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SYNOPSIS 
This report describes the results of studies made to evaluate floating car 

methods of making speed and delay surveys. The work was done as a part of the 
research program of the Committee on Operatmg Speeds in Urban Areas of the 
Department of Traffic and Operations, Highway Research Board. 

Test courses were establiE^ed on three important signalized streets in Oak
land, San Francisco, and Los Angeles. The principal variable was the dnving 
technique of the drivers of the test cans. Travel tunes of test runs were com
pared to the average travel time of all cars traversing the entire course, as 
measured by time and license checks at each end of the course on approximately 
20 percent of the cars 

Three types of driving techniques were tested. (1) "Average" test runs, in 
which test dnvers attempted to drive at the speed of traffic, (2) "Slower" test 
runs, in which test dnvers paced themselves by the slower dnvers, and (3) 
"Faster" test runs, in which test dnvers drove as fast as possible consistent 
with safety and obedience to traffic regulations 

I t was found that "average" test runs under most conditions yielded travel 
times close to the medians and means' of the travel times determined from l i 
cense checks. Travel times as determined from the "faster" or "slower" test 
runs, however, vaned over wide ranges "Average" test runs, therefore, were 
used in further analyses. 

The study also indicates the number of "average" test-car runs needed in 
various traffic situations, in order to produce average test-car travel times with
in a sufficient range of accuracy I t was found that more test runs are needed to 
produce significant results for penods of congestion than at other times, and 
that coordinated signal timing tends to decrease the necessary number of test 
runs 

I t I B concluded that the operation of test cars in the traffic stream is a practi
cal method of measunng over-all travel time on important signalized streets. 

The purpose of this study is to investigate mittee on Operatmg Speeds in Urban Areas of 
the accuracy of test-car methods of measuring the Department of Traffic and Operations, 
vehicular travel times on major streets con- Highway Research Board. The committee has 
trolled by traffic signals as its final objective the development of a 

Studies of vehicular travel tunes are often sampling technique whereby the speed of traf-
referred to as speed and delay studies.^ The fic on urban facilities can be measured on an 
results of such studies are used m three prm- annual basis with a reasonable degree of accu-
cipal ways: first, as a measure of congestion; racy. 
second, as a means of identifying the causes The first goal set by the committee was to 
and amounts of delay, and third, as an aid in evaluate the accuracy of all known methods 
computmg savings in travel tune. The last for determinmg over-all speeds and to explore 
may be with reference to completed or pro- the field for new methods. As a part of this 
posed improvements such as major construe- phase of the mvestigation, the Institute of 
tion or changes m traffic controls Transportation and Traffic Engineering at the 

This study is one part of the research pro- University of California agreed to study the 
gram which is being sponsored by the Com- accuracy of the test-car method on signalized 

1 Manual of Traffic Engineering Studies, Ac- ^^^^ • « i i x r 
cident Prevention Department, Association of The committee plans also to arrange for 
Casualty and Surety Companies, New York, other studies of test-car techmques in at least 
N . Y , 1946, pp 20-23 two other parts of the country Hence, this 
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report is preliminary in nature and should be 
augmented by reports on other studies ar
ranged by the Comnuttee on Operatmg Speeds 
m Urban Areas The Institute of Transporta
tion and Traffic Engineenng is also planning 
to continue its investigations of techniques for 
measuring and recording travel times. 

VARIABLES BEING INVESTIGATED 

The pnmary variable investigated is the 
technique of the test drivers in making the 
speed and delay runs Three different dnvmg 
techmques were mvestigated, as follows: 

1. Driver to travel at a speed which, in his 
opmion, is representative of the speed of 
ail traffic at the time. (Designated as an 
"average" test run; somewhat different 
from standard "floating car" technique.) 

2 Driver to mamtain a maximum speed 
consistent with safety and existing traf
fic regulations. ("Faster" test run) 

3. Driver to maintem a place in the traffic 
stream, but to gage his speed by that of 
the slower vehicles ("Slower" test run.) 

The effect of traffic volumes on travel tunes 
was also mvestigated for the three streets se
lected for the tests. 

PROCEDURE 

Sections of three streets, each between one 
and 1} miles m length, were selected as test 
sections. Three test cars were driven over each 
test section, each test car making at least 
three round trips each hour. The dnvmg m-
stnictions corresponded with the three driving 
techniques previously described Each driver 
used a different one of the three dnvmg tech
niques on each successive round trip during 
each hour. 

Observers m each car recorded such infor
mation as the times of starting and ending 
the test run, the lengths of time the vehicle 
stopped for traffic signals, and the numbers of 
vehicles passed and being passed by the test 
car. Two stop watches were used in each car 

Observers were stationed at each end of a 
test section to record the license numbers of 
vehicles as they passed each end of the section. 
Only license numbers endmg in zero or five 
were recorded Stop-watch tunes were also re
corded; watches at the two ends of each section 
were synchronized to permit determination of 
travel tunes for vehicles passing through the 
test course License numbers and times were 

recorded by voice on battery-operated disc
recording machmes. 

Automatic-recordmg traffic-volume count
ers were used to record traffic volumes con-
tmuously at 15-min mtervals 

DESCRIPTION OF TEST COURSES 

Three test courses were selected, represent
ative of three different conditions of traffic 
signal control Data in respect to each section 
are given in Table 1. A brief descnption of 
each test course follows 

Wtlshire Bovleoaird Sedim. Wilshire Boulevard 
is a major street extending from downtown 
Los Angeles westward to the city of Santa 
Momca. The 1.5-mile test section passes 
through a prosperous business district known 
as the "Miracle Mile," as shown in Figure 1. 
The traffic signals are timed progressively with 
program timers. Progression favors the west-

abound traffic after 4:30 p m 

Potrero Avenue. Potrero Avenue m San Fran
cisco (shown m Fig 2) leads south from the 
central busmess d^trict. Traffic signals are 
close together and are u-regularly spaced, with
out good progression m signal timing. The 
signals control speeds within a fairly narrow 
range. 

Broadway. Broadway in Oakland, leading 
north from the business distnct, is an example 
of a major street without progressive signal 
tuning. This street has a medial divider for a 
portion of the l.S-mile test section. U . S. 50, 
a major route leading from the Bay Bndge, 
crosses Broadway at MacArthur Boulevard, 
at the center of the test section Figure 3 
shows Broadway north of this intersection 

PRESENTATION AND ANALYSIS OF DATA 

Trauel Ttmes—Test-Car vs. License-Check 
Methods.—^Table 2 summarizes the data ob
tamed by the test cars and from hcense checks 
Table 2-A includes the mean travel tunes for 
test cars on the three test courses, together 
with the license-check tunes for the cor-
respondmg periods. The table hsts the mean 
travel times for th "faster," "slower" and "av
erage" runs of the test cars. I t also lists the 
mean, median and mode values of the travel 
times of the entu% traffic stream as measured 
by the hcense-plate check Table 2-B shows 
the number of observations which were mcluded 
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for each period, and also the standard devi
ations for each group. 

themselves by the slower drivers averaged 5.02 
min. The faster drivers, who drove as fast as 

T A B L E I 
B R I E F D E S C R I P T I O N O F T E S T C O U R S E S . 

Section 
WilshireBlvd. 

Los Angeles 
(La Brea to San Vicente) 

Potrero Ave. 
San Francisco 

(Division to 2Sth) 

B roadway 
Oakland 

(28 th to College) 

Length 
Widths 
Moving Lanes (Each Dir.) 

Parking 
Streetcars 
Intersections 
Signals 
Average Signal Spacing 
Signal Timing 
Peak Hour Volume 

Average Daily Traffic 

8029 ft. 
70 ft. and 80 ft. 
three 

both sides 
none 
15 
14 
618 ft. 
triple offset progres.sive 
1455 Westbound (5:00 to 

6:00 p.m.) 
14,590 Westbound 

5150 ft. 
80 ft. 
three (four between 4:00 and 

6:00p.m.) 
both, except 4:00 to 6:00 p.m. 
two tracks 
13 (Southbound) 
13 
411 ft. 
synchronized by groups 
1760 Southbound (4:30 to 

5:30 p.m.) 
16,720 Southbound 

7902 ft. 
70 ft. and 69 ft. 
two 

both sides 
none 
12 (Northbound) 
7 
1035 ft. 
variable 
1890 Northbound (5:00 to 

6:00 p.m.) 
15,000 Northbound 

Figure 1. Wilshire Boulevard Test Section 
Looking East, with Crescent Heights Boule
vard in the Foreground 

Figure 4 shows graphically the test results 
for the homeward-bound traffic moving west
ward on Wilshire Boulevard in Los Angeles 
during the peak period between 4:30 and 6:00 
p.m. The curve shows the distribution of 
travel times obtained by recording vehicle l i 
cense numbers and stop-watch times at each 
end of the 1.5-mile test course. 

As shown in Figure 4, the mean travel time 
of all vehicles checked was 4.59 minutes, which 
corresponds to a speed of 19.7 miles per hour. 
The median value of travel time was 4.40 
minutes, and the mode was 4.30 minutes. 

The chart also shows the average values of 
the travel times as obtained hy the three dif
ferent techniques of test-car driving. The 
drivers who attempted to drive at the average 
speed of traffic negotiated the 1.5 miles in 
4.36 min., whereas the drivers who paced 

Figure 2. Potrero Avenue Test Section 
Looking North at the Intersection of 25th St. 

Figure 3. Broadway Test Section Looking 
North at the Intersection of MacArthur Boule
vard (U. S. SO) 

possible consistent wi th safety and obedience 
to traffic regulations, averaged 3.69 min. 

I t is readily apparent f rom this chart that 
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the "average" test runs yielded travel times 
closer to the mean, median and mode travel 
times as determined by the license checks than 

as shown in Table 2-A, the travel tunes as 
obtained from the license check are higher 
than for westbound traffic because of the un-

TABLE 2 
A. UCENSE-CHECE TRAVEL TIBIE VERSUS TEST-CAR TRAVEL TIME 

Sticet Time of Day 
(pm) Direction 

Test>Gar tune (mean)* License-check time* 
Sticet Time of Day 

(pm) Direction 
Faster 
Runs 

Slower 
Runs 

Average 
Runs Mean Meduin Mode 

Broadway 
Broadway 
Broadway" 

2 00to4 00 
6 00to600 
6 00to600 

Northbound 
Northbound 
Northbound 

4 53 
6 86 
6 61 

5 67 
7 94 
7 94 

6 33 
7 62 
7 47 

5 64 
7 27 

6 29 
7 19 

4 82 

Wilahire 
Wibhire 
Wilshire 
Wilshire 

2 00 to 4 3D 
4 30 to 6 00 
2 00to4 30 
4 30 to6 00 

Westbound 
Westbound 
Eastbound 
Eastbound 

4 27 
3 69 
4 39 
4 64 

6 36 
6 02 
6 46 
6 96 

4 69 
4 31 
5 07 
6 16 

6 16 
4 69 
4 99 
6 55 

4 84 
4 40 
4 93 
6 23 

4 76 
4 30 
6 17 
523 

Potrero 
Potrero 

2 00 to 4 30 
4 30to6 00 

Southbound 
Southbound 

4 13 
4 38 

4 97 
4 73 

4 48 
4 62 

4 34 
4 61 

4 37 
4 48 

4 32 
4 31 

f Travel time in minutes 
" Ineludes test runs in July as well as in April 

B NUMBER OF OBSERVATIONS AND MEASURES OF VARIATION 

Street Time of day 
(pjn) Direction Dates (1949) 

Average test 
can License-check data 

Time of day 
(pjn) 

N »• N »• Qi-Q." III 2 00to4 00 
5 00 toe 00 
5 00toe00 

Northbound 
Northbound 
Northbound 

Aprd 26, 27, 28 
AprU 26, 27, 28 
April and July 

17 
9 

18 

0 63 
098 
1 16 

249 
231 

1 48 
1 84 

1 72 
2 60 

Wilshire 
Wilshire 
Wilshire 
Wilshire 

2 00to4 30 
4 30to6 00 
£ 00to4 30 
4 30to6 00 

Westbound 
Westbound 
Eastbound 
Eastbound 

May 17,18,19 
May 17,18,19 
May 17,18,10 
May 17,18,19 

22 
14 
22 
13 

0 47 
0 34 
0 55 
0 45 

218 
297 
201 
219 

1.49 
1.36 
1.18 
1.74 

1 23 
1 09 
1 11 
1 24 

Potrero 
Potrero 

2 00to4 30 
4 30 to 6 00 

Southbound 
Southbound 

Aug 31, Sept 12 
Aug 31, Sept 12 

18 
13 

0 39 
0 49 

148 
165 

0.68 
0 68 

0 80 
0 95 

' Standard deviation in minutes 
° InterKiuartile range is the number of minutes between the 76 and 25 percent values. 
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did the "faster" or "slower" test-run tech- favorable signal timing for east-bound traffic 
niques. 

For eastbound traffic during the same hours. 
at this tune. 

Figure 5 shows similar information for non-
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rush hours (2:00 to 4:30 p m ) for westbound 
traffic on Wilshire Boulevard Once again, the 
"average" test runs yielded travel times close 
to the mean and median of the travel tunes 
as determined by the license checks. 

The chart m Figure 6 shows the distribution 
of license-check travel times for southbound 
traffic on Potrero Avenue, San Francisco, dur
mg the peak period (4:30 to 6:00 p.m) Most 
of the vehicles are traveling at a fairly uniform 
speed, as shown by the high peak on the curve, 
as a result of the signal timing. The standard 
deviation of license-check ita.vA times is only 
0 68 min , as compared with a standard devi
ation of 1 36 nun. for westbound traffic on 
Wilshire Boulevard during the peak hours. 

Once again, i t may be noted that the "av
erage" test runs yielded travel times close to 
the results of the license-check method. The 
"slower" and the "faster" test runs were not 
significantly different from those for "average" 
test-car runs, undoubtedly because the si^uil 
timing had more influence on speed than did 
differences m techniques of driving. 

The final chart (Fig 7) m this series of 
curves shows the distribution of license-check 
travel times for northbound traffic on Broad
way in Oakland during the peak hour of 
5-00 to 6:00 p.m Tunes on this test section 
varied considerably because of variations m 
delajrs encountered at some of the intersec
tions on the three different days the tests 
were made The distribution curve thus is 
ahnost tri-modal, with a relatively large stand
ard deviation—1.84 min. The inter-quartile 
range is also relatively large, as shown in 
Table 2. 

Results of "average" test-car runs, even 
for the varying conditions on the three days 
of the test, still produced averages reason
ably close to the license-check information. 
"Average" test-car runs were also made on 
four other days (as shown in Table 2) in 
order to obtain additional information for 
computing the number of test runs necessary 
for different degrees of reliability. 

The four other cases set forth m Table 2 
confirm the relationships revealed in the cases 
which are illustrated here in chart form. 

Travel Times by Time of Day.—Mean travel 
times were summanzed by 15-inin. periods 
for each test section, to aid m evaluatmg the 
effects of changes in traffic volume and sig

nal timing. Figure 8 shows mean travel times 
by 15-inin penods for westbound traffic on 
Wilshire Boulevard'in Los Angeles, and shows 

UCCNSE CMCCX TUSEL THIS 
VS TEST C M 

Agmsc mp n i f ai mures 

Figure 6 

n n u . 

Figure 7 

WEKACE nWELraES AND VOLUMES 
•ULSOIESUnwESTBaiiND 

lioJS 

Figure 8 

also a comparison with the trend m traffic 
volumes I t may be noted that, in general, 
travel times decreased after the signal tim-
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ing was changed at 4.30 p m , whereas traf
fic volume continued to mcrease. Mean travel 
times determined from the "average" test 
runs approximated those obtained from the 
license diecks. 

Similar comparisons for eastbound traffic 
on Wilshire Boulevard revealed higher mean 
travel tunes after 4:30 pm. , even though 
traffic volume between 4:30 and 6:00 p m 
averaged 8 percent lower than for the penod 
between 2:00 and 4:30 p.m. I t was apparent 
that the adverse signal timing for eastbound 
traffic after 4:30 p.m was responsible for 
the increase m mean travel time. 

Data by 15-inin. periods for Potrero Ave
nue revealed mean travel times which varied 
httle throughout the penod of the test. This 
situation was undoubtedly due to the fact 

I 
I 4 

1 1 1 
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1 
Mat 
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that the signal timmg i-emamed tlie same, 
while traffic volumes did not attain the capac
ity of the roadway at any time 

Mean travel times on Broadway in Oak
land were much higher durmg the peak hour 
(5:00 to 6:00 p m.) than at other times, as 
shown m Figure 9 This significant mcrease 
m travel tune Was due piimarily to the in
crease in the average delay per trip, which 
in turn was the result of stops for the traffic 
signal at the intersection of Broadway and 
MacArthur Boulevard. During the one-hour 
peak, test cars were stopped an average of 
105 min because of the Imes of vehicles 
waiting to enter the intersection, indicatmg 
that traffic volume exceeded the practical 
capacity of the mtersection For the other 
six signalized intersections on the Broadway 
test section, the stopped tune for test cars 
averaged only 9 sec per intersection. 

Traffic volume thus has a progressively 
greater effect on travel tunes as ti^e traffic 
volume approaches and exceeds the practical 
capacity of the cntical mtersection or other 
critical section of the street or highway. When 
traffic volumes remain below the capacity of 
the critical location on the street, other fac
tors, such as changes m signal timing, appear 
to have more effect on travel times than traf
fic volume changes 

ES&A of Numbers of Passings—Dunng the 
test runs, the observers in the test cars re
corded the number of cars passed by the test 
car and the number of cars passmg the test 
car. The drivers, however, were instructed to 
drive m accordance with the average speed 
of traffic, rather than to follow the usual prac-

r r 
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"-H «SEs%Sll?Slis 
FOR CONHLbrtMOMO PERIOD 

•AT IT.it.S 
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uoKousHOSHensraua t m e a m n a m sr n t r a n 

Figure 10 

tice of making sure that they passed as many 
cars as passed them Figure 10 shows a com
parison of the passmg practices for each test 
run, m relation to the deviation of the test-
run travel time from the average travel time, 
as obtained from license checks for corre
sponding periods. Each point represents an 
"average" test-car run. Both eastbound and 
westbound test runs were plotted for Wil
shire Boulevard for the peak period, 4:30 
to 6:00 p m 

The chart shows that on about half the 
test runs, the test-car drivers passed almost 
as many cars as passed them Forty-six per
cent of the runs were withm plus or mmus 
two passes as shown on this scatter diagram. 

The remaming 54 jsercent of the test runs 
had an excess or deficiency in number of 
passmgs greater than two passes. These runs 
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wi th unbalanced passmgs did not, however, 
produce travel times bearing a significantly 
different r e l a t i o n ^ p to hcense-check travel 
times than that of the test runs wi th balanced 
passings. 

This chart and similar data taken on the 
other test sections mdicate that the instruc
tion given the dnvers of "average" test cars 
produces, for most runs, a balance m terms of 
passings. I t also produces a cumulative bal
ance m passings for all runs made under the 
same conditions This study d id not, however, 
attempt to check the results of the "average" 
test-car runs w i t h test-car runs made by 
dnvers instructed to pass the same number 
of vehicles as passed them Such an mvesti-
gation w i l l be made at a later t ime w i t h fur
ther analyses made of cumulative balances 
in passings. 

waonr or TCSTPUIIS fWUKR or TEST RUNS 

RELATION BETWEEN 
WUMBER OF TEST 

IN PERCENTAGE ABOVE OR 
BELOW MEAN TRAVEL TIME 

(FOR 93% 
DEGREE OF CONFIDENCE) 

Figure 11 

I t may also be noted on Figure 10 and in 
Table 2 that the travel times obtained f rom 
"average" test-car runs on most test sections 
were somewhat less than those obtained f rom 

^license checks On only one test section, for 
northbound traffic on Broadway, was the 
mean travel time f rom the "average" test-
car runs very much greater than the license-
check mean. 

Statistical analyses show that for specific 
sections and penods of time the differences 
in these mean times, wi th one exception, are 
too small to show positive evidence that some 
factor other than chance was responsible. 
Further studies of these differences are 
planned. 

The mean travel times obtained f rom the 
"average" test-car runs i n general were closer 

to the median than to the mean license-check 
travel times. Further studies are planned of 
the relationship between numbers of passmgs 
and the three different measures of central 
tendency, smce there is a possibihty that the 
median travel time is a better measure of 
traffic performance on a street or highway 
than IS the mean travel time The mter-
quartile range, or a similar range, also may 
be more smtable than the standard deviation 
m showmg variation m travel times 

Number of Test Buns Needed—The number 
of test runs needed to obtain a mean travel 
t ime wi thm vanous limits of accuracy was 
computed statistically' usmg a OS-percent de
gree of confidence These analyses were based 
on "average" test-car runs only 

On a street such as Wilshire Boulevard the 
standard deviation of the "average" test-car 
runs dunng peak hours was less than 0 5 
min as shown m Table 2 Under the test 
conditions, the number of test runs needed 
for 95-percent confidence to obtam true means 
within 10 percent of average travel time was 
between six and eight test runs, as shown m 
Figure 11. On Broadway, where there is con
siderable variation in travel time because 
traffic volumes at peak periods approach and 
exceed the capacity of one mtersection, eight 
test runs would be needed during the non-
peak hours, and 12 test runs would be needed 
dunng the peak hour, for 95-percent confi
dence. 

On streets wi th even greater variations in 
travel tune, still more test runs would be 
needed for the same l imi t of accuracy 

CONCLUSIONS 

1. The recording of vehicle license numbers 
and times is an accurate method of deter
mining the mean, median and mode travel 
times for al l veUcles traversmg the entire 
length of a test section. The method, however, 
IS more expensive than the test-car method, 
because of large manpower requu«ments in 
obtaming and analyzing the data 

2 Test cars dnven at maximum speeds 
consistent w i th safety, or at speeds approxi
mating those of the slower vehicles on the 
street, usually do not yield travel times which 

> A S.T.M. Manual on Presentation of Data, 
American Society for Testing Materials, 1941, 
pp 40-42 
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are an accurate measure of the average travel 
time of vehicles in the traffic stream. The 
range i n travel t ime for these extremes i n 
test-car driving techniques, however, is small 
for streets w i th closely spaced traffic signals. 

3. Travel time varies greatly as the traffic 
volume on signalized streets reaches and ex
ceeds the capacity of the intersections of a 
test section. Travel-time variation is much 
smaller for traffic volumes below the'capacity 
of the mtersections. 

4 Test cars driven at speeds which, i n the 
opmion of the drivers, are representative of 
the average speed of traffic, can provide an 
accurate means of measuring the mean and 
median travel times of vehicles i n the traffic 
stream of heavily traveled signalized streets. 

6. I n the majori ty of "average" test-car 
runs, the number of vehicles passed by the 
test car was wi th in one or two of the number 
of vehicles passmg the test car. However, 
those "average" test runs which showed larger 
differences between the number of "passmgs" 
versus "bemg passed" produced results which 
were no less accurate than test runs wi th 
balanced passmgs 

6 Variations between travel times of m-
dividual test-car runs are greater when traf
fic volumes approach the capacity of the test 
section. Thus, more test runs usually are 
needed during peak hours than at other times. 
The mmimum numbers of "average" test 
runs needed to deterimne an average test-car 

travel t ime wi thm a 10-percent range of ac*. 
curacy are as follows: 

(a) For progressive signal t iming (volumes 
below capacity)—8 runs. 

(b) For signals not coordinated (volumes 
at or near capacity)—12 runs. 

(c) For signals not coordinated (volumes 
below capacity)—8 runs. 

BECOMMENDATIONS FOR FURTHER STUDY 

1. Additional studies should be made to 
determine whether there are significant dif
ferences m travel time as obtained by different 
test-car dnvers following the same driving 
instructions. 

2. Studies should be made to determine the 
difference m the results obtained by usmg 
the standard "floating car" techmque and by 
using the "average" test-run method, as de
scribed m this report License-check data 
should be obtamed at the same tune to aid 
m studymg further the differences between 
test-car results and the different measures of 
central tendency and of variation as deter
mined f rom license checks 

3 Studies should also be made to evaluate 
techniques of measuring travel tune on non-
signalized streets and highways. 

4. A n improved method is needed fo i re
cording the data obtamed by the operation 
of test cars, i n order that test-car drivers can 
make a complete record of each run, without 
the assistance of an observer 




