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Figure 4-2. The degree of speeding for free flowing cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 5-10 mph were 20.2% and 19.1%, respectively. For all
other treatments, the percentages were less than 4%. The Trailer + Police-without-
Lights-on treatment reduced this percentage to zero while the SPE van reduced it to
3.4%. The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the base case, 5%, and in all other treatments around 1% of drivers
exceed the speed limit by more than 10 mph.

4.1.2 Dataset 2
Mean Speeds and Speed Reductions
Similar to Dataset 1, Table 4-2 shows the results of LSD test for free flowing

cars in median lane for Dataset 2.

Table 4-2. LSD Result for Free Flowing Cars in Median Lane

Mean Speed Treatment
A 55.4 Base
A 54.5 Trailer
B 49.1 SPE Van
B 48.7 Trailer + Police w/o Lights on

The mean speed in the base case (55.4 mph) was significantly higher than the
mean speed of all law enforcement methods (ranged from 48.7 to 49.1 mph) but, similar
to the mean speed in the trailer case. This indicates that all of the law enforcement
methods significantly reduced the mean speed of free flowing cars in the median lane.
The presence of the speed display trailer in the work zone did not significantly reduce
the mean speed compared to the base case. However, the mean speeds for the SPE,
and Trailer + Police-without-Lights-on treatments were significantly lower than the mean
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speed for the base and the trailer cases. The reductions in mean speed for the above-
mentioned two cases were similar and ranged from 6.3 to 6.7 mph, reducing the mean
speed to 48.7 to 49.1 mph. As a result, automated and traditional law enforcement
methaods significantly reduced the mean speeds of the free flowing cars in the median
lane for this dataset.

The cumulative speed distribution curves for the free flowing cars in the median
lane are shown Figure 4-3. The cumulative speed distributions for the law enforcement
methods are shifted towards left compared to the base and trailer cases. The results of
Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure 4-3. Cumulative speed distribution for the free flowing cars in the median
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-4. In the base case 48.6%, and in the Trailer case 40.2% exceeded the speed
limit of 55 mph. However, when the SPE van was present in the work zone less than
7.4% of the drivers exceeded the speed limit. For the case of trailer plus Police-without-
Lights-on, only 3.2% of drivers exceed the speed limit.

The percentages of vehicles exceeding the speed limit by 5 mph or less were
34.2% for the base case and 24.3% when the trailer was present in the work zone. The
presence of Police-without-Lights-on plus Trailer reduced this percentage to 3.2% while
SPE van reduced it to 5.3%.
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Figure 4-4. The degree of speeding for free flowing cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 5-10 mph were 12.7% and 13.1%, respectively. The
presence of police with lights off plus trailer reduced this percentage to zero while the
SPE van reduced it to 2.1%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the base case 1.7%, and in the Trailer case 2.8% of drivers exceeded
the speed limit. In the other treatments, no one exceeded the speed limit by more than
10 mph.

4.1.3 Dataset 3
Mean Speeds and Speed Reductions
Similar to Dataset 1, Table 4-3 shows the results of LSD test for free flowing cars

in median lane for Dataset 3.

Table 4-3. LSD Result for Free Flowing Cars in Median Lane

Mean Speed Treatment
A 63.9 Base
B 61.7 Trailer
C 56.4 Trailer + Police w/o Lights on
C 56.0 SPE Van
C 55.9 Police w/o Lights on

The mean speed in the base case (63.9 mph) was significantly higher than the
mean speed of any of the treatments (ranged from 55.9 to 61.7 mph). This indicates that
all of the treatments significantly reduced the mean speed of free flowing cars in the
median lane. The presence of the speed display trailer in the work zone reduced the
mean speed by 2.2 mph to 61.7 mph. The mean speeds for the Trailer + Police-without-
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Lights-on, Police-without-Lights-on, and the SPE treatments were significantly less than
the mean speed for the base and the trailer cases. The reductions in mean speed for the
three law enforcement cases were similar and ranged from 7.5 to 8.0 mph, resulting in
mean speed from 55.9 to 56.4 mph. This clearly shows that all law enforcement methods
reduced the average speed and the SPE and traditional law enforcement methods had a
similar speed reduction effects on free flowing cars in median lane.

The cumulative speed distribution curves for the free flowing cars in the median
lane are shown Figure 4-5. The cumulative speed distributions for all treatments are
shifted towards left compared to the base case. This shift was more pronounced for the
Trailer + Police-without-Lights-on, Police-without-Lights-on, and SPE cases compared to
the Trailer case. The results of Chi Squared and Kolmogorov-Smirinov tests supported
the results of the LSD test at the same confidence level.
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Figure 4-5. Cumulative speed distribution for the free flowing cars in the median
lane.

Degree of Speeding

The degree of speeding for different treatments is presented in Figure 4-6. In the
base case 97.0%, and in the Trailer case 92.2% of travelers exceeded the speed limit of
55 mph. For the treatments that included law enforcement officer, the speed limit
compliance ranged from 41.7% to 45.0%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
23.0% for the base case and increased to 33.0% when the trailer was present in the
work zone. For the law enforcement methods, the percentages increased to 41.6%-
44%. The increase at the low-level speeding was because of the reduction in high-level
speeding, as discussed later.
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Figure 4-6. The degree of speeding for free flowing cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 5-10 mph were 38.0% and 34.0%, respectively. For the
traditional law enforcement treatments, the percentage dropped to less than 13.9% and
for the SPE it was reduced to 8.9%. The fourth level of speeding corresponds to
exceeding the speed limit by more than 10 mph. In the base and trailer cases, 36.0%
and 25.2% of drivers exceeded the speed limit by more than 10 mph. The SPE reduced
this percentage to 6.9%. Trailer + Police-without-Lights-on reduced it even more to 2.8%
and finally the Police-without-Lights-on treatment eliminated it.

4.1.4 Summary of Effects of SPE on Free Flowing Cars on Median Lane

The three data sets showed that SPE was effective in reducing the average
speed of free flowing cars on median lane to 49.1-56.0 mph. Speeding was more
prevalent on I-55 work zone near Chicago than the 1-64 work zone near St Louis, and
SPE reduced the average speed by 6.3-7.9 mph. The speed reductions due to SPE are
similar to the speed reductions due to traditional speed enforcement efforts. In all three
sites, SPE was as effective as having a police car with flashing lights off to be present in
the work zone. Furthermore, the SPE reduced the percentage of speeding cars by
39.6%-50.9%; thus, it increased the compliance with work zone speed limit to 42.6% to
92.6%.

4.2 FREE FLOWING CARS IN SHOULDER LANE
4.2.1 Dataset 1
Mean Speeds and Speed Reductions

Table 4-4 shows the results of LSD test with 90% confidence level for free
flowing cars in shoulder lane.
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Table 4-4. LSD Result for Free Flowing Cars in Shoulder Lane

Mean Speed Treatment
A 51.2 Base
A 50.9 Trailer
B 47.0 SPE Van
B 46.7 Police w/o Lights on
C 45.9 Trailer + Police w/o Lights on
C 45.9 Trailer + Police w/ Lights on
C 45.6 Police w/ Lights on

The mean speeds in the base case (51.2 mph) and the trailer case (50.9 mph)
were significantly higher than the mean speed of all law enforcement treatments (ranged
from 45.6 to 47.0 mph). This indicates that all law enforcement treatments resulted in
significantly lower mean speeds for the free flowing cars in the shoulder lane. The
presence of the speed display trailer did result in significantly lower mean speed
compared to the base case. However, the mean speeds for the SPE van and the Police-
without-Lights-on treatments were significantly lower than the mean speed for the base
and the trailer cases. The reductions in mean speed for the above-mentioned two cases
were similar and ranged from 4.2 to 4.5 mph, reducing the mean speed to 46.7 to 47.0
mph. The mean speeds in the Trailer + Police-without-Lights-on, Trailer + Police-with-
Lights-on, and Police-without-Lights-on treatments were significantly lower than all of the
other treatments and ranged from 45.6 to 45.9 mph. These treatments resulted in similar
speed reductions that ranged from 5.3 to 5.6 mph. The SPE van resulted in smaller
speed reduction than Police-with-Lights-on due to the threat level that the drivers may
have perceived with the police car in the work zone.

The cumulative speed distribution curves for the free flowing vehicles in the
shoulder lane are shown Figure 4-7. The cumulative speed distributions for all law
enforcement treatments are shifted towards the left compared to the base and trailer
cases. This shift was a little bit more for Trailer + Police-without-Lights-on, Trailer +
Police-with-Lights-on, and Police-without-Lights-on cases compared to the SPE van and
the Police-without-Lights-on. The results of Chi Squared and Kolmogorov-Smirinov tests
supported the results of the LSD test at the same confidence level.
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Figure 4-7. Cumulative speed distribution for the free flowing cars in the shoulder
lane.

Degree of Speeding

In the base case 14.8%, and in the trailer case 9.5% exceeded the speed limit of
55 mph. For the treatments that included law enforcement, less than 1.6% of drivers
exceeded the speed limit. The highest speed limit compliance occurred in the traditional
law enforcement methods. In the SPE case, 1.6 % of drivers exceeded the speed limit
the speed limit.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the base case, 10.4% of vehicles exceeded the speed limit by 5 mph. This
percentage reduced to 6.2% when the trailer was present in the work zone. All the
traditional law enforcement methods except Trailer + Police-without-Lights-on reduced
this percentage to 0.0% while SPE van reduced it to 1.1%.
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Figure 4-8. The degree of speeding for free flowing cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 10 mph were 4.4% and 2.4%, respectively. For all
traditional law enforcement methods, this percentage reduced to 0% while the SPE van
reduced it to 0.5%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the trailer case 1.0%, and in all other cases 0.0% of drivers exceed the
speed limit by more than 10 mph.

4.2.2 Dataset 2
Mean Speeds and Speed Reductions
Table 4-5 shows the results of LSD test with 90 percent confidence level for free

flowing cars in shoulder lane for Dataset 2.

Table 4-5. LSD result for Free Flowing Cars in shoulder Lane

Mean Speed Treatment
A 50.2 Base
A 49.9 Trailer
B 48.8 Trailer + Police w/o Lights on
C 44.8 SPE Van

The mean speed in the base case (50.2 mph) was significantly higher than the
mean speed of all law enforcement methods (ranged from 44.8 to 48.8 mph) but, similar
to the mean speed in the trailer case. This indicates that all of the law enforcement
methaods significantly reduced the mean speed of free flowing cars in the shoulder lane.
The presence of the speed display trailer in the work zone did not reduce the mean
speed significantly. However, the mean speeds for the Trailer + Police-without-Lights-on,
and the SPE treatments were significantly lower than the mean speed for the base and
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the trailer cases. Trailer + Police-without-Lights-on treatment reduced the mean speed
by 1.4 mph to 48.8 mph. The mean speed reduction by SPE was more pronounced than
the traditional law enforcement method. SPE reduced the mean speed by 5.4 mph to
44.8 mph. As a result, automated enforcement reduced the mean speed by far more
than the traditional enforcement for the free flowing cars in the shoulder lane for this data
set.

The cumulative speed distribution curves for the free flowing cars in the shoulder
lane are shown in Figure 4-9. The cumulative speed distributions for the law
enforcement methods were shifted towards left compared to the base and trailer cases.
This shift was more pronounce for the SPE. The results of Chi Squared and
Kolmogorov-Smirinov tests supported the results of the LSD test at the same confidence
level.
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Figure 4-9. Cumulative speed distribution for the free flowing cars in the shoulder
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-10. In the base case 7.1%, and in the Trailer case 9.6% exceeded the speed
limit, but in case of law enforcement this percentage was reduced to zero.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the base case, 5.0% of vehicles exceeded the speed limit by 5 mph. This
percentage was 7.2% when the trailer was present in the work zone. None of the free
flowing cars in the shoulder lane exceeded the speed limit when the law was enforced
and as a result, no vehicle belongs to the second, third, and fourth levels of speeding.
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Figure 4-10. The degree of speeding for free flowing cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 10 mph were 2.1% and 2.4%, respectively. For other
treatments, the percentage was zero again. This finding supports the results of the mean
speed reduction. None of the free flowing cars in the shoulder lane exceeded the speed
limit by more than 10 mph in all the cases.

4.2.3 Dataset 3
Mean Speeds and Speed Reductions
Table 4-6 shows the results of LSD test at 90 percent confidence level for the

free flowing cars in shoulder lane for dataset 3.

Table 4-6. LSD result for Free Flowing Cars in Shoulder Lane

Mean Speed Treatment
A 61.4 Base
B 59.7 Trailer
C 54.7 Police w/o Lights on
D 53.7 Trailer + Police w/o Lights on
D 53.7 SPE Van

The mean speed in the base case (61.5 mph) was significantly higher than the
mean speed of all treatments (ranged from 53.7 to 59.7 mph) indicating that all of the
treatments significantly reduced the mean speed of free flowing cars in the shoulder
lane. The presence of the speed display trailer in the work zone reduced the mean
speed by 1.7 mph to 59.7 mph. Police-without-Lights-on reduced the mean speed by 6.7
mph to 54.7 mph. The Trailer + Police-without-Lights-on, and the SPE treatments
resulted in significantly lower mean speeds compared to the other treatments. The
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reductions in mean speed for the above-mentioned two cases were 7.7 and 7.7 mph,
reducing the mean speed to 53.7 mph. This shows that the SPE and traditional law
enforcement methods reduced the speed of free flowing cars in shoulder lane similarly.

The cumulative speed distribution curves for the free flowing cars in the shoulder
lane are shown Figure 4-11. The cumulative speed distributions for all law enforcement
treatments are shifted towards left compared to the base case. This shift was more
pronounced for the Trailer + Police-without-Lights-on, and SPE cases. The results of Chi
Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure 4-11. Cumulative speed distribution for the free flowing cars in the
shoulder lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-12. In the base case 90.7%, and in the Trailer case 89.6% exceeded the speed
limit. For the treatments that included law enforcement the speed limit compliance
ranged from 39.9% to 43.7%.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the base case, 35.0% of vehicles exceeded the speed limit by 5 mph. This
percentage increased to 53.4% when the trailer was present in the work zone. The law
enforcement methods reduced this percentage to 34.9% to 38.7%.
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Figure 4-12. The degree of speeding for free flowing cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 5-10 mph were 34.0% and 23.3%, respectively. For the
law enforcement treatments, this percentage dropped to less than 7.7%. The SPE van
reduced it to 4.6% and Trailer + Police-without-Lights-on reduced it to 2.3%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the base and trailer cases, 21.7% and 12.9% of drivers exceeded the
speed limit by more than 10 mph. The law enforcement methods reduced this
percentage to less than 1.0% and Trailer + Police-without-Lights-on eliminated this
percentage.

4.2.4 Summary of Effects of SPE on Free Flowing Cars on Shoulder Lane

The three data sets showed that SPE was effective in reducing average speed of
free flowing cars on shoulder lane to 44.8-53.7 mph. Speeding was more prevalent on I-
55 work zone near Chicago than the 1-64 work zone near St Louis, and SPE reduced the
average speed by 4.1-7.7 mph. The speed reductions due to SPE are similar to the
speed reductions due to traditional speed enforcement efforts. In all three sites, SPE
was as effective as having a police car with flashing lights off to be present in the work
zone. Furthermore, the SPE was decreased the percentage of speeding cars by 7.1-
50.8%; thus, it increased the work zone speed limit compliance level to 60.1-100%.

4.3 FREE FLOWING TRUCKS IN MEDIAN LANE

4.3.1 Dataset 1
Mean Speeds and Speed Reductions

The Least Significance Difference (LSD) test was used to determine whether the
mean speeds in different treatments were similar. Table 4-7 shows the results of LSD
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test for free flowing trucks in the median lane. Each treatment is marked with a letter.
Mean speeds are not significantly different (90% confidence level) for the treatments
marked with the same letter, but if treatments are marked with different letters, this
indicates that the mean speeds are significantly different.

Table 4-7. LSD Result for Free Flowing Trucks in Median Lane

Mean Speed Treatment
A 53.7 Base
B 52.0 Trailer
C 50.3 SPE Van
D C 494 Police w/o Lights on
D E 48.6 Trailer + Police w/ Lights on
E 48.0 Trailer + Police w/o Lights on
E 47.9 Police w/ Lights on

The mean speed in the base case (53.7 mph) was significantly higher than the
mean speed of all treatments (ranged from 47.9 to 52.0 mph). This indicates that all of
the treatments significantly reduced the mean speed of free flowing trucks in the median
lane. The presence of the speed display trailer in the work zone reduced the mean
speed by 1.7 mph to 52.0 mph. The mean speed in this treatment was significantly
higher from the mean speeds in the other treatments. The speed reductions due to the
SPE van and Police-without-Lights-on were similar and ranged from 3.4 mph to 4.3 mph.
The mean speed in Trailer + Police-with-Lights-on case was similar to that in presence
of Police-without-Lights-on (5.1 mph reduction) but it was significantly different from the
mean speed in the SPE van case. Finally, the mean speeds in Trailer + Police-without-
Lights-on, and Police-with-Lights-on were similar to that in Trailer + Police-with-Lights-on
case. These mean speeds (48.0 and 47.9 mph respectively) were significantly lower
than the mean speeds in the other cases. These cases resulted in speed reductions that
ranged from 5.7 mph to 5.8 mph.

In addition to assessing the effects on mean speeds, the effects of treatments on
the speed distribution were studied. The cumulative speed distribution curves for the free
flowing trucks in the median lane are shown Figure 4-13. The cumulative speed
distributions for all treatments were shifted towards left compared to the base case. This
shift was more pronounced for all law enforcement methods compared to the trailer
case. Two statistical tests, Chi Squared and Kolmogorov-Smirinov, were conducted to
determine whether these distributions were significantly different. The results of these
tests supported the results of the LSD test at the same confidence level.
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Figure 4-13. Cumulative speed distribution for the free flowing trucks in the
median lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-14. The first level indicates traveling at a speed higher than the posted speed
limit (55 mph for this site). In the base case 32.5%, and in the trailer case 7.0%
exceeded the speed limit. For the treatments that included law enforcement, less than
10% of drivers exceeded the speed limit. The highest speed limit compliance, 100.0%,
occurred when the police car with lights on plus a trailer were present in the work zone.
In the SPE case, 90.2% of drivers complied with the speed limit.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the base case, 27.5% of vehicles exceeded the speed limit by 5 mph. This
percentage reduced to 7.0% when the trailer was present in the work zone. This means
that all the free flowing trucks in the median lane that exceed the speed limit in the trailer
case, exceed it by 5 mph. The law enforcement methods did not reduce this percentage
significantly excluding Trailer + Police-with-Lights-on case.
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Figure 4-14. The degree of speeding for free flowing trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 10 mph
(more than 5 mph and less than or equal to 10 mph). In the base and Police-with-Lights-
on cases, the percentages speeding by 10 mph were 5.0% and 1.8%, respectively. For
all other treatments, the percentage reduced to zero. The fourth level of speeding
corresponds to exceeding the speed limit by more than 10 mph. None of the vehicles in
this case exceeded the speed limit by more than 10 mph.

4.3.2 Dataset 2
Mean Speeds and Speed Reductions
The LSD test results are shown in Table 4-8 for free flowing trucks in the median

lane.

Table 4-8. LSD Result for Free Flowing Trucks in Median Lane

Mean Speed Treatment
A 53.2 Base
B 51.7 Trailer
C 46.3 Trailer + Police w/o Lights on
C 46.3 SPE Van

The mean speed in the base case (53.2 mph) was significantly higher than the
mean speed of all other treatments (ranged from 46.3 to 51.7 mph). The presence of the
speed display trailer in the work zone reduced the mean speed by 1.5 mph to 51.7 mph.
The law enforcement treatments reduced the means speeds more than the trailer. Both
of these treatments reduced the means speed by 6.9 mph to 46.3 mph similarly. This
indicates that law enforcement methods similarly and significantly reduced the mean
speed of free flowing trucks in the median lane for this data set.

The cumulative speed distribution curves for the free flowing trucks in the median
lane are shown Figure 4-15. The cumulative speed distributions for the law enforcement
methods are shifted towards the left compared to the base and trailer cases. The results
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of Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at
the same confidence level.
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Figure 4-15. Cumulative speed distribution for the free flowing trucks in the
median lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-16. In the base case, 12.5% and in the trailer case 4.9% exceeded the speed
limit. However, in case of law enforcement, these percentages reduced to 2.4% for both
cases (SPE and Trailer + Police-without-Lights-on).

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the base case, 10.0% of vehicles exceeded the speed limit by 5 mph. This
percentage reduced to 4.9% when the trailer was present in the work zone. The SPE
reduced this percentage to 2.4% while the presence of Police-without-Lights-on plus
trailer reduced this percentage to 0.0%.
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Figure 4-16. The degree of speeding for free flowing trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). None of the free flowing
trucks in the median lane exceeded the speed limit by 5-10 mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the base case 2.5%, and in the trailer + Police-without-Lights-on case
2.4% of drivers exceeded the speed limit. For the other treatments, no one exceeded the
speed limit by more than 10 mph.

4.3.3 Dataset 3
Mean Speeds and Speed Reductions
The LSD test results are shown in Table 4-9 for free flowing trucks in the median

lane.

Table 4-9. LSD Result for Free Flowing Trucks in Median Lane

Mean Speed Treatment
A 57.0 Trailer
A 56.2 Base
B 54.1 Police w/o Lights on
C 52.9 Trailer + Police w/o Lights on
C 52.2 SPE Van

The mean speed in the base case (56.2 mph) was not significantly different than
the mean speed in the Trailer case (57.0 mph). However, it was significantly higher than
the mean speed of all law enforcement treatments (ranged from 54.1 to 52.2 mph). This
indicates that all of the law enforcement treatments significantly reduced the mean
speed of free flowing trucks in the median lane. The presence of the speed display trailer
in the work zone did not reduce the mean speed. Police-without-Lights-on resulted in
significantly lower mean speed compared to the base case. It reduced the mean speed
by 2.1 mph to 54.1 mph. The Trailer + Police-without-Lights-on, and SPE treatments
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resulted in significantly lower mean speeds compared to the other treatments. The
reductions in mean speeds for the above-mentioned two cases were similar and ranged
from 3.3 to 4.0 mph, bringing the mean speed to 52.2 to 52.9 mph. This shows that the
SPE and traditional law enforcement methods reduce the speed of free flowing trucks in
median lane similarly.

The cumulative speed distribution curves for the free flowing trucks in the median
lane are shown Figure 4-17. The cumulative speed distributions for all law enforcement
treatments were shifted towards left compared to the Base and Trailer cases. This shift
was more pronounced for the Trailer + Police-without-Lights-on, and SPE cases. The
results of Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD
test at the same confidence level.
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Figure 4-17. Cumulative speed distribution for the free flowing trucks in the
median lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-18. In the base case 68.4%, and in the trailer case 79.1% exceeded the speed
limit. Police-without-Lights-on treatment reduced this percentage to 36.8%. The other
two remaining treatments, Trailer + Police without Lights and SPE, reduced these
percentages even more to 21.2% and 15.0% respectively.

In the base case, 53.9% of vehicles exceeded the speed limit by 5 mph. This
percentage increased to 67.0% when the trailer was present in the work zone. Police-
without-Lights-on treatment reduced this percentage to 35.8%. Trailer + Police-without-
Lights-on and SPE treatments were more effective in reducing the percentage of free
flowing trucks in the median lane exceeding the speed limit by 5 mph. They reduced this
percentage to 20.2% and 13.0% respectively.
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Figure 4-18. The degree of speeding for free flowing trucks in the median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 5-10 mph were 13.7% and 12.1%, respectively. The SPE
van reduced it to 2.0% and both other two treatments reduced it to 1.0%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the base case, 0.9% of drivers exceeded the speed limit by more than
10 mph. For all other cases, none of the drivers exceeded the speed limit by more than
10 mph.

4.3.4 Summary of Effects of SPE on Free Flowing Trucks on Median Lane

The three data sets showed that SPE was effective in reducing average speed of
free flowing trucks on the median lane to 46.3 - 52.2 mph. Speeding was more prevalent
in the 1-55 work zone near Chicago than the 1-64 work zone near St Louis, and SPE
reduced the average speed by 3.4 - 6.9 mph. The speed reductions due to SPE are
similar to the speed reductions due to traditional speed enforcement efforts. In all three
sites, SPE was as effective as having a police car with flashing lights off to be present in
the work zone. Furthermore, the SPE decreased the percentage of speeding trucks by
10.1% - 53.4 %; thus, it increased the work zone speed limit compliance level to 85.0% -
97.6%.

4.4 FREE FLOWING TRUCKS IN SHOULDER LANE

4.4.1 Dataset 1
Mean Speeds and Speed Reductions

The LSD test was used to compare the mean speeds of free flowing trucks in
shoulder lane for different treatments, see Table 4-10.
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Table 4-10. LSD Result for Free Flowing Trucks in Shoulder Lane

Mean Speed Treatment

A 50.3 Base

A 49.5 Trailer

B 46.3 Police w/o Lights on
C B 46.1 SPE Van
C B 45.7 Trailer + Police w/o Lights on
C 45.1 Police w/ Lights on
C 45.0 Trailer + Police w/ Lights on

The mean speeds in the base (50.3 mph) and trailer (49.5) cases were
significantly higher than the mean speeds of all law enforcement treatments (ranged
from 45.0 to 46.3 mph). This indicates that all of the law enforcement treatments
significantly reduced the mean speed of free flowing trucks in the shoulder lane. The
mean speeds in Police-without-Lights-on, SPE van, and Trailer + Police-without-Lights-
on cases were similar and ranged from 45.7 mph to 46.3 mph. These treatments
resulted in similar speed reductions that ranged from 4.0 mph to 4.6 mph. The mean
speeds in Police-with-Lights-on and Trailer + Police-with-Lights-on cases (45.1 mph and
45.0 mph respectively) were similar to that in SPE and Trailer + Police-without-Lights-on
cases. These treatments resulted in speed reductions that ranged from 5.2 mph to 5.3
mph. The mean speeds in these two treatments were significantly lower than the means
speed in the base, trailer, and Police-without-Lights-on cases.

In addition to assessing the effects on mean speeds, the effects of treatments on
the speed distribution were studied. The cumulative speed distribution curves for the free
flowing trucks in the shoulder lane are shown Figure 4-19. The cumulative speed
distributions for all law enforcement treatments were shifted towards left compared to the
base and trailer cases. The results of Chi Squared and Kolmogorov-Smirinov tests
supported the results of the LSD test at the same confidence level.
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Figure 4-19. Cumulative Speed Distribution for the Free Flowing Trucks in the
shoulder lane

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-20. In the base case 2.4%, and in the trailer case 5.6% exceeded the speed
limit. For the other treatments, none of the free flowing trucks in the shoulder lane
exceeded the speed limit. In addition, none of them exceeded the speed limit more than
5 mph even in the base and trailer cases.
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Figure 4-20. The degree of speeding for free flowing trucks in shoulder lane.

4.4.2 Dataset 2
Mean Speeds and Speed Reductions

Table 4-11 shows the results of LSD test at 90 percent significance level for free
flowing trucks in shoulder lane.

Table 4-11. LSD Result for Free Flowing Trucks in Shoulder Lane

Mean Speed Treatment
A 48.8 Base
A 48.3 Trailer
B 44.8 SPE Van
B 44.0 Trailer + Police w/o Lights on

The mean speed in the base case (48.8 mph) was significantly higher than the
mean speed of all law enforcement methods (ranged from 44.0 to 44.8 mph) but, similar
to the mean speed in the trailer case. This indicates that all of the law enforcement
methods significantly reduced the mean speed of free flowing trucks in the shoulder
lane. The mean speeds for the SPE, and Trailer + Police-without-Lights-on treatments
were significantly less than the mean speed for the base and the trailer cases. The
reductions in mean speeds for the above-mentioned two cases were similar and ranged
from 4.0 to 4.4 mph, reducing the mean speed to 44.0 to 44.8 mph. Thus, the SPE and
traditional law enforcement methods significantly reduced the mean speeds of the free
flowing trucks in the shoulder lane for this dataset.

The cumulative speed distribution curves for the free flowing trucks in the
shoulder lane are shown Figure 4-21. The cumulative speed distributions for the law
enforcement methods are shifted towards left compared to the base and trailer cases.
The results of Chi Squared and Kolmogorov-Smirinov tests supported the results of the
LSD test at the same confidence level.
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Figure 4-21. Cumulative speed distribution for the free flowing trucks in the
shoulder lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-22. Only in the trailer case, 2.3% of the free flowing trucks traveling in the
shoulder lane exceeded the speed limit. In all of the other cases, none of the trucks
exceeded the speed limit.
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Figure 4-22. The degree of speeding for free flowing trucks in shoulder lane.

4.4.3 Dataset 3
Mean Speeds and Speed Reductions

Table 4-12 shows the results of LSD test at 90 percent confidence level for free
flowing trucks in shoulder lane.

Table 4-12. LSD Result for Free Flowing Trucks in Shoulder Lane

Mean Speed Treatment
A 57.4 Base
B 56.2 Trailer
C 52.6 Police w/o Lights on
C 51.8 Trailer + Police w/o Lights on
C 51.3 SPE Van

The mean speed in the base case (57.4 mph) was significantly higher than the
mean speed of all treatments (ranged from 51.3 to 56.2 mph). This indicates that all of
the treatments, significantly reduced the mean speed of free flowing trucks in the
shoulder lane. The mean speeds for the Police-without-Lights-on, Trailer + Police-
without-Lights-on, and SPE treatments were significantly less than the mean speeds for
the base case and the trailer. The reductions in mean speeds for the above-mentioned
three cases were similar and ranged from 4.8 to 6.1 mph, reducing the mean speeds to
51.3 to 52.6 mph. This shows that the SPE and traditional law enforcement methods
reduced the speed of free flowing trucks in shoulder lane similarly.

The cumulative speed distribution curves for the free flowing trucks in the
shoulder lane are shown Figure 4-23. The cumulative speed distributions for all law
enforcement treatments are shifted towards left compared to the base and trailer cases.
The results of Chi Squared and Kolmogorov-Smirinov tests supported the results of the
LSD test at the same confidence level.
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Figure 4-23. Cumulative speed distribution for the free flowing trucks in the
shoulder lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 4-24. In the base case 67.6% and in the trailer case 63.2% exceeded the speed
limit. The traditional law enforcement methods reduced it to 17.9% to 19.4% while the
SPE reduced it to 11.4%.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the base case, 40.5% of vehicles exceeded the speed limit by 5 mph. This
percentage reduced to 36.8% when the trailer was present in the work zone. The
traditional law enforcement methods reduced this percentage to 17.9% to 19.4% while
the SPE reduced it to 7.0 %.
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Figure 4-24. The degree of speeding for free flowing trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the base and trailer cases,
the percentages speeding by 5-10 mph were 24.3% and 23.7% respectively. The
traditional law enforcement treatments reduced this percentage to zero while the SPE
had 4.5% of free flowing trucks in the shoulder lane exceeded the speed limit by 5-10
mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the base case 2.7%, and in the trailer case, 2.6% of trucks exceeded
the speed limit by more than 10 mph and in all the other cases, no one exceeded the
speed limit at this extent.

4.4.4 Summary of Effects of SPE on Free Flowing Trucks on Shoulder Lane

The three data sets showed that SPE was effective in reducing average speed of
free flowing trucks on the shoulder lane to 44.8 - 51.3 mph. Speeding was more
prevalent in the I-55 work zone near Chicago than the I-64 work zone near St Louis, and
SPE reduced the average speed by 4.0-6.1 mph. The speed reductions due to SPE are
similar to the speed reductions due to traditional speed enforcement efforts. In all three
sites, SPE was as effective as having a police car with flashing lights off to be present in
the work zone. Furthermore, the SPE was very effective in decreasing the percentage of
speeding trucks by 0.0% - 56.2% (since no vehicle exceeded the speed limit even in the
base case); thus, it increased the work zone speed limit compliance level to 88.6% -
100.0%.
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4.5 GENERAL TRAFFIC STREAM

In addition to evaluating the effects of SPE and other speed reduction treatments
on the free flowing vehicles, their effects on general traffic stream were studied. The
detailed analyses discussions are given in Appendix I, and a brief summary of the
findings are presented here, especially for the SPE case.

The speed of general stream traffic is determined by systematically sampling
every fifth vehicle regardless of their travel lane. The findings for the general traffic
stream supports the finding for the free flowing vehicles but, the speed reductions are
slightly lower compared to the free flowing case. This is expected because the free
flowing vehicles travel faster than the general stream traffic.

4.5.1 Effects of the SPE on Cars in General Traffic Stream on Median Lane

The three datasets showed that the SPE was effective in reducing the average
speed of cars in the general traffic stream (sampled cars) on median lane to 46.8 - 52.6
mph. Similarly, the traditional law enforcement methods were effective and reduced the
mean speeds to 46.9 — 53.8 mph. Speeding was more prevalent on I-55 work zone than
the 1-64 work zone and the SPE reduced the average speeds on I-55 more than on [-64.
The speed reductions ranged from 5.1 to 8.0 mph. The speed reductions due to the SPE
were similar to the speed reductions due to traditional speed enforcement methods. In
all three sites, the SPE was as effective as having a police car with flashing lights off
present in the work zone. Furthermore, the SPE reduced the percentage of speeding
cars by 31.6-58.4%; thus, it increased the compliance with work zone speed limit to
70.0% - 98.1%.

4.5.2 Effects of the SPE on Cars in General Traffic Stream on Shoulder Lane

The three datasets showed that the SPE reduced the average speed of cars in
general traffic stream (sampled cars) on shoulder lane to 42.4 — 51.6 mph. Similarly, the
traditional speed enforcement methods reduced the average speeds to 42.8 — 53.3 mph.
The speed reductions due to the SPE ranged from 4.3 to 7.7 mph. The speed reductions
due to the SPE were similar to the speed reductions due to traditional speed
enforcement efforts. In all three sites, the SPE was as effective as having a police car
with flashing lights off to be present in the work zone. Furthermore, the SPE reduced the
percentage of speeding cars by 5.7-54.2%; thus, it increased the compliance with work
zone speed limit to 70.4% - 100%

4.5.3 Effects of SPE on Trucks in General Traffic Stream on Median Lane

The three datasets showed that the SPE reduced the average speeds of trucks
in general traffic stream (sampled trucks) on median lane to 45.4 - 50.4 mph. The
traditional law enforcement methods were also effective in reducing the mean speeds as
they reduced the mean speeds to 44.0 — 53.8 mph. The SPE reduced the average
speed by 3.7-5.7 mph. The speed reductions due to the SPE are similar to the speed
reductions due to traditional law enforcement efforts. In all three sites, the SPE was as
effective as having a police car with flashing lights off present in the work zone.
Furthermore, the SPE reduced the percentage of speeding trucks by 0.0% - 58.5%
(since no vehicle exceeded the speed limit); thus, it increased the compliance with work
zone speed limit to 92.2% - 100.0%
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4.5.4, Effects of SPE on Trucks in General Traffic Stream on Shoulder Lane

The three datasets showed that the SPE was effective in reducing the average
speeds of trucks in general traffic stream (sampled trucks) on shoulder lane to 44.2 -
49.7 mph. The traditional law enforcement methods reduced the mean speeds to 43.3 —
53.1 mph. The SPE reduced the mean speeds by 3.9-6.4 mph. The speed reductions
due to the SPE are similar to the speed reductions due to traditional law enforcement
methods. In all three sites, the SPE was as effective as having a police car with flashing
lights off present in the work zone. Furthermore, the SPE reduced the percentage of
speeding trucks by 0.0% - 56.1% (since no vehicle exceeded the speed limit); thus, it
increased the compliance with work zone speed limit to 95.7% - 100.0%.

4.5.5 Summary

SPE reduced the average speed of cars and trucks in the general traffic stream
on median lanes by 5.1-8.0 and by 3.7-5.7 mph, respectively. The reductions for the
shoulder lanes were 4.3 - 7.7 mph for cars, and 3.9 - 6.4 mph for trucks. The speed
reduction effects of the SPE and traditional law enforcement methods on the general
traffic stream are very similar to their effects on the free flowing vehicles. The reductions
in the mean speeds and degrees of speeding were slightly lower compared to the free
flowing vehicles because the speed of free flowing vehicles was slightly higher than the
speed of general traffic stream vehicles.
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CHAPTER 5 SPATIAL EFFECTS

The effects of law enforcement presence in work zones were measured at a
location still inside the work zone about 1.5 miles downstream (Location C) the treatment
location (Location B). The mean speed of free flow and general stream vehicles by lane
(median and shoulder) and type of vehicle (cars and trucks) was measured at the
downstream location. Also, percentage of drivers exceeding the speed limit by less than
5 mph, 5 to 10 mph, and over 10 mph were obtained and included in the analysis.
Differences of speeds and speed limit compliance under normal conditions (without any
treatment) and when traditional treatments and SPE were used at the upstream location
(Location B) would indicate the presence of spatial effects.

The analysis on the spatial effects at Location C is based on three data sets from
the same two work zones where the effects of treatments at Location B were analyzed.
General findings, by lane and type of vehicle, are briefly described in this section. The
detailed results and analysis are included in Appendix .

5.1 SPATIAL EFFECTS OF SPE ON FREE FLOWING VEHICLES

5.1.1. Cars on Median Lane

The SPE had spatial effects on two of the three data sets, as it kept the speeds
lower at the downstream location by 3.8 mph in dataset 2 and by 2.0 mph in dataset 3.
The spatial effect in the SPE was similar to trailer plus Police-without-Lights-on
treatment. In addition, the SPE decreased the percentage of speeding drivers by 20.6%
in Dataset 2 and 7.1% in dataset 3, bringing the percent speeding to 79.4% and 86.3%,
respectively. The SPE also reduced the percentage of excessive speeders (over 10
mph) by 14.2% and 13.3% in datasets 2 and 3, bringing the percent speeding to 18.4%
and 14.9%, respectively.

5.1.2 Cars on Shoulder Lane

The SPE had spatial effects on datasets 2 and 3 and reduced the average speed
of free flowing cars on the shoulder lane by 3.0 mph and 2.6 mph, respectively. In these
two datasets, the spatial effect of SPE was greater than with the traditional speed
enforcement methods. The SPE decreased the percentage of speeding drivers by
23.4% in dataset 2 and by 21.3% in dataset 3, bringing the percent speeding to 56% and
72.1%, respectively. Also, the reduction of excessive speeders (over 10 mph) with the
SPE was 4.5% in dataset 2 and 15.2% in dataset 3, bringing the percent speeding to 4%
and 3.1%, respectively.

5.1.3 Trucks on Median Lane

The SPE had spatial effects on free flowing trucks on the median lane, as their
mean speed decreased by 2.6 mph in dataset 1, and by 5.3 mph in dataset 2, bringing
mean speed down to 56.8 mph and 54.2 mph, respectively. A smaller decrease of 0.8
mph was also observed in the mean speed in dataset 3. Effects of SPE in the mean
speed were greater than those from traditional speed enforcement methods. In addition,
the SPE reduced the percentage of speeding drivers by 15.7% in dataset 1, by 41% in
dataset 2, and by 7.9% in dataset 3. The percentage of drivers exceeding the speed limit
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by more than 10 mph was eliminated by the SPE in the three datasets, from 9.3%,
12.1%, and 1% in the base case.

5.1.4 Trucks on Shoulder Lane

The SPE had spatial effects on free flowing trucks on the shoulder lane, as their
mean speed was reduced by 0.9 mph and 4.8 mph in datasets 1 and 2, to 56.4 mph and
53 mph, respectively. It reduced the mean speed by 0.9 mph in dataset 3 on the
shoulder lane, and the resulting speed was 55.6 mph. The speed reductions due to SPE
were greater than the speed reductions due to traditional speed enforcement methods.
The percentage of speeding drivers was reduced in the SPE by 4.2% in dataset 1 and
by 48.3% in dataset 2, down to 28.8% and 35.9%, respectively.

5.2 SPATIAL EFFECTS OF SPE ON THE GENERAL TRAFFIC STREAM

5.2.1 Cars on Median Lane

The average speed of cars in the general traffic stream on the median lane had
2.9 mph and 1.6 mph spatial effects on datasets 2 and 3, bringing the mean speeds to
59.3 mph and 58.3 mph, respectively. Speed reductions in the SPE case were greater
than those from traditional speed enforcement methods. The percentage of speeding
drivers was reduced in the SPE case by 2.9% in dataset 1, by 22.2% in dataset 2, and
by 10.3% in dataset 3, down to 83%, 75%, and 77.9%, respectively. The percentage of
drivers speeding by more than 10 mph was also reduced in the SPE case by 8.5% in
dataset 2, and by 10.4% in dataset 3, down to 10.4% and 9.3%.

5.2.2 Cars on Shoulder Lane

The SPE had 2.7 mph and 1.1 mph spatial effects in datasets 2 and 3, where the
average speed of cars in general traffic stream on shoulder lane was reduced to 54 mph
and 57.3 mph, respectively. The speed reductions in the SPE case were greater than
traditional speed enforcement methods. The SPE increased the speed limit compliance,
as it decreased the percentage of speeding drivers by 4.3% in dataset 1, 28.6% in
dataset 2, and 9.6% in dataset 3, down to 75.0%, 38.6%, and 73.8%, respectively.

5.2.3 Trucks on Median Lane

For the three datasets, the SPE had some spatial effect on the average speed of
the trucks in general traffic stream on median lane. Reductions in average speed were
1.9 mph in dataset 1, 3.3 mph in dataset 2, and 0.9 mph in dataset 3, with mean speeds
of 56.7 mph, 56.2 mph, and 55.5 mph, respectively. The SPE also decreased the
percentage of speeding drivers by 7.5% in dataset 1, by 23.5% in dataset 2, and by
10.4% in dataset 3, down to 76.7%, 61.8%, and 57.8%, respectively.

5.2.4 Trucks on Shoulder Lane
For the three datasets, SPE had spatial effects as it decreased the mean speed

of the trucks in the general traffic stream on shoulder by 1.7 mph in dataset 1, by 3.2
mph in Dataset 2, and by 1.8 mph in dataset 3, down to 55.3 mph, 52.8 mph, and 55.5
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mph, respectively. The speed reductions in the SPE case were greater than traditional
speed enforcement methods. The percentage of speeding drivers also decreased in the
three datasets, with reductions of 7.8% in dataset 1, 36.1% in dataset 2, and 16.1 % in
dataset 3, down to 64.3%, 28.6%, and 55.4%, respectively.
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CHAPTER 6 HALO EFFECTS

Previous research (Benekohal, et al. 1992) reported that police presence had a
lasting effect on speeds of heavy vehicles even after the police departure from the work
zone (halo effect). In this study, the possibility of halo effect due to police presence or
SPE was investigated using two sets of data from two work zones. The data sets were
collected in the p.m. off-peak hours on 1-64 and I-55 work zones. However, the 1-64 a.m.
dataset did not provide enough time to study the halo effects because SPE van and
police presence treatments lasted till 11:30 a.m., and that left very little time before the
lunch hour traffic. Therefore, the a.m. dataset was not utilized to evaluate the halo effect.

To determine if any halo effects existed, nearly an hour of data was collected
after the departure of the police patrol vehicle or the SPE van from the work zones.
First, the temporal variation of speeds is presented. The speed data was grouped into
five-minute intervals, and average speeds of cars and heavy vehicles for each interval
were computed. Then, the results of statistical comparisons (LSD tests) of speeds when
the police or SPE was present to the speeds after their departures as well as to the
speeds in the base case are discussed. It should be noted that this analysis was done
for the treatment location.

The drivers who were free to choose their speeds (free flowing) are considered in
this analysis. If there is no halo effect on free flowing vehicles, there should not be halo
effects on the general stream traffic. Therefore, the speeds of free flowing vehicles were
examined first. If there is a halo effect on free flowing vehicles, then the speed of the
general traffic stream is examined to determine the halo effects on the latter group.

6.1 SPE HALO EFFECT ON I-55

Figure 6-1 shows the variation of the average speeds of cars and heavy vehicles
(5 minute averages) when SPE was present and after its departure from the I-55 work
zone. It clearly shows a significant increase in the speeds of both cars and heavy
vehicles immediately after the departure of the SPE van from the work zone. It can be
observed that the average speed of cars increased from around 55 mph while the SPE
van was present to over 60 mph after its departure. Similarly, the average speed of
heavy vehicles increased from lower 50s to upper 50s after the departure of SPE van.

It should be noted that the mere speed increase after the SPE is gone does not
mean that there is no halo effect. In fact, it is expected that the speed will increase when
drivers do not see the SPE van, but the question is by how much. If it increased to the
level it was in the base condition then there is no halo effect. On the other hand, if the
speed is increased but is significantly less than the base case, then there is a halo
effect. The statistical comparison of average speed after SPE left to the average speed
of the base data is carried out to determine the halo effects.
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Figure 6-1. Effects of SPE on temporal variation of speed in I-55 work zone.

In addition to visual display of the average speeds for five-minute intervals, LSD
tests were performed to compare the average speeds for the entire time periods before
and after the departure of SPE to the average speeds of base case. A separate LSD test
was performed for cars and heavy vehicles, and for median and shoulder lanes. The
LSD results with 90% confidence level are listed in Table 6-1. For free flowing cars, the
average speed on the median lane is not significantly lower after the police vehicle was
gone, but it is lower by 1.2 mph on the shoulder lane compared to the average speed in
the base case. For heavy vehicles, the differences are not statistically significant on
median or shoulder lanes. The results indicate that SPE had small amount of halo
effects on cars traveling on shoulder lane. The amount was 1.3 mph that may be
considered practically insignificant, though statically significant. However, no halo effect
exists for cars traveling on the median lane or heavy vehicles traveling on either lane of
the 1-55 work zone.
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Table 6-1. LSD Results for Comparison of Speeds With and Without SPE (I-55

work zone)
Median Shoulder

Grouping Mean N Treatment Grouping Mean N Treatment
Cars

A 63.7 106 Base case A 61.5 204 Base case

A 635 76 SPE Gone B 60.2 156 SPE Gone

B 56.5 80 SPE Present C 53.7 174 SPE Present
Heavy Vehicles

A 574 60 SPE Gone A 57.7 22 SPE Gone

A 56.2 119 Base case A 57.0 40 Base case

B 525 80 SPE Present B 50.7 23 SPE Present

6.2 SPE HALO ON I-64

The average speeds for each five-minute intervals are shown in Figure 6-2. It can
be seen that the speeds increased after the departure of the SPE van from the work
zone.
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Figure 6-2. Effects of SPE on temporal variation of speed in 1-64 work zone.
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Table 6-2 presents the LSD test results for the comparison of average speeds for
the entire time periods before and after the SPE was gone to the average speed in Base
case, with 90% confidence level. It is obvious that the average speeds went up after the
SPE was gone for cars on either median lane or shoulder lane. For heavy vehicle, the
average speed also went up after the SPE was gone. However, the average speeds are
still significantly lower than the average speed of the Base case. It indicates that there
was a halo effect on heavy vehicles traveling either median or shoulder lanes on 1-64
work zone. The halo effect on trucks was 1.8 mph on shoulder lane and 2.7 mph on the
median lane.

Table 6-2. LSD Results for comparison of speeds with and without SPE (I-64

work zone)
Median Shoulder

Grouping Mean N Treat Grouping Mean N Treat
Cars

A 555 133 Base case A 505 87 SPE Gone

A 54.8 106 SPE Gone A 50.4 102 Base case

B 49.0 126 SPE Present B 449 94 SPE Present
Heavy Vehicles

A 536 20 Base case A 49.1 32 Base case

B 509 22 SPE Gone B 473 30 SPE Gone

C 472 16 SPE Present C 447 34 SPE Present

6.3 POLICE HALO ON I-55

For the 1-55 site, there was only 20 minutes data available to determine the halo
effects of police because another police car that was not assigned to this work zone had
stopped a vehicle in the work zone

Figure 6-3 and Figure 6-4 show the effect of Police presence on the temporal
variation of speeds for I-55 and 1-64 work zones, respectively. It can be observed from
Figures 3 and 4 that the average speeds of cars and heavy vehicles increased
significantly soon after the departure of the police from the work zone. In I-55 dataset,
the average speed of cars increased from around 55 mph to over 60 mph and that of
heavy vehicles increased from lower 50s to mostly upper 50s. This indicates that the
speeds went up after the Police presence was gone.

68



Speed(mph)

65

60

55

50

45

40
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60

55

50

Speed (mph)

40

Police present

‘ICars FHVs BCars-Halo EHVs-Han‘

Police gone

45 -

e e Y

o [ T T T T

Police Present

P8 PH1’PHZ‘PH3‘PH4‘PH5‘PH6‘PH7‘PH8

Police Gone

‘ICars FIHVs ECars-Halo EHCS-Han‘

Figure 6-4. Effects of Police on Temporal Variation of Speed in 1-64 work zone.
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Table 6-3 and Table 6-4 present the LSD test results for the comparison of
average speed for the entire time periods before and after the police was gone to the
average speeds in the Base case. It is obvious that average speed went up to the same
level it was in the Base case after the police was gone for either cars or heavy vehicles
on both median and shoulder lanes. This indicates that there is no halo effect of police
presence on either cars or heavy vehicles in both I-55PM and I-64PM Data Sets.

Table 6-3. LSD Results for Comparison of Speeds with and Without Police (I-55

work zone)
Median Shoulder
Grouping Mean N Treatment Grouping  Mean N Treatment
Cars
A 63.7 106 Base case A 61.5 204 Base case
A 62.6 30 Police A 60.6 59 Police
Gone Gone
B 55.7 81 Police B 54.7 175 Police
present present
Heavy Vehicles
A 57.7 22 Police A 58.8 12 Police
Gone Gone
B 56.2 119 Base case A 57.0 40 Base case
C 54.0 82 Palice B 52.3 21 Palice
present present

Table 6-4. LSD Results for Comparison of Speeds With and Without Police (I-64

work zone)
Median Shoulder
Grouping Mean N Treatment Grouping Mean N Treatment
Cars
A 56.2 124 Police A 51.2 95 Police
Gone Gone
A 55.5 133 Base case A 50.4 102 Base case
B 487 93 Police B 458 90 Police
Presence Presence
Heavy Vehicles
A 53.6 20  Base case A 49.6 34 Police
Gone
A 51.6 10 Police A 49.1 32 Base case
Gone
B 455 25 Police B 44.7 34 Police
Presence Presence
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The LSD test results indicate that police presence had no halo effects on cars or
heavy vehicles on 1-64 or I-55 work zones.

6.4 SUMMARY OF HALO EFFECTS

Police presence had no halo effect on free flowing vehicles (This was true for
free flowing cars and heavy vehicles on both work zones). On the other hand, SPE had
1.8-2.7 mph halo effects on free flowing heavy vehicles on I-64 work zone. SPE had no
halo effects on free flowing heavy vehicles on I-55 work zone. SPE had no halo effects
on free flowing cars on either work zones, except on free flowing cars on shoulder on I-
55 work zone, which was 1.3 mph.
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CHAPTER 7 CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

The effects of the SPE on mean speed and degree of speeding were compared
to the effects of other speed management methods with and without police presence in
work zones. Three datasets were collected in two Interstate highway work zones. The
effects were studied at the location the treatment was implemented and at another
location about 1.5 miles downstream in the work zone (spatial effects). In addition, the
halo effects of police presence and SPE after leaving the work zone (temporal effects)
were evaluated.

7.1.1 Effects at Treatment Location

The main findings at the location the treatments were implemented are presented
below for cars and trucks in free flow condition and in the general traffic stream.

Free Flowing Cars

The SPE significantly reduced the speed of free flowing cars at the treatment
location in all three datasets. It reduced the average speed of free flowing cars in the
median lane by 6.3 mph - 7.9 mph and brought the speeds down to 49.1 mph - 56.0
mph. For the shoulder lane, the reductions were 4.1 mph - 7.7 mph, and the mean
speeds were lowered to 44.8 mph - 53.7 mph. In addition, the SPE reduced speeding
drivers in the median lane by 40% - 51% so that only 7% - 57% were still speeding. In
the shoulder lane, the SPE reduced speeding drivers by 7% - 51%, so that only 0.0% -
40% were still speeding. The SPE was as effective in reducing speed as having a police
car with its flashing lights off present in the work zone.

Free Flowing Trucks

The SPE significantly reduced the speed of free flowing trucks at the treatment
location in all three datasets. It reduced the average speed of free flowing trucks in the
median lane by 3.4 mph - 6.9 mph and brought the speeds down to 46.3 mph - 52.2
mph. For the shoulder lane, the reductions were 4.0 mph - 6.1 mph, and the mean
speeds were lowered to 44.8 mph - 51.3 mph. In addition, the SPE reduced speeding
drivers by 10% - 53% in the median lane so that only 2% - 15% were still speeding. In
the shoulder lane, speeding drivers were reduced by 0% - 56% so that only 0.0% - 11%
were still speeding. The SPE was as effective in reducing speed as having a police car
with its flashing lights off present in the work zone.

Cars in General Traffic Stream

The SPE significantly reduced the speed of cars in the general traffic stream at
the treatment location in all three datasets. It reduced the average speed of cars in the
general traffic stream on the median lane by 5.1 mph - 8.0 mph and brought the speeds
down to 46.8 mph - 52.6 mph. For the shoulder lane, the reductions were 4.3 mph - 7.7
mph, and the mean speeds were lowered to 42.4 mph - 51.6 mph. In addition, the SPE
reduced speeding drivers by 32% - 58% so that only 2% - 30% were still speeding in the
median lane. In the shoulder lane, the SPE reduced speeding drivers by 6% - 54% so
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that only 0% - 30% were still speeding. The SPE was as effective in reducing speed as
having a police car with its flashing lights off present in the work zone.

Trucks in General Traffic Stream

The SPE significantly reduced the speed of trucks in the general traffic stream at
the treatment location in all three datasets. It reduced the average speed of trucks in the
general traffic stream on the median lane by 3.7 mph - 5.7 mph and brought the speeds
down to 45.4 mph - 50.4 mph. For the shoulder lane, the reductions were 3.9 mph - 6.4
mph and the mean speeds were lowered to 44.2 mph - 49.4 mph. In addition, the SPE
reduced speeding drivers by 0% - 58% so that only 0% - 8% were still speeding in the
median lane. On the shoulder lane, the SPE reduced speeding drivers by 0% - 56% so
that only 0% - 4% were still speeding. The SPE was as effective in reducing speed as
having a police car with flashing lights off present in the work zone for Datasets 1 and 2.

7.1.2 Spatial Effects

Similar to the previous section the conclusions are presented first for the free
flowing vehicles followed by the general traffic stream.

Free Flowing Cars

The SPE had spatial effects on free flowing cars in the median lane, as it
reduced the mean speeds by 3.8 mph in Dataset 2, and by 2.0 mph in Dataset 3,
resulting in mean speeds of 59.7 mph and 60.5 mph, respectively. On the shoulder lane,
it reduced the speed by 3.0 mph for Dataset 2 and by 2.6 mph for Dataset 3, resulting in
mean speeds of 55.6 mph and 57.2 mph, respectively. In addition, the SPE decreased
speeding drivers in the median lane by 21% in Dataset 2 and 7% in Dataset 3 so that
79% and 86% were still speeding, respectively. In the shoulder lane, the SPE reduced
speeding drivers by 23% for Dataset 2 and 21% for Dataset 3, so that 56% and 72%
were still speeding, respectively. SPE had no significant spatial effect on free flowing
cars in Dataset 1.

Free Flowing Trucks

The SPE had spatial effects on free flowing trucks on median lane, as it reduced
the mean speed by 2.6 mph in Dataset 1, and by 5.3 mph in Dataset 2, resulting in
speeds of 56.8 mph and 54.2 mph, respectively. A smaller decrease of 0.8 mph in the
mean speed was observed for Dataset 3 on the median lane, and the resulting speed
was 55.4 mph. On the shoulder lane, it reduced the mean speeds by 0.9 and 4.8 for
Dataset 1 and Dataset 2, respectively, and brought the speeds down to 56.4 mph and 53
mph. The SPE reduced the mean speed by 0.9 mph in Dataset 3 on the shoulder lane,
and the resulting speed was 55.6 mph. In addition, the SPE reduced speeding drivers in
the median lane by 16% in Dataset 1, by 41% in Dataset 2, and by 8% in Dataset 3 so
that 75%, 47%, and 54% were still speeding, respectively. On the shoulder lane, the
SPE reduced the speeding drivers by 4% for Dataset 1 and by 44% for Dataset 2 so that
71% and 36%, respectively, were still speeding.

Cars in General Traffic Stream

The SPE had spatial effects on cars in the general traffic stream in two of the
three datasets. It reduced the average speeds of cars on the median lane by 2.9 mph
and 1.6 mph in Datasets 2 and 3 and brought the mean speeds down to 59.3 mph and
58.3 mph, respectively. In the shoulder lane, the SPE reduced the mean speeds by 2.7
mph and 1.1 mph in Datasets 2 and 3, respectively, and brought down the speeds to 54
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mph and 57.3 mph. In addition, the SPE reduced the speeding drivers in the median
lane by 22% in Dataset 2 and by 10% in Dataset 3 so that 75% and 77.9%, respectively,
were still speeding. In the shoulder lane, the SPE reduced the speeding drivers by 29%
in Dataset 2 and 10% in Dataset 3 so that 39% and 74%, respectively, were still
speeding.

Trucks in General Traffic Stream

In all three datasets, the SPE had spatial effects on speed of trucks in the
general traffic stream in median and shoulder lanes. It reduced the speed by 1.9 mph in
Dataset 1, 3.3 mph in Dataset 2, and 0.9 mph in Dataset 3, and that brought down the
mean speeds to 56.7 mph, 56.2 mph, and 55.5 mph, respectively. In the shoulder lane, it
reduced the speeds by 1.7 mph in Dataset 1, by 3.2 mph in Dataset 2, and by 1.8 mph in
Dataset 3, and that brought down the speeds to 55.3 mph, 52.8 mph, and 55.5 mph,
respectively. The SPE also decreased the speeding drivers in the median lane by 8% in
Dataset 1, by 24% in Dataset 2, and by 10% in Dataset 3 so that 77%, 62%, and 58%,
respectively, were still speeding. On the shoulder lane, the SPE reduced speeding
drivers by 8% in Dataset 1, by 36% in Dataset 2, and by 16% in Dataset 3 so that only
64%, 29%, and 55%, respectively, were still speeding.

7.1.3 Halo Effects of Police Presence and SPE

Police presence had no halo effect on free flowing vehicles. (This was true for
free flowing cars and heavy vehicles in both work zones.) On the other hand, SPE had
1.8 - 2.7 mph halo effects on free flowing heavy vehicles in the 1-64 work zone and no
halo effects on free flowing heavy vehicles in the I-55 work zone. SPE had no halo
effects on free flowing cars in either work zone, except on free flowing cars in the
shoulder lane in the I-55 work zone, which was a 1.3 mph reduction in the average
speed.

7.2 RECOMMENDATIONS FOR FUTURE RESEARCH

The SPE van is several times more expensive than a similar van without the
photo enforcement equipment, and it may not be feasible to put a SPE van in all work
zones. Therefore, to increase compliance with the speed limit, it is recommended to
study the effectiveness of swapping regular vans with the SPE vans to cover a larger
number of work zones.

The spatial effects of SPE may be improved by using another law enforcement
officer in a work zone in conjunction with the SPE. It is recommended to conduct a study
to determine the most effective strategy that combines SPE and traditional law
enforcement methods.

The effects of the SPE on individual vehicles as they travel through the work
zone would reveal how different drivers react to the SPE. A study to determine the
effects on each vehicle by matching their speeds at several locations is recommended.

Effects of the SPE on the traffic flow characteristic in the work zone is not known.
The SPE may have some effects on the platooning and headway characteristics of
vehicles. Conducting research to study these effects is recommended.

It is important to reduce the speed of vehicles close to the workers. A study
should be conducted to identify the optimal location where SPE should be placed to
achieve the desired speed reduction where it is most needed.
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APPENDIX I: EFFECTS AT TREATMENT LOCATION FOR
GENERAL TRAFFIC STREAM



GENERAL STREAM

I.1. CARS
[.1.1. Median Lane
I.1.1.a. Dataset 1
Mean Speeds and Speed Reductions

The Least Significance Difference (LSD) test was used to determine whether the
mean speeds in different treatments were similar. Table I-1 shows the results of the LSD
test for cars in the traffic stream (sampled cars) in the median lane. In column one of the
table, each treatment is marked with a letter. For the treatments marked with the same
letter, mean speeds are not significantly different with 90% confidence level. If
treatments are marked with different letters, the mean speeds are significantly different.

Table I-1. LSD result for Sampled Cars in Median Lane

Mean Speed Treatment
A 54.9 Base
B 53.3 Trailer
C 49.8 SPE Van
C 49.4 Police w/o Lights on
C 49.4 Police w/ Lights on
D 47.9 Trailer + Police w/ Lights on
D 47.2 Trailer + Police w/o Lights on

The mean speed in the base case (54.9 mph) was significantly higher than the
mean speed of all treatments (ranged from 47.2 to 53.3 mph). This indicates that all of
the treatments significantly reduced the mean speed of the cars in the traffic stream
traveling in the median lane. The presence of the speed display trailer in the work zone
reduced the mean speed by 1.6 mph to 53.3 mph. However, the mean speeds for the
SPE van, Police-without-Lights-on, and Police-with-Lights-on treatments were
significantly less than the mean speed for the Base and the Trailer cases. The
reductions in mean speed for the above-mentioned three cases were similar and ranged
from 5.1 to 5.5 mph, reducing the mean speed to 49.4 to 49.8 mph. The mean speeds in
the Trailer + Police with and without Lights on treatments (47.9 mph and 47.2 mph
respectively) were significantly lower than all of the other treatments. This indicated that
the presence of the police car in the work zone with the speed display sign resulted in
the lowest mean speed. In the other word, the Trailer + Police treatment had the most
reduction in mean speed among the cars in the traffic stream traveling in the median
lane, for this data set. These treatments resulted in reduction ranged from 7 mph to 7.7
mph while the SPE van resulted in 5.1 mph speed reduction for the cars in general traffic
stream (sampled cars) in median lane. This may be due to the threat level that the
drivers perceived with the police car compared to the SPE.

In addition to assessing the effects on mean speeds, the effects of treatments on
the speed distribution were studied. The cumulative speed distribution curves for the
cars in traffic stream traveling in the median lane are shown in Figure I-1. The
cumulative speed distributions for all treatments were shifted towards the left compared
to the base case. This shift was more pronounced for the SPE, Police-without-Lights-on,
and Police-with-Lights-on cases compared to the Trailer case. The Trailer + Police-with-
Lights-on and Trailer + Police-without-Lights-on cases resulted in the highest shift
towards the left. Two statistical tests, Chi Squared and Kolmogorov-Smirinov, were
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conducted to determine whether these distributions were significantly different. The
results of these tests supported the results of the LSD test at the same confidence level.

100% +
90% -
80% -
70% -
60% -
50% -

40%

30% -

20%

10% 4

0%

35

Speed (mph

‘—O—Base —&—Trailer Police w/ Lights Police w/o Lights —¥—Trailer + Pplice w/ Lights —@— Trailer + Police w/o Lights —— SPE Van ‘

Figure I- 1. Cumulative speed distribution for the sampled cars in the median
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure I-2. The first level indicates traveling at a speed higher than the posted speed
limit (55 mph for this site). In the Base case 47.1% and in the Trailer case 35.7%
exceeded the speed limit. For the treatments that included law enforcement, less than
16% of drivers exceeded the speed limit. The highest speed limit compliance, 98.2%,
occurred in the Trailer + Police-without-Lights-on treatment. In the SPE case 84.5% of
drivers complied with the speed limit. This finding supports the results of the mean
speed reductions.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the Base case, 31.8% of vehicles exceeded the speed limit by 5 mph. This
percentage was 25.5% when the Trailer was present in the work zone. The law
enforcement methods reduced the percentage to less than 14%. The presence of
Police-without-Lights-on plus Trailer reduced this percentage to 0.0% while SPE van
reduced it to 13.4%. This finding is in line with the results of mean speed reduction.
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Figure I-2. The degree of speeding for sampled cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the Base and Trailer cases,
the percentages speeding by 5-10 mph were 14.1% and 10.2%, respectively. For all
other treatments, this percentage reduced to less than 2.1%. The Trailer + Police-
without-Lights-on treatment reduced this percentage to zero while the SPE van reduced
it to 2.1%. The fourth level of speeding corresponds to exceeding the speed limit by
more than 10 mph. In the Base and Trailer + Police-without-Lights-on cases, 1.2% and
1.1% of drivers exceed the speed limit by more than 10 mph respectively. For all other
cases none of the Cars in general traffic stream (Sampled cars) in the median lane
exceeded the speed limit by more than 10 mph for this data set.

I.1.1.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table -2 shows the results of LSD test for cars in the traffic
stream in median lane for Dataset 2.

Table I- 2. LSD Result for Sampled Cars in Median Lane

Mean Speed Treatment
A 53.9 Base
B 51.5 Trailer
C 46.9 Trailer + Police w/o Lights on
C 46.8 SPE Van

The mean speed in the Base case (53.9 mph) was significantly higher than the
mean speed of any of the treatments (ranged from 46.8 to 51.5 mph). This indicates that
all of the treatments significantly reduced the mean speed of cars in general traffic
stream (sampled cars) in the median lane. The presence of the speed display Trailer in
the work zone reduced the mean speed by 2.4 mph to 51.5 mph. This mean speed was
significantly less than the mean speed in the Base case. The mean speeds for the
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Trailer + Police-without-Lights-on, and SPE treatments were significantly less than the
mean speed for the Base and the Trailer cases. The reductions in mean speeds for the
law enforcement cases were similar and ranged from 6.0 to 6.1 mph, reducing the mean
speed to 46.8 to 46.9 mph. As a result, the SPE and traditional law enforcement
methods similarly and significantly reduced the mean speeds of the cars in the traffic
stream traveling in the median lane.

The cumulative speed distribution curves for cars in general traffic stream
(sampled cars) in the median lane are shown Figure I-3. The cumulative speed
distribution for the Trailer case was shifted towards left compared to the base case. This
shift was more pronounced for the law enforcement methods. The results of Chi
Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure I- 3. Cumulative speed distribution for the sampled cars in the median
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure I-4. In the Base case 39.4% and in the Trailer case 19.4% exceeded the speed
limit of 55 mph. But, in case of law enforcement, this percentage reduced to less than
2.2%. When Trailer plus Police car without Lights on was present in the work zone, less
than 2.2% of the drivers exceeded the speed limit. The presence of the SPE van
reduced this percentage to 1.9%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
31.9% for the Base case reduced to 13.6% when the Trailer was present in the work
zone. The law enforcement methods reduced the percentage to less than 2.2%. The



presence of Police-without-Lights-on plus trailer reduced this percentage to 2.2% while
SPE van reduced it even more to 1.0%.
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Figure I-4. The degree of speeding for sampled cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the Base and Trailer cases,
the percentages speeding by 5-10 mph were 7.5% and 3.9%, respectively. The SPE
reduced this percentage to less than 1% while Trailer + Police-without-Lights-on case
eliminated speeding by 5-10 mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. Only when the Trailer was present in the work zone 1.9% of the cars in
general traffic stream (sampled cars) in the median lane exceeded the speed limit by
more than 10 mph.

I.1.1.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table I-3 shows the results of LSD test for the cars in the
traffic stream (sampled cars) in median lane for Dataset 3.

Table I-3. LSD Result for Sampled Cars in Median Lane

Mean Speed Treatment
A 60.6 Base
B 59.2 Trailer
C 53.8 Police w/o Lights on
D C 53.0 Trailer + Police w/o Lights on
D 52.6 SPE Van

The mean speed in the Base case (60.6 mph) was significantly higher than the
mean speed of all treatments (ranged from 52.6 to 59.2 mph). This indicates that all of
the treatments significantly reduced the mean speed of the cars in general traffic stream
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(sampled cars) in the median lane. The presence of the speed display Trailer in the work
zone reduced the mean speed by 1.4 mph to 59.2 mph. Police-without-Lights-on and
Trailer + Police-without-Lights-on resulted in significantly lower mean speeds compared
to the Base and Trailer cases. They reduced the mean speed by 6.8 mph and 7.6 mph
to 53.8 mph and 53.0 mph respectively.

The SPE van resulted in lower mean speed compared to Police-without-Lights-
on treatment but similar to the Trailer + Police-without-Lights-on treatment. SPE reduced
the mean speed by 8.0 mph to 52.6 mph.

The cumulative speed distribution curves for the cars in general traffic stream
(sampled cars) in the median lane are shown in Figure I-5. The cumulative speed
distributions for all treatments were shifted towards left compared to the Base case.
Police-without-Lights-on resulted in a bigger shift compare to the Trailer case. This shift
was more pronounced for the Trailer + Police-without-Lights-on, and SPE cases. The
results of Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD
test at the same confidence level.
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Figure I-5. Cumulative speed distribution for the sampled cars in the median
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure I-6. In the Base case 88.4% and in the Trailer case 83.6% exceeded the speed
limit of 55 mph. Police-without-Lights-on improved the speed limit compliance to 58.8%.
Trailer + Police-without-Lights-on was more successful in improving the speed limit
compliance and improved it to 66.9%. Finally, SPE increased it even more to 70.0%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
42.5% for the Base case and 48.3% when the Trailer was present in the work zone. The
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presence of the Police-without-Lights-on in the work zone reduced this percentage to
36.8%. Trailer + Police-without-Lights-on reduced it even more to 30.7% and finally SPE
reduced it to 23.6%.
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Figure I-6. The Degree of Speeding for Sampled Cars in Median Lane

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the Base and Trailer cases,
the percentages speeding by 5-10 mph were 29.4% and 23.3%, respectively. For the
law enforcement treatments, this percentage dropped to less than 4.4%. The SPE van
reduced it to 4.3% and Trailer + Police-without-Lights-on reduced it to 2.4%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases, 16.4% and 12.1% of drivers exceeded the
speed limit by more than 10 mph. The traditional law enforcement methods reduced this
percentage to zero but in the SPE, 2.1% of cars in general traffic stream (Sampled cars)
in the median lane still exceed the speed limit by more than 10 mph.

I.1.1.d. Summary of Effects of SPE on Cars in General Traffic Stream on Median
Lane

The three data sets showed that SPE was effective in reducing average speed of
cars in the general traffic stream (sampled cars) on median lane to 46.8 - 52.6 mph.
Speeding was more prevalent on I-55 work zone near Chicago than the I-64 work zone
near St Louis, and SPE reduced the average speed by 5.1-8.0 mph. The speed
reductions due to SPE are similar to the speed reductions due to traditional speed
enforcement efforts. In all three sites, SPE was as effective as having a police car with
its flashing lights off to be present in the work zone. Furthermore, the SPE reduced the
percentage of speeding cars by 31.6-58.4%; thus, it increased the compliance with work
zone speed limit to 70.0% - 98.1%.



I.1.2.Shoulder lane
l.1.2.a.Dataset 1

Table 1-4 shows the results of LSD test with 90% confidence level for the cars in
the traffic stream (sampled cars) traveling in the shoulder lane.

Table I-4. LSD Result for Sampled Cars in Shoulder Lane

Mean Speed Treatment
A 49.8 Base
A 49.3 Trailer
B 45.6 Police w/o Lights on
B 45.5 SPE Van
C 445 Trailer + Police w/ Lights on
C 44.0 Trailer + Police w/o Lights on
C 44.0 Police w/ Lights on

The mean speed in the Base case (49.8 mph) was significantly higher than the
mean speed of any of the law enforcement methods (ranged from 44.0 to 45.6 mph).
This indicates that all of the law enforcement treatments significantly reduced the mean
speed of the cars in general traffic stream (sampled cars) in the shoulder lane. The
presence of the speed display trailer in the work zone did not significantly reduce the
mean speed (0.5 mph reduction to 49.3 mph). However, the mean speeds for Police-
without-Lights-on, and the SPE van treatments were significantly less than the mean
speed for the Base and the Trailer cases. The reductions in mean speed for the above-
mentioned two cases were similar and ranged from 4.2 to 4.3 mph, reducing the mean
speed to 45.6 to 45.5 mph. The mean speeds in the other traditional law enforcement
method, Trailer + Police-with-Lights-on, Trailer + Police-without-Lights-on, and Police-
with-Lights-on treatments were significantly lower than all of the other treatments (44.5
mph, 44.0 mph, and 44.0 mph respectively). This indicated that the presence of the
police car with lights on in the work zone with or without speed display trailer resulted in
the most speed reductions. In the other word, the Trailer + Police and Police-with-Lights-
on treatments had the most reduction in mean speed among the cars in general traffic
stream (sampled cars) in the shoulder lane for this data set. These treatments resulted
in reductions that ranged from 5.3 mph to 5.8 mph while the SPE van resulted in a 4.3
mph mean speed reduction. This may be due to the threat level that the drivers
perceived with the police car compared to SPE.

The cumulative speed distribution curves for the cars in the general traffic stream
(sampled cars) on the shoulder lane are shown Figure I-7. The cumulative speed
distributions for all law enforcement treatments were shifted towards left compared to the
Base and Trailer cases. The Results of Chi Squared and Kolmogorov-Smirinov tests
supported the results of the LSD test at the same confidence level.
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Figure I-7. Cumulative speed distribution for the sampled cars in the shoulder
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure I-8. In the Base case 7.4% and in the Trailer case 4.0% exceeded the speed limit
of 55 mph. For the traditional law enforcement methods, no one exceeded the speed
limit. In the SPE case, only 0.6% percent of the drivers exceeded the speed limit.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
7.4% for the Base and reduced to 2.6% when the Trailer was present in the work zone.
The traditional law enforcement methods reduced the percentage to 0.0% while in the
SPE case this percentage was 0.6%.

[-10



100% +
99% - -
98% +—
97% +—
96% -
95% -
94%
93% -
92% +
91% -
90% T T T T T

Base Trailer Policew/ Policew/o  Trailer + Trailer + SPE Van
Light Light Police w/  Police w/o
Light Light
Treatment

\lSpeed <=55mph 55 <Speed <=60 M 60<Speed <=65 M Speed > 65 mph \
Figure 1-8. The degree of speeding for sampled cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the Trailer case, the
percentages speeding by 10 mph were 0.7%. For all other cases, no one exceeded the
speed limit by 5-10 mph. The fourth level of speeding corresponds to exceeding the
speed limit by more than 10 mph. In the Trailer case 0.7% of drivers exceed the speed
limit by more than 10 mph while for all other cases none of the cars in general traffic
stream (sampled cars) in the shoulder lane exceeded the speed limit by more than 10
mph for this data set.

I.1.2.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table I-5 shows the results of LSD test for the cars in
general traffic stream (sampled cars) traveling in the shoulder lane for Dataset 2.

Table I-5. LSD Result for Sampled Cars in Shoulder Lane

Mean Speed Treatment
A 48.7 Base
B 47.9 Trailer
C 42.8 Trailer + Police w/o Lights on
C 42.4 SPE Van

The mean speed in the Base case (48.7 mph) was significantly higher than the
mean speed of any of the treatments (ranged from 42.4 to 47.9 mph). This indicates that
all of the treatments significantly reduced the mean speed of the cars in general traffic
stream (sampled cars) in the shoulder lane. The presence of the speed display trailer in
the work zone reduced the mean speed by 0.8 mph to 47.9 mph. This mean speed was
significantly less than the mean speed in the Base case. The mean speeds for the
Trailer + Police-without-Lights-on, and SPE treatments were significantly less than the
mean speed for the Base and the Trailer cases. The reductions in mean speed for the
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above-mentioned two cases were similar and ranged from 5.9 to 6.3 mph, reducing the
mean speeds to 42.4 to 42.8 mph. As a result, the SPE and traditional law enforcement
methods similarly and significantly reduced the mean speeds of the cars in general
traffic stream (sampled cars) in the shoulder lane.

The cumulative speed distribution curves for the cars in general traffic stream
(sampled cars) in the shoulder lane are shown in Figure 1-9. The cumulative speed
distribution for the Trailer case was shifted towards left compared to the base case. This
shift was more pronounced for the law enforcement methods. The results of Chi
Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure 1-9. Cumulative speed distribution for the sampled cars in the shoulder
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 1-10. In the Base case only 5.7% and in the Trailer case only 1.3% exceeded the
speed limit of 55 mph. Law enforcement methods eliminated speeding for the cars in
general traffic stream (sampled cars) in the shoulder lane.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
5.7% for the Base case and reduced to 1.3% when the Trailer was present in the work
zone. None of the cars in general traffic stream (sampled cars) in the shoulder lane
exceeded the speed limit by more than 5 mph in this dataset.
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Figure I-10. The degree of speeding for sampled cars in shoulder lane.

I.1.2.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1-6 shows the results of LSD test for the cars in the
traffic stream (Sampled cars) traveling in the shoulder lane for Dataset 3.

Table |- 6: LSD Result for Sampled Cars in Shoulder Lane

Mean Speed Treatment
A 59.3 Base
B 58.1 Trailer
C 53.3 Police w/o Lights on
D 52.7 Trailer + Police w/o Lights on
E 51.6 SPE Van

The mean speed in the Base case (59.3 mph) was significantly higher than the
mean speed of any of the treatments (ranged from 51.6 to 58.1 mph). This indicates that
all of the treatments significantly reduced the mean speed of the cars in general traffic
stream (Sampled cars) in the shoulder lane. The presence of the speed display Trailer in
the work zone reduced the mean speed by 1.2 mph to 58.1 mph. Police-without-Lights-
on resulted in significantly lower mean speed compared to the Trailer case. It reduced
the mean speed by 6.0 mph to 53.3 mph. The Trailer + Police-without-Lights-on resulted
in significantly lower mean speed compared to the Police-without-Lights-on case. It
reduced the mean speed by 6.6 mph to 52.7 mph (compare to the Base case). Finally,
the SPE resulted in the lowest mean speed compared to all of the other treatments. It
reduced the mean speed by 7.7 mph to 51.6 mph. This shows that in this dataset for the
cars in general traffic stream (Sampled cars) in the shoulder lane, the SPE reduced the
mean speed more than the traditional law enforcement methods.

The cumulative speed distribution curves for the cars in general traffic stream
(Sampled cars) in the shoulder lane are shown in Figure I-11. The cumulative speed
distributions for all treatments were shifted towards left compared to the Base case.
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Police-without-Lights-on resulted in a bigger shift compare to the Trailer case. This shift
was more pronounced for the Trailer + Police-without-Lights-on, and SPE cases. The
results of Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD
test at the same confidence level.

100%

90%

80%

70%

60%

50%

40%

30%

20%

10% +

0% 1 T T T T T 1
45 50 55 60 65 70 75

Speed (mph)

‘—Q—Base —&— Trailer Police w/o Lights —@—Trailer + Police w/o Lights —— SPE Van ‘

Figure I-11. Cumulative speed distribution for the sampled cars in the shoulder
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 1-12. In the Base case 84.2% and in the Trailer case 81.3% exceeded the speed
limit of 55 mph. Police-without-Lights-on improved the speed limit compliance to 65.9%,
Trailer + Police-without-Lights-on 77.3%, and SPE to 70.0%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
44.3% for the Base case and increased to 53.5% when the Trailer was present in the
work zone. The presence of the police car without lights on in the work zone reduced
this percentage to 30.5%. Trailer + Police-without-Lights-on reduced it to 21.0% and the
SPE reduced to 27.7%.
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Figure I-12. The degree of speeding for sampled cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the Base and Trailer cases,
the percentages speeding by 5-10 mph were 30.3% and 23.5%, respectively. For the
law enforcement treatments, this percentage dropped to less than 3.5%. The SPE van
reduced it to 2.2% and Trailer + Police-without-Lights-on reduced it to 1.3%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases 9.5% and 4.3% of drivers exceeded the
speed limit by more than 10 mph. Police-without-Lights-on and SPE entirely eliminated
this much speeding among the Cars in general traffic stream (sampled cars) in the
shoulder lane but in the Trailer + Police-without-Lights-on case still 0.3% of drivers
violating the speed limit to this extent.

I.1.2.d. Summary of Effects of SPE on Cars in General Traffic Stream on Shoulder
Lane

The three data sets showed that SPE was effective in reducing average speed of
cars in general traffic stream (sampled cars) on shoulder lane to 42.4 — 51.6 mph.
Speeding was more prevalent on 1-55 work zone near Chicago than the I-64 work zone
near St Louis, and SPE reduced the average speed by 4.3-7.7 mph. The speed
reductions due to SPE are similar to the speed reductions due to traditional speed
enforcement efforts. In all three sites, SPE was as effective as having a police car with
flashing lights off to be present in the work zone. Furthermore, the SPE reduced the
percentage of speeding cars by 31.6-54.2%; thus, it increased the compliance with work
zone speed limit to 70.4% - 100%

1.2.Trucks
[.2.1.Median lane
I.2.1.a.Dataset 1
Mean Speeds and Speed Reductions
Table I-7 shows the results of LSD test with 90% confidence level for the trucks
in the traffic stream (Sampled trucks) traveling in the median lane.
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Table I-7. LSD Result for Sampled Trucks in Median Lane

Mean Speed Treatment

A 53.0 Base

B 50.6 Trailer
C B 49.9 Police w/o Lights on
C D 49.3 SPE Van
E D 48.4 Police w/ Lights on
E D 48.0 Trailer + Police w/o Lights on
E 47.8 Trailer + Police w/ Lights on

The mean speed in the Base case (53.0 mph) was significantly higher than the
mean speed of any of the treatments (ranged from 47.8 to 50.6 mph). This indicates that
all of the treatments significantly reduced the mean speed of the trucks in general traffic
stream (Sampled trucks) in the median lane. The trailer and Police-without-Lights-on
cases reduced the mean speed by 2.4 mph to 50.6 mph and by 3.1 mph to 49.9 mph
respectively. The mean speeds in these two cases were similar but, significantly lower
than the mean speed in the Base case. The SPE reduced the mean speed by 3.7 mph
to 49.3 mph. This mean speed was significantly lower than the mean speed in the Trailer
and Base cases, but not significantly different from the Police-without-Lights-on case.

Police-with-Lights-on and trailer + Police-without-Lights-on cases resulted in
mean speeds significantly lower than the Police-without-Lights-on case but similar to the
SPE. These two cases reduced the mean speed by 4.6 mph and 5.0 mph to 48.4 mph
and 48.0 mph respectively.

The mean speed for the Trailer + Police w/ Lights on case was significantly lower
than the mean speed for SPE van case but, it was similar to the mean speeds for Police-
with-Lights-on and Trailer + Police-without-Lights-on cases. This treatment reduced the
mean speed by 5.2 mph to 47.8 mph.

The cumulative speed distribution curves for the trucks in general traffic stream
(sampled trucks) in the median lane are shown in Figure 1-13. The cumulative speed
distributions for all treatments were shifted towards left compared to the base case. This
shift was more pronounced for all law enforcement methods compared to the Trailer
case. The results of Chi Squared and Kolmogorov-Smirinov tests supported the results
of the LSD test at the same confidence level.
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Figure 1-13. Cumulative speed distribution for the sampled trucks in the median
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure I-14. In the Base case 25.0% and in the Trailer case 2.4% exceeded the speed
limit of 55 mph. For the treatments that included law enforcement, less than 10% of
drivers exceeded the speed limit. The highest speed limit compliance, 100.0%, occurred
in the trailer + Police-with-Lights-on treatment. In the SPE case 92.5% of drivers
complied with the speed limit. This finding supports the results of the mean speed
reductions.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
25.0% for the Base case and reduced to 2.4% when the Trailer was present in the work
zone. This means that all the trucks in general traffic stream (sampled trucks) in the
median lane that exceed the speed limit in Trailer case, exceed it by 5 mph. The law
enforcement methods did not reduce this percentage that much.

[-17



100% +

—
95% -

90% +—

85% +—

80% -

75%

70% -

65% -

60%

55% -

50% - T T T T T

Base Trailer Policew/ Policew/o  Trailer + Trailer + SPE Van
Light Light Police w/  Police w/o
Light Light
Treatment

\lSpeed <=55mph 55 <Speed <=60 M 60<Speed <=65 M Speed > 65 mph \
Figure I-14. The degree of speeding for sampled trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In Police-with-Lights-on case,
the percentages speeding by 10 mph was 1.0%. For all other treatments, the percentage
reduced to zero. None of the trucks in general traffic stream (Sampled trucks) in the
median lane exceeded the speed limit by more than 10 mph.

[.2.1.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 4-8 shows the results of LSD test for the trucks in the
traffic stream (Sampled trucks) traveling in the median lane for Dataset 2.

Table I-8. LSD Result for Sampled Trucks in Median Lane

Mean Speed Treatment
A 50.5 Base
A 49.9 Trailer
B 45.4 SPE Van
B 44.0 Trailer + Police w/o Lights on

The mean speed in the Base case (50.5 mph) was significantly higher than the
mean speed of all law enforcement methods (ranged from 44.0 to 45.4 mph) but, similar
to the mean speed in the Trailer case (49.9 mph). This indicates that all of the law
enforcement methods significantly reduced the mean speed of trucks in general traffic
stream (sampled trucks) in the median lane. The presence of the speed display trailer in
the work zone did not significantly reduce the mean speed. However, the mean speeds
for the SPE, and Trailer + Police-without-Lights-on treatments were significantly less
than the mean speed for the Base and the Trailer cases. The reductions in mean speed
for the above-mentioned two cases were similar and ranged from 5.1 to 6.5 mph,
reducing the mean speed to 44.0 to 45.4 mph. Thus, the SPE and traditional law
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enforcement methods similarly and significantly reduced the mean speeds of the Trucks
in general traffic stream (sampled trucks) traveling in the median lane.

The cumulative speed distribution curves for the trucks in general traffic stream
(sampled trucks) in the median lane are shown in Figure I-15. The cumulative speed
distributions for all law enforcement methods were shifted towards left compared to the
Base and Trailer cases. The results of Chi Squared and Kolmogorov-Smirinov tests
supported the results of the LSD test at the same confidence level.
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Figure I-15. Cumulative speed distribution for the sampled trucks in the median
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 1-16. None of the trucks in the general traffic stream (sampled trucks) in the
median lane exceeded the speed limit of 55 mph for this data set.
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Figure I-16. The degree of speeding for sampled cars in median lane.

I.2.1.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1-9 shows the results of LSD test for the trucks in the
traffic stream (sampled trucks) traveling in median lane for Dataset 3.

Table I- 9. LSD Result for Sampled Trucks in Median Lane

Mean Speed Treatment
A 56.1 Base
A 55.8 Trailer
B 53.8 Police w/o Lights on
C 51.7 Trailer + Police w/o Lights on
D 50.4 SPE Van

The mean speed in the Base case (56.1 mph) was significantly higher than the
mean speed of any of the law enforcement treatments (ranged from 50.6 to 53.8 mph)
but similar to the mean speed of the Trailer case. This indicates that all of the law
enforcement treatments significantly reduced the mean speed of the trucks in general
traffic stream (sampled trucks) in the median lane. The presence of the speed display
trailer in the work zone did not significantly lower the mean speed. Police-without-Lights-
on resulted in significantly lower mean speed compared to the Base and Trailer cases. It
reduced the mean speed by 2.3 mph to 53.8 mph. The Trailer + Police-without-Lights-on
case resulted in significantly lower mean speed compared to the Police-without-Lights-
on case. It reduced the mean speed by 4.4 mph to 51.7 mph. Finally, the SPE resulted
in the lowest mean speed compared to all other treatments. It reduced the mean speed
by 5.7 mph to 50.4 mph. This shows that for the trucks in general traffic stream
(Sampled trucks) in the median lane, the SPE reduced mean speed more than the
traditional law enforcement methods.

The cumulative speed distribution curves for the Trucks in general traffic stream
(sampled trucks) in the median lane are shown in Figure I-17. The cumulative speed
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distributions for all law enforcement treatments were shifted towards left compared to the
Base and Trailer cases. This shift was more pronounce for the Trailer + Police-without-
Lights-on case, and still more for SPE case. The results of Chi Squared and
Kolmogorov-Smirinov tests supported the results of the LSD test at the same confidence
level.

100%

90% -

80%

70% -

60%

50% -

40% +

30%

20% -

10% -

[
0% T T T T T 1

45 50 55 60 65 70 75
Speed (mph)
‘—O—Base —&— Trailer Police w/o Lights —@—Trailer + Police w/o Lights —— SPE Van ‘

Figure I-17. Cumulative speed distribution for the sampled trucks in the median
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 1-18. In the Base case 66.3% and in the Trailer case 64.7% exceeded the speed
limit of 55 mph. Police-without-Lights-on improved the speed limit compliance to 75.8%,
Trailer + Police-without-Lights-on to 83.0%, and the SPE increased it to 92.2%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
47.4% for the Base case and 56.9% when the Trailer was present in the work zone. The
presence of the police car without lights on in the work zone reduced this percentage to
24.2%. Trailer + Police-without-Lights-on reduced it to 17.0% and finally the SPE
reduced it to 4.7%.
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Figure I-18. The degree of speeding for sampled trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the Base and Trailer cases,
the percentages speeding by 5-10 mph were 19.0% and 7.8%, respectively. All
traditional law enforcement treatments entirely eliminated speeding at this extent but,
when the SPE van was present in the work zone still 3.1% of trucks in general traffic
stream (sampled trucks) in the median lane exceeded the speed limit by 5-10 mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In any of the cases, no driver exceeded the speed limit by more than 10
mph.

[.2.2.d. Summary of Effects of SPE on Trucks in General Traffic Stream on Median
Lane

The three data sets showed that SPE was effective in reducing average speed of
trucks in general traffic stream (sampled trucks) on median lane to 45.4 - 50.4 mph.
Speeding was more prevalent on 1-55 work zone near Chicago than the I-64 work zone
near St Louis, and SPE reduced the average speed by 3.7-5.7 mph. The speed
reductions due to SPE are similar to the speed reductions due to traditional speed
enforcement efforts. In all three sites, SPE was as effective as having a police car with
its flashing lights off to be present in the work zone. Furthermore, the SPE reduced the
percentage of speeding trucks by 0.0% - 58.5% (since even in the Base case no vehicle
exceeded the speed limit); thus, it increased the compliance with work zone speed limit
t0 92.2% - 100.0%

[.2.2.Shoulder lane
I.2.2.a.Dataset 1
Mean Speeds and Speed Reductions
Table I-10 shows the results of LSD test with 90% confidence level for the trucks
in the traffic stream (Sampled trucks) traveling in the shoulder lane.
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Table I-10. LSD Result for Sampled Trucks in Shoulder Lane

Mean Speed Treatment
A 49.4 Base
A 48.2 Trailer
B 45.3 SPE Van
C B 45.1 Police w/o Lights on
C B D 44.0 Trailer + Police w/o Lights on
C D 43.8 Trailer + Police w/ Lights on
D 43.5 Police w/ Lights on

The mean speeds in the Base (49.4 mph) and Trailer (48.2) cases were
significantly higher than the mean speeds of any of the law enforcement treatments
(ranged from 43.5 to 45.3 mph) indicating that all of the law enforcement treatments
significantly reduced the mean speeds of the trucks in general traffic stream (sampled
trucks) in the shoulder lane. As it is presented in Table 4-22, the mean speeds for SPE ,
Police-without-Lights-on, and Trailer + Police-with-Lights-on cases were similar and
ranged from 44.0 mph to 45.3 mph. These treatments resulted in significantly lower
mean speeds compared to the Base and Trailer cases. The speed reductions ranged
from 4.1 mph to 5.4 mph.

The mean speeds for the Police-without-Lights-on, Trailer + Police-without-
Lights-on and trailer + Police-with-Lights-on were similar and ranged from 43.8 mph to
45.1 mph but, the mean speed for the SPE case was significantly higher than that of the
Trailer + Police-with-Lights-on case. The above-mentioned three treatments resulted in
speed reductions ranged from 4.3 mph to 5.6 mph.

The mean speeds for the Trailer + Police-without-Lights-on, Trailer + Police-with-
Lights-on, and Police-with-Lights-on cases were similar and ranged from 43.5 mph to
44.0 mph but the mean speed for Police-with-Lights-on case was significantly lower than
that for Police-without-Lights-on case. The mean speed reductions for the three above-
mentioned treatments ranged from 5.4 mph to 5.9 mph.

The cumulative speed distribution curves for the trucks in traffic stream traveling
in the shoulder lane are shown Figure 1-19. The cumulative speed distributions for all law
enforcement treatments were shifted towards left compared to the Base and Trailer
cases. The results of Chi Squared and Kolmogorov-Smirinov tests supported the results
of the LSD test at the same confidence level.
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Figure 1-19. Cumulative speed distribution for the sampled trucks in the shoulder
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 1-20. In the Trailer case, 2.5% exceeded the speed limit of 55 mph. For the other
treatments, none of the Trucks in general traffic stream (sampled trucks) in the shoulder
lane exceeded the speed limit. In addition, none of them exceeded the speed limit more
than 5 mph even in the Base and Trailer cases.
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Figure I- 20. The degree of speeding for sampled trucks in shoulder lane.
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[.2.2.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table I-11 shows the results of LSD test for the trucks in the
traffic stream (Sampled trucks) traveling in the shoulder lane for Dataset 2.

Table I- 11. LSD result for Sampled Trucks in Shoulder Lane

Mean Speed Treatment
A 48.1 Base
A 47.2 Trailer
B 44.2 SPE Van
B 43.3 Trailer + Police w/o Lights on

The mean speed in the Base case (48.1 mph) was significantly higher than the
mean speed of any of the law enforcement methods (ranged from 43.3 to 44.2 mph), but
it was similar to the mean speed in the Trailer case. This indicates that all of the law
enforcement methods significantly reduced the mean speed of the trucks in general
traffic stream (sampled trucks) in the shoulder lane. The presence of the speed display
trailer in the work zone did not significantly reduce the mean speed. However, the mean
speeds in the SPE, and Trailer + Police-without-Lights-on treatments were significantly
lower than the mean speed in the Base and the Trailer cases. The reductions in mean
speed for the law enforcement cases were similar and ranged from 3.9 to 4.8 mph,
reducing the mean speed to 43.3 to 44.2 mph. Thus, the SPE and traditional law
enforcement methods significantly reduced the mean speeds of the trucks in general
traffic stream (Sampled trucks) in the shoulder lane.

The cumulative speed distribution curves for the Trucks in general traffic stream
(sampled trucks) in the shoulder lane are shown in Figure I-21. The cumulative speed
distributions for the law enforcement methods were shifted towards left compared to the
Base and Trailer cases. The results of Chi Squared and Kolmogorov-Smirinov tests
supported the results of the LSD test at the same confidence level.
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Figure 1-21. Cumulative speed distribution for the sampled trucks in the shoulder
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure 1-22. None of the trucks in general traffic stream (sampled trucks) in the shoulder
lane exceeded the speed limit of 55 mph for this data set.
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Figure I-22. The degree of speeding for sampled trucks in shoulder lane.
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I.2.2.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table I-12 shows the results of LSD test for the trucks in the
traffic stream (sampled trucks) traveling in the shoulder lane for Dataset 3.

Table 1-12. LSD result for Sampled Trucks in Shoulder Lane

Mean Speed Treatment
A 56.1 Base
A 56.1 Trailer
B 53.1 Police w/o Lights on
B 52.5 Trailer + Police w/o Lights on
C 49.7 SPE Van

The mean speed in the Base case (56.1 mph) was significantly higher than the
mean speed of any of the law enforcement treatments (ranged from 49.7 to 53.1 mph)
but similar to the means speed of the Trailer case. This indicates that all of the law
enforcement treatments significantly reduced the mean speed of the trucks in general
traffic stream (sampled trucks) in the shoulder lane. The presence of the speed display
trailer in the work zone did not significantly reduce the mean speed. However, the mean
speeds for the traditional law enforcement methods (Police-without-Lights-on, and
Trailer + Police-without-Lights-on) were significantly less than the mean speed for the
Base and the Trailer cases. The reductions in mean speed for the above-mentioned two
cases were similar and ranged from 3.0 to 3.6 mph, reducing the mean speed to 52.5 to
53.1 mph. The SPE resulted in significantly lower means speed compared to the other
cases. The SPE reduced the mean speed by 6.4 mph to 49.7 mph. This shows that the
SPE reduced the speed of the trucks in general traffic stream (sampled trucks) in the
shoulder lane more than other treatments.

The cumulative speed distribution curves for the Trucks in general traffic stream
(sampled trucks) in the shoulder lane are shown in Figure 1-23. The cumulative speed
distributions for traditional law enforcement treatments were shifted towards left
compared to the Base and Trailer cases. The SPE resulted in a biggest shift towards the
left in this data set. The results of Chi Squared and Kolmogorov-Smirinov tests
supported the results of the LSD test at the same confidence level.
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Figure 1-23. Cumulative speed distribution for the sampled trucks in the shoulder
lane.

Degree of Speeding

The degree of speeding for different treatments at four levels is presented in
Figure I-24. In both the Base and Trailer cases 60.5% exceeded the speed limit of the 55
mph. The Police-without-Lights-on and Trailer + Police-without-Lights-on treatments
reduced it to 32.3% and 21.4% while the SPE reduced it to 4.3%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
46.5% for the Base case and reduced to 41.9% when the Trailer was present in the work
zone. The Police-without-Lights-on and Trailer + Police-without-Lights-on treatments
reduced it to 32.3% and 21.4% respectively while the SPE reduced it to 4.3%.
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Figure I-24. The degree of speeding for sampled trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In both Base and Trailer
cases the percentages speeding by 5-10 mph were similarly 13.9%. The law
enforcement treatments eliminated this percentage.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. Only in the Trailer case, 4.6% of trucks exceeded the speed limit by more
than 10 mph and in all the other cases, no one exceeded the speed limit at this extent.

I.2.2.d. Summary of Effects of SPE on Trucks in General Traffic Stream on
Shoulder Lane

The three data sets showed that SPE was effective in reducing the average
speed of trucks in the general traffic stream (sampled cars) on shoulder lane to 44.2 -
49.7 mph. Speeding was more prevalent on I-55 work zone near Chicago than the 1-64
work zone near St Louis, and SPE reduced the average speed by 3.9-6.4 mph. The
speed reductions due to SPE are similar to the speed reductions due to traditional speed
enforcement efforts. In all three sites, SPE was as effective as having a police car with
flashing lights off to be present in the work zone. Furthermore, the SPE reduced the
percentage of speeding trucks by 0.0% - 56.1% (since even in the Base case no vehicle
exceeded the speed limit); thus, it increased the compliance with work zone speed limit
to 95.7% - 100.0%.
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SPATIAL EFFECTS

The presence of a law enforcement officer in a work zone may reduce the speed
not only at the location of the police vehicle, but also some distance downstream from
that location. This is called spatial effect. To determine if there was any spatial effect due
to police presence or SPE, data was collected at a location about 1.5 miles downstream
(Location C), but still inside the work zone. The data for Location C is analyzed in a
manner similar to the procedure used for data analysis at the treatment location
(Location B). Then, the results are used to ascertain if there were any spatial effects.

II.1. Free flowing
I1.1.1. Cars
[1.1.1.1. Median lane
II.L1.1.1.a. Dataset 1
Mean Speeds and Speed Reductions

The Least Significance Difference (LSD) test results for free flowing cars in
median lane at the downstream location are given in Table II-1. It should be mentioned
that three treatments (Trailer, Police-with-Lights-on, and Police-without-Lights-on) were
not considered for further analysis because the median lane was unexpectedly closed
during the data collection period for these three treatments.

Table II- 1. LSD Result for Free Flowing Cars in Median Lane

Mean Speed Treatment
A 61.9 Trailer + Police w Lights on
A 61.8 Base
A 61.7 Trailer + Police w/o Lights on
A 61.6 SPE Van

As Table II-1 shows, the mean speeds for the three law enforcement treatments
were not significantly different than the mean speed in the Base case. This means that
none of the law enforcement methods had any spatial effect on mean speed of free
flowing cars in the median lane, even though all three significantly reduced the speed at
the treatment location.

In addition to assessing the effects on mean speeds, the effects of treatments on
the speed distribution were studied. The cumulative speed distribution curves for the free
flowing cars in the median lane are shown Figure 1I-1. No shift was observed in
cumulative speed distributions of any of the treatments compared to the Base case. Two
statistical tests, Chi Squared and Kolmogorov-Smirinov, were conducted to determine
whether these distributions were significantly different. The results of these tests
supported the results of the LSD test at the same confidence level.
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Figure 1I-1. Cumulative speed distribution for the free flowing cars in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure II-2. In the Base case 90.8%
vehicles exceeded the speed limit of 55mph. The law enforcement methods did not
reduce this percentage.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the Base case, 25.5% of vehicles exceeded the speed limit by 5 mph. When
the law was being enforced in the work zone, this percentage ranged from 31.0% to
34.9%, indicating no reductions in speeding.
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Figure II- 2. The degree of speeding for free flowing cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph (more than 5 mph and less than or equal to 10 mph). In the Base case, the
percentage speeding by 5-10 mph was 43.9%. For all law enforcement treatments, the
percentages ranged from 40.1% to 45.2%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 21.4% of vehicles exceeded the speed limit by more
than 10 mph. These percentages ranged from 18.3% to 21.2% when the law was being
enforced in the work zone. The findings for the third and fourth degrees of speeding
showed that none of the law enforcement methods had any spatial effect on reducing
the percentage of speeders.

11.L1.1.1.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1I-2 shows the results of LSD test for free flowing cars
in median lane for Dataset 2.

Table 1I-2. LSD Result for Free Flowing Cars in Median Lane

Mean Speed Treatment
A 63.5 Base
B 61.4 Trailer
C 59.7 SPE Van
C 59.4 Trailer + Police w/o Lights on

The mean speed in the Base case (63.5 mph) was significantly higher than the
mean speed of all treatments, which ranged from 59.4 to 61.4 mph, and indicates that
the treatments had some spatial effects on the free flowing cars in the median lane. The
presence of the speed display Trailer in the work zone reduced the mean speed by 2.1
mph, to 61.4 mph. The SPE and Trailer + Police-without-Lights-on treatments reduced
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by 3.8 to 4.1 mph, and brought the mean speed to 59.4 and 59.7 mph. As a result, the
SPE had 3.8 mph and the traditional law enforcement method had 4.1 mph spatial
effects on the mean speed of the free flowing cars in the median lane.

The cumulative speed distribution curves for the free flowing cars in the median
lane are shown Figure 1I-3. The cumulative speed distribution for the Trailer case was
shifted towards the left compared to the Base case. This shift was more pronounced for
the law enforcement methods. The results of Chi Squared and Kolmogorov-Smirinov
tests supported the results of the LSD test at the same confidence level.
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Figure 1I-3. Cumulative speed distribution for the free flowing cars in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure 1I-4. In the Base case none of the
free flowing cars in the median lane complied with the speed limit of 55 mph at the
downstream location. In the Trailer and Trailer plus Police-without-Lights-on cases,
92.1% vehicles exceeded the speed limit, and this percentage was reduced to 79.4% in
the SPE case.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
20.2% for the Base case and 33.93% when the Trailer was present in the work zone. For
the traditional and automated law enforcement methods, these percentages were 57.4%
and 41.1%, respectively.
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Figure II-4. The degree of speeding for free flowing cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 10 mph were 50.6%
and 34.7%, respectively. Traditional and the SPE methods reduced these percentages
to 28.7% and 23.4%, respectively.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case 29.1% and in the Trailer case 23.6% of drivers exceeded
the speed limit by more than 10 mph. The SPE reduced this percentage to 14.9%, and
traditional law enforcement method reduced it to 5.9%.

I1.L1.1.1.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1I-3 shows the results of LSD test for free flowing cars
in median lane for Dataset 3.

Table II- 3: LSD Result for Free Flowing Cars in Median Lane

Mean Speed Treatment
A 63.4 Trailer
B A 62.5 Base
B C 62.2 Police w/o Lights on
D C 61.3 Trailer + Police w/o Lights on
D 60.5 SPE Van

The mean speed in the Base case (62.5 mph) was similar to the mean speed in
the Trailer (63.4 mph) and Police-without-Lights-on (62.2 mph) cases. However, Trailer +
Police without Lights and the SPE reduced the mean speeds by 1.2 and 2.0 mph, to
61.3 mph and 60.5 mph, respectively. Therefore, the Trailer plus Police-without-Lights-
on had 1.2 mph and the SPE had 2.0 mph spatial effects on the mean speed of free
flowing cars in the median lane.

The cumulative speed distribution curves for the free flowing cars in the median
lane are shown in Figure 1I-5. The cumulative speed distributions for Trailer + Police-
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without-Lights-on and the SPE cases were shifted towards left compared to the Base
case but no shift towards left was observed in the other distributions. The results of Chi
Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure II-5. Cumulative speed distribution for the free flowing cars in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure II-6. In the Base case 93.4% and
in the Trailer case 96.1% exceeded the speed limit of 55 mph. For the traditional law
enforcement methods, these percentages ranged from 94.4% to 95.9%, while for the
SPE it was reduced to 86.3%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
30.8% and 29.3% for the Base and Police-without-Lights-on cases, respectively. This
percentage reduced to 18.4% when the Trailer was present in the work zone. In the
Trailer + Police-without-Lights-on and the SPE cases these percentages were 38.3%
and 37.2%, respectively.
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Figure II-6. The degree of speeding for free flowing cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and the SPE cases, the percentages speeding by 5-10 mph were
30.8% and 30.4%, respectively. For the other treatments, these percentages ranged
from 38.3% to 45.6%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases 31.9% and 32.0% of drivers exceeded the
speed limit by more than 10 mph. Police-without-Lights-on reduced this percentage to
26.8%, and the Trailer + Police-without-Lights-on and the SPE resulted in smaller
percentages and reduced them to 17.8% and 18.6% respectively.

11.1.1.1.d. Summary of Spatial Effects of SPE on Free Flowing Cars on Median Lane

The SPE had spatial effects on two of the three data sets, as it kept the speeds
lower at the downstream location by 3.8 mph in Dataset 2 and by 2.0 mph in Dataset 3.
The spatial effect in the SPE was similar to trailer plus Police-without-Lights-on
treatment. In addition, the SPE decreased the percentage of speeding drivers by 20.6%
in Dataset 2 and 7.1% in Dataset 3, bringing the percent speeding to 79.4% and 86.3%,
respectively. The SPE also reduced the percentage of excessive speeders (over 10
mph) by 14.2% and 13.3% in Datasets 2 and 3, bringing the percent speeding to 18.4%
and 14.9%, respectively.

[1.1.1.2.Shoulder lane
[1.1.1.2.a.Dataset 1
Mean Speeds and Speed Reductions

The LSD test results for free flowing cars in the shoulder lane at the downstream
location are given in Table II-4. It should be mentioned that three treatments (Trailer,
Police-with-Lights-on, and Police-without-Lights-on) were not considered for further
analysis because the median lane was closed during the data collection period for these
three treatments, and that could influence traffic flow on the shoulder lane.
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Table II-4. LSD Result for Free Flowing Cars in Shoulder Lane

Mean Speed Treatment
A 58.6 Trailer + Police w/o Lights on
A 58.6 Base
A 58.3 Trailer + Police w/ Lights on
A 57.9 SPE Van

As Table 1I-4 shows, the mean speeds for all three law enforcement treatments
were not significantly different than the mean speed for the Base case. This means that
none of the law enforcement methods had any spatial effect on the mean speed of free
flowing cars on the shoulder lane.

The cumulative speed distribution curves for the free flowing vehicles in the
shoulder lane are shown Figure II-7. No shift was observed in the cumulative speed
distributions of any of the treatments compared to the Base case. The results of Chi
Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure 1I-7. Cumulative speed distribution for the free flowing cars in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-8. In the Base case, 88.3%
exceeded the speed limit of 55 mph. The law enforcement methods slightly reduced this
percentage when they were present in the work zone.
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The proportion of drivers who exceeded the speed limit by 5 mph or less were
53.7% for the Base case, and it ranged from 49.6% to 51.7% when the law enforcement
was present in the work zone. This indicates that this level of speeding remained the
same for all treatments.
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Figure 11-8. The degree of speeding for free flowing cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, the percentage speeding by 5-10 mph was 29.8%, and for the
law enforcement treatments the percentages ranged from 21.1% to 25.9%. This shows a
small reduction in the percentage of free flowing cars in the shoulder lane exceeding the
speed limit by 5-10 mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 4.8% of the drivers exceed the speed limit by more than
10 mph. These percentages ranged from 4.5% to 6.7% when the law was being
enforced in the work zone. The findings for the fourth degree of speeding showed that
none of the law enforcement methods had an effect on reducing the percentage of high
speeders.

[1.1.1.2.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table II-5 shows the results of LSD test for free flowing cars
traveling in the shoulder lane for Dataset 3.

Table II-5. LSD Result for Free Flowing Cars in Shoulder Lane

Mean Speed Treatment
A 58.6 Base
A 58.4 Trailer
B 56.6 Trailer + Police w/o Lights on
C 55.6 SPE Van
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The mean speed in the Base case (58.6 mph) was similar to the mean speed in
the Trailer case (58.4 mph), but significantly higher than the mean speed of all law
enforcement methods (which ranged from 55.6 to 56.6 mph). On the other hand, the
SPE and Trailer + Police-without-Lights-on treatments reduced the mean speed by 3.0
mph and 2.0 mph, to 55.6 mph and 56.6 respectively. As a result, the SPE and
traditional law enforcement methods had significant spatial effects on the mean speed of
free flowing cars in the shoulder lane

The cumulative speed distribution curves for the free flowing cars in the shoulder
lane are shown in Figure [1-9. The cumulative speed distributions for the law
enforcement methods were shifted towards the left compared to the Base and Trailer
cases. This shift was more pronounced for the SPE case. The results of Chi Squared
and Kolmogorov-Smirinov tests supported the results of the LSD test at the same
confidence level.
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Figure 11-9. Cumulative speed distribution for the free flowing cars in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-10. The percentage of drivers
exceeding the speed limit of 55mph in the Base case was 79.4% and in the Trailer case
was 83.2%. Traditional and automated law enforcement methods reduced these
percentages to 68.9% and 56.0%.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
43.0% for the Base case and 43.2% for the SPE case. In Trailer and Trailer + Police-
without-Lights-on cases, the percentage increased to 51.5% and 54.6%, respectively.
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Figure 1I-10. The degree of speeding for free flowing cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 5-10 mph were 27.9%
and 21.6%, respectively. The traditional law enforcement and the SPE methods reduced
the third level speeding substantially to 12.6% and 8.8%, respectively.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases, the percentages speeding by more than 10
mph were 8.5% and 10.2%, respectively. The traditional law enforcement reduced this
percentage to 1.7% while the SPE reduced it to 4.0%. Like in the third level of speeding,
the reductions in the fourth level of speeding are also substantial.

11.L1.1.2.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table II-6 shows the results of LSD test for free flowing cars
in median lane for Dataset 3.

Table 11-6. LSD Result for Free Flowing Cars in Shoulder Lane

Mean Speed Treatment
A 59.8 Base
A 59.8 Trailer
A 59.5 Police w/o Lights on
B 58.6 Trailer + Police w/o Lights on
C 57.2 SPE Van

The mean speed in the Base case (59.8 mph) was similar to the mean speed in
the Trailer (59.8 mph) and Police-without-Lights-on (59.5 mph) cases. However, Trailer +
Police-without-Lights-on and the SPE reduced the mean speed by 1.2 and 2.6 mph, to
58.6 and 57.2 mph. Thus, Trailer + Police-without-Lights-on and the SPE had spatial
effects on mean speed reduction for free flowing cars in the shoulder lane.

The cumulative speed distribution curves for the free flowing cars in the shoulder
lane are shown in Figure 1l-11. The cumulative speed distributions for Trailer + Police-
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without-Lights-on and the SPE cases were shifted towards the left compared to the Base
case, being the shift from the SPE curve more pronounced. The results of Chi Squared
and Kolmogorov-Smirinov tests supported the results of the LSD test at the same
confidence level.
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Figure II-11. Cumulative speed distribution for the free flowing cars in the
shoulder lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-12. In the Base case 93.4% and
in the Trailer case 88.2% exceeded the speed limit of 55 mph. For the traditional law
enforcement methods, this percentage ranged from 78.6% to 86.2%, and for the SPE it
was 72.1%.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
39.8% in the Base case. This percentage ranged from 45.1% to 51.3% for other
treatments. The increases in second level speeding are due to the decreases in third
and fourth-level speeding, thus the shift from high speeding to low speeding is still
beneficial, though speeding itself is not desirable.
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Figure II-12. The degree of speeding for free flowing cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 5-10 mph were 25.8%
and 28.6%, respectively. The traditional law enforcement methods resulted in
percentages that ranged from 23.8% to 26.7%, while the SPE reduced it to 17.7% mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases 18.3% and 14.5% of drivers exceeded the
speed limit by more than 10 mph. Police-without-Lights-on reduced this percentage to
12.8%, Trailer + Police-without-Lights-on to 9.3%, and the SPE reduced it to 3.1%. Thus,
SPE had some spatial effects in reducing the percentages of level 3 and level 4
speeding.

11.L1.1.2.d. Summary of Spatial Effects of SPE on Free Flowing Cars on Shoulder
Lane

The SPE had spatial effects on Datasets 2 and 3 and reduced the average speed
of free flowing cars on the shoulder lane by 3.0 mph and 2.6 mph, respectively. In these
two datasets, the spatial effect of SPE was greater than with the traditional speed
enforcement methods. The SPE decreased the percentage of speeding drivers by
23.4% in Dataset 2 and by 21.3% in Dataset 3, bringing the percent speeding to 56%
and 72.1%, respectively. Also, the reduction of excessive speeders (over 10 mph) with
the SPE was 4.5% in Dataset 2 and 15.2% in Dataset 3, bringing the percent speeding
to 4% and 3.1%, respectively.
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11.1.2.Trucks
[1.1.2.1.Median lane
II.1.2.1.a.Dataset 1
Mean Speeds and Speed Reductions

The Least Significance Difference (LSD) test results for free flowing trucks on the
median lane are shown in Table 1I-7. Three different treatments (Trailer, Police-with-
Lights-on, and Police-without-Lights-on) were not considered for further analysis
because the median lane was unexpectedly closed during the data collection periods for
these treatments.

Table II-7. LSD Result for Free Flowing Trucks in Median Lane

Mean Speed Treatment
A 60.7 Trailer + Police w Lights on
A 59.4 Trailer + Police w/o Lights on
A 59.4 Base
B 56.8 SPE Van

As Table 1I-7 shows, the mean speeds for the traditional law enforcement
methods were not significantly different than the mean speed in the Base case, but the
SPE significantly decreased the mean speed by 2.6 mph, to 56.8 mph. Thus, the SPE
had a significant spatial effect for free flowing trucks in the median lane.

In addition to assessing the effects on mean speeds, the effects of treatments on
the speed distribution were studied. The cumulative speed distribution curves for the free
flowing trucks in the median lane are shown in Figure II-13. Neither of the traditional law
enforcement methods resulted in a shift in the cumulative speed distribution. However,
the SPE resulted in a significant shift towards the left in the distribution. The results of
Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure 11-13. Cumulative speed distribution for the free flowing trucks in the
median lane.

Degree of Speeding

The degree of speeding is presented in Figure [I-14. In the Base case, 90.7%
exceeded the speed limit of 55mph and the traditional law enforcement methods did not
change it substantially however, the SPE reduced it to 75.0%.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the Base case, 53.5% of vehicles exceeded the speed limit by 5 mph. The
traditional law enforcement in the work zone reduced this percentage to a range of
40.0% to 43.3% while for the SPE it increased to 61.5%. The increase in the second
level of speeding is due to the reduction in the third and fourth levels of speeding.
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Figure 1l-14. The degree of speeding for free flowing trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, the percentage speeding by 5-10 mph was 27.9%. For traditional
law enforcement methods the percentage ranged from 33.3% to 43.3%; however, the
SPE reduced it to 13.5%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 9.3% of drivers exceeded the speed limit by more than
10 mph. This percentage increased to 16.7% for Trailer + Police-with-Lights-on case. It
should be noted that Trailer + Police-without-Lights-on reduced this percentage to 3.3%
and the SPE eliminated it. The increases in the third and fourth levels speeding in not
desirable and indicates that the degree of speeding increased when the perceived threat
(police with lights on) was passed.

11.1.2.1.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1I-8 shows the results of LSD test for free flowing
trucks in median lane for Dataset 2.

Table 11-8. LSD Result for Free Flowing Trucks in Median Lane

Mean Speed Treatment
A 59.5 Base
A 58.5 Trailer + Police w/o Lights on
A 58.3 Trailer
B 54.2 SPE Van

The mean speed in the Base case (59.5 mph) was similar to the mean speed of
Trailer + Police-without-Lights-on (58.5 mph) and Trailer cases (58.3 mph). The SPE
reduced the mean speed by 5.3 mph, to 54.2 mph, indicating some spatial effect in the
mean speed of free flowing trucks in the median lane.

The cumulative speed distribution curves for the free flowing trucks in the median
lane are shown in Figure II-15. The cumulative speed distributions showed a distinct shift
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of the SPE curve towards the left. The results of Chi Squared and Kolmogorov-Smirinov
tests supported the results of the LSD test at the same confidence level.
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Figure 1I-15. Cumulative speed distribution for the free flowing trucks in the
median lane.

Degree of Speeding

The degree of speeding is presented in Figure II-16. In the Base case 87.9% and
in the Trailer case 91.7% exceeded the speed limit of 55 mph. The traditional law
enforcement method and SPE reduced these percentages to 83.7% and 46.9%,
respectively.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
45.4% for the Base case and for the other treatments ranged from 37.5% (SPE) to
65.6%, indicating SPE slightly reduced the percentage of drivers exceeded the speed
limit by 5 mph at the downstream location, but other two treatments increased it.
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Figure 11-16. The degree of speeding for free flowing trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, 30.3% of vehicles exceeded the speed limit by 5-10 mph, while
these percentages decreased for all treatments, ranging from 9.4% (the SPE) to 22.9%.
These reductions are desirable.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 12.1% of drivers exceeded the speed limit by more than
10 mph. For the law enforcement methods these percentages ranged from 0% (the
SPE) to 11.6% (traditional law enforcement methods), indicating that the SPE was
effective in reducing the excessive speeding.

11.L1.2.1.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table II-9 shows the results of LSD test for free flowing
trucks in median lane for Dataset 3.

Table 11-9. LSD Result for Free Flowing Trucks in Median Lane

Mean Speed Treatment
A 57.3 Police w/o Lights on
A 56.8 Trailer
B 56.2 Base
C B 56.0 Trailer + Police w/o Lights on
C 55.4 SPE Van

The mean speed in the Base case (56.2 mph) was similar to the mean speed in
the Trailer + Police-without-Lights-on (56.0 mph) but significantly less than the mean
speed in the Police-without-Lights-on (57.3 mph) and the Trailer (56.8 mph) cases. The
SPE reduced the mean speed only by 0.8 mph to 55.4 mph.

The cumulative speed distribution curves for the free flowing trucks in the median
lane are shown in Figure 11-17. All the cumulative speed distributions were close to each
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other, but SPE was slightly shifted to the left and the Trailer and Trail plus Police-
without-Lights-on were shifted slightly to the right of the Base case. The results of Chi
Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure II-17. Cumulative speed distribution for the free flowing trucks in the
median lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-18. In the Base case 62.1% and
in the Trailer + Police-without-Lights-on case 60.1% exceeded the speed limit of 55 mph.
For the Trailer and Police-without-Lights-on cases, these percentages were 70.2% and
75.4% respectively. For the SPE this percentage was 54.2%.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
49.2% for the Base case and 55.3% for the Trailer case. For the law enforcement
methods, these percentages ranged from 48.3% to 56.0%.
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Figure 11-18. The degree of speeding for free flowing trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 10 mph were 12.1%
and 14.9%, respectively. For the traditional law enforcement methods, these
percentages ranged from 10.8% to 17.9%, and the SPE reduced this percentage to
3.7%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases 1.0% and 0% of drivers exceeded the speed
limit by more than 10 mph. Traditional law enforcement methods resulted in percentages
that ranged from 1.3% to 2.0%, while SPE reduced it to 0%.

11.1.2.1.d. Summary of Spatial Effects of SPE on Free Flowing Trucks on Median
Lane

The SPE had spatial effects on free flowing trucks on median lane, as their mean
speed decreased by 2.6 mph in Dataset 1, and by 5.3 mph in Dataset 2, bringing mean
speed down to 56.8 mph and 54.2 mph, respectively. A smaller decrease of 0.8 mph
was also observed in the mean speed in Dataset 3. Effects of SPE in the mean speed
were greater than those from traditional speed enforcement methods. In addition, the
SPE reduced the percentage of speeding drivers by 15.7% in Dataset 1, by 41% in
Dataset 2, and by 7.9% in Dataset 3. The percentage of drivers exceeding the speed
limit by more than 10 mph was eliminated by the SPE in the three datasets, from 9.3%,
12.1%, and 1% in the Base case.

[1.1.2.2.Shoulder lane
I1.L1.2.2.a.Dataset 1
Mean Speeds and Speed Reductions

Table 11-10 shows the results of LSD test for free flowing Trucks in shoulder lane.
It should be mentioned that three treatments (Trailer, Police-with-Lights-on, and Police-
without-Lights-on) were not considered for further analysis because the median lane was
closed during the data collection period for these treatments.
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Table 1I-10. LSD Result for Free Flowing Trucks in Shoulder Lane

Mean Speed Treatment
A 57.3 Base
A B 56.9 Trailer + Police w/ Lights on
B 56.4 Trailer + Police w/o Lights on
B 56.4 SPE Van

The mean speed in the Base case (57.3 mph) was similar to the mean speed in
the Trailer + Police-with-Lights-on (56.9 mph), but significantly higher (by 0.9 mph) than
the mean speed of Trailer + Police-without-Lights-on (56.4 mph) and the SPE (56.4
mph). Although the mean speed during Trailer + Police-without-Lights-on and SPE was
statistically significant, a difference of only 0.9 mph may not be considered significant in
practice.

The cumulative speed distribution curves for the free flowing trucks in the
shoulder lane are shown Figure 11-19. No shift was observed in cumulative speed
distributions from any treatment compared to the Base case. The results of Chi Squared
and Kolmogorov-Smirinov tests supported the results of the LSD test at the same
confidence level.
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Figure 11-19. Cumulative speed distribution for the free flowing trucks in the
shoulder lane.
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Degree of Speeding

The degree of speeding is presented in Figure 11-20. In the Base case, 75.4%
exceeded the speed limit of 55 mph. For the Law enforcement methods, this percentage
ranged from 66.1% to 74.1%.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
47.4% for the Base case and ranged from 49.8% to 62.3% when the law was being
enforced in the work zone.
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Figure 11-20. The degree of speeding for free flowing trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, the percentage speeding by 5-10 mph was 28.1%. Law
enforcement methods reduced this percentage to a range between 9.6% and 10.7%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, none of the drivers exceeded the speed limit by more
than 10 mph. This percentage ranged from 0% to 1.2% for the law enforcement
methods.

11.1.2.2.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1I-11 shows the results of LSD test for free flowing
trucks in shoulder lane for Dataset 2.

Table 1I-11. LSD Result for Free Flowing Trucks in Shoulder Lane

Mean Speed Treatment
A 57.8 Base
A 56.8 Trailer
B 55.6 Trailer + Police w/o Lights on
C 53.0 SPE Van
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The mean speed in the Base case (57.8 mph) was similar to the mean speed in
the trailer case (56.8 mph), but significantly higher than the mean speed of any of the
law enforcement methods, which ranged from 53.0 to 55.6 mph. This indicates that the
traditional law enforcement had 2.2 mph and SPE had 4.8 mph spatial effects.

The cumulative speed distribution curves for the free flowing trucks in the
shoulder lane are shown in Figure 11-21. The cumulative speed distributions for the law
enforcement methods were shifted towards the left compared to the Base and Trailer
cases, and this shift was more pronounced for the SPE. The results of Chi Squared and
Kolmogorov-Smirinov tests supported the results of the LSD test at the same confidence
level.
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Figure 1I-21. Cumulative speed distribution for the free flowing trucks in the
shoulder lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-22. In the Base case 84.2% and
in the Trailer case 74.5% exceeded the speed limit of 55 mph. Traditional and
automated law enforcement methods reduced these percentages to 58.9% and 35.9%
respectively.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
66.7% and 64.7% in the Base and Trailer cases, respectively. Traditional law
enforcement reduced this percentage to 51.8% and the SPE reduced it to 35.9%. This
indicates that for the SPE none of the drivers exceeded the speed limit by more than 5
mph.
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Figure 11-22. The degree of speeding for free flowing trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, 15.8% of vehicles exceeded the speed limit by 5-10 mph. This
percentage ranged from 7.2% to 0% (the SPE) for all of treatments, indicating a
reduction at this speeding degree.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 1.7% of drivers fell into this speeding category. All
treatments reduced this percentage to zero.

11.1.2.2.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1I-12 shows the results of LSD test for free flowing
trucks in shoulder lane for Dataset 3.

Table 1I-12. LSD Result for Free Flowing Trucks in Shoulder Lane

Mean Speed Treatment
A 57.7 Police w/o Lights on
B A 57.3 Trailer
B A C 56.5 Base
B C 56.1 Trailer + Police w/o Lights on
C 55.6 SPE Van

The mean speed in the Base case (56.5 mph) was similar to the mean speed in
all other cases. Thus, none of treatments was effective in reducing the mean speed of
free flowing trucks in the shoulder lane at the downstream location for this Dataset.

The cumulative speed distribution curves for the free flowing trucks in the
shoulder lane are shown in Figure 11-23. None of the treatments resulted in a clear shift
towards the left in the cumulative speed distribution. The results of Chi Squared and
Kolmogorov-Smirinov tests supported the results of the LSD test at the same confidence
level.
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Figure 11-23. Cumulative speed distribution for the free flowing trucks in the
shoulder lane.

Degree of Speeding

The degree of speeding is presented in Figure [I-24. In the Base case 60.0% and
in the Trailer case 73.3% exceeded the speed limit of 55 mph. Police-without-Lights-on
and the SPE changed this percentage to 79.3% and 62.9% respectively, and for Trailer
+ Police-without-Lights-on treatment this percentage was 62.5%.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
52.0% for the Base case. Trailer + Police-without-Lights-on reduced this percentage to
41.67% but for the other cases these percentages ranged from 55.6% to 60.0%.
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Figure 11-24. The degree of speeding for free flowing trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, 8.0% of the drivers exceeded the speed limit by 10 mph. The
SPE was the only treatment that reduced this percentage (to 2.9%).

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. None of the vehicles in the Base case exceeded the speed limit by more
than 10 mph. For all of the treatments the percentage of drivers speeding by more than
10 mph ranged from 0.0% (the SPE and Trailer + Police-without-Lights-on) to 3.4%.

11.L1.2.2.d. Summary of Spatial Effects of SPE on Free Flowing Trucks on Shoulder
Lane

The SPE had spatial effects on free flowing trucks on shoulder lane, as their
mean speed was reduced by 0.9 mph and 4.8 mph in Datasets 1 and 2, to 56.4 mph and
53 mph, respectively. It reduced the mean speed by 0.9 mph in Dataset 3, and the
resulting speed was 55.6 mph. The speed reductions due to SPE were greater than the
speed reductions due to traditional speed enforcement methods. The percentage of
speeding drivers was reduced in the SPE by 4.2% in Dataset 1 and by 48.3% in Dataset
2, down to 71.2% and 35.9%, respectively.
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I.2. General Stream
I1.2.1.Cars
[1.2.1.1.Median lane
I1.2.1.1.a.Dataset 1

Mean Speeds and Speed Reductions

The Least Significance Difference (LSD) test results for cars in general traffic
stream in median lane are given in Table 1I-13. It should be mentioned that three
different treatments (Trailer, Police-with-Lights-on, and Police-without-Lights-on) were
not considered for further analysis because the median lane was unexpectedly closed
during the data collection.

Table 1I-13. LSD Result for Sampled Cars in Median Lane

Mean Speed Treatment
A 61.4 Trailer + Police w/ Lights on
B A 61.1 Trailer + Police w/o Lights on
B C 60.1 Base
C 59.3 SPE Van

As Table 1I-13 shows, the mean speed for Trailer + Police w/ Lights on (61.4
mph) was significantly higher than the mean speed in the Base case (60.1 mph). The
mean speed in the Base case was similar to the mean speed in the Trailer + Police w/o
Lights on (61.1 mph) and the SPE (59.3 mph). As a result, none of the law enforcement
methods had a spatial effect in the mean speed of general traffic stream in the median
lane at the downstream location.

In addition to assessing the effects on mean speeds, the effects of treatments on
the speed distribution were studied. The cumulative speed distribution curves for cars in
general traffic stream in the median lane are shown in Figure 11-25. No distinct shift was
observed in cumulative speed distributions, except for the SPE case, which is slightly
shifted towards left compared to the Base case. Two statistical tests, Chi Squared and
Kolmogorov-Smirinov, were conducted to determine whether these distributions were
significantly different. The results of these tests supported the results of the LSD test at
the same confidence level.
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Figure 11-25. Cumulative speed distribution for the sampled cars in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure [I-26. In the Base case, 85.9%
exceeded the speed limit of 55 mph. The traditional law enforcement methods did not
reduce this percentage, which ranged from 91.2% to 94.5%, but the SPE slightly
reduced it to 83%.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the Base case, 28.1% of vehicles exceeded the speed limit by 5 mph. When
the law was being enforced in the work zone, these percentages ranged from 31.4% to
44.7%.
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Figure 1I-26. The degree of speeding for sampled cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph, and in the Base case 46.2% of drivers did that. When traditional law enforcement
method was used, this percentage ranged from 38.3% to 42.9%. However, SPE reduced
it to 24.5%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph and in the Base case 11.5% of drivers did it. The percentages ranged from
13.8% to 21.6% when the law enforcement was present upstream in the work zone. The
increases are not desirable and indicate that excessive speeding was prevalent in the
downstream location and there was no spatial effect.

11.2.1.1.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1l-14 shows the results of LSD test for the cars in
general traffic stream on median lane for Dataset 3.

Table II-14. LSD Result for Sampled Cars in Median Lane

Mean Speed Treatment
A 61.4 Base
B 60.0 Trailer
C 58.7 Trailer + Police w/o Lights on
C 58.5 SPE Van

The mean speed in the Base case (61.4 mph) was significantly higher than the
mean speed of any of the treatments, which ranged from 58.5 to 60.0 mph. The
presence of the speed display trailer in the work zone reduced the mean speed by 1.4
mph, to 60.0 mph, while the reductions with Trailer + Police-without-Lights-on and SPE
were 2.7 and 2.9 mph, respectively. Thus, the SPE had 2.9 mph and traditional law
enforcement methods had 2.7 mph spatial effect on the mean speed of cars in the
general traffic stream in the median lane.
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The cumulative speed distribution curves for the cars in general traffic stream in
the median lane are shown Figure 11-27. The cumulative speed distribution for Trailer
was shifted towards the left compared to the Base case, and this shift was more
pronounced for the law enforcement methods. The results of Chi Squared and
Kolmogorov-Smirinov tests supported the results of the LSD test at the same confidence
level.
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Figure 11-27. Cumulative speed distribution for the sampled cars in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-28. In the Base case, 97.2% of
the drivers exceeded the speed limit of 55 mph. In the Trailer and Trailer + Police-
without-Lights-on cases 84.6% and 89.0% exceeded the speed limit, while with the SPE
this percentage was reduced to 75.0%.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
38.7% and 36.5% for the Base and SPE cases, respectively. For the traditional and
automated law enforcement methods, these percentages were 58.2% and 42.7%,
respectively.
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Figure 11-28. The degree of speeding for sampled cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 5-10 mph were 39.6%
and 36.5%, respectively. The traditional law enforcement method reduced it to 28.6%
and SPE to 21.9%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 18.9% of drivers exceeded the speed limit by more than
10 mph. Trailer and the SPE reduced these percentages to 11.5% and 10.4%, while it
was 2.2% in the Trailer + Police-without-Lights-on case.

[1.2.1.1.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table II-15 shows the results of LSD test for the cars in
general traffic stream traveling on the median lane for Dataset 3.

Table 1I-15. LSD Result for Sampled Cars in Median Lane

Mean Speed Treatment
A 61.1 Trailer
B A 60.5 Police w/o Lights on
B 59.9 Base
B 59.8 Trailer + Police w/o Lights on
C 58.3 SPE Van

The mean speed in the Base case (59.9 mph) was lower than in the Trailer case
(61.1mph) and similar to the mean speed in the Police-without-Lights-on (60.5 mph) and
Trailer + Police-without-Lights-on (59.8 mph) cases. However, the SPE reduced the
mean speed by 1.6 mph, to 58.3 mph. SPE was the only treatment that had the spatial
effect.

The cumulative speed distribution curves for the cars in general traffic stream in
the median lane are shown in Figure 11-29. The curve for the SPE case is shifted towards
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the left compared to the Base case, but no clear shift in the same direction was
observed in other distributions. The results of Chi Squared and Kolmogorov-Smirinov
tests supported the results of the LSD test at the same confidence level.
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Figure 11-29. Cumulative speed distribution for the sampled cars in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-30. In the Base case 88.2% and
in the Trailer case 92.0% exceeded the speed limit of 55 mph. For the traditional law
enforcement methods, these percentages ranged from 86.3% to 90.2% while in the SPE
it was reduced to 77.9%.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
50.0% for the Base case and 31.2% for the Trailer case. Traditional law enforcement
methods reduced these percentages to 36.0% - 39.4%, and SPE slightly increased it to
47.1%.
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Figure 11-30. The degree of speeding for sampled cars in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and the SPE cases, the percentages speeding by 5-10 mph were
18.4% and 21.4%, respectively. For the other treatments, these percentages ranged
from 34.3% to 42.4%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases, 19.7% and 18.4% of drivers exceeded the
speed limit by more than 10 mph. For the traditional law enforcement methods, these
percentages ranged from 12.6% to 13.5%, and SPE reduced it to 9.3%. Thus, SPE
reduce the third and fourth level speeding.

11.2.1.1.d. Summary of Spatial Effects of SPE on Cars in General Traffic Stream on
Median Lane

The SPE reduced the average speed of cars in the general traffic stream on the
median lane at the downstream location by 2.9 mph and by 1.6 mph on Datasets 2 and
3, bringing the mean speeds to 59.3 mph and 58.3 mph, respectively. Speed reductions
in the SPE case were greater than those from traditional speed enforcement methods.
The SPE increased the speed limit compliance as it decreased the percentage of
speeding drivers by 2.9% in Dataset 1, by 22.2% in Dataset 2, and by 10.3% in Dataset
3, down to 83%, 75%, and 77.9%, respectively.

[1.2.1.2.Shoulder lane
[1.2.1.2.a.Dataset 1
Mean Speeds and Speed Reductions

Table 11-16 shows the results of LSD test results for cars in general stream on the
shoulder lane. It should be mentioned that three different treatments (Trailer, Police-with-
Lights-on, and Police-without-Lights-on) were not considered for further analysis
because the median lane was closed during the data collection.

11-34



Table 1I-16. LSD result for Sampled Cars in Shoulder Lane

Mean Speed Treatment
A 57.5 Trailer + Police w/o Lights on
A 57.3 Trailer + Police w/ Lights on
A 57.2 Base
A 57.1 SPE Van

As shown in Table 1I-16, the mean speeds for the three law enforcement
treatments were not significantly different than the mean speed in the Base case,
indicating no spatial effect on cars in general stream on the shoulder lane.

The cumulative speed distribution curves for the cars in general stream on the
shoulder lane are shown Figure 11-31. No shift was observed in the cumulative speed
distributions of any treatment compared to the Base case. The results of Chi Squared
and Kolmogorov-Smirinov tests supported the results of the LSD test at the same
confidence level.
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Figure 11-31. Cumulative speed distribution for the sampled cars in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-32. In the Base case, 79.2%
exceeded the speed limit of 55 mph. The law enforcement methods slightly reduced this
percentage, with drivers exceeding the speed limit ranging from 72.4% to 75.0% (the
SPE).

The proportion of drivers who exceeded the speed limit by 5 mph or less was
58.5% for the Base case. When the law was being enforced in the work zone these
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percentages ranged from 50.0% to 53.9%, indicating some effect in decreasing the
percentage of drivers exceeding the speed limit by 5 mph.
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Figure 11-32. The degree of speeding for sampled cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, the percentage speeding by 5-10 mph was 17.1%. For all law
enforcement treatments, the percentage ranged from 16.5% to 18.0%, indicating no
change in the proportion of drivers that exceeded the speed limit by 5-10 mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 3.7% of drivers exceeded the speed limit by more than
10 mph. These percentages ranged from 3.1% to 6.5% when the law enforcement was
present in the work zone.

11.2.1.2.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 1I-17 shows the results of LSD test for the cars in
general traffic stream traveling on the shoulder lane for Dataset 2.

Table [I-17. LSD Result for Sampled Cars in Shoulder Lane

Mean Speed Treatment
A 56.7 Base
A 56.5 Trailer
B 55.0 Trailer + Police w/o Lights on
C 54.0 SPE Van

The mean speed in the Base case (56.7 mph) was similar to the mean speed in
the Trailer case and significantly higher than the mean speed of all law enforcement
methods (ranged from 54.0 to 55.0 mph). This shows spatial effect of 2.7 mph for SPE
and 1.7 mph for the traditional law enforcement methods.
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The cumulative speed distribution curves for the cars in general traffic stream in
the shoulder lane are shown in Figure 11-33. The curves for the law enforcement
methods were shifted towards the left compared to the Base and Trailer cases. This shift
was more pronounced for the SPE. The results of Chi Squared and Kolmogorov-
Smirinov tests supported the results of the LSD test at the same confidence level.
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Figure 11-33. Cumulative speed distribution for the sampled cars in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure [I-34. In the Base case 67.2% and
in the Trailer case 67.4% exceeded the speed limit of 55 mph. The traditional law
enforcement methods reduced it to 49.0% and SPE to 38.6%.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
53.0% for the Base case. In Trailer and Trailer + Police-without-Lights-on cases, this
percentage was reduced to 44.4% and 40.6%, respectively. A greater reduction was
observed in the SPE case with 31.9%.
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Figure 11-34. The degree of speeding for sampled cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 5-10 mph were 8.2%
and 18.2%. The traditional and automated law enforcement methods reduced these
percentages to 7.3% and 5.4%, respectively.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and Trailer cases, the percentages speeding by more than 10
mph were 5.6% and 4.8%. The traditional and automated law enforcement methods
reduced these percentages to 1.0% and 1.2%, respectively.

[1.2.1.2.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table II-18 shows the results of LSD test for the cars in
general traffic stream traveling on the shoulder lane for Dataset 3.

Table 11-18. LSD Result for Sampled Cars in Shoulder Lane

Mean Speed Treatment
A 59.3 Trailer
B 58.5 Police w/o Lights on
B 58.4 Base
B 58.3 Trailer + Police w/o Lights on
C 57.3 SPE Van

The mean speed in the Base case (58.4 mph) was lower than in the Trailer case
(59.3 mph), but similar to the mean speed in Police-without-Lights-on (58.5 mph) and
Trailer + Police-without-Lights-on (58.3 mph) cases. It was higher than in the SPE case
(57.3 mph) by 1.1 mph. This indicates that SPE had 1.1 mph spatial effect on mean
speed reduction for cars in general traffic stream in the shoulder lane for this Dataset.

The cumulative speed distribution curves for the cars in general traffic stream in
the shoulder lane are shown in Figure 11-35. The cumulative speed distributions for the
SPE case was shifted towards the left compared to the Base case. No shift in the same
direction was observed in any other distribution. The results of Chi Squared and
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Kolmogorov-Smirinov tests supported the results of the LSD test at the same confidence
level.
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Figure 11-35. Cumulative speed distribution for the sampled cars in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure [I-36. In the Base case 83.4% and
in the Trailer case 87.4% exceeded the speed limit of 55 mph. For the traditional law
enforcement methods, these percentages ranged from 82.0% to 84.4%. For the SPE it
was 73.8%, showing a reduction in the speeders downstream the treatment location.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
55.4% for the Base case, and these percentages ranged from 49.5% to 56.1% for other
treatments.
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Figure 11-36. The degree of speeding for sampled cars in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 5-10 mph were 22.3%
and 25.1%, respectively. The law enforcement methods resulted in percentages that
ranged from 20.0% to 24.6%.

In the Base and Trailer cases, 5.7% and 12.0% of drivers exceeded the speed
limit by more than 10 mph, while law enforcement methods resulted in percentages that
ranged from 3.3% to 6.9%.

I1.2.1.2.d. Summary of Spatial Effects of SPE on Cars in General Traffic Stream on
Shoulder Lane

The SPE had 2.7 mph and 1.1 mph spatial effects in Datasets 2 and 3, where the
average speed of cars in the general traffic stream on shoulder lane was reduced to 54
mph and 57.3 mph, respectively. The speed reductions in the SPE case were greater
than traditional speed enforcement methods. The SPE increased the speed limit
compliance, as it decreased the percentage of speeding drivers by 4.3% in Dataset 1,
28.6% in Dataset 2, and 9.6% in Dataset 3, down to 75.0%, 38.6%, and 73.8%,
respectively.
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11.2.2.Trucks

I1.2.2.1.Median lane
I1.2.2.1.a.Dataset 1
Mean Speeds and Speed Reductions

The Least Significance Difference (LSD) test results for trucks in general traffic
stream in median lane are given in Table 1I-19. It should be mentioned that three
different treatments (Trailer, Police-with-Lights-on, and Police-without-Lights-on) were
not considered for further analysis because the median lane was closed during the data
collection.

Table 11-19. LSD Result for Sampled Trucks in Median Lane

Mean Speed Treatment
A 60.7 Trailer + Police w/ Lights on
B 58.9 Trailer + Police w/o Lights on
B 58.6 Base
C 56.7 SPE Van

As shown in Table 1I-19, the mean speed in the Trailer + Police-with-Lights-on
case (60.7 mph) was significantly higher than the mean speed of the Base case (58.6
mph). The mean speed in the Base case was similar to Trailer + Police-without-Lights-on
(58.9mph), but higher than the speed for the SPE case (56.7 mph) by 1.9 mph.
Therefore, SPE had 1.9 mph spatial effect on the mean speed of trucks in general traffic
stream in the median lane for Dataset 1.

The cumulative speed distribution curves for the trucks in general traffic stream in
the median lane are shown Figure 11-37. Only the SPE resulted in a significant shift
towards the left respect to the Base case. Two statistical tests, Chi Squared and
Kolmogorov-Smirinov, were conducted to determine whether these distributions were
significantly different. The results of these tests supported the results of the LSD test at
the same confidence level.
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Figure 11-37. Cumulative speed distribution for the sampled trucks in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure [I1-38. In the Base case, 84.2%
exceeded the speed limit of 55mph. The traditional law enforcement methods did not
reduce this percentage, which ranged from 85.7% to 93.7%; however, the SPE slightly
reduced it to 76.7%.

The second level of speeding corresponds to exceeding the speed limit by 5 mph
or less. In the Base case, 47.4% of vehicles exceeded the speed limit by 5 mph. The
Trailer + Police-with-Lights-on and Trailer + Police-without-Lights-on treatments slightly
reduced this percentage to 43.8% and 45.7% respectively. However, for the SPE this
percentage increased to 67.4%. The increase in the second level of speeding was
because of the substantial decrease in the third level of speeding.
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Figure 11-38. The degree of speeding for sampled trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, the percentage speeding by 5-10 mph was 36.8%. The
traditional law enforcement reduced these percentages to a range of 34.4% to 37.1%,
while the SPE brought it down to 9.3%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base and the SPE cases, none of the drivers exceeded the speed
limit by more than 10 mph. This percentage increased to 3.3% for Trailer + Police-
without-Lights-on, and to 15.6% for Trailer + Police-with-Lights-on case.

[1.2.2.1.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table II-20 shows the results of the LSD test for the trucks
in the general traffic stream traveling on the median lane for Dataset 2.

Table 11-20. LSD Result for Sampled Trucks in Median Lane

Mean Speed Treatment
A 59.5 Base
B 57.9 Trailer
B 57.8 Trailer + Police w/o Lights on
C 56.2 SPE Van

The mean speed in the Base case (59.5 mph) was significantly higher than the
mean speed for Trailer case (57.9 mph) and the traditional speed enforcement method
(57.8 mph). The greatest reduction was of 3.3 mph, observed in the SPE case (56.2
mph). Thus, all of the treatments had some spatial effect in the mean speed of trucks in
the general traffic stream in median lane and SPE was on top by 3.3 mph reduction.

The cumulative speed distribution curves for the trucks in the general traffic
stream in the median lane are shown Figure 11-39. The cumulative speed distributions for
the SPE, Trailer, and Trailer + Police-without-Lights-on were shifted towards the left
compared to the Base case, and this shift was more pronounced for the SPE. The
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results of Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD
test at the same confidence level.
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Figure 11-39. Cumulative speed distribution for the sampled trucks in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-40. In the Base case, 85.3% of
drivers exceeded the speed limit of 55 mph. This percentage was reduced to 61.8% for
the SPE and to about 80% for others.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
38.2% for the Base case and 53.5% for the Trailer case. For the traditional and
automated law enforcement methods, these percentages were 65.6% and 38.2%,
respectively.
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Figure 11-40. The degree of speeding for sampled trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, 41.2% of drivers exceeded the speed limit. Trailer and the SPE
reduced these percentages to 23.3% and 20.6% respectively, while Trailer + Police-
without-Lights-on resulted in 9.8%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 5.9% of drivers exceeded the speed limit by more than
10 mph. Trailer and the SPE reduced this percentage to 2.3% and 2.9% respectively,
whereas it was 6.6% in the Trailer + Police-without-Lights-on case.

11.2.2.1.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table II-21 shows the results of LSD test for the trucks in
general traffic stream traveling on the median lane for Dataset 3.

Table 11-21. LSD Result for Sampled Trucks in Median Lane

Mean Speed Treatment
A 57.5 Trailer
A 57.4 Police w/o Lights on
B 56.5 Trailer + Police w/o Lights on
B 56.4 Base
C 55.5 SPE Van

The mean speed in the Base case (56.4 mph) was lower than the mean speed in
the Trailer (57.5 mph) and Police-without-Lights-on (57.4 mph). However, mean speed in
the SPE case was reduced by 0.9 mph, to 55.5 mph. Therefore, SPE had 0.9 mph
spatial effect on the mean speed of trucks in general traffic stream in the median lane at
the downstream location.

The cumulative speed distribution curves for the trucks in general traffic stream in
the median lane are shown in Figure 11-41. The cumulative speed distributions for the
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SPE case was slightly shifted towards the left compared to the Base case. No distinct
shift towards the same direction was observed in the other distributions. The results of
Chi Squared and Kolmogorov-Smirinov tests supported the results of the LSD test at the
same confidence level.
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Figure II-41. Cumulative speed distribution for the sampled trucks in the median
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-42. In the Base case 68.2% and
in the Trailer case 75.3% exceeded the speed limit of 55 mph. For the Police-without-
Lights-on case this percentage was 81.8%, while in the Trailer + Police-without-Lights-on
and the SPE cases, the percentages were 65.3% and 57.8%, respectively.

The proportion of drivers who exceeded the speed limit by 5 mph or less was
47.6% for the Base case and 50.7% for the Trailer case. For the Police-without-Lights-on
case, this percentage was 76.53%. In the Trailer + Police-without-Lights-on and the SPE
cases 46.5% and 54.2% of drivers exceeded the speed limit by 5 mph.
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Figure 11-42. The degree of speeding for sampled trucks in median lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and the Trailer cases, the percentages speeding by 10 mph were
19.1% and 23.3%, respectively. In case of traditional law enforcement these
percentages ranged from 13.0% to 16.8%. The SPE reduced this percentage to 3.6%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the SPE case, none of the drivers exceeded the speed limit by more
than 10 mph, while for the Base and all other treatments it ranged from 1.3% to 2.0%.

11.2.2.1.d. Summary of Spatial Effects of SPE on Trucks in General Traffic Stream
on Median Lane

For the three datasets, the SPE had some spatial effect on the average speed of
the trucks in general traffic stream on median lane. Reductions in average speed were
1.9 mph in Dataset 1, 3.3 mph in Dataset 2, and 0.9 mph in Dataset 3, with mean
speeds of 56.7 mph, 56.2 mph, and 55.5 mph, respectively. The SPE also decreased
the percentage of speeding drivers by 7.5% in Dataset 1, by 23.5% in Dataset 2, and by
10.4% in Dataset 3, down to 76.7%, 61.8%, and 57.8%, respectively.

[1.2.2.2.Shoulder lane
I1.2.2.2.a.Dataset 1
Mean Speeds and Speed Reductions

Table 11-22 shows the results of LSD test for the trucks in the general stream on
the shoulder lane. It should be mentioned that three different treatments (Trailer, Police-
with-Lights-on, and Police-without-Lights-on) were not considered for further analysis
because the median lane was closed during the data collection period for these
treatments.
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Table 11-22. LSD Result for Sampled Trucks in Shoulder Lane

Mean Speed Treatment
A 57.0 Base
A 56.9 Trailer + Police w/o Lights on
B A 55.9 Trailer + Police w/ Lights on
B 55.3 SPE Van

As Table 11-22 shows, the mean speed in the Base case (57.0 mph) was similar
to the mean speed in the traditional law enforcement methods (55.9 mph to 56.9 mph),
and significantly higher than the mean speed in the SPE case (55.3 mph). Thus, for the
trucks in general traffic stream in the shoulder lane the SPE had 1.7 mph spatial effect
on the mean speeds.

The cumulative speed distribution curves for trucks in general traffic stream in the
shoulder lane are shown Figure [1-43. No shift was found in the cumulative speed
distributions of traditional law enforcements compared to the Base case, but for the SPE
a small shift towards the left was observed. The results of Chi Squared and Kolmogorov-
Smirinov tests supported the results of the LSD test at the same confidence level.
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Figure 11-43. Cumulative speed distribution for the sampled trucks in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-44. In the Base case 72.1%
exceeded the speed limit of 55 mph. Trailer + Police-without-Lights-on had 74.2%
exceeding the speed limit, while in the Trailer + Police-with-Lights-on and the SPE the
percentages were 55.6% and 64.3% respectively.
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The proportion of drivers who exceeded the speed limit by 5 mph or less was
51.2% for the Base case. Trailer + Police-without-Lights-on and the SPE resulted in
58.1% and 59.5% speeding by 5 mph respectively, and in Trailer + Police-with-Lights-on
reduced it was 33.3%.
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Figure 11-44. The degree of speeding for sampled trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case the percentage speeding by 5-10 mph was 18.6%, while in all law
enforcement methods this percentage ranged from 4.8% (for SPE case) to 22.2%.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 2.3% of drivers exceeded the speed limit by more than
10 mph. All law enforcement methods resulted in no speeding by more than 10 mph.

[1.2.2.2.b Dataset 2
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 11-23 shows the results of LSD test for the trucks in
general traffic stream on shoulder lane for Dataset 2.

Table 11-23. LSD Result for Sampled Trucks in Shoulder Lane

Mean Speed Treatment
A 56.0 Base
A 55.4 Trailer
A 54.8 Trailer + Police w/o Lights on
B 52.8 SPE Van

The mean speed in the Base case (56.0 mph) was similar to the mean speed of
Trailer and Trailer + Police-without-Lights-on cases (55.4 and 54.8 mph, respectively).
However, the SPE resulted in a mean speed reduction of 3.2 mph, to 52.8 mph. Thus,
the SPE had 3.2 mph spatial effect on the mean speed of trucks in general traffic stream
in the shoulder lane at the downstream location.
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The cumulative speed distribution curves for trucks in general traffic stream in the
shoulder lane are shown Figure 11-45. The cumulative speed distributions for the Trailer
and Trailer + Police-without-Lights-on cases were not shifted, but the SPE resulted in a
distinct shift towards the left compared to the Base case. The results of Chi Squared and
Kolmogorov-Smirinov tests supported the results of the LSD test at the same confidence
level.
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Figure 11-45. Cumulative speed distribution for sampled trucks in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-46. In the Base case 64.7% and
in the Trailer case 60.2% exceeded the speed limit of 55 mph. The traditional and
automated law enforcement methods reduced these percentages to 48.4% and 28.6%,
respectively.

The proportion of drivers who exceeded the speed limit by 5 mph or less were
58.8% for the Base case and 52.1% for the Trailer case. On the other hand, traditional
and automated law enforcement methods reduced these percentages to 38.7% and
28.6%, respectively.
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Figure 11-46. The degree of speeding for sampled trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base case, 5.8% of vehicles exceeded the speed limit by 5-10 mph. The
SPE reduced it to zero, while they ranged from 8.1% to 8.3% for other treatments. This
means that for the SPE case none of the drivers exceeded the speed limit by more than
5 mph.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base, Trailer and the SPE cases none of the drivers exceeded the
speed limit by more than 10 mph, while for traditional law enforcement, this percentage
was 1.6%.

11.2.2.2.c. Dataset 3
Mean Speeds and Speed Reductions

Similar to Dataset 1, Table 11-24 shows the results of LSD test for the trucks in
general traffic stream traveling on the shoulder lane for Dataset 3.

Table 11-24. LSD Result for Sampled Trucks in Shoulder Lane

Mean Speed Treatment
A 57.4 Police w/o Lights on
A 57.3 Base
A 57.1 Trailer
B A 56.4 Trailer + Police w/o Lights on
B 55.5 SPE Van

The mean speed in the Base case (57.3 mph) was similar to the mean in all of
the cases except the SPE, which resulted in a reduction of 1.8 mph, to 55.5 mph. Thus,
the SPE had 1.8 mph spatial effect in the mean speed of trucks in general traffic stream
in the shoulder lane at the downstream location.

The cumulative speed distribution curves for the trucks in general traffic stream in
the shoulder lane are shown in Figure [I-47. The cumulative speed distributions for the
SPE case was shifted towards the left compared to the Base case. In addition, a very
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small shift in the same direction was observed for the Trailer + Police-without-Lights-on
curve. The results of Chi Squared and Kolmogorov-Smirinov tests supported the results
of the LSD test at the same confidence level.
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Figure 11-47. Cumulative speed distribution for the sampled trucks in the shoulder
lane.

Degree of Speeding

The degree of speeding is presented in Figure 11-48. In the Base case 71.4% and
in the Trailer case 68.9% exceeded the speed limit of 55 mph. In the Police-without-
Lights-on case, this percentage was 82.4%, in the Trailer + Police-without-Lights-on it
was 62.0%. The SPE resulted in 55.4% exceeding the speed limit.

The proportion of drivers who exceeded the speed limit by 5 mph or less ranged
from 46.4% to 55.9% for all cases. In the Base case 54.0% and in the SPE case 46.4%
of vehicles exceeded the speed limit by 5 mph.
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Figure 11-48. The degree of speeding for sampled trucks in shoulder lane.

The third level of speeding corresponds to exceeding the speed limit by 5-10
mph. In the Base and Trailer cases, the percentages speeding by 5-10 mph were 15.9%
and 15.6%, respectively. In the Police-without-Lights-on case this percentage was
26.5% while in the Trailer + Police-without-Lights-on and the SPE cases they were
12.0% and 8.9%, respectively.

The fourth level of speeding corresponds to exceeding the speed limit by more
than 10 mph. In the Base case, 1.6% of drivers exceeded the speed limit by more than
10 mph. No speeding trucks over 10 mph were found in any of the treatments for the
general traffic stream in the shoulder lane.

11.2.2.2.d. Summary of Spatial Effects of SPE on Trucks in General Traffic Stream
on Shoulder Lane

For the three datasets, SPE had spatial effects as it decreased the mean speed
of the trucks in the general traffic stream on shoulder by 1.7 mph in Dataset 1, by 3.2
mph in Dataset 2, and by 1.8 mph in Dataset 3, down to 55.3 mph, 52.8 mph, and 55.5
mph, respectively. The speed reductions in the SPE case were greater than traditional
speed enforcement methods. The percentage of speeding drivers also decreased in the
three datasets, with reductions of 7.8% in Dataset 1, 36.1% in Dataset 2, and 16.1 % in
Dataset 3, down to 64.3%, 28.6%, and 55.4%, respectively.
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