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•CHARACTERIZING the accident potential of a highway has long been a vexing problem 
for highway and traffic safety personnel. It is usually calculated by adding the total 
number of fatality, personal-injury, and property-damage accidents for a section of 
highway and dividing by a suitable measure of accident exposure. Thus the character
ization of a highway's accident potential must in fact await a series of failures, namely 
accidents, before the relative danger can be quantified. 

Even if one can accept this basically negative approach to the characterization .of the 
accident potential of a highway, there are additional problems associated with the use 
and calculation of the rate itself. First of all, it is suspected thatofficialaccidentrec
ords tend to under-report the total number of accidents that have in fact happened. A 
Bureau of Public Roads study in Illinois in 1958 suggests that only one-fourth to one
fifth of the actual number of accidents are being reported (1). Second, for reasons of 
statistical accuracy it is usually necessary to compute accident rates over extended 
sections of highway and for a sizable accident .experience, both in numbers of accidents 
and years of accident records. Thus one cannot compute statistically reliable accident 
rates for short sections of highway or small intervals of time, both of which are often 
desirable. And finally, if any element of the traffic, land use, or geometric design 
criteria is substantially changed, then the accident data collected are valid only to the 
time of the change, and information is not available as to the new accident potential 
until data are once again collected for the period subsequent to the change. It is clear 
then that there is a need for a new and more reliable parameter to characterize the re
lative accident potential of a highway that will overcome these difficulties. 

In response to this need, a preliminary study was undertaken in 1966 to explore new 
traffic flow indices for the detection of sections of highway with high accident potential. 
Several theoretical papers have suggested that the traffic parameter "acceleration noise" 
is directly related to road conditions , congestion, and the h:uard of driving on a partic
ular highway (3, 11, 13, 14), but little empirical ver ification of this hypothesis has been 
reported. Accordingly, apilot study was undertaken in which the objective was to in
vestigate the relationship between the accident rate for a selected section of highway 
and several measures of the change of speed per unit time for the same section of high
way. The change-of-speed data were obtained using a test car floating with the traffic 
stream under varying traffic conditions. The test car was driven over six functionally 
different highway test sites employing a total of five different drivers. 

In investigating the relationship between change of speed per unit of time vs accident 
rates on different highways, the following hypotheses were set forth and evaluated: 

1. There exists a unique speed change distribution function with its associated mean 
and standard deviation for each driver on a given highway. 
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2. Given a highway and a number of vehicles on that facility, the flow characteristics 
of these vehicles forming the composite traffic stream will yield a speed change distri
bution function with its mean and standard deviation that will be unique for that facility. 

3. The mean and standard deviation for the speed change distribution of the traffic 
stream will be significantly different for various functional highway classifications. 

4. The mean and standard deviation of a highway facility's speed change distribution 
function is directly related to the facility's accident rate. 

CHANGE OF SPEED PER UNIT OF TIME AS A TRAFFIC PARAMETER 

Acceleration Noise 

A considerable body of literature has developed around the notion of 'acceleration 
noise" as a traffic parameter. Conceptually, it is an error term associated with the 
inability of the driver to maintain a prescribed velocity control over his vehicle in ac
cordance with an assumed set of driving goals. The source of this error can originate 
with the driver himself, or it can be occasioned by traffic and highway conditions ex
ternal to the driver, or a combination of both. 

Relative to a vehicle operator, Montroll suggested that a driver on an open road in 
the absence of traffic will attempt to drive in a stable fashion by trying to maintain a 
uniform velocity. However, he will never quite succeed and his acceleration distribu
tion function over time will have a random appearance and will be essentially normal. 
The measure of smoothness or jerkiness of his driving will be given by the dispersion 
or variance of this function. Acceleration noise is defined as the standard deviation of 
the acceleration distribution function (15). 

The original notion of acceleration noise as a parameter associated with individual 
drivers was advanced by Chandler et al (2). The authors discuss the measurement of 
the relative difference in velocity between two cars, one of which was following the lead 
car in a single traffic lane with no passing permitted. For the eight male drivers par
ticipating in the experiment, the correlati,;m between the acceleration pattern of the fol
lowing car and the relative difference in velocities between the two cars ranged from 
high to low. In a subsequent paper, Herman et al suggested that the variability of the 
correlation coefficient between the acceleration of the following car and the relative 
velocity between the lead and the following car was due in part to different noise patterns 
of the various drivers (11). 

Other authors have discussed acceleration noise as a parameter for characterizing 
traffic flow and highway conditions. Jones and Potts proposed that acceleration noise 
was of interest in its own right as a characteristic of the traffic stream (13). In subse
quent experiments, they measured the interaction between the driver, thetraffic, and 
the roadway geometry using the acceleration noise parameter. Employing the floating 
car method, Drew and coworkers used the acceleration noise of a test car moving at 
the average highway speed for characterizing the entire stream (3). Numerous observa
tions have been made concerning acceleration noise, although fewhave been subjected 
to empirical verification: 

1. It is a quantity sensitive to the resistance to traffic flow (2). 
2. For any particular vehicle and driver, it is sensitive to the deviation of speed of 

that car above the average speed of the stream (2). 
3. It characterizes various drivers and road-conditions, and depends on the type of 

road, number of curves, and occurrence of bottlenecks in traffic (11). 
4. For any particular driver, it increases with winding roads with poor pavement 

surfaces (11). · 
5. It Will vary for any given driver on different roads or when the driver is wider 

different physiological or psychological conditions (14). 
6. It will increase with traffic lane weaving and passing (14). 
7. It gives a measure of the improvement of a road due toreconstruction, is also 

greater for negative highway grades than for positive grades, and increases with traffic 
congestion caused by higher traffic volumes and parked cars (13). 

8. It will approach zero on tangent freeway sections with no grades and in the ab
sence of traffic; it is affected by grades and traffic conditions (_~). 

j !',I' 
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Acceleration noise as a traffic parameter undoubtedly reflects the combined effect 
on the driver of a number of stimuli. The effect of these stimuli is reflected in the ve
locity control that the driver exerts over his vehicle. Thus, for any given driver on a 
given road, the noise pattern for that driver is the result of his natural driving char
acteristics, the roadway geometry, the traffic on the highway, and the nature of the 
abutting land use. Acceleration noise is thus the aggregate expression of all of these 
variables. 

Acceleration Noise as a Measure of Accident Potential 

A review of the factors affecting acceleration noise indicates that the dispersion of 
the distribution seems to increase with traffic and road conditions that might qualita
tively be labeled as less safe. These conditions include traffic congestion, winding 
roads, poor pavement surface, and parking lanes. Conversely, the dispersion of the 
distribution appears to decrease with the higher types of roadway design such as a tan
gent section of a freeway with no grades. 

The major contribution relating acceleration noise and accident potential has been 
the work of Jones and Potts (13), who hypothesize that acceleration noise, being a traf
fic parameter itself, may be used as a measure of the danger potential of a traffic situa
tion. They show that acceleration noise, a, is a traffic parameter that can be used to 
facilitate a quantitative comparison of different roads, drivers, and traffic conditions. 
The following conclusions were reported (~): 

"1. For two roads through hilly country, O' is much greater for a narrow 2-lane road 
than for a 4-lane dual highway. 

2. For a road in hilly country, a is greater for a down hill journey than for an up
hill one. 

3. For two drivers driving at different speeds below the design speed of a highway, 
a is much the same. 

4. If one or both drivers exceed the design speed, a is greater for the faster driver. 
5. Increasing traffic volume increases a. 
6. Increasing traffic congestion produced by parking cars, stopping busses, cross 

traffic, crossing pedestrians, etc. , increase a. 
7. The value of a may be a better measure of traffic congestion than travel and 

stopped times. 
8. High values of a indicate a potentially dangerous situation." 

Mathematical Definitions of Acceleration Noise 

If a (t) is the positive or negative acceleration at time t for a trip whose total length 
is time T (usually running time), a the acceleration noise, and aav the average accelera
tion, then the variance for acceleration noise can be expressed as 

2 

.' • ½ ! [•(t) - "av] di (1) 

T 
= ½ I a(t)2dt - (aav)2 (2) 

If V(T) is the speed at the end of the trip and V(O) the speed at the beginning then 

aav = ½ / a(t) dt (3) 

aav = ,i, [v(T) - v(o)] (4) 
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H the speed at the end of the trip is equal to the speed at the start when measurements 
are initiated, then a v will be equal to zero. Also, if the speed at the start of the trip 
is not too different from the speed at the end and T is not of short duration, then 

a = V(T) - V(O) O 
av T -

and the aav term can be neglected without serious error. This gives rise to an ap
proximate definition of the variance for acceleration noise as 

(5) 

(6) 

The equipment used for the field measurements was sensitive to all changes of speed 
of 2 mph or greater and recorded the total number of 2-mph speed changes for fixed 
time periods of one minute. Equation 6 for acceleration noise can be modified to re
flect these fixed values. H At is a sampling time period of fixed length, .1 V the fixed 
minimum level of sensitivity of speed change, and n the number of l:l V speed changes 
recorded, then ni x .1 V is the total speed change over any constant time interval i. 
For a total of j time periods of length .1 t, the variance for acceleration noise can be 
written: 

(7) 

(8) 

Mean Absolute Change of Speed 

In this project interest naturally centered around the parameter acceleration noise 
because of the strong suggestion that it is related to the hazard of highway travel. 
Values for acceleration noise were calculated. However, continued efforts were made 
to find other traffic parameters that are mathematically a function of acceleration noise. 
In particular, the project sought parameters that could be more readily computed with
out extensive data reduction. One such parameter that appears to meet these require
ments is the mean of the absolute change of speed per unit of highway travel time. Adopt
ing the same notation as before, the absolute number of speed changes for any constant 
time interval i would be 

(9) 

If there are j time sampling periods of length At comprising a total trip time T, and 
m absolute fixed change of speed increments AV, the mean of the absolute change of 
speed values a can be expressed as 

(10) 

" •. ' 
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The variance of this distribution sf is 

2 

x J.6.VI _ m x IAV I] At 
At T 

(11) 

j ( - I AV 1
2 

• 
- T x At~ n1 

i = 1 

(12) 

It should be noted that the variance in Eq. 12 is the same as that for acceleration noise 
in Eq. 8 except for the m/j term. 

Mean Deviation of Change of Speed 

One other manner of viewing Eq. 10 is as a mean deviation. The mean deviation is 
defined as the absolute deviation of any observation from the mean, summed over all 
individual observations, and divided by the number of cases. Using prior notation, the 
mean deviation can be expressed as 

j 

"1(1i )( l t:.V ! - )I £..J At aav l:.t 
i = 1 

M. D. = -------=T=-- - - -- (13) 

If, as indicated in Eq. 5, aav may be taken as zero, then Eq. 13 reduces to 

j 

~(n1 x Al/1 V !).At 
M. D. = _i _=_1 __ =---- = m x I AV I 

T T 
(14) 

Equation 14 is thus identical in form to Eq. 10. It should be emphasized, however, that 
in Eq. 10, a is asswned to be the actual mean of a distribution with an associated vari
ance. In Eq. 14 the mean deviation is calculated for a distribution whose mean value 
aav is zero, and whose variance is the square of acceleration noise. 

RESEARCH METHODOLOGY 

Test Sections 

Six functionally different segments of both rural and urban highways in the Raleigh, 
North Carolina, area were chosen for study. Each segment was relatively homogeneous 
in traffic and geometric characteristics. In addition, the six sites had widely varying 
accident rates expressed in accidents per millionvehicle-mlles for years 1963 to 1965. 
This variability was essential in testing the hypotheses posed. Table 1 gives certain key 
characteristics of the study sections. 
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TABLE 1 

TEST SITES FOR DATA COLLECTION 

HlghWIIJ 
Approximate 

Length Accident. 
Set1ment 

Route DeacrtpUon Volume (milee) per MVM 
(AD'O 

A US 64 Four-lane divided 17,000 3, 78 5,95 
W eater11 Blvd. urban arterial. al• 

grade exprea•way 
with some control 
o1 &CCHI 

B US 1 Bualneaa Four-lane undivided 15,000 3.08 12.&4 
Hillaborougb St. urban arterial. with 

blgll-density road-
side development 

C US 1 Bypua Four-lane divided 10,000 B.99 o. 73 
BelUIJw freeway with tuU 

contrail o1 accea• 
D US 70 Four-lane divided 12,0QO 5, 83 1,45 

rural primary trunk 
route with moderate 
roadalde development 

E SR 1002 Two-lane rural sec- 1,500 6.92 3,30 
ODdary collector , NC 54 Two-lane rural 3,000 8.39 2. 98 
prlm ary uunk route 

Experimental Design 

The data collection procedures were designed to produce information for the calcu
lation of the following: 

1. The effect of the six different sections of highway on the speed-change parameter. 
For the experimental design chosen, an essential feature of the six test sections was 
that they form a more or less closed loop. Given this feature, it was possible to start 
at any section and proceed in sequence through all six without undue loss of time be
tween sections. 

2. The effect of time of day on speed change. The time period from 6: 30 a. m. 
(0630) to 9:30 p. m. (2130) was sampled in half-hour increments, thus including a broad 
spectrum of driving conditions as they were affected by time of day. 

3. The effect of different drivers on change in speed. Five drivers participated in 
the test runs. In any one vehicle run over the six highway sections, three drivers were 
assigned to the vehicle and drove according to the rotation schedule specified by the ex
perimental design given in Table 2. The numbers in the brackets are driver numbers. 

4. The day-to-day variation in the speed change, other factors being held constant. 
All vehicle runs were conducted on weekdays to provide reasonably homogeneous condi
tions, especially with respect to the within-day patterns. 

5. The effect on speed change when the same highway is driven in the opposite direction. 

TABU 2 

BA.Sr LATIN SQUARE DESIGN 

ll.lgllwq Daya of the we• 
Sectloa lllon. Tuea. Wed. 'l'llllre. Fri. Maa. 

A 0830(1) 01)00(2) 0830(3) 0800(1) 0'730(2) 0'700(3) 

B 0'700(2) ~0(3) 0900(1) 0830(1) 0800(3) 17130(1) 

C 0730(3) 0700(1) 0630(21 0900(3) 0830(1) 0800(2) 

D 0800(1) 0730(2) 0700(3) 0830(1) 0900(2) 0830(3) 

B 0830(1) 0800(3) 0730(1) 0'700(2) 0630(3) 0900(1) , 0900(3) 0830(1) 0800(2) 0'730(3) 0700(1) 0130(2) 

,,. ,J ti .•• • 
• I 
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TABLE 3 

ROTATION OF DRIVERS IN 10 LATIN SQUARES 
6. The variation in the speed change 

parameter unexplained by the above 
factors. 

Time 
Periods 

0630-0930 

0930-1230 

1230-1530 

Direction 

II 

Driven (1), (2), (4) 

(3), (4), (5) 

(1), (3), (4) 

The basic experimental design is 
illustrated for the first six half-hour 
periods (6:30 a. m. to 9:30 a. m.) in Table 
2. It is a Latin square with days as 

(ll, (2l, (5l colwnns, highway sections as rows and 
(2), (3), (5l the six half-hour periods as the "letters" 

------------------- of the square. The entry m each cell of 

1530-1830 

1830-2130 

Drivers (1), (2), (3) 

(1), (4), (5) 

(2), (3), (4) 

(2), (4), (5) 

(1), (3), (5) 

the 6 >< 6 square is the time when data 
collection on the given section began. 

While the vehicle runs required less than 30 minutes, runs on subsequent sections were 
not started until the prescribed time. Three drivers identified as (1), (2), and (3) were 
used on the six days of the basic Latin square. They rotated assignments as shown in 
Table 2 with each driver driving two sections on each day. Over the whole square each 
driver appears twice on each section and twice at each of the six time periods. 

The basic square shown in Table 2 was repeated to cover the additional time periods 
(ii) 0930-1230, (iii) 1230-1530, (iv) 1530-1830, and (v) 1830-2130. In addition, the 
vehicle runs for each of these five squares were repeated in the opposite direction, mak
ing a total of ten Latin squares as shown in Table 3. Since there were five drivers avail
able and only three drivers were used in each square it was possible to assign each of 
the ten possible sets of three to one of the ten Latin squares. This assignment pattern 
is also shown in Table 3. 

Instrumentation 

In order to obtain the required speed-change data necessary in this research, a 
Greenshields-Platt Drivometer, owned by the Civil Engineering Department of North 
Carolina State University, was installed in an unmarked 1965 four-door sedan leased 
from the North Carolina State Highway Commission. The Drivometer is an electro
mechanical device designed to measure, on a time or distance basis, certain driver 
actions and vehicle maneuvers in the traffic environment through which the driver trav
els. For this study only the odometer, a device to count and record time, and an in
strument to measure vehicle speed changes were employed. The actual measurements 
recorded were (a) running and travel time recorded to the nearest second, (b) distance 
traveled to the nearest hundredth of a mile, and (c) the absolute number of 2-mph speed 
changes for each 60-second interval. 

The necessary time, distance, and speed change data were also recorded during each 
vehicle test run by means of a 16-mm camera installed to automatically photograph ap
propriate banks of digital counters every 60 seconds, Beginning and ending values for 
each vehicle run were recorded by manual operation of the camera. The film was later 
developed and data transposed by means of a 16-mm film editor. 

ANALYSIS 

Since the literature on acceleration noise already contains reports of the empirical 
verification of the acceleration distribution as a unique distribution (15), no attempt was 
made in the analysis to confirm this. Instead, efforts were made to determine if the 
absolute change of speed distribution was unique and to test the significance of differ
ences in measurements for this parameter between highway facilities, time of day, day 
of week, and direction of travel. The principal analytical technique used was the anal
ysis of variance of the means and logarithms of the standard deviations for each set of 
observations in each Latin square, plus a separate analysis for the combined data of 
the ten Latin squares. In order to determine if unique distributions existed for each 
type of facility, histograms were prepared and the means and standard deviations eval
uated for differences. A similar technique was used with respect to drivers. Finally, 
the mean of the absolute number of 2-mph speed changes for each facility as well as 



TABLE 4 

MEANS AND STANDARD DEVIATIONS OF THE NUMBER OF ABSOLUTE 
2-MPH SPEED CHANGES FOR INDIVIDUAL RUNS 

Latin Square No. 1, 1530-1830, DlrecUon 11 

Time of Oay 
Hlgbwa.y Facility Value 

1530 1600 1630 1700 1730 1800 

NC 54 i 13.14 11.62 9,00 10.00 8, 86 11. 58 

• 10.22 6. 34 3.92 3. 56 3. 80 3. 20 

SR 1002 i 8. 28 8.00 6.14 6. 00 6.14 6. 86 

• 6. 90 6. 311 3. 58 4. 32 2. 80 2. 74 

US 70 i 10.40 8. 60 7.80 8.60 5.60 6. 60 
9 2.60 3. 72 3.84 l. 68 3. 36 2. JO 

Beltllne i 5. 00 4. 00 6.00 6, 12 4.12 4.88 
s 2. 56 2. 38 2. 38 3.98 2.10 2.04 

Hlllaboroup st. i 27.14 24.00 27.22 25. 82 23. 86 26. 62 

• 12. 30 15. 52 10.86 12. 18 11.08 18. 90 

Wea tern Blvd. ii 17. 72 12. 80 8. 78 23. 76 7, 78 18.26 

• 18.30 8. 28 3.30 14.86 1. 28 14.-M! 

acceleration noise was compared with the accident rate to determine if a visual rank 
order correlation existed. 

Means and Standard Deviations 
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The initial step in the analysis was to compute means and standard deviations for 
each set of observations by Latin square. The results for Latin square No. 1 are given 
in Table 4. 

TABLE 5 

MEANS AND STANOA.RD DEVIATIONS OF THE NUMBER OF ABSOLUTE 
2-MPH SPEED CHANGES BY J-HOUR TIME PERJODS 

Time .PerJ.od 
HJihwa.J Faclllty Value 

0830-0930 0930-1230 1230-1530 1530-1830 1830-2130 

(al Direction I 

NC 54 i 12. 28 13. 56 13.18 15. 48 14,44 
9 5. 22 5. 74 6. 32 7. -Ml 11.38 

SR 1002 i 8.58 9. 92 9. se 9.04 8.12 

• 4.54 8. 68 7.04 5.12 5. 90 

US 70 i 8. 58 11.20 12.24 9.14 10.20 
9 2.98 5.60 6. 28 3.00 3.18 

Beltllne i 6. 32 6.12 5. 88 7. 211 5. 98 
• 3. 08 2. 86 2. 72 3. 70 2.94 

RUlaborcugh st. i 31. 78 25. 64 32. 02 28.98 23. 54 

• 12. 64 10. 40 12. 72 10.94 12.84 

We• tern Blvd. i 19,68 21. 30 21. 82 23.62 23.84 
13. 98 14.24 14. 80 17. 24 15.24 

(b) DlrecUon II 

NC 54 i 15.611 10. 50 13.04 10.72 11. 56 

• 8.18 4.211 6. 78 5. 62 7.30 

SR 1002 i 8.70 8. 14 9.02 6. 90 e. 74 
a 5.12 5. 18 8. 711 4. 54 3,211 

Ull 70 i 9.38 8. 50 8.30 7. 94 7.38 

• 3. 50 2. 78 3.40 3. 18 4. 18 

Beltllne i e. 82 5.80 5.02 5.00 4.74 

• 3.30 2.54 2. 31 2.90 2.00 

RUlaborcugh St. i 25. 24 27.12 33,04 25.90 30.52 

• 14.14 13.32 15. 50 12. 94 18. 88 

Weatern Blvd. i 25.30 18.48 18.42 14. 711 16.98 

• 13. 44 14. 08 13. 52 11.38 11.24 



52 

TABLE 6 

MEANS AND STANDARD DEVIATIONS OF THE NUMBER OF ABSOLUTE 
2-MPH SPEED CHANCES BY 5 MAJOR TIME PERIODS 

Olrections I and n 
Higbway Facility Value 0630-0930 0930-1230 1230-1530 1530-1830 1830-2130 

NC M il 14. 02 12. 06 13 . 10 13 . 12 12 . 96 

• 7. 06 5. 30 6. 52 7. 00 6. 96 

SR 1002 ii. 8. 64 9.00 9.28 7. 94 7. 42 
8 4. 80 5. 98 6. SCI 4. 92 4. 80 

US 70 i 8. 48 9. 82 10. 26 8. 50 8. 78 
8 3. 22 4. 70 5, 38 3. 12 3. 96 

BelWDe i. 8. 58 5, 86 5. 44 6. oe 5. 34 

• 3.18 2. 70 2. 56 3 . 4-4 2. 56 

IUllaborougb St. i 28. 58 26.20 32. 52 27 . 40 26 . 96 

• 13. 70 11. 94 14.10 12. IU 15. 26 

W e• teni Bhd. ii. 22. 48 19.80 20.10 19. 28 20.40 
13. 88 14. 06 14. 14 15. 24 13. 72 

Using the same computation techniques, means and standard deviations were calcu
lated for data combined by facility within each Latin square. This resulted in ten means 
and ten standard deviations for each facility-one for each of the five time periods and 
two for direction. Results of these calculations are given in Table 5. 

By combining observations for both directions into each of the five major time periods 
and repeating the calculations just described, five means and five standard deviations 
for each of the facilities were obtained. These are given in Table 6. 

The final computation was done by combining all observations into six groups accord
ing to highway facility. The resulting overall mean and standard deviation for each 
facility are given in Table 7. 

Analysis of Variance 

The next step consisted of a series of analyses of variance by Latin square to deter
mine the significance of differences between highway facilities, time of day, days of 
the week, direction of travel and drivers. This was performed on the means and log
arithms of standard deviations for each Latin square. The analysis had the following 
general form: 

Source of Variation 

Days of the week 
Highway facilities 
Half-hour time periods 
Drivers 
Residual 

Total 

The analysis of the means for Latin square No. 
2 is summarized in Table 8. This analysis in
dicates that the only significant effect in Latin 
square No. 2 at the .05 significance level is that 
of the facilities. This was the case in all Latin 
squares with one minor exception. The anal -
ysis of variance for the logarithms of the stan
dard deviations also indicated that highway fa
cilities were the only significant effect in all 
squares. 

The most significant analysis of variance is 
that performed by combining all the means of 
individual runs for the ten Latin squares into 

Degree of Freedom 

5 
5 
5 
2 

18 

35 

TABLE 7 

MEANS AND STANDARD DEVIATIONS OF THE 
NUMBER OF ABSOLUTE 2-MPH SPEED 

CHANCES OF DATA COMBINED BY 
HIGHWAY FACn.ITY 

Hlglnray Facility M!IUI Std. Dev . 
a • 

NC 54 13. 04 8. 82 

SR 1002 8.42 5. 56 

U8 70 9, 18 4. 22 

Be!Wne 5. 88 2. IM 

Blll• borQlllb Bt. 28. 21 U,58 

Weatern Blvd. 20. 27 14. 14 



TABLE 8 

ANALYSIS OF VARIANCE FOR MEANS OF THE NUMBER OF ABSOLUTE 
3•MPH SPEED CHANCES IN LATIN SQUARE NO, 2 

0930-1230, DlrecUon II 

Vartance Scurce Degree• of Sum of Meua F Value, 
Freedom Squarea Squue Calculated 

DaJ• of tbe wee.Ii: 5 48. 300 9,680 0.79 

Hlpway facilltte• 5 1941. 888 388.372 31. 90 

Half•bour time perlode 5 22. 914 4. 588 0. 38 

DriTere 2 60. 040 30.200 2.48 

Rellidllal 18 218. 918 12.184 

Total 35 2292. 432 
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F Value .05 
Table 

2.77 

2. 77 

2. 77 

3. 55 

one analysis. Table 9 gives the results of these calculations. An F-test was used and 
significance determined at the .05 level, The results show that the variance attributable 
to highway direction, time of day, highway facility, and Latin squares is statistically 
significant. Interactions between highway direction and time of day and between high
way direction, time of day, and highway facility are also significant. Neither driver, 
days within Latin squares, nor half-hour time periods within squares is significant. 
Table 9 indicates that the F value for the variance due to highway sections is of such 
magnitude that it overshadows all other sources of variation. The significance of high
way sections as a source of variation in speed change measurements is further confirmed 
by the differences between the means for the highway facilities. 

The means for the various effects are given in Table 10. It can be seen from these 
that the statistically significant difference in the direction means is of no practical im
portance. The same can be said about all differences with the exception of those for 
facilities. 

Uniqueness of Distributions 

In an effort to determine if the distributions for the highway facilities are significantly 
different from each other, Duncan's multiple comparison method was used to compare 

TABLE 9 

ANALYSIS OF VARIANCE FOR COMBINED MEANS OF NUMBER OF ABSOLUTE 
2-MPH SPEED CHANCES FOR TEN LATIN SQUARES 

Varlaace Scu.rce Deiireeof &.im of Mean Sum F Vai1Mt, F Valu& .H 
Freedom Square• of Squarea Caiculaled Table 

1. Hlglnray dlrecUaa 1116. 68 198. 68 18. 72 3.89 

2. Tlme ol day 4 141. 04 35. 24 3,00 2.41 

3. fil&lnray dlrectiaa • 4 152. 72 38. 18 3. 25 2.41 
timu of day 

4. HJgbwaJ facl11lJ 5 21,714.08 4,348.80 389.79 2.28 

5. HJ.&hway dlrectiaa • 5 110.20 22.ot 1. 87 2.24 
tuctnra:, facility 

8. Tlme of day x 20 331. 04 18. 52 1.U 1.82 
hlgbwa:, lacilllJ 

7. Dll'ectloa • ttme • 20 888. 84 33,38 2. 84 1.82 
b.Jglnray lac}l.llJ 

8. Day• within LaltD 50 437. 5:l 8.78 0,'ft 1.49 
aquaree 

9. Hall·hour time perlode 50 8!MI. 14 13.1:l 1.11 1.ff 
Within llqWU' .. 

10. Drtvera (a.djuatedl 4 116. 84 24.18 2.08 2.41 

11. RHldnal 191 2,301.3:l 11.78 

Total 259 28,834.48 
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Item 

(a) 

I 

u 

(bl 

0630-0930 

0930-1230 

1230-1530 

1530-1830 

1830-2130 

(c) 

(1) 

(Z) 

(3) 

(4) 

(Sl 

TABLE 10 

MEANS OF NUMBER OF ABSOLUTE 2-MPH 
SPEED CHANGES FOR COMBINED DATA 

Mean Item 

Dlrectlon (d) Facility 

14. 906 Western Blvd. 

13. 428 Hillsborough St. 

Time BelUlne 

us 70 
14. 782 SR 1002 
13. 734 NC 54 
15. 066 

13.870 
(el LaUn Squares 

13. 584 (ll 

Drivers 
(2) 

(3) 
13.334 (4) 
14. 516 (5) 
13 . 642 (6) 
14. 742 (7) 
14. 602 (8) 

(9) 

(10) 

Histograms 

Mean 

20. 272 

29. 214 

s. 882 

&. 178 

8. 422 

13 . 038 

11. 868 

12. ij2Q 

14. 418 

12. 902 

15. 030 

14. 266 

14. 548 

15. 472 

14. 534 

15. 712 

the means for each facility. The 
mean values by facility are as 
follows: 

Beltline 
SR 1002 
us 70 
NC 54 
Western Blvd., 
Hillsborough St. 

5.882 
8.422 
9. 178 

13.038 
20.272 
28.214 

The results of this test show 
that each pair of means is signif
icantly different with the exception 
of SR 1002 and US 70. The vari
ance of the two distributions for 
SR 1002 and US 70 were tested by 
comparing a calculated F ratio 
with a .05 tabular value, and were 
found to be statistically different. 
Therefore, it can be concluded 
that the data for all six highway 
facilities represent six unique 
distributions . 

The next step in the analysis consist ed ol the construction of fr equency histograms 
for one-minute observations of the number of absolute 2-mph s peed changes for all six 
highway sections. Histograms for two of the six facilities - Hillsborough Street, a con
gested urban arterial, and the Beltline, a limited-a ccess four-lane divided freeway-are 
shown in Figures 1 and 2. The speed-chang-e data for the -highway facilities are a 

.. 
u 
C • " " • i:: 

composite reflection of all five drivers. 
Histograms for drivers (3) and (4) on 

so 

240 
Mean (a) • 28.21 

40 Std. Dev. (1) • 13.58 
200 

Mean (ii) • 5.88 

... Std. Dev. (1) • 2.94 
30 u 1110 C • " "' ! ... 120 

20 

80 

10 

'40 

2 6 10 14 18 

Number of Absolute 2 MPH Changes Number of Absolute 2 MPH SpHd Changes 

Figure 1. Histogram for Hillsborough Street. Figure 2. Histogram for Beltline. 
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Figure 3. Histogram for Driver (3) for 
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14 

12 

Mean (4) • 29.31 

10 
Std. Dev. {I) • 8.34 

8 

8 

4 

2 
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Number of Abtolute 2 MPH Sp11d ChanQH 

Figure 4. Histogram for Driver (4) for 
Hillsborough Street. 

Hillsborough Street are shown in Figures 3 and 4; For the five drivers participating 
in the experiment, driver (4) had the highest mean value for Hillsborough Street, and 
the lowest standard deviation. 

Accident Rates vs Mean Number of Speed Changes 

The primary objective of this research is to test the hypothesis that a relationship 
exists between the mean number of absolute 2-mph speed changes and the accident rate 
for the sections of roadway investigated. Table 11 shows the means, standard devia
tions, and accident rates for the highway facilities with the highway rank-ordered ac
cording to decreasing values of the mean. Only the accident rate for SR 1002 appears 
to not rank-order wtth the mean number of speed changes. However, the accident ex
perience on SR 1002 was much lower than for any other facility, as were the traffic 
volumes, and it was felt that less reliability could be placed on the calculated accident 
rate. 

TABLE 11 

ACCIDENT RATES v• MEAN NUMBER OF 
ABSOLUTE 2-MPH SPEED CHANGES 

Highway FacWty Mean Std. Accident Rat. 
Dev. per MVM 

Hlllaborough St. 28.21 13.58 12.64 

Western Blvd. 20.2T 14.14 5.95 

NC 54 13.04 6.62 2.H 

US 10 11.18 4. 22 1. 45 

SR 1002 8. 42 5. 58 3.20 

BeltUne 5. 88 Z. 94 O. T3 

Acceleration Noise vs Mean Number 
of Speed Changes 

While the parameter acceleration 
noise was not used in the statistical 
analysis, it is instructive to compare 
values of acceleration noise with values 
for the mean of the absolute speed 
change. Only a preliminary compara
tive analysis has been made, but it 
appears that the rank-ordering of ac
celeration noise is consistent with the 
mean speed change. Table 12 gives 
values of acceleration noise for the 
six major sections of highway for 
which data were collected. 

I h • J P + JS 
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TABLE 12 

COMPARISON OF ACCELERATION NOISE ve MEAN ABSOLUTE CHANCE OF 
SPEED BY HICHWAY FACILITY 

Absolute 2-mph Acceleration 

Average Speed Cllange Noise a 

Facility Daily Accident Rate D!etrlbulion 
per MVM 2-mph Tralllc Mean Std. Dev . Speed Changes tt/ aec1 

a 8 per eo sec 

Hlllaborough St. 15,000 12. 64 28. 21 13. 58 31 . •a I. 54 

Western Blvd. 1,, 000 5. 95 20.Z, 14.14 24. 84 1.21 

NC 54 3,000 2. 98 13.04 8. 62 14. 64 0.12 

us ,o 12,000 1.45 9. 18 4.22 10.12 0.49 

SR 1002 1,500 3.20 B. 42 5. 56 10.10 o. 49 

Beltline 10, 000 0. 73 5. 88 2,94 e. 55 o. 32 

SUMMARY AND CONCLUSIONS 

Accident rates have tong been questioned with regard to their reliability and efiec
tiveness as a measure of the accident potential of a highway. Unfortunately, the use 
of accident rates requires that a series of failures occur before the relative hazard of 
travel can be quantified. There is clearly a need for a new traffic parameter that will 
characterize the accident potential of a highway without relying on accidents, vehicles, 
or vehicle-miles. Such a parameter should be easily measured and calculated, ob
tained with a minimum of effort, statistically stable for short sections of highway, im
mediately responsive to changes in traffic and roadway design, and readily understood. 
In this research, the traffic parameter acceleration noise was initially selected as -hav
ing the potential characteristics to meet these requirements. A second traffic param
eter, which is mathematically a function of acceleration noise, is the mean of the num
ber of absolute 2-mph speed changes per unit of highway travel time. This parameter 
was selected for detailed investigation becauRe of the ease of measurement and 
calculation. 

The specific objective of th.is research was to make a preliminary investigation of 
the correlation of the mean absolute change of highway speed per minute of travel time 
with motor vehicle accident rates. Sections of six functionally different highways were 
studied. The annual daily traffic volumes ranged from 1,500 to 17,000 and accidents 
varied from 0. 73 to 12.04 accidents per million vehicle-miles. Change of speed data 
were collected in a series of ten Latin squares employing a test vehicle equipped with 
a Greenshields-Platt Drivom,:1ter. Change of speed measllrements were made using 
five rotating drivers. The highway sections were driven during half-hour intervals on 
weekdays from 6: 30 a. m. until 9: 30 p. m. The test car floated with the traffic stream 
or moved at the posted speed of the highway. The Latin squares used in the experi
mental design permitted the i?valuation of the effect of the highway section, the driver, 
the time of day, the day of the week, and the direction of travel on the mean change of 
speed. 

Based on the analysis of the data, the following conclusions are warranted: 

1. A visual rank order correlation exists between accident rates and the mean of 
the number of absolute 2-mph speed changes for five of the six highway sections investi
gated. The one highway section whose accident rate does not order with speed change 
has low traffic volumes and limited accident experience. 

2. The variation in the speed change parameter attributable to the group of sixfunc
tionally different highway sections is of sucJi great statisti,cal significance that it over
shadows all other sources of variation. 

3. The speed change parameter is an extremely sensitive measure of the functional 
differences in the highways studied. 

4. The change of speed data collected for each highway section represent a unique 
distribution. 
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5. The mean change of speed parameter used in the analysis is mathematically a 
function of acceleration noise. 

6. Based on preliminary findings, the rank-ordering of the traffic parameter ac
celeration noise is consistent in all cases with the mean of the number of absolute 2-
mph speed changes. 

ADDITIONAL STUDY 

In order to further clarify and test the correlation of accident rates with mean speed 
change, an investigation of 30 additional highway test sites is in progress. These sites 
are all two-lane rural primary roads and are relatively homogeneous with respect to 
land-use development, sight-distance restrictions, posted speed limits, and width of 
traffic lanes. Accident rates, traffic volwnes, and volume-to-capacity ratios vary 
widely. The experimental design permits the testing of the effect of highway sections, 
direction of travel, time of day, drivers, traffic volumes, and volume-to-capacity 
ratios on the variation of the mean speed change. In addition it permits an analysis of 
the correlation of the accident rates for the 30 sites with the mean speed cha~e param
eter. A subsequent report will be issued on the findings. 
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Discussipn 
JACK B. BLACKBURN, Head, Civil Engineering Department, Kansas State Univer
sity-Heimbach and Vick have demonstrated rather convincingly that it is possible to 
predict accident potential from speed change measW"ements for selected segments of 
roadways. The authors have rendered an important additional service by the excellent 
manner in which they have organized their presentation and by the thoroughness with 
which they have documented their assumptions and hypotheses, their analyses, and their 
presentation and interpretation of data. The authors are to be fW"ther complimented for 
their effective us.e of the talents of Dr. Hader and Dr. Grandage of the Department of 
Experimental Statistics at North Carolina State University. The rather sophisticated 
Latin square experimental design used by the authors required only 360 observations. 
The importance of obtaining assistance from the statistician when designing an experi
ment is apparent if the 360 observations required in this study are compared to the 
1,800 observations that would have been required in the more usual complete factorial 
experimental design. · 

The remainder of this discussion will be devoted to a critique of alternative methods 
of analysis of the factors that were studied by Heimbach and Vick for their possible in
fluence on the magnitude and frequency of speed-change measW"ements. 

In Table 9 in their paper the authors present the results of an analysis of variance 
in which it is shown that their speed-change measW"ements were significantly influenced 
by direction of travel, d; the time oi day when travel occW"s, t; the direction of travel 
at different times during the day, d x t; the location of highway facility, t; and the di
rection of travel at different times of the day on different highway locations, d x t x t. 

In the analysis as it is presented, direction of travel, the time of day during which 
travel occW"s, and the location of highway facility are all considered to be independent 
variables. First-order and second-order interactions of the three independent variables 
are thus presented as logic~ additional sources of variation, i. e., d x t, d x t, t x t, 
and d x t x t. 

The alternative methods of analyses of the data from this experiment are suggested 
on the basis of the information that is desired from the data. Two analyses of variance 
are presented below, along with the statistical model for each analysis. Both analyses 
are based on the assumption that speed-change measurements would not be affected by 
differences in results obtained from different drivers nor from differences resulting 
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from data obtained on different days. These assumptions are indicated as being valid 
as shown in the analysis of variance presented by the authors in Table 9 of their paper. 
These assumptions essentially reduce the experimental design to a complete factorial 
with six observations in each of the 60 combinations of location, direction of travel,and 
time periods. 

The first of the two suggested analyses of variance is designed to test for significant 
differences-between locations; between driving periods; between locations for given 
driving period or between driving periods for a given location; and between directions 
of travel for a given driving period at a given location. No other comparisons are pos
sible. The mathematical model and the format for the analysis of variance are as 
follows: 

Yhijk = µ + Lh + Tt + (LT)bi + Dttij + Otiijk (fixed model) 

Source of Variance Degrees of Freedom 

Highway location, L (-L 1) = 5 
Time periods, T (t - 1) = 4 
L X T (-r. - 1) (t - 1) = 20 
Direction of travel for 

given location and time, D in (L x T) (d - 1) (t X t) = 30 
Observations within [D in (L x T) J cells (o 1) (d X .(. X t) = 300 

Total 359 

The second of the two analyses of variance under discussion is designed to determine 
sign:ificant differences between locations; between directions of travel at a given loca
tion; and between driving periods for a given direction of travel at a given location. 
Again, no other comparisons are possible: 

Yhijk = µ + Lh + Dtii + 'Ttiij + Otiijk (fixed model) 

Source of Variance Degrees of Freedom 

Highway location, L (<. - 1) 5 
Direction of travel at a 

given location, D in L (d - 1) (t) " 6 
Time period for fixed direction of 

travel at a given location, T in D in L (t - 1) (d X t) 48 
Observations within (T in D in L) (o - 1) (t X d X t) = 300 

Total 359 

By completing both of the analyses of variance presented above it is possible to de
termine whether sign:ificant differences exist between directions of travel for each lo
cation during each driving period from the first analysis, and between driving periods 
Within each direction of travel at each location from the second analysis. It is sug
gested that these are the only meaningful evaluations that can be made that involve di
rection of travel since comparisons obtained from travel in a given direction in one lo
cation With travel in the same direction at another location are very apt to be meaning
less. Clearly, direction of travel is important only as it is compared Within a given 
highway location or when travel in the same direction ls compared for different driving 
ti.mes at a given location. Therefore, it is suggested that in future analyses the authors 
recognize direction of travel as a nested factor rather. than as an independent variable. 
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Finally, while the authors show that their speed-change measurements correlate 
well with accident rate, the correlation is based on simple rank-order comparisons. 
It is suggested that a more rigorous proof of the relationship, or correlation, between 
these two sets of data would be highly desirable. 

KENNETH W. CROWLEY, Senior Research Analyst, The Port of New York Authority
Heimbach and Vick state that a need exists " ... for a new traffic parameter that will 
characterize the accident potential of a highway without relying on accidents, vehicles 
or vehicle-miles" to replace the existing statistic of accidents per million vehicle-miles. 
Furthermore, they indicate that "Such a parameter should be easily measured and cal
culated, obtained with a minimum. of effort, statistically stable for short sections of 
highway, immediately responsive to changes in traffic and roadway design, and readily 
understood. It is suggested that the mean of the number of absolute 2-mph speed changes 
per writ of highway travel time is such a parameter. 

To evaluate the possible utility of this parameter, the authors designed and conducted 
a comprehensive set of experiments. Let us examine certain aspects of their results. 
First, an extremely good relationship was found to exist between accident rates and the 
absolute speed change mean for 5 of the 6 highway sections studied. In fact, a plot of 
accident rate vs the absolute number of 2-mph speed changes indicates that these 5 
"good" points can be quite well described by some form of the equation Accident Rate 
= Constant x (Mean Speed Change)X. The one section whose data did not conform had 
low traffic volumes and limited accident experience, thus suggesting a relatively new 
facility. The other 5 sections studied all have relatively substantial traffic volumes 
and have been in operation long enough to generate an adequate sample of accident sta
tistics. It is reasonable to assume that these 5 sections have all reached the kind of 
daily operation that might be described as "steady state," i.e., annual traffic growth 
rates are likely to conform with overall area growth and little or no new traffic is being 
diverted or generated. The remaining section, being relatively new, is more apt to be 
in a "transient" state with comparatively rapid changes occurring in traffic growth 
through generation and diversion. 

The second point that I found of interest relates to the variance analysis. It was de
termined that 'the variance attributable to highway facility, highway direction, time of 
day, and Latin squares was statistica.U y significant. Of these, according to the authors, 
the variation attributable to the highway sections was so significant that it overshadowed 
all other sources of variation. Looking at these lesser relationships, we see that high
way direction and time of day were present. It does not seem unreasonable to infer that 
the fluctuations of traffic flow by direction and time period are responsible for much of 
the accountable relationship. 

We have seen that the speed-change parameter is extremely good at characterizing 
the accident potential of older established routes that have developed reliable traffic 
patterns but is far less successful in relating to a new facility that has yet to stabilize. 
Furthermore, the results of variation analysis tend to indicate that a significant rela
tionship e~en exists between the speed-change parameter and the relatively minor fluc
tuations in traffic flow on a stabilized route. Consider then what might result if we at
tempt to characterize the accident potential of a new route or one that has recently ex
perienced major alterations in roadway design or traffic patterns. These types of facil
ities all will experience rapid alterations in traffic flow and growth patterns. Under 
these conditions it is likely that the speed-change parameter would not give consistent 
and reliable results until after these changes had occurred and the route had achieved 
a steady-state type of operation. This, however, involves the passage of a consider
able amount of time. Thus, I believe that the suggested speed~change parameter would 
be least useful when most needed, i.e., immediately following roadway and traffic 
changes, and most accurate after a time lag that may in fact be sufficient for the gen
eration of an accurate accident rate statistic. 
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The authors are to be· commended for opening up an interesting and, perhaps, quite 
fruitful area of investigation. At present, however, I do not believe that the mean of 
the number of absolute 2-mph speed changes has been shown to satisfy the basic re
quirements for a new traffic parameter as set forth by the authors in their introduction. 
I am looldng forward to the results of additional studies now in progress with a great 
deal of interest. 

JOHN J. HAYNES, Professor and Head, Civil Engineering Department, University of 
Texas at Arlington-A study of the relationship between acceleration noise and the ac
cident rates for several different sections of highways would have been a valuable en
deavor itself in the verification of previously suggested theoretical concepts. The au
thors point out that limited studies had been previously made by Jones and Potts that 
related acceleration noise and the danger potential of a traffic situation. This study 
provides some necessary extension of that previous work. Of even more interest is 
the introduction of a traffic parameter that is different from acceleration noise although 
mathematically related. The mean of the absolute change of speed per unit of time is 
much more readily computed and requires very little data reduction. The authors sat
isfactorily show that the speed change per unit of time is a unique function and is quite 
sensitive to different types of highway classifications and somewhat less sensitive to 
traffic conditons. The conclusions set forth seem to be properly substantiated and the 
authors are to be commended for their valuable addition to existing knowledge concern
ing the relationships between the characteristics of traffic flow and safety of travel. 

It was suggested that the advantage to be realized from this research is that of being 
able to determine quickly and easily the relative safety, or potential hazard, of dif
ferent sections of various traffic facilities without the necessity of waiting for accident 
records to develop. It would, however, be necessary to evaluate the sections under 
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prevailing traffic volumes and these volumes would be sub .. 
ject to significant changes in a period of a few years or 
even a few months. It might be necessarytoreevaluatethe 
many sections of facilities at frequent intervals. An am
bitious program of virtually continuous evaluation of a large 
system would certainly rely on a very simple means of test
ing and data reduction. The authors have suggested a trafic 
parameter which seems to fulfill these requirements for 
simplicity. 

Insufficient data were included in the report to determine 
the variations in traffic concentrations, rates of flow, and 
speeds which occurred during the various test runs. Traffic 
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density has an effect on the accident potential of a section of roadway. It would appear 
frQm the results of the analysis of variance that either the mean of the absolute speed 
changes parameter, a, was not very sensitive to variations in traffic volumes, or the vol
umes did not vary to any appreciable extent during the different test runs, or the drivers 
were particularly nonaggressive. It would be of benefit to know of any particular in
structions that might have been given to the five drivers used. The authors made ref
erence to the findings of Jones and Potts concerning the fact that acceleration noise in
creases as a driver attempts to travel faster than the design speed of the facility, and 
Herman et al showed that attempts to drive faster than the average traffic stream would 
cause an increase in acceleration noise. If this sort of approach is to be made in con
nection with evaluations of the danger potential of highway sections, proper precautions 
should be taken to insure that a test driver does not obtain misleading results. 

Since acceleration noise is defined as the standard deviation of the acceleration dis
tribution function, the acceleration noise is dimensionally the same as acceleration, or 
velocity per unit of time. The authors have presented the traffic parameter that is ac
curately but lengthily described as "the mean of the absolute change of speed per unit 
of highway travel time.'' This parameter, a, is also dimensionally the same as ac..: 
celeration, or velocity per unit of time. The authors have shown a mathematical re
lationship between the variance of the distribution of ii, denoted by s½, and the vari
ance for acceleration noise, denoted by a 2

• 

For purposes of promoting a better understanding of the relationship between a and 
a, an illustration has been developed. Figure 5 shows a distance-time curve for a ve
hicle that traveled 2. 5 miles in 4 minutes. The velocity-time diagram shown in Figure 
6 is the basis of this illustration; it has been somewhat idealized although it retains 
enough realism and variability to be a useful example. The acceleration-time diagram 
for this trip is shown in Figure 7. The units of acceleration are in miles per hour per 
second in this illustration. Figure 8 shows the number of 1-mph changes in speed per 
20 seconds plotted on an abscissa of time. It may be seen that, by proper choice of 
vertical scale, Figure 8 is identical to Figure 7. The absolute values of the 1-mph 
speed changes are represented by the solid lines in Figure 8. 

The frequency distribution of acceleration is shown in Figure 9 from which aA V = 0 
and a = 0.611 mph/sec. The frequency distribution of the number of absolute 1-mph 
speed changes per 20 seconds is shown in Figure 10, from which a = 0.500 mph/sec 
ands = 0.354 mph/sec. Figure 11 shows the resulting distribution when the speed 
change is raised to increments of 2 mph and the time period is increased to 1 minute. 
For this distribution, :t = 0.500 mph/sec and s = 0.167 mph/sec. 



If a is computed by means of the equation 

j 

(AV) 2 ~ n·2 
T x At • £..J 1 

i = 1 
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where AV = 2 mph and At = 1 minute, the resulting value of acceleration noise is that 
shown in brackets in Figure 9, or 0.527 mph/sec. It can be seen that a is the mean 
ordinate in Figure 8 for the absolute changes in speed. 

The choice of smaller increments of speed change and smaller increments of time 
could further decrease effects of truncation and perhaps increase the sensitivity of the 
parameter a. 

The choice of functionally different test sites each with widely different accident rates 
in the experimental design generally appears to have been commendable. The one weak 
point seems to have been the choice of SR 1002, a two-lane rural secondary collector 
route with low traffic volume. The accident rate for this route seems to have been based 
on a shorter time interval and thus somewhat in question. The fact that three drivers 
were assigned to a vehicle on each run gave each the opportunity to observe the driving 
of the others. This could have had a tendency to reduce the difference between drivers 
in the analysis of variance. 

The authors performed an analysis of variance by combining all the means of indi
vidual runs for the ten Latin squares into one analysis. The F-test for significance 
seems to strongly support their conclusion that the variance due to highway sections is 
so large that it overshadows all other sources of variation. 

The correlation between ':£ and the accident rate was impressive and the variation in 
a due to highway sections was considerable compared to other sources of variation. The 
parameter a does appear to rank-order with acceleration noise and certainly appears 
to be an easily obtained value. The authors are to be commended for this research work 
and their efforts now wider way on a similar project of a larger scope involving 30 addi
tional highway test sites. 

C. L. HEThtBACH and H. D. VICK, Closure-The authors would like to take this op
portunity to thank Ors. Blackburn, Crowley, and Haynes for their remarks and sug
gestions concerning this paper. Their comments have been useful and instructive. 

In his remarks, Haynes noted tnat data on traffic concentration and now rates exist
ing at the time of the individual test runs were not available in the report. Crowley al
so commented on the lack of data concerning fluctuations in traffic flow. There is little 
question that this additional information would have been extremely useful in evaluating 
the results. The authors had originally contemplated a volume-counting program that 
would have provided information on flow rates, but the plan was discarded for several 
reasons. First of all, budget restrictions forced the authors to make a choice between 
a well-controlled experimental design for a small number of test sections vs a broader, 
more comprehensive investigation at the expense of some statistical reliability. The 
less comprehensive investigation seemed more appropriate since the basic hypothesis 
that change of speed per unit of time is related to accident rates had not been well estab
lished in prior research. Since verification of the basic hypothesis has now been tenta
tively established, a more rigorous proof ls now in order, as suggested by Blackburn. 

Haynes commented on the possibility of individual drivers tending to bias change of 
speed measurements because of variable driving patterns on a given highway test sec
tion. The instructions to the five drivers specified that in the presence of traffic, they 
were to "float" with the traffic stream. In the absence of traffic, they were not to ex
ceed the posted speed limit. Except for these two requirements, they were to drive in 
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their normal or customary manner. There were indeed differences between the dr1ving 
patterns of the individual drivers. This can be verified by comparison of the frequency 
histograms of speed change data constructed for each driver on a given test section. 
However, the driver differences were not statistically significant. 

The authors also wish to express their appreciation to the individuals from the North 
Carolina State Highway Commission and the Bureau of Public Roads who contributed 
to the study, and again to Blackburn, Crowley, and Haynes for their papers reviewing 
our work. 




