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An examination of the decision-making processes i n 
volved in selecting highway improvement projects in 
certain states and a Canadian province is reported in 
this paper. I t is concluded that eight major factors 
that must be present f o r most effective programming 
of work are: (a) legislative support, (b) executive 
action, (c) factual survey, (d) budget decision, (e) 
systematic p r io r i ty analysis, (f) systematic coordi
nation, (g) scheduling and control, and (h) adminis
trative organization. These are b r ie f ly described and 
il lustrated by example. 

Adequate advance programming requires f i r m and 
stable policies, w e l l understood by staff, and f u l l 
implementation of the entire "package" of those eight 
factors . I t is suggested that i f any state should i n 
corporate a l l the best features found in the composite 
group studied, major improvements in work-f low, 
economy and benefits to the public •would ensue. 

# I T IS W E L L understood that, within l imi t s , the more lead-time that can be provided 
in advance of construction, the more probable i t is that the best engineering can be 
accomplished, resulting in greater satisfaction to the public and minimum cost. Thus, 
the pr ime object of advance programming is to establish f i r m l y , wi th l i t t l e chance of 
last-minute revisions, the work program f o r several years ahead of actual date of be
ginning construction. A second objective is to select the projects comprising the p ro 
grams on the basis of demonstrated relative need. 

These appear to be such desirable goals that fa i lure to achieve them satisfactorily 
and universally is proof of the very great problems involved — even to the point where 
li terature on the subject is vir tual ly nonexistent. The problems revealed in this study 
w i l l also be described under the appropriate headings. 

LEGISLATIVE SUPPORT 

Legislative demand and constructive action f o r adequate programs based on need 
and set up in advance, are desirable, i f not essential, elements i n the decision-making 
process. 

An outstanding example of such effective leadership is that of the Administration 
and Congress of the United States in establishing a program, based on need, f o r the 
National System of Interstate and Defense Highways. The values to and the accom
plishments of the states pursuant to that program are too well-known to require f u r 
ther description. 

Within the states, there is a wide variety of legislative action, or lack of i t . In the 
broadest sense, however, a l l states through such action have guided programs by dic
tating the distribution of state-collected funds to road and street systems. More than 
half the states have dedicated a l l highway-user tax revenues to highway, road and 
street purposes (1). These actions, coupled wi th s imi lar actions by the Federal Gov
ernment, establish the general scope and nature of the respective highway programs. 
They represent the f i r s t and perhaps the most significant consideration in "advance 
programming," which requires long-range financing having stabili ty and dependability. 
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Unfortunately, many state legislatures have not had adequate factual surveys as a 
basis on which to consider proper distribution of funds to the various systems. More
over, some which have had access to such surveys have not made sufficient useof them, 
or, in many states, facts have not been kept up to date. 

Within the f ramework of broad legislative intent and action on fund distribution, 
several state legislatures have acted more specifically to give guidance to programs 
of the state highway departments. One of the most detailed is found in California 
where the law requires specified percentages, based on 20-yr estimated needs, of total 
funds to be spent on the state highway system in each county (2). For many years, 
Michigan and Mississippi were required to spend funds in specified percentages in 
three area divisions of the states. 

Ohio passed a special bond issue, proceeds of which were to be spent fo r construction 
on a l imi ted part of the state h^hway system. Selection of that "Major Thoroughfare 
System" and p r io r i ty of improvements were under guidance of a special "Construction 
Council" (3)- Many other instances of special fund financing f o r specific purposes, 
often l imi ted to particular locations, routes or systems, have occurred throughout 
highway history. Operation of the Federal-aid funds is perhaps the most general 
application. 

A l l these suggest the broad nature of legislative intent to guide decision-making. 
Where too detailed, the abili ty of administrators to adapt to changing conditions is 
handicapped; on the other hand, theirown responsibilities fo r makingprogram decisions 
are somewhat s impl i f ied by the action of higher authority. 

That most legislatures have not seen f i t to spell out detailed program guidance is 
recognition that such policies are d i f f icu l t to set factually in a sufficiently f lexible 
manner, and that annual programs should remain largely imder administrative control. 
This may be a compliment to successful administration, which thereby assumes the 
obligation to accbmplish the most effective possible work in the public interest. At 
the same t ime, administrators becomesubjecttoheavyregionalandpersonalpressures 
f r o m a l l kinds of special interest groups whose desires do not always dovetail into the 
best statewide programs. 

In addition to broad, or sometimes more detailed, allocation of finances, some 
legislatures, such as in Ohio (4) and Indiana (5), have required advance annual work 
programs to be established by the administrators and published. One of the more r e 
cent is in Iowa, which requires a 5-yr published state highway program showing s u f f i 
ciency ratings f o r each project which, presumably, are to be selected on the basis of 
relative need (6). Note that the legislatures cited have required publication of advance 
programs. In those states, as we l l as others (7), publication appears to be considered 
necessary as part of the accountability of the highway department to the public, and fo r 
stabilizing the general nature of the programs. 

Such various indications of legislative interest and support of advance programming 
are helpful to administrators in establishii^ an objective and systematic approach to 
the problem. Where such clear support is lacking, tradition may often permit , i f not 
encourage, excessive pol i t ical manipulation of project selection through activities of 
legislators, the public and the administration i tself . Frequently, projects so selected 
are definitely needed, but choice of location, design and t iming may be based less on 
statewide relative need than on pol i t ical expediency. If so, development of f i r m advance 
programs that are defensible by economic and engineering analysis remains an i l lusion. 

EXECUTIVE ACTION 

I t is , of course, possible to develop objective advance programs without a clearly 
expressed legislative mandate. A l l that may be required is the desire of the legis
lators and administration to do so, plus effective evidence by the administration that 
such is the case. Most, i f not a l l , engineerii^ management prefers to operate with 
facts, rather than pressures alone, and responds to conditions where the objective 
approach is possible. Numerous administrative agencies have taken the initiative 
in proposing and publishing advance programs, hoping thereby to gain legislative and 
public support f o r soundly conceived operations and simultaneously to create public 
confidence which w i l l enable continuation of a systematic approach. 
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Advance programming is a normal, ever day activity of a l l highway departments, 
l ike those of any person in deciding what he is going to do tomorrow, next week, next 
month, or next year. But with widespread highway needs of many varieties, not a l l of 
which can be taken care of at the same t ime, and recogniz i i^ the importance of high
ways to various segments of the economy and t r a f f i c safety, and the cost and perma
nence of the faci l i t ies , the choices of what to do next, and when, become increasingly 
numerous and complex. 

Executive action to improve advance planning and programming processes meeting 
the objectives stated earl ier have been numerous, and successful in varying degrees. 
They reflect the degree of need and desire to achieve a systematic approach that w i l l 
clearly define what should be done and when, as f a r ahead as is reasonable and possible. 
Top support is mandatory, f o r that is where f i n a l decisions are made. Success appears 
to be in direct proportion to the f irnmess and continuity of policies on which the p ro 
grams are based. 

Some advance programs have been prepared f o r the specific purpose of bond issues. 
Among these was a 12-yr program, set up project by project, grouped by 4-yr periods 
in Maryland (8); a program fo r an unspecified time period in Maine, l i s t ing projects by 
p r io r i ty in each coimty; and a 1- to 4-yr program in Kentucky. 

In other cases, advance programming has been imdertaken routinely by direct ad
ministrative action. Notable aniong these is California which always has a 5-yr ad
vance program, plus another 5-yr tentative l i s t . More recently, Tennessee, Colorado, 
Michigan, Ontario, and perhaps others, have developed a working program of more 
than the next year's act ivi ty. A l l states have developed working schedules f o r several 
years in advance on the Interstate System, which indicates the feasibil i ty of such action 
when decisions are made f i r m l y . 

The balance of this paper discusses the details of administrative advance program
ming methods. 

FACTUAL SURVEY 

I t is manifestly impossible to select a program without some kinds of facts on which 
to base the selection. The words "factual survey" imply, however, the systematic 
organization of a l l the necessary engineering and economic facts by which decisions 
can be reached with a minimum of contradiction. 

That is contrasted wi th the situation in which the judgment of one or more individuals, 
ranging f r o m the governor to the d is t r ic t engineer, may be used exclusively without the 
recorded marshalling of data on which to base the judgment. That is not to say that 
such judgments are not good or valid ones, but other individuals may have, or c la im 
to have, equally good judgments which lead them to ar r ive at different conclusions. 
Moreover, in such Situations i t is not known whether there might be other locations 
which deserve equal, i f not earl ier treatment, since the review of suggested programs 
derived on such a basis is generally l imi ted to the relative meri ts of only the projects 
l is ted In the proposed program. 

Opposed to s t r ic t ly judgment bases, .the factual survey is one which systematically 
analyzes a l l the possibilities, or at least narrows the f i e l d of undisciplined judgments 
to l imi ted observations within a preconceived framework. Ordinari ly, such factual 
surveys cover the entire road system f o r which the administrator is responsible. For 
maximum use in legislative action, however, they should cover a l l road and street 
systems in the state. 

A common te rm is the "needs study" which makes a complete examination and anal
ysis (within reasonable l imi ts ) of the present and future construction and maintenance 
requirements on the entire network, subdivided by systems, areas and jurisdictions 
(9). Excellent examples of such needs studies are foimd in many states and, more 
recently, in a somewhat less detailed manner, in a l l states in connection wi th the so-
called "Section 210" studies now being undertaken by the Bureau of Public Roads. 

The more detailed studies ordinar i ly compile a l l of the geometric and physical facts 
about every mile of the road system, the present and forecasted use of the highways by 
various classes of t r a f f i c , the construction history including the design of the base and 
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surface, the physical condition of the roadway, the maintenance cost, the accident 
problems, s imi la r data with regard to a l l structures, and the general relationships of 
the various highway sections to the service requirements of the economy and to the 
geography of the area. When a l l these facts are appropriately related to the required 
standards f o r the anticipated demands of t r a f f i c , the kind and cost of the Improvements 
required emerge as a carefully developed integrated total analysis of the improvement 
needs, related one to another, fo r a period of considerable time — usually twenty years 
ahead. Thus, nothing of a significant nature currently foreseeable is overlooked, and 
maximum use is made of staff whose specialties should be marshalled f o r proper de
cision-making. 

Such a study process also provides a reasonable estimate of the necessary t iming of 
each phase of the work. Each project is thus related to the ultimate route and area 
plans that are established. On many sections, i t is possible to show that physical con
dition, maintenance cost, safety and highway capacity are such that the road is provid
ing satisfactory service and may be expected to do so f o r an approximate number of 
years into the fu ture . On the other hand, many sections are found which do not now 
give satisfactory service and, therefore, are special candidates f o r early improvement. 

This type of study has been carr ied out i n detail In a number of states and in the 
Province of Ontario. States include California, Colorado, Michigan, I l l inois , Tennes
see, Kentucky, Minnesota, Washington, Louisiana, and a number of others (10). The 
studies provide the basis f o r budget decisions described later, as we l l as f o r a finance 
plan, including the general allocation of fimds to systems, which is the responsibility 
of the legislature or of the administrators as described previously. But, above, a l l , 
the needs studies leave no stone unturned in the search fo r a l l the data which are r e 
quired to assist in establishing a logical advance program and the development of a 
schedule of operations which w i l l , i n fact , meet the needs o l the motorist and serve 
the public interest. 

However, the extent to which these studies are used may f a l l short of their actual 
potential. When they are not kept up to date, they soon lose their value. New develop
ments, not previously foreseen, frequently occur and may not be incorporated into the 
total picture. The physical and condition inventory may not be kept up properly, wi th 
the result that incorrect data are on f i l e . New techniques in analysis of t r a f f i c and i ts 
relation to highway design should f ind their way into the factual survey — otherwise i t 
becomes increasingly out of date. But a l l these defects can be remedied i f there is 
f u l l understanding and acceptance of the values to the administrator i n the advance 
programming process. 

Even when the studies are f resh and complete, they may be disregarded, and the 
work to be done each year selected instead on the basis of judgment alone. For ex
ample, one state wi th a very good factual survey makes very l i t t l e use of i t ; the major 
approach to selection of work f o r the annual programs is through the advice of the dis
t r i c t engineers, and there is l i t t l e or no effor t made to acquaint them wi th the value of 
the factual survey, al thou£^ i t is available f o r their use. On the other hand, perhaps 
one of the outstanding uses of such studies is found in the State of Tennessee (11). 

The general techniques of making these studies have been reported in numerous 
papers (12) and in the highway needs reports of a number of states. They are two 
we l l known to require fur ther elaboration here. 

BUDGET DECISION 

Within the f ramework of a finance plan and of general legislative allocation of funds 
to systems, governmental jurisdictions and sometimes areas, there is generally wide 
latitude in the use of both Federal and state money. Administrators must determine, 
f o r example, what percentage of available funds should be used f o r maintenance, f o r 
research, f o r administration and f o r other continuing costs. Of remaining money f o r 
construction, how much should be used fo r roadside parks, f o r new shops, fo r contin
gencies and emergencies; how much in urban areas as compared wi th r u r a l areas; how 
much f o r bridges vs roads; f o r System A as compared wi th System B; f o r specified 
areas of the state? 
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Some questions may be decided by the law, some by knowledge of the needs and 
some by policy judgments — but they should be decided in the most rational manner 
possible, with a marshalling of the facts about each element. This suggests the need 
for complete cooperation of the bduget officers and the engineering forces — an appar
ently obvious requirement which frequently is not recognized. With better understand
ing by both business and engineering forces of each other's problems, advance pro
gramming can be improved. 

More uniform accounting practices, permitting the state to review problems on a 
common base, would be desirable. This is possible through implementation of the 
Uniform.Accounting Manual, developed by AASHO and now approved by 47 states (13). 
Budget Preparation 

The annual or biennial budget reflects the broad decisions that are made in advance. 
The budget shows financial limitations and intent within those limits in widely varying 
degrees, depending on the form and nature of the budget. 

From a review of state highway expenditure budget forms in 18 states, i t is apparent 
that no standardization exists in budget preparation (14). Each state has its own legal 
requirements and its individual format. Many states do not have published budgets 
that give much, if any, guidance to advance programming of construction work. In
stead, they are "object" budgets, such as that of Virginia (Appendix 1-A), that show 
costs, sometimes in great detail, for personnel, equipment supplies and "contracts." 
These costs generally are summarized in three categories: (a) administration, (b) 
maintenance and (c) construction. 

Only a few states have a "functional" budget, such as in California, in which con
struction or maintenance funds, or both, are allocated by purpose of expenditure; that 
is, by classes of work, by systems, and possibly by areas (Appendix 1-B, C,D). 

It appears that the nature of state highway budgets depends not only on legal require
ments and governmental policies covering all functions of state government, but also 
on the extent and nature of pre-planning on the one hand, and control of execution on 
the other. 

Where legislators or administrators prefer to control tightly the number and cost 
of personnel, the number, type and cost of equipment, etc., then the "object" budget 
is adopted. Accounting is then concentrated on such matters and budget control ex
ercised accordingly. 

Where i t is preferred to plan and control amounts to be spent for various fimctional 
purposes, the "functional" budget is used. Infrequently, both types are prepared. Even 
though legally not required, i t is evident that in actual operation there must be at least 
an informal estimate of the functional type, in order to enable any kind of intelligent 
advance decisions to be made with regard to the work to be performed. 

The detail in which voluntary (not legally required) functional budgets may be pre
pared depends on the administrator's desire to spell out, via the budget, the nature of 
the program he desires to carry out, and the amount of control he may wish to have 
for each element of the program. 

Bases for Functional Budgets 
Study of functional budgets indicates two broad bases for their development: (a) by 

restricted fimds, and (b) by advance policy decision. In nearly all cases, some of both 
are necessary. 

An example of emphasis on the former is the highway budget of Pennsylvania (Ap
pendix 1-E). After budgeting certain funds as required by law, remaining funds are 
bucketed f i r s t in accordance with Federal-aid allocations and required state matching 
amounts, by Federal-aid systems. Consideration is given to amounts necessary for 
administration, engineering, maintenance and for non-Federal-aid mileage, but these 
may be reduced if necessary to match Federal-aid, or the latter may be deferred if 
the former group of costs is deemed more essential. Nofurther subdivision is required, 
although for internal accounting control and reporting piu-poses there are numerous in
ternal breakdowns. These, however, are not related to advance planning and program
ming purposes. 



28 

An example of emphasis on the second basis for budgeting — advance policy decision 
— is the budget of the Ontario Department of Highways. Having no "restricted funds" 
in the sense of federal systems established within the scope of the responsibilities of 
the Department (except for the Trans-Canada Highway), i t is free to set its budget by 
advance policy decisions (Appendix 1-F). The capital expenditures are currently 
based on estimates of the needs of the several systems for which the Department is 
responsible, the rate of development desired for each, and the requirements of each 
district of the Province. 

Similarly, the California budget, while adjusted to the Federal-aid allocations, is 
also based by law on needs of the state highway system in each county, including both 
rural and urban areas. 
Budget Operation 

One aspect of budget operation is of special significance to advance programming. 
That problem is the relation of the cash position of the highway fund to its encumbered 
status. This has considerable effect upon the advance program as i t may appear at 
any given point in time. 

Some states (for example, Michigan and New Jersey) require encumbrance against 
current funds of the fu l l amount of all contracts, even thou^ cash paid out (earnings) 
thereon may extend over two or more bucket periods in the case of large contracts or 
contracts awarded late in the year. Obviously, such a requirement reduces the number 
of jobs that can be started early in a period of expanding income and programs, and 
tends to leave large cash balances unspent in early years. 

On the other hand, Pennsylvania permits large contracts to be awarded and only 
partly encumbered for the amoimts of cash to be paid against the current budget. The 
balances, with approval of the Governor, are deferred to the next bucket biennium. 
Such balances are known as "contingent commitments," and become the f i r s t obligation, 
along with bonded debt service, against succeeding years' budgets. Ontario has a sim
ilar system, where the annual "carry-over" costs, or unearned contract estimates, 
are the f i rs t items charged against appropriations for the succeeding year. California 
law also permits "split projects" (contract award costs split between two budget years), 
and also awards six months ahead of the beginning of the budget year to which they are 
charged. 

Where these latter methods of handling large contracts are permitted, greater flex
ibility in current programming is possible. More work can be started sooner, provided 
care is taken to anticipate the future cash needs, including amounts required to finance 
the federal share pending reimbursement, as related to income. In the long run, of 
course, no more work can be accomplished, but the benefits of earlier starts and com
pletions, with less money idle in the bank, suggest the desirability of review of such 
possibilities. Where they exist, however, advance programming of the funds becomes 
essential. 

Advance acquisition of right-of-way through revolving funds has effected great sav
ings, and is another example of effective budget operation and need for advance program
ming. 

Decision-Making for Functional Budgets 
For fully effective advance programming, the functional budget is essential. It 

should be developed in sufficient detail to guide the general scope of the program for 
several years ahead. Yet, detail should not be so great that flexibility of engineering 
administration is denied. The balance between these two problems needs the best 
factual analysis possible, combined with good judgment. Perhaps fear of being irrev
ocably committed to a fixed detailed program has discouraged greater use of fimctional 
budgets and advance programming. This need not be, if careful study is given to the 
basis for arriving at decisions, the mechanics of budgeting and the degree of control 
desired. 

In some way, the advance program must define the fiscal limits of each class of 
work. As an extreme example (but not unusual in a smaller agency such as a small 
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county), if i t were determined that al l available ftmds were required for routine main
tenance, then no advance construction program would be possible at a l l . 

Although most state highway programs are built heavily around available federal 
funds, there remain many areas of decision that should be reflected in formal or in
formal budgets for guidance of detailed project selection for annual construction pro
grams. 

For example, available interstate funds, though confined to that system, may be 
spent in any one year without federal restriction as to either city or rural location. 
The same is true of all Federal-aid primary funds. Moreover, there is no federal 
requirement for any method of selection of specific projects within each system or for 
division among various areas of the state. These matters are wisely left to the states 
to determine, subject to federal approval. 

Similarly, subject only to state law as discussed earlier, state fimds may be used 
with wide latitude. First obligations are generally debt service, if any, administration 
and engineering, and maintenance. With what is left, construction programs can be 
devised. To provide for intelligent distribution of available funds, administrators 
therefore need to have the best possible long range and generalized estimates of needs 
in a l l those areas. 

Since administration and engineering costs depend on total expenditures, f i rs t at
tention (after debt service) should be given to maintenance needs. What are proper 
standards of maintenance; what do these cost in each district, considering the work 
load in each? Where are efficiencies possible? Can some items be reduced or elim
inated, and with what savings ? Should others be stepped up? How wi l l construction 
reduce or increase costs ? When those and similar questions are evaluated and esti
mated, a maintenance program w i l l have been established, subject to later modification 
as the construction needs are evaluated. 

For construction, as well as for maintenance, the factual survey or "needs study" 
provides the best source material. But at this stage, i t is folly to attempt to select 
specific projects. That can be done better when the over-all costs are known. Then 
the initial general limits may be adjusted to f i t requirements for certain projects, with 
fu l l knowledge of how such revisions affect other parts of the bucket and over-all pro
gram. 

The budget should attempt, within limits of available funds, to provide for a stated 
rate of progress (to be decided by the administrator) towards meeting the needs. The 
"priority" of fund use (that is, the proportionate allocation) should be based on cost-
estimate answers to statewide policy questions as follows: 

1. How fast should the backlog of work be overcome ? 
2. Should that rate be different on different systems for which the state may be 

responsible? 
3. Should the rates be different in different areas of the state, or in cities vs rural 

areas ? 
4. What are the relative needs of systems, areas, cities and county? 
5. Should some entire routes be developed f i rs t , or meet needs wherever they 

occur? 
6. How much should be allocated to bridges vs roads or streets? 
7. What general classes of work are most important? For example, freeways, 

bypasses, reconstruction, stop-gaps. 
8. What special obligations or prior commitments must be included in current 

programs ? 
9. What benefits are provided by various combinations of answers to the preceding? 
The needs studies, if up-to-date, can provide many of the answers, or basis for 

answering those questions. But the decisions must be made at the highest level, sub
ject to later review as to their effects on specific annual programs. 

SYSTEMATIC PmORITY ANALYSIS 
The mere development of project priority ratings is sometimes erroneously con

sidered to be the beginning and end of the advance programming process. Actually, 
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priority analysis is only one step in this process — a process that begins with legislative 
action, continues through identification of needed improvement projects, and ends with 
an actual program for scheduling their construction, periodically adjusted to reality. 
The advance planning of a construction program involves finding answers to three basic 
questions: 

1. What w i l l the physical and dollar needs be during the program period? 
2. What amount of revenue wi l l be available? 
3. In what sequence should the needed projects be scheduled for construction? 
The f i rs t two questions have already been discussed. Before discussing answers to 

the third question, however, a major subsidiary question must be resolved: "What 
short-range program period should be established?" While long-range programs pro
vide the framework for visualizing over-all needs, the short-range program in contrast 
should, ideally, be long enough to provide time lags between planning and construction, 
to provide for fiscal planning, and to provide coordinated annual programs. 

The establishment of an initial 5-yr short-range program, for example, was con
sidered as a f i r s t step by Tennessee in its recent program development studies. 
Wisconsin bases annual work on a rolling 6-yr program. Each district engineer in 
Wisconsin ranks each project as to priority in his districtandsubmits his recommended 
annual program by February 1 for the calendar year two years hence. This is to pro
vide for needed lead time. 

Having determined a desirable period for the short-range program, the next problem 
is to determine priorities for candidate projects. In Tennessee this entailed the devel
opment of a rating method "to establish a continuing construction program to meet 
future deficiencies as they accrue" (11). Among any group of deficient projects wi l l be 
found a wide variance in the individual degrees of urgency. To rank such projects in 
order of relative urgency, some states maintain and use sufficiency ratings or other 
rating systems. A poll conducted by the Bureau of Public Roads in 1958 indicated a 
total of 39 states having a numerical rating system for determining road adequacy. Of 
these states, about 60 percent specifically reported using such numerical ratings in the 
formulation of improvement programs. The remainder either reported limited use or 
did not state what use was made of the rating system. A detailed discussion of suffi
ciency rating methods and their use in the states has been reported previously (15). 

While some states rate all sections of highway from greatest to least sufficiency, 
Tennessee rated only critically deficient or "backlog" sections, as defined by toler-
ability criteria based on physical deviations from standards. By district, backlog needs 
were sorted into five groups from greatest to less deficiency so that each group made 
up one-fifth of the total critical deficiency dollar value. This method has the advantage 
of postponing consideration of less than critically deficient longer range needs which 
are indefinite as to urgency, timing and cost. 

It is not necessary to discuss in detail the mechanics of putting a rating system to
gether. Generally speaking, existing rating systems consider as factors to be measur
ed such items as structural and drainage conditions, geometries and capacity, and 
safety. In addition, greater attention is being given to classification of projects on the 
basis of economic justification, such as cost benefit analysis. Rate of return has re
cently been proposed as another guide for making decisions on project selection. Rate 
of return on investment is that rate of interest which wi l l make future annual savings 
equivalent to the annual cost of the facility (16). Certainly, research should continue 
to develop measurements that are soundly based and more useful in the advance pro
gramming process. 

Nevertheless, ratings are useful guides in project selection if certain limitations 
are recognized. One such limitation is the distortion caused by combining several 
individual deficiencies into one total sufficiency number. A total rating number of 70, 
say, may indicate a moderate degree of urgency. It is possible, however, that the 
rating for either capacity or structural condition, by itself, may indicate a much higher 
urgency and furnish a warrant for immediate construction. 

The r a t i i ^ experience in several states suggests that a priority plan, whatever its 
numerical rating base or system, must consider each factor or element separately on 
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a pre-planned, systematic, vmiform and practical basis. For example, since severe 
structural deficiencies are usually immediate problems, regardless of other consider
ations, remedial projects might be grouped f irs t on this basis and sorted by rating. 
Generally, too, some projects in this deficiency category also show capacity deficiencies. 
Project selection in this case would be directed f i r s t to projects having combined struc
tural-capacity deficiencies and, secondly, towards those with the more urgent structural 
deficiencies. In like manner, subsequent choices would pick up projects deficient in 
capacity and in other categories, depending on the rating system. Arraying all backlog 
needs projects in tliis fashion wi l l provide a basis for the step-by-step evaluation and 
appraisal of candidate projects essential to systematic program development. 

It should be recognized that each year additional projects become part of the current 
"backlog." Therefore, in planning for several years ahead, the program must account 
for such future work, as well as the previous critically deficient projects as yet imcom-
pleted. This means that needs must be reviewed each year, on a continuing basis. 

The prime objective of project rating, as indicated by practice in some states, in
cluding Colorado, Arizona and Tennessee, is to group projects by category of deficiency 
and by similar urgency of improvement. This narrows the range of judgment and pro
vides the basis of, say, a flexible 5-yr program of critically urgent projects. In the 
formulation of annual programs, state experience again su^ests that such flexibility is 
necessary if the contingent factors discussedin the next section, singly or in combination, 
are to be considered. Suffice i t to say here that within deficiency groupings i t is not so 
very important if a project in the third year program is moved ahead to the f i rs t year, 
or vice versa. The important objective of program planning is to assure that the group 
gets built during the 5-yr period. 

SYSTEMATIC COORDINATION 
Coordination, as used herein, is the integration of priority analysis with the many 

other considerations which enter into program development. These may be labeled 
"administrative", as they fa l l generally within the area of administrative decision. In
cluded in this category of administrative considerations (not necessarily in order of 
importance) are such things as: (a) adequacy of department-wide staff; (b) program 
balance, by class of highway, by type of work, and by allocation of construction funds 
to districts or areas; (c) continuity of route improvement; (d) lead time needed for de
sign, right-of-way acquisition, negotiations with other agencies and for state construc
tion; and (e) commitments and local planning. 

Systematic review of each of those factors is an essential part of the advance pro
gramming process. Realistic program schedules, requiring a minimum of revision, 
depend heavily on the adequacy of analysis of all such problems. Most of them are 
good candidates for continuing research and analysis to provide better facts on which 
to base decisions. 

1. Adequacy of staff in terms of department-wide needs, and provision for i t , can 
be guided by the findings of program planning, which in turn may be influenced by 
availability of department manpower or consultants. A good example of tying program 
planning to personnel needs is the experience of a midwestern state a few years ago. 
Forecasts of revenue related to advance program planning showed that the construction 
program would be increased in the neighborhood of sixty percent during the next four 
to five years. Immediately, a question was raised as to staff adequacy and the person
nel office was asked to study the question. A subsequent analysis indicated that while 
existing design and construction personnel was adequate to handle an increased work 
load of up to twenty percent, its number was not sufficient to take care of a sixty per
cent increase. To provide manpower needed for the larger program, the personnel 
office accelerated recruiting and training activities. This action not only substantially 
solved the problem, but sharpened up training and promotional programs. 

Another example of how the advance program may affect manpower needs is shown 
in Figure 1, depicting an analysis of Road Design staff needs in the Toronto Region of 
the Department of Highways of Ontario. With 35 lettings planned in the 1960-61 fiscal 
year, an appropriate (for average years' work) staff would fa l l behind the desired pro-
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duction schedxile. Even with an allowable overload, by the 24th letting the schedule 
could not be met thereafter. If the staff were not increased, nor the schedule revised, 
the shaded portion would have to be met by employment of outside consultants. 

2. Program balance by type of work and by class of highway is closely related to 
"budget decision", previously discussed, and involves such factors as: (a) construction 
industry capabilities; (b) fiscal capabilities; and (c) area distribution of work. In the 
Tennessee study it was pointed out that " . . .a practical construction program must pro
vide an adequate amoimt of work on the state highway system thrpughout the state and 
on the several subdivisions of the system, with due consideration for the various types 
of Federal-aid and state funds applicable to their improvement." 

Since a program must be considered on a statewide basis, the manner in which con
struction funds are distributed by area or construction districts must f i r s t be resolved. 
In Tennessee, construction fund allocation is by district and is made in the ratio of 
district needs to total needs. The Province of Ontario also allocates construction funds 
in this manner but an adjustment is applied to assure a volume of work consistent with 
that required for a minimum district staff. 

Wisconsin, on the other hand, has de
veloped a formula which is based on area, 
population and mileage factors. The study 
points out that the formula was developed 
after investigation and the application of 
varying weights to each of severalfactors. 
It develops percentages which, when ap- I 
plied to the available funds (regardless of % 
amount), indicates the sum to be allotted * 
to each district annually. The factors com- | 
prising the formula and the weights as- I 
signed to each are: § 

FACTORS WEIGHT 5 3( 
Population 10 points I 
Area 5 points ° 
Urban State Trunk S 

Mileage (including con- I 
necting streets) 25 points 

^Adjusted Rural State " 
Trunk Mileages 60 points 

Total 100 points 

' The total rural state trunk mileages for 
purposes of assigning point values were Figure i . 
adjusted by applying the following: 

Actual rural miles x vehicle miles of travel per mile of rural state trunk highway 
Average sufficiency rating of all rural state trunk highways x 1,000,000 

O N T A R I O 

Totol Pts 608 

Schedule Distribution 

Work to be 
done by 

/ consultants 

Allowable Overlood 
Line Desirable Distribution 

3 P D E 

Graph No 12 
960-1961 Program 

T O R O N T O REGION 
Work-Time Graph 

Distr icts Hamilton 
Toronto 
Port Hope 

The above adjustment is based on the theory that sufficiency ratings are an indication 
of need (the higher the rating the less the need), and that vehicle miles of travel per 
mile of road is likewise an indication of need (the greater the use the more the need). 

The allocation of construction ftmds to districts, whatever the method used, sets the 
rate of progress in system improvement programs. Since a balanced program provides 
work on al l systems throughout the state, and since there is a legal and/or an adminis
trative state, as well as federal, system classification, both classifications are con
sidered in setting up and allocating the construction fund. (See California bucket data 
by districts, (Appendix 1-D.) 

Apparently i t is common state practice to allocate, by district, funds available for 
expenditure on the primary, secondary, urban and other state systems; the Interstate 
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program, of course, is handled separately. The method of allocation, however, varies 
from state to state. In Tennessee, for example, programs are developed for each high
way system so that, on the basis of need, a uniform rate of improvement from system 
to system is maintained. 

Within allocated funds, programs are also balanced by type of work. Stage construc
tion, for example, may be considered a major factor in developing programs. Minnesota 
currently programs aboutthirty percent of its construction ftmd for grading. Wisconsin, 
which also programs by stage construction, likewise maintains balance among grading, 
surfacing and bridge work. California, on the other hand, emphasizes freeway develop
ment as a whole, but does not neglect moderate improvements on more lightly traveled 
roads. Iowa's recently annoimced program includes special consideration of "bypasses." 

3. Continuity of route improvement is another important consideration in program 
planning and development. In some states this is provided for by (a) establishing a 
program section of thirty, forty or f i f ty miles; and (b) determining the time period dur
ing which improvement of the entire length w i l l be completed. Michigan's current 5-yr 
program, for example, stresses continuity of route development to modern standards. 
Elsewhere, completion of long sections of toll roads undoubtedly contributed greatly to 
their usefulness. Careful study should be made concerning the benefits of long stretches 
of route improvement vs piecemeal projects. 

4. Lead time necessary to complete surveys, preliminary design studies, road de
sign, negotiation and rights-of-way acquisition is becoming more fully recognized as a 
critical factor in program development. Lead time controls the letting date and there
fore affects project scheduling. This is particularly true in urban work, where negoti
ations with utility and railroad companies, and with other governmental agencies might 
be quite prolonged. 

To provide for lead time and stage construction, each annual program in Wisconsin 
"contains four types of projects: (a) surfacing for grading previously done; (b) grading 
and structures for construction that starts the year of the program; (c) right-of-way 
piu-chase for construction work to begin one year later; and, (d) engineering to prepare 
the plans for purchasing the right-of-way in two years following. Or, in other words, 
an extensive and comprehensive road improvement can show up in four successive 
annual programs in this order: (a) engineering; (b) right-of-way; (c) roadbed; and (d) 
bridge construction, paving." 

Minnesota recently gave some consideration to programming by stages: Stage 1 — 
preliminary design; Stage 2 — design; Stage 3 — right-of-way acquisition; and Stage 4 — 
construction. In essence, this provides for fovir programs each of which can be con
trolled for timing. This provides assurance that there wi l l be coordination in the pro
cessing of al l major operations. However, i t is accomplished, the project lead time 
requirement is basic to program scheduling which, in turn, affects the activities of al l 
departmental organizational units. A sound over-all program planning procedure is 
necessary, therefore, to maintain a imiform and orderly flow of work throughout a de
partment, division by division. 

5. Commitments and relations between highway and city planning pertaining to work 
and construction sequences is another administrative consideration to reckon with in 
project scheduling. This is particularly important where agreements extend into a f u 
ture period and include routes to be constructed by both state and city departments. It 
is obviously essential that over-all planning design and construction in such cases be 
carried out carefully so that scheduling during the agreement period is based on coordi
nated work sequences. Unquestionably, this is a universal situation which is present 
to a greater or less degree in a l l states. It is mentioned, however, because of its im
portance as a controlling consideration in setting up project schedules. 

Since a systematic analysis and consideration of a l l essential factors appears to be 
a vital part of an effective advance programming process, i t is suggested that a 
formalized check list of the preceding factors be used to account for each one on each 
project. This would provide evidence that nothing has been overlooked which might 
later affect project schedules. 
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SCHEDULING, CONTROL AND ADJUSTMENT 
Once general decisions have been made concerning projects to be included in the ad

vance program, i t is necessary to devise a system that wi l l organize the program with
in bucket limits, control i t and permit adjustment as time proceeds. The system is a 
vital part of the entire advance programming process. 

Typical scheduling forms for allocation of project costs to time periods are shown 
in Figures 2-4, from California, Kentucky and Ontario. These contain: 

1. IdentificaUon and limits. 
2. Total costs. 
3. Costs by elements. 
4. Spread of costs by time periods. 
5. Summaries by periods. 
6. Remarks concerning reasons for inclusion, stage of plan completion and right-

of-vay procurement, and other general information. 
Control systems are essential for intelligent organization of work schedules, for 

assurii^ that target expenditures wi l l be made according to legislative and administra
tive policies, for coordinating construction progress, and for readjusting programs as 
revisions become necessary or possible. The extent to which those objectives are 
reached depends on the detail that is included and the relation of accounting and control 
procedures to the advance programming system. 

Differences in concept and operation are indicated in the following discussion of the 
three examples. 

Time Periods Covered 
California's current program is based on 3 years, but this is the last part of a 5-yr 

program. Kentucky originally provided for *t'/% years, and Ontario plans to develop its 
program for 7 years. A l l agree that the schedules for latter years are less f i r m than 
for earlier years of the period. 

In addition, California includes a colunm for work to be programmed sometime be
yond the limits of the current 3-yr schedule. Actually, each district in that state al
ways has a tentative 5-yr program available, dropping one year and adding one annually. 

It w i l l be noted that al l schedules are for more than one year, and that this is neces
sary to obtain sufficient lead time to provide for planning and for right-of-way purchase. 
If the law permits (as in California and Ontario), the schedule shows estimated expend
itures, rather than contract encumbrances, spread in some instances over more than 
one year for the same contract. As discussed earlier in this paper, this allows more 
"starts" in earlier years than-would be permitted by encumbering the current year's 
budget with the fu l l amount of the contract. 

Required fiscal or schedule controls may dictate further subdivision of each year. 
This is not required in California, but Kentucky elected to control by quarters, and 
Ontario by months. Tliese closer subdivisions require more careful original analysis 
and more frequent adjustment. They have the advantage, however, of providing a basis 
for cloBer control of progress and faster reconsideration, within the year, of projects 
to be added or deleted. 

Type of Work Included 
The basic objective in the three systems under study is to establish a schedule of 

capital e3Q>enditures. Accordingly, estimated costs for construction projects are shown 
in the appropriate time periods. However, al l construction work is not necessarily in
cluded. 

In Ontario, for example, capital improvements to be undertaken by regular mainte
nance forces are not scheduled in the advance program. Kentucky has not included its 
large "RS" or Rural Secondary road program. California excludes minor projects for 
improved traffic operati(»is, such as small jobs for channelizii^, "thin blanket" re
surfacing, and special grade crossing elimination. 
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Other items are included in the schedule, depending on the purposes to be served. 

These include right-of-way expenditures, breakdowns of total construction cost and de
tails of the pre-construction engineering operations. 

Right-of-Way. California and Kentucky include estimated expenditures by years or 
quarters, both as a budget control and as a guide to timing of purchase operations. The 
latter is of less importance in California, where a revolving fund permits advance pur
chase of right-of-way, with repayment to the fund as the project nears the award stage. 

Property purchase in Ontario is not tied to specific project estimates, being limited 
only by a province-wide total for the year. Hence, the item "property" is included p r i 
marily as a schedule control to show the time when property should be purchased; no 
funds are indicated. 

Breakdowns of Construction Cost. Depending on the size of the project, California 
may divide the work to be scheduled into its major elements, such as structures, grad
ing and surfacing. This appears to be necessary if the expenditures for those items are 
to be made in separate years. California also may list a single large project but divide 
i t into two or more units of length. Each of these units may be scheduled separately 
for separate program years. Sometimes portions of units are separately scheduled as 
described in the previous sentence. Kentucky generally provided for quarterly schedul
ing of grading and drainage, surfacing and structures. This permitted a more realistic 
estimate of the desired timing of the beginning and ending points of the work items. 
Moreover, i t permitted an estimate of the carry-over into succeeding budget years. 

Ontario indicates only the total estimated cost and timing of the beginning and end 
points of construction for the complete project. In the past, most of Ontario's structure 
contracts were completely separate from road contracts and therefore to this extent 
the costs were scattered by individual projects. Recently, however, many of the smaller 
structures are being included with the road contracts and therefore are hidden in the 
total schedule estimate. 

Pre-Construction Engineering Operations. Any systematic scheduling of construction 
projects provides a basis for timing of pre-construction engineering operations. Thus, 
the three systems described indicate generally the deadline dates prior to which all 
engineering and property purchase should be complete if the expenditures are to be 
made in the time periods indicated. However, i t is apparent that some systems are 
designed to provide closer control of the engineering operations. 

The California procedure seems to lack the advance engineering control. However, 
all engineering and right-of-way purchase is done onthe basis of work orders authorized 
by headquarters. Such authorizations are not given except pursuant to the advance 
planning program which, however, includes a rather complete list of projects, some of 
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which wi l l not be prosecuted for several years beyond the budgeting period. Decisions 
on authorizing pre-construction engineering depend, therefore, not only on the advance 
program listed within the 3- or 5-yr period, but upon availability of engineering staff, 
urgency of necessary engineering studies in the face of rapid land development, and 
complexity of the project which may require five or more years from conception to plan 
completion. 

Kentucky has proposed a somewhat more detailed indication of advance engineering 
requirements. "Engineering" is included as a programmed item, including the esti
mated cost thereof. It was intended that this cost would be part of the total budget and 
at the same time the schedule would indicate the beginning and ending dates of the pre
contract engineering operations. Recognizing the need for generalized advance studies 
of an area or route location (prior to beginning detailed plans, specifications and esti
mates) the Kentucky program included, as budgeted and scheduled items, certain of 
these studies for which no construction estimates were made, budgeted or scheduled. 
The intent was to define specifically the places where such studies should be made and 
to provide a time schedule for their completion. Decision on what studies should be 
prosecuted was planned to be based on the probability that the work would actually be 
carried out in the near future, following the completion of the studies. The intent was 
to avoid the preparation of studies so far in advance of probable actual construction 
that the studies would be of little value when the work might actually be carried out. 

Ontario's emphasis has been on scheduliag al l of the pre-constructlon engineering 
and right-of-way operations in a manner which dovetailed each function into the other 
functions, so that final plans and estimates, as well as property, would be available 
prior to the desired advertising date. Recently, the Department of Highways has ex
panded its scheduling procedure, as indicated in Figure 4, to include the contract 
amounts by time periods as previously discussed. This provides opportunity for esti
mating the actual expenditures in each fiscal year. These depend considerably on the 
time of year of the award and on the nature of the work. Ontario has not attempted to 
estimate the advance engineering costs. The schedule is primarily for control of the 
beginning and ending points of each phase of the engineering fimction. It has been very 
successful in coordinating these activities and in obtaining plans on time to meet the 
proposed advertising dates. 

Adjustment of the Advance Program 
While the advance planning schedule sets forth the goal to be reached, in terms of 

money available in each period and the time reqviired to prepare plans and purchase 
right-of-way, i t is obvious that many things can happen to affect the planned schedule. 
Engineering may not proceed as rapidly as anticipated; public hearings and agreements 
with local officials may be difficult to resolve; right-of-way procurement may be de
layed and construction itself may move at a faster or a slower pace than originally 
contemplated. 

In order that a schedule of operations remains realistic, i t is necessary to devise 
a systematic means f i r s t of checking and controlling al l the elements of the schedule 
and, second, to adjust i t to the realities of current operations. This involves not only 
timing, but cost problems. The latter may come about through contract award and 
final costs being in excess of the original estimates (or vice versa), or through revision 
of estimates, or because of decisions to delete or add projepts, or because income is 
more or less than expected. The program must remain flexible (although not capricious) 
and therefore the programming system should be adapted to the requirements of the 
highway department. 

The objective is to provide a continuous or periodic "feed-back" of actual data which 
may cause the estimated initial program to be revised. In turn, the revised program 
wi l l produce new project, cost and manpower allocations in subsequent time periods, 
and later data w i l l be fed back for further adjustment and balance. 

At the least, i t appears that annual revisions of al l the programs are generally ac
complished. Since i t is desirable to have the programs available somewhat before the 
beginnii^ of the fiscal year, up-to-date information on which to base revised and new 
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programs is desirable. In this paper, however, i t is presumed that a greater degree 
of flexibility is desired; the discussion therefore wi l l deal with the control and adjust
ment problems occurring within the scope of both the long-range and annual work pro
grams. 

California. Because of the state's accounting and policy procedures, its advance 
planning program is ordinarily revised only annually. However, there is a systematic 
procedure to take account of the differences between the actual progress and the planned 
program — particularly as i t affects the budgeted amounts. 

First, the California budget establishes a specific unallocated amount for "contin
gencies. " This provides a pool of funds from which to draw for unexpected expenditures, 
either for new projects or for extra expenditures above the original estimates on the 
planned program. At the same time, savings from lower-than-anticipated costs or 
deferred work are added to the contingency fimd. It is watched carefully and appropriate 
decisions made, depending on the current status of the fund. 

That procedure seems to present a simple and easy way of providing flexibility in 
the program. However, i t would appear that if adjustments were numerous, i t would 
be relatively easy for the program to get out of balance with original policy intent and 
i t would fa i l to provide desirable guidance for close phasing of operations. Under 
California's decentralized plan of operation, however, each district office has only a 
limited program which i t can keep well in mind and if such imbalances seem to be de
veloping, they soon become apparent and can be dealt with immediately or called to the 
attention of head office for such action as may be desirable. 

Ontario. The Province's plan in the past has been geared predominantly to a 1-yr 
schedule of precontract engineering operations only. Deadline dates were established 
for each phase of those operations, and for property purchase. The techniques of con
trol were directed to elimination of bottlenecks in each major engineering and right-of-
way function, with "expediters" working in each of those offices. The expediters de
veloped Internal schedules and kept track of the stage of physical progress in relation 
to the planned schedule and sub-schedules. This appeared to be an effective aid to all 
phases of pre-contract engineering; through frequent conferences of all affected parties, 
up-to-date Information was made available to al l on the current status of work in each 
office. However, i t has not provided for centralized reporting and readjustment of 
schedules to a point where i t is quickly visible. I t is the Intent of the Ontario Depart
ment to provide for some additional means of establishing this mechanics. 

In addition to engineering schedules, the department is now embanking on the sched
uled program control of expenditures for contract items. The new "work project" flow 
chart (Fig. 4) provides three lines at the bottom of each project schedule for that purpose. 
It w i l l be noted that the original estimate of total cost and time period is f i r s t indicated, 
if that is al l that Is available when the work program is developed. Subsequently, as 
final plans and engineering estimates become available, the original estimate is re
vised and indicated on the second line tmder the heading, "expenditure." When this is 
done, the timing of the project may or may not be revised. Finally, on the third line, 
the actual contract award cost is indicated, again with or without any revision in timing. 
These costs are then summarized for each sheet (showing three separate projects) at 
the bottom of the page. Therefore, as the work progresses, by using the latest figures 
for each of the indicated years, up-to-date totals of the probable costs can be obtained; 
by adding a series of these sheets, the total program data are derived. 

An additional item of information is contained in the Ontario sheets, showing the 
physical percentage complete, derived from field reports. Comparison of this with 
the anticipated scheduled progress gives some advance suggestion as to whether further 
revision of the original program, project by project, may be needed. 

The mechanics of maintaining these data would seem to involve much hand work, 
particularly in revising the pre-contract ei^ineering schedules. It wi l l be noted that 
each line indicating one major operation has space for the scheduled timing, and 
below it another line for the actual progress. This would show at a glance the 
differences, but when the differences become so great as to require complete re
vision of the schedule, i t would appear that a new sheet would have to be prepared 
manually. 



Kentucky. In order to partly overcome the problem just mentioned, Kentucky planned 
a separate card, entitled "Budget and Schedule Project Record", (Fig. 5). One of these 
cards would be prepared for each project, showing f i r s t the original "Planning Estimate" 
taken from the original complete advance program which included all proposed projects 
in the planning period. Next, the actual expenditures to date would be posted in the lower 
part of the form. These data would presumably give some indication of the stage of 
progress in relation to the original planning estimate. From time-to-time, a "revised 
estimate", both of costs and timing, would be posted in the center portion of the card 
record. Such revisions would be based not only on the "actual to date", but on any later 
revisions of estimates or contract awards. By accumulating the data from the last re
visions, an amended total program could be compiled. 

Emphasis in the Kentucky procedure appears to be on cost rather than on engineering 
control and progress. However, i t is clear that if only a small percentage of the plan
ned engineering expenditures have been made at any given time, an indication is provided 
that progress is not as planned, and steps could be taken to speed the work up or revise 
the program accordingly. 

From the preceding review, i t appears that the objectives of a control system range 
from the broad designation of projects to be prosecuted within a given year, as in Cali
fornia, to highly detailed control of the separate pre-contract engineering functions and 
monthly expenditure rates for capital construction, as in Ontario. 

Combinations of the desirable features of each of the systems described can be ad
apted to the objectives desired by administrators and engineers in other states. Since 
the primary object of any highway program is to construct improvement projects at a 
certain time and within budget limits, i t is concluded that money-based time schedules 
listing eachtlass of work by appropriate systems is the basic objective. A secondary 
objective is to utilize the same schedule as a means of control of pre-contract engineer
ing and right-of-way fimctions, which may or may not be indicated through the medium 
of planned and actual expenditures. Instead, particularly for engineering functions, 
supplementary advance scheduling based on physical measures and time required may 
be developed. These, however, must be keyed to the construction schedule. 

The adjustment processes studied so far apparently leave much to be desired. They 
involve either much manual effort and accumulation of data from several sources, or 
fa i l to reflect ciurrent status in sufficient time to permit readjustment of programs with 
fu l l recognition of the over-all effect in relation to established policies. 

It is hoped that this discussion of some of the better and more advanced techniques 
wi l l invite additional contributions from states or other agencies which may have even 
better procedures, so that these may be studied and made available to others interested 
in this problem. Moreover, i t is clear that there is much room for further research 
on the problems of coordination, control and adjustment —especially through mechanical 
or electronic record keeping. It is visualized that once programs are established on 
a planned schedule basis, accounting records and physical progress reports could be 
keyed through tabulators or computers to the original schedule, adjustments indicated 
by machine, and a revised estimated program produced for further study with a minimum 
of manual labor. 

Finally, i t is observed that the schedules should be widely distributed throughout the 
department, for they become the chief means for communication of decisions by top 
management, and for coordination of activities of the entire department. 

ADMINISTRATIVE ORGANIZATION 
Advance programming and its control is clearly one of the principal responsibilities 

of highway management. Decision-making, in these days of greatly expanded programs 
and increased complexities and responsibilities, requires the maximum use of factual 
data. No doubt even the most competent administrator or chief engineer would agree 
that his judgment alone is not infallible. Study of possible alternatives, and correct 
choice among them, is the key to economic and efficient highway development. Since 
the decisions, however, must remain the responsibility of top management, i t is im
portant that the organization which is formed to assist inreaching the correct decisions 
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be closely related to the top management function. At the same time, it seems clear 
from this study that, for effective programming, the decisions should be a product of 
all the engineering and business functions of the whole department—for they each have 
a part to play. It is within this context that the reader should view the balance of this 
discussion. 

An informal poll was conducted by the Bureau of Public Roads in 1958, in regard to 
the positioning of responsibility for (a) advance planning, and (b) programming. Re
sults are given in Tables 1 and 2. 

In viewingthose results, one should be aware that "advance planning" and "program
ming" are notsynonomous, and that definitions may beopento wide interpretation. The 
usual interpretation would define advance planning as the group of more general and 
preliminary studies that precedes the detailed design stage. The exact cut-off point to 
segregate the general from the detailed is difficult to establish; this suggests the im
portance of close coordination of the total process. "Advance programming," on the 
other hand, as defined in this paper is primarily the decision-makingprocess concerned 
specifically with where and when work should be done, and only generally with what 
should be done. Advance programming relies in part on the latest and best engineering 
information, date and estimates available—.whether from advance planning or detailed 
design stages. 

In addition to the problem of definition, the actual development of planning and of 
programming may be widely different from the stated points of responsibility given in 
Tables 1 and 2. Although there appears to be a predominance of responsibilities centered 
infunctions variously referred to as "Planning", "Traffic and Planning", "Programming 
and Planning", "Highway Planning Surveys", etc., there is indicated a considerable 
variety of other offices having responsibility. It can only be concluded that there is no 
one best place to carry on these activities — if present practice is any guide and the con
fusion of definition and objective persists. 

There is some evidence to indicate that ideas and concepts concerning both the func
tions of advance planning and of advance programming, as well as requisite organization 
in terms of positioning and responsibility, are in a state of flux. This evidence isfoimd 
in published and impublished state highway department reorganization studies made 
within the past two or three years. 

TABLE 1 
SUMMARY SHOWING WHERE ADVANCE PLANNING IS PERFORMED 

No. of States 
1. Committee, (coordinated through Chief Engineer) 1 
2. Commissioner of EUghways, (Chief Engineer and Staff 

Members, State Highway Engineer and Preconstruction 
Engineer) 2 

3. Chief Engineer, (Staff Members, Deputy Commissioner, 
Engineering Division and Planning and Traffic Ei^ineer) 2 

4. Assistant Chief Engineer, Deputy Chief Engineer, Assistant 
State Highway Engineer, Deputy Territorial Engineer 5 

5. Off ice Engineer — Construction Engineer 2 
6. Planning, Research and Planning, Traffic and Planning, 

Program and Planning, Planning and Economics, 
Highway Planning Surveys, Highway Programming, Statistics 26 

7. All Divisions, Staff 2 
8. Program Coordinator, Coordinating Engineer 2 
9. Design Engineer, Plans and Survey 3 
10. No Assignment _6 

51^ 
^Includes Puerto Rico 
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Some highway departments cast advance programming largely in an engineering 
frame of reference, for example, California, Ontario. In these instances, the organiz
ational unit responsible for program scheduling is a coordinating group, positioned 
close to the top echelon. Gathering project and financial information from the engineer
ing, planning and finance divisions, this unit prepares an advisory program which is 
reviewed for priorities, lead time, availability of surveys, design schedules, right-of-
way acquisition, negotiation requirements and the like, with the divisions involved. Ad
justments are made to balance out engineering and administrative considerations with 
fiscal capabilities, and the final program with letting schedules is sent to top manage
ment for approval. 

In contrast, some other states consider programming to be part of the highway plan
ning process, segregated from engineering line functions and responsible only to top 
mangement. In line with this concept, the advance programming activity is generally 
assigned to a major organizational imit in a "planning and programming" division. 
Where organized in this manner, and where responsibility is assigned to a senior member 
of the staff as in Ohio (17), and recently Iowa (18), programming (which may be conducted 
in the same series dfsteps aforementionedTbut as part of the generalized planning 
operation) is set in a mangement frame of reference. This is particularly the case in 
Wisconsin, where the "Job Guide" shows the director of planning and researchfunctions 
"as a staff member of management.... charged with advising the commission andfurnish-
ing functional guidance to the Staff Divisions and Districts on highway planning, programs, 
highway systems and classification, economic, financial, legislative research, and re
lated matters." 

Evidence and observation, therefore, suggest that current thinking about the ad
vance programming fimction and its organization framework fall into two major cate
gories or concepts: that the advance programming activity (a) is basically an engineer-
ingfunction, the organization for which should bepositionednear the top in the engineer
ing hierarchy; or (b) is inseparably a major part of strategic and tactical planning and 
should, therefore, be positioned in the administrative or management hierarchy. 

However, regardless of individual opinion as to concept and positioning, the authors' 
observations suggest that two generalizations can be made concerning the organization 
for advance programming. First, regardless of the specific organization or its position
ing, the function itself must have full sanction and continued support of the chief exec
utive, personally. His concepts and attitudes are extremely important, because he 
must ultimately approve all enabling and operational policy decisions. 

The second generalization, again independent of a specific organization, is that 
the chief executive must clearly set forth the department's objectives and broad planning 

TABLE 2 
SUMMARY SHOWING WHERE PROGRAMMING IS PERFORMED 

No. of States 1. Committee, (Deputy Commissioner, Chief Engineer, 
Comptroller, and Director of each operating division) 1 

2. Chief Engineer, or Assistant and State Highway Engineer 5 
3. Plans and Office Engineer 8 
4. Plans and Surveys; Location, Design and Urban; Design; and 

Plans and Estimates 6 
5. Planning, Traffic and Planning, Programs and Planning, 

Programs, Planning and Economics, Planning and Research, 
Highway Planning Surveys, and Highway Programming 16 

6. Advance Planning 2 
7. Administrative Assistant and Administration Engineer 3 
8. Program Coordinator, Commxmication and Control, 

Project Control, and Work Control Division 4 
9. Division of Construction 2 
10. Federal-aid Engineer with HPS _2^ 

49 
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policy. This policy provides planning factors and guide lines which delineate the scope 
of endeavour, as well as the working relationships of the advance programming organi
zation with top level management, and with other staff and line divisions. 

Experience with advance planning and with programming efforts has shown that, if 
the responsibilities of each organizational unit in the programming process are made 
clear, a much more realistic schedule of work, and easier adjustment of it, will re
sult. Moreover, it is suggested that the keystone of sound program planning may be 
adequate communications for passing down the latest administrative thinking to the 
person or persons accountable for the activity. If this be true, then it is of utmost 
importance that such persons, particularly, be informed of all proposed policy changes 
or administrative thinking which directly affects their actual job responsibilities. 

Programming and advance planning are so closely related to finance, traffic, de
sign, right-of-way and nearly all other operating units, that positioning them in a sep
arate division, independent of the engineering fimctions especially, may create problems 
of communication and effective coordination. 

This study indicates the need for more research concerning the role of planning and 
of programming in highway management, with better consideration of the experiences 
of industry and business and their application to highway affairs. 

However, department experience suggests one principle which must be applied to 
avoid delay in preparation of the necessary advance work schedules. The principle 
might be stated as: "Don't try to settle detailed design problems prior to organizing 
an advance plan and schedule of operations." Study has shown that much of the diffi
culty in establishing the advance program has resulted from getting bogged down in 
detailed planning, requiring innumerable minor decisions (and some major ones), be
fore project urgency and general cost estimates are established. If details must be 
decided beforewoî k is scheduled, it will be found exceedingly difficult to set the right 
kind of goals. 

It is the job of the advance programming group to spell out the need for doing some 
kind of work between points A and B, but not the details of exactly what it should be. 
The programming (or coordinating) group, of course, should have a general knowledge 
of the design requirements and at least a rough estimate of the cost. It must take into 
account the lead time necessary to get jobs under way, which is determined by consulta
tion with other staff members, as well as the availability of funds and the numerous 
other factors previously described. Mixing these problems in with specific location 
and design problems is liable to be detrimental to both. 

The work must rely, in the final analysis, upon informed judgment of those close to 
the problems, when it is clear that they have all the necessary facts upon which to base 
their judgments. Field forces, such as district engineers, should have a prominent 
part in this procedure. 

One of the most effective advance programming operations viewed is found in Cali
fornia, where the district engineers initially propose their respective advance programs 
and schedules, which are designed to meet the targets previously established by head
quarters. The programs are developed through combined staff consideration of the 
targets and the facts available concerning all needed work. The district ei^ineer and 
the engineers of planning, design, maintenance, traffic, right-of-way, etc., confer 
frequently on the proper programming and scheduling of work — the actual compilation 
of which is the final responsibility of the planning engineer. Very frequently, basic 
information about every proposed job is available in compiled form, in a document 
known as a "Project Report", which summarizes the latest data, prior actions and 
current recommendations. This basic document is the foundation for planning de
cisions and, to the extent available, accompanies the district's final reconmiendations 
for each project when it is sent to headquarters. 

At the California headquarters level, programs are reviewed by a board consisting 
of the program and budget, design, traffic, operations, bridge and advance planning 
engineers. The right-of-way office receives copies for comment and in case of question, 
the district engineer is invited to provide further information. 

Thus, top management in California has the assurance that its entire staff has given 
full consideration to the projects which should be included in the advance program, as 
well as to the factors which influence their timing. 
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Other studies have attempted to define the "flow procedure" in the step-by-step de
velopment of advance programs. Further information of this type would be desirable, 
since there must be an appropriate procedure by which the facts are accumulated and 
summarized for action. 

In the final analysis, however, it is concluded that all eight of the major factors 
outlinedat the beginning of this paper are essential parts of sound and effective advance 
progrsLmmtag methods. Cooperation and teamwork are the lubricants that will make 
the methods work most smoothly. The objective is to make the right decisions, as far 
in advance as reasonable, and then adhere to them with as little chance as possible. 
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APPENDK 1 - B 

CAUFORNIA DEPARTMENT OF PUBLIC WORKS, DIVISION OF HIGHWAYS 
STATE HIGHWAY FUND 

Statement of Proposed Expenditures and Obligations to Be Incurred for Fiscal Year 
July 1, 1960 to June 30, 1961 

(1) Administration 
(2) Maintenance 
(3) Signs and Stripe 
(4) Major Construction and Improvement 
(5) Minor Improvement and Betterment 
(6) Thin Blanket Program and Deferred Seal Coats 
(7) Contingencies 
(8) Rights-of-Way 
(9) Preliminary Engineering 

(10) Hi^iway Planning 
(11) BuUdings and Plants 
(12) Honor Camps (Sec. 188.7) 

Total Available for State Highways 
$ Administration of Outdoor Advertising Act 

Maintenance of Bay Bridges 
Federal Aid Secondary 
Ck-ade Crossings 
Federal Aid Secondary, Matching 

(Chapter 1871, Statutes 1953) 
Engineering for Cities 
Major City Streets (Sec. 194, S.H .C.) 

Sub-Total 

110,000 
2,800,000 
8,388,160 
5,000,000 
4,254,200 

1,400,000 
34.257. OOP 

$56,209,360 

$ 10,300,000 
37,200,000 
1,500,000 

286,019,000 
800,000 

5,000,000 
6,178,203 

121, 787,304 
31, 500,000 
3,000,000 
8,000,000 
1.750.000 

$513,034,507 

Total Proposed Expenditures and Obligations to Be Incurred $569,243,867 

APPENDIX 1 - C 
CALIFORNIA DEPARTMENT OF PUBLIC WORKS, DIVISION OF HIGHWAYS 

STATE HIGHWAY FUND 
Summary of Proposed Expenditures and Obligations to Be Incurred for 

Construction of State Highways for Fiscal Year July 1, 1960 to June 30, 1961 
Northern Southern 
County County 
Group Group Total 

Preliminary Engineering $ 16,500,000 $15,000,000 $ 31,500,000 
Construction Engineering 15, 500,000 13,000,000 28,500,000 
RIghts-of-Way 49,315,000 72,472,304 121,787,304 
Signs and Stripe 675,000 825,000 1,500,000 
Minor Improvement and Bettterment 450,000 350,000 800,000 
Grade Crossings 2,250,000 2, 750,000 5,000,000 
Thin Blanket Program and Deferred 

Seal Coats 3,500,000 1,500,000 5,000,000 
Contingencies 3,178,203 3,000,000 6,178,203 
Major Construdtion Projects 113,550,000 143,969,000 257, 519,000 
Federal-Aid Secondary Matching 

(Chapter 1871, Statutes 1953) 2,999,215 1,254,985 4,254, 200 
Totals $207,917,418 $254,121,289 $462,038,707 

45% 55% 100% 
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APPENDIX 1 - D 

CAUFORNIA 1960-61 FISCAL YEAR BUDGET CONSTRUCTION AND RIGHT-OF-WAY BY FEDERAL-AID SYSTEM 

October 28, 1959 
Dis t r ic t Interstate Pr imary Urban Secondary Not F . A . Total 

I Constr. 
R/W 
Total 

$ $ 7,548,000 
1, 405, 000 
8,953,000 

$ $ 625,000 
85,000 

710,000 

$ 297,000 
35,000 

332, 000 

$ 8,470,000 
1, 525,000 
9, 995, 000 

n Constr. 
R/W 
Total 

1, 380,000 
1,380,000 

6,110,000 
145,000 

6,255,000 
- -

295,000 
150, 000 
445,000 

6,405,000 
1, 675, 000 
8,080, 000 

m Constr 
H/W 
Total 

769, 000 
5, 750,000 
6, 519,000 

5,140,000 
1, 950, 000 
7,090,000 

9,070,000 
10,000 

9,080,000 

2,190, 000 
165, 000 

2, 355,000 
50, 000 
50, 000 

17,169, 000 
7, 925, 000 

25,094, 000 

IV Constr. 
R/W 
Total 

13, 855, 000 
19, 855, 000 
33, 710, 000 

8,368,000 
1, 854, 000 

10,222,000 

27, 545,000 
7, 325,000 

34, 870,000 

600,000 
137,000 
737,000 

829,000 
829,000 

50, 368, 000 
30,000, 000 
80, 368, 000 

V North Constr. 
R/W 
Total 

-
1,955,000 
1,350,000 
3,305,000 

160,000 
1, 000,000 
1,160, 000 

610,000 
100,000 
710, 000 

935,000 

935,000 

3, 660, 000 
2, 450, 000 
6,110, 000 

V South Constr. 
R/W 
Total 

-
5, 712, 000 

960, 000 
6, 672, 000 

1,785,000 
1,095,000 
2, 880,000 

440,000 
505,000 
945,000 

2,385,000 
435,000 

2, 820, 000 

10, 322, 000 
2,995, 000 

13,317,000 

V I North Constr. 
R/W 
Total 

569, 000 
569, 000 

7,724,000 
1, 510, 000 
9,234, 000 

2, 805,000 
2, 805,000 

169, 000 
1,000 

170,000 

7, 893,000 
4, 885, 000 

12, 778, 000 

V I South Constr. 
R/W 
Total 

1, 600, 000 
1, 600, 000 

12, 685, 000 
2, 753, 000 

15,438,000 
839,000 
839,000 

" 12, 685, 000 
5,192,000 

17, 877,000 

vn Constr. 
R/W 
Total 

48, 500, 000 
41,127, 000 
89, 627, 000 

23,300, 000 
3, 290, 000 

26, 590, 000 

10,113,000 
13, 478,000 
23,591,000 

170,000 
920,000 

1, 090,000 

2, 803,000 
2, 750,000 
5, 553,000 

84, 886, 000 
61, 565, 000 

146, 451, 000 

vm Constr 
R/W 
Total 

16, 820, 000 
3, 490, 000 

20,310,000 
658, 000 
658, 000 

800,000 
550,000 

1,350,000 
260, 000 
260,000 

110,000 
110, 000 

17,620,000 
5,068, 000 

22, 688, 000 

K Constr. 
R/W 
Total 

~ 2, 400,000 
250, 000 

2, 650, 000 

95,000 

95,000 
-

2, 495, 000 
250,000 

2, 745, 000 

X Constr. 
R/W 
Total 

8,150 000 
2,215,000 

10,365,000 

1,935,000 
1, 710, 000 
3, 645,000 

7, 820,000 
410,000 

8, 230,000 

1, 680,000 
20,000 

1, 700, 000 
-

19, 585, 000 
4, 355,000 

23, 940,000 

X I Constr 
R/W 
Total 

11,806,000 
9, 400, 000 

21,206,000 

4,060,000 
410,000 

4, 470, 000 

95,000 

95,000 
200, 000 
200, 000 

-
15,961,000 
10,010,000 
25,971,000 

Total 
North 

Constr. 
R/W 
Total 

$22, 774,000 
29, 769, 000 

$52, 543,000 

$38, 780, 000 
9,924, 000 

$48, 704, 000 

$44,595, 000 
11,550,000 

$56,145,000 

$5,874,000 
508,000 

$6, 382,000 

$1,527,000 
1,064,000 

$2,591,000 

$113,550,000 
52,815,000 

$166,365, 000 

Total 
South 

Constr. 
R/W 
Total 

$77,126,000 
55, 617,000 

$132,743,000 

$48,157, 000 
8,321,000 

$56,478,000 

$12,888,000 
15, 962,000 

$28, 850,000 

$ 610,000 
1, 885, 000 

$2,495,000 

$5,188,000 
3,295,000 

$8,483,000 

$143,969,000 
85,080, 000 

$229,049,000 

Total Constr. 
R/W 
Total 

$ 99,900,000 
85,386,000 

$185,286,000 

$ 86,937,000 
18,245,000 

$105,182,000 

$57, 483,000 
27, 512,000 

$84,995,000 

$6,484,000 
2,393,000 

$8, 877,000 

$ 6,715,000 
4,359,000 

$11,074,000 

$257, 519,000 
137, 895, 000 

$395, 414, 000 
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APPENDK1-E 

STATEMENT OF FUNCTIONS 
Pennsylvania Department of Highways 

The Department of Highways builds, rebuilds, relocates, repairs, maintains and 
marks State and State-Federal highways. It exercises exclusive authority and 

jurisdiction over all State highways. (Admin. Code of 1929, Art. XX) 

35,138, 513 
57,468, 707 

Program 
Administration 
Engineering 
Construction financed with state funds 
Construction financed with state and 

Federal-aid primary road funds 42,236,130 
Construction financed with state and 

Federal-aid secondary road funds 22,905,193 
Construction financed with state and 

Federal-aid urban road funds 
Construction financed with state and 

Federal-aid interstate road funds 
State highway and bridge authority 

rentals 14,216,810 
Acquisition of right-of-way 26,299, 652 
Source: Pennsylvania "Motor License Fund." 

1955-57 1957-59 
Actual Estimated 1959-61 

Expenditures Expenditures Recommended 
$12,006,557 $17,000,000 $21,566,131 

55,000,000 60,600,000 
94,000,000 124,280,736 

63,000,000 59,459,428 

33,000,000 36,141,611 

38,819, 406 56,000,000 68,208, 771 

13,804, 488 114,000,000 207,952, 561 

15,900,000 
55,000,000 

17, 500,000 
89,000,000 
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DEPARTMENT OF HIGHWAYS OF ONTARIO 
Capital Program 1959-1960 

Financial Summary 
Road Construction 

A. Carry-Over Work 
(a) Construction division capital contracts 
(b) Maintenance division capital projects 

Sub-Total 
B. Proposed New Work 

(a) Construction division capital projects 
(b) Maintenance division capital projects 

Sub-Total 
Miscellaneous Construction 

A. Carry-Over Work 
Construction agreements (normal) 
Construction agreements (special) 
Contract post-award revisions 
Preliminary project work 

Sub-Total 
B. Proposed New Work 

Construction agreements (normal) 
Contract post-award revisions 
Construction overhead 
Railway grade-crossing protection 
Municipal and award drains 

Sub-Total 

Estimated 
Total Value 

$61,000,000 
500,000 

$61,S00,000 

$105,400,000 
5,600.000 

$111 OOO 006 

$1,030,000 
3,900,000 
2,000,000 
1, OOP, 000 

$7f?307Uro 

$3, 500,000 
1,000,000 
1,000,000 

50,000 
70,000 

3. Engineering (head office) 
Planning and design, audit, checking, 
Materials and research section 
(all proposed new work) 

4. Services 
I ^ d surveys, property purchase, buildings, 

bridge and steel stockpile (all proposed new work)$ 20,675,000 
Total $ 2 i 6 , 6 n , m 

Review 
Carry-overwork $ 69,430,000 
Proposed new work 146,642,000 

Total % m , 6 1 2 , m 

Proposed 
Expenditure 

$55,000,000 
500.000 

$S5,S00,000 

$50, 400,000 
5,000,000 

$5S 460 OOb 

$1,030,000 
3, 400,000 
2,000,000 
1, OOP. 000 

$7, «0 ,000 

$1,700,000 
1,000,PPP 
1, POO, 000 

50,000 
70.000 

$•375257500 

$9,347,000 $9,347,000 

$ 20.675.000 
$iB2; m,m 

$ 62,930,000 
89,242,000 

$152 IW 006 
(Authors' Note: Balance of 108-page "Capital Program" shows detail of projects 
proposed in above summary.) 
Source: Department of Highways of Ontario, "Capital Program, Fiscal Year 1959-1960. 




