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PREFACE 

The primary objective of this effort can best be described as one 

in which its producer, recognizing a need for an effective numerical 

rating system to assess relative urban street quality, proposes to de

velop a particular method or framework for this indexing. The result, 

presumably, will provide those using it with a tool offering improve

ments over current methods. 

There is another consideration which seems appropriate as a 

prefatory remark; specifically, the data collection phase required more 

than one individual and since one of the traffic characteristics selected 

for traffic rating purposes in this dissertation has a broad nature, it 

was deemed desirable to have collaboration with other student research 

activity. 

Mr. Glenn Foster, in investigation for work that he intends to 

develop into a master's thesis in civil engineering at The University 

of Arizona, joined the author for some, data procurement. A sub

stantial amount of data gathered for this study is thus to be used in 

Mr., Foster's study. We're confident of the advantages inherent to 

this approach, as one student's effort tended to reinforce the other's 

and vice-versa. 
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iv 

The author wishes to thank Dr. Rudolf A. Jimenez who served as 

the director of dissertation. Appreciation is also given to Dr. Martin 

Nizlek and Mr. H. L. Danforth for their guidance in the preparation 

of this manuscript. Appreciation also is given to Dr. Donald L. Woods, 

Texas A & M University, who suggested the general area for study and 

gave advice throughout the course of its development. 

The guidance given by Dr. Henry Tucker in formation of the ex

periment and in analysis and interpretation of results was invaluable; 

his untimely death was a heartfelt loss personally and within the uni

versity community. In substitution for Dr. Tucker, Dr. Robert O. 

Kuehl has provided helpful assistance; his willingness to serve on the 

committee is appreciated. 

Mr. Gerald Craig is cited for his helpful assistance in preparing 

instrumentation and data gathering. 

Thanks are extended to Mrs. Rosemary Matus for her excellent 

typing of the manuscript. 

Finally, to my wife Thea and our daughters Lisa and Krista, I 

give a special expression of appreciation for their perservering sup

port and encouragement during "the many years. " 



TABLE OF CONTENTS 

Page 

LIST OF TABLES viii 

LIST OF ILLUSTRATIONS ix 

ABSTRACT xi 

INTRODUCTION 2 

The Problem 1 
Research Objectives 4 

MEASUREMENT OF URBAN STREET QUALITY 
AND ITS IMPORTANCE 6 

The Need for a Descriptive Service Rating Indicator . . . 10 
Problems in Benefit-Cost Ratio Method 11 
Problems in the Value of Time. .  13 
Priority Index Consistency 13 
Development of Street Improvement Plans 

in Tucson \ . . . 15 
Associated Factors in Urban Street Quality . . .. 17 
Previous Studies on Traffic Quality 21 

Proposed Measurement of Urban Traffic Quality .25 

INDICATORS OF THE QUALITY OF TRAFFIC SERVICE . . . 27 

Delay. .  . 31 
Delay Characteristics for Urban Areas 33 
Measurement of Delay 35 
Application in Traffic Rating 38 

Acceleration Static 39 
Definition and Discussion 39 
Mathematics of Acceleration Static 46 
Measurements for Acceleration Static 49 

v 



vi 

TABLE OF CONTENTS--Continued 

Page 

MODEL FORMULATION AND DEVELOPMENT 
OF METHODOLOGY 51 

Study Procedures 55 
Development of Technique 58 

MEASUREMENT APPARATUS AND DATA 
COLLECTION PROCEDURES 64 

Recording Speedometer 64 
Quality Rating Forms 65 
Supplemental Equipment 67 
Amount of Data Required 69 
Accuracy of the Data 70 
Reduction of Data for Computation 71 

ANALYSIS AND DISCUSSION OF EXPERIMENTAL RESULTS. .  73 

Summary of Findings 91 
Applications 93 

CONCLUSIONS AND RECOMMENDATIONS 
FOR FURTHER STUDY 98 

Conclusions 98 
Further Study Needs 99 

APPENDIX A: METHOD FOR STAGE 3 . . 102 

APPENDIX B: METHOD FOR STAGE 4 110 

APPENDIX C: METHOD FOR STAGE 5 Ill 

APPENDIX D: DETERMINATION OF PREDICTIVE ABILITY . 117 

APPENDIX E: QUALITY RATING INSTRUCTION SHEET . . . 118 

APPENDIX F: COMPUTER PROGRAM 125 

APPENDIX G: TABLES OF REDUCED EXPERIMENTAL DATA 127 

APPENDIX H: DESCRIPTION OF FIELD RUNS. 133 



vii 

TABLE OF CONTENTS—Continued 

Page 

APPENDIX I: VARIABILITY OF PANEL MEMBERS 134 

APPENDIX J: JUSTIFICATION FOR POOLING OF DATA . . . 137 

APPENDIX IC: REGRESSION ANALYSIS OF 

* ,1 ON QT, * 155 
Predicted Rated 

LIST OF REFERENCES 157 



LIST OF TABLES 

Table Page 

1 Effects of Acceleration Static and Delay on Traffic. . . . 26 

2 Factors Affecting Speed and Traffic Quality 41 

3 Acceleration Static Data on Different Street Types .  . . 46 

4 Coefficient of Determination for Q vs. C5" and Q vs. D . . 74 

5 Simple Regression Analysis (Results of STAGE 3) .  . . „ 75 

6 Rank Correlation Analysis (Results of STAGE 4). .  . . . 77 

7 Multiple Regression Analysis (Results of STAGE 5) .  . . 80 

8 Additional Results of STAGE 5 83 

9 Significance Tests of Multiple Regression. .  . . „ .  . . 84 

10 Analysis of Predictive Ability (Results of STAGE 6) .  . . 90 

Gl-1 Quality Ratings, Average Value of Q, Speedway . . ... 127 

Gl-2 Quality Ratings, Average Value of Q, Broadway 128 

G2-1 Acceleration Static, ft/sec/sec, Speedway . . ..... 129 

G2-2 Acceleration Static, ft/sec/sec, Broadway ! 130 

G3-1 Delay, Seconds, Speedway 131 

G3-2 Delay, Seconds, Broadway . j 132 

viii 



LIST OF ILLUSTRATIONS 

Figure Page 

1 Comparison of Velocities and Travel Times Within 
Sections to Total Trip 7 

2 Comparison of Speed Profiles on Two Streets Having 
"Identical" Flow Rates and Travel Times . . ..... 9 

3 Fundamental q-k-v Surface 28 

4 Delay Functions 35 

5 Areas for Data Measurement 37 

6 Distribution of Accelerations With Minor Deviations .  . .  44 

7 Distribution of Accelerations With Major Deviations . . . 44 

8 Acceleration Distribution Functions for a Driver (A) 
moving with a traffic stream at approximately 
35 mph and (B) attempting to drive 5 to 10 mph 
faster than the stream average 45 

9 Acceleration vs. Time 47 

10 Velocity-Time Relation as Used to 
Determine Acceleration 50 

11 Details of Study and Validation .Sites 56 

12 Development of Technique 58 

13 Photograph of Recording Speedometer .  66 

A1 Regress-ion Line 103 

A2* Total Sum of Squares 104 

ix 



X 

LIST OF ILLUSTRATIONS—Continued 

Figure Page 

A3 Regression Sum of Squares . . .. .00. 105 

A4 Error Sum of Squares 105 

K1 Regression Line: Qpred.c ted  vs. QRated. .  156 



ABSTRACT 

An investigation of acceleration static and intersection delay was 

conducted in order to assess their application as indicators of the 

quality of traffic service on urban arterial streets. Acceleration 

static, defined as the standard deviation of a vehicle's acceleration 

pattern, is a measure of the smoothness of flow. 

A popular measure of street adequacy is often taken to be travel 

time; there are other conventional measures, such as volume-to-

capacity ratios, but these are economic-oriented and do not neces

sarily describe the qualities that concern the motorist. It is known 

that the individual motorist considers such factors as freedom to 

maneuver, traffic interruption, safety, comfort and convenience, all 

related to smoothness of flow. 

It was the purpose of this research, through using measurements 

of acceleration static and intersection delay (since the study was 

directed to the urban traffic problem where interrupted flow conditions 

prevail), to examine their potential influence on traffic quality. To 

accomplish that objective, observers rated traffic quality and re

gression analyses were performed on the experimental data. 

'  The principal accomplishment of this study was the development 

of a method for predicting traffic quality, formed from variables 

xi 
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(acceleration static and delay) claimed to be indicators of traffic 

operations on urban arterial streets, for use in programming and l 

scheduling of street improvements. 

A model, since it included acceleration static and intersection 

delay, was formulated so as to be applicable to interrupted flow con

ditions. Several different street sections, selected to represent 

different operating circumstances, were used to obtain experimental 

data. 

The parameters of the model were developed on one arterial and 

then, to assess its reproducibility, validated on another arterial. Null 

hypothesis tests for predictive ability have proven conclusive, and re

sults of this study favorably support the concept that capital budget 

priorities for street improvements can be assembled. 



INTRODUCTION 

The Problem 

The investment of money and effort in automobile transportation is 

nothing less than staggering. In the United States alone today, accord

ing to Gazis (1967, p. 273), the yearly expenditure is of the order of $90 

billion or one-tenth of the gross national product. Perhaps it is not 

surprising, as Gazis states, that the rapid growth in the use of the auto

mobile has caught us somewhat unprepared in our goal to handle the 

traffic. The matter of providing an "efficient plan" to carry out this 

I 
goal is complex, but compounding the difficulty of understanding and 

managing so vast an operation has been the fact that it involves not only 

inanimate objects (the vehicle and the roadway) but also the often uni-

predictable human being. 

Under the circumstances, it is not surprising that the management 

of the total problem (driver, automobiles/traffic, and roadway improve

ment related thereto) developed largely as an art, with tools ranging 

from ingenious to what Gazis (1967) refers to as "hit-or-miss. " Em

piricism was of necessity the first approach in problem solution, and 

still is the mainstay of traffic engineering. 

* However, while we are now at a point where there are methods 

through which we can point out deficiencies in our street system, a 

1 



critical problem remains. That problem, and one which has been in

creasingly coming to our attention in the last decade or so, is the matter 

of priorities. The need which seems clearly indicated is for a method, 

developed from the viewpoint of the automobile user under a range of 

traffic movement conditions on the urban street, .enabling us to quantify 

or "rate" the traffic service provided by that street (and thus to place an 

index category or "warrant for improvement" value). Once having 

traffic quality on a quantifiable foundation, it is hoped that we would 

improve our technique in developing future decisions of priority relating 

to street improvements. 

Urban traffic problems are not an altogether recent development. 

According to Dyckman (1965, p. 162), "In the first century A. D. the 

municipal government of Rome was obliged to relieve congestion in its 

streets by restricting vehicular traffic (with the exception of chariots 

and State Vehicles) to the night hours. 11 While chariots are not con

sidered contemporary, the basic problems (those facing transportation 

engineers, public works officials, urban planners, and increasingly 

more scores of other disciplines) are very much with us—.specifically, 

how to promote orderly and safe traffic flow and to minimize the delay 

to those using the street system; further, to accomplish all of these 

goals within preciously limited funds. It is worthwhile to identify those 

agencies which, in the typical municipal government structure, are 

charged with the various specific responsibilities cited above. 



The planning of streets may be the responsibility of the planning 

department and/or a special area transportation planning agency; the 

design of urban streets may be the responsibility of the city engineer; 

the construction of urban streets may be the responsibility of the de

partment of public works. The maintenance of level of service may be 

the responsibility of the traffic engineer, and traffic law enforcement 

will normally be the responsibility of the police department. 

In view of this multitude of required services and this multitude 

of responsible public bodies, the question asked is, "How can a program 

for scheduling urban street improvements be optimally established? " 

The theme "optimal program" means correcting the functional obso

lescence of urban streets that will render the greatest service benefits 

to the total syst,em and will make the best use of public funds. The fi

nancing of public works projects is outside the scope of this study. 

Once sources from which funds for street improvements have been 

decided, a critical problem arises. The problem then is to allocate this 

money among needed projects consistent with the principles of engineer

ing economy, but keeping in mind legislative stipulations and politicaL 

necessities. But as Grant and Ireson (1964, p. 29) point out, principles 

of engineering economy are not immune to shortcomings, i. e. , "In 

drawing conclusions from economy studies, the objective is a choice be

tween alternatives. An economy study is not an instrument of precision; 



it is necessarily based on estimates that are subject to error and may 

sometimes be based on assumptions that are not valid." 

A report by the American Public Works Association (1965) points 

out that, "the well-managed agency will have a master plan for street 

improvements, based on some form of street needs study." The report 

further states that priorities among projects, based on economic analysi 

and sufficiency ratings will have been established. Among the criteria 

currently used to set priorities are (1) benefit-cost ratio, (2) traffic 

generation, (3) physical/structural conditions, and (4) accident record. 

These information components all have their respective merits, yet, 

from the viewpoint of service to the driver, there exists a notable 

absence of an adequate rating measure. It is this problem to which this 

research effort has been directed, that is, developing an improved mea

sure for assessing traffic quality offered to the driving public on urban 

streets. Then, since the driving public pays taxes to finance street im

provements, it is reasoned that an improved method for developing a 

master plan for street improvements will result. Some examples of the 

need for a more meaningful measure are presented in the next chapter. 

Research Objectives 

The objectives of this experiment are (1) to develop a method for 

numerically rating traffic quality upon urban streets and (2) to examine 

techniques, and associated problems, currently employed to arrive.at 

traffic quality determinations. 
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This dissertation develops a systematic method of determining 

priority schedules of improvement for functionally obsolete urban 

streets having traffic movement as their principal service function. 

This is to be accomplished through a method of assessing the relative 

quality of service currently being provided by selected facilities in 

Tucson, Arizona; in this manner, a specific set of examples will be used 

to illustrate the proposed method. 

Attention is also to be given to the various manners in which capi

tal budget priorities for street improvements are currently being 

developed; the major portion of the dissertation, however, will neces

sarily be focused on an investigation into more meaningful bases. 



MEASUREMENT OF URBAN STREET 

QUALITY AND ITS IMPORTANCE 

Many approaches to the problem of measuring the level of service 

provided to the motorists have been introduced in an attempt to obtain a 

qualitative measure of traffic flow. A convenient standard has not yet 

been adopted. Perhaps this is due to the uncertainty regarding which 

measurable traffic variables truly indicate the quality of flow (Dudek, 

1965). 

In the urban area, where the need for a quantitative evaluation of 

the level of service has long been recognized, travel time on the facility 

has often been used as a criterion for this evaluation. Several authors, 

including Rothrock (1954), Keefer (1955), and Hall and George (1959) 

were early pioneers in developing quality ratings based on this variable. 

However, it is doubtful that travel time accurately reflects true quality 

conditions on portions of a facility and therefore that its measurement 

accurately reflects the "congestion" and "discomfort" experienced by 

the motorist. Figures 1 and 2 have been prepared to demonstrate this 

point and are drawn to portray a signalized urban arterial street. 

Observations on this hypothetical traffic operation are assumed to rep

resent a section containing about two miles distance and two traffic 

signals so as to include their most likely effects. 



*v . 0* • s •'?• 1 b«-; 
ut t•.u; v T:.Ui! "Trip - '.25 w-i :cMOa 

."... '  »r\e *>• 
ir-r^t, T>.i5 

1 ., ,—; 

\ /\ 

t \  

/ v 
' \ * 

/ \ 

A / 

f\ : «Cr *6 
W-iLCiiy - p 

J \ 
<vV ' V* 

V 

/\ A 
/ \ / \ 

t \ i \ f y/__ ~ 

•4iGi«c. 

: . . . * • } ?  *  . i V O \ > e  a p : ; ^  * . *  , c »  S p i t  f i  

.* bisons 

i i 

i I 

7.2mph —j—f-i Zioz- V .• ;r> 
\ |  Tris Sacho:* 

_,J_ 
Vviihin Sc;:l:on?: To .ic.ts! Trip 



Figure 1 represents a travel time and speed profile between 

successive 200-foot sections for a trip in the direction of major flow 

during the peak period. 

Figure 1 helps to illustrate the delay factor in one section (the 

second traffic signal encountered) of the street which is somewhat con

cealed by the value of the average travel time0 The average velocity for 

the entire trip was 27. 6 fps which indicates reasonably good flow. How

ever, speed differentials of 40 fps existed between some of the sections; 

also, the speed in one section (200 feet each side of the traffic signal) 

averaged only 7. 2 fps with a minimum value of zero. The result of this 

exercise demonstrates that the lack of uniform flow in this section is, 

unfortunately, dampened by the "smooth" flow in the major portion of 

the street when the flow is evaluated on the basis of travel time. In 

other words, travel time measurements may miss (entirely) a rather 

severe condition of turbulence in the stream; yet, this stop-go action 

probably would affect driver behavior in an adverse manner. 

The fact that travel time does not necessarily reflect relative 

degrees of discomfort felt by the motorist is further portrayed by Figure 

2. This figure represents a comparison of two hypothetical 10, 000-foot 

sections, each section of the major arterial class at peak hour, with one 

street possessing minimum curb cuts and curb parking, and a well de

signed traffic responsive/progressive signal system. All of these 

characteristics can significantly affect a traffic system by improving 
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capacity. The other section has several curb cuts, abundant curb 

parking and other elements which create marginal friction, and a non-

synchronously timed signal system. Both have identical volumes and 

travel times but with two distinct patterns of travel velocity. Relatively 

smooth flow is evident in the upper chart; however, the lower chart 

illustrates rapid speed changes which are indicative of motorist discom

fort. Assuming reasonably good driving habits, these violent operations 

(braking, particularly) indicate unsafe conditions and contribute to driver 

annoyance; yet as is illustrated in Figure 2, travel time does not reflect 

this symptom. 

The Need for a Descriptive Service Rating Indicator 

While this early work in measuring and using certain traffic 

cha r a c t e r i s t i c s  p r o d u c e d  n u m e r o u s  n e w  t o o l s ,  t h e  f o r e g o i n g  w a s  i n 

cluded to point out the inherent difficulties involved when average travel 

time is used as a. rating measurement of street quality. Another weak

ness in the travel time method, and actually an adjunct to it, is expressed 

by Rowan (1967); he suggested that traffic engineers have relied too 

heavily on the interest of economy to the traveling public and, naturally, 

have been inclined toward using economy as a synonym for service >• 

quality. 

.  By way of making his point, Rowan succinctly stated that "traffic 

engineers have in the past judged the efficiency or quality of traffic 
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service on the basis of maximum output, i. e. , the number of vehicles 

accommodated in a given time period. " He further reasoned that al

though this (minimization of average travel time) may be a satisfactory-

figure of merit for the transportation of inanimate commodities, it does 

not necessarily describe effects on the driver. This writer is of the 

opinion that, given a driver's concern for comfort, safety and conveni

ence associated with his own individual trip, gaining knowledge into other 

elements of the traffic stream will lead to a more meaningful rating 

method. It might be argued that a driver may not trade-off comfort, 

safety, and convenience for time; the author believes that the assump

t i o n  t h a t  h e  w i l l  d o  s o  h a s  m e r i t ,  p a r t i c u l a r l y  i n  v i e w  o f  t h e  f a c t  t h a t  u r 

ban trips are short in length—according to Tucson Area Transportation 

Study (1965), averaging less than 5. 0 miles. 

Additional remarks pointing out the need for a more descriptive 

indicator follow. 

Problems in Benefit-Cost Ratio Method 

The benefit-cost method is widely applied in engineering fields; 

yet, without meaningful or descriptive variables of the human effect 

type to input, the method produces questionable results. Consider, for 

example, the matter of justifying expenditures for street improvements 

using the above variable (average travel time) as the input parameter 

to an analysis of benefits and costs. When large volumes of vehicles 
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are involved a very minor savings in travel time per vehicle, following 

improvements to the roadway, can result in a substantial reduction in 

total travel time (thus economy) within a system. This small reduction 

in travel time may not, however, be appraised equally by both the motor

ist and the engineer. To the engineer, for instance, a savings of 100 

seconds per vehicle within a large closed system may reflect consider

able improvement; however, this same 100 seconds savings may go un

noticed by the average motorist because this may only represent a 

small percentage of his overall travel time. Thus, should the travel 

time reduction be unnoticeable, the motorist could likely conclude that 

the expenditures for improvements to the street were not justified even 

though the benefit-cost method resulted in a contrary conclusion. Dudelc 

(1965) notes, however, that if the motorist were also provided with • 

smoother operation in addition to a savings in travel time, it would 

probably be apparent to him and thus render street improvements justi

fiable in his opinion. 

An additional remark concerning benefit-cost methods, and par

ticularly the manner in which their applications develop priorities, is 

appropriate. Traditionally, the benefit-cost ratio has been heavily re

lied on to establish priority decisions for street improvements; several 

authors have argued against its merit. One such author-pair, Ritter 

and Pacquette (1967), contend that the ratio may not produce a rele

vant set of priorities because of an inherent weakness in its composition. 



13 

Specifically, they point out that the benefit-cost method is (1) ex

tremely sensitive to interest rates, (2) subject to estimating salvage 

value, a "risky" task for periods far in the future, and (3) subject to 

pinning down time periods, another difficult task. 

Problems in the Value of Time 

Closely associated with the matter of using travel time as a quality 

rating measure is the value which the engineer places on time savings; 

while cost figures (used in benefit-cost analysis) are acceptably precise, 

values for benefits are more difficult to pinpoint. 'According to a recent 

study conducted on vehicular transportation by the Stanford Research 

Institute (1969) for the Bureau of Public Roads, "the current true value 

of time (for the peak hour commuter trip) is between $1. 82 and $3. 82 

per person per hour. " Categories of benefits included such items as re

duced operating costs, increased safety, time savings to non-commercial 

travelers, and direct savings to commercial users of the transportation 

facility. With a lack of true confidence on figures used to assess eco

nomic savings to travelers, the basis of travel time criterion as a rating 

indicator appears to be mo re., doubtful. 

Priority Index Consistency 

While it is reasonably well understood that priorities must be set 

for street improvement projects to assure that the most pressing needs 

are met first, there appears to be a lack of consistency in the manner 



through which priorities are developed; at a minimum, as evident in the 

following, most priority indexing methods seem cumbersome. 

The matter of priority index consistency currently holds up nearly 

50 million dollars worth of roadway improvements earmarked in Kansas. 

On August 20, 1969 the State"Attorney General, in giving his long-awaited 

opinion on the state's 1969 Highway Bill said, "statements in the section 

establishing a priority index formula—are so inconsistent and conflict

ing that they don't make sense and cannot be followed; in ruling the bill 

invalid, the highway commission currently has no other means of de

termining the order of allocation and expenditure of the funds than to 

base the priorities on their own (the commission's) definition of need. " 

(Federal Highway Administration News, 1969, p. 2). 

The section which was ruled contradictory was as follows: 

The criteria for computing a priority index number for each 
project shall be traffic volume, travel time and safety, which 
shall take into consideration the following factors: (A) highest 
traffic volumes and projected traffic volumes; (B) the sufficiency 
ratings of existing routes; (C) the safety records of existing 
routes; (D) the maintenance of the continuity of the entire sys
tem; (E) the trip lengths of the traffic served; (F) the ratio of 
the revenue earned to the cost incurred; (G) the economic needs 
of the area served; (H) the relationship to other routes in the 
system, and (I) the benefit-cost ratios. 

In another dimension, Johnson (1969), reported that a 13-man 

board in the state of Washington will allocate approximately 230 million 

dollars for eventual improvement use in an eight-year period (starting 

in J9"70) for urban arterial streets. They will use, in developing their 

priority arrays, the following criteria: (A) structural ability to carry 
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loads, (B) capacity to move traffic, (C) adequacy of alignment and geo

metries, (D) accident experience, and (E) fatal accident experience. 

Legislation requires that all projects be examined to determine the 

priority of specific improvements upon these five conditions but, in 

actual priority computation, the last two are combined so the factors 

reduce to four. Criterion (B), since it includes "congestion," travel 

time, delay, and intersection load factor, was considered to be the 

most important item concerning any roadway. Inconsistency in formu

lating street improvement priorities, as summarized in the next section, 

exists locally as well as in other metropolitan areas. 

Development of Street Improvement Plans in Tucson 

Tucson, Arizona, like all major cities has two important agencies 

charged with the responsibility of providing future facilities for the 

automobile. The area transportation planning agency and department of 

public works personnel are, of course, continually in communication 

but they use different approaches in arriving at their respective goals 

and merit elaboration in terms of the subject of this dissertation. 

The capital budget program for street improvements generally 

does not incorporate specific road-user needs in developing project 

priorities. In their writing, Moak and Killian (1964) state that, "in 

most large cities there exists a plan known as a capital improvements 

budget .  . . and generally itemized yearly within the annual budget of 

the public works department, is for street improvements." This 



16 

program is to provide motorists with relief from congestion, delay, and 

accidents on sections of streets that are "known" for their inadequacy. 

Although the program concentrates on present needs, it is strongly ori

ented to long-range plans. The authors emphasize that, hopefully, 1 

' /street improvements are based on the current priority of needs, but 

there are no reliable mechanisms with which to establish time order of 

priority.11 They point out, further, that if an agency has only one pro

ject, it is obviously not confronted with a choice of priorities; the real 

danger, however, presents itself if it has several projects, for then "it 

must be prepared to make its own selection of priorities among the 

many requirements with which it is confronted. " 

It was mentioned earlier that there exist several practical reasons 

which may be pre-empting efforts among public works officials in de

velopment of functional indicators of street improvement needs. Situ

ational factors which have influenced the fiscal year order of priority 

for past projects in Tucson (City of Tucson, 1968) are: 

1. Procurement and scheduling of Federal funds; 

2. Availability of adequate right-of-way; 

3„ Capability to perform .the required work within specific 

time periods; 

. 4. "Desirability of scheduling projects together that have 

overlapping considerations, such as drainage; 



5. Necessity of maintaining a reasonable level of service 

to traffic during construction periods. 

Because of considerations as cited in the above list, particularly 

in view of their near-independence on the driving environment, a situ

ation results whereby the street section having the highest urgency 

(from the driver point of view) for improvement becomes subject to 

the same factors as do the street sections having the lowest (from the 

driver point of view) need for improvement. Therefore, with adminis

trative machinery currently finding it difficult to answer questions 

concerning an established priority list, the capital improvements plan 

finds it difficult to best serve the public. 

Associated Factors in Urban Street Quality 

It would seem that the aim of individual projects in the capital im

provement plan should be to improve continuous sections of the street 

network and to bring continuity to the quality of service and capacity of 

individual streets. Where substantial improvements are already in 

place, proposed improvements as reflected by some motorist oriented 

need should be designed to match that which already exists. Then, be

yond the initial years of the capital improvement plan, the projects plan 

should be flexible". The plan, as reflected by longer ranging forecasts 

of travel demand, should ideally be flexible enough so that isolated proj

ects can be undertaken in response to specific needs. 



Another way of providing future physical facilities for automobile 

travel, the area transportation plan, differs in breadth of detail and 

length of duration from the capital improvement plan. An important 

part of an area transportation plan is that concerning the level of service 

currently provided by the principal street network. In Tucson's cur

rent plan for instance (Tucson Area Transportation Study, 1965^, the 

performance measures taken into account were average driving speeds, 

congestion, and accidents; these factors became appraisal values in 

determining how well streets function. Then, in combination with long-

range forecasts of traffic volumes on the street network, planners 

developed two sets of plans—one a short term (five to six year) plan, 

coordinated with the municipality's capital improvement budget and the 

other a long range (15 to 20 year) plan, from which new street locations 

were developed. 

The procedures in gathering all of the information required in 

these performance measures, admittedly, result in an extremely thorough 

insight regarding operational levels on streets; yet, difficulties have re

sulted for several reasons. The probable overriding cause for difficulty 

has been the lack of a descriptive indicator of street quality, i. e. , each 

of the measures, in themselves, possess a degree of relevant infor

mation as to how well a street functions but contribute little in actual 

"rating" of that street. Take, for example, accident experience. While 

records of accidents that have occurred in the past may become a 
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reasonably good "symptom of inadequacy" of a street, they are subject 

to weaknesses. Among faults resulting from an examination of accident 

history as a basis for rating street quality are: 

1. The characterization of a roadway's accident potential must 

in fact await a series of failures, viz, , accidents, before the 

relative danger can be quantified (Heimbach and Vick, 1968). 

2. Even if one can accept the above (basically negative) approach, 

there are additional problems associated with the use and 

calculation of the accident rate itself. First of all, as re

ported in a Bureau of Public Roads research article by Raff 

and Hosea (1963), it is suspected that official accident rec

ords tend to under report the total number of accidents that 

have actually happened; the authors of the article suggested 

that only one-fourth to one-fifth of the actual number of 

accidents are being reported; in this case, the authors de

fined an accident as being any collision. 

30 For reasons of statistical accuracy, it is usually necessary to 

compute accident rates over extended sections of roadways and 

for a sizeable accident experience, both in numbers of acci

dents and in years of records. Thus one cannot compute sta

tistically reliable accident rates for short sections of streets 

or small intervals of time, both of which are often desirable. 



4. Finally, if any element of the traffic, land use, or geometric 

design criterion is substantially changed, the accident data 

collected are valid only to the time of 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. 

There is evidence, also, that "congestion measurements" in and 

of themselves are troubled in serving as urban street service indicators. 

Consider the situation of delay at or near signalized intersections (de~ 

lay is a popular characteristic used in evaluating congestion); accord

ing to Drew (1968, p„ 361), delay is not necessarily a satisfactory 

means of evaluating congestion because "results of studies conducted-*-

on a suburban road passing through a shopping center, which incidentally 

experienced a high accident rate (80 accidents per million vehicle miles), 

showed a stopped time of only 7 seconds in an overfall travel time of 

128 seconds. However, the acceleration noise during the peak 

period was 1.43 ft/sec/sec compared to 0.77 ft/sec/sec during the off-

peak period. The latter comparison no doubt gives a better indication 

of the degree of congestion. " Drew, presumably, based this conclusion 

in the sense that the more turbulent flow (£T" = 1« 43 ft/sec/sec compared 

to ̂ 5" = .77 ft/sec/^ec) during the peak hour would have more bearing on 

congestion than would the seven-second delay time. 

Another popular practice in arriving at congestion indices is that 

of dividing the observed traffic volume by design capacity. An 



21 

adjunct of delay, these values also would be subject to the inherent 

weakness of stopped time measurements; additionally, "the ratios 

yield locations of the street which are not necessarily those with the 

greatest total congestion; rather they are the locations of greatest 

disparity between design capacity and actual peak hour volume" (Tucson 

Area Transportation Study, 1965). 

It was stated earlier, in reference to discussion on travel time, 

that the final "symptom of inadequacy" of a street as used in area trans

portation plans (average driving speed) also could lead to questionable 

conclusions regarding service quality. 

It is clear, then, that there is a need for a new and more reliable 

parameter to characterize the relative quality (i. e. , one that might 

reflect on accident potential, delay and congestion phenomena, and what 

this writer labels "optimum time-space relationship") of an urban street 

that will overcome the difficulties noted above. 

Previous Studies on Traffic Quality 

Considerable effort has gone into studies directed toward the same 

challenge as cited in the above paragraph. It is appropriate to give 

recognition to those approaches; a general review of concepts aimed at 

creating a descriptive indicator of street quality follows. 

Rothrock (1954), believing that the establishment of a quanti

tative measure of the level of service on a traffic facility would consti

tute a quantitative measure of congestion, stated that the fundamentals 



of the problem were time and space. Accordingly, "these would be re

flected in the measurement of density of traffic, traffic volume, travel 

time, and 'other1 characteristics" (1954, p. 30). These basic fundamen

tals were embodied in three suggested concepts of a congestion index. 

A summary of these concepts follows. 

The first concept—the Volume to Capacity Approach-^-"would 

be based on a ratio of traffic volumes to the practical capacity at vari

ous points on a traffic facility" (Rowan, 1967, p. 9). This approach has 

the drawback stated earlier and, more explicitly, by Rowan in his state

ment that, "its major shortcoming is the fact that volume-to-capacity 

relationships do not necessarily reflect service. " 

A second concept—the Operational Characteristics approach— 

"would entail the measurement of speed, delay and overall travel times" 

(Rothrock, 1954). In practice over several years, this approach evolved 

into the principal means of measurement but, as discussed earlier, it 

does not always reflect the judgment of the driver. Some of its limi

tations were recognized at its inception, Rowan reported. 

In his third approach—The Freedom of Movement—Rothrock 

stated that this method required measurements of traffic densities to 

determine whether the movements of vehicles were restricted and to 

determine the changing percentages, magnitudes and durations of re

strictions. He stated that density could be measured in terms of ve

hicle occupancy per unit width and length of roadway, or that perhaps 



an occupancy figure by time periods would suffice. An index might be 

developed, he suggested, to show the duration of time that a given per

centage of the vehicles were restricted from moving or from free 

movement. It was to this concept which Rowan, in establishing it as 

foundation material for his research, indicated that it furnishes a more 

relevant basis of driver judgment than did former methods. 

In research conducted a year after the work of Rothrock, Green-

shields (1955) did a study concerning a quality index number. He 

reasoned that the quality of traffic flow depended on the average speed(s), 

the magnitude of total speed change (ZJs), and the frequency of speed 

changes (f). These variables were related to a quality index number 

as follows: 

This was to say that the quality of traffic flow increased with an 

increase in average speed, decreased with an increase in the magni

tude of total speed change, and decreased with an increase in the fre

quency of speed changes. This approach, in the opinion of the writer, 

has definite merits over and above its ease of manipulation in practice. 

In a more recent study, Rowan (1967) used the "acceleration 

noise" concept, developed by Montroll and Potts (1964, pp. 39-40) for 

tunnel operation, to evaluate the service provided on urban arterial 

streets. Their theory employs acceleration noise "as a measure of 

where ©-is the quality index and 
F means "function of. " 
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human response to external stimuli, or changing relationships between 

vehicles in a traffic stream" (Rowan, 1967, p. 8). 

There is an undeniably sound theoretical basis for the acceler

ation noise concept; essentially it is presumed that a driver, operating 

a vehicle on an open roadway, without influences of traffic or roadway 

geometric changes, attempts to maintain a uniform velocity but never 

succeeds. As Rowan (1967, p. 8) states, "in actuality, he accelerates 

and decelerates even on the ideal roadway, and it has been shown that 

the distribution of accelerations is essentially normal." The phenome

non of a driver being unable to maintain constant speed is a physical 

limitation and could probably be attributed to geometric conditions of a 

street (in the absence of other traffic); according to Rowan's work in the 

urban environment, a standard deviation of the acceleration distribution 

on "ideal" roadways was about 0. 5 ft/sec/sec. Thus, in a traffic sense, 

one would want to allow this level of variability as a "constant. " 

In his research, Rowan utilizes these speed change dispersions (an 

acceptable definition of acceleration noise) as traffic quality character

izing measurements. As an underlying model relationship for his work, 

he used the energy-momentum concept. Although the experimental data 

from Rowan's research did not completely support the proposed model, 

it was shown that acceleration noise is a sensitive measure of the smooth

ness of flow which is indicative of the factors affecting quality of service. 

While the energy-momentum model (aptly describing uninterrupted 



freeway traffic operation) did not apply to precise description of the 

interrupted flow conditions on major streets, Rowan regarded the 

acceleration noise parameter as one giving promise for inclusion in 

future studies on major street traffic service quality. Perhaps the 

single factor accounting for the lack of total success in Rowan's work 

was that of a complete interruption of traffic, i. e. , the signalized in

tersection. According to his investigation, it was found that "traffic 

signals were the greatest contributors to acceleration noise,". It is 

conceivable that this influence (intersection) caused an overwhelming 

effect—to the extent that the parameter lost its importance in the area 

either side of intersections — presumably the very location where the 

parameter may have significant meaning. 

Proposed Measurement of Urban Traffic Quality 

The answer to questions concerning (1) the most meaningful in

dices of congestion, (2) the more plausible concepts of those factors 

affecting quality of service, and particularly, (3) a rational manner of 

applying relevant indicators of urban street quality toward a priority 

index method for time scheduling of street improvements has not yet 

been resolved. 

The work in this dissertation leads to an urban street quality 

rating method; to be developed is an indexing method patterned by two 

urban traffic characteristics: delay and acceleration noise, the latter 

hereafter referred to as "acceleration static" (while noise is the 
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terminology of the study area, semantic reasons suggested the change). 

The method is proposed on the premise that high (or excessive) values 

for both variables are indicators of low quality traffic service. Para

phrased, it is considered to be a street of low quality when on-the-

roadway measurements of these two characteristics render values 

which imply effects listed below in Table 1 along with their suggested 

characteristic association: 

Table 1 
Effects of Acceleration Static and Delay on Traffic 

Delay, High Acceleration Static, High 
(As measured at (As measured between 

signalized intersection) intersection areas) 

Low economy (time) Low economy (operational costs) 
Low comfort Low comfort 
Low convenience Low convenience 
Lower average speed Low safety 

A combination of these two measurements, it is postulated, will 

result in a logical method of assessing urban street conditions. The re

sult will not necessarily allow one to determine what physical-traffic 

interface should be improved, but will identify those street sections 

needing improvement. 

Delay and acceleration static should have special meaning to the 

contemporary transportation engineer and, therefore, merit detailed 

attention. 



INDICATORS OF THE QUALITY OF TRAFFIC SERVICE 

Drew (1968) indicates that there are three fundamental character

istics of traffic movement: 

1. Speed (distance per unit time) 

2. Volume (quantity per unit time) 

3. Density (quantity per unit distance) 

Drew further states that these three characteristics define the 

operational requirements of the traffic stream. He expressed the 

general equation of the traffic stream in the form: 

q - k v (3. 1) 

where q = mean rate of flow in vehicles/hour 

k = mean density in vehicles/mile 

v = mean speed in miles/hour 

Of the variables in the expression, flow is the easiest to measure 

and speed somewhat more difficult. It has been commonplace for 

density to be regarded as the dependent variable, because the other two 

have been the measured variables, but there is no single dependent 

variable—any more than length could be considered the dependent vari

able and width and depth the independent variables in describing a point 

on a cube. It is helpful, for visualizing Drew's basic traffic-stream 

equation, to consider the surface which represents the equation when 

27 
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plotted on mutually perpendicular axes as shown in Figure 3. Efforts 

to relate various pairs of the three fundamental elements have been 

made on (1) simple curve fitting, (2) deduction from the boundary con

ditions, and (3) physical analogies. 

S u r f a c e  

Figure 3: Fundamental q-k-v Surface (Drew, 1968) 

While the three fundamental characteristics of traffic movements-

speed, flow, and density—define the operational characteristics of the 

traffic stream, they do not offer description of traffic operations in a 

qualitative sense. It seems'reasonable to assert that objectives of the 
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driver, though the objectives are not well established, must be incor

porated into a model which will help to describe traffic quality on urban 

streets; then, too, society may impose quality objectives. As some ex

amples, the following objectives are suggested by the writer: 

(1) Driver Objectives 

(a) Minimize delay and abrupt changes in speed 

(b) Maximize safety 

(c) Reduce operational costs 

(d) Reduce driving effort 

(2) Society Objectives 

(a) Reduce air pollution as caused by exhaust emission 

(b) Reduce noise pollution as caused by frequent, abrupt 

changes in velocity 

Therefore, the principal characteristics of traffic actually con

cern the abilities, requirements, and performance of both the driver 

and vehicle, which together form the discrete unit of the urban traffic 

system. It is to these points that the role of new characteristics, re

lated to such conventional traffic variables as q, v, and k, will offer 

usefulness through their provision of a means for evaluating the quality 

of an urban street. 

Urban transportation, like all phenomena involving human vari

ables, does not have a convenient and accepted standard whereby 

quality can be measured. That is to say, there.is no characterizing 



number such as the Reynold's Number in pipe and Froude's Number in 

free surface hydraulics which attests to, or at least describes, a range 

of quality in some widely accepted sense. There perhaps is a logical 

reason why this sort of mechanism is not available, the most likely 

being that human beings are a major part of the traffic-roadway infra

structure. Engineering disciplines have tended to avoid "measuring" 

human needs and responses to change, probably due to the uncertainties 

associated with the experimental unit. This challenge is a tremendous 

one, admittedly, with many related variables. But, recently, there 

have been significant developments in human factors work, particularly 

in the aerospace industry. Many human factors research methods, now 

being developed and used, offer considerable promise in improving the 

urban transportation specialists' approach to problems. 

It is recognized that extreme caution must be exercised so as not 

to oversimplify the problem due to the large number of variables in

volved in a study of an urban street traffic situation. However, the 

writer proposes that quality of traffic service can be estimated by 

assessing human response to traffic conditions. Then, to accomplish 

the objective of producing an estimating procedure for traffic quality, 

it was necessary that responses to traffic conditions be mathematically 

related to measurements of one or more traffic characteristics. The 

following section describes the logic underlying the foregoing statement. 



First, assume that traffic friction, i. e. , an effect on traffic flow 

which disrupts continuous and smooth movement, is undesirable and 

then regard delay as a friction. Delay is an inconvenience to the driving 

public and it also represents a monetary cost; this friction, therefore, 

contributes to lower quality through its effect of reducing the efficiency 

of a moving traffic stream. Next, regard change in velocity as another 

source of traffic friction. Acceleration static, which represents the 

dispersion of velocity changes, has previously been noted as a variable 

which holds promise in estimating such quality-oriented criterion as 

driver comfort, safety, and convenience. 

It was assumed, earlier, that a primary driver objective in urban 

traffic is that he traverse over a distance at constant velocity; this be

comes tantamount to hypothesising that; vehicle movement at non

uniform velocity is not of ideal quality. It should then be consistent to 

postulate, since delay and acceleration static are friction obstacles which 

tend to lower traffic quality, that a measurement which represents a 

combination of delay and acceleration static will suitably reflect traffic 

quality. An examination of these two variables follows, along with 

appropriate comment concerning the appropriateness of the relationship 

Quality = f (delay, acceleration static). 

Delay 

Vehicular delay, the conventional traffic characteristic and half of 

the proposed dual variable indicators of traffic quality, can pose 
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traumatic problems. When a driver passes through an intersection 

with little or no delay, he is satisfied; if he is delayed more than a few 

seconds his ire rised with the length of the delay until a point of frus

tration is reached. Beckman, McGuire and Winsten (1956, p. 7) 

stated it briefly: "Conditions are good if delay is small; they are bad 

if delay is large. .  .we shall suppose that intersection traffic conditions 

are fully described by an assessment of the delays that occur,11 

The major source of delay and accident exposure on urban streets 

is the intersection. The adequacy of a major street is, therefore, 

heavily influenced by the adequacy of its intersections and the oper

ational characteristics of such intersections. As a result, any evalu

ation of major urban street traffic service must of necessity include an 

evaluation of the intersections on that street. This, section describes, 

in terms of the intersection, one of the indicators of traffic quality-

vehicular delay. Factors which are generally considered to influence 

the rating of an intersection are divided into two categories and are 

called physical factors and traffic factors. According to Michael (1962), 

the physical rating of an intersection not only considers the physical 

factors of surface condition, ridability and skid resistance, but also 

rates the intersection geometries, curb radius for right-turning ve

hicles, visual restrictions, and lighting. Michael adds that, "The 

traffic rating uses average delay per vehicle as a measure of user 

satisfaction with the service provided." This rating of traffic quality 
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(delay) is determined, he declared, for each approach to the par

ticular intersection being investigated. 

While a complete physical rating of all urban intersections on a 

periodic basis seems highly desirable, from the viewpoint of causes 

of traffic quality reduction, time and money resources available to 

municipal traffic engineering agencies are too limited to adequately de

velop such a program. Therefore, it seems reasonable to assert that 

this traffic rating (average delay per vehicle) should become more 

broadly used, in its capacity to rate "user satisfaction" with an inter

section, as a reflector of sufficiency. Then, having this indicator, 

traffic engineers would be better able to attend to the "low-quality" 

intersections and to develop corrective measures appropriate to the 

assigned "cause. " 

Delay Characteristics for Urban Areas 

Before discussing means whereby delay can be measured or esti

mated, it is helpful to give attention to the nature of delay. 

The following list of information, gathered by various analysts 

and reported in a text by Matson, Smith and Hurd (1955), gives descrip

tive features of urban intersection traffic delay: 

1. Delay is most evident during the most highly congested periods. 

2. The evening peak hour usually poses the worst congestion 

problems. 
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3. A typical distribution of intersection delay by causes will 

reveal that about 80 percent of total delay is due to cross 

traffic and traffic control devices (signals) and that the bal

ance is due to pedestrians and left- or right-turning vehicles. 

4. Under usual urban conditions the duration of a single traffic 

delay is 0. 25 to 0. 40 minutes, generally ranging from 0. 1 

minutes to 0. 6 minutes. 

Considerable research has also been conducted on another aspect 

of delay, namely the time loss due to certain intersection operations 

associated with delay. Among his findings, Beaky (1962) determined 

that average passenger vehicles will suffer from 7 to 12 seconds delay 

for deceleration, getting under way (perception-reaction time), and 

acceleration, in addition to the delay at the intersection proper. 

Haikalis (1962), using queuing theory, found that the delay at 

signalized intersections was related to the ratio of average two-way 

weekday traffic volume to the maximum possible one-way hourly 

capacity as shown in Figure 4. 

In terms of this dissertation, there is a relevant point contained 

in the findings of Haikalis' study; specifically, the determination of 

the relationship existing between traffic volume and traffic capcity 

gives support to the writer's belief that delay experienced by a motorist 

while stopped is taore significant during traffic saturation periods than 

during off-peak periods. 
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Figure 4: Delay Functions (HaikaWs, 1962) 

It is seen that the results of Haikalis' study yielded average vehicle 

delay of about 15 seconds at signalized intersections under reasonable 

volume levels. Attention is now turned to measuring delay. 

Measurement of Delay 

Prior to a discussion of the data„ collection procedure, the aspects 

of when and what data should be collected deserve attention. Since the 

most typical traffic problems occur during the week, the author decided 

that the most reliable period for collecting delay information would be 

during weekdays. It was also considered necessary, so as to obtain a 
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representative sampling range of traffic conditions throughout the day, 

to gather data during both peak-and off-peak periods. 

Regarding the longitudinal area of the roadway upon which to 

gather delay data, the writer reasoned that a "buffer area" (some dis

tance behind and beyond the intersection proper) was necessary. This 

reasoning stems from the earlier comments on deceleration, perception-

reaction, and acceleration times as being factors contributing to delay. 

Although it was reasoned that the most important aspect (in considering 

delay area) was having consistency as a goal, estimates of dimensions 

for "intersection area" were necessary. Assuming a total time loss for 

the process cited previously of 10 seconds and an approach speed equal 

to a resumed speed of 5 mph, a distance of about 100 feet on each side 

of traffic signals was considered "delay area, " and served to establish 

guidelines for control point locations. In actual data collection, record

ings for acceleration static were terminated whenever velocity dropped 

to as low as 5 mph, in arriving at vehicle queues, due to intersection 

congestion. Delay recordings were immediately made and continued 

until the vehicle traveled about 100 feet beyond the intersection; the 

200 feet would represent a good average for the buffer area. Estab

lishing this buffer zone also permitted a segregation of measurements, 

so that the delay effects of the intersections would be removed from 

the acceleration static effects of the roadway section due to other 

"frictions. " Figure 5 illustrates the typical test sections. 
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Figure 5: Areas for Data Measurement 

There are several ways through which delay data can be obtained 

in field situations; a list and brief description of the more common 

types follow. 

a. Floating car method; by maintaining average rate of movement 

(passing as many vehicles as overtake the floating car); re

cording of intersection delay is made by stop watch or other 

means. . 

b. Elevated observer; in this case, an observer situated above 

an intersection could measure delay experienced by several 

vehicles. 

c. Aerial photography; through time-lapse photography, a sub

stantial street length could be examined and vehicle delay 

could be measured over several intersections. 

The floating car method was selected as the only reasonable 

choice for field measurement since both acceleration static and vehicle 
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delay were to be included in this study; while aerial photography may 

hold promise in meeting criteria necessary to observe both phenomena, 

the cost was too great for use in this study. This does not preclude its 

use in future work of course; in fact, this writer believes that it would 

be quite appropriate, given an adequately marked vehicle and suit

ably derived vertical photogrammetry. 

In the floating car method, the passenger records the delays from 

the control point (viz. , when velocity falls below a prescribed minimum) 

in to the intersection, the total elapsed time while stopped, and the time 

duration from the intersection out to the control point. The resulting 

data, delay time, then became one of the two traffic quality criteria. 

Application in Traffic Rating 

"Average vehicular delay" was previously selected as a factor 

descriptive of user satisfaction. The buffer area portion for traffic 

rating used in the evaluation method in this dissertation is based on 

this average delay. 

The delay for the floating car (for a given vehicle) is defined as 

the difference between the time at which the vehicle was expected to 
o< 

arrive at the second control point if not interfered with by traffic con

trol devices, other vehicles and/or pedestrians, and the actual time of 

arrival after being subjected to any or all of the above influences. 

It was recognized that, for the data collection phase (where the 

governing points would become those times where velocity dropped 
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below and resumed above 5 mph respectively), the delay time for an 

intersection (as represented by the floating car delay) could be zero. 

The use of this quality rating indicator, and particularly its combination 

with the other rating criterion (acceleration static), in development of a 

quality evaluating technique for a complete street section is fully de

scribed in the next chapter. 

Average delay provides a reasonable basis for evaluating inter

section quality and as Matson et al. (1955) state, "vehicular delay is the 

most important factor in rating an intersection. 11 

Acceleration Static 

The promotion of smooth, orderly, and safe flow was previously 

cited as one of the two goals set before all officials concerned with the 

operation of urban transportation systems (the other goal was that of 

minimizing delay). A descriptive measure of the smoothness of auto

mobile traffic flow should therefore be useful in any effort concerning 

solutions posed by urban transportation problems. Acceleration static, 

in this writer's judgment, holds promise for this task and it may pro

vide indirect measurement of such operational information as traffic 

accident potential and vehicle operating cost. 

Definition and Discussion 

Acceleration static, a variable first discussed by Herman et al. 

(1959), and developed theoretically by Montroll (1959), was 
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experimentally studied by Jones and Potts (1962) for tunnel operation, 

by Dudek (1965) for freeway operation, and Rowan (1967) for major 

street operation. Expressed in ft/sec/sec, it is defined in this dis

sertation as cn the standard deviation of a car's acceleration. The 

classical definition of acceleration, change in velocity over time, 

is used in this case. The mathematical formulation of CTis treated 

in a later section. 

In the earlier discussion,, it was postulated that a driver ideally 

desires to travel at a uniform rate of speed. Real-life situations dic

tate, however, that constant speed is not the case; rather as Rowan 

(1967) stated, "as the driver is exposed to physical, environmental, 

and traffic conditions less than ideal, the velocity of his vehicle be

comes less uniform and the accelerations are increased due to these 

external stimuli. " It is thus seen that urban traffic phenomena can be 

more a part of the behavioral than the physical sciences, for they re

sult from the response of humans to various stimuli. Certain stimulus 

response equations can be analyzed, however, in the same manner that 

physicists analyze equations of motion. 

It is interesting to note the comparison between the factors which 

(1) affect the average speed (or travel time) for a smooth, safe trip on 

a given roadway on the one hand, and which (2) are believed to influence 

the driver's conscious and sub-conscious judgment of quality of traffic 

service on the other. Montroll (1959) listed factors for the first, and 
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Rowan (1967) cited factors for the second consideration. Table 2 

summarizes their analyses. 

Table 2: Factors Affecting Speed and Traffic Quality 

Average Speed for Smooth Safe Judgment of Quality of Service 
Driving Depends on these Phenomena Depends on these Phenomena 

Interference of vehicles with Speed 

each other Travel time 

Weather Delay 

Mechanical condition of vehicles Traffic interruption 

Driver behavior patterns Freedom to maneuver 

Curves and hills Comfort 

Pedestrians Safety 

Physical environment 

It is evident that it would be an insurmountable task to isolate each 

of those variables which are cited as factors affecting quality, and to 

determine an index or weighting factor for each one to be incorporated 

in an equation for the level of service provided by a given facility. 

As a basic definition, it is suggested that a vehicle be defined as 

a car and a driver acting as one unit; then taking a fundamental point of 

view, the matter of selecting factors which determine the maintenance 

of a smooth, safe trip in between intersections seems to narrow down to 

two—-the motion of an isolated vehicle and the interference of vehicles 

with each other. Theoretically, traffic in the urban area can then be 

considered as the behavior of an assembly of cars and their drivers 
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which are influenced by their environment and by each other. As an 

example, consider two important aspects of the physical environment: 

the geometries of the roadway and the nature of the abutting property. 

These are related to potential hazards and are accordingly reflected in 

the character of traffic operations. 

Traffic flow is not uniform, and each vehicle in the stream is 

capable of accelerating and decelerating. The "traffic problem" cen

ters around the large-scale motions of these vehicles during high flow 

periods. In this state, they are forced to travel at higher densities 

and they have only occasional opportunities to pass. In this regard 

then, the study of traffic factors which has been presented can be re

flected in the acceleration static quantity, which, in measuring the 

smoothness of traffic, is the study of the acceleration and deceleration 

patterns of these vehicles. 

There is some information available on acceleration static; the 

range of its magnitude under a few specific sets of conditions, its 

general shape and appearance, etc. , have been determined. 

Drew (1968, p. 359) noted thatresearch results, showing acceler

ation static to be dependent upon the three basic elements of the traffic 

stream (driver, roadway, traffic condition), have placed the variable 

in a position of receiving more attention. A rather pictorial description 

of the variable was presented in Drew's text, and it bears repeating: 

On a given highway with traffic volume so light that it does not 
restrict his maneuverability, a motorist normally attempts to 
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drive at a uniform and comfortable speed. Unconsciously, how
ever, he accelerates and decelerates occasionally and deviates 
from a uniform speed throughout his journey. When traffic vol
umes have increased to a level which restricts his desirable 
speed, the motorist is perhaps forced to change lanes and in
crease speed to overcome slower-moving vehicles, resulting in 
higher and more frequent deviations from a uniform speed. The 
accelerations during his trip can be considered random com
ponents of time, and the acceleration distributions essentially 
follow a normal distribution. The smoothness of his journey 
can be described by the amount that the individual random acceler
ations disperse about the mean acceleration. This deviation is 
measured by determining the standard deviation (also referred 
to as the root-mean-square deviation) of the accelerations. 

In this study, the standard deviation of accelerations was considered 

as the root-mean-square deviation about the mean of accelerations. 

Alluded to as a measurement of the smoothness of traffic flow, 

the term static (indicating the disturbance of vehicle speed from a uni

form speed) has its analogy in audio static which is used to describe 

the intermittent fluctuation of the audio signal on a communications set. 

An examination of the distribution of accelerations as derived 

by various research studies proves illuminating. Dudek (1965) sym

bolically referred to the distribution of accelerations portrayed in 

Figure 6 as similar to that of a vehicle which has been driven at an 

almost uniform speed throughout its trip. 

In a symbolic plot similar to that shown in Figure 7, Dudek 

identified the condition as a vehicle experiencing higher deviations 

from a uniform speed. Note the higher acceleration static (standard 

deviation) in Figure 7. It is seen that acceleration static varies with 
\ 

the amount and frequency of acceleration and deceleration; obviously, 
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the more violent and more frequent that these maneuvers are, the 

larger is the static—rwhich is an undesirable condition. 
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Figure 6: Distribution of Accelerations With 
Minor Deviations (Dudek, 1965) 
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Figure 7: Distribution of Accelerations With 
Major Deviations (Dudek, 1965) 

Montroll etal. (1964) found experimentally that the general 

appearance of acceleration distribution was similar to that shown in 

Figure 7. Figure 8 is presented to describe the broadening effect 

which they found individuals in the traffic stream to have on 
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accelerations. In particular, the broadening was smaller for the con

servative driver, A, who was content to follow the stream than for 

the "cowboy, " B, who by weaving attempted to drive faster than the 

stream. 

A. q-=.03 g B. q- =.07g 

-l -o— +1 -2 -I -o~ +1 +2 

cr 

Acceleration In Units Of .05g l5^ l.6ft/sec/sec) 

Figure 8: Acceleration Distribution Functions for a Driver (A) 
moving with a traffic stream at approximately 35 mph 
and (B) attempting to drive 5 to 10 mph faster than the 
stream average. (Montroll and Potts, 1964) 

The range of magnitude of acceleration static as found in vari

ous earlier studies is presented in Table 3; it was previously stated 

that the driver, the roadway geometries, and traffic conditions prob

ably account for the magnitude of acceleration static. These factors 

explain the wide differences in the values. In research conducted 

recently on acceleration static and reported in Special Report No. 113 

of the Highway Research Board (1971), similar value ranges were 

found for urban arterial streets-
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Table 3: Acceleration Static Data on Different Street Types 

Experimenter 

Dudek 

Rowan 

Jones/Potts 

Montr oil / Potts 

Baker/Helly 

Street Type 

F reeway 

Arterial 

Suburban (off-peak hour) 

Suburban (peak hour) 

Test track 

Poorly surfaced rural 

Tunnel 

New York City Arterials 

Park Avenue north 

Park Avenue south 

36th Street east 

37th Street west 

8th Avenue north 

9th Avenue south 

Approximate Acceleration 
Static, ft/sec/sec 

Several Runs 

. 4 - 2 . 0  

1. 5 - 4. 5 

. 8 

1.4 

.3 

2. 0 

.7 

2. 4 - 2. 8 

2. 5 - 2. 7 

1 . 9  -  2 .  1  

2. 0 - 2. 5 

.3 - 1.8 

.3 - 1.7 

Mathematics of Acceleration Static 

The pattern of vehicle acceleration, as a function of time, has a 

random appearance. An acceleration distribution function can be ob

tained from such a pattern; this distribution is essentially normal in 

shape. The random component of the acceleration pattern is that which 

Drew (1968) referred to as "acceleration noise. " The mathematical 
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definition of this quantity has been the subject of earlier studies by-

other workers and the following is a development of an equation used 

by Jones and Potts (1962) for approximating acceleration static; their 

derivation of (J*is shown in the following section. If v(t) and a(t) are 

the speed and acceleration of a car at time t, then the average acceler

ation of the car for a trip of time T is 

1 
ave 

T 

i(t.)dt = 7j;[v(t) - v(07} 

The standard deviation of a set of n numbers x„,x„,..„,x is denoted 
12 n 

by s and is defined by 

T n O 1 

•Ch Si 

where x is the mean value of the x1 s. This definition formula for s 

ultimately became that used for determining acceleration static, C5"". 
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c 
.2 
o w 
-2 0) 
o 
o 

t 0 h 

T 

*n 

< 
Time 

Figure 9: Acceleration vs. Time 

From Figure 9, it is seen that if a(t.) denotes the acceler

ation of a vehicle at time t^, the square of the difference between 
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any acceleration and the average acceleration is denoted by 

E'v • 2 

The summation of these differences over a time T becomes 

JT fa(t.) - a ~"]2 dt 
o L 1 aveJ 

T 
The sum of intervals in the sample is equal to JT tj = T. 

x=0 

Therefore, the acceleration static QTcan be written as 

and the variance as 

• ^4joT0(V" a a v J -

By expanding and combining terms, the variance equation is reduced to 

2 i fT -.2 2 

^ * T J 0 E( ti>] dt  " (aave» 

The value of can then be estimated from the above expression, by 

where &V = a change in speed in mph 

AT = time duration of speed change in seconds 

Vo = initial velocity (at time zero) in mph 

V^, = final velocity (at time T) in mph 
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If AV is taken as a constant (say 2 mph) throughout the measurement, 

then _ '' 

where n is the number of speed changes of 2 mph in time At. 

There are two possibilities in which the second term can be ig

nored; if the final velocity is the same as the initial velocity, the 

average acceleration is zero and the second term vanishes. When 

acceleration static is measured over a long stretch of roadway, render

ing T large, the second term is very small and can usually be neglected 

(Jones and Potts, 1962). Therefore, for relatively long trips 

'{•V i 
If C^t is measured for each successive speed change of 2 mph, that is, 

n = 1, the approximate equation for acceleration static as developed by 

Jones and Potts becomes 

i -hf]2*1-47 <3-2> 

in units of ft/sec/sec. Equation 3.2 includes the conversion of V from • 

mph to fps. 

Measurements for Acceleration Static 

The deviations of the accelerations when a vehicle is stopped is 

zero; since this type of situation would reduce CTvalues over an 

entire signalized street, even though it adds to driver frustration and 
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annoyance, Q'is measured only while the vehicle is traveling at a speed 

greater than a prescribed minimum, as explained on page 36. If a con

tinuous analog record is made of a vehicle's speed as a function of time, 

changes in these values yield acceleration as shown in Figure 10, and 

acceleration static could be determined using equation 3. 2. For every 

change in speed ( AV), At is measured from the chart and the acceler

ation values can be computed. A similar technique for determining CS' 

was used in this study; procedure for these measurements and the 

computer program to solve for & is discussed under separate heading. 

T6 ~ T5 5-6 

V6 — V5 — = a 

V 2 - V |  

T2-T, 
= acceleration 

1 - 2  

Velocity 

—Points 
(describing velocity 

profile geometry) 
Permit computation of 
acceleration values 

Time 

Figure 10: Velocity-Time Relation as Used to Determine Acceleration 



MODEL FORMULATION AND 

DEVELOPMENT OF METHODOLOGY 

It was necessary to conceptualize a method, capable of using 

selected variables as indices of traffic quality, which would yield 

acceptable results to the practicing transportation officials wishing to 

rate a major arterial street,, That is the concern of model formulation 

in this dissertation and it is the subject of the section to follow. 

The following list is presented to capture those conditions under 

which the assumed or intended purpose of the model will operate: 

]. It is to model interrupted flow conditions; due to the lack of 

control of access, the likelihood of continuous flow is remote. 

2. The model is to operate independently of the type of traffic 

control system present. The concept must therefore be 

applicable regardless of the type of control used at inter-

sections. 

30 Since an innumerable number of factors probably affect 

traffic quality, a primary goal of the model is to reflect on a 

gross measure of quality; viewed in this way, the experimen

tal plan (the model) became a key to the extent that it would 

represent and yield a limited but specific result. 

51 
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The primary role of an urban arterial street is that it provide a 

smooth journey with minimum delay to motorists. This gave a ration

ale for expressing traffic flow quality in relation to the variation of 

acceleration static ( CD and the average delay (D). The manner in which 

motorists, then, react to geometric conditions, traffic operational con

trols, and environmental features (all associated with a particular 

street section) will ideally be reflected in this type of conceptual model. 

All major street facilities serve the same basic purpose—that is, 

to move traffic—and the major difference in quality between streets of 

the same class could be attributed to their "frictional" effects on traf

fic. Expressed in another way, the flow characteristics of traffic (those 

characteristics incorporated into a traffic model based on the same 

principles) should be responsive to variations in the frictional effects 

of the roadway and traffic stream. The general linear model chosen 

for this purpose is shown in Equation 4. 1: 

Q = f* + f(C )+ @^ & (£*) + /^h(interac tion terms, if any). .  . +^(error) 

where Q = the quality value rating for a street section, 

CT = the acceleration static, ft/sec/sec, within that section, 

D= the delay, seconds, at intersections within that section, 

f {<&) ,  g(D), h (CT, D) = functions of acceleration static, delay, 
interactions, and 

00- P\"" Pi - partial regression coefficients, appropriate to 
data, which are estimated by least squares. 
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Brought to the reader's attention is the fact that since the author 

did not know what specific form to use forCTand D before gathering data, 

the forms for the variables in the above general expression could repre

sent power, reciprocal, etc. , forms ofCfand D, and could be identified 

/ , f 
as (Jand/o r D to denote the transformed case. The objective, then, 

became one of determing which specific combinations oiQT, acceler

ation static, and D, delay, rendered the best fit with Q, quality; the 

importance of satisfactorily meeting this objective within the study can

not be overemphasized, as the entire nature of the experimental 

approach would depend upon this inquiry. 

The model, which utilizes variables conveniently measured in 

traffic streams, becomes the relationship used in this dissertation for 

purposes of measuring traffic quality on a major urban street. As will 

be demonstrated later, the model is capable of combining the effects of 

the two distinctive operating areas (signalized intersections and road

way segments) into one measure of quality—thus rendering it useful 

over a considerable length of street. 

The large number of variables which influence flow, discussed in 

earlier chapters, points out the complexity in formulating a descriptive 

model of the traffic movement situation. The model developed was de

signed to be as simple as possible without being trivial and yet not so com

plex as to be too cumbersome for practical use. Attention is now di

rected toward a few observations regarding the plausibility of the model. 



54 

It is noted that the model expresses quality as being linearly re

lated to both acceleration static and delay; however, without a priori 

knowledge of the precise way in which Q is related toCjTand D, it could 

only be stated that the linear form of the parameters was assumed to 

be the case. As previously stated, determination of these relation

ships, based on collected data as evidence, was necessary to make 

statements concerning the specific form of the model. For this task, a 

linear regression analysis (Steele and Torrie, I960) of Q on <3Tand Q on 

D was indicated; then, should the relationship not be linearly related 

to quality, the model would have to be modified (or the variables 

changed to make the model linear). The methodology section treats 

this question. 

Another consideration, in the context of the relationship between 

acceleration static and delay, was also necessary at this point. The 

model assumes a condition which possibly may not be supported by evi

dence. In essence, the model assumes (J} and D to be non-correlated; 

no proponent of this case was found in the literature and a separate 

test was therefore necessary to verify the assumption (difficultyarises 

if the assumption is invalid). The Spearman Rank Test (Steele and 

Torrie, I960) was the method utilized in answering this question; the 

methodology section treats this point in detail. 

Finally, because of the practical nature of the research in this 

study, it was considered a necessity to provide a descriptive procedure 
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for applying the quality measuring technique to traffic flow conditions. 

This is set forth in the next section. 

Study Procedures 

The initial study location, in Tucson, Arizona, was Speedway > 

Boulevard, a signalized arterial street carrying 33, 600 vehicles 

per day (according to volume counts made by the City of Tucson in 

March, 1970) within the study section. It is a five-lane non-divided 

facility having 14 foot lanes, the middle of which is designated as a con

tinuous left turn lane, with six-inch barrier-type curbs throughout nearly 

all its length. Abundant access is provided to abutting property, with 

curb cuts averaging 50 (25 each side) per mile in the study section. 

Traffic signals are of the semi-actuated type with cycle lengths varying 

from 60 to 90 seconds duration. 

The study section of Speedway Boulevard began at Sixth Avenue 

and extended through eight variably spaced signalized intersections to 

Country Club Road, a total distance of 12, 970 feet. There are several 

other intersecting (either four-way or T) streets within the study area 

but they are not signalized and flow is considered as sufficiently con

tinuous to allow high capacity movement. To test the predictive 

strength of the model, a separate validation area was selected. The 

validation site was on Broadway, which began at Country Club Road and 

extended to Swan Road, a distance of 10, 560 feet, had characteristics 
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dissimilar to that of the study site. Figure 11 shows the study and 

validation sections. 

The use of the floating car method has been established (Drew, 

1968 and several others) as providing accurate determination of the • 

average speed of vehicular traffic on a roadway. This method was 

also applied in this study with the assumption made that the accelera

tions of a floating car would also represent a good average of the 

accelerations of the traffic stream; further, Dudek's (1965) and Rowan's 

(1967) procedures for obtaining acceleration measurement confirmed 

the floating car method as a suitable technique. 
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The total acceleration static of vehicles at different locations in 

a platoon has been previously measured in experiments conducted by-

Herman etal. (1959), and also by Montroll and Potts (1964); they 

noted that traffic broadened the acceleration distribution function. It 

was found that the dispersion down the platoon increases up to about the 

fifth vehicle at which location the static reaches about three times that 

of the lead car. They also found that the broadening factor then re

mained relatively constant down the rest of the platoon. During the 

study periods, care was exercised, where applicable, to position the 

test vehicle in a platoon so as to represent the majority of all vehicles 

in a platoon, that is, not closer than the fifth vehicle in a platoon (this 

condition was imposed on the floating car method). Since study ob

jectives included peak period experimental runs, the full effects of 

this broadening factor could thus be measured and the results would be 

applicable to the "crisis" period of the day as well as during the off-

peak periods. By placing the test vehicle in about the fifth position 

within platoons, since that is a conventional placing, the driver could 

also exercise judgement to meet floating car method conditions. 

Although some variance in the acceleration static experienced 

by different drivers on a given street may exist, this variance was not 

measured as part of this study. This source of variance was eliminated, 

however, by utilizing the same driver throughout this study. 
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Development of Technique 

The phases required to complete the traffic quality measuring 

technique were reduced to .six distinct steps once the objective was 

formed, field study procedures were established, and data were col

lected. Of importance in the initial design of the experiment was the 

recognition that the phases had to be carried out in a sequential manner. 

Figure 12 portrays the procedure established to develop the traffic 

quality index; a narrative description follows the illustration. 

STAGE 1 |  |  STAGE 2 

required variables (35—simultaneously-• estimates of quality, 
and D, measured I JQ, obtained 

STAGE 3 

form of variables to 
use (with quality) 
determined 

STAGE 4 

correlation of vari
ables tested 

STAGE 5 

coefficients of 
Equation 4. 1 
calculated 

STAGE 6 

predictive ability of 
quality rating 
method assessed 

Figure 12: Development of Technique 

As shown in Figure 12, each phase depended on the former; de

tails of the steps follow; 

STAGE 1~—The first task centered on obtaining estimates of the 

variables selected to reflect quality features within a traffic stream on 

a street section. These procedures were discussed earlier. 



Preliminary testing suggested the use of about 25 runs on the total 

length containing nine signalized intersections in the study area and six 

signalized intersections in the validation a^ea. Figure 11 shows the 

configuration of field conditions. In this study, the recording speed

ometer (discussed under equipment section) was used to record velocity 

patterns plotted as functions of time within the roadway sections. The 

recording device also allowed the recording of delay values within the 

intersection,areas. The field runs (a total of 24) through the areas 

would each obtain records which would sample several minutes of traf

fic operation. Under the experimental procedures set forth in the next 

chapter, approximately 3,800 data components resulted from field 

measurement. The individual pieces of data emanating from these 

systematic procedures resulted, after data reduction, in a total of 

936 values. The reduced experimental results are presented in Appen

dix G; a detailed summary, identifying the field runs, is presented in 

Appendix H. 

STAGE 2-—Judgment on the part of trained individuals was used 

to gain a measurement of the variable on the left-hand side of the 

equation (quality of traffic service). This follows from reasoning that 

an "expert" in the field of transportation will provide a more realistic 

estimate of conditions than would a "novice"—i. e. , one acquainted, 

to be sure, with discomfort, inconvenience, unsafe potentials, etc. 

but likely too personally biased to render an unemotional view of how 



traffic is, in fact, operating. It was recommended that measurements 

be gathered through the use of five observers and, further, that their 

individual ratings be averaged into one factor to reflect a quality value, 

Q. Prior to averaging the values into a single number, it was neces

sary to measure the variability within panel members; Appendix I treats 

that consideration. 

For purposes of selecting a quantitative value of Q, descriptive 

factors used to define a range of conditions were developed; each sub

ject was required to rate Q based on several factors (semantically de

scribed) which might reflect the quality of flow. Therefore, a Q value 

of 10, for instance, meant a certain condition of traffic operation and 

differed greatly from a value of 1 which also represented a specific 

condition of the traffic stream. A complete description of the index 

range and the manner in which "calibration" of observer judgment was 

carried out is given in Appendix E. The longitudinal area upon which a 

quality value was obtained corresponded to the physical situation, as 

shown in Figure 11, since it was required of an observer that he con

sider quality conditions within both the roadway segment and the signal

ized intersection area in producing a numerical rating. Elaboration to 

justify qualifications of panel members is presented in Appendix E. 

STAGE 3 — The method of least squares regression was the esti

mation technique to best consider the problem of the relationships 

between quality and acceleration static (i. e. , Q vs.QT ) and quality 
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and delay. Computational formulas exist (Steele and Torrie, I960) 

which allowed the researcher to measure the degree of relationship 

assumed in the model; the linear form was selected to represent the 

"effects" of delay and acceleration static upon quality and it was 

necessary to measure the goodness of fit of the equation to the data. 

STAGE 4—-It was then essential to test the correlation which 

might exist between the "index variables" — i. e. , and D; a determi

nation of this question was necessary because it meant that an impor

tant decision must be made and the nature of the experiment depended 

on that decision. Specifically, it was recognized in an early phase of 

the study that the relationship between field-measured units of G*and 

D would be either non-correlated or correlated. Should the outcome be 

that they, were non-correlated or highly linearly correlated, the task 

of model verification would be quite simple. In particular, if (5* and 

D were found to be non-correlated, a model similar to that shown in the 

general expression (Equation 4. 1) would satisfactorily describe the 

data; however, if the parameters were highly linearly correlated, one 

could be justified in deleting either G* or D as they could be declared 

as variables measuring the same effect. Spearman's formula for rank 

correlation (Steele and Torrie, I960) was used to perform the testing 

of the correlation between <3 and D. 

One further condition remained to be examined. That was the 

possible non-linear arrangement of the parameters when regressed 



with the left-hand side of Equation No. 4. 1. Should this be the case, 

and providing that {5" and D be correlated as second or third order 

polynomials, then those determined forms would necessarily be added 

to the model. 

STAGE 5 — The next step involved determining the degree of re

lationship existing between the three variables in the model. This 

procedure indicated the use of multiple regression and correlation; 

Appendix C treats this procedure. Reference to Class Notes in Statistics 

(1962-1964) and Steele and Torrie (I960) indicated that, as in simple 

regression, simultaneous solution of the normal equations for the least 

squares regression plane would yield the ^^-coefficients and the re

quired regression equation in a form amenable for use as a predictor 

of traffic quality. The square of the coefficient of linear multiple cor

relation was indicated as a necessary calculation to determine the good

ness of linear fit between the variables Q, C , and D as expressed in 

the model. 

STAGE 6—An important part of the study centered around the 

assessment of the predictive ability of the quality rating method as pro

posed in the model form. While it was significantly advantageous to 

examine closely several portions of Speedway under different operating 

conditions, it was considered necessary that one should validate (or 

verify) the capability of the model by using a different, but similar in 
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functional character, street. Broadway, between Country Club and 

Swan Roads, was selected as the validation arterial. 

To accomplish this objective, the necessary steps were as follows: 

A. The predetermined values of for the composite study 

street section (Speedway) were assembled. 

B. "Expected Q" values were derived for the validation 

street section from the foregoing parameters. 

C. From values of "observed Q, " obtained by the observers 

in their rating of the traffic quality in the composite vali

dation section (Broadway), a comparison was made 

between the two using techniques common to statistical 

practice. 

This latter determination then led to a conclusion regarding the 

potential usefulness or predictive ability of the technique by transpor

tation officials. 
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MEASUREMENT APPARATUS AND 

DATA COLLECTION PROCEDURES 

Data to be gathered in this study were values for Quality, Q, 

acceleration static, (5", and Delay, D; considerations regarding the 

amount of data are discussed at the end of this chapter. The following 

section discusses the equipmentused for da ta collection and processing. 

Recording Speedometer 

In earlier studies of acceleration static, three different methods 

of recording data necessary to calculate the variable were employed. 

Herman etal. (1959), photographed an accelerometer mounted in the 

test vehicle and determined (oby analysis of an acceleration-time curve. 

Jones and Potts (1962), realizing that this method was too time consum

ing, utilized a tachograph and recorded the speed of the test vehicle as 

it progressed in the traffic stream. Basic equations of motion were 

employed to solve for Both Dudek (1965) and Rowan (1967), em

ployed various types of recording speedometers. 

The tachograph had several advantages, according to Jones and 

Potts, over the accelerometer; however, for this particular urban 

street study, the writer considered the recording speedometer as being 

more suitable because of its flexibility. The recording speedometer 

selected for this study, a TBM-436 recorder, manufactured by Marbel-

ite, Inc. , is cable connected to the transmission and is capable of 
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recording a plot of the vehicle's speed in the traffic stream. A photo

graph of the recorder is shown in Figure 13. 

Contributing to the flexibility of the recorder was the fact that the 

other measured variable was time; since chart speed was variable, de

sired accuracy in the reading of time was more attainable. Through a 

combination of gear settings in the recorder, this varied selection of 

chart advance rates was possible. For this study, a chart advance 

rate of two inches per minute was used to obtain the desired degree 

of measurement accuracy. 

Satisfactory accuracy was also attainable on the reading of the 

second variable, speed» The chart scale on the recorder is gradu

ated in increments of 2 mph, up to 60 mph. Considerations taken in 

determining the desired degree of measurement accuracy for both 

variables is discussed in a later section. 

A primary advantage of the Marbelite recorder lies in its ability 

to provide a continuous record of the test vehicle's speed in the traffic 

stream. Another advantage, since speed was directly plotted, is the 

capability of obtaining values of intersection delay by reading the 

times from the chart before and after the intersection areas, i. e. , 

at the 5 mph control points. 

Quality Rating Forms 

Recordings of quality, Q, required no particular apparatus, 

since, in securing estimates of traffic quality, each observer was 
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Figure 13: Photograph of Recording Speedometer 



provided with a specially designed form upon which various types of 

traffic conditions were semantically defined. Then, using the quality 

definitions set forth, the informed observer would record its associ

ated numerical value for that section, i. e. , from one signalized inter

section to the next. Appendix E includes the rating form and the set of 

instructions developed for using the form. 

Supplemental Equipment 

Additional apparatus used in the dissertation included a General 

Electric (1968) Mark I Time-Sharing Device. This facility, which is on 

lease to the City of Tucson, Arizona, provided (through its program 

library located in Phoenix, Arizona) certain features amenable to 

analyzing the experimental data gathered in the study. Two library 

programs available for the Mark I were used; their capabilities are 

outlined below. 

The first program, used in STAGE 3 of this study, is labeled 

SIXCR$. The purpose in using this program was to perform a simple 

regression analysis, calculating regression coefficients and compara

tive data for each of six curve types, based on a least squares curve 

fit of the appropriately transformed data. 

The program permitted not only a test of linearity between Q vs. 

<57 and Q vs. D, respectively, but also a selection (using the coeffi

cient of determination as the selection criterion) of a "reasonably good" 

function to use should a linear form not be satisfactory. Accordingly, 



the following items are calculated for each of the six curve types: 

1. Regression coefficients and 95 percent confidence limits on 
the coefficients; 

2. The coefficient of determination for the equivalent linear 
equation; 

30 The variable means; and 

4. The observed values of the independent variable, the corres
ponding observed and calculated values of the dependent vari
able, and 95 percent prediction limits for all values of the 
dependent variable. 

Appendix A, for the interested reader, deals with linear regres

sion and curve fitting. 

The second program was one labeled MULRG$. Used in STAGE 

5 of the experiment, its purpose was to perform a multiple regression 

analysis for Q, the dependent variable, as a function of the independent 

variablesC5"*and D, with optional transformation of the independent 

variables. 

Once the variables (and, indeed, the particular form of the vari

ables) were selected, the program was capable of producing the follow

ing information, all pertinent to this study: 

1. Least squares estimates of the regression coefficients 

2. Least squares estimates of the beta coefficients (standardized 
regression coefficients for the regression equation) 

3. The mean and standard deviation for each regression variable 
after transformation, if any 

•"i. The analysis of variance table for testing significance of the 
regression 



5. The coefficient of determination 

6. The multiple correlation coefficient 

7. F-ratio test statistic 

8. An optional summary of the fit, giving the observed and 
estimated Q, and the actual and percent differences for 
each data point. 

Appendix C presents, for the interested reader, the analysis 

technique used in conducting this phase of the study. 

Amount of Data Required 

A decision had to be made concerning the magnitude of data that 

would be required to collect in the study; this determination was neces

sary for purposes of making reasonably certain statements regarding 

the outcome of the study. 

The suggested first step was to examine the dispersion of the 

measured data, and then to estimate the size and sample required con

sistent with considerations of the practical aspects of the problem and 

pertinent statistical procedures. 

Each run in the study consisted of 13 values for each of the vari

ables; it was found, after taking a sample of eight runs (about 100 ob

servations on the variables) that about 17 runs would be required. The 

actual number of cases used (24) was well beyond the basic require

ment of sample size and the writer felt assured of the validity of the 

results as far as measurements of the variables were concerned. 



Accuracy of the Data 

A rather thorough inquiry into the work of others regarding 

attainable accuracy in the measurement of acceleration resulted in 

substantive information. In works preceding that presented in this 

dissertation, a desired attainable increment of velocity was approxi

mately 2 mph (Rowan, 1967 and Dudek, 1965) and of time, approxi

mately 1. 3 seconds. For the recorder and chart speed selected for 

this study, velocity changes of 1 mph and time differences of 1 second 

were readily detected as 1 inch = 20 mph and 30 seconds, respectively. 

These characteristics, therefore, were regarded as satisfactory. In 

fact, one authority (Rowan) stated verbally that just the opposite should 

be the case—viz. , "one shouldn't record too finely, as doing so may 

yield greater accuracy but 'clutter up' meaningful results in terms of 

properties of the traffic stream. " 

The next consideration was that of the net result of this attain

able accuracy on the variable of interest (standard deviation of acceler

ation), when a value range for£5"of  from 1.0 to 3.0 ft/sec/sec was 

anticipated. This consideration led to a conclusion that, since use of 

a scale (graduated to be compatible to that of the graph) permitted 

reading velocity to the nearest 0. 50 mph and time to the nearest 

0.75 seconds (rendering dv/dt "readable" to about 1.0 ft/sec/sec) was 

suitable for two reasons. First, since acceleration variance includes 

a component due to observation error, the significance of that 
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component (compared to that due to the variable itself) becomes negli

gible as the number of observations increases. The other reason lies 

in the fact that velocity and time readings are of a nature so as to pro

duce compensating types of error; i. e. , an erroneous reading (either 

high or low) of a value for time or velocity would not be cumulatively 

carried to the next data point and as many "high" as "low" readings 

would be erroneously recorded. 

A further consideration was made; since vehicle acceleration was 

assumed as being normally distributed, it was required that a check be 

made, on the appropriateness of that assumption. A complete set of 

acceleration data for the composite runs was tested, using the Chi-

square goodness~of~fit method, under this inquiry; the data supported a 

test for normality at the oi. = .  05 level with a mean acceleration of 

+. 038 ft/sec/sec and a standard deviation of 2. 29 ft/sec/sec. 

Reduction of Data for Computation 

To compute acceleration, dv/dt, and thus acceleration static, CS", 

it is necessary to make a conversion of data from analogue to digital 

form. From the velocity-time profile, similar to that shown in Figure 

10, data reduction to solve for acceleration static was made through use 

of a program developed by students at The University of Arizona. The 

program processed the data into the required C form (a modification 

of Equation 3.2) for variable street lengths. This was accomplished by 

reading velocities from the profile and the associated time points, 
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providing there was a change in slope (the criterion in tracing the geom

etry of the profile). These data were then transferred to punch cards 

to facilitate analysis on the computer. The computer program for 

solving for Ci" is presented in Appendix F. 

Tabulation of experimental results is p;irt of the next chapter; 

also contained in the next chapter is a discussion of the results and 

the usefulness of the traffic quality rating method. 



ANALYSIS AND DISCUSSION OF EXPERIMENTAL RESULTS 

Experimental measurement for the total 24 runs through the 13 

sections resulted in over 1, 100 individual traffic quality ratings, nearly 

2, 300 acceleration recordings, and 312 delay measurements. Rawdata 

were reduced to suitable form and analyzed in a sequence similar to the 

pattern shown in Figure 12. Experimental values of Cf*and D and rated 

values of Q for the study were reduced and tabulated in Appendix G; i. e.f 

the data, which was subjected to regression analysis, was collected by 

taking 24 runs on the eight Speedway and five Broadway sections. 

Table 4, shown on the following page, summarizes the coefficients 

of determination for Q vs. and Q vs. D, resulting from the SIXCR$ 

program (General Electric, 1968). The following curves (shown for the 

Q vs. C case) were those considered practical to use in modeling the 

variables; testing of a linear form was an obvious choice and the other 

two forms, reflecting a combination of power relationships between 

the two variables, had meaningful traffic operation possibilities. While 

six separate curves were studied, only the following three were included 

for further analysis and presentation. 

- - BCT - B 
Curve 1: Q = A + BCT Curve 2: Q = A Curve 3: Q = ACP 

Simple determination coefficients, computed to ascertain the 

nature of the independent variables for later use, are shown in Table 4. 
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This examination of r was performed to gather insight regarding 

possible mixtures of O" and D in multiple regression. 

Table 4: Coefficient of Determination for Q vs.O* and Q vs. D 

Q vs. CT Q vs. D 

Section 
No. 

Curve Number 
1 2 3 

Section 
No. 

Curve Number 
1 2 3 

1 . 36 .35 .44 1 .43 . 27 .29 

2 .  82 .86 . 87 2 .88 .76 .78 

3 .91 . 88 . 93 3 .31 . 25 .22 

4 .73 .74 .74 4 .45 .35 .26 

5 .71 . 71 .  80 5 .  60 .  52 .54 

6 .  32 .39 . 68 6 .45 .37 .38 

7 .84 .82 . 89 7 .08 . 09 .21 

8 . 81 .70 . 62 8 . 15 .  11 .  12 

Average .  69 . 68 . 74 .42 .34 .35 

Table 5 presents the experimental results of simple regression 

analysis, STAGE 3, for the three curve types and for all eight sections 

of the study area; this array of information was helpful in deciding on 

variable forms to usi when conducting multiple regression analysis. 

2 
The coefficient of determination, r , is shown in the table on the 

following page. 



Table 5: Simple Regression Analysis (Results of STAGE 3) 

Q vs. CT Q .vs. D 

Sec. Curve _ 
No. No. r A B r A 

1 .36 2.21 .47 .43 2.17 . 10 

U 2 .35 2.00 . 16 .27 . 2.14 .03 

3 .44 2.31 .45 .29 1. 12 .45 

1 .82 . 15 1. 68 .88 . 96 .  15 

2 2 .86 .83 . 66 .76 1.32 .05 

3 .87 1. 80 .86 .78 .58 . 63 

1 . 91 .31 1.42 .31 2. 06 .  11 

3 2 .88 1. 06 .46 .25 1.95 .03 

3 .93 1.70 .89 .22 1. 00 .47 

1 .73 -.72 1.31 .45 1.98 .10 

4 2 .74 1.20 .43 .35 1.94 .03 

3 .74 1.91 .80 .26 1. 31 .35 

1 .71 .73 1.08 . 61 1.58 . 13 

5 2 .71 1. 22 .36 . 52 1. 67 .04 

3 .80 1.82 .70 . 54 .  83 . 55 

1 .32 1. 89 .79 .45 2. 10 .08 

6 2 .39 1. 63 .28 .38 1. 96 .02 

3 .68 1.95 .76 .38 . 96 .45 



76 

Table 5: (continued) 

Q vs. © Q vs. D 

Sec. Curve 
o  

No. No. r A B r A B 

1j, .84 .34 1.42 .08 2.74 .03 

7 2 >82 1.20 .45 .09 2. 53 .01 

3 .89 1.70 .90 .21 1. 53 .27 

1 .81 1.05 1.20 .  15 5.87 -. 12 

8 2 .70 1. 841 .28 .11 5.41 -.03 

3 .62 2. 19 .66 .  12 10.90 -.41 

1 .43 1. 18 .94 .52 1.77 .  11 

Com
posite 

2 .42 1.80 .26 .54 2.09 .  03 

3 .41 2.01 .  60 .51 1. 13 .41 

A justification for pooling of data was required. This involved 

testing the acceptability of pooling the data among field runs conducted 

during peak and off-peak traffic flows and directions. Appendix J sum

marizes those analyses necessary to allow combining of the data. 

In the composite section (all 8 sections consolidated into one),1, 

the linear forms of CJ* and D appeared to be suitable relationships; at 

least this mixture of the independent variables supported examination in 

the multiple regression analysis phase. See Appendix J for the justi

fication of consolidating the eight sections into a composite street 

section. 
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The ultimate composition of a model such as proposed in this 

dissertation required that either (a) the variables chosen for use not 

be correlated or, (b) if they be correlated, the nature of the relation

ship be known. The following summary, Table 6, presents results of 

the Spearman rank correlation test on "<3^ vs. D for all 24 runs on the 

eight study-area sections. 

Table 6: Rank Correlation Analysis (Results of STAGE 4) 

Correlation 
^ Significance® 

Section No. ]T (Rank Differences) On. = .  05 

1 1,950 No 

2 834 Yes 
3 1,542 No 
4 2, 158 No 
5 849 Yes 
6 1,606 No 
7 1,066 Yes 
8 2,744 No 

Composite 1,950 No 

The above analysis was done in conformance with methods cited 

in Appendix B; the "t"-test for this technique is that shown in Equation 

6. 1, from Steele and Torrie (I960). 

t = r -\ / n-2 (6. 1) 
ot , n-2 rank \ / 

V ~ rank 

Hajek (1966), Table XVII, was helpful in actual determination of 

whether or not and D were correlated. Magnitudes for the lower 

critical value for (Rank Differences)^ have been determined for 



various levels and numbers of paired data points in the Spearman 

rank correlation test. This value is equal to 1, 510 and it formed the 

criterion for tests of correlation significance of vs. D in Table 6; 

in other words, any condition resulting in a numerical value of less 

than 1,510 was deemed to possess correlation between the variables. 

It was concluded, based on several considerations, that C" and 

D did not have a marked linear relationship between them. 

This decision, which assisted in choosing the specific form of 

Equation 4. 1, was useful in conducting the multiple regression analy

sis phase. The bases for this reasoning were as follows: 

a. Results of correlation testing, Table 6, indicated that 

significant correlation between and D did not exist 

in most of the sections. 

b. From a traffic operations view, those factors which 

affect D would not similarly affect C" . 

c. Significant correlation did not exist at the testing level 

in the composite grouping. 

Having completed the least squares curve fitting and the cor

relation testing phases, attention was turned to analyzing and inter

preting results of the models chosen to indicate traffic quality. The 

following section presents results of the MULRC$ program (General 

Electric, 1968); Table 7 summarizes the findings for the eight separ

ate study sections and compositely using, as model components, the 



linear forms of CT and D. A preliminary judgement would have led 

one to conclude, due to their having the highest average coefficient of 

determination, that the combination of curve number three for Cf and 

curve number one for D would provide the best fit in multiple re

gression; however, since linear forms met statistical criteria and 

traffic engineering logic, this model was selected as being satisfactory 

and most convenient for demonstration purposes. Another basis (for 

using both variables in the expression) was due to their not being cor

related as shown in the Spearman rank correlation test. 

All eight sections and the composite section yielded favorable results 

in terms of high F-ratios and multiple correlation coefficients; this is 

seen in the following table for the linear form. These criteria alone, 

however, should not dictate an ultimate selection of a model for de

scribing traffic operations. As a matter of practice, using F-ratios 

or R values must be minimized as a determinant in these situations; 

rather, sound judgement on the part of the engineer using the data 

becomes the governing factor. In this dissertation, a central concern 

in any analysis of mathematical expression was that the particular 

equation form meet reasonable judgement of traffic flow characteristics 

when considering the expected influence of one or more variables on 

the other. 

Further exploration, beyond the linear form used in the analysis, 

was conducted on various combinations of model, variables <5" and D; 
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Table 7: Multiple Regression Analysis (Results of STAGE 5) 

Expression: Q = to + fir (or) + ^2(d) 

Estimated 
Standardized 

Regression (Beta) 
Variable Coefficient Coefficient Source d. f. SS MS F 

Stable @5%" 3 '4?)  

Section Number 1 —Multiple Correlation Coefficient R = .  76 

0(Dep..); .71 (= constant) Total 23 47 2. 2 
1 .36 . 62 Reg. 2 22 11. 0 10. 0 
2 .  09 .37 Error 21 23 1- 1 

Section Number 2 — Multiple Correlation Coefficient R = .  86 

o
 

m
 o
 

(=constant) Total 23 62 2. 7 
1 . 83 .  51 Reg. 2 46 23. 0 57. 4 
2 .  12 .49 Error 21 8 .4 

Section Number 3 -— Multiple Correlation Coefficient R 

00 • 

II 

0 1. 17 (=constant) Total 23 64 2.9 
1 .  59 .48 Reg. 2 42 21.0 52. 5 
2 .06 .50 Error 21 9 . .4 

Section Number 4-—Multiple Correlation Coefficient R 

00 • 

II 

0 .49 (=constant) Total 23 76 3. 1 
1 .47 . 47 Reg. 2 54 27. 0 33. 6 
2 .  09 .55 Error 21 16 .8 
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Table 7: (continued) 

Expression: Q = (CT ) + (D) 

Estimated 
Standardized 

_ Regression (Beta) 
Variable Coefficient Coefficient Source d. f. SS MS F 

Section Number 5—Multiple Correlation Coefficient R = .  83 

0 .  32 (=constarit) Total 23 70 3. 1 
1 1.13 .52 Reg. 2 48 24.0 34.3 
2 .14 .46 Error 21 14 .7 

Section Number 6—Multiple Correlation Coefficient R = .  74 

0 .  55 (=constant) Total 23 94 4. 1 
1 .59 .46 Reg. 2 56 28.0 10.2 
2 .06 . 52 Error 21 54 2.6 

Section Number 7—Multiple Correlation Coefficient R = .  83 

0 1. 11 (=constant) Total 23 36 1. 6 
1 . 73 .49 Reg. 2 28 14.0 36.9 
2 .  09 .  53 Error 21 8 .4 

Section Number 8—Multiple Correlation Coefficient R = .  87 

0 .72 (=constant) Total 23 6l 2.7 
1 . 57 .47 Reg. 2 48 24.0 26.6 
2 .11 .49 Error 21 19 .9 

Section Number Composite—Multiple Correlation Coefficient R = .  84 

0 .  58 (=constant) Total 23 13 .6 
1 . 67 .47 Reg. 2 9 4. 6 25. 8 
2 .  08 .54 Error 21 4 .2 
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once the issue of relevant meaning to traffic flow was satisfied, re

sults of analyses under STAGES 3 and 5 assisted in forming guidelines 

for the ensuing investigations. Table 8 presents those tests, with their 

results; exponents in the expressions were taken from results of 

simple regression. 

Expressions E and F, although it was known a priori that GTand 

Dwere non-correlated, were included to determine whether or not com

binations of them would lend reinforcement to the goodness of fit. Drs. 

Rowan and Woods of Texas A & M University, in correspondence, en

couraged testing of these combinations. 

In placing other than intuitive interpretation on results of multiple 

regression analysis, reference was made to pp. 283-289 of Steele and 

Torrie (I960) and to Tables A. 6 and A. 13 of the same source. Table 9 

presents significance tests of the multiple correlation coefficient and the 

F-ratio test statistic for all model expressions. 

With the consistently significant values of R and F, it was the 

writer's initial opinion that the data were suspect, or "subject to 

question. " Upon detailed examination of other features in the results, 

however, considerable credence was given to these expressions for traf

fic quality. For instance, values of beta coefficients .  50 were de

termined; this was reassuring because time (delay) and those factors 

associated with other driver concerns (reflected in change of speed) 

probably do carry equivalent strength in rating an urban street. 

\ 



Table 8: Additional Results of STAGE 5 
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Estimated 
Standardized 

Regression (Beta) Analysis of Variance 
Variable Coefficient Coefficient Source d. f. SS MS F 

A. Expression: Q = @ Q @^ ( Of ) '7^5 + ^(D) 

Section Number Composite—Multiple Correlation Coefficient R = .  83 

0 .  16 (=constant) Total 23 13 .6 
1 1. 02 .46 Reg. 2 9 4. 5 25.6 
2 .  08 . 56 Error 21 4 .2 

B. Expression: Q= (?Q+ (^ ( <5* )* ?85 + (^(D)*448 

Section Number Composite—-Multiple Correlation Coefficient R = .  82 

0 -1. 29 ( = constant) Total 23 13 .6 
1 1. 04 .48 Reg. 2 9 4. 6 25. 1 
2 .80 . 56 Error 21 • 4 .2 

G. Expression: Q = ( CT*) + f^2(D) 

Section Number Composite—Multiple Correlation Coefficient R = .  84 

0 .  58 (=constant) Total 23 13 .6 
1 .67 .47 Reg. 2 9 4. 6 25.8 
2 .  08 .  56 Error 21 4 .2 

D. Expression: Q = + (^ ((5" ) + ^(D)"448 

Section Number Composite—Multiple Correlation Coefficient R = .  84 

0 -. 85 (=constant) Total 23 13 .6 
1 .  69 .48 Reg. 2 9 4.6 25.3 
2 .  80 .  55 Error 21 4 .2 

E. Expression: Q = ^  ̂ ^ ( <r) + P2(d)+ (<r+d) 

Section Number Composite—Multiple Correlation Coefficient R = .  84 

.70 (=constatit) Total 23 13 .6 

.  80 .  56 Reg. 3 9 3. 1 16.2 

.23 1.51 Error 20 4 .2 
-.15 -1.03 

0 
1 
2 
3 
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Table 8 (continued) 

Estimated 
Standardized 

Regression (Beta) Analysis of Variance 
Variable Coefficient Coefficient Source d. f. SS MS 

F. Expression: Q = + ^( CT ) -I- + ^(C* 

F 

*D) 

Section Number Composite-—Multiple Correlation Coefficient R = .  85 

0 
1 
2 
3 

2. 52 (=constant) Total 23 13 
-.17 -.12 Reg. 3 9 
-.04 28 Error 20 3 
.05 1.19 

3.2 18.8 
. 2  

Table 9: Significance Tests of Multiple Regression 
(Source: Table A. 6, Steele and Torrie,, i960) 

Section No. 

2 
3 
4 
5 
6 
7 
8 

Expression 

Q - P0+ ^(C) + £,(°) 

Composite 

Composite Q = (2Q + ^1(C)'785+ ^2(D) 

448 
Q =P0+ P1(CT) ,785+ P2(D)' 

Q= ?o+ fyC) + ?Z(D)'448 

Q = P0+ ^(CT) + ?2(D)+ (23(<T+D) 

Q = ?0+ ?j(C) + f,(D)+ P3(<T*D) 

P = .  95 

F . ... 
signxfi-
cance 

•A. JU •v 

11 
I t  

M  

I t  

II 
tl 
t t  

II 



The coefficients of determination, were next, considered. The 
I 

magnitudes of these, 100 r^ 65%, or (to state it in statistical 

terms) about 65 percent of the reduction in the sum of squares of traf

fic quality, Q, was attributable to the combined effect of acceleration 

static, C , and delay, D. This finding, particularly in view of the 

semantical framework of the quality rating form, was not unexpected. 

Therefore, it was concluded that: 

a. The models selected would all exhibit high "goodness 

of fit" under multiple regression. 

b. Of all expressions used, the straight linear, i. e. , 

Q = P + ( C5") + was probably the best 

to use due to its simplicity and highly significant test 

criteria. 

In selecting the linear form for the model, those coefficients for 

the composite section are those from computer output and set forth in 

the previous section, i. e, , 

Q = 0. 584 + 0. 666( (T) + .  084(D) 

became the expression for testing the predictive ability of the traffic 

quality model within the validation section. Note that, from the beta 

coefficients, delay was of somewhat more relative importance than 

acceleration static in its effect on traffic quality. The mean values of 

D and (3" were 14.45 seconds and 2.29 ft/sec/sec, respectively, while 

the standardized beta coefficients were 0.54 and 0. 47, respectively. 
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It is appropriate to consider both (a) the rationale for the model 

which resulted from this study and (b) the practical meaning which it 

has in terms of traffic operation. 

To illustrate the above goal, the model is again presented. 

Q = .  5841 + .  6667 (<o") + .  0842 (D) 

For this study, ft - 0. 6667 and ft = 0. 0842. In other words, ft is 
1 u X 

the quality of urban traffic flow units per ft/sec/sec of acceleration 

static for fixed delay time. Likewise, f t '  is the quality of urban 

traffic units per seconds of delay time for fixed acceleration static. 

Another acceptable manner of interpreting the type of result 

emanating from this study would be that, from an urban traffic quality 

(where quality =1.0 = "best") in quantitative measurement of 0. 5841 

as a starting point, quality of urban traffic on a major arterial increases 

by 0. 6667 units for each ft/sec/sec decrease of acceleration static (JT, 

and by 0. 0842 units for each second decrease of intersection delay, D. 

For the study sections it is seen that Q was about 3. 3; regarding 

the quality of traffic on Speedway, and referring to Appendix E, it is 

thus seen (for conditions existing during the experiment) that the ar

terial was providing a relative quality described by such characteristics 

as "little inconvenience," "minimum queues," flow was interrupted in

frequently," and "fairly good freedom to maneuver." The writer, in 

considering conditions encountered in all experimental runs, regards 

these descriptions as being satisfactory. Some discussion is warranted 



in the vein of explaining the reason for the values of traffic quality-

found in this study. An average Q value of 3. 3 resulted; this value, 

as indicated in the narrative description of types of traffic flow, re

flects reasonably good traffic service. It is noted that Q during 

peak hour flows averaged higher than during off-peak flows, but a 

higher value was expected due to an expectation that the panel would 

rate the conditions differently. Nevertheless, these traffic quality 

numbers reflect suitable traffic flow. Two major related reasons 

underlie this, viz. ,  (a) traffic quality was, in fact, "acceptable, " 

i. e. platoons of vehicles flowed quite smoothly and only occassionally 

were there excessive delays, (b) the study location was a street which 

had an interconnected traffic signal system in operation. This syn

chronously timed traffic signal system was installed about one year 

before the data were collected; this facility, designed to accommodate 

traffic in an efficient manner, is an aid to drivers in traveling on 

urban arterials and it would be expected that stop-and-go movement 

and long delays would not be encountered to the degree as under non-

interconnected signal systems. '  

It was considered important to illustrate the development of a 

criterion useful to show a significant change in quality as a result of 

a future street improvement. An acceptable method, using data from 

this study as an example, would be as follows: 
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1. "For the null hypothesis of no difference between before and 

after improvements, t is defined by 

Q. - Q2 
t (Steele and Torrie, I960) 

S S5i"52 

where: Q = traffic quality and s — = the standard error 

as derived from predictive analysis, i. e., using 

measured values of C5"*and D to forecast Q. 

2. Once t is set, and s- — is computed by 
Q1 ~ U2 

SQ .  5 s—, a confidence interval is determined by 

1 _  2  ^ 
multiplying the t value by the standard error. In the composite study 

case, the criterion was accordingly established for the 5% level as: 

Q1 " °2 = ( t )  (SQ " 5 ]  =  {Z '  07)V2"(0. 285) = 0.834 
1 2 

• 1 "• 

Then, Q + 0. 834 became a criterion for judging whether a future 

improvement rendered a significant change in quality. Thus, if follow

ing an improvement, Q had not been reduced to at least 2. 46, it would 

be concluded that an improvement had not changed traffic quality. 

It is emphasized that, while computations are presented for this 

study case, this analyses would not be useful in projecting to other 

situations, i. e. a presentation was made of this technique for using a 

criterion to judge significance only to demonstrate a method for a 

practitioner to use in other cases using data peculiar to those cases. 



It was also within the scope of this study to assess the predict-

ability of the traffic quality rating method. Table 10 presents results 

of a technique used to validate the reproducibility of the rating method. 

The analysis was conducted on the composite Broadway area, viz., 

section numbers 9 through 13. The linear model was used in determin

ing the predicted values for Q. The F-ratio (25.8) and a significant 

multiple correlation coefficient, ^ , (0. 84) were ancillary criteria in

fluencing the decision to select this composite expression; that the mix

ture of variables support practical traffic flow relationships was the 

governing basis for selecting the linear form along with its having 

simplicity of use for demonstration purposes. 

The standard error of the mean traffic quality for the study site 

(Speedway Boulevard) was used, appropriately, to assess the model's 

predictive ability. The test then became one of determining whether or 

not predicted Q values in the composite validation area (with its associ

ated (5"*and D values) were acceptably predicted from the expression 

formulated from study site measurements. Steele and Torrie (I960), 

was referred to for these testing procedures; Appendix D provides a 

brief summary of this procedure. 

In specific terms, the predicted values shown in Table 10 were 

those developed in the expression 

Q = 0. 5841 + 0. 6667 «5) + 0.0842 (D) 



Table 10: Analysis of Predictive Ability (Results of STAGE 6) 

Run No. ^predicted 
lower limit, 
predicted ^rated 

upper limit, 
predicted 

1 4.04 3.45 4. 0 4. 63 

2 4. 91 4. 32 4.7 5. 50 

3 1.92 1.33 1.9 2. 51 

4 4.09 3. 50 4.2 4. 68 

5 3. 84 3. 25 3. 1 4.43 

6 4. 02 3.43 4.0 4. 61 

7 3. 42 2.83 3.9 4. 01 

8 3. 16 2. 57 3.0 3. 75 

9 2. 91 2.32 2.5 3.50 

10 4. 16 3. 57 3. 6 4.75 

11 4.28 3.69 3. 0 4. 87 

12 3. 58 2.99 3.0 4. 17 

13 2.90 2. 31 4. 0 3.49 

14 3. 98 3.39 4.2 4. 57 

15 w
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3. 09 2. 1 4. 27 

16 4..51 3.72 3.9 4.90 

17 3. 82 3. 22 3.9 4.41 

18 3. 13 2. 54 2. 6 3.72 

19 3. 05 2.46 2. 9 3. 64 

20 3.59 3.00 3.8 4. 18 

21 3.83 3.24 4.0 4.42 

22 3.80 3.21 3.9 4.39 

23 2.78 2. 19 2.8 3.37 

24 3.92 3.33 4. 5 4. 51 

sA = 0. 285; t = 2. 080 with 21 degrees of freedom 



On a point-by-point basis, confidence limits contained 20 of the 

24 observed values of Q within their range; it was concluded (under the 

null hypothesis of equal Q values at theoi. = .  05 level) that the tech

nique is capable of predicting traffic quality. Stated in another way, 

these data indicate that the technique was capable of predicting traffic 

quality on the basis that the 95 percent confidence limits on the pre

diction contained more than 80 percent of the observed values. A 

regression analysis of the two variables, presented in Appendix K, 

was conducted to further illustrate their degree of relationship. 

Since the model was determined to possess "predictability" when 

tested on the validation arterial, the writer considered it reasonable 

to conclude that the model holds promise for more generalized use. 

Summary of Findings 

This research has shown that acceleration static (which mea

sures the smoothness of traffic flow) and intersection delay are indica

tive of the factors affecting urban arterial traffic quality as judged by 

trained observers. Among factors considered as being descriptive of 

traffic quality were relative levels of: speed, freedom to maneuver, 

driver comfort and convenience, and (in an implied fashion) safety and 

economy. Of most importance, through use of a model which coupled 

acceleration static and intersection delay, the variables provide a sys

tematic, yet simple, approach to describing traffic quality. 



Iritthis. research, it was found that acceleration static and inter

section delay were not correlated. Further, they were found to be 

linearly associated with traffic quality; that is, traffic quality is nu

merically predictable from linear units of acceleration static and inter

section delay. In fact, if QTwere measured in ft/sec/sec and D in 

seconds for a given street segment, an estimate of Q (with a range of 

quality from "poor" = 10 to an "excellent" = 1) could be determined by 

adding a product of two-thirds of 6"and one-twelfth of D. 

Of significance, also, was a finding that delay exhibited some

what more influence on traffic quality than did acceleration static; the 

degree to which these traffic characteristics affected ratings of traffic 

operations could be determined from the relative magnitudes of their 

standardized beta coefficients in the model selected for use. 

As a general observation, the experimental data from this re

search support the concept that certain characteristics of traffic 

operations can be used as indicators in rating traffic quality. The 

model was constituted from the concept that a vehicle in a stream 

of traffic should be regarded as a system made up of three elements — 

vehicle, driver, and traffic-controlled street. When measurements 

are made on characteristics of the system, quantified statements re

garding quality are possible. 
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Applications 

As a preface to discussing applications of the technique presented 

in this dissertation, it is considered worthwhile to present the reader 

with a summary of the steps involved and the means of applying the tech

nique so that its adaptation will be better understood. Since results of 

the method will be a function of several variables, the technique is sen

sitive to the conditions under which it is applied; the description of its 

application, in narrative form, follows. 

Users of the traffic quality rating method would first begin by 

conducting a field study aimed at gathering data on those variables used 

in the model; that is, instrumentation necessary to measure values of 

acceleration and delay would be assembled into the test vehicle and 

trained observers would be provided with a set of instructions (and 

rating forms) for numerically rating traffic quality. 

The data collection phase would require that the field team, con

sisting of a driver and observers, traverse (viz. , using the floating 

car method and the fifth car in the platoon, where applicable, as a cri

terion) those streets desired to be included in a rating inventory. The 

number of trips to be taken on a street would be governed by what was 

considered as being sufficient to meet acceptable, predetermined vari

ability in the data; for this type of work, the writer suggests that 20 to 

30 trips would be sufficient, but sample size requirements will vary 

with (1) the situation and (2) the desired degree of probable surety. 



Budget considerations can also influence the field effort; qualified 

statistical assistance will be required at this point. 

The next step in the application would involve a,determination of 

how Q was related to <3"~ and to D; that is, find the manner in which 

traffic quality on a street varied with changes in the traffic character

istics. Simple linear regression could best serve this purpose. Then, 

a test of significant correlation existing between ^5"* and D would be 

indicated. 

Having exploratory knowledge of how Q-Cf^D were functionally 

related, and incorporating this information into models or expressions 

for more comprehensive study, a multiple regression analysis would 

be employed to ascertain the best (if any) expression to select for use 

in traffic quality inventories. It goes without saying that, throughout 

the course of all the foregoing steps, access to appropriate data pro

cessing equipment and availability of qualified statistical knowledge 

would be of invaluable assistance. In future applications, traffic engi

neers in a community would want to develop their own calibration, i. e., 

a set of regression coefficients which would be derived from the fore

going steps; then, following a test of the method!s reproducibility under 

varying conditions of traffic flow and time of day, the indicators of traf

fic quality could be employed ,to rate individual streets. 



A point important to any application made of the method de

scribed in the dissertation is one concerning rating of quality, Q. 

This study (like all such studies involving data of a subjective nature) 

was conducted without benefit of instruments amenable to precisely 

measure human reaction to sjets of situations. Whenever human be

ings become experimental units, it is a difficult task to be certain of 

data obtained in the study; yet improvements in research methods will 

assist in reducing the unknown, but the results of the research will not 

be entirely removed from being subject to errors. 

The method developed in this study should be useful to the traffic 

engineer in locating problem areas on a traffic facility. However, 

in order that the technique can be used effectively as a common tool 

of the profession, it is necessary that methods of data collection and 

analysis be appreciably improved. One improvement must be made 

in the method of rating quality; another desired objective would be to 

establish a method for circumventing the tedious operation of manually 

converting the speed analogue to digital form for computation of acceler

ation static. 

As to improving quality rating procedures, a comprehensive 

study should be conducted to identify those factors which human beings 

regard as contributing to traffic quality; then, a more exacting (than 

that utilized in this study) method of assigning numerical parameters 

to the quality range needs to be accomplished. 



When the format of the output data is considered, there appears 

to be a need for two devices, one for the practicing traffic engineer 

not having access to electronic computers, and another for those who 

do have access to computers. In the first instance, it would be de

sirable to have output data in digital form directly on a convenient 

record such as a pressure-sensitive chart; summarizing the acceler

ation static data would be performed in the office. Where a computer 

is available, the digital information could be recorded on magnetic 

tape and then processed by computer. Rowan (1967), in illustrating 

his suggestions on the integrating circuit required to accommodate 

these tasks, indicated that the basic operating characteristics of both 

devices would be the same; only the output characteristics would differ. 

Equipment with the general capabilities described above would greatly 

expedite studies of the acceleration static component of traffic oper

ations. 

A use that could be made of the quality rating results would be that 

of tabulating several street improvement projects in the order of 

ascending quality ratings; this list will form a priority schedule for 

those improvements!. Such a list would provide municipal governments 

a basis for allocating funds. It also provides an effective basis for re

sisting the demands by pressure groups that their favored project be 

completed first. 



At present there is no uniform method for presenting municipal 

street needs to legislative bodies. It is possible that the quality rating 

method could be used for this purpose. The responsible agency would 

set a minimum tolerable quality of traffic flow rating for its system, 

and estimate the cost of bringing all streets (deficient) at least to that 

level. This would establish a statement of street improvement needs 5. 

in terms understandable to legislative bodies and the public. 

While this research demonstrated that quality of traffic can be 

numerically indexed, and thus provide information regarding general con 

ditions of existing traffic operations on a street, the study treated only 

the symptom. For instance, in the case of a low-quality rating, the 

study did not produce a result which is amenable to communicating 

"what was causing" the problem. This dissertation left the latter task 

to the traffic engineer, trained in detecting whether causes emanate 

from signal timing, curb cut and other side friction problems, inade

quate capacity due to lack of street width, left-turn provisions, bus 

stop locations, lane markings, pedestrians, and the myriad of other 

possible deficiencies. Nevertheless, this research supports the con

cept that traffic quality is predictable and, further, that having this 

information would be helpful in establishing priorities for urban 

street improvements. 



CONCLUSIONS AND RECOMMENDATIONS 

FOR FURTHER STUDY 

Conclusions 

Based on findings of this research, the following conclusions 

were drawn: . 

1. Acceleration static, CO , and delay, D, are non-correlated. 

2. Acceleration static and delay are linearly related to traffic 

quality, Q. (From the standpoint of mathematical consis

tency, it may be argued that certain power functions of the 

variables may have yielded higher relationships-~and there

fore excel in comparison to the linear form suggested. From 

the less elegant standpoint of application however, the linear 

form performed well enough to warrant later use. ) 

3. Acceleration static possesses slightly less influence on 

traffic quality than does delay. 

4. Based on validation procedures, the resulting expression 

which was developed to numerically rate traffic quality for 

interrupted flow conditions applies to an urban arterial other 

than that examined. 

5. Data from the experiment resulted in, for the composite 

study case, values of 2.29 ft/sec/sec and 14.5 seconds for 
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and D, respectively; their ranges varied from 0. 1 to 9. 3 

ft/sec/sec and 5 to 95 seconds. 

6. Acceleration was found to be normally distributed with a 

mean of +. 038 and a standard deviation of 2. 29 ft/sec/sec. 

7. The traffic quality rating procedure, used with full aware

ness of the limitations imposed by subjective descriptions 

necessary in measuring the variable Q, is a simple and 

acceptably accurate method of obtaining a quantified value 

for traffic quality. 

8. Experimental data from this investigation suggest a Q-Cf*-D 

relationship given by Q = .  5841 + .  66670''f .  0842D where 

ft/sec/sec, D = seconds, and Q as best = 1 to worst = 10, 

are units in effect. 

That it is possible to use an empirical approach to arrive at 

traffic quality rating is not seen as an unreasonable contention. 

Possibly, it will only be through the experience gained in measure

ment of the widely varying characteristics of traffic and in relating 

these characteristics to motorist "desires" that solutions to urban 

traffic problems will be forthcoming. 

Further Study Needs 

The results of this study can only be fully evaluated by further 

investigations, to determine which variables might better describe 

traffic quality in an acceptably accurate and economical way. Research 
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extending this study should recognize and investigate several problems. 

Among suggestions are the following: 

1. Recognition should be made of the manner in which measure

ments of the indices were conducted; future studies can possibly bene

fit from the observation. There are at least two important advantages 

of measuring CO and D in several successive short sections rather than 

measuring them over a single long segment of roadway under study. 

First of all, determination can be made of locations where problems are 

inherent due to either geometrical deficiencies or congestion. By 

measuring O"""and D on several short sections, these trouble locations 

can be isolated for future extensive engineering study. Secondly, if cr 
can be related to other known variables such as speed, flow, or density, 

each of which vary between short sections of urban arterials, then it is 

also important to measure acceleration static and delay in short 

sections. 

2. An improvement need be made on the manner of evaluating 

quality; a thorough study of human needs in relation to an urban auto

mobile trip is indicated. The driver's opinion as to how he is being 

served by urban streets is on the whole subjective. There are, as 

shown in this study, characteristics of streets that can be measured 

objectively which, when properly weighed and combined, can in fact 

be related to the motorists subjective evaluation of the ability of the 

street to serve him. 
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3. Another worthwhile study might be to investigate the extent 

to which traffic quality is constant for specified levels of acceleration 

static and delay. That is, given the resources to conduct a sufficiently 

controlled experiment, it would be a practical contribution to know how 

a given traffic quality value, when plotted against acceleration static 

and delay axes, behaved due to the influence of the indices. 

4. Still another matter for fruitful research would be that of 

analyzing the effects of acceleration static and delay on the variables 

associated with the more conventional approaches to level of traffic 

service. This undertaking, requiring substantial resources, could 

have an objective of determining quantitative values corresponding 

with the alphabetic descriptions of level of service currently being 

used in the transportation engineering profession. 



APPENDIX A* 

METHOD FOR STAGE 3 
(Least Squares Technique) 

General 

The least squares technique calculates estimates of the co

efficients (a and b) for the linear regression equation having the follow

ing general form. 

Y = a + bX where a and b are determined from paired (1A) 

observations of X and Y data. 

To calculate least squares estimates, a minimization of the 

equation 

q = i ^ i& i  - ( £  +4x .Q 2  =  i i? i£ |  (2A)  

To minimize Q with respect to a and ^ we obtain the partial 

derivatives of Q with respect to a and Id, and equate them to zero, i. e., 

|§ = - 2 . ^ 0 .  -(£+fix. 0 = °  ( 3 A )  

=  " 2 i  A x J ] =  O  

and from these equations we obtain the following set of simultaneous 

equations: 

na + (ZLX.)b =£Y. (4A) 

*The general notes contained in Appendices A, B, C, and D are 
primarily from class notes, 1962-64, at The University of Arizona. 

102 



]  03 

(Z .X.) a + (EX2)  b =21x.y.  
1 1 xi 

A  A  
Solving first for b and then for a, we obtain the following: 

^ = n£X. Y. - 0£X.) (T.Y.) 
11 1 x 

nZX? - (ZX.)2 

A  K  _  A -
a = nHSY. - bSXl = ZY. - b £X. = Y - bX 

l I l l 

(5A) 

(6A) 

n n 

where Y = £Y. 
l 

n 
X = £X. 

n 

* - > A  Knowing a and d and X.,, we can now calculate the corresponding esti

mated value of Y, designated as Y., as follows: 

A A A  Y. = a + bX. (7A) 

Figure A1 illustrates this equation, commonly called the regression 

line. The four points in Figure 1 are an example of paired observation 

points (X, Y). This set of four points will be used in subsequent dis

cussion for illustration purposes. 

Y 
Y sec +&X 

Figure A1 - Regression Line 
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Methods for Measuring Regression Line Fit 

The variation of the observed Y's about the mean of the observed 

Y's is defined as the total sum of squares and, in equation form, is as 

follows: 

(8A) SST = £(Y. - Y)2 

In Figure A2 the differences between Y and Y are shown. The total sum 

of squares is the sum of these squared differences. 

Y * * 
SST= £ CY.-Y> 

Ul 

Y 
ih' 

v? 

X • 
Figure A2 - Total Sum of Squares 

The total sum of squares can be rewritten as follows to form two com

ponent sums: 

SST = £(Y.  - Y)Z 

* X(Y. - Y.) + ($. - Y) 2 

1 i i 

=Z (Y. - f )2 +22KY. - Y) (Y. - Y) +r(Y. -Y)2 

A A -
and since 2'Zi^ i  - Y) (Y. - Y) = 0 

then SST = H(Y. - Y.)2 + £(Y. - Y)2 

= SSR + SSE 

^ 2 
where . SSR = £(Y. - Y) 

SSE = £(Y. _ )2 

i l 

(9A) 

(10A) 
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SSR is called the Regression Sum of Squares and measures the vari-

A >5 
ation of the estimated values, Y, about the mean of the observed Y, 

Yo In Figure A3 the differences between Y and Y are shown. The re

gression sum of squares is the sum of the squared differences. 

Figure A3 - Regression Sum of Squares 

SSE is called the Error Sum of Squares and measures the sum of the 

differences squared between the observed Y's and the estimated (or 

calculated) Y's. This is the quantity represented by equation (2A), the 

equation we wanted to minimize. In Figure A4 the differences between 

'  j 
the Y and Y are shown. 

Figure A4 - Error Sum of Squares 

The magnitudes of the sums of squares do not have immediate meaning. 

However, the ratio of the regression sum of squares to the total sum of 
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squares is used in calculating the coefficient of determination, an indi

cator that determines how well the regression fits the observed data. 

The index of determination is defined as follows: 

P ~ SSR andjsince SSR = SST - SSE 
SST 

f2 = 1 - SSE (11 A) 
SST 

This coefficient has the following properties: 

1 .  o < p 2 £  i  

2. When P ̂  = 1, all arc zero. That is, the observed 

Y and the estimated Y are exactly the same and this indi

cates a perfect fit. 

3. If ^ = 0, no linear functional relationship exists. 

2 
4. The closer approaches 1, the better the fit; the 

2 
closer ^ approaches 0, the worse the fita  

A related quantity of interest is the simple correlation coefficient, which 

is ^ and is defined as the signed square root of the index of determination: 

^ = signed (b) i l l  - SSE~" (12A) 
V SSR 

where 1. signed (ID) = -1 if 4 K. 0 

2. signed (la) = 0 if Id = 0 

3. signed (ID) = 1 if ID > 0 

As used in this study, the least squares method was employed in the GE 

Mark I file program identified as SIXCR$; this routine, which allowed -• 
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coefficients of determination for various types (including straight-line), 

calculated the regression coefficients by the method of least squares for 

the appropriately selected polynomials. 

In the case of non-linear regression, deemed necessary when the 

linear regression equation did not represent the data very well, i. e. , 

was too low, a test was made on several non-linear forms; those 

forms, considered reasonable selections for this purpose, are: 

V = Ae BU (a) 

V = AUB (b) 

V = A + _B_ (c) 
U 

V = 1 (d) 
AH-BU 

V = U (e) 
A + B U 

where V is the dependent variable, U the independent variable, A and 

B the regression coefficients, and e the base of the natural logarithms 

(Naperian). 

If the data are non-linear in nature so that one of the above equa

tions best represents the data, and if the non-linear equation is trans

formed into the form: 

V = a + bX 

then the analysis, of the non-linear case proceeds in exactly the same 

fashion as a linear regression analysis. The additional requirements 
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are the equations that transform the data from a non-linear to a linear 

form. For example, if the equation being investigated is equation (b) 

Y = AUB 

it can be rewritten in an equivalent linear form using natural logarithm 

relationships as: 

Ln (V) = Ln (A) + BLn(U) (f) 

Equation (f) can then be written in the linear regression form: 

Y = a + bX (g) 

by setting: 

Y = Ln(V) (h) 

a = Ln(A) 

b = B 

X = Ln(U) 

The transformed error of observation (allows 

Y. = a + b X 
i+6i « 

or Ln(V^) = Ln(A) + BLn(tL) + Ln ( £i), where Ln ( ) is the erro r 
of estimate in the linear 
transformed case. 

and therefore 

V. = AUb S* 
x 1 

Now a linear regression analysis can be performed using the transformed 

data. As soon as the linear regression analysis has been completed we 

must do inverse transformations to obtain required quantities in the 

A  
proper form. For example, the coefficient A that we desire is in the form: 



ai = Ln(k) (j) 

Using the inverse transformation, we then obtain A as follows 

A ST A = e (k) 

Note that we need not transform b since, in this case^ i - i  



APPENDIX B 

METHOD FOR STAGE 4 
(Spearman Rank Correlation Method) 

General 

The matter of determining the degree of correlation which may-

exist between two variables can be resolved through Spearman's formula 

for rank correlation; this procedure ranks the data in order of size, im

portance, etc. , using the numbers 1, 2, . .. N. If two variables X and Y 

are ranked in such a manner, the coefficient of rank correlation is, 

according to Steele and Torrie (I960), given by 

r , = 1 - 6£ D2 (13A) 
rank —^ -— 

N (N -1) 

where D = differences between ranks of corresponding values of X and Y 

and N = number of pairs of values (X,Y) in the data. 

Similar in interpretation to the simple correlation coefficient ( ^), 

r , reflects the degree of relationship between variables and its de-
rank 

termination was useful in selecting the ultimate form of the experimental 

model. There are references available to expedite the method of Spear

man rank correlation; the source used for a test of significance was 

Hajek (1966), Table XVII. In using this criterion, the table requires 

that one enter with N and the level of significance,cA ; then, pre-

2 determined values are furnished for the lower critical magnitude of £_D . 
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APPENDIX C 

METHOD FOR STAGE 5 
(Multiple Regression Analysis) 

General 

The curve fitting and least squares methods set forth in Appendix 

A applies much in the same way for problems involving more than two 

variables, i. e. , the multi-variable case. The analogy is made possible 

by dealing with a least squares plane rather than a line. For example, 

there may be a relationship between the three variables X, Y, and Z 

which can be described by the equation 

Z = a0 + axX + a^Y (14A) 

which is called a linear equation in the variables X, Y, and Z. 

In a three dimensional coordinate system this equation represents 

a plane and the actual sample points (X^, Y^, Z^), Y^, Z^). .  . , 

(X , Y . Z ) may "scatter" not too far from this plane which we can call 
x n n n 7 c  

an approximating plane. 

By extension of the method of least squares, we can speak of a 

least squares plane approximating the data. If we are estimating Z from 

given values of X and Y, this would be called a regression plane of Z on 

X and Y. The normal equations corresponding to the least square 

plane (14A) are given by: 1 

111  
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IZ = aQN + a j  £x + a2 2 Y (15A) 

Z .XZ = aQ X. X + a2 £X2 + a2 2 1  XY 

ZYZ = aQ Z Y +a IXY + a2 £.Y2 

and can be remembered as obtained from (14A) by multiplying by 1, X 

and Y successively and then summing. 

More complicated equations than (14A) can also be considered. 

These represent regression surfaces. If the number of variables ex

ceed three, geometric intuition is lost since we then require four, five, 

. .. dimensional spaces. All problems, however, involving estimation 

of a variable from two or more variables are called problems of multiple 

regression which will now be considered in more detail. 

Methods of Calculating Parameters for Multiple Regression • 

The linear multiple regression equation may be written 

Y=^0+ ^lXl+---/S 'kXk (16A)  

where 

Y = the dependent variable 

X ,••• ;X, = the independent variable 
1 : xC 

k = the number of independent variables 

= the unknown regression coefficients 

The unknown coefficients are estimated on the basis of n observations 

for the dependent variable (Y) and for each of the independent variables 

(X.V where i = 1, 2,... ,k). These observations are of the form: 
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where 

V <V '3ixi. + -- +/?A.*£ 
j j j 

for j = 1, 2, . .. n 

Y. = the .th . observation of the dependent variable 
J J 

X. .  . . , X, = the .th observation of the X,, „ .  .  X, indepen-
l. k. j lk 
J J 

dent variables 

= the .th error of observation 
J J 

A least squares technique is used to calculate estimates 

• • • r of the coefficients ftftby minimizing the following 

equation: 

(18A) 

i— A A A — n - o 
Q = X-,Cy.-  (f i0  +  /^x, .  + . . .  /S>kxk .{]  = .J ,  £.  

Taking the partial derivatives of Q with respect to K- K-- k 

and setting them equal to zero we obtain the following set of equations: 

A A 4 
(19A) n^0 + <£xl )-«,+••• +<XXk.),?k = £Y. 

J j 

(Z.x yi+ (^x, ) fi + . . .  +  ( z x j  x k . ) / 2  = ' 5 . x !  Y  
j 1 J J K J J  

(Xxk.)/0 + (rxj Xk.)/ + ...+ EC? = Sxk.Yi 
} J J j J J  

Using matrix notation to simplify the equation form, the above system of 

equations can be rewritten as follows: 

UB = V where 

n 

(20A) 

U = 

£xk. £xij 

E.X,. iXi. "... Z*i xk 

£xkj 5^jjXkj • • • 



A 
P 

k 

K 

L 
V = 

2Y-*• J 

*x'iyj 

^x^Yj 
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(20 A) continued 

Note that U is a symmetrix matrix. The estimates for the coefficients 

k J? A P  ,  P  ,  . . o, P .  can be obtained by solving for the inverse of U, i. e. , 
* U 1 * ic 

=  u" 1 v  (21 A) 

, - 1  where U = the inverse of U. 

Analysis of Multiple Regression Fit 
/  A  A  

After solving for B , p , , the estimates of the dependent 
U 1 K 

A 
variable observations, Y, can be obtained: 

A 1 4 A 
Yj = r0 + P^U + .  . . + PA (22A) 

/ 
With the values of Y^, an analysis of variance table can be set up as 

follows: 

Analysis of Variance Table for Multiple Regression 

Source of Variation Degrees of Freedom Sum of Squares Mean Squares 

Total 

Regression 

Error 

n- 1 

k 

n-k-1 

SST ^ 2T( Yj ~Y)2 MST = SST 

SSR = Z ( Y : - Y ) 2  MSR = SSR 
J ~~k 

SSE = Z(Yi-Y)2 MSE = SSE 
3 nTIT-1 

where y = 21Y 
1 

The coefficient of determination is 

^ 2 = 1-SSE (23 A) 
SST 



The correlation coefficient is 

O = ~\f~ 1-SSE (24A) 
^ U SST 

To test the statistical hypothesis that no regression function exists 

H0 ;  ?1= = (25A)  

A : 0 (for some i = 1, 2, .  . . , k) 

The test statistic is the F - ratio 

F = MSR (2 6 A) 
MSE 

with k degrees of freedom in the numerator and n-k-1 degrees of free-

corn in the denominator. 

Another important point of interest in the multiple regression 

method is that known as the "beta coefficient. " In multiple regression 

analysis, the observations are often measured using different scales. 

Therefore, it is virtually impossible to determine the relative contri

butions of the independent variables (Xj X£, .  „. , X^) in predicting the 

dependent variable" (Y) by an inspection of the regression equation. 

One technique that can be used to determine the relative contri

butions of the Xi ls is the calculation of Beta coefficients. For each of 

8 J? A 
the estimated regression coefficients rj., • ,  . . . » the cor

responding Beta coefficient is: 

A  A  
. = p. Sx. i = 1, 2, . ..k (27A) 

' s T  .  



where % =W jE (Y.-Y^ ^ sxj ° ̂  (Xjj-X^2 

and are referred to as standard errors of estimate of the respective 

variables, Yi and Xi.. 
J J A 

The larger the absolute value of @the more the independent 

A, 
variable X. contributes in influencing the predicted value Y. 



APPENDIX D 

DETERMINATION OF PREDICTIVE ABILITY 

There is a technique involving a prediction and its variance, 

amenable to assessing the predictive capacity of the assumed model 

for traffic quality. As Steele and Torrie (I960, p. 175 and p. 299) 

state, "to set a confidence interval on a predicted value, compute 

y + bx  +  J^1+£+CllX! + C22x2 + 2C12Zl tlSX2 

where ^ = the standard error of the composite mean 

and ~ll = the adjustment, involving sums of squares, 
matrix diagonal, and covariance factors, neces 
sary to modify s^ ^ 

The test procedure involves calculation of the confidence limit 

band, on a point-by-point basis, for the regression plane. This 

method concerns itself with the standard error of the mean traffic 

quality and, in using the method, the upper and lower limits of Q 

correspond to those resulting from the "t" criterion being imposed 

on the predicted values. An alpha level for testing of 5 percent was 

pre-selected; since both QTand D were used in predicting Q, 21 de

grees of freedom (n-k-1) would be the appropriate number to use in 

entering Table A. 3 of Steele and Torrie. 

117  '  



APPENDIX E 

QUALITY RATING INSTRUCTION SHEET 

The following is to serve as a guide in assigning numerical 

ratings on street sections; inasmuch as "quality" is described in terms 

of driver satisfaction, a measure that reflects what the driver sees and 

interprets in terms of-.d-eg-re-e of congestion is required. 

Several factors should be used in analyzing a street. Those con

sidered in this study (measured) are (1) changes in speed and (2) delay, 

for it is believed that they "measure" the effect of all forces that act 

upon the flow, and thus quality, of traffic. 

The layout below describes the physical locations associated with 

each section number as labeled on your rating form: 

6th 4th Euclid Park Mtn. Chy Cbl Tsn Co.Club 

i 

4 -t± -s-

cb ® <£> © ® ® & 
Section 

For both East- and Westbound 

Q— Speedway 

d o >-i ° ss 
% 3 U co 

CO 

a 
"J 

Broadway — 1) 0 D J -2L-
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Descriptive Characteristics: The following scale is to be used as a 

guide for quality rating. 

Quality 
Rating 

No. Effects 

10 Operating speed very low. Volumes at below capacity. Forced 

flow at most periods. Large queues due to restriction down

stream. Both speed/volume drop to zero. Driver totally frus

trated. Jammed conditions produce intolerable delay. When in 

motion, speeds never uniform. 

9 Flow approaching unstable, with speed changes reaching un

comfortable level. Operating speed considerably affected due 

to long delay. Driver has little freedom to maneuver; comfort/ 

convenience low. Sizeable queues forming, Backup more than 

10 cars. 

8 Speed changes frequently. Backup occurring in several car 

lengths. Inter-vehicular fri ctions (mid-section) restricting 

attainable speeds, but not more than 10 m. p. h. below speed 

limit. Driver annoyance obvious. Traffic breaking down. 

7 Mild congestion, due to speed changing. Some driver annoyance. 

Flow still stable, but speed and maneuverability more closely 

controlled by higher volumes. More restrictions. 

6 Speed quite variable. Mild congestion, due .to minor delays. 

Average comfort one would expect to find. Driver somewhat 
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Quality-
Rating 

No. Effects 

restricted in freedom to select own speed, change lanes, etc. 

5 Relatively satisfactory operating speed is still obtained. Aver

age comfort one would expect to find. Stop and go movement 

evident, but delay not significant. 

4 Flow interrupted only infrequently. This intermittent delay 

caused primarily by non-uniform gap distances, resulting in 

some lack of mobility, but acceptable. 

3 Experience some difficulty in maintaining uniform flow. Little 

inconvenience or frustration, due to minimum stop and go. 

Good freedom to maneuver. Queues minimum. 

2 Driver satisfaction good. Ease of driving evident. Operating 

speed high. Flow smooth, safe. Little intervehicular influ

ence. Speed quite uniform. Approaches relatively free. 

1 Minimum effort in driving. Speed uniform. No delay. No 

queues. Intei-section approaches empty. 

(The following page can serve as a guide also. ) 
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The quality numbers on the rating sheet are depicted conceptually 

below. (Elements used to evaluate level of service, by Highway 

Capacity Manual (1965) method: 1. Average overall travel speed; 

2. Volume-to-capacity ratio; a. Most critical point; b. Each sub

section; c. entire section. ) 
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.  /  , , / / , / /  / / /  ,  
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Volume to Capacity Ratio 

* This is consistent with the hypothesis that at low flows, smoothness 

of flow depends on intersection signalization and midblock marginal 

frictions. Only at higher flows do stream frictions begin to restrict 

uniform speeds. (For a given quality number, stream frictions affect 

speed uniformity at the higher flow rates. ) 



Quality Rating Form* 

Section No. 

Run 
No. 12345678 9 10 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

22 

23 

24 

* See following page for details on this rating method. 
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The following notes apply with respect to the quality rating 

technique: 

A. All observers selected to rate traffic quality occupied the 

test vehicle during the time that data on acceleration static and de

lay were being obtained. 

B. The following descriptions of individuals, selected as ob

servers, provide an identification of their qualifications: 

Observer 1: Civil Engineer, MSCE candidate with em

phasis in traffic and transportation. Employed part-time 

within traffic engineer's office in large metropolitan area. 

Observer 2: Civil Engineer, Ph. D. candidate concentrat

ing in urban planning and transportation. Employed three 

years full time as assistant planning director in a county 

planning department. 

Observer 3: Urban Planner, master's degree. Employed 

full time for two years in large metropolitan governmental 

agency, with primary responsibility in land planning and 

environmental control. 

Observer 4: Civil Engineer, MSCE candidate with emphasis 

in traffic and transportation. Full-time employee in large 

metropolitan area, serving as an assistant traffic engineer 

responsible for studies involving traffic signals, lane mark

ings, curb cut control and accident analysis. 
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Observer 5: Civil Engineer, Ph. D. candidate with em

phasis in traffic and transportation. Employed by munici

pal government for one year as an assistant traffic engineer 

and four years as administrative assistant to public works 

director. 

C. It was considered reasonable to assume that an individual 

can make observations on phenomena without directly experiencing their 

effects; in other words, a passenger in a vehicle is qualified to rate 

traffic operations without actually "suffering" the anxieties as directly 

as might a driver. 



APPENDIX F 

COMPUTER PROGRAM 
• (Acceleration Static Calculation, <T> 

The following program, written in FORTRAN IV for use on the 

Control Data Corporation 6400 computer, was that employed in de

termination of C5~*» 

PROGRAM STATIC(INPUT, OUTPUT, TAPE3=INPUT) 
C PROGRAM TO CALCULATE ACCELERATION STATIC BY 

ROADWAY SECTION 
DIMENSION A( 100) 
REAL V , T, A, SIGMA, SUMSQ, SIGSQ 
INTEGER N, I, L, ISECT 
PRINT 98 

98 FORMAT (1H1) 
C READ RUN CARD, THE PROGRAM BEGINS CALCULATIONS FOR 

EACH RUN HERE 
71 READ 202, IRUN 
202 FORMAT (113) 

IF (IRUN . EQ. 500) GO TO 105 
PRINT 203, IRUN 

203 FORMAT (///21H RUN NUMBER, 115) 
PRINT 201 

201 FORMAT (///72H SECTION NUMBER SIGMA NUMBER 
OF ACCELERATIONS ABAR///) 

C IDENTIFY ROADWAY SECTION BY NUMBER 
9 READ 10, ISECT 
10 FORMAT (115) 

IF (ISECT .EQ. 500) GO TO 71 
SUM A = 0 
N = 0 

C READ IN DATA 
C VELOCITY SCALE IN MPH, TIME SCALE IN SECONDS 

READ 99, VI, T1 
99 FORMAT (1F5. 1, 1F5.2) 
14 READ 100/ V2, T2, L 
100 FORMAT (1F5. 1, 1F5.2, 113) 
C CALCULATE AND SUM INCREMENTS OF ACCELERATION 

\ 
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N = N + 1 
A(N) = (V2 - V 1)/(T2 - Tl) 
SUM A = SUM A + A(N) 

47 VI = V2 
Tl = T2 
IF (L. EQ. 1) 15, 14 

15 SUMSQ = 0 
ABAR = SUM A/N 
DO 16 I = 1, N 

16 SUMSQ = SUMSQ + ((A(I) - ABAR)**2) 
SIGSQ = (SUMSQ/(N-1)) 
SIGMA = (SIGSQ**0. 5)*1. 47 
PRINT 101, ISECT, SIGMA, N, ABAR 

101 FORMAT (117, F18. 3, 115, F22. 3) 
GO TO 9 

105 STOP 
END 



APPENDIX G 

TABLES OF REDUCED EXPERIMENTAL DATA 

The following tables present a summary of reduced field-

collected data for both the study and the validation sites. 

Table Gl-1: Quality Ratings, Average Value of Q, Speedway 

Speedway Boulevard Study Section Data 

Run 
No. 1 2 3 

Section Number 
4 5 6 7 8 Q composite 

1 3.8 5. 5 4. 1 5. 2 4. 2 5. 0 4.4 5. 5 4.7 
2 4.5 5. 2 4. 1 5. 2 6.3 8. 0 6. 5 5. 3 5. 6 
3 1.3 1. 6 3. 1 2. 8 2. 0 2. 0 5. 1 2. 0 2. 5 
4 5.9 1. 1 4.9 1. 3 3. 8 2. 3 4.4 5. 5 3. 7 
5 6. 6 1. 0 1. 2 5. 6 3. 0 4.4 1.9 4. 5 3. 6 
6 3.4 1.9 1. 1 6. 1 6. 1 3. 8 3. 1 8. 7 4.2 
7 2. 0 2.4 2.7 1. 6 5. 3 1. 3 2.9 4. 1 2. 8 
8 1.7 1. 8 6. 8 2.9 1. 2 1. 1 2. 6 4. 0 2.7 
9 4.7 5.4 3. 0 6. 0 4. 0 3. 0 2.8 1. 9 3.9 

10 1.8 1. 1 1.0 4. 3 2.8 3. 8 5. 0 3. 5 2.9 
11 2.3 3. 5 6. 0 1. 6 5. 5 7.2 2. 5 2. 7 3. 9 
12 3.0 1. 1 1.9 5. 0 3.2 4. 6 3.8 3. 1 3. 2 
13 3.4 2. 3 3. 0 1. 5 2. 2 1. 2 1. 9 7. 0 2. 8 
14 3.9 5. 0 5. 6 2. 6 1. 1 1. 1 1.2 2. 5 2.9 
15 3. 6 

00 • 

r—< 

4.3 6. 0 2. 0 5. 8 1.4 2. 2 3. 5 
16 5. 1 1. 1 1.7 1. 6 6. 1 8. 0 2. 6 1.9 3. 5 
17 2. 6 2. 0 1.2 6. 0 2.4 5. 6 3. 5 2. 7 3. 3 
18 1.4 1. 0 2.8 1. 9 2. 3 

o
 • 

in 

3.9 4. 0 2. 8 
19 3.3 1. 0 5.9 2. 0 1. 1 1 . 1  5.0 4.3 3. 0 
20 1. 1 2. 7 1. 8 4. 8 1.7 1.4 2.3 2. 2 2. 3 
21 4. 1 3.4 2. 6 5.1 2. 3 4.0 2. 0 3.9 3.4 
22 3.0 4. 7 5.7 1. 4 2. 0 3. 8 2. 8 2. 1 3. 2 
23 4. 5 1. 6 1.7 3. 3 1.7 2. 9 2.9 4. 5 2.9 
24 1. 1 3. 5 4.2 1. 0 1. 1 3. 5 2.7 3. 5 2. 6 
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Table Gl-2: Quality Ratings, Average Value of Q, Broadway 

Broadway (Validation Section) Data 

Run Section Number 
N°" 9 10  11  12  13  ^composite 

1 3.4 3. 6 4.4 3. 1 5. 7 4. 0 
2 2. 2 4. 1 8. 5 4. 0 4.9 4. 7 
3 1. 8 1. 2 1. 1 1. 1 4.3 1. 9 
4 2. 7 1. 5 8. 5 3. 5 5. 0 4. 2 
5 1. 6 6. 9 1. 1 4. 2 1.7 3. 1 
6 4. 1 4. 2 6. 5 4. 1 5. 3 4. 0 
7 3.7 1. 2 8. 3 2. 3 3.9 3. 9 
8 2. 0 2. 5 2. 8 2. 6 5. 2 3. 0 
9 3. 1 1. 1 3.8 2. 0 2. 7 2. 5 

10 3. 2 5. 0 4. 1 2. 7 3. 3 3. 6 
11 1.7 1. 0 1. 5 4. 9 5.9 3. 0 
12 3. 4 2. 0 3.2 2. 3 4.4 3. 0 
13 3.4 3. 8 3.3 5. 9 3.4 4.0 
14 4. 1 3.4 

00 • 
C

O
 

4. 5 : 5.3 4. 2 
15 1.9 1. 1 1. 9 4. 1 1. 3 2. 1 
16 4. 1 5. 2 7.0 2. 2 1. 1 3. 9 
17 5. 2 3. 6 4. 6 1. 2 4. 4 3.9 
18 3. 1 1. 0 1. 1 3.3 3. 6 2. 6 
19 1.0 1. 0 5.7 2. 2 4.7 2. 9 
20 5.0 3. 6 ' 1. 2 5. 1 4.0 3. 8 
21 4. 5 1. 0 8. 0 1. 4 5. 0 4. 0 
22 2.9 1. 8 4.4 3.4 7. 0 3. 9 
23 3.4 2. 1 4. 2 1. 3 3. 1 2. 8 
24 3. 0 3. 3 5. 5 6. 0 4.8 4. 5 
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Table G2~l: Acceleration Static, ft/sec/sec, Speedway-

Speedway Boulevard Study Section Data 

Run Section Number 
No. 1 2 3 4 5 6 7 8 <r composite 

1 2.5 3.2 2. 8 3. 3 2.9 3. 2 3.0 3. 8 3. 2 
2 3. 0 3. 2 3. 5 3. 7 4. 1 4. 6 4.2 3. 5 3. 1 
3 .8 .9 2. 0 1. 8 4.4 1.4 3.3 1. 1 2.5 
4 9.7 .7 3. 6 .  8 2. 6 1. 4 2. 8 3. 8 3. 0 
5 .  5 .  3 .8 . 8 1.9 3. 0 1. 1 3. 1 2. 3 
6 2. 2 1. 3 .7 4. 0 4. 3 2. 5 2. 0 5. 5 3.4 
7 1.4 1. 5 1.8 1. 1 3. 6 .  8 2. 0 .  7 1. 9 
8 1. 1 1. 2 4. 5 1.9 . 5 . 7 1. 8 1. 5 1.7 
9 3. 2 2. 5 2. 1 2. 6 3.3 2. 1 1.8 1. 2 2. 0 

10 1.2 .6 .5 2. 7 1. 8 2. 5 1. 9 2. 3 2. 1. 
11 1. 5 2. 3 3.5 1. 0 2.9 2. 6 "1. 6 1. 7 2.3 
12 .7 . 6 1. 2 3. 3 2. 1 3. 0 3. 0 2. 0 2.4 
13 2. 3 1. 6 .9 .9 1.4 . 7 1. 2 5.4 2. 6 
14 2. 5 2. 0 1. 5 1. 8 . 4 .  5 .7 1. 7 1. 6 
15 2.4 1. 2 2. 8 4. 1 1. 1 2. 1 .9 1. 6 2.4 

'16 3. 5 .  6 1.0 .  9 4. 2 1. 3 1. 7 1. 2 1.9 
17 1.7 1. 3 .7 3. 5 1. 5 3.4 2.4 1. 7 1.9 
18 1.0 . 6 1.8 1. 2 1. 1 2. 6 1.9 2.4 1.8 
19 1.3 .  4 3.9 1.4 .6 . 5 2.9 2. 1 2. 0 
20 .  7 1. 7 1.2 3. 2 1. 0 .  9 1. 5 1. 6 1. 6 
21 4. 6 2. 3 1.7 3. 7 1. 6 2. 6 1.0 2. 4 2.7 
22 1. 9 1. 5 3.7 1. 0 2. 1 2. 5 1. 8 1. 3 1.9 
23 3. 1 .  9 1. 1 2. 1 .9 6. 7 2.0 1.9 2. 8 
24 .3 2. 4 2.9 .4 .6 1.9 1.8 1. 7 1.9 

*NOTE: <rM *NOTE: <rM cr„2=\l 1 <ni - DCTj2 + (n2 -
l)C~2 * 9 • • 

(composite) 
(n1 - 1) + (n2 - 1) 
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Table G2-2; Acceleration Static, ft/sec/sec, Broadway 

Broadway (Validation Section) Data 

Run Section Number 
(T * 
composite No. 9 10 11 12 13 (T * 
composite 

1 1.3 2. 2 2. 8 2. 0 3.4 2. 3 
2 1. 5 2. 1 2. 0 3. 3 3.4 2. 8 
3 1. 1 . 4 .2 . . 4 2. 1 1. 4 
4 4. 5 1. 0 1.4 2. 8 1.3 2. 6 
5 1. 0 4. 3 . 7 1. 9 .8 2. 2 
6 2. 8 3. 0 5. 1 2. 8 4. 1 3. 5 
7 2.4 . 5 .2 1. 5 1. 9 1. 8 
8 1. 4 1. 6 1.9 1. 8 .8 1.4 
9 1. 1 .4 2. 5 1. 0 1. 3 1. 3 

10 2. 1 1.9 2. 8 1. 8 1. 6 2. 1 
11 . 9 . 3 .9 3. 2 2. 9 3. 1 
12 2. 2 1. 1 2. 1 1. 5 2. 1 1. 9 
13 . 9 2. 1 2.2 2. 3 1. 6 1.9 
14 1.2 2. 7 2. 6 1. 5 3. 8 2.7 
15 . 6 . 6 1.2 3. 1 .9 1. 9 
16 3. 1 2. 2 2.7 1. 9 .4 2.4 
17 3. 2 2. 8 3. 0 . 7 2. 1 2. 5 
18 2.4 .2 . 7 2. 5 2. 3 2. 2 
19 .2 . 1 3.7 1. 1 2.8 2. 1 
20 4.3 2. 2 .7 4.0 1. 6 2.9 
21 2. 8 .3 2.7 . 8 1. 1 2. 1 
22 2. 3 1. 3 3. 6 2. 3 .8 2.4 
23 2.7 1.4 2.7 . 7 2. 1 2. 1 
24 2. 1 3. 8 4.4 4. 5 2.7 3.7 

*NOTE: = llr 2 =1/ (nl " 1)<y"l + (n2 " ! )  ^*2 

(composi!e)P \| (nl - D + («2 - D 
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1 Table G3~]: Delay, Seconds, Speedway 

Speedway Boulevard Study Section Data 

Run 
- •  

Section Number 
D 
composite No. 1 2 3 4 5 6 7 8 D 
composite 

1 6. 5 31. 0 7. 5 28. 5 14. 0 36. 0 17. 0 24. 0 20. 5 

2 10. 0 28. 0 16. 0 27. 0 39. 0 14. 0 12. 0 19. 9 20. 7 

3 10. 6 9. 0 7. 7. 0 3. 0 27. 0 22. 0 14. 0 

4 35. 0 5. 0 10y0 10. 0 8. 0 35. 0 

o
 • 

o
 

r—
t 

16. 2 16. 1 

5 42. 5 13. 0 vf.or - 20. 5 32. 0 11. 0 21. 9 
6 15. 0 8. 1 /  6. 0~ —2-6-rO— 3_2.—0 4 5 . 0 - -20. 6 

7 7.0 17. y 4. 5 23. 0 28. 0 10. 0 9.0 17. 0 14. 5 

8 5. 6 iA 5. 0 4. 0 7. 6 11. 0 6. 0 16. 5 7. 8 

9 6. 1 30. 0 14. 0 37. 0 16. 0 13. 0 7. 0 20. 1 17. 9 

10 7. 5 8. 0 7.0 10. 1 4.9 7. 0 24. 0 11. 1 10. 0 

11 8. l /  2p. 0 35. 0 22. 0 29. 0 53. 0 8. 0 26. 0 25. 1 

12 9.0 /4. 6 8. 0 5. 0 10. 0 18. 0 14. 5 20. 0 11. 1 
13 8/o  / 4. 0 9.0 6. 0 5. 5 3. 1 5. 5 10. 0 6.4 

14 25. 0 32. 0 26. 5 5. 0 6. 0 5. 0 26. 1 16. 3 

15 /L o 35. 0 7.9 7. 0 5. 1 34. 0 10. 5 20. 2 15. 7 

16 /js. 0 3. 0 6. 6 8. 0 5. 2 62. 0 7. 1 12. 0 13. 8 

11/ '  7. 6 5. 6 4. 0 36. 0 6. 0 32. 1 41. 0 8. 0 17. 5 

18 5. 2 14. 6 5. 1 5. 6 7. 5 50. 0 15. 0 16. 0 14. 9 

p 11. 0 4. 1 15. 0 4. 1 3. 1 6. 1 26. 0 21. 0 11. 3 
/ 20 4. 1 16. 9 9. 1 4. 2 4. 1 12. 1 7.2 16. 1 9.2 

21 16. 5 5. 1 8. 1 19. 0 3. 0 12. 0 6. 1 21. 1 11. 1 

2fi 3. 0 22. 0 32. 1 14. 0 4. 0 4. 0 4. 0 22. 1 13. 6 

lii 10.4 4. 2 12. 0 3. 0 4.2 8. 0 7.3 22. 2 8.9 
/ 24 4.0 14. 0 6. 1 4. 3 5.3 7. 1 10. 1 12. 1 7.9 

/ 

/' 

I I 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16  
17 
18 
19 
20 
21 
22 
23 

Table G3-2; Delay, Seconds, Broadway 

Broadway (Validation Section) Data 

Section Number 

» 10 11 12 13 Composite 

12. 0 11. 0 53. 0 23. 0 22. 0 24. 2 
7. 0 17. 5 90. 0 16. 5 24. 0 31. 0 
4. 0 4. 5 5. 0 5. 0 6. 0 4. 9 
7. 5 5. 0 86. 0 6. 0 25. 0 25. 9 

32. 0 5. 0 35. 0 17. 5 23. 0 22. 5 
9. 5 18. 0 12. 0 17. 0 14. 0 14. 1 
4. 5 3. 0 69. 0 12. 0 15. 0 20. 7 
5. 0 3. 0 60. 0 8. 0 27. 0 20. 6 

10. 0 5. 0 50. 0 5. 0 21. 0 18. 4 
33. 0 25. 0 53. 0 9. 0 17. 0 27. 4 

6. 0 9. 0 44. 0 24. 0 19. 0 20. 4 
6. 0 8. 0 54. 0 20. 0 20. 0 21. 6 
6. 5 13. 0 59. 0 34. 0 16. 5 25. 8 

17. 0 11. 5 40. 0 21. 0 15. 0 20. 3 
7. 0 26. 5 7. 0 58. 0 17. 0 23. 1 

34. 0 27. 0 50. 0 77." 0 21. 0 27. 8 
30. 0 3. 0 72. 0 12. 0 22. 0 27. 8 

5. 5 6. 0 24. 0 11. 0 16. 0 12. 5 
4. 5 4. 0 37. 0 3. 0 14. 0 12. 5 

25. 0 4. 0 15. 0 4. 0 21. 0 13. 8 
4. 0 3. 0 80. 0 5. 0 25. 0 23. 4 
5. 0 23. 0 28. 0 4. 0 50. 0 22. 0 
6. 0 4. 0 21. 0 5. 0 15. 0 10. 2 
6. 0 11. 0 17. 5 8. 0 14. 0 11. 3 



APPENDIX H 

DESCRIPTION OF FIELD RUNS 

It was necessary to identify the data collection runs as taken in the 

field; information required included time of day at which the run began, 

beginning point, direction of travel, and the approximate hourly volume 

by direction. A run constituted a total trip, i. e. , including the study 

section and the validation section; as indicated 15 runs were during peak 

flows and 9 runs were during off-peak flows. In summary: 

Run Day and Beginning Direction Approximate 
No. Beginning Time Po int of T ravel Volume 

1 Wed. , 4:40p. m. Speedway- 6th Eastbound 650 veh/lane/hr 
2 Wed. , 5:25p. m. Speedway-6th Eastbound 575 " " " 
3 Thurs., 7:15a. m. B roadway- Swan Westbound 585 " 11 " 
4 Thurs.,7:45a. m. B roadway- Swan Westbound 640 " 11 " 
5 Thurs.,4:15p. m. Speedway- 6th Eastbound 590 " " " 
6 Thurs.,5:00p. m. Speedway- 6th Eastbound 660 " " " 
7 Fri. , 7:15a.m. Broadway-Swan W estbound 600 " " " 
8 Fri. , 7:45a. m. B roadway- Swan W estbound 610 " " , " 
9 Fri. , 4:15p. m. Speedway- 6th Eastbound 585 " " " 

10 Fri. , 5:00p. m. Speedway- 6th Eastbound 630 " " " 
11 Mon. , 7:40a. m. Broadway-Swan Westbound 600 11 " " 
12 Mon. , 8:10a. m. Broadway-Swan Westbound 595 " " " 
13 Tues. , 8:45a. m. Speedway- 6th Eastbound 415 it ii M 

14 Tues. , 9:00a. m. Broadway-Swan Westbound 420 " " " 
15 Tues. , 4: lOp. m. Speedway- 6th Eastbound 390 " " " 
16 Tues. , 4:30p. m. B roadway- Swan Westbound 410 11 " " 
17 Tues. , 4:55p. m. Speedway- 6 th Eastbound 635 " " " 
18 Wed. , 7:20a. m. Broadway-Swan Westbound 595 n 11 11 

19 Wed., 7:45a. m. Speedway- 6th Eastbound 420 11 11 " 
20 Wed. , 8:05a. m. B roadway- Swan Westbound 610 " " " 
21 Wed. , 8:30a. m. Speedway-6th Eastbound 380 " " " 
22 Wed. , 9:05a. m. Broadway-Swan Westbound 415 11 11 n 
23 Wed. , 9:30a'. m. Speedway- 6th Eastbound 425 " " " 
24 Wed. , 9:55a. m. B roadway- Swan Westbound 430 " " " 
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APPENDIX I 

VARIABILITY OF PANEL MEMBERS 

It was considered important-to know the magnitude of variability 

among panel members who, in each street section and for each run, 

placed values on traffic quality. 

The critical problem was one of needing to know whether or not 
0 

the variability in the conditions of the experiment was more important 

than that among individuals who were performing the rating. In other 

words, the central question was "how variable were the observers? " 

The Analysis of Variance was the best procedure to resolve the 

problem; it was also deemed advisable to compute standard errors for 

all observers. Both analyses are compiled in the following section: 

ANOVA (Steele and Torrie, I960) 

Source Degrees of Freedom Sums of Squares 

Runs r-1 

so sro 

Street Sections s-1 .2 x . i? - x?. 
ro sro 

Experimental Error (r-l)(s-l) 5X..2 - X'« - R - S ..*• n« ss ss 
1J —— — 

o sro 

Sampling Error, 
Due to Panel 

(r)(s)(o -1) Z  (  t Z  X 2  . . .  -  X . . 2 )  1J*- k*- ljk ij-

* - 2  2  
ijk ^ Xijk " —* 

sro 
Total (r)(s)(o) - 1 
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Let represent the kth observation (panel member number) 

made in the jth run on the ith street section; the following notation and 

totals applied in this analysis. 

2 
i = 1.. . s X. . . = Grand Total X ... = 1, 535, 1Z1 

j = 1.. . r X... = Cell Totals . . 'SLX^Z = 28,715 
< i j —  i j  i j *  

2 
o = l...o X-j» = Run Totals . JX-.< = -206, 127 

3 3 

2 
X»i* = Street Section Totals ,^&X... = 194,043 

i I 

Source Mean Squares Significance (F table = 1.00 
@5%, c?o d. f. 

Runs 50. 7 

Street Sections 7. 2 

Experimental Error 10. 7 

Sampling Error, 
Due to Panel 

num. and denom.) 

1 

It was concluded that, since under the interpretation of ANOVA an 

F-test which resulted in significance was desirable, conditions affect

ing traffic quality differ significantly more than the variability within 

observers; therefore, the variability of panel members was not critical. 

Another technique for examining variability of observers in the 

rating panel involved calculating their respective standard errors, 

pooling the errors into a pooled error, and utilizing a range test to 

verify differences if they exist. 
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Panel Member: 1 

Standard Error: 0. 285 0. 292 0. 269 0. 260 0. 254 

Pooled Error: 0. 280 

Mean Values: 4.22 4.51 3.40 4.00 3.44 

Tukey's (5% ct, ) Test: w = q . (p, n )s~ = (4.07) (.280) = 1.09 
u x 

(Steele and Torrie, I960) 

It was again concluded that variability within observers did not 

adversely affect results and their rated values could be averaged. 



APPENDIX J 

JUSTIFICATION FOR POOLING OF DATA 

Two types of tests were used in resolving this problem; first, a 

test known as Bartlett's procedure was conducted. Then a technique 

known as the t-test was used to test homogeneity of slopes. 

There exists a test which compares variances that is generalized 

so that several variances (regardless of the number of degrees of free

dom in each) may be compared under the null hypothesis that they are 

sample variances from populations with a common variance. 

Such a test was useful for the purpose of deciding whether or not 

it would be permissible to pool the data into a composite group; the 

test, therefore, was recommended in order to justify the assumption 

that the Q, cr, and D data were homogeneous, i. e. , that they pos

sessed common variances when pooled under varying conditions of 

direction of travel, peak and off-peak flows, and street sections. 

Since it was desirable to group street sections of the study area 

and since it was also desirable to know whether or not heterogeneity 

existed from field run to field run, both of these considerations were 

subjected to an analysis of variance for homogeneity; more particularly 

in the latter, it was important to know whether a distinction existed 

between data gathered in the direction of major and minor flows during 

the peak and off-peak hours. All three analyses were conducted in 

137 
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accoi'd with Bartlett's procedure, as set forth in Steele and Torrie 

(I960, p. 347) and presented in this appendix. On the basis of these 

analyses, it was concluded that (1) pooling was justified, and (2) sub

sequent phases in the dissertation could appropriately be made under 

that basis. Results of these tests are shown next; the second set of 

tests (homogeneity of slopes) follow. 
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Test of the Homogeneity of Variances 

Common Variance Test: Variance Among Q Values for Street Sections 

Street Section 
of Study Area df X 

1 

2 

3 

4 

5 

6 

7 

8 

Totals 

Pooling 

23 

23 

23 

23 

23 

23 

23 

23 

184 

X 2 
* V I  

50. 51 

55.89 

72. 91 

78. 12 

67. 16 

104.85 

39.64 

66. 93 

536. 01 

= 2.3026 

2. 19 

2. 43 

3. 17 

3. 24 

2. 92 

4. 56 

1. 93 

2. 91 

2. 92 

2 2 -1-
log s (n- l)log s n - 1 

0.3404 7.8292 .0435 

0.3856 8.8688 .0435 

0. 5011 11.5253 .0435 

0.4969 11.4287 .0435 

0.4654 . 10.7042 .0435 

0.6590 15.1570 .0435 

0. 2856 6. 5688 .0435 

0.4639 10.5697 .0435 

82.6517 0.3480 

0.4654 85.6336 

crude 

-2  
log s - Z (n.-l)log s ?} 

X 
2 

table 

Due to Bartlett (Steele and Torrie, I960) 

= 2. 3025 (85. 6336 - 82. 6517) = 6. 8621 with 7 df 

= 14. 1 @ai.= • 05 Not Significant 

and Conclude: Homogeneity; okay to pool 
Q among street sections. 

Correction Factor - 1 + 1 |  ST 1 - 1 1; no1 
3(k-1) n-1 ^n~l |  thi 

not necessary in 
s case. 
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Common Variance Test: Variance Among Values for Street Section 

1 Street Section 
of Study Area df X log s2 (n-l)log s2 n-1 

1 23 126. 86 5. 51 0. 7412 17.0476 .0435 

2 23 16. 62 0. 73 0. 8633 2.0856 .0435 

3 23 33. 16 1. 44 0. 1584 3.6432 . 0435 

4 23 37. 42 1. 63 0. 2122 4.8806 .0435 

5 23 41. 79 1. 82 0. 2601 5.9823 .0435 

6 23 •v46. 66 2. 03 0. 3075 7.0725 .0435 

7 23 31. 55 1. 37 0. 1367 3.1441 .0435 

8 23 36. 26 1. 58 0. 1987 4.5701 . 0435 

tals 184 370. 32 48.4250 .3480 

Dling 2. 01 0. 3032 55.7888 

r 2 = 2. 3026 £55. 7888 - 48.425oJ 
crude 

= 2. 3026 (7. 3638) = 16. 9655 with 7 df 

jT 2 =14.1 @OC= • 05 rn* Significant 
table 

^ 1 (. 348 - 1) = 1. 1632 
Correction Factor = 1 + -75-7 

3 \ < )  l o 4  

jf 2 = 16. 9655 = 14. 6 (still significant) 
-**corr  1.1632 

and Conclude: Satisfactory; okay to pool 
among street sections on the 
basis of the 9.7= ()"calculation 
as it was probably an analomaly. 
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Common Variance Test: Variance Among D for Street Section 

X ) 1*376. 6580 - 371.2522^-= 2. 3026-
crude 

= 2. 3026 (5. 396) = 12. 42 with 7 df 

X J., 

= 14. 1 @ot= . 05 .% Not Significant 

sweet oecnon 
of Study Area df x2  

2 
s 

,  2 
log s 

2 
(n-l)log s 

i 
n~ 1 

1 23 2, 110. 50 87. 91 1. 9443 44. 7189 .0435 

2 23 2, 725. 20 120. 65 2. 0824 47. 8952 .0435 

3 23 1, 841. 52 80. 07 1. 9035 43. 7805 .0435 

4 23 2, 965. 96 128. 96 2. 1105 48. 5415 . 0435 

5 23 2, 294. 02 99. 74 1. 9989 45. 9747 . 0435 

6 23 5, 111. 63 222. 24 2. 3469 53. 9787 .0435 

7 23 4, 062. 60 176. 63 2. 2470 51. 6810 . 0435 

8 23 738. 88 32. 20 1. 5079 34. 6817 . 0435 

Totals 184 21, 900. 31 371. 2522 .3480 

Pooling 111. 55 2. 047 376. 6480 

table 

and Conclude: Homogeneity; okay to pool D 
among street sections 

Correction Factor Not Necessary 
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Common Variance Test: Variance Among Q Values for Runs 

Run Number 
for Study Area df_ x2 

2 
s 

. 2 
log s 

2 
(n- 1) log s n 

_1_ 
-1 

1 9.66 1.38, . 0. 1399 P.9793 0. 1428 
2 7 9. 38 1. 34 0. 1271 0.8847 0. 1428 
3 7 8. 75 1. 25 0. 0969 0.6783 0. 1428 
4 7 21. 00 3. 00 0. 4771 3.3397 0. 1428 
5 7 26. 32 3. 76 0.5752 3.8264 0. 1428 
6 7 39. 20 5. 60 0.7482 5.2374 0. 1428 
7 7 11. 90 1. 70 0.2304 1.5128 0. 1428 
8 7 21.21 3. 13 0.4955 3.4685 0. 1428 

9 7 11. 69 1. 67 0. 2227 1. 5589 . 0. 1428 

10 7 13. 58 1. 94 0. 2878 2. 0146 0. 1428 

11 7 20. 86 2. 98 0.4742 3.3144 0. 1428 

12 7 10. 29 1. 47 0. 1673 1. 1711 0. 1428 
13 7 19. 95 2. 85 0. 4548 3. 1836 0. 1428 
14 7 19. 53 2. 79 0.4456 3.1192 0. 1428 

15 7 20. 51 2. 93 0.4669 3.2683 0. 1428 

16 7 39. 83 5. 69 0.7551 5.2857 0. 1428 

17 7 17.78 2. 54 0.4048 2.8336 0. 1428 
18 7 12. 04 1. 72 0. 2355 1.6485 0. 1428 

19 7 23. 10 3.30 0. 5185 3.6295 0. 1428 
20 7 8. 12 1. 16 0. 0645 0.4515 0. 1428 

21 7 7. 00 1. 00 0. 0000 0.0000 0. 1428 
22 7 5. 18 0. 74 0. 8692 -0.9156 0. 1428 

23 7 8. 61 1. 23 0.0899 0. 6293 : 0. 1428 
24 7 10. 57 1. 51 0. 1790 1. 2530 0. 1428 

Totals 168 397.76 52.3717 3. 4272 

Pooling 2.37 0. 3747 62.6496 

r2 = 2. 3026 \ 62.6496 - 52. 3717J 
crude I 

1 
2 

table 

= 2. 3026 ( 10. 2779) = 23. 6945 with 23 df 
Not Significant 

= 35.2 @o£= /• Not Significant 

and Conclude: Homogeneity; okay to pool, 
among runs. 
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Common Variance Test: Variance Among Values for Runs 

Run Number 
for Study Area df X2 

2 
s 

. 2 
log s 

2 
(n-l)log s n 

_1_ 
-1 

1 7 0. 84 0. 12 0.0792 -6. 4456 0. 1428 

2 1. 75 0. 25 0. 3979 -4.2147 0. 1428 

3 7 9.73 1. 39 0.1430 1. 0010 0. 1428 

4 7 8.75 1. 25 0.0969 0. 6783 0. 1428 

5 7 7.42 1. 06 0.0253 0.1771 0. 1428 

6 7 16. 38 2. 35 0. 3692 2.5844 0. 1428 

7 7 5. 18 0. 74 0.8692 -0.9156 0. 1428 

8 7 9. 52 1. 36 0. 1335 0. 9345 0. 1428 

9 7 3. 01 0. 43 0.6335 -1. 5655 0. 1428 

10 7 4. 27 0. 61 0.7853 - 1. 5029 0. 1428 

11 7 4. 27 0. 61 0.7853 -1.5029 0. 1428 

12 7 7. 00 1. 00 0.0000 0.0000 0. 1428 

13 7 14. 56 2. 08 0. 3181 2.2267 0. 1428 

14 7 3.43 0. 49 0.6902 -2.1686 0. 1428 

15 7 7. 07 1. 01 0.0043 0.0301 0. 1428 

16 7 10. 64 1. 52 0. 1818 1. 2726 0. 1428 

17 7 5. 88 0. 84 0.9243 -0.5299 0. 1428 

18 7 3. 08 0. 44 0. 6435 -2.4955 0. 1428 

19 7 9. 66 1. 38 0. 1399 0.9793 0. 1428 

20 7 3.71 0. 53 0.7243 -1. 9299 0. 1428 

21 7 8.40 1. 20 0.0792 0.5544 0. 1428 

22 7 4.34 0. 62 0.7924 -1.4532 0. 1428 

23 7 22. 19 3. 17 0.5011 3.5077 0. 1428 

24 5. 67 0. 81 0. 9085 -0. 6405 0. 1428 

Totals 168 175.75 -12.421 3. 4272 

Pooling 1. 05 0.0212 3.5616 

J 2  
= 2.3026 ^*3. 5616 - (-12.427) } 

*T 2 

Aable = 3S- 2 

= 2.3026 (15.988) = 36. 8139 with 23 df 

Significant 

Thus, try correction factor 

1 
C.F. =1 +• ('3.4272 

1 \ _ 1 1 (3-4212) 
~ 1 + 6Q 168 (23) 

X = 1.0496 
= 36. 8139 = 35. 07 Not Significant 

corr 1.0496 (Acceptable) Homogeneity; okay 
to pool CT among runs. 



144 

Common Variance Test: Variance Among D for Runs 

Ill IN Vi J. 
Study Area df x2 

2 
s 

. 2 
log s 

2 
(n-1)log s n- 1 

1 7 756.0 108. 0 2. 0834 14. 2338 0. 1428 
2 7 598. 5 86. 5 1. 9320 13.5240 0. 1428 
3 318. 5 45. 5 1. 6580 11.6060 0. 1428 
4 7 877. 8 125.4 2.0987 14.7774 0. 1428 
5 7 667. 6 94. 1 1. 9736 13.8152 0. 1428 
6 7 1, 148. 0 164.0 2.2148 15.5036 0. 1428 
7 7 415. 1 59. 3 1. 7731 12.4117 0. 1428 
8 7 100. 8 14.4 1. 1584 8.1088 0. 1428 

9 7 709. 8 101.41 2.0060 14.0420 0. 1428 
10 7 222. 6 31.8 1. 5024 10.5168 0. 1428 

11 7 1, 323. 7 189. 1 2.2767 15.9369 0. 1428 

12 7 140. 7 20. 1 1. 3032 9.1224 0. 1428 

13 7 3. 57 5. 1 0. 7076 4.9532 0. 1428 
14 7 882. 7 126. 1 2.1007 14.7049 0. 1428 
15 7 959.7 137. 1 2. 1370 14.9590 0. 1428 
16 7 2, 382. 8 340.4 2.5320 17.7240 0. 1428 

17 7 1, 530. 9 218.7 2.3396 16. 3220 0. 1428 

18 7 1, 367. 8 195.4 2. 2909 16.0363 0. 1428 

19 7 436.4 65. 2 1. 8142 12.6994 0. 1428 

20 7 172. 2 24. 6 1.3909 9. 7363 0. 1428 

21 7 287. 7 41. 1 1. 6138 11.2966 0. 1428 
22 7 753. 9 107.7 2. 0322 14.2254 0. 1428 
23 7 237. 3 33.9 1.5302 10.7114 0. 1428 

24 7 86. 1 12. 3 1. 0899 7.6293 0. 1428 

Totals 

Pooling 

168 16, 411.4 

97. 6 1.9894 

304.6516 

334.1521 

3. 4272 

*YZ = 2.3026 1*334. 1521 - 304. 65761 
crude ^ 

= 2. 3026 (29. 5005) = 67. 9261 with 23 df 

X2 = 35.2 Significant 

Thus, try Correction Factor = 1.0496 

ay 2 

^"corr 
67.9261 

64. 8 Still Significant, 
1.0496 

Conclude: Not homogeneous among runs (due, probably, 
to very wide discrepancy in off-peak runs #13 and 16). 
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Common Variance Test: Variance Among Q Values for Vol. -Direction 

Traffic Flow 

During Peak 
Off-Peak 

Totals 

Pooling 

df 

119 
71 

190 

X 

358. 19 
190.28 

548.47 

3. 01 
2. 68 

log s (n-1) log s n-1 

z 2 

crude 

2.89 

= 2.3026 

0.4786 
0. 4281 

0. 4609 

56.9534 0.0083 
30.3951 0.0141 

87.3485 0.0224 

87.5710 

£*87. 5710 - 87.3485 * 

X. 

= 2. 3026 (0. 2225) = 0. 5123 with 1 df 

Not Significant 
nearly exact and 

table 
= 3. 84 

T 9 r 

Conclude: Homogeneity; okay 
to pool Q between Volume 
Flows-Direction 

corr Not Necessary 

Note: Off-Peak Runs, (9) were as follows: Runs # 13-16, 19, 21-24 

Common Variance Test: Variance AmongCjiValues for Vol.-Direction 

Traffic Flow df X < 3 log s (n- 1) log s n-1 

During Peak 119 207. 06 1. 74 0. 2405 28. 6195 0. 0083 
Off- Peak _71 105. 79 1. 49 0.1732 12. 2972 0. 0141 

Totals 190 312. 85 40. 9167 0. 0224 

Pooling 1. 65 0. 2175 41. 3250 , 

%2 

crude 
= 2.3026 £41.3250 - 40.9167J 

X 

y. 

z 
table 

2 

= 2. 3026 (0. 4083 ± 0. 9402 with 1 df 

= 3.84 Not Significant and 

corr 
Not Necessary Conclude: Homogeneity; 

Okay to pool O* between 
Volume Flows-Directions 



Common Variance Tost: Variance Among D Values for Vol. » Direction 

Traffic Flow 

During Peak 
Off-Peak 

Totals 

Pooling 

df X 

119 15,517.6 
71 7, 611. 2 

190 23,128.8 

130.4 
107.2 

121.7 

2 2 -
log s (n-1) log s n-1 

2.1154 251.7326 0. 0083 
2.0302 144.1442 0.0141 

395. 8768 0. 0224 

2.0853 396.2070 

Tf = 2.3026 1*396. 2070 - 395. 8768\ 
crude (, J 

% 
J 

= 2.3026 (0.3302) = 0. 7603 with 1 df 

Not Significant; and 

Not Necessary Conclude: Homogeneity; okay 

table = 3. 84 

2 

corr 
to pool D between Volume 
Flows-Directions 

Note: Off-Peak Runs, were as follows: Runs # 13-16, 19, 21-24. 

Of the nine homogeneity analyses presented in the foregoing, all 

but two resulted in conclusive evidence of homogeneous data; in one of 

the tests, conducted on <5", it was concluded that lack of significance 

was due to an anolamy in the data. 

In further work directed at justifying the pooling of data, the 

equality of slopes was tested. Once the common variance tests (show-

ing homogeneity) were satisfied, a test for homogeneity of regression 

coefficients was developed under procedures outlined later. This 

analysis was conducted on the pooled data basis between peak and 

off-peak data. 
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Within, the homogeneity of slopes analysis, use was made of both 

the complete and composite cases for Q vs. ©* and Q vs. D situations 

where the condition was during peak traffic flow/direction against off-

peak traffic flow/direction. A summary of the data required in the 

analysis is shown below: 

Case A: Complete Data -

High Volume Low Volume 

Q N = 120 

X2= 1875. 35 

X = 419.10 

s2= 3. 01 

x = 3. 49 

72 

898.95 

221. 00 

2. 68 

3. 07 

Case B: Composite Data 

High Volume Low Volume 

15 

1 9 2 . 2 1  

52. 1 

0.75 

3. 47 

9 

86.72 

27. 8 

0.95 • 

3. 06 

X = 779.40 

X = 261. 60 

s2= 1.74 

x = 2. 38 

362. 68 

135.40 

1.49 

1. 88 

87. 32 

35. 20 

0.31 

2.34 

45.04 

19. 8 

0. 17 

2. 20 

D X = 46, 699. 85 18,450.43 

837. 1 

115.2 

X= 1,928.1 

2 s = 132.3 

x = 16.06 11. 62 

4,265.54 

241. 8 

24. 63 

16. 12 

1,321. 06 

105.0 

10.77 

11. 66 

In the analysis, it was desired to test the homogeneity of the 

two @ 's, that is, to determine whether or not they could be considered 
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to be estimates of a common . For this consideration, t as in 

Equation 9. 18 of Steele and Torrie (I960, p. 173) is distributed as 

Student's t with N + N, - 4 degrees of freedom. Equation 9. 18 is 
1 u 

shown below: 

t = bi " b2 2 

-1 -I —- , where b, and are the 

pV* lj 2j * regression coefficients and sum 

of squares for X from the first 

sample, and similarly for the 

second sample, and 

% 4"XY'i"[ax'j '• 

n - 2 + n - 2 
i " 

is the best estimate of the variation about regression. Now, 

2 2 2 
b = "Sxy and J = TXY - ^.X "2.Y and y = - fex) .  

x 2 *Xy N X N 
£ x 

In developing the analysis of slope homogeneity, shown in the table 

on the following page, the below information was considered essential to 

the investigation: 

Case A: Complete Data Case B: Composite Data 

Condition 1: Q vs. (T Condition 1: Q vs.CT 

, Sample 1: High Volumes 
Sample 1: High Volumes r  

„ _ .  Sample 2: Low Volumes 
Sample 2: Low Volumes 
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Case A: Complete Data (cont.) Case B: Composite Data (cont.) 

Condition 2: Q vs. D Condition 2: Q vs. D 

Sample 1: High Volumes Sample 1: High Volumes 

Sample 2: Low Volumes Sample 2: Low Volumes 

Test for Common Slopes 

Case A: Complete Data 

Condition 1: Q vs. 

Sample 1: High Volumes, N= 120 J Q<T = 1120. 92 (Tod)2 =1,254,000 

Q C f = 1120.-92-(419. l)(26l. 6)=207. 25 

2 2 7 I20 

with major flow Jx = 1875. 35 Jx =779.40 

£x = 419. 10 £x =261.60 Ix2 = 779. 40-(26l. 6)2=209. 11 
120 

b = 207.29 = 0.9913 
209.11 

Sample 2: Low Volumes, N = 72 "2! QCT= 548. 92 CEs*r)2 '=301,401 

off-peak 1xZ= 898. 95 ^X2 = 361. 68 £ = 548. 92-(221)(135. 40) = 133. 31 
xy 72 

2*X = 221.00 J[X = 135.40 

£x = 361. 68-(135. 4) =107. 05 
72 

b = 133.31 = 1.2407 
107.05 

bj - b2 = 1.2407 - 0.9913 = 0.2494 

>y 2 = 1875.35 - (419. 1)2= 411. 64 (Xx..y.. )2 = (207. 29)2=205. 48 
j 170 .J J 7 HQ 117 120 •fr-" 209. 112 

Z x i j  
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Test for Common Slopes (cont.) 

T y 2 = 898. 95 - (221)2= 210.60 ( ^ .y„ .)2=(133. 31)2=l65. 98 
3 72 107.05 

X x 2  
2j 

411. 64 -205. 48 = 206. 16; 210. 68 - 165. 98 = 44. 62; 206. 16+44. 62=250. 78 

s 2 = 250.78= 1.334; ' t = 0.2494 = 1. 817 
p 

188 VI. 334 / 1 + 1 °\ 
V209.112 107.05' 

** Ki ioo = at 5% level. table, 188 df 

Therefore, Conclude: Homogeneity of regression coefficients 

and it is acceptable to pool Q and CT for the complete data case 

between volumes during peak and off-peak traffic flows. 

Condition 2: Q vs. D 

Sample 1: . High Volumes, N= 120 =7619. 57 ( 2QD)2 = 58, 049. 161 

Q D <• =7619. 57-(419. 1)1928. 1 =887. 65 
^ 120 

with ? 2  2 
major 5X = 1875 £ X =46,629 £ = 46, 129 - (1928) =15, 153 
flow X 120 

2.X = 419. 10 2X = J928. 1 b = 887. 65 = 0.0586 
15, 153.31 

Sample 2: Low Volumes, N = 72 JTQD = 3453. 12( £.QD)2= 11, 823, 094 

off-peak 2 X2=898. 95^X2 = 18,450.43 ^ =3453. 12-(221)(887. 1) = 897. 89 

2; x = 221.002fX = 837. 1 Zx2= 18, 450. 43-(837. 1)2=8720.30 
72 

' b = 897. 65 = 0. 1024 
8720.30. 

bj - b2 = 0. 1024 ~ 0. 0586 = 0. 0439 
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Z Y 2 = 1875.35 - (419. 1)2= 411.64 (2x Y )2 =(887. 89)2 =51.95 
J  120 ? J  15153.31 

* X l j  

^Y.2 = 898. 95-(221)2=210. 60 (JX Y )2 =(597. 89)2 =40.94 
72 ^- 8720 

Z X 2 -

411. 64=51.95=359. 69; 210.60-40. 94=169. 66; 359.69+169. 66=528. 8 

s: 2,=?528. 82 = 2. 813;. t = 0. 0438 = 1. 938 
P 188 

V2. 813/* 1 + 1 > 
M5153 8720' 

t , 188 df = 1.96 at 5% level 
table 

Therefore, conclude: Homogeneity of regression coefficients 

and it is acceptable to pool Q and D for the complete data case 

between volumes during peak and off-peak traffic flows. 

Case B: Composite Data 

Condition 1: Q vs. (5~ 

Sample 1: High Volumes, N = 15 = 127.75 (2.QO* )2 = l6,384 

Q CT 2 =127.75-(52. 1)(35.2) = 5.49 
xy 15 

™ th  -srv2 ,a, 9, Vv2 R7 ^ Z2 = 87.32-(35.2)2= 5.72 
major =192.21 2.X =87.32 A. —j-g— 
flow 

JX = 52.10 2X = 35. 20 b = 5. 49 = 0.959 
5. 72 

Sample 2: Low Volumes, N=9 3CQCS = 61.29 (TE.QG")2 =3,844 
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off-peak^X2 = 86. 72 £X2 = 45. 04 £x y  = 61.  29-(27. 8)(19. 8) = 0. 13 

XX =27. 8 Z.X = 19. 8 £x =45. 04-(J_^_8) =1.48 

b= 0. 13 = 0. 088 

1.48 

b -b = 0. 959 - 0. 088 = 0.8770 
JL Cd 

Z.Y =192. 21 - (52. I) = 11. 288 (IX Y ) = (5. 48) = 5.267 
l j  15 ^T1 5.719 

IX.. lj 

%.Y_.2=86.72 - (27. 8)2= 0.8490 (5.X_Y. .)2 = (O l_13.)2= 0.0114 
9 —^ 1.48 

2x 2 
2j 

11. 288 - 5.267 = 6.0211; 0.849 - .0114 = 0. 8376;6. 02 + . 837=6. 858 

s 2= 6. 8687 = 0. 343; t = 0. 8720 = 1. 610 
p 20 n r———1—•—1— "ir 343 

5.719 1.48 

Therefore, conclude: Homogeneity of regression coefficients and 

it is acceptable to pool Q and (5~for the composite case between 

volumes during peak and off-peak traffic flows. 

Condition 2: Q vs. D 

Sample 1: High Volumes, N = 15 2QD = 886.71 (XQ°)2 = "784,956 

Q D 

with 2 

major ^X = 192. 21 ]gX = 4265. 54 J = 886. 71-(52. 1)(241. 8)=46. 86 
flow Xy 15 
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2 X = 52. 10 £X=. 241. 80 £ 2 = 4265. 54 - (241. 8)2=367. 74 
X 15 

b =̂ 4 - °- 1272 

Sample 2: Low Volumes, N = 9 !£QD = 329. 95 ( 2E,QD)2 = 108, 241 

off-peak SX2=86. 72 2X2=1321.06 5 =329. 95~(27. 8)(105) = 5. 71 
~*y g 

EX = 27. 80 rx = 105.0 p 2= 1321. 06 -(105)2 = 90. 51 
X 9 

b = 5. 71 = 0.0631 
90. 51 

b - b = 0. 1272 - 0. 0631 = 0. 0641 
1 2 

2Y 2 = 192.21 - (52. 1)2= 11. 2879 (JEX Y )2 = (46. 86)2 = 5. 9602 
l j  15 ^5-=i 367. 74 

»1J2 

ZY 2 = 86. 72 - (27. 8)2= 0.849 ("S.X, .Y_ .)2 = (5^71) 2 = 0. 3509 
J  9 13—^ 90.51 

*X2j 

11.2879 - 5. 9602 = 5.3277; 0. 849 - 0.3509 = 0.4981; 5.3277+0.4981 = 5.826 

S* = 5. 826= 0. 2913; t = 0. 0641 =1.011 

V5 '  2913^367. 74 + 90^7) 

t , , , 20 df = 2. 086 @ 5% level 
table 

Therefore, conclude: Homogeneity of regression coefficients and 

it is acceptable to pool Q and D for the composite case between 

volumes during peak and off-peak traffic flows. 
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The analysis presented in the foregoing section revealed that 

the regression coefficients for peak and off-peak traffic flows were 

common; it was again concluded that it would be justifiable to pool 

data involving different directions of movement and times of day. 



'  . APPENDIX K 

REGRESSION ANALYSES OF Q_ , , ON Q_ . . 
Predicted Rated 

For purposes of illustrating the degree of relationship between 

quality values derived from the model on the validation site (Q re(^^ te(j) 

and values for quality resulting from observer ratings (Q ^ a 

linear regression was conducted on the data. The results are tabulated 

below; a graphic plot of the outcome, also provided, is a display of the 

data used in the analysis and found on page 90 of the text. 

The test of regression produced the following results; 

Intercept = A = .189 

Regression Coefficient = = . 881 

2 
Coefficient of Determination = = . 669 

Coefficient of Correlation = .817 

where Y = A + BX = . 189 + . 881X (r = 0. 817) 

when X = Q and Y = Q 
predicted rated 

An r value of 0. 82 means that, for the data values ori traffic quality 

which were predicted, the variability in rated traffic quality is 67% 

explained by the independent variable (X). This magnitude is considered 

quite good, in terms of linear relation and use. A plot of the regression 

line is shown on the following graph. 
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10. 0„ 

8. 0. 

7. 0_ 

4. 0_ 

Q r  = . 19 + . 88Qp 

Composite case for all 24 
runs (i. e. Included high 
and low volumes) 

"1 1 1 1 1 1 1 1 1 1 

1.0 2. 0 3. 0 4. 0 5.0 6. 0 7. 0 8.0 9. 0 10.0 

^predicted 

Figure K1 - Regression Line: Qpredicted vs. Q ra ted 
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