted of "before" and 
"after" speed measurements of individual approaching vehicles at various points. Puy
Huarte found that the transverse pavement markings caused a change in vehicular 
deceleration patterns. His results, however, showed no consistent change in vehicular 
speeds. This was probably caused by the fact that different spacings were used for 
the transverse pavement markings at the different locations. 

Although, as previously indicated, several rumble strip installations have been in
stalled at various individual problem locations, a comprehensive study has never been 
conducted regarding their effect on traffic operation exclusively at rural stop locations. 
These appear to be the most logical places for this type of traffic control device. 

This study was carried out at the request of the Minnesota Department of Highways. 
The interest ·of the 'Department was to develop some device that would additionally 
alert drivers to the necessity of deceleration at rural stop locations and thereby cause 
safer operation at these locations. The Minnesota Department of Highways provided 
all of the funds, manpower, and equipment for this study. 

OBJECTIVES AND METHODS OF STUDY 

Four broad principal objectives established for this work were (a) to study the 
combination of audible, tactile, and visual stimuli upon traffic operations; (b) to meas
ure the effect of rumble strips on the mean or "average" speeds of traffic approaching 
a rural stop location; (c) to make a complete study of stop sign observance and vehicle 
placement before and after installation of rumble strips on the approach to an inter
section; and (d) where sufficient information is available, to determine any trends in 
accidents at locations where rumble strips have been installed. 

Methods 

In order to study the effect of rumble strips on traffic operation, it is necessary to 
gain a knowledge of traffic operation under "before" conditions when no such strips 
exist. Only in this way will it be possible to know if rumble strips, once they have 
been installed, exert any influence on traffic operation. 

The first studies in this investigation were therefore focused on traffic operation 
and behavior in approaching the intersections. Speeds were studied at several points 
along the approaching paths. It was then possible to determine the relationship in 
average speed and speed distribution at these points before the rumble strips were 
installed. 

Another measure which was considered of importance was the observance of the 
stop sign controls by traffic. In other words, how much of the traffic does not come to 
a complete stop as required by law? How much of the traffic does not stop at all? To 
answer these questions, stop sign observance studies were conducted. 

Because it was feared that rumble strips might cause traffic to cross the approach 
centerline to avoid driving over .the roughened pavement sections, centerline observance 
studies were also conducted. The normal pattern of traffic behavior as to centerline 
observance was thereby determined. 

As soon as sufficient data on traffic operation and behavior had been obtained, the 
proposed rumble strips were installed at the intersections. Similar speed, stop sign 
observance, and centerline observance studies were then made and the data evaluated 
as before. 

The results 'were compared with the results of the "before" condition. In addition, 
accident records were examined at each intersection for a period of years prior to the 
installation of the rumble strips. Any reported accidents since installation have been 
analyzed to determine any apparent trends. It should be realized, however, that suf
ficient time has not elapsed since the rumble strip installations to draw any definite 
conclusions regarding accident severity and frequency. --
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SUMMARY OF RESULTS 

It was found in this investigation that rumble strips significantly reduce the average 
speed of traffic approaching rural stop locations. The reduction in average speed is 
approximately equal at each observed distance along the approaching paths. The degree 
of dispersion, however, is slightly increased after the installation of rumble strips. 
Rumble strips apparently do not affect all motorists uniformly. 

The number of stop sign violations was materially reduced as a result of the in
stallation of rumble strips. 

No significant difference was found in the amount of centerline violations by traffic 
approaching the intersections after the installation of rumble strips. 

A decreasing trend in the number of accidents was found at two locations, presumably 
as a result of the rumble strip installations. Unfortunately, not enough "after" time 
has elapsed at the other installations to determine any trends. No significant conclu
sions can be drawn concerning accidents at any of the intersections, however, because 
of the erratic accident patterns at the intersections during the past five years. 

THEORETICAL BASIS AND FIELD APPLICATIONS 

It is generally accepted that four general distracting phenomena may cause a driver 
to divert his attention from the primary task of driving and thereby cause him to make 
serious mistakes (~). They are as follows: 

1. There are other distractions competing for his attention, such as advertising 
signs. 

2. He may become bored, fatigued, or drowsy from driving on long, monotonous 
stretches of road. 

3. After driving a long distance at high speed, he may become "velocitated" and 
will not slow down until actual congestion impedes progress. 

4. His previous experience may lead him to ignore information or warnings be
cause he feels capable of judging the situation himself, such as disregarding stop signs 
at low volume intersections with good sight distances. 

It is well known that reaction is the response of inner conscience to external sen
sorial stimuli. The stronger the stimulus, the stronger the reaction. The duration 
and degree of attention is also dependent on the intensity of the stimulus and the con
trast between it and the surrounding stimuli. 

The entire principle of rumble strips is therefore to provide an additional strong 
stimulus to increase driver reaction and attention. The four distracting phenomena 
mentioned are undoubtedly responsible, either singly or collectively, for most of the 
accidents at rural stop locations. Rumble strips are intended to utilize the driver's 
visual, auditory, and tactile senses simultaneously to obtain the desired reaction and 
warn him of the approaching intersection. 

The use of an audible stimulus, particularly, is intended to provide faster reactions 
than is normally associated with visual stimuli alone. Matson, Smith, and Hurd (8) 
refer to research which showed brake reaction times were faster when an audible signal 
was used than when a visual signal was used for a variety of different conditions of ve
hicle movement and foot position. Thus, the increased level of noise caused by the 
rumble strips is intended to have a beneficial effect on traffic operation. 

Study Locations 

The preceding discussion has shown why rumble strips should be effective in improv
ing traffic control where normal practice has not been entirely satisfactory. On this 
basis, rural trunk highway junctions in southeastern Minnesota were chosen for rumble 
strip installations. The typical rural trunk highway intersection in this area is char
acterized by relatively low traffic volumes, very high average operating speeds, and 
open sight distances. Accident rates at these locations are normally low. The acci
dents that do occur, however, are usually very serious in nature, undoubtedly due to 
the high average operating speeds. For this reason it was decided to install rumble 
strips at a few rural stop locations on a trial basis. 
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The first rumble strip installation was made in the fall of 1962 at the junction of 
State TH 30 and State TH 56. This is a four-way, at-grade intersection. Trunk High
way 30, having the lowest traffic volumes, is controlled by stop signs from both di
rections. Trunk Highway 30 is an east-west two-lane highway, and TH 56 is a north
south two-lane highway. Both roads are bituminous surfaced and approximately 24 ft 
wide. 

In the summer of 1963 the second ruinble strip installation was made at the south 
junction of US 16 and State TH 43. This is a "T" intersection where US 16 forms the 
trunk portion of the T and is controlled by a stop sign. Both US 16 and State TH 43 
are two-lane bituminous-surfaced highways approximately 24 ft wide. 

Four additional rumble strip installations at rural stop approaches were made in 
1964. All of these 1964 installations are at T-type intersections and in each case the 
approach forming the trunk of the T is controlled with stop signs. All "stopped" ap
proaches are two-lane, bituminous-surfaced highways approximately 24 ft wide. These 
locations are at the junction of US 63 and State TH 56; the north junction of US 63 and 
State TH 30; the south junction of State TH 56 and State TH 19; and the north junction 
of State TH 56 and State TH 19. 

Thus a total of six rural trunk highway intersections are included in this study. 
Five are T intersections and one is a four-way, at-grade intersection. The six inter-
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strip applications. All stop approaches are single-lane approach rural-type highways. 
Each intersection has at least 1, 000 ft of unobstructed sight distance from all approaches. 
For a number of years each location has been signed and marked in accordance with 
the current "Manual on Uniform Traffic Control Devices for Streets and Highways" (7). 
"Stop Ahead" pavement marking warning messages have also been installed at each lo
cation since 1960. The average volumes on the stop approaches range from approxi
mately 400 to 1, 000 vehicles per day. 

Table 1 lists each approach together with the trunk highway location, approach di
rection, rumble strip installation date, and average daily traffic on the approach. The 
letter designating each approach is used throughout the text that follows for reference 
to each location. The subscripts refer to the two approaches of State TH 30 on which 
rumble strips have been installed at its junction with State TH 56. This provides a 
convenient means of identifying each approach in the study with its trunk highway in
tersection and approach direction. 

TABLE 1 

RUMBLE STRIP STUDY LOCATIONS 

Approach Location Approach Installation Approach 
Direction Date A.D.T . 

A1 Jct. TH 30 TH 30 10-8-62 640 
& TH 56 Eastbound 

A2 Jct. TH 30 TH 30 10-8-62 960 
& TH 56 Westbound 

B Jct. US 63 TH 56 7-10-64 395 
& TH 56 Eastbound 

c S. Jct. US us 16 9-30-63 715 
16 & TH 43 Westbound 

D N. Jct. US TH 30 6-19-64 745 
63 & TH 30 Eastbound 

E S. Jct. TH TH 19 7-13-64 555 
56 & TH 19 Eastbound 

F N. Jct. TH TH 19 7-13-64 590 
56 & TH 19 Westbound --
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Each location, together with its letter designation, is shown in Figure 1, which also 
shows the study locations in relationship to the surrounding area. 

Design and Installation of Rumble Strips 

Kermit and Hein (5) indicated that they had conducted considerable research regard
ing the length and spacing of the rumble areas. utilizing this previous research, all 
rumble strip approaches in this study were installed with exactly identical designs. 
This is advantageous in that no additional variables have been introduced in the analysis 
due to different lengths and spacings of the rumble areas for any of the locations. It 
would be impossible to compare overall effects between study locations if different 
<designs had been used. 

The experience gained since the initial installations indicates that additional ex
perimentation as to length and spacing of the rumble strips is required. Many traffic 
and highway engineers feel that an optimum design can be developed for maximum ef
fect on traffic operation. Using transverse painted lines on a stop sign approach, Puy
Huarte found that excellent results were obtained with either a geometric or arithmetic 
progression spacing (12, p. 84). Undoubtedly, these same patterns should be tried 
with rumble strips. -

The spacing of the rumble strips in this study consisted of four strips 25 ft long 
spaced 100 ft apart; six strips 25 ft long spaced 50 ft apart; and one at the intersec-
tion 50 ft long which also acts as a nonskid treatment. The total length of the rumble 
area is 1, 000 ft. A layout of the rumble strip installation at Approach B is shown in 
Figure 2. It may be considered a typical layout, since all of the other study approaches 
are constructed to precisely the same pattern. 

Figure 1. Location of study areas. 
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APPROACH E I 
E 

This Pattern 500 1 This Pattern 500 • 

Figure 2. Typical rumble strip installatian (Key to signs: A-Stop; B-Destination; (-Directional; 
D-Junction olate: E-Stoo ahead: F-Rarric:ndes \_ 

- -

The rumble strips at Approach Ai are shown in Figures 3 and 4. Figure 5 shows 
the first strip of the installation at Approach C, located near Rushford, Minnesota. 
The standard "Stop Ahead" pavement message is easily identifiable. Figure 6 shows 
Approach C, looking west toward the stop sign. By close inspection, the stop sign 
may be barely identified. 

Briefly, the rumble strips are constructed with %-in. maximum size washed ag
gregates. The aggregate must be very hard so that it will not break down or decom
pose from trarnc wear. The aggregate is bonded to the pavement with RS-3K cationic 
asphalt emulsion applied at the rate of approximately 0. 35 gal per sq yd. Reasonable 
aggregate retention has been obtained in this way. The audible stimulus seems very 
satisfactory with the %-in. size aggregate. 

Similar to the previously mentioned problems of rumble strip spacing, much has 
yet to be learned in rumble strip construction. The strips require considerable 

Figure 3. Approach A1 1 near Hayfield, Minnesota, looking east. = -
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Figure 4. Approach A1, looking west. 

Figure 5. Approach C, near Rushford, Minnesota, looking east. 
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Figure 6. Approach C, looking west. 

maintenance and periodic patching. Chemicals must be used on them during the winter 
to keep them free of ice and snow because snowplow blades will severely damage them. 
The original installations on Approaches Ai and A2 required replacement in October 
1963. The early replacement on these approaches, however, was caused by insuffi
cient asphaltic bonding material in the initial installation. The fairly recent introduc
tion of epoxy resins for bonding agents holds great promise for rumble strip construc
tion. Epoxy resins should help bring the amount of maintenance required down to more 
reasonable levels. 

A close-up of a rumble strip (Fig. 7) shows the contrast in size of the rumble ag
gregate with an ordinary 6-foot flexible rule. Figures 8 and 9 show how the rumble 
strips were installed by maintenance forces. Figure 8 shows the placing of paper 

Figure 7. Approach Ai, close-up of the aggregate (New Ulm quartzite) used. 
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Figure 8. Approach A1 1 placing paper prior to the application of RS-3K. 

Figure 9. Approach Ai, spreading aggregate. 

prior to the application of the asphaltic material to provide a neat line of demarcation 
between rough and smooth pavement. Figure 9 shows the spreading of aggregate on 
the asphaltic material. 

FIELD STUDIES 

In the preceding section, the theoretical basis and field applications of rumble strips 
were developed. This section describes the field studies which were conducted to de
termine the influence of the strips on approach average speeds and traffic behavior. 
To this end it was necessary to know the spot speeds of vehicles at different points 
on the approaches to the study sections and to record the stop sign and centerline ob
servance of approaching traffic. 
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Speed Studies 

The speed observations were m"l.de only on free-flowing vehicles. Free-flowing was 
defined to mean a vehicle approaching the study area without a vehicle preceding within 
10 sec or following within 10 sec. These standards are somewhat arbitrarily set, but 
in view of Greenshields' findings that on rural roads little interference is found at gaps 
of 9 sec, there should be no interference at a gap of 10 sec (11). Because of the low 
traffic volumes, relatively few approaching vehicles had a gap of less than 10 sec. 

The spot speed observations were made with an Electro-Matic Model S5 radar speed 
meter manufactured by the Automatic Signal Division, Laboratory for Electronics, Inc., 
Norwalk, Connecticut. This is a transistorized speed recording device resembling a 
spotlight when properly mounted on a vehicle. It is a precision instrument for meas
uring the instantaneous speeds of moving vehicles. It consists of three major sepa
rable units: (a) the RF Head Assembly (spotlight); (b) the Amplifier and Power Supply 
Assembly; and (c) the Indicator Assembly. When set up for operation, these units are 
interconnected by cables. The speed meter operates within a range from 0 to 100 mph 
with a rated accuracy of ±1 mph. 

Before each series of spot speed checks the radar speed meter was calibrated both 
by a tuning fork and by measuring the speed of a vehicle having an accurately cali
brated speedometer moving in the zone of the speed meter. With this degree of cali
oranon, lt is 1en mat me spot speeas were prooaoi.y ooserveci at consiuerauiy ciuser 
tolerance limits lli.an as rated by the manufacturer of the speed checking equipment. 

Extreme care was taken during all speed observations to insure that accurate re
sults were obtained. An unmarked vehicle was always used for the speed checks and 
wherever possible, the vehicle was hidden from the view of approaching traffic. When 
the speed survey vehicle could not be hidden from view, it was parked inconspicuously 
in a field entrance or well off the road shoulder. Physical ties were made of both ve
hicle position and the RF head assembly aiming during the "before" phase at each loca
tion so it could be duplicated during the "after" study. Wooden hubs were driven into 
the shoulder for reference so that the speed was recorded at the exact designated spot 
for each vehicle. 

All field studies were made in essentially the same weather conditions, i.e., clear, 
dry, etc. Realizing that day of the week and hour of the day is also extremely im
portant, an attempt was made to duplicate these variables for the "before" and "after" 
conditions. Due to weather conditions, however, the "after" speed study at Approach D 
was changed from a Thursday and Friday to a Monday and Tuesday survey. Since the 
change involved only weekdays, this was not considered serious for rural conditions. 
Except as noted for Approach D, all "before" and "after" spot speed checks were made 
during the same hours and on the same days of the week. For economic reasons, each 
spot speed check had to be limited to 2 hours duration. The number of passenger ve -
hicles observed at each check ranged from 30 to 101 cars. The vehicles were classi
fied as (a) passenger vehicles or (b) trucks and buses. The number of trucks and 
buses observed, however, was much too small to analyze in this study. 

The spot speeds were obtained at 300, 500, 1, 000, and 1, 500 ft from each study 
intersection. In addition, "before" and "after" spot speed checks were made at each 
location in an open area on the approach roadway where approaching traffic could not 
observe either the junction or advance warning signing. Any changes in the speed 
characteristics could, therefore, be discovered. 

Stop Sign and Centerline Observance 

In order to properly analyze traffic behavior, stop sign and centerline observance 
was studied at each location. There were four categories of driver action noted: (a) 
no stop; (b) rolling stop; (c) complete stop; and (d) crossed centerline. At least 2 hours' 
data were collected at each approach both before and after the installation of the rum
ble strips. As in the speed studies, only free-flowing vehicles, having at least a 10-sec 
gap after the preceding vehicle had cleared the stop sign, were recorded. In addition, 
observations were not recorded if there was conflicting intersectional traffic within 
1, 000 ft of the approaching vehicle. This was done in order to record the normal stop --
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and centerline behavior of free-flowing unopposed vehicles. Since the same vehicles 
were involved, the sample sizes for these observations are approximately the same 
as the spot speed checks. 

The Minnesota Motor Vehicle and Traffic Laws state, "Every driver of a vehicle 
shail stop at a stop sign or at a clearly marked stop line before entering an intersec
tion, except when directed to proceed by a police officer or traffic control signal" (9). 
All traffic that complied with this provision of the law was recorded as a "full stop.1 ' 

"Rolling stops" and "no stops," therefore, were recorded for traffic that did not come 
to a complete stop. "No stop" was recorded only for flagrant violation of the stop 
regulation and consisted of very few vehicles. If any portion of an approaching vehicle 
crossed the centerline during the stopping maneuver, it was so recorded. 

All field studies were conducted during weekdays under daytime conditions. Table 2 
gives the dates of the "before" and "after" studies. 

RESULTS OF DATA ANALYSIS 

Speed Data 

The speed data collected were used to compile the spot speeds of passenger cars 
at each of the points for every location. Using the spot speed data, the average speed, 
variance, and standard deviation were computed for each of the points for both the 
"before" and "after" conditions (Table 3). All of the statistical analysis concerning 
speed data in this study is based on these values. The number of passenger cars, 
mean speed, and variance for each approach are given for both before and after the 
rumble strip installations. Average speed and mean speed are synonymous and are 
used interchangeably. 

It can be seen from Table 3 that a noticeable general decrease in the average speeds 
occurred after the rumble strip installations at points 300, 500, 1, 000, and 1, 500 ft 
away from the intersGction in nearly every case. The reason for a decrease in average 
speeds at a point 1, 500 ft away from the intersection was not initially understood until 
an examination of the approach road profiles showed that the rumble strips could 
easily be seen on all approaches except at Approach D. Significantly, Approach D 
shows no change in average speed between the "before" and "after" conditions. 

As mentioned earlier, a basic assumption was made that the approaching traffic 
would have the same characteristics both with and without the rumble strips. Ac
cordingly, the average speeds shown as "Away From Area" in Table 3 are based on 
the spot speed data recorded at a point where approaching traffic could not observe 
either the junction or advance warning signing. This allowed the measuring of these 

TABLE 2 

characteristics and provided an immedi
ate check on any differences. Table 3 

FIELD STUDY PROGRAM 

shows that there appear to be only in
significant differences in the average 
speeds measured at points away from the 
approach areas. 

Approach 

B 

c 

D 

E 

F 

"Before" Data 

10-3 & 10-4-62 
(Wed & Thur) 

10-3 & 10-4-62 
(Wed & Thur) 

6-2-64 
(Tues) 

9-5 & 9-6-63 
(Thur & Fri) 

5-29 & 6-4-64 
(Thur & Fri) 

6-3-64 
(Wed) 

6-2-64 
(Tues) 

"After" Data 

7-1 & 7-2-64 
(Wed & Thur) 

7-1 & 7-2-64 
(Wed & Thur) 

8-11-64 
(Tues) 

8-6 & 8-7-64 
(Thur & Fri) 

7-27 & 7-28-64 
(Mon & Tues) 

7-29-64 
(Wed) 

8-4-64 
(Tues) 

The underlying theory in taking spot 
speed checks on the approach roadways 
away from the area is to prove, if possi
ble, that both the "before" and "after" 
samples are from the same population. If 
there is no significant difference between 
"before" and "after" control speeds, any 
change in the average speeds in the area 
of the rumble strips can be attributed to 
the rumble strips. 

Examination of the variance in Table 3 
shows that in many cases the variance has 
increased slightly after the rumble strip 
installations. The variance, however, 



Distance Value A1 A2 
---

Before After Before After 

N 67 51 90 73 
300 x 30.3 26.9 29.7 28.7 

s2 21. 81 22. 00 23.79 22.44 

N 52 54 94 71 
500 x 35. 8 32. 8 35. 2 32.5 

s2 24.40 30.2 28. 49 30.95 

N 73 63 101 79 
1000 x 45. 3 41. 9 37. 1 36.4 

s2 48.68 48. 52 38. 53 44.70 

N 67 76 100 91 
1500 x 52.7 46.0 39 . 6 37.5 

s' 49.86 56.75 42.74 55. 83 

Away N 72 74 63 67 
From x 55. 4 55. 6 43.7 44.1 
Area s2 48.96 51. 25 45 . 25 43. 95 

N = No . of passenger vehicles 
X = Mean speed 
S2 = Variance 
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TABLE 3 

SUMMARY OF SPEED DATA 

Approach 

B c 
- -

Before After Before After Before 

30 31 53 54 61 
32.2 27.3 34.4 28.5 29. 7 
21. 31 21. 01 43.74 17.51 21. l6 

44 44 53 53 50 
38.3 35.0 37.0 33.8 39. ) 
37.75 46.74 35. 23 32. 49 29. ')7 

35 35 52 52 51 
48.5 44.5 48.9 41. 8 45. L 
31.19 43.79 47.91 40.44 45. )3 

47 47 51 52 39 
50 . 3 47. 0 51. 7 49. 5 47. ) 
58.30 69.04 34.62 51. 39 47. j6 

51 52 57 56 61 
57.7 58.1 54. 5 55. 5 53. L 
59 . 31 60.20 52.20 51. 59 53. 32 

D E 

After Before After 

57 45 41 
25. 5 28.8 26.8 
34.64 18.27 18. 95 

42 42 42 
36.2 37. 3 36.1 
45.88 28.84 33.03 

52 39 41 
45.0 44.8 42.7 
47.72 59.02 51. 98 

38 60 63 
47. 6 45.4 43.5 
69 . 45 68.73 51. 83 

64 49 53 
52.9 46.6 46.6 
55.92 52.36 53. 72 

F 

Before 

48 
33.7 
19.16 

50 
34. 5 
29 . 93 

44 
43.6 
62.20 

52 
49.8 
53. 24 

55 
55.3 
51. 66 

After 

48 
31. 9 
27. 49 

50 
30.2 
44.14 

45 
41. 2 
67.68 

53 
46.0 
51. 46 

61 
55. 7 
53. 70 

~ 

°' 



seems to be somewhat homogeneous across the rows between intersections for each 
distance except in a few instances. 

Analysis of Variance of Speeds 

47 

To find out whether the average speed of traffic with and without rumble strips was 
statistically different, and also to find if the average speed data recorded away from 
the approach area were statistically the same, the significance of the difference of the 
means between the "before" and "after" samples was tested. The method employed 
is called analysis of variance. This method is appropriate in this study because it 
tests the overall or average difference in mean speeds for the seven approaches 
simultaneously at each distance from the intersection. If the differences among the 
seven means were tested separately, there would be seven tests to perform for each 
point of reference. It is not good statistical practice to do this. It would materially 
increase the level of significance and result in a large loss of precision in estimating 
the true variance if the measurements of only the two samples being compared are 
used (3). 

Analysis of variance is based on the fact that if the means of subgroups are greatly 
different, the variance of the combined groups is much larger than the variance of the 
separate groups. The procedure was conducted at each point for the mean speed and 
variance data in Table 3. The results, together with the 95 percent confidence limits, 
are shown in Table 4. The level of significance used throughout the procedure was 
5 percent. Table 4 shows that the observed differences in the means is significant at 
the 5 percent level. It also indicates that the results of the spot speed studies con
ducted away from the approach areas are not significant at this level. The basic as
sumption that both the "before" and "after" studies are from the same population is 
apparently true. 

In summary, we may say that in this study the use of rumble strips has caused an 
overall decrease in the mean approach speeds of approximately 2. 75 ±Q. 85 mph at the 
5 percent level of significance. 

Index of Dispersion 

Once the average speeds have been studied, the question arises as to how uniformly 
the vehicles stop. The analysis of variance technique has shown that the mean speeds 
of approaching passenger cars are significantly reduced with rumble strips. The re
sults, however, do not indicate how much the variance has changed, if any, as a re
sult of the rumble strips. At each point of reference this is given by the relevant 
variance. It is reasonable to calculate an Index of Dispersion between the "before" 
and "after" conditions as follows: 

I.D. 

TABLE 4 

RESULTS OF ANALYSIS OF VARIANCE TABLE 5 
(Mean Speeds-All Approaches Combined) 

INDEX OF DISPERSION 

Average Speed (mph) 
95% Conf. Pooled Pooled Index of Distance Limits Variance Variance Dispersion, Before After Diff. Distance (Before), (After), Sa 

300 31. 01 27.99 3.02 ±0. 70 mph Sb Sa Sb 
500 36. 57 33. 59 2. 98 ±0. 83 mph 

1000 43.70 41. 39 2.31 ±0. 98 mph 300 24.76 23.75 0 . 971 
1500 47. 26 44.47 2.79 ±0. 99 mph 500 30.22 36.86 1. 220 

Away from 52.09 52.58 0. 49 Not 1000 46.54 48. 71 1. 047 
area Significant 1500 50. 15 56.99 1. 136 
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Where 

Index of dispersion 
Pooled variance (after) 
Pooled variance (before) 

The pooled variance of any point is given by 

Where 
s 2 
p 

Ni, N2, etc. 

s/, S22
, etc. 

k 

s 2 
p 

(Ni-l)Si2 + (N2-l)S22 + ... + (Nk-l)Sk2 

Ni + N2 + N· + N - k ~ k 

Pooled variance 

Number of observations in each sample at the various points 

Calculated estimate of the variance for each sample 

Number of categories or samples being considered. 

The value of I. D. represents the ratio between the "after" and "before" conditions. 
An Index of Dispersion of less than one means that a greater degree ot unuormny nas 
been obtained. The values obtained from this ratio are given in Table 5. 

It is clear from Table 5 that less uniformity in the speed patterns has been caused 
by the rumble strips except at a point 300 ft away from the intersections. Evidently 
the rumble strips do not affect all of the traffic in the same way. Although the mean 
speeds have been reduced, the speeds are generally more dispersed. The observed 
increase in variance is probably caused by some passenger vehicles slowing down con
siderably more than others due to the rumble strips. Unfortunately, speed patterns of 
individual cars were not observed in this study, and therefore the cause could not be 
verified. 

Speed Frequency Distributions 

In order to graphically depict the changes in speeds of passenger vehicles caused 
by rumble strips, frequency distributions have been prepared for the reference points 
located 1, 500, 1, 000, 500, and 300 ft distant from the intersections. The speed fre
quency distributions represent the total observed passenger vehicles at each of the 
points. They were prepared by averaging groups of the observed frequencies to se
cure relatively smooth lines. Figures 10, 11, 12, and 13 show both the "before" and 
"after" frequency distributions superimposed upon each other for the reference points. 

It should be understood that the frequency distributions represent the combined 
total number of passenger vehicles observed at all seven approaches at each point of 
reference. Since there was considerable variation in the observed speed ranges 
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Figure JO. Approach speed frequency distribution 1500 feet from stop line . 



6 

s 

}0 }2 } ' }6 4:> 1,2 /14 46 46 so 52 54 56 53 60 
Speed (Mph) 
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Figure 12. Approach speed frequency distribution 500 feet from stop line . 
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Figure 13. Approach speed frequency distribution 300 feet from stop line. 
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between the seven approaches in this study, no single approach can be expected to 
necessarily exhibit similar characteristics. The frequency distributions, however, 
are useful in demonstrating the decreasing trend in average speeds and the changes in 
dispersion at the various points. 

The "before" curve in Figure 10 for the reference point 1, 500 ft from the intersec
tion shows a typical widely dispersed distribution as found on most rural highways. A 
reverse curve toward the "tails" of this distribution is just barely noticeable. The 
"after" curve shows the shift in mean accompanied by a slight increase in the dis
persion. Figures 11, 12, and 13 indicate a progressively greater concentration of 
passenger cars around the mean together with an almost uniform decrease in the av
erage speeds after the installation of the rumble strips. The dispersion is also slightly 
greater for the "after" condition in these distributions except in Figure 13 where the 
variance has not appreciably changed. 

It was thought at the beginning of this study that the rumble strips might influence 
the skewness of the frequency curves. Very slight variations in skewness do occur, 
but it appears to be an entirely random phenomenon. 

Stop Sign Observance 

An important objective of this study was to determine the effect of rumble strips on 
trattlC Oenav1or. T lllS Was accompiisneci iJy recoruing Ule ueiiaviur Ul i.rallil: wiu1 n:
gard to stop sign observance before and after the rumble strip installations. 

A negligible number of vehicles that flagrantly violated the stop controls were re
corded at any of the locations either before or after the installation of the rumble 

TABLE 6 

STOP SIGN OBSERVANCE 
(No. of Passenger Vehicles) 

Approach 
Category Totals 

A1 A2 B c D E F 

(Before) 

No stops and rolling 
stops 33 61 20 42 30 31 32 249 

Full stops 34 29 10 11 32 14 17 147 

Total 67 90 30 53 62 45 49 396 

Percent no stops 
and rolling stops 49. 3 67.8 66.7 79.3 48.4 68.8 65.3 62.8 

Percent full stops 50. 7 32.2 33.3 20.7 51. 6 31. 2 34.7 37.2 

(After) 

No stops and rolling 
stops 16 25 9 12 17 32 17 128 

Full stops 29 48 22 42 40 9 31 221 

Total 45 73 31 54 57 41 48 349 

Percent no stops 
and rolling stops 35. 6 34.2 29.0 22.2 29.8 78.0 35.4 36.7 

Percent full stops 64.4 65.8 71. 0 77.8 70.2 22.0 64.6 63.3 
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s trips. These figur es , therefore, wer e combined with the rolling stop data leaving 
two distinct groups: (a) those pas senge1• vehicles that came to a complete st'op, and 
(b) those passenger vehicles that did not stop as r equired by law (rolling s tops and no 
s tops). The results of the data r ecorded at each of the seven approaches are summa
rized in Table 6. Table 6 also contains the percentage of vehicles in each category 
both before and after the rumble strip installations. The data show a general increase 
in the percent of full stops for the "after" condition. 

The Wilcoxon two-sample test was used to determine the significance of the increase 
in full stops by passenger vehicles after the installation of the rumble strips (4). This 
test of significance utilizes the method of ranking the percentage response for -both the 
"before" arid "after" conditions from the smallest to the largest. Thus, if the percent
age of full stops is used, the ranks of the full stops would be large if the rumble strips 
are effective. The ranks are then applied to the Wilcoxon distribution to determine 
the significance. The Wilcoxon two-sample test is appropriate for the stop sign ob
servance portion of this study because it gives the exact probability of whether or not 
a significant change has taken place as a result of the rumble strips. 

The stop sign observance data were applied to the Wilcoxon distribution under the 
null hypothesis that the rumble strips would have no effect on the number of full stops. 
The probability of this event was found to be 0. 00874, which definitely indicates the 
null hypothesis should be rejected. This means that the rumble strips increased the 
stop sign observance by passenger vehicles with greater than 99 percent confidence. 
The observed overall 26 percent increase in full stops after the installation of rumble 
strips is therefore highly significant. 

Centerline Observance 

A matter of concern in this study was that the rumble strips would cause approach
ing traffic to drive to the left of the centerline to avoid passing over the roughened 
sections of pavement. In order to measure this effect, centerline observance was re
corded for approaching passenger vehicles before and after the installation of the 

TABLE 7 

CENTERLINE OBSERVANCE 
(No. of Passenger Vehicles) 

Approach 
Category Totals 

A1 A2 B c D E F 

(Before) 

Crossed 
centerline 0 0 4 0 0 0 4 8 

Did not cross 
centerline 67 90 26 53 62 45 44 387 

Total 67 90 30 53 62 45 48 395 

(After) 

Crossed 
centerline 0 7 3 0 0 0 4 14 

Did not cross 
centerline 45 66 28 54 57 41 45 336 

Total 45 73 31 54 57 41 49 350 
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rumble strips. If any portion of the vehicle crossed the centerline during the stopping 
maneuver it was recorded as "crossed centerline." 

A summary of the centerline observance data is given in Table 7, which indicates 
that for the "after" condition there was either no change or fewer violations of the ap
proach centerline at all locations except Approach A2. In view of this fact, the increase 
in centerline violations at Approach A2 cannot be fully explained. 

Since many of the approaches had no centerline violations either before or after the 
installation of the rumble strips, the ranking method of determining significance could 
not be used. Instead the data were classified into the two possible responses that could 
occur (i.e., whether the vehicles did or did not cross the c·enterline). A useful test 
for this type of classification is the Fisher-Irwin two-by-two table test (4). The null 
hypothesis that there are no more centerline violations after the installation of rumble 
strips than before has a hypergeometric distribution using the number of centerline 
violations for the "after" condition as a test value. Similar to the Wilcoxon two-sample 

TABLE 8 

ACCIDENT SUMMARY 

By Type 

Befor e After 
By Year 

Category 

Right Rear Fixed Right Rear Fixed 
1959 1960 1961 1962 1963 1964 

Angle End Object Angle End Object 

Approaches A1 and A' {"after" data from 10/1/62) 

Fatal 1 1 
P ersonal injury only 3 1 1 
Property damage only i l 1 l. l 

Total 8 2 2 3 2 

Approach B ("after" data from 7/1/64) 

Fatal 
Personal injury only 5 
Property damage only 

Total 5 3 

Approach C ("after" data from 10/1/63) 

Fatal 
P e rsonal injury only 5 4 2 
Property damage only 4 4 

Total 9 4 6 

Approach D ("after" data from 6/ 1/64) 

Fatal 1 1 
Personal injury only 4 2 1 
Property damage only .!. 4 - ~ l. -

Total 9 2 2 5 

Approach E ("after" data from 7/ 1/ 64) 

Fatal 
Personal injury only 2 
Property damage only 

Total 2 

Approach F {"afte r" data from 7/ 1/64) 

Fatal 
Pe rsonal injury only 2 2 
Property damage only 2 2 

Total 4 2 2 --
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test, the Fisher-Irwin test gives an exact probability using the normal approximation 
to the hypergeometric distribution. The probability that the observed 14 or more ve
hicles (Table 7) will cross the centerline was computed to be 0. 1131. At the 5 percent 
significance level, therefore, the null hypothesis that there are no more centerline 
violations after the installation of rumble strips must be accepted. It may be con
cluded, then, that in this study the rumble strips did not change the pattern of passenger 
vehicle centerline violations. 

Accident Frequency 

The ultimate test of the effectiveness of rumble strips at rural stop locations is 
whether or not they bring about a reduction in accidents. To answer this question, all 
available accident records on file with the Minnesota Department of Highways Accident 
Records Section were analyzed. It was found that at all seven approaches a very 
sporadic frequency of accidents has occurred. No location has a constant frequency 
of accidents either by year or severity. This is probably due to the very low average 
daily traffic volumes at all of the study locations. 

Table 8 summarizes the accident data for all study approaches by both severity and 
year from 1959 through 1964, and in ''before" and "after" categories. Only accidents 
involving the approaches where rumble strips have been installed are included. Al
though no accidents have been reported at Approaches B, E, and F since the rumble 
strip installations, not enough time has elapsed to determine any trends. Approach D, 
which was also installed in 1964, has had one personal injury accident since the in
stallation of rumble strips. This accident, however, occurred during a snowstorm. 

Approaches Ai, A2, and C have been installed for the longest period of time. There
fore, Table 9 was prepared to show individual accident comparisons at these locations. 
Approaches Ai and A2 represent a two-year ''before" and "after" comparison, and 
Approach C represents a one-year comparison. In both cases the time periods have 
been chosen so as to include the same months and seasons in order to avoid any bias. 
No accidents, however, have been reported at either location since the "after" cutoff 
dates. The average daily traffic volumes have also remained constant at each location. 

It can be seen (Table 9) that Approaches Ai and A2 show a 50 percent accident re
duction for the two-year "before" and "after" period, while Approach C shows a 100 
percent reduction for the one-year comparison. The "before" year at Approach C, 
however, had an abnormally high accident frequency so the six accidents shown do not 
reflect the normal rate. Although a decreasing trend in accidents is obvious, it would 
be unwise to determine any significance from this. Due to the erratic previous accident 

Type 

Right Angle 
Rear End 
Fixed Object 

Total 

Right Angle 
Rear End 
Fixed Object 

Total 

Fatal 

TABLE 9 

ACCIDENT TREND COMPARISONS 

Before After 

Personal 
Injury 

Property 
Da mage Total Fatal Personal 

Injury 

Approaches A, and A2-2 Year Comparison 
(Before-10/1/60-9/ 30/ 62; After-10/ l /62-9/30/ 64) 

4 

3 4 

App1•oach C-1 Year Comparison 
(Before-10/ 1/62-9/30/63; After-10/ 1/ 63-9/30/64) 

l 
3 

§_ 

6 

Property 
Damage Total 

2 
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patterns, enough time has not elapsed in either comparison to determine reliable sig
nificance. Much more "after" accident experience must be gained before any definite 
conclusions may be drawn. 

In summary, then, this study has shown a decreasing trend in accident frequency at 
Approaches A1, Aa, and C, although no significance may be assumed at this time. 

CONCLUSIONS AND RECOMMENDATIONS 

In this study an investigation was made of the effect of rumble strips on traffic 
operation and behavior. Field studies were conducted at seven approaches to stop
controlled rural trunk highway intersections. Traffic operation and behavior were 
measured in terms of passenger vehicle speeds at predetermined points on the ap
proaches together with stop sign and centerline observance studies. 

The rumble strips consisted of a series of 25-ft long areas of rough-textured ag
gregate placed on the approach lanes at 50- to 100-foot intervals. The placing of the 
rumble strips in this study utilized four strips 25 ft long spaced 100 ft apart; six strips 
25 ft long spaced 50 ft apart; and one at the intersection 50 ft long, which also acted 
as a nonskid treatment. The total length of the rumble area at each approach was 
1, 000 ft. 

The field studies were conducted on a "before" and "after" basis during average 
weekday conditions. .t;ttort was maae to aupi1cate conciitions so mat uncontroiiauie 
or unknown factors could not influence the results, 

The purpose of this study was to analyze a traffic control device that was expected 
to additionally alert drivers to the necessity of deceleration at rural stop locations 
and thereby cause safer operation at these locations. The major goals were (a) to 
effect a reduction in average approach speeds; (b) to increase the observance of the 
stop sign controls; and (c) to decrease the number of accidents involving approaching 
vehicles. 

Results and Conclusions 

Several important results were obtained from the mathematical analysis of the data. 
These, together with the conclusions which might be drawn from them, are as follows: 

1. The three goals set forth appear to have been achieved. Rumble strips were 
found to have a significant influence on traffic speed and stop sign observance. 

2. An overall consistent reduction in average approach speed was found at each 
point of observation. 

3. The amount of dispersion (variance) about the average speed was found to be 
slightly larger in some cases after the installation of the rumble strips. The reason 
for the increase in dispersion was probably caused by some vehicles slowing down 
considerably more than others. 

4. A highly significant increase in stop sign observance was found after the installa
tion of the rumble strips. The use of audible stimuli tends to increase driver aware
ness of regulatory controls. 

5. No appreciable change was found in the number of vehicles that drove to the left 
of the centerline to avoid passing over the roughened sections of pavement. The theory 
that rumble strips would have an adverse effect in this respect is apparently unfounded. 

6. A decreasing trend in accidents was found at two rural intersections where 
rumble strips had been installed for a reasonable period of time. Due to the erratic 
previous accident patterns, however, enough time has not elapsed at either intersec
tion to determine reliable significance. Rumble strips had been installed only a few 
months at the other study locations. 

Recommendations 

Additional research is recommended for the following reasons: 

1. The data in this study represent Upper-Midwest driver reactions to rumble 
strips rather than those from a cross section of drivers throughout the nation. The 
assumption that all drivers will react identically may be erroneous. --



2. The deceleration patterns of individual vehicles have not been investigated in 
this study. Simultaneous speed checks should be made to discover if rumble strips 
cause any changes in these patterns. 
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3. Because of generally low traffic volumes, not enough truck data were collected 
for proper analysis. Data should be collected at a location with sufficient commercial 
vehicles to determine if similar results are obtained. 

4. This study represents daytime conditions only. It is not known if rumble strips 
would have a different effect on traffic during periods of darkness. 

5. Additional experimentation should be done as to the length and spacing of the 
rumble panels. It is felt that an optimum design can be developed for maximum effect 
on traffic operation. 

6. The rumble strips in this study required considerable maintenance and periodic 
patching. Materials research is needed to overcome these problems. 

7. It would be desirable to experiment with a series of other locations where rum
ble strips might be used as a traffic control device. This method of control, however, 
should be limited to special locations. Over-usage could defeat its intent. Warrants 
for rumble strips installations could be established from this type of research. 
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