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Causes of Variation in Automobile Speed 
Along a Parkway 

8. JANE ROSZELL AND JOHN P. BR,o\AKSMA 

The results of research conducted to detu.rmine what factors most strongly 
affect variations In drivers' speed patterns along a roadway are described. 
Field suneys were conducted on the Gatlneau Parkway in Quebec to col· 
lect data on the ·following factors : (a) driver age and sex. (b) vehicle age 
and size, (c) number of occiupants In lhe vehicle, and (d) 1141011\0trlC con· 
flguralion of the highway. Speed-change data were divided into three com· 
pononts: (a) frequency of speed changes along the pukway, (b) magnitude 
of the 1peed change, and (o) direction (lm;roaso or decrease) of tho speed 
change. Analysis of covariance was used to determine the degree of rela· 
tionshlp between tha first two components and Iha driver, vehicle, and 
geometric verlablas. A manlllll ovarlay technique was used to analyze the 
third component, to check the statistical results, and to verify a technique 
developed by Leisch to obtain speed profiles. The study found that route 
geometry and driver age played a significant role In the frequency of 
speed change1. Driver varl•bles such 111 age and se~ were tho most slg· 
nlflcant factors affecting the magnitude of speed changes. Route geom
etry affected the megnitude of speed change much htH than did the loca
tion of the speed change, and it affected the direction of speed ohanges 
much less than did driver age. 

Research has shown that sudden changes in vehicle 
speed contribute to accidents <1>· For example, at 
an 8-km/h (5-mile/h) speed reduction, the acci
dent-to-speed ratio is 2.0; at a 16-km/h (10-mile/h) 
reduction, the ratio is 3.7; at a 24-km/h (15-
mile/h) reduction, the ratio is 8. 9; and at a 32-
km/h (20-mile/h) reduction, the ratio is 15.9 
<l•l>. There are many possible causes for these · 
sudden speed changes. Some can be linked to the 
driver, some to the vehicle, and some to the geome
try of the highway. Leisch (1), for example, be
lieves that speed variations are directly related to 
characteristics of road geometry such as joint hori
zontal and verUcal alignment, curvatures, and gra
dients. Leisch also devised a theoretical technique 
for using speed profiles to relate chang.es in ve
hicle speed to changes i n road geometry. This paper 
sununarizes a research project conducted at Carleto.n 
University on the causes of sudden changes in auto
mobile speed along the Gatineau Parkway in Canada 
<!>· 
PURPOSE AND SCOPE OF STUDY 

The purpose of this research was twofold: 

1. To determine what factors most strongly af
fect the speed patterns of drivers along a route and 

2. If geometric variables do affect speed varia
tion, to determine how well Leisch's technique works 
in a practical situation. 

The scope of the resea rch was l imited to studying 
private automobiles on a parkway and the following 
variables: sex and age of the driver 1 number of 
occupants in the vehicle; size, age, and physical 
condition of the vehicle; and horizontal curves, 
vertical grades, and tangents. These variables were 
selected from a literature review of the causes of 
speed variations. 

CAUSES OF SPEED VARIATION CITED IN THE LITERATURE 

Driver Capabilities 

Vehicle operating speed is altered by such 

driver-related variables as sex, age, driving 
experience, and occupation (~ril. Var ious stud ies 
on driver-related variables have concluded that tr ip 
distance has the greatest effect on speed . The 
number of passengers in the car and the sex of the 
driver alter driving speed to a lesser extent. 
There is, however, no information to indicate 
whether these factors or others affect consistency 
in speed along a route. In this study, data on the 
following driver characteristics were recorded to 
determine whether they have any impact on variation 
in speed: sex and age of the driver, number of 
passengers in the vehicle, and (whenever possible) 
relationship of the passengers to the driver. 

Vehicle Characteristics 

The literature on performance characteristics has 
generally classified highway vehicles as passenger 
cars, single-unit trucks , combination trucks, and 
buses. This classification is ' based on factors of 
gross weight and power rating (expressed in kilo
watts or hor sepower) , which affect such operating 
characterist ics as maintainable speed, load capac
ity, safety, and service. 

Gross Weight 

In various studies carried out on gross vehicle 
weight (3,7,8), there is no consensus of opinion on 
whether ;-peri'ting speeds vary with different vehicle 
weights . Lefeve (7) indicates that operating speeds 
do not vary with - weight, whereas La>1she (,!!_) and 
others suggest that operating speeds tend to be 
higher for heavier passenger cars. None of these 
studies shed any light on whether heavier vehicles 
show greater or lesser tendency to change speed than 
lighter vehicles. 

Power Rating 

Certain studies (6) suggest that vehicle operating 
speed is not affected by power rating, whereas other 
studies <2> indicate just the opposite. But, again, 
none of these studies dwell on the possible relation 
between speed variation and power rating. 

Speed Maneuverability 

Vehicle maneuverability is a third vehicle 
characteristic that can affect operating speed. 
Maneuverability tends to vary with the size of the 
wheel base. Small cars are be tter able to negotiate 
tighter curves than larger vehicles. No studies 
were found to show whether, in fact, small-wheel
based vehicles have the potential for fewer speed 
changes. It would appear that a dependent relation 
exists between vehicle maneuverability and con
sistency in speed. 

Age of Automobile 

Various investigations of highway travel character
istics have shown that new cars have higher average 
speeds than older ones (5,7,10,11). The reasons 
given for this are that ne; ~a;; have higher veloc-
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i ties, ride mor e comfortabl y, travel more s moothly 
and quie t ly , handle bett e r , and are generally in 
better mechanical condition . Thus , it is q uite 
likely that consistency in speed will also differ 
between older and newer cars. 

Route Geometry 

Various studies have been done to determine to what 
extent geometric roadway features affect travel 
speeds . Geometric features that could affect 
operating s peed include horizon tal , vertical, and 
cross-sectional alignment and pavement type. 

Horizontal Alignment 

Various studies (2_) found that "vehicular speeds are 
lower on horizontal curves than on tangent 
alignments". The horizontal components that affect 
vehicle speed on a horizontal curve are 
superelevatio n , sight dis tance , and degree of 
curve. Superelevation has been invest igated by a 
number of authorities to determine its effect on 
5?-c-cd i:' S~",;.Ctic~ {12-11). Th~~'=' sti_1r1iPR indicate 
that highe r speeds occur as the degree of 
superelevation increases. But the changes were not 
significant. 

Studies by Taragin (12,13) on the influence of 
curvature and sight distance under comparable 
conditions indicate that curvature caused almost 
three times as great a change in speed as sight 
distance. 

Vertical Alignment 

All vertical-alignment variables appear to cause 
some variation in veh i cle speed. This variation is 
more prono unced for trucks than for pass enger cars. 

The effec t of grades on passenger cars is to 
cause the driver to reduce speed on upgrades greater 
than 7 percent (15) and to incr ease s p e ed on 
downgrades gr e a ter than 3 pe r c e n t (2.). Length of 
g rade is not c ons ide red to a f fec t t he speeds at 
which passenger cars ope rate . 

Drivers reduce their speed as they approach crest 
vertical curves. The rate of the speed reduction 
appears to increase with the decrease in sight 
distance <2>· Sag cur ves do not affect speed 
variation to any great extent (2_) • 

No research d a t a were found to s how the effects 
on s peed pat terns of a simultaneou s cha nge in 
horizo ntal a nd vertical a l i gnment, s uch as the 
introduction o f a hor izontal curve on a ve rtical 
grade. 

Cross-Sectional Geometry 

Studies on cross-sectional geometry and its impact 
on speed var iation show that there are three factors 
that can be related direc t l y to speed variation: a 
sudden change in any one of the cross-sectional 
elements, the presence of a two-lane highwa y where a 
driver is constantly meeting traffic travel i ng in 
the opposite direction, and a restriction of lateral 
cleara nce created by an object on the shoulder of 
the route (16 r.lll . 

Pavement 

Vehicle speeds tend to vary whe n the pavement type 
changes or when t he paveme nt is in ver y poor 
condition (2). These two va r iables are s ub ject to 
the control of the appropriate maintenance agency . 
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Environmental Factors 

The operation of a ve h i c le on the highway is 
affect ed by factors i ndepe ndent of the driver's 
capabilities, the roadway geometry, and the charac
teristics of the vehicle. These factors include 
such variables as land use, traffic volumes, 
weather, time of day, trip purpose, and physical 
view. These factors occur randomly and are 
therefore difficult to correlate with speed 
variation. Studies have shown that speed varies 
with season, time of day, and the severity of the 
weather, but there is no conclusive evidence to show 
any direct relation in the variability of these 
factors (~). In this s tudy, therefore, it was 
necessary to limit the inf lue nce of t hese factors on 
speed fluctuations. 

FIELD WORK 

F.rom the literature survey, a number of variables 
were selected that have the potential of being 
related to speed changes. These were age and sex of 
the driver. aqe and size of the vehicle, number of 
occupants, and route geometry. Field work was 
conducted to collect the appropriate data to 
determine whether these vat iables are in 
related to speed. 

Selecti on of Test Route 

,,: __ ,,_ 
.L.Cl\..\.. 

The selection of a test-route section was based on 
the following criteria. The route must 

1. Be one for which standard design plans exist: 
2. Contain a variety of horizontal curves, 

lengths of tangents, vertical curves, and d egrees 
and lengths of g rade s as well as combinat i ons of 
vertical and horizontal alignments: 

3. Have a continuous type of pavement in good 
condition as well as consistency in cross-section 
geometry and superelevationi 

4. Cater to one type of trip purpose and pass 
through only one type of land use area: and 

5. Serve different types of passenger cars and 
drivers and varying numbers of passengers. 

The Gatineau Parkway, a route approximately 65 km 
(40 miles) in length located approximately 25 km (15 
miles) north of Ottawa in the Canadian province of 
Quebec, was felt to be most suitable for this 
research. Since the route was designed as a parkway 
and passes through the rugged, rocky, tree-covered 
terrain of the Gatineau Park, there is an abundant 
supply of curves and grades. The Gatineau Parkway 
provides access for the residents and visitors of 
the region to such recreational activities as 
picnick i ng, hik i ng, and general viewing of the 
scenic l andscape. Because the route was built for 
recreational purposes, the land use pattern is 
consistent along its full extent. Furthermore, 
because the parkway has no destinations other than 
recreational ones, trip purpose is also constant. 
Another advantage in selecting this route for the 
study is the fact that it caters to a large variety 
of users whose primary mode of transportation is the 
private automobile. 

The Gatineau Parkway was built with many adjacent 
belvederes and pull-offs to give users ample 
opportunity to view t he surroundi ng ter r ain. These 
stopping points prov i ded the neces s a ry opportunities 
to gather the driver and vehicle data. 

On weekends the parkway ope r a tes at near-capacity 
levels of traffic, but during the week traffic 
volumes are well within the level of "free-flow" 
conditions, which was a requirement for this 
research. 

= 
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Figure 1. Spead profiles for passenger cars. 
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The parkway has been designed generally to meet 
the following standards (1 km = 0.62 mile; l m = 3.3 
ft): . 

Criterion 
Design Speed (km/h) 
Average running speed (km/h) 
Maximum radius of curvature (m) 
Maximum gradient (%) 
Surf ace width (m) 
Rounding 
Shoulder width (m) 
Side slopes 
Back slopes 
Minimum sight distance (m) 
Minimum passing sight distance (m) 

Value 
60 
60 
120 
10 
6.8 
Variable 
1.0 
3:1 
Variable 
85 
420 

The geometric design data for various geometric 
variables were extracted from the original design 
plans (see Figure 1). 

The pavement is bituminous asphalt along the full 
extent of the route and is in excellent condition. 
Even though the parkway has only two lanes, there is 
expected to be little i nterferenc e from oncoming 
traffic because of the 3. 75- m (12-ft) lane width and 
the paved shoulders. 

Because the route is so long, only a por tion of 
it was used for the research project . The s ect ion 
selected i s at t he terminus o f t he parkway--Cham
plain Looko ut. Unfortunately , approximately 1.6 km 
(1 mile) south o f the Champlain belvedere , the park-

E BEGIN DECELERATION 

F BEGIN CURVE OF LIMITING SPEED 

Note : 1 km a 0.62 mile. 

way splits and one route goes to Camp Fortune and 
the other returns to Hull and Ottawa. Because it is 
impossible to predict which route the user will 
take, two sets of data were collected, one for each 
route. 

Besides the fact that it meets all of the data 
requirements , there are other r easons for selecting 
this section of roadway. Osers must travel 
approximately 35-50 km (22-31 miles) through the 
park to reach this destination. By the time they 
reach it, they are well acclimatized to the 
landscape, so that any effects the scenic terrain 
may have on their speed patterns are reduced. A 
large pull-out is located at the terminus of the 
parkway. This was the point from which the 
necessary driver and vehicle data were collected. 
Because of the size of the pull-out, the data could 
be collected inconspicuously, from a distance. 

Data Collection 

Speed-Variation Patterns 

To measure speed-variation patterns, a motor-driven 
camera was attached to the inside cab of an 
observation vehicle so that it focused on the 
speedometer and the odometer. This camera was 
operated by remote control by a second person so as 
not to interfere with the driving of the vehicle. 
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When a subject vehicle pulled into the belvedere, 
the responsibility for collecting a ll vehicle and 
driver data rested with the person riding in the 
back seat of the observation vehicle (thi s was 
necessa ry because t he driver was fix ed in position 
behind the camera equipment). This second person 
got out of the observation vehicle and close y 
appro1;1ched the s ubject vehicle under the pretense of 
looking at the view, t hereby collecting some of the 
necessary data. He took a photograph of the rear of 
the subject vehicle so that the license number was 
clearly recorded. This was easy to do because 
cameras are so frequently used to ta ke pictures of 
the scenery. He then returned to the observation 
vehicle and, when the subject vehicle left the 
belvedere, the observation vehicle simply followed 
behind, recordi ng the necessary speed data. · 

The observers fol lowed a subject vehicle at a 
fixed distance, recording all speed changes on film 
from instrument readings. This method obtained both 
a continuous speed reading and, by means of the 
odometer, the dis tance location of all observed 
vehicles traveling t hrough the test section of the 
parkway. 

A distance of 90 m (300 ft) was kept between the 
obsecvatioii vehicle and the subject veh i cle so as 
not to influence the driving patterns of the 
subject. This distance requirement was maintained 
by using a transparent grid on the windshield that 
represented the width of a large car 20 m (65 ft) 
away. 

Driver and Vehicle Characteristics and Route 
Geometrics 

A camera and data forms were used to record the 
field data on vehicle and driver variables. The 
camera took pictures of the subject vehicle and its 
license number while it was stopped at the 
belvedere. Data such as the age of the driver, the 
number of persons in the car (by sex and age), the 
time of day, and weather conditions were recorded on 
forms. 

Measures for route geometry were derived 
indirectly by using a new technique devised by 
Leisch <1l, which i nvolves regulating the r:oad 
geomet r:y to maintai n the necessary consistency in 
operating speed along the r:oad. This technique 
requires setting up a speed profile that takes into 
account the joint configuration of horizontal and 
vertical alignment as well as i ndividual curvatures 
and gradients. The technique makes use of existing 
design standards outlined by t he American Associa
tion of State Highway Officials (AASHO) (!!) . In 
setting up the required theoretical speed profile, 
design speeds on curves and tangents are used. 

A speed profile developed from t hese standards 
(see Figure 2) provides a conti nuous plot of the 
average speed of vehicles along a highway under 
free-flow conditions. The config uration of the 
speed profile combines horizontal and vertical 
alignment features and instantly points out where 
speed changes occur because of the r oad geometry. 

Sample Size 

During 10 days in June 1977, the speed-variation 
patterns o f 60 subjects were observed and recorded. 
Unfortunately, 18 samples had to be rejected because 
various extr:aneous factors a~fected the speed-varia
tion patterns. This left 22 sets of data fo r route 
1, 11 for route 2, and 9 for portions of the two 
routes, for a total sample size of 42. 
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DATA ANALYSIS 

Dependent Variables 

The primary purpose of this research was to 
determine which factors most strongly affect speed 
variation. The magnitude of the speed changes along 
a route segment was represented by the following 
variation term: 

Magnitude of speed= [E(X - X)2 /n] y, (I) 

where 

x speed measurement taken every kilometer along 
the route segment, 

X sum of measured speeds divided by n, and 
n = number of kilometers in the route segment. 

The collected speed-variation data were plotted 
as speed profiles (Figure 2), and the various speed 
measures were extracted from these profiles. 
Further research into speed variation was also 
undertaken. This included determini.ng tne i aci::ors 
that most strongly affect the frequency and the 
direction (increase er decrease) of thP. speed 
change. Frequency of speed change along a route was 
represented by t he number o f times a veh icl e changed 
its speed a long the test section of roadway. The 
direction of the speed change was ex tracted from the 
speed profiles. 

.Ind·ependent Variables 

It was hypothesized that each of the three measures 
of speed variation is a function of the f ol l owing 
independent variables : age and sex of t he driver, 
age and size of the vehicle , number of occupants in 
the vehicl e , and route geometry. Measures for 
driver and ve hi cle characteristics were determined 
directly from the field data. Since the Leisch 
technique is based on geometric variables of the 
route, it is a simple matter to extract correspond
ing expressions for frequency of speed c hange and 
magnitude of speed change to represent the indepen
dent variable, route geometry. 

Analysis Techniques 

The first two measures of speed variation--frequency 
a nd magnitude of speed change--and the associated 
i ndependen t variables-driver age and sex , vehicle 
age and size, number of vehicle occupants, and route 
geometry--were analyzed by using statistical meth
ods. Tne third measuxe of speed variation--direc
tion of speed change--was analyzed by using a graph
ical overlay method. 

Statistical Methods 

Because the data base contained categorical 
(nonmetric ) data as well as integral (metric) data, 
ana1y·sis of covariance was used to an.alyze the 
da ta. The nonmetric vax i able s were the driver and 
vehicle characteristics, and the metric variables 
were the geometric and number-of-occupants variables 
(these variables are expressed as absolutes rather 
than as category data). 

•rhe first step in the analysis was to determine 
the interactions between the metric and nonmetric 
data. A correlation matrix that uses Pearson's 
correlation coefficient (R2 

) was considered 
appropri ate for this purpose. The results of this 
analysis are given in Table l. There appear to be 
no significant interactions between any of the 
metric and nonmetric variables. The mos t 

--
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Figure 2. Speed profiles for routes 1 and 2 of the 
Gatineau Parkway. 
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significant interaction occurs between number of 
occupants and driver age (correlation 0.2542). 
These results indicate that analysis of covariance 
can be safely carried out on all of the metric and 
nonmetric variables listed without concern about 
possible interactions between the two types of 
variables that would confuse the results. 

The results of the analysis of covariance are 
given in Tables 2 and 3. Table 2 gives the results 
of the analysis between the dependent variables and 
the independent variables. For frequency of speed 
change, columns 1 and 2 of this table show the 
overall model to be significant at the 0.0021 
level. Therefore, the variables selected are the 
ones most likely to influence the location of a 
speed change, and no other possible factors have 
been omitted. The fact that there are no 
significant interactions between any of the 
nonmetric var i ables suggests that none of the 
nonmetric variables affect the dependent variable by 
affecting each other. Because this research 
considers a 0. 01 level of significance to be 
adequate, the joint additive main effect is also 
insignificant. In the same way, none of the 
nonmetric variables independently account for any 
significant portion of the variation present in the 
dependent variable. 
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Table 3 elaborates on the statistical findings of 
Table 2 by showing both unadjusted and adjusted 
deviations (the mean of each category expressed as a 
deviation from the grand mean) for each nonmetric 
variable. The n2 for each variable indicates the 
portion of variation in the dependent variable ex
plained by that specific variable. In the fre
quency-of-speed-change variables (columns 2 and 3), 
the observed number of speed changes = 16 percent 
(0.3972 ) by any one nonmetric variable. Age of 
the vehicle and sex of the driver each independently 
account for 7, 6, and 2 percent of the variation in 
the dependent variable. Route geometry indepen
dently accounts for the greatest portion of varia
tion: 70 percent. 

When controlling for the confounding effects of 
the other variables, the contribution made by each 
metric variable to the variation in the dependent 
variable decreases (column 2). Driver age still 
remains the one nonmetric variable that accounts for 
the largest portion of the variation in the 
dependent variable: 5.24 percent. 

The multiple R, the statistic at the bottom of 
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Table 3, indicates the overall relation between the 
dependent variable and the independent variables, 
whereas R1 represents the portion of variation in 
the dependent variable explained by the additive 
effects of all metric and nonmetric variables. Both 
statistics show the ability of the independent 

variables to explain the variation in the dependent 
variable (R = 0.897 and Ra = 0.805). 

From this analysis, it can be concluded that 

1. The variables selected to study the frequency 
of speed changes are a f airly complete set. 

Table 1. Correlation between metric and nonmetric variables. 

Nonmetric Variable 

Driver Vehicle 
Metric 
Variable Age Sex Age 

Leisch's frequency of 
speed change -0.020 4 0.097 76 0.058 81 

Leisch 's magnitude of 
speed change 0.052 58 0.113 61 0.15786 

Number of occupants 0.254 2 0.01249 0.080 9 

Table 2. Analy1ls of covariance. 

Size 

0.032 25 

0.095 4 
0.283 8 

2. The route geometry represented by Leisch's 
frequency of speed change is the strongest single 
factor affecting the frequency or the location of a 
speed change. 

3. Driver age is the second most significant 
factor affecting frequency of speed change. 

Frequency of Magnitude of 

Columns 4 and 5 of Tables 2 and 3 deal with the 
analysis of the second measure of speed variation, 
magnitude of speed change. The fact that the 
overall effect is not significant suggests the 
possibility that other factors besides those listed 
affect the dependent variable. The overall two-way 
interaction approaches significance (0.02), and 
interactions occur between the variables for vehicle 
age and vehicle size, which are close to significant 
(0.08). But, as specified before, only levels of 
~ig~if!~~~~e n_01 or greater were accepted. There
fore, because of the nonsignificant two-way interac
tions, none of the nonmetric variables indirectly 
accounts for the variation in the dependent variable 
through another nonmetric variable. Neither the 
joint additive effect nor any of the main effects 
account for a significant portion of the total vari
ation. Therefore, none of the nonmetric variables 
affects the dependent variable, and none of the met
ric variables or covariates affects the dependent 
variable. 

Source of Variation 

Covariates 
Leisch's frequency of speed 

change 
Leisch's magnitude of speed 
change 

Number of occupants 
Main effects 

Driver 
Age 
Sex 

Vehicle 
Age 
Size 

Two-way interactions 
Age and sex of driver 
Age of driver and age of vehicle 
Age of driver and size of vehicle 
Sex of driver and age of vehicle 
Sex of driver and size of vehicle 
Age and size of vehicle 

Explained 

Table 3. Results of multiple 
clu1ifi08tion analysis. 

Speed Change Speed Change 

Signifi-
cance 

F of F F 

43.535 0.000 00 0.810 

84.573 0.000 0 

1.013 
1.736 0.202 51 1.257 
2.127 0.076 71 1.045 

1.998 0.146 76 2.604 
0.458 0.506 12 0.034 

2.007 0.160 50 0.131 
0.478 0.627 04 0.011 
0.569 0.81979 2.661 
0.013 0.91007 2.193 
0.489 0.620 18 2.189 
0.640 0.639 85 0.475 
1.314 0.260 77 1.314 
0.030 0.864 44 2.265 
0.140 0.870 21 2.738 
5.329 0.002 1 1.792 

Variable 

Leisch's frequency of speed change 
Leisch's magnitude of speed change 
Number of occupants 
Age of driver (years) 

16-20 
W-35 
35-50 
50 

Sex of driver 
Male 
Female 

Age of vehicle (model year) 
Pre-1970 
1970-1975 
Post-1975 

Size of vehicle 
Large 
Intermediate 
Compact 

Multiple R2 

Multiple R 

Signifi-
ca nee 
of F 

0.458 92 

0.326 27 
0.275 59 
0.441 09 

0.080 22 
0.8 54 66 

0.878 32 
0.989 48 
0.029 96 
0.15422 
0.138 12 
0.753 81 
0.260 77 
0.147 977 
0.088 89 
0.098 79 

Columns 4 and 5 in Table 3 show that driver age 
is the single most significant variable, accounting 
for 12.82 percent of the variation in the dependent 
variable. This variable is followed in significance 
by driver sex, vehicle age, and vehicle size, which 
are responsible for 1.06, 0.49, and 0.372 percent, 
respectively, of the total variation of the depen
dent variable. The two metric variables account for 
1.35 and 1.3 percent of the variation. This makes 
these two variables the second and third most sig
nificant variables affecting the dependent vari
able. Because of the near-significant overall two
way interaction, this prohibits further analysis of 
the data (i.e., the adjusted nonmetric deviations). 

The multiple R and Ra indicate the small amount 

Frequency of Speed Change Magnitude of Speed Change 

Unadjusted Adjusted Unadjusted Adjusted 
Deviations Deviations Deviations Deviations 

/3 0.835 544 3 
/30.1161798 

/3 0.443 428 8 /3 0.114 689 
T/ 0.397 /3 0.229 T/ 0.358 /3 0.413 

-0.642 285 28 -2.455 804 1.952 573 2.184 088 
-1.880 948 -0.312 347 4 0.099 993 71 0.105 120 7 
0.741 760 3 -0.810 638 4 -0.409 163 5 -0.483 649 3 
4.357 147 2.793 198 0.180 948 3 0.270 786 3 

T/ 0.108 /3 0.072 T/ 0.103 /3 0.031 
0.199 249 3 0.133 056 6 0.036 590 58 -0.010 833 74 
1.892 853 -1.264 755 -0.347 621 0 0.1028404 

T/ 0.242 /3 0.198 T/ 0.070 /3 0.137 
4.857 147 -0.606 079 1 0.152 485 8 0.669 809 3 
1.489 014 -1.625 046 -0.109 162 3 -0.032 409 67 
0.357 147 2 0.827 209 5 0.041 263 58 -0.034 021 38 

T/ 0.164 /3 0.103 T/ 0.061 /3 0.023 
-0.279 220 6 -0.461 349 5 -0.038 514 14 0.040 445 33 

1.357 147 0.875 396 7 0.098 528 86 -0.006 198 883 
-0.809 524 5 -0.350 418 1 -0.047 625 54 -0.020 256 04 

0.805 0.191 
0.897 0.437 
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of explained deviation provided by the metric and 
nonmetric variables (R2 = 0.191 and R = 0.437). 

From this analysis, it can be concluded that 

1. The variables selec ted t o represent the 
variation in t he magnitude of speed change do not 
adequately ref l ect this vari a tion. 

2. Among the variables studied, the driver 
characteristics (age and sex) s e em to have the 
strongest influence on the magnitude of speed change. 

3. Route geometry, in terms of the variables 
studied, is the second most significant factor 
affecting the magnitude of speed change, but the 
amount of variation it accounts for is very small 
(1. 35 percent). 

Comparing Overlays 

Besides using analysis of covariance to determine 
the sign ific ant factors that affect speed variation, 
speed profiles of the observed vehicles were drawn 
up on transparencies based on the same format and 
scaling used in Leisch' s s peed p rofi l es . The pur
pose of this was to verify the statistical results. 
By using relevant variables to categorize the ob
served p r o files , c omposite drawings were produced 
that s howe d similarities a"nd differences in speed 
pat te rns . These composite drawi ngs a l s o permitted 
the t hird c omponent o f speed variation-the direc
tion of the speed change--to be studied. 

In the attempt to group all profiles by some com
mon denomi nator, g r o upi ng by drive r age a ppears to 
provide the best possible fit . Dr iver ag e is t he re
fore t he f ac t or t hat best acc ounts f o r di rec tion of 
speed change. 

Figure 2 shows, for each of the two routes, the 
relation between Leisch' s theoretical speed profile 
and an average speed profile derived from the 
collected field data. These graphs reinforce the 
statistical findings. They also shed some light on 
the third component of speed variation, direction of 
speed change. It would appear that other variables 
besides route geometry affect this variable. 

CONCLUSIONS AND RECOMMENDATIONS 

This project had two objectives: (a) to determine 
which factors influe nce changes in automobile speed 
along a roadway and (b) to evaluate Leisch's 
speed-profile technique. 

With respect to the first objective, the 
following conclusions are drawn: 

l. Route geometry has a significant effect on 
the location of speed-change frequency. 

2. Driver age is the only other variable that 
significantly affects the frequency of speed change. 

3. Variables such as the age and sex of the 
driver are the most sign ificant factors affecting 
the magnitude of the speed change. 

4. Route geometry affects the magnitude of the 
speed change but much less than do driver 
characteristics. 

5. Driver age seems to be the factor that most 
strongly affects the direction of the speed change. 

6. Route geometry does not appear to have a 
strong effect on t"he direction of the speed change. 

7. Other variables besides those researched in 
this project appear to affect speed variation to a 
certain extent, especially the magnitude of the 
speed change. 

With respect to the second objective, it can be 
concluded that Leisch's technique, as it has been 
formulated, is an acceptable technique for 
determining where speed changes take place. But, 
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since it does not incorpora te into its diagnostics 
the driver element, which appea rs to affect the 
amount and the direction of spe ed changes, the 
t ec hnique should be researched f urther so that a 
d river fac t o r can be incorporated into it. 

In the area of research, the" "following recommen
dations are made: 

1. Because certain speed patterns appear 
randomly across the various factors studied as seen 
throughout the manual technique, there is need to 
further assess other possible factors that affect 
speed variation. The following factors are felt to 
be worthy of study, to d e termine t heir impact on 
speed va r i a tio n: (a) mood of t he driver , (b) 
f amilia r ity with the rou te , (o ) trip p urpose , (d) 
posted speed limit , (el whe t her t he r oute is a 
high-design highway, and (f) whether the route has 
fewer geometric changes. 

2. Further research on Leisch's technique is 
recommended so that driver characteristics, such as 
age and sex, can be incorporated into the technique. 

In the area of highway design, the following sugges
tions are made: 

1. Because the variation in automobile speed 
occurs where the hori zon tal alignment c hanges , the 
designer should car efully c hec k to e nsure that 
adequate sight distances are provided in these 
loca tions, espec ially those that could cause speed 
c hanges greater t ha n 15 km/h (9 miles/h). 

2. As the results for the magn itud e of speed 
change show, there is little the designer can do to 
control this factor. 

3. The designer can do little to affect the 
direction of the speed change. 
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Mandatory Safety-Belt Law: The Saskatchewan Experience 
A. T. BERGAN, L. G. WATSON, AND D. E. RIVETT 

The results otflve survoys conducted in Saskatchowen to dotormlne rates of 
safoty·bolt use are summarized. On July 1, 1977, loglslation w01 paned re· 
quiring oil fronNoat occupants of motor vohlclos to uso the available safoty 
restraints. Tho survey results indicate tho changes In rates of saloty·belt use 
·from Mey 1977, tho period just before the law was paned (when there was 
an Intensive campaign to edue<1to the public to the uso of safety bolu), to 
May 1979, two yenrs after onoctmont of tho law. Information was gathered 
on various driver, vehiclo, restraint·system, and rrlp characteristics to doter· 
mine what rolation1 e1<i1t botween these characteristics and safety-belt use . 
Among tho characteristics con1idored were driver aQO and sex, educational 
lovol, levol of driver education, frequency of sofoty·belt use, nocldont ex· 
perlonco, end number of miles driven par yoar; roadway speed limit; 
length of trip; and vehicle size, model, and year of manufacture. Rates 
of safety-belt use woro higher for variou1 conditions, including drivers 
between tho ages of 26 and 36; melo drivers; drivers with a high school 
education or batter; and compact, forolgn· rnado, and/or ncwor vohiclos. 
It was found that, since tho pessago of the safoty·belt law, Injury and 
fatality rates have dllcreased In the province oven though total accidanu 
and miles driven par year have increased. 

In an effort to increase the use of safety belts in 
vehicles, the province of Saskatchewan passed a law 
on the mandatory use of safety belts on July l , 
1977. To measure the effects of the law and of 
publicity campaigns and enforcement, five surveys of 
safety-belt use were conducted and analyzed to 
obtain an unprecedented picture of safety-be.l.t use 
before, during, and after the introduction of the 
law. 

Table l indicates the extent of the major 
surveys, which were conducted in the month of M~y in 
1977, 1978 , and 1979. The surveys were made at 
sampling stations throughout the province, on urban 
streets, provincial highways, and municipal roads . 
All vehicles except emergency vehicles, buses, and 
trucks with a gross vehicle weight (GVW) greater 
than 10 000 lb were included in the surveys. 

RATES OF SAFETY-BELT USE 

The May 1977 survey 
safety-belt use before 
reflects the effects of 
program conducted during 
rate of use at that time 
percent. 

indicates the rate of 
the law was passed and 
an intensive educational 
that period. The average 
was slightly less than 20 

Rates of safety-belt use appeared to be a 
function of a number of factors. Various driver and 
vehicle characteristics had a favorable effect. 
Rates of use were better for post-1974 vehicles, 
American Motors vehicles, compact and subcompact 
models, vehicles equipped with safety-belt warning 
systems, drivers under the age of 45 and 
particularly between the ages of 26 and 35, and 
drivers with a high school education or better. 

A limited survey conducted in July 1977 indicated 
the effects of the safety-belt legislation. The 
average rate of use had increased to more than 52 
percent. A second limited survey conducted in 
October 1977 indicated the effects of enforcement 
and ongoing publicity campaigns. On an overall 
basis, the rate of safety-belt use had increased to 
more than 70 percent. 

During May 1978, a fourth survey was conducted to 
determine the effects of ongoing publicity and 
varying levels of enforcement. Rates of safety-belt 
use had declined to slightly more than 55 percent. 
The effect of enforcement was more significant in 
larger urban centers than in smaller urban centers 
that had more nonlocal and out-of-province traffic. 
Nonlocal drivers may have been less aware of local 
laws and police policy. 

A fifth survey was conducted in May 1979 as part 
of the continuing program to monitor safety-belt 
use. Rates of use had leveled off to an average of 
64 percent. Enforcement levels were also being 
monitored and were compared with corresponding rates 
of use at specific locations. 

The total number of accidents and miles driven in 
the province have increased each year, whereas since 
July 1977 injury and fatality rates have decreased. 
In order to keep injuries and fatalities to a 
minimum, it will be necessary to maintain a high 
rate of safety-belt use by means of publicity 
campaigns and enforcement. 

SURVEY DESIGN 

The design for the Saskatchewan surveys attempted to 

1. Establish profiles of vehicle, driver, and 
environmental characteristics: 




