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CHAPTER I 

INTRODUCTION 

Motor vehicle registration and average vehicle speed are both in~ 

creasing, and roadway intersections are being used jointly by both 

vehicles and pedestrians.· However, high-speed, heavy vehicles and 

slower moving, fragile pedestrians are not very evenly matched when 

there is a question on right of way. Therefore the addition of the 

pedestrian to the traffic stream gives the traffic engineer a complex 

system of four elements: the vehicle, the road, the driver and the 

pedestrian to which conventional systems of approach will not always 

give a satisfactory solution. In fact, pedestrians are equally respon~ 

sible for highway safety and smooth, efficient operations as drivers 

and should be held equally liable for accidents and smooth flow of 

traffic. 

Traffic engineers have been dealing with the pedestrian safety 

problems for a long time, but the possible effect of pedestrian move"" 

ment on vehicular flow at at-grade intersections has had relatively 

little attention and the attempts to use various concepts of the three 

E's approach (Engineering, Enforcement, Education) to the problem of 
, 

pedestrian crossing have not met with a very high degree of success. 

Many engineering ideas that have.been applied to the safety problem at 

intersections may also be utilized to help accomplish smooth pedestrian 

and vehicular flow. 

Most intersections, particularly in urban areas, are still at-grade 

crossings and must be considered in any study of the pedestrian effect 

on intersection vehicle flow. One method that has been considered as a 
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solution to many problems of pedestrian-vehicle friction is the exclu-

sive1·"scatter1" pedestrian phase in the signal cycle, but this approach 

has a disadvantage because a uniform reduction in available green time 

for vehicle traffic is experienced regardless of the.pedestrian volume 

through the intersection. · Another possibility is the grade separation 

· of vehicles and pedestrians at intersections; this approach has been 

recognized as the ideal solution to reduc~ interference between pedes-

trian and vehicle flow •. However1 the capital investment and physical 

restriction limits the use of this solution. ·· Therefore. special pedes-

trian. walkways .such as tunnels and oveJ;"passes have .. been used only at 

locations of very high pedestrian and vehicular volumes such as schools, 

factories 1 sports arenas, over freeway locations, etc. 

Safety is the primary conside.-ation for the pedestrian at inter-
'' ' 

sections, but. the possible effect of pedestrian movement on pedestrian-

vehicle friction should be considered seriously. In fact, the pedes-

trian effect on the vehicle fle>11 is completely.omitted in the analysis 

of intersection capacity in the Highway Capacity Manual (HCM) [8). 

This study.attempted. to determine the effect of pedestrians on 

vehicular flow, in terms of.vehicle delayi at: at-grade intersections.by 

identifying so11ie of the relevant variable~ that affect both the,pedes-

trians and the vehicular flow. The variables that were selected are· 

quantifiable factors for which the data are.relatively easy to collecto 

These factors were used to form a statistical relationship among vari-

ables by multiple regression analysis. The independent variables that 

were shawn to have the most significant effect on pedestrian"."vehicle 

friction were included in.the regression models.for the different types 
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of intersection operations. These models should be· capable of estimating 

-the vehicle delays caused by pedestrian-vehicle friction. 



CHAPTER II 

LITERATURE REVIEW 

Before proceeding to the formulation of a relationship which satis-

factorily describes the pedestrian effect on vehicle flow at at-grade 

intersections it is essential to review previous studies concerning the 

coordinated movement of pedestrians and vehicleso 

The factors affecting vehicular flow at an at-grade intersections 

may be broken into four general catagories as cited in the HCM [8]o 

1. 

2. 

3. 

4. 

Physical and operating conditions 

Environmental conditions 

Traffic characteristics 

Control measures u 

The pedestrian itself is a physical element of the intersection 

and must be given the same consideration as any other factor of the 

physical and operating conditions. Miller (11] states that, "super-

vising, controlling, guiding, or planning any phase of the traffic 

problem means dealing with human beings and no one is perfect.n Errors 

occasionally do occur. Striving always to be broadminded, sincere0 

tolerant and to consider the other person's viewpoint and problems will 

promote efficiency and good relations. Valuable time will be saved 9 

life will be more pleasant, and most important, we shall go farther 

toward accomplishing our goal - the prevention of congestion, accident, 

injuries, and death on our streets and highways. 

The pedestrian reactions at the curb must be considered along with 

all other environmental factors for the i~tersection. A study by Di 

Pietro [5] showed that the number of pedestrians waiting at curbside 
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has a significant effect on the near side gap as well as the near side 

plus far side gap accepted in seconds by an individual pedestrian 

within the group. Statistically, it was also found that volume of 

traffic enters into the pedestrian crossing decision. Group crossing 

speeds were found to be slower than individual crossing speeds and 

groups of pedestrians accepted shorter gaps than individual pedestrianso 

Manual of Pedestrian Safety [l] shows that pedestrian fatalities 

are declining while the non-pedestrian fatal_ities are increasing. 

Relative to the vehicle miles of travel there was a 78 percent reduc~ 

tion in pedestrian deaths between 1937 and 1962. Five percent .of the 

pedestrian deaths occur in the CBD, but 70 percent of these are within 

intersections. Statistics have also shown that pedestrians involved 

in accidents are well acquainted with conditions; 83 percent of fatal~ 

ities were frequent users and 75 percent of non-fatal accidents in-

volved frequent users. The most hazardous movement is the straight . 

through movement, and it has been shown that left turns are twice as 

hazardous as right turn movements. Therefore, serious consideration 

must be given to the pedestrian vehicle friction problem so that the 

favorable trends will not be reversed$ 

Virginia Traffic Crash Facts [15) show the following resultss 

Accidents Alcohol Intersection Accidents 
Total Involved 
Deaths Injuries Deaths Injuries Deaths Injuries 

1967 195 2228 54 266 26 674 
1968 232 2535 46 248 20 481 
1969 222 2161 54 256 33 508 

Some traffic characteristics of the intersection must also be 

given serious consideration. Wegmann [18] has shown that the acceptable 
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gap or degree of chance that a pedestrian is willing to take is a func-

tion of: 

1. Speed of approaching vehicle direction 1 

2. Speed of approaching vehicle direction 2 

3. Average number of waiting pedestrians 

4. Average delay of waiting pedestrians 

s. Sight distance of intersection 

6. Characteristic of pedestrians 

7. · Environmental conditions 

8. Width of roadway to ~e crossed 

A study by Hoel [9] showed that the mean walking speed of pedes-

trians was approximately 4.80 feet __ per second. The mean for men was 

4.93 fps. and for women 4963 fps. The speeds vary depending on the 

trip purpose, 4.92 fps. 8:00.A.M.-to 9:00 A.M. work oriented and 4.45 

fps. 1:00 P.M• to 2:00 P.M. shopping and business purposes. The walk• 

ing speed of the pedestrian has a significant effect on the exposure 

time or time that he is:subject to cause a vehicle delay~ 

The_ control measures are probably the most important factors when 

considering pedestrian-vehicle-. friction. Generaliy, ·crosswalks should 

be marked in all areas to clearly delineate where pedestrians should 

cross the roadway [2]. The marking should conform to the Manual of 

Uniform Traffic Control Devices (14]. 

A study by Welke [17) pointed out that a multiphase operation 

gives rise to unacceptable delays. A "share the-green" system reduced 

- cycle length by SO percent over the "scatter" system. Since. adjust-

ments .were made in the signal system, ·traffic moves freely in the study 
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area without traffic back up and without racing pedestrians., 

A study in Toronto by Rotman [13] showed that the use of the prop-

erly marked pedestrian crossing gave a much more efficient operation, 

less delay, than either pedestrian actuated signals or a pretimed 

pedestrian phase in the signal cycle. The accident records also re-

flected that there were fewer accidents where the pedestrian crossing 

was used than at signalized location. The pedestrian crossing system 

used in Toronto was composed of lines on the roadway, signs over the 

roadway, no signal, and warning signs in advance. This operation was 

set up with distinctive pedestrian laws which were backed by enforce-

ment. A comprehensive education program was conducted prior to putting 

this system into _operation, and a public opinion poll conducted for 

this system showed that 88 percent of the population had favorable 

opinions. This was a very flexible system which utilized cooperation 

between pedestrians and drivers and created minimum delay. 

Box [4] has shown that pedestrian signals, if used for minimum 

delay and maximum efficiency, would frequently operate during absolute 

peak periods such as for persons going from industrial plants and of-

fice buildings. In the absence of a better type controller system, the 

"Time clock controlled fixed time" controller appears pref erablea In 

most cases, pedestrian fixed time signals that are of the continuous 

operating type should not be used. The "scatter" pedestrian phase 

gives a uniform vehicle delay regardless of the pedestria~ volume 

through the intersection. 

Concerning the capacity of a street networkp intersections are 

usually capacity bottlenecks. The most common method of attempting to 
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increase the capacity of a network has been to make a change in the 

signal cycle or in the widening of the arterial streets. Vuchic (16] 

has shown that the vehicular capacity of signalized intersections with 

a separate pedestrian phase increases with their street width at a 

decreasing rate, reaches an absolute maximum around 110 feet, and then 

begins to decrease. Street width being directly related to pedestrian 

crossing time, it is therefore a very important factor· in the vehicular 

capacity of at-grade intersections. Consequently. the traffic engineer 

must view the pedestrian at at-grade intersections as an element of the 

traffic stream in order to provide an optimal solution. One possible 

improvement for the wide street situation is the use of pedestrian 

refuge islands in the center of multilane divided arterialso 

Miller (11) has pointed out that .a good pedestrian program requires 

(1) public support; (2) sound regulation; (3) proper traffic engineering 

devices and markings; (4) proper enforcement; (5) a continuous educa-

tional program; and (6) a lot of courage. 



CHAPTER III 

ANALYSIS OF RELEVANT VARIABLES 

From the review of previous studies concerning vehicular flow at 

signalized intersections, it was found that the statistical model 

building technique has been the most successful technique in explaining 

the relationship between independent variables. For example• the CEIR 

multiple regression models (19) which used some of the same data for 

the HCM intersection capacity factors analysis was used as a guideline 

in this study of the pedestrian effect.on at-grade intersection vehicle 

flow. Before the development of a multiple regression model can pro-

ceed• one of the first and most important considerations is the iden-

tification of significant variables which affect pedestrian-vehicle 

friction. 

The criteria used in this study for the selection of variables are 

the factors for intersection capacity that have been shown to have a-

significant effect on pedestrian vehicle friction by previous studies 

or other variables which may have a significant effect on pedestrian-

vehicle friction~ The following variables were considered to have pos-

sible effects upon the vehicular traffic flow where the pedestrian 

vehicle conflict occurs. These variables are grouped into three cate-

gories; the pedestrian. the driver, and the environment as follows.: 

1. The Pedestrian 

a. Understanding of the traffic control system 

b. Familiarity with roadway geometry 

Co Trip purpose and length 

d. Defects in sight or hearing 

-9-
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e. Psychological condition and possible blood alcohol content 

f. Attitude toward vehicular traffic 

g. Age and Sex 

2. The Driver 

a. Attitude toward pedestrians 

b. Psychological conditiQn 

c. Age and sex 

d. Familiarity with pedestrian traffic regulations 

e. Defects in sight 

f. · Desir.able vehicle speed 

g. Vehicle performance capability 

3. The Environment 

a. Enforcement campaign 

b. Educational campaign 

c. Clarity and uniformity of traffic control systems 

d, Weather conditions 

e. Physical layout of intersection and type of signalization 

f. Pedestrian and vehicle volumes 

g, Parking conditions and bus stops 

h. The percent of turning movements 

i. The total cycle length or the maximum red interval 

j, Location within metropolitan area 

After consideration was given to all possible variables for this. 

problem, nine variables that were considered to be the most signif i-

cant to vehicular flow were selected for the final analysis. These 

nine variables and the reasons for selection are presented as follows: 
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Number of Pedestrians Involved (X1) 

The greater the amount of pedestrians involved in the pedestrian-

vehicle friction the higher the probability of a larger vehicle delay 

due to the increase in pedestrian-vehicle f rictiono 

Pedestrian Violations (X2) 

The greater the number of pedestrian violations the higher the 

probability of a possible vehicul~r delay as a result of an increased 

possibility of pedestrian-vehicle friction. For example, a pedestrian 

may be considered to be in violation if he departs the curb on a green 

signal for the street that he is crossing or on a yellow signal for 

the connecting streeto 

Parking Conditions (X3) 

Parking near the intersection could reduce exposure time by reduc-

ing the effective street width which may reduce possible vehicle delayso 

This variable may be quantified by the number of sides of legs of the 

intersection on which parking is permissibleo Loading zones should be 

counted as parking areas, but corner bus stops should not be considered 

parking areas. 

Vehicle Volume (X4) 

Increased vehicle volume may increase the probability of a vehicle 

delay due to a possible increase in pedestrian-vehicle frictionQ This 

value is the total vehicle volume on all legs of the intersection for 

a given interval. 
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Pedestrian Volume (X5) 

An increase in pedestrian volume may also increase the probability 

of a vehicle delay due to a possible decrease in length of gap accep-

tance. This variable value is the total pedestrian count for all 

pedestrian movements in a given intervala 

Percent of Left'Turns (X6) 

The probability is high that a substantial increase in vehicle~ 

pedestrian friction.may occur with an increased percentage of turning 

movements as a result of the increase in exposureo 

Percent of Right Turns CX7) 

The high probability of increased pedestrian-vehicle friction can 

occur during the right turning movements • 

. Maximum Red Interval (X8) 

Maximum red interval was considered to be of possible importance 

because a long red interval may reduce gap acceptance which could havt;l 

an effect on the vehicle-pedestrian friction. The length of the cycle 

was found to have significant correlation in the Washington, DoC., 

intersection traffic flow studies [17). 

Street Width (X9) 

Street width determines the length of time or space which is sub= 

ject to the pedestrian-vehicle frictiona This distance was measured 

from curb to curb on all intersection legso 

Vehicle Seconds of Delay (Y) 

Vehicle seconds of delay. the product of the number of cars in the 
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queue and the time that they are delayed, was used as the dependent 

variable for this analysis. This value can be a measure of the loss in 

vehicle flow through an intersection. Therefore, in this study it will 

cover only the vehicle delay which was caused directly by pedestrians 

interfering with the vehicle traffic stream. 

Many other factors were also considered as being important factors 

in the determination of the pedestrian-vehicular friction effect on the 

vehicular flow through the intersection but were deleted from this anal-

ysis as a result of some peculiarity in the data collection procedure 

for the six study intersections. 

1. Bus Stops - Four of the six intersec.tions had one bus stop 

each; one intersection had two bus stops and one of the six did not 

involve any bus stops. 

2. Total Cycle.Length• All six of the signals had 70 second 

cycle lengths. 

3. Location within Metropolitan Area - All intersections have 

Central Business District (CBD) characteristics; therefore, no attempt 

was made to include an adjustment £actor for the area of the metropoli-

tan area in the analysis. 

4. Metropolitan Area Population - All data were collected in the 

same city; therefo.re, the Metropolitan population for all samples 

would be in the half million population range. 

s. Crosswalk Marking - All sample locations, except one, had the 

crosswalk markings in place. Visual inspection of the data did not 

show any significant difference at this one location. 
' 

6. Types of Signalization - All signal systems at the study loca-
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tions were "share the green" systems with turning movements being per~ 

mitted while the pedestrians were crossing the intersecting streeto 



CHAPTER IV 

DATA COLLECTION 

After reviewing the intersection capacity section of the HCM (8] 

and the other previous work in the field of intersection vehicular 

flow, the decision was made to select the study intersections in Rich-

mond, Virginia, as shown in Appendix, Figure 13. This decision was 

based on the larger population of the metropolitan area, the dense 

vehicular traffic, the dense pedestrian movement and the large central 

business districto 

The limitations affecting the data for this study as a result of 

the selection of Richmond for the study area would be relative to the 

metropolitan area population and the central business district of the 

cityo Serious limitations were not imposed because Richmond has a 

metropolitan population of approximately fivehundred thousand and has 

a relatively typical CBD. This problem is not considered serious be-

cause the vehicle-pedestrian friction does not become a significant 

problem until the metropolitan population becomes rather large and then 

should not change significantly relative to an increase in population11 

A, Sample Intersections 

Three out of the six intersections selected consist of all one-way 

street legs. These three intersections are 8th and Marshall 11 8th and 

Main, and 5th and Grace as shown in Appendix, Figures l,·3 and Se Main 

and Grace Streets are high volume westbound traffic arterialse Marshall 

carries a relatively high volume of eastbound traffic. Both 5th and 8th 

Streets are one-way cross streets (north-south) which carry a relatively 

high vehicle volume and produce a high frequency of turning movementse 

-1s-
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The other three intersections selected are junctions of one one-way 

. street and one two-way. street. These three are the inters.ections of , 

9th and Main Street, 11th and Marshall, and Harrison and Franklin as 

shown in Appendix, Figures 7, 9 and 11. As stated above, Marshall and 

Main are high volume eastbound and westbound arterials, respectivelyo 

Franklin Street is also a high volume eastbound arterial. Ninth• 

11th, and Harrison are tw-way cross streets (north-south) which pro-

duce a high frequency of turning movements. The fluctuations of both 

vehicle traffic volume and pedestrian volume at all study intersections 

are shown in Appendix• Figures 2, 4, 6, 8, 10 and 12. 

B. Collection Procedure 

The data collection phase of this study was conducted by three 

persons at the two locations on Marshall Street and the one location 

on Franklin Street. The equipment used was two twelve-key counter 

boards; one to record the vehicular volume and turning movements and 

the other to record the pedestrian movements. The third person had a 

watch which was used to determine the vehicle seconds of delay caused 

by the pedestrian-vehicle friction .. 

In the data collection phase on the two Main Street locations and 

the one intersection of Grace Street an additional observer was in-

volved due to the relatively high pedestrian volume. Three used 

twelve-key counter boards and one used the watch to determine the ve-

hicle delays. The counter boards were used in the following manner: 

one was used to determine vehicular volumes and turning movements; two 

were used to determine the pedestrian movements, each being used for 

half of the intersection by breaking the workload down .to pedestrian 
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departures from each of two street corners. 

Data were collected for all variables simultaneously from 11:00 

A.Mo to 1:00 P.M. on Tuesday, Wednesday or Thursday. This period was 

broken down into eight 15-minute intervals. The above time period was 

chosen because a preliminary field observation showed that pedestrian 

movement and vehicle traffic flow were both high during this times 

One of the key points to consider in any study involving data col ... 

lection is the data reliability. Therefore, sufficient equipment and 

personnel, who were skilled in collection of this type of data, were 

utilized so that the data used for this study would be reliable. 
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CHAPTER V 

MODEL DEVELOPMENT 

After the relevant variables have been identified and the dai:a on 

these variables have been effectively collected, a statistical method, 

the multiple regression technique, was utilized to formulate a relation-

ship which will, to some extent, describe the effect of pedestrian 

movements on the vehicle traffic flow at the study intersections. It 

is hoped that ~he resulting relationship would be meaningful in both 

the general case where the data from all test intersections are in-

eluded and in the specific case where the data irtput is limited to 

similar types of intersection operations. 

A. . Modeling Techniques 

Two regression analysis programs that were developed by the Health 

Sciences Computing Facility, University of California (6) were.used for 

the computer analyai111. 

The BMD02R, a stepwise regression program, was first used to 

determine the most significant variables from the nine that were con-, 

sidered• This program comp:uted a sequence of multiple linear regrea-

sion equations in a stepwise manner. At each step one variable is 

either added or deleted from the regression equation. The variable 

added is the one which makes the largest reduction in the error sum of 

the squares, residual sum of the squares, and has the highest partial 

correlation coefficient with the dependent variable partialed on the 

included variables; and the variable which if added would have the· 

highest F value. Variables are automatically r_emoved if their F values 

become too low •. 

-18-
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' The criteria used in this analysis were a 0.10 F-level of signifi-

cance for an independent variable to enter the model, and if the F-level 

of significance for any independent variable in the model was below 

0.05 0 that variable would be removed. 

After the stepwise regression program was used to determine the 

independent variables to be included in the model, BMD03R, a multiple 

regression with case combinations program in which the variables in t11e 

model must be specified, was then used to analyze the data againo This 

program gives the correlation coefficients for all of the variables· in 

the model, and a table of residuals for the dependent variable in ~he 

model. 

B. Model Formulation:.. 

Three models were developed in this study. The first model 19 

Model 1, was one that used the data from all six study intersections. 

The second model 9 Model 2, was derived from the three intersections 

with one-way - one-way operations. The third model developed 9 Moael 

3, was applied to the one-way - two-way intersections. The resulting-

models from this analysis are: 

y • - 87.10 + 2.48 xl + o.2s X4 - o.os XS+ 2.67 X7 (1) 

R • 0.941 

R • 0.931 
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Y • - 164.67 + 2.19 x1 + 0.30 x4 + 1.78 x6 + s.46 x7 (3) 

where 

R • 0.961 

E • 37.47 s 

R a multiple correlation coefficient 

E8 • standard error of estimate 

The procedure of the stepwise regression analysis for developing 

the above models are presented in Tables I-III in the Appendixo 

The multiple correlation coefficient indicates the degree of 

association between the independent variables and the dependent vari-

able in the model (3). The higher the value of "R," the greater the 

reliability of the association. 

The standard error of estimate indicates the degree of variation 

of the data about the regression line (12). This is a measure of the 

error to be expected in predicting the dependent variable from the in-

dependent variables in the model. 

c. Model Evaluation 

In the evaluation of a statistical model developed by multiple 

regression analysis, one of the more important considerations is the 

statistical relationship between the dependent variable and the inde-

pendent variables in the model. The variables Pedestrians Involved 

(X1) and Vehicle Volume (X4) appear in all three models. The number 

of pedestrians involved in the delay resulting from pedestrian-vehicle 

friction is an obviously important £actor in the vehicle delay value~ 

The greater the number of pedestrians involved, the greater the delay 
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time that will be experienced, The vehicle volume through the inter-

. section will.also have a significant effect upon the vehicle·delay time 

experienced, because the greater the vehicle volume, the greater the · 

exposure rate or probability of a delay. 

The percentage of left turns, x6, is also significant in the deter-

mination of the vehicle delay time, Past studies have shown that turn-

ing movements increase the pedestrian-vehicle friction which contributes 

to the delay time to be expected •. This variabJ,.e could appear in all. 

three models but was not included in the combined type of intersection 

model, because it was.thought that th.is variable.did not give a signi-

ficant increase in the R value to justify its inclusion. It also ap-

peared that four independent variables gave a sufficiently stable 

model, 

Average street width, x9, could appear in both models for the spe-

cific type of intersections'• but was not included in Model 3 due to an 

insufficient increase in R value~ This can be expected because an in-

crease in street width increases the exposure time or probability of 

friction between vehicle and pedestrian traffic, 

The pedestrian volume, x5, appears. in both the combined types of 

intersection model and the one-way - one-way situation model. This 

again is a case where increased exposure or probability.of a conflict 

occurs with the increased pedestrian volume, Past studies (5) have 

also shown that a pedestrian in a group will take a greater risk than 

an individual pedestrian waiting on the curb. An increase in pedestrian 

volume gives a greater probability that a group situation exists; how-

ever, the data for this study do not reflect group size. 
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The percentage of right tums, x7, appears in both the combined 

types of intersections model and in the one-way - two-way intersection 

model. Again, this is a case confirmed by past studies [l] which in--

dicates that turning movement increases the pedestrian vehicle conflict 

which increases the vehicle delay time. 

The parking conditions, x3, was not included in the one-way - one-

way intersection model because it was thought that its inclusion did 

not give a sufficient increase in the R value to justify the additional 

variable. The five variables, included in this model should give a suf-

ficiently stable solution. 

The variables x2, pedestrian violations, and x8, maximum red inter-

val, do not appear in any-of the models, because they were not signifi-

cant at an F-level of 0.10. 

This study shows preference to the two model approach; however9 

the fact that Model 1 has a rather high R value should not be over-

looked. Model 1 may also be applied to a two-way - two-way inter-

section to determine what range o.f vehicle delay times could be ex-

pected or are being experienced at that type of location. The two-way -

two-way intersection is not in general use in the urban area where both 

a high volume of pedestrians and a high volume of vehicles are found; 

therefore, no separate model was attempted for this type inte~section. 

There are two disadvantages of the use of two models. There is 

a loss of simplicity when more than one model is used, because more 

equations are required to analyze a series of different type_ inter-

sections. There was also a reduction in sample size; however, this is 

not critical because all of the data used for this analysis applied 

pnly to a specif :lc type of intersection. 



CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH· 

This study was initiated to determine the statistical relation-

ship between the significant independent variables presented in this 

study and the vehicle seconds delay caused by pedestrian-vehicle fric-

tion at at-grade intersections with "share the green" type signaliza-

tion. A significant relationship was found to exist in the above case 

and the three models developed in this study are the result of the 

multiple regression anal.ysis of data on these relevant variables. 

Each of the three models developed in this study have high R 

values and have passed F tests at 0.10 significance; therefore, their 

use should p.roduce estimates which are very near the actual vehic~e 

seconds delay values resulting from pedestrian vehicle friction that 

are being experienced at the intersections where they are used. Sta-

tisticians have shown that high Rvalues do not necessarily mean a 

good regression model if the independent variables that are used have 
~ 

little or no effect on the dependent variable; however, it is not 

thought that this is the case in this study because previous studies 

have also sh0wn that the variables that were significant to vehicle 

flow in this study were also significant in those studies. 

It is thought that.further research is still needed in tbe field 

of vehicle delays resulting from pedestrian-vehicle friction so that 

better guidelines can be developed for coo·rdinated, smooth pedestrian 

and vehicle movement through at-grade intersections. 

The following specific recommendations for further research are 

made: 

-23 .. 
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1. Each of these three models should be field.tested under much 

more extensive conditions, The six intersections were considered suf-

ficient for statistical validity, but a more extensive test may show 

any shortcomings that these models might haveo 

2, An attempt should be made to develop models with a larger 

sample size, maybe in the range of 100 to 300 intersectionsG 

3. Serious consideration should be given to the possibility of 

including a pedestrian effect factor in at-grade intersection analyses. 

At the present time this type factor is non-existent, but as this study 

has shown, there is a definite effect resulting from pedestrian-vehicle 

friction. 
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TABLE I 

Model l 

Stepwise Regression Eguations 

Model 

y • 19.15 + 2.36 x1 

Y • - 40.65 + 2.16 x1 + 0.23 x4 

Y • - 26.79 + 2.42 x1 + 0.20 x4 

- 0.05 x5 

Y • - 87.10 + 2.48 x1 + 0.25 x4 

- 0.05 x5 + 2.67 X7* 
Y • - 160.60 + 2.19 x1 + 0.35 X4 

- 0.03 x5 + 2.86 x6 + 4.17 x7 

*Final Model 

R 

0.917 

0.934 

0.937 

0.941 

0.943 

Es 

42.54 

38,68 

38,05 

37.40 

37.26 

F 

244 

153 

106 

83 

67 
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TABLE II 

Model 2 

Stepwise Regression Equations 

Model 

y • 13.40 + 2.42 x1 

y. - 97.85 + l.s2 x1 + o.s2 x4 
Y • - 161.43 + 1.39 x1 + 0.43 x4 

+ 14.52 x6 

Y • 120.56 + 1.88 ~ + 0.35 x4 
- 0.06 x5 + 12.62 x6 

y • - 3715,58 + 2,63 x1 - 0.28 X4 

R 

0.862 

0.891 

0.906 

0.914 

- 0.19 x5 + 12.70 x6 + 90.49 x9• 0.931 

Y • - 4783.47 + 2.35 x1 + 20.67 x3 

- o.s4 x4 - 0.16 x5 + 14.33 x6 

+ 115,85 x9 0.935 

*Final Model 

E 
8 

43.60 

39.89 

38,18 

37.53 

34.65 

34.78 

F 

63.6 

40.6 

30.5 

24.1 

23,5 

19.6 
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TABLE III 

Model 3 

Stepwise Regression Eguations 

Model R E F s 
y • 24.73 + 2,32 Xi 0.940 42.93 166.9 

Y • - 36,62 + 2,23 Xi + 0,21 x4 0.955 38.10 109.3 

Y • - 119,91 + 2,32 x1 + 0,24 x4 

+ 4,68 x7 0.960 36.81 78.9 

Y • • 164,67 + 2,19 Xi + 0,30 x4 

+ 1,78 x6 + 5,46 x7• 0.961 37.47 57,2 

Y • 12.81 + 2.21 x1 + '0,31 x4 

+ 5,00 x6 +.5.96 x7 - 5,56 x9 0.963 37.52 45,8 

*Final Model 
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FIG. 3 

INTERSECTION OF 8 TH AND MAIN STS. 
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• FIG. 5 

INTERSECTION OF 5 TH AND GRACE STS. 
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FIG. 7 

INTERSECTION OF 9 TH AND MAIN STs. 
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FIG.9 
INTERSECTION OF llTH AND MARSHALL 
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FIG. 11 

INTERSECTION OF HARRISON AND FRANKLIN STS. 
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PEDESTRIAN EFFECT ON AT-GRADE 

INTERSECTION VEHICULAR FLOW 

by 

John Robert Nesselrodt 

Abstract 

The basic objective of this study was to identify relevant vari-

ables that are significant to the pedestrian effect on vehicle flow at 

at-grade intersections. The data on these variables were collected 

and analyzed to determine if a statistical relationship existed be-

tween these selected variables and the vehicle seconds of delay being 

caused by pedestrian-vehicle function as a result of both vehicular 

and pedestrian movements at the study intersections. 
' The multiple regression analysis of the data for this study pro-

duced three regression models which should give accurate estimates of 

the vehicle seconds of delay. The first model included the data for 

all six study intersections, three with all one-way streets inter-

secting and three with one one-way streets and one two-way street 

connecting. The second model was applied to three intersections with 

one-way streets intersecting. The third model was derived from the 

data on three intersections with two one-way street legs and two two-

way street legs. These models all have high multiple correlation co-

efficients, 0.93 or above, and passed F tests at 0.10 level of signi-

f icance. Therefore, a definite statistical relationship was found to 

explain the pedestrian effects on vehicle delay at typical urban 

intersections. It is hoped that this study will stimulate further 

research and development in the field of pedestrian effect on vehicle 

flow at at-grade intersections. 
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