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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing
highway administrators and engineers. Often, highway
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities.
These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators
of the American Association of State Highway Officials
initiated in 1962 an objective national highway research
program employing modern scientific techniques. This
program is supported on a continuing basis by funds from
participating member states of the Association and it re-
ceives the full cooperation and support of the Federal
Highway Administration, United States Department of
Transportation.

The Highway Research Board of the National Academy
of Sciences-National Research Council was requested by
the Association to administer the research program because
of the Board’s recognized objectivity and understanding of
modern research practices. The Board is uniquely suited
for this purpose as: it maintains an-extensive committee
structure from which authorities on any highway transpor-
tation subject may be drawn; it possesses avenues of com-
munications and cooperation with federal, state, and local
governmental agencies, universities, and industry; its rela-
tionship to its parent organization, the National Academy
of Sciences, a private, nonprofit institution, is an insurance
of objectvity; it maintains a full-time research correlation
staff of specialists in highway transportation matters to
bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway depart-
ments and by committees of AASHO. Each year, specific
areas of research needs to be included in the program are
proposed to the Academy and the Board by the American
Association of State Highway Officials. Research projects
to fulfill these needs are defined by the Board, and qualified
research agencies are selected from those that have sub-
mitted proposals. Administration and surveillance of re-
search’ contracts are responsibilities of the Academy and
its Highway Research Board.

The needs for highway research are many, and the
National Cooperative Highway Research Program can
make significant contributions to the solution of highway
transportation problems of mutual concern to many re-
sponsible groups. The program, however, is intended to
complement rather than to substitute for or duplicate other
highway research programs.
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PREFACE

There exists a vast storehouse of information relating to nearly every subject of
concern to highway administrators and engineers. Much of it resulted from research
and much. from successful application of the engineering ideas of men faced with
problems in their day-to-day work. Because there has been a lack of systematic
means for bringing such useful information together and making it available to the
entire highway fraternity, the American Association of State Highway Officials has,
through the mechanism of the National Cooperative Highway Research Program,
authorized the Highway Research Board to undertake a continuing project to search
out and synthesize the useful knowledge from all possible sources and to prepare
documented reports on current practices in the subject areas of concern.

This synthesis series attempts to report on the various practices without in fact
making specific recommendations as would be found in handbooks or design
manuals. Nonetheless, these documents can serve similar purposes, for each is a
compendium of the best knowledge available concerning those measures found to
be the most successful in resolving specific problems. The extent to which they are
utilized in this fashion will quite logically be tempered by the breadth of the user’s
knowledge in the particular problem area.



FOREWORD
By Staff
Highway Research Board

This report should be of special interest to administrators responsible for highway
personnel management, maintenance operations, and highway needs. The report
offers information on policies and practices affecting economic security, practices
affecting job content, innovative training practices, recruiting, and trends in
maintenance personnel administration.

Administrators, engineers, and researchers are faced continually with many
highway problems on which much information already exists either in documented
form or in terms of undocumented experience and practice. Unfortunately, this in-
formation is often fragmented, scattered, and unevaluated. As a consequence, full
information on what has been learned about a problem is frequently not assembled
in seeking a solution. Costly research findings may go unused, valuable experi-
ence may be overlooked, and due consideration may not be given to recommended
practices for solving or alleviating the problem. In an effort to resolve this situa-
tion, a continuing NCHRP project, carried out by the Highway Research Board
as the research agency, has the objective of synthesizing and reporting on common
highway problems—a synthesis being identified as a composition or combination
of separate parts or elements so as to form a whole greater than the sum of the
separate parts. Reports from this endeavor constitute an NCHRP report series
that collects and assembles the various forms of information into single concise
documents pertaining to specific highway problems or sets of closely related
problems. This is the tenth report in the series.

Highway organizations came into being near the turn of the century and
have since developed at all governmental levels as a response to the “good roads”
concept of four generations ago. Constant change and expansion have occurred
over the years; however, only since World War II has the national economy

. expanded at a rapid pace, with the subsequent competition for manpower *be-

coming a new and real problem. Technological advancements have become more
sophisticated and have resulted in a need for highly skilled, well-trained personnel.
This increasing need for more competence, coupled with a reduction of those not
completing their training and education, generated increasing competition for
the fewer highly skilled workers and, in turn, resulted in higher salary levels.

The mobility of the American worker has permitted him to seek the best
market for his skills. This has resulted in internal training programs by both
the private and public sectors to improve the available labor market. The signifi-
cant aspect of the state highway department practices in the recruitment, training,
and retention of maintenance personnel is the emphasis on the importance of
first-line supervisors. The Highway Research Board has attempted in this project
to set down those practices found to be most effective. The report discusses these
innovative practices from the standpoint of motivation, retention, and per-
formance.

To develop this synthesis in a comprehensive manner and to ensure inclu-
sion of significant knowledge, the Board analyzed available information assembled
from many highway departments and agencies responsible for highway planning,
design, construction, operations, and maintenance. A topic advisory panel of
experts in the subject area was established to guide the researchers in orga-
nizing and evaluating the collected data, and to review the final synthesis report.

As a follow-up, the Board will attempt to evaluate the effectiveness of this
synthesis after it has been in the hands of its users for a period of time. Mean-
while, the search for better methods is a continuing activity and should not be
diminished. An updating of this document is ultimately intended so as to reflect
improvements that may be discovered through research and practice.
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RECRUITING, TRAINING, AND RET.AlNIN_G
MAINTENANCE AND EQUIPMENT PERSONNEL

SUMMARY  Retention and ' Performance

The identification of innovative practices affecting retention and performance is
based on the notion that these are characteristics that result from the behavior
of individual members of the work force; i.e., a high proportion of maintenance
employees may perform well, or may perform poorly, and a high proportion of
them may remain in the work force, or may leave voluntarily. Further, the kind
of behavior prevalent in the work force is motivated, to a considerable degree,
by factors in the total work situation—as perceived and reacted to by individual
employees. Maintenance managers cannot initiate high retention and high perform-
ance per se—they can only create those conditions, or do those things, calculated to
motivate employee behavior so that high retention and high performance result.

The technique used to identify innovative practices affecting retention and

" performance relates practices to a conceptual model that includes those factors
that findings of behavioral research strongly suggest influence employee retention
and performance behavior. The model is based on the findings of research con-
ducted by Herzberg. The fundamental concept is that work is a powerful determi-
nant of the retention and performance behavior of individual employees. In the
model, the total work situation is comprised of two major parts: (1) the job
environment, and (2) the job, or work, itself.

The job environment contains causal factors extrinsic to the actual work the
employee does. Chief among these are: the policies and administration of the
organization; the kind of supervision the employee recei\)es; the interpersonal rela-
tionships of the employee; working conditions; wage and salary administration;
and job security. These are called hygiene factors—an analogy to medical hygiene
in that they are preventive in nature. They prevent poor performance and, to
some extent, high turnover. But they do not result in high retention and high
performance behavior.

The job, or work, itself contains factors intrinsic to the actual work the
employee performs. These are called motivator factors in that research findings
strongly suggest that if they lead to attitudes of satisfaction, high performance and
high retention are much more likely to result than if they lead to attitudes of lack
of satisfaction. Major motivator factors are: a feeling of achievement on the part
of the employee as a result of :performing his job; recognition of achievement by
superiors, peers, and subordinates; a feeling that the work is interesting, challenging,
and enjoyable; a feeling of responsibility; and a feeling by the employee that he
is growing.

The decade of the 1960’s saw many changes in the ways maintenance work
is performed—most of these resulting from the massive maintenance research and
implementation program initiated during the late 1950’s. Many of these changes
introduced powerful motivator factors at the operating level and, hence, resulted
in improved retention and performance. _

Possibly the most significant innovation, in terms of potential for improving



employee retention and performance, was the development and implementation of
maintenance management systems by several highway agencies. Technical and
operating aspects of such a system require major changes in work structure and
job content at the operating level—changes that should inject ‘motivator factors
into the jobs of first-line foremen and operator personnel. The 6perating aspects
that are particularly motivator in nature are:

1. The creation of strong supportive relationships among the various hier-
archical levels of the maintenance organization—from top management to first-
level supervisors.

2. The enrichment of jobs of first-line supervisors and operators by increasing
responsibilities in a vertical fashion that provides opportunities for growth and
development.

3. Great improvement in communications related to all aspects of the job—
and among all levels of management. :

Another area in which significant innovations have occurred is that of wage
and salary administration. The North Dakota State Highway Department has
developed and implemented a classification and salary plan that relates wages and
salaries directly (1) to the level of difficulty of work performed, and (2) to the
level of skill and ability of employees. Fundamental to successful operation of
the plan is the Department’s philosophy that each supervisor has a continuing
duty, responsibility, and opportunity to evaluate performance of employees under
his supervision—and to encourage them to develop skills and abilities necessary
to advance. Great emphasis is placed on communications to employees regarding
all aspects of the plan.

Maintenance organizations in the Umted Kingdom have developed and 1mple-
mented incentive pay systems with considerable success. The systems are based
on measured work and productivity standards with bonus payments made to those
whose productivity exceeds the standards established. Emphasis is placed on strong
and continuing communications to assure that employees understand the plan, how
it works, and its administration. ,

Several states have made innovative changes in operating-level organization
structure and procedures that appear to have introduced greater motivator factors
into the work. The Illinois Division of Highways has established a gang—or labor
pool—system based on Team Sections. The gang is, in effect, a pool of labor
assigned to a Team Section and contains the number of individuals necessary to
perform the work load of the Section. The supervisor is able to optimize manpower
utilization in relation to operational requirements.

Louisiana also has moved toward the establishment of a labor pool in each
of its parishes. Kansas has taken a similar approach. The motivational aspects
of the labor pool result from the wider range of skills required of operators. These
enrich the jobs of operators.

The single most striking feature of all the innovative practices described—
from the standpoint of motivation, retention, and performance—is the consistency
with which departments have recognized the major importance of first-line super- -
visors. Without exception, the changes resulted in increasing their responsibilities
and involvement in planning and organizing work, assxgnmg and directing per-
sonnel, and evaluating performance on a more realistic basi than was prev1ously
possible. Perhaps even more important is the fact that first-line supervisors are



provided more supportive assistance by way of policies, guidelines, standards, and
communications. These combine to accord supervisors managerial status and
treatment—a motivator factor of great significance.

Supervisory Training

The move to science-based maintenance management during the past decade has
been accompanied by increasing emphasis on training of all kinds. Recognition
of the importance of first-line supervision led to intensive attention to developing
effective means for training supervisors. Possibly the most striking of the new
approaches was the development (by'California, Nevada, and New Jersey) of
Maintenance Academies in which the curriculum focuses on training of first-level
supervisors. These courses are similar in several respects:

1. They are extended in time—the California and Nevada Academies are
one week in length and the New Jersey Academy is two weeks in length.

2. The courses are conducted at training facilities that serve to remove stu-
dents from demands of daily work during the training period.

3. All are designed to assure a high degree of participation and involvement
of students in the learning process.

4. Great efforts are made to assure that subject matter is related to actual
work situations through use of cases, simulations, incidents, and other techniques.

The Port of New York Authority has developed a Maintenance Foreman
Simulation Program. Small groups of students placed in a realistically simulated
situation actually perform all the routine tasks normally assigned to foremen—
from scheduling actual work to analysis of feedback reports. They are also exposed
to nonroutine occurrences of an emergency nature, such as situations involving
human relations and safety deficiencies, and others that require analysis, judgment,
and decisions. Senior Maintenance Foremen serve as instructors, and there are
scheduled critiques of student performance.

California conducts a continuous program to develop supervisory skills of
maintenance crew chiefs. It is built around reading units that provide a basis for
class sessions conducted by district instructors on a scheduled basis.

Highway agencies that have implemented maintenance management systems
have emphasized training of supervisors and operators. They have, in general,
developed courses that teach first-level superintendents and foremen (1) how to
plan, schedule, and organize their work in the context of the system, (2) the key
elements in reporting work and the operation of the information system, and (3)
how major specific work activities should be performed.

Operator Training

North Carolina has initiated a simple, straightforward program to train equipment
operators. Primary responsibility for training is on Area Foremen. Each foreman
is initiélly responsible for selecting at least one trainee and for following his progress
until the trainee is fully qualified or it is determined that he cannot qualify. Record-
keeping is minimized.

Maine initiated and refined a driver selection and training program. Instruc-
tion is by two full-time driver trainers. There is provision for certification of drivers
to operate various types of vehicles and/or equipment.

The California correspondence course is designed to augment on-the-job



training of Maintenance Man I, II, and III. The course treats a wide variety of
subjects and is administered in each district.

Several agencies have made systematic analyses to determine training needs
of maintenance employees. The approach includes the following elements:

1. Analysis of characteristics of maintenance work.

2. Analysis of characteristics of the maintenance work force.

3. Determination of the extent to which the present work force possesses, or ’
lacks, the knowledge, skills, and abilities required to perform the work adequately.

4. Determination of the learning characteristics of the work force.

5. Providing needed training.

Recruiting

Innovative practices identified in relation to recruiting are limited to apprentice
training, entrance-level training, and orientation programs.

Minnesota operates an Apprentice Training Program to train equipment
mechanics. The apprenticeship standards are formulated by a joint highway-union
committee. Those who successfully complete the 8,000-hr program are guaranteed
a journeyman’s' job.

New Jersey initiated a Maintenance Man II Program that is conducted on a
continuous basis for entrance-level employees. Instructors are department per-
sonnel; the program is 17 days in length. Classes are limited to 12 students. The
training involves classroom work, and performance by trainees under supervision
of instructors. ’

California continuously conducts a New Employee Orientation Program. The
program time is approximately 3 hr. The lesson plan includes a slide presentation
of the Department organization and functions; handout materials (including the
most recent Annual Report, a map showing district boundaries and mailing ad-
dresses, and a Safety Booklet); small-group discussions to answer questions; and
explanation of personnel matters.

Trends

Several trends in maintenance, including the following, will affect maintenance per-
sonnel administration in the future:

1. The trend toward systematic maintenance management will definitely im-
prove possibilities for positive motivation and, hence, improved performance and
retention.

2. There is a definite trend toward development of comprehensive and con-
tinuing maintenance training programs. '

3. There will be increasing emphasis on development of training techniques.

4. There is a definite trend toward the “labor pool” concept of organization
at the operating levels of maintenance organizations.

5. There is a strong trend toward unionism in maintenance organizations.



CHAPTER ONE

INTRODUCTION

The objective of this synthesis is to identify innovative
practices that affect retention, performance, training, and
recruiting of maintenance personnel. The focus is on
practices at the operating levels of maintenance organiza-
tions. Major emphasis is on retention and performance
subject areas, based on the following premises:

1. The primary function and responsibility of mainte-
nance personnel administration is to develop a maintenance

work force characterized by high retention and high per--

formance.

2. It is undesirable, and wasteful, to expend the con-
siderable monies and efforts required to recruit and train
maintenance personnel effectively unless there is reasonable
expectation that a large proportion of these can be retained
in the maintenance work force.

THE CHALLENGING MAINTENANCE SITUATION

State highway agencies are confronted by an extremely
complex and challenging situation—one that has been de-
veloping since the mid-1950’s. Major forces and factors
responsible are:

1. A steadily increasing total maintenance work load.
This is largely due to constantly increasing traffic volumes,
demands by users for ever-higher levels of maintenance
service, and increasing mileage to be maintained.

2. Increasing complexity of maintenance work. This
results from the fact that maintenance forces are required
to perform many more kinds of activities, in greater volume
than ever before, often under heavy traffic conditions, and
at odd hours.

3. Steeply rising unit costs and total expenditures. The
increasing magnitude of the maintenance work load, com-
bined with the fact that maintenance unit costs rose 100 per-
cent from 1950 to 1967 (compared to a 50 percent increase
in unit construction costs), accounts for a significant in-
crease in total expenditures for maintenance during the last
two decades. Significant increases in needs and expendi-
tures are projected. '

4. Increasing concern for traffic safety. This is a per-
vasive factor that affects, and complicates, each of the
conditions previously enumerated. '

The total situation is complicated by the fact that main-
tenance needs are expected to grow by about 60 percent
during the period 1973-1985, and average annual expendi-

tures are expected to be $5.8 billion during the same period -

(I). When it is considered that projected construction
needs are great, and that competition for available funds
(at federal, state, county, and municipal levels) will prob-
ably intensify, it is apparent that real challenges are posed.

The great amount of applied maintenance research under-
taken since the late 1950's indicates that maintenance man-

agers recognize the challenges. The direction taken in many
research projects indicates the conviction that the funda-
mental approach to meet these challenges must be to im-
prove the efficiency of maintenance operations. This con-
clusion suggests that innovative practices that affect reten-
tion, performance, and training of maintenance personnel
are of primary importance—because the efficiency with
which any organization can operate depends more on
effective utilization of human resources than on any other
single factor.

Maintenance Research and Implementation

The major emphasis of an unprecedentedly large mainte-
nance research and implementation program initiated in the
late 1950’s was on management improvement. The general
approach taken in most of the management research and
implementation projects was to adapt and apply industrial
management concepts and techniques—particularly work
measurement techniques—to maintenance operations. The
aim was to exploit opportunities for improving efficiency
offered by two interrelated and interdependent characteris-
tics: (1) the fact that maintenance operations are con-
ducted under variable conditions of considerable uncer-
tainty; and (2) the fact that highway maintenance is
characterized by a high labor cost structure. These two
characteristics, and factors related to them, merit further
explanation.

Variables and Their Effects

The conditions of uncertainty under which maintenance
operations are conducted- stem from the many variables
inherent in maintenance work: These include: (1) cli-
mate; (2) terrain and soils features; (3) kinds and volumes
of traffic; (4) design features and characteristics of roads
and roadsides; and (5) ages, conditions, and composition
of roads.

The major over-all effect of these variables is to compli-
cate long-range planning and work planning, scheduling,
and staffing. These, in turn, complicate financial planning
and control. A pervasive, complicating factor is that many
states are subject to seasonal climatic variations of such
magnitude that the annual work load is extremely un-
balanced.

The Maintenance Cost Structure

The high labor cost structure of maintenance may be at-
tributed, in considerable part, to the effects of the many
variable conditions affecting operations. These conditions
have led to a tendency, in some instances, to staff to meet
peak seasonal work loads. This practice makes optimum

year-round utilization of personnel difficult.



The high labor cost structure may also be partly at-
tributed to some conditions that have combined to create
an “image” of maintenance that has made it less attractive
to highly qualified personnel than other operational areas—
until recent years, at least. These include:

1. A traditional tendency to place less emphasis on main-
tenance—in both management improvement and research
efforts—than on construction. A relatively neglected op-
erational area is always less attractive to highly qualified
personnel.

2. Low wages and salaries. The wages and salaries paid -

maintenance personnel have tended to be lower than those
in other operating areas, and less than those paid for
comparable work in other industries.

3. Patronage. Although political patronage has not been
limited to maintenance, its effects have been greater there
than in other operational areas of highway departments.

The practice of patronage has diminished considerably
since World War II. There are still some states, however,
in which a large and abrupt turnover of maintenance per-
sonnel occurs when the political administration changes. In
such instances it stmply is not realistic to expect full poten-
tial benefits from practices calculated to improve retention
and performance. Training is important in these states in
that it is necessary to train large numbers of new employees
quickly to perform essential activities. Training in these
circumstances is likely to be costly and benefits are likely
to be of short duration. A more stable work force permits
training from which compounding benefit effects are
realized.

Progress Resulting from Research

Probably more innovative maintenance practices were ini-
tiated during the past decade than were initiated during the
entire 40-year period preceding 1960. Most of these re-
sulted from maintenance research-implementation projects.
The major research breakthrough was successful adaptation
and application of industrial management work measure-
ment techniques. Initial efforts were to define and measure
specific maintenance work activities and to establish stan-
dards of quality, quantities of work, and productivity. These
standards include definition of the man-materials-machine
“mix” for each measured activity, and the most efficient
work procedures.

The standards provide quantitative values essential to:

1. Effective balancing of the annual work load.

2. Efficient planning and scheduling of work.

3. Realistic allocation of resources (labor, materials,
equipment) to perform work once it is planned and
scheduled.

4. Design and implementation of management informa-
tion systems to provide a sound basis for control.

5. Development of effective performance budgeting
systems.

6. Organizing (or reorganizing) for more effective
decision-making.

In terms of the objectives of this synthesis, the successful
application of industrial management concepts and tech-
niques to maintenance operations is of paramount impor-
tance. The reason is that it led to a considerable number
of changes in work structure at the operating level—and
the structure of maintenance work is the primary factor
affecting retention, performance, and training of mainte-
nance personnel. These ideas are explained in the following
sections. ‘

DEFINITION OF THE SUBJECT AREAS

The specific subject of the synthesis—retention, perform-
ance, training, and recruiting of maintenance personnel-—
is directly related to two broad fundamental responsibilities
of personnel administration in any organization. These are:
(1) to develop a highly capable work force, and (2) to
maintain that work force.

Recruiting and training are major activities required to
develop a highly capable work force. High retention and
high performance are desired characteristics. In the final
analysis, the retention and performance characteristics of
the maintenance work force are the results of the behavior
of its individual members.

The basic difference in the nature of training and recruit-
ing on the one hand, and retention and performance on the
other, is significant from the standpoint of the directness of
the actions that management may take. For example, man-
agement may initiate training and recruiting activities at its
will. But it cannot initiate high performance and high
retention at its will—it can only create conditions, or do
those things, calculated to motivate behavior of its employ-
ees so that high performance and high retention character-
istics result.

APPROACH TO THE SYNTHESIS

The fact that high retention and high performance are be-
havioral characteristics requires an approach to identifica-
tion and analysis of innovative practices based on motiva-
tion theory. The specific approach taken here is to develop
a conceptual model composed of factors that behavioral
research findings strongly suggest influence employee re-
tention and performance behavior—and then relate main-
tenance practices to the model. The motivation concepts
that provide the foundation for the model are generalized
here.

Employee Behavior and Needs

For some years there has been general acceptance of the
idea that employee work behavior is related to individual
needs; i.e., employees have needs, they (consciously or un-
consciously) view their total work situation as a primary
source of satisfaction of these needs, and their work be-
havior is motivated by their desire to satisfy these needs.
McGregor (2) describes the process as follows:
Man is a wanting animal—as soon as one of his needs

is satisfied, another appears in its place. This process is

unending. It continues from birth to death. Man con-

tinuously puts forth effort—works, if you please—to sat-

isfy his needs.



SELF-FULFILLMENT NEEDS \
Needs for realizing one's own potentialities, for continued . 5
self-development, for being creative .
EGOISTIC NEEDS
Needs related to one's seif-esteem: needs for self-respect
Higher and self-confidence, for autonomy, for achievement, for com-
Level petence, for knowledge 4
Needs
Needs related to one's reputation: needs for status, for
recognition, for appreciation, for respect of one's fellows
> Order of
Satisfaction
SOCIAL NEEDS
Need for belonging, for association, for acceptance by one's 3
fellows, for giving and receiving friendship and love
SAFETY NEEDS ?
Need for protection against danger, threat, arbitrary depri- 2
Lower vation
Level
Needs
PHYSIOLOGICAL NEEDS
Need for food, clothing, shelter, air, exercise 1 /

Figure 1. Hierarchy of human needs and order of satisfaction. Based on McGregor (2).

McGregor describes human needs as being organized in
a series of levels in a hierarchy of importance (Fig. 1).
He emphasizes that lower-level needs are of primary im-
portance as motivators of behavior until they are satisfied
or, if satisfied, when they are threatened. He also concludes
that a “satisfied need is not a motivator of behavior” (2).

Satisfaction of physiological and safety needs is relatively
well provided for today. The material standard of living of
most employees is higher than ever before and most em-
ployees rarely suffer major deprivation of their physio-
logical needs. Even in periods of marked unemployment,
social legislation (much of it enacted during the past
quarter century) minimizes the shock (2).

McGregor’s conclusion that satisfied needs are not moti-
vators of behavior is especially significant here. For ex-

ample, an employee who is well satisfied with his material .

standard of living (a standard afforded by his salary or
wage) generally will not respond to a raise in pay, or an
improvement in some fringe benefit, with greatly improved
performance. But he may become dissatisfied, and perform
at a lower level, if some of his fellow workers receive
greater raises than he does (particularly if he feels their
performance does not warrant it). His dissatisfaction may
even cause him to resign if an alternative opportunity
exists. Although he may verbally complain about the
actual amount of money involved, the real cause of his
dissatisfaction is more likely to be the loss of status he
feels he suffered—and status is a higher-level need.

The fact that lower-level needs are relatively well satis-
fied—and the fact that satisfied needs are not motivators
of behavior—means that motivational emphasis must be
placed on satisfying higher-level needs. There is growing
acceptance of the idea that the only effective approach to
satisfaction of these needs is through the work structure
and job content.

Work as a Motivator

Traditionally, work has been viewed more as an unpleasant
necessity than as a potential positive motivator of behavior.
Until recent years, the approach to employee motivation
was largely directed to: (1) conditions in the job environ-
ment, and (2) the things the employee received for working.
The viewpoint that work is an unpleasant necessity often
leads management to feel that employees must be enticed
to work by various rewards, or coerced by threats, or both
—an approach McGregor (2) called the “carrot and stick”
theory of motivation. He asserts that it works reasonably
well so long as employees are struggling for subsistence, but
does not work at all once they reach an adequate sub-
sistence level and are motivated primarily by higher-leve
needs. McGregor says (2): :
Management cannot provide a man with self-respect,
or with the respect of his fellows, or with the satisfaction
of needs for self-fulfillment. We can create conditions
such that he is encouraged and enabled to seek such sat-

isfactions for himself, or we can thwart him by failing to
create these conditions.

The findings of behavioral researches conducted by Herz-
berg strongly suggest that work can be a powerful motiva-
tor of behavior (3). To be so, jobs must be designed so
that they provide opportunities for employees to satisfy
higher-level needs. The findings suggest that the potential
motivational power of work has not been apparent in the
past because most jobs have been designed primarily from
the standpoint of efficiency and costs. The result has been
jobs that are not stimulating or challenging and provide
little opportunity for creativity (4).

The conceptual model to identify and evaluate innova-
tive maintenance practices that affect performance and
retention is based largely on Herzberg's research and con-
tains the essential elements of his findings (4). The model
is summarized here:



1. The retention and performance characteristics of any
work force are the results of the behavior of individual
members of the work force; i.e., if an individual voluntarily
leaves the work force it is a behavioral act, as is the act of
remaining in the work force; and good performance is a
behavioral characteristic, as is poor performance.

2. Work behavior is largely motivated by some factors,
or combinations of factors, in the total job situation of the
employee.

3. High retention (low turnover) and high performance
result from causal factors in the total work situation of
individual members of the work force. The total work
situation consists of two major parts:

a. The job environment.
b. The job, or work, itself.

4. Each of these parts contains causal factors that affect
the individual employee’s work behavior—but in different
ways:

a. The job environment contains causal factors ex-
trinsic to the job, or actual work, performed by
the employee. Herzberg calls these hygiene, or
maintenance, factors. Major hygiene factors are:
(1) the policies and administration of the organi-
zation, (2) supervision, and relationships with
supervisors, (3) interpersonal relationships with
peers and subordinates, (4) work conditions,
(5) wage and salary administration, and (6) job
security. _

b. The individual perceives the factors in the work
environment. His perception determines his atti-
tude toward the factors. His attitude affects his
work behavior.

(1) If his attitude is one of dissatisfaction with
the factors in the environment, he is more
likely to leave the work force (provided he
has alternative opportunities) than if he is not
dissatisfied. Even if he does not leave, it is
likely that his work performance will suffer.

(2) On the other hand, it is unlikely that absence
of dissatisfaction with factors in the job en-
vironment will result in greatly improved
work performance. For this reason causal
factors in the work environment are called
hygiene, or maintenance, factors—they serve
primarily to prevent dissatisfaction.

5. The job, or work itself, contains causal factors—
called motivator factors. Research findings strongly sug-
gest that if they are such that the individual receives satis-
faction from them he will be motivated to high perform-
ance, and will be more likely to remain in the work force
“than if such satisfactions are not received.

a. Absence of satisfaction with the job probably will

result in (1) worse performance than the indi-
vidual is capable of, and (2) a greater likelihood
that he will leave the work force for more satisfy-
ing work (if the opportunity presents itself).

b. Major motivator factors for the individual em-
ployee are: (1) a feeling of achievement, (2) a
feeling that his achievements are recognized and
considered worthwhile by his supervisors, peers,
and subordinates, (3) a feeling that his work is
interesting and enjoyable, (4) a feeling of respon-
sibility, and (5) a feeling of growth and advance-
ment.

The major elements of the model, and relationships
among them, are shown in schematic flow form in Figure 2.
In essence, the model shows that:

1. High retention and high performance characteristics
result from a combination of employee attitudes that result
from empioyee perception of (1) factors in the work en-
vironment (hygiene factors), and (2) factors in the work,
or job (motivator factors). Specifically, an attitude of lack
of dissatisfaction with hygiene factors, combined with an
attitude of satisfaction with motivator factors, results in the
best possible combination to achieve high performance and
high retention.

2. Combinations of an attitude of dissatisfaction with
hygiene factors with an attitude of lack of satisfaction with
motivator factors in the work is the worst possible com-
bination of attitudes—and leads to probable low perform-
ance and high turnover.

Herzberg’s findings are consistent with the idea that em-
ployees desire satisfaction of the needs shown in Figure 1.
In fact, his findings define the nature of these needs more
clearly in that (1) the lower-level physiological and safety
needs are “hygienic” in nature, and (2) the higher-level
needs (social, egoistic, and self-fulfillment) are “motivator”
in nature.

ORGANIZATION OF THE SYNTHESIS

* Chapter Two describes briefly the trends in job environ-

ment (hygiene) factors in highway departments during the
post-World War II period. Chapter Three describes a
number of innovative maintenance practices. All of these
involved significant changes in work structure at the op-
erating level and, consequently, changes in job content,
These changes are “motivator” in nature. Innovative main-
tenance training practices are treated in Chapter Four, and
recruiting practices are treated in Chapter Five. Chapter
Six is a resume of some trends in maintenance personnel
administration.

Appendix A is the result of an HRB Subcommittee
questionnaire on training of operating personnel in 45
states.



FUNDAMENTAL
CONCEPTS
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JOB SITUATION
AND CAUSAL FACTORS
IN EACH

1. Retention and perfor- -
mance characteristics
of work force result
from behavioral acts

of individual employ-

ees, i. e., -

(a) Employee remains,
or leaves --
behavioral acts.

(b) Employee performs
well, or poorly --
behavioral acts.

2. Work behavior is
motivated by causal
factors in the

TOTAL JOB SITUATION

JOB ENVIRONMENT

I Policies and
Administration

| Supervision --
Relationships with
Supervisors

I Interpersonal
Relationships with
Peers, Subordinates
- Work Conditions

+ Wage-Salary .
Administration

L Job Security J

JOB ITSELF

Feeling of
Achievement

Recognition
The Work Itself
Responsibility
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Advancement

POSSIBLE EMPLOYEE
ATTITUDE REACTIONS

PROBABLE RETENTION-
PERFORMANCE PAYOFFS

BEST AND WORST EMPLOYEE ATTITUDE COMBINATIONS
TO ACHIEVE HIGH RETENTION AND HIGH
PERFORMANCE GOALS

FROM EMPLOYEE
ATTITUDE REACTIONS

NATURE OF CAUSAL
FACTORS

Attitude of Lack of
Dissatisfaction
Attitude of
Dissatisfaction

Employees'
Reactions to
Hygiene
Factors

Hygiene or Main-
tenance Factors

Serve to prevent
dissatisfaction
and poor perfor-
mance

Employees'
Reactions to

Motivator
Motivator Factors

Attitude of Lack of
Satisfaction

Possible High Reten-
tion, Probable ‘Medi-
ocre Performance

Probable Low Reten-
tion, Probable Low
Performance

Probable Low Reten-
tion, Probable Low
Performance

Probable Average-
Above Average

Retention, Probable

High Performance

Attitude of
Satisfaction

Factors'
. Serve to motivate
to high perfor-
mance and high
retention

Best Combination

Worst Combination 2

Probable Low Retention Probable High Reten-

Probable Low tion, Probable High
Performance Performance

Figure 2. ‘Conceptual model for evaluating innovative retention-performance practices. Based on Herzberg, Mausner, and Snyderman (3).
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CHAPTER TWO

RETENTION AND PERFORMANCE—

TRENDS IN JOB ENVIRONMENT FACTORS

Research findings suggest that factors extrinsic to the actual
work of employees affect their attitudes and, hence, per-
formance and retention. Herzberg calls these hygiene fac-
tors—an analogy to medical hygiene—because they are
preventive, not curative, in nature. They serve to prevent
dissatisfaction and poor performance. But satisfaction of
hygiene needs will not result in high performance and high
retention (4).

Since 1945, highway departments have directed con-
siderable attention to policies and practices that are hy-
gienic in nature. Trends in practices affecting (1) economic
security, (2) working conditions, and (3) wages and
salaries are summarized here.

POLICIES AND PRACTICES AFFECTING
ECONOMIC SECURITY

The need for highway departments to provide “a fair
chance for economic security” for their maintenance em-
ployees was emphasized as early as 1945 by the Committee
on Maintenance Personnel (now the HRB-AASHO Joint
Committee on Maintenance and Operating Personnel).
Although it is difficult to assess the effects, if any, of the
Committee’s report, certainly there have been significant
changes in policies and practices related to economic
security (5, 6).

Continuity of Employment

Probably no single factor affects attitudes of maintenance
employees as much as the department's policies and prac-
tices relating to continuity of employment, or job security.
In this time of increasing competition for capable employ-
ees it simply is not realistic for highway maintenance or-
ganizations to expect to develop a work force characterized
by high performance and high retention unless it rewards
good performance with job security—irrespective of politi-
cal changes.

Traditionally, highway departments have sought to pro-
vide job security through civil service systems, merit sys-
tems, or comparable plans. Table 1 gives trends in the
number of states that provide such plans. In 1970, only
eight departments had no formal civil service, merit, or
similar system covering maintenance employees, compared
to 31 states in 1945.

This is not intended to imply that statutory civil service
or merit systems are absolutely essential in order to provide
continuity of employment. If a department operates in an
environment in which it is able to establish and administer
its employee policies effectively without a statutory system,
there is 1o reason that continuity of employment may not
be achieved.

Financial Security

Policies and practices that assure some protection for the
employee and his family when he is temporarily ill, when
he dies prematurely, and when he retires are important
determinants of attitudes.

Trends in Sick Leave Provisions

Provision for sick leave with pay was an almost universal
practice in highway departments in 1945. At that time all
but three states had such a provision. In 1970, all states
provided for sick leave with pay—25 provided it for all
maintenance employees, 24 provided it for all but tempo-
rary maintenance employees, and 1 provided it for all
salaried maintenance personnel.

The most noticeable trend in sick leave practices has been

-toward increasing (1) the number of days allowed, and

(2) the number of days that may be accumulated. The
trends are given in Table 2.

Trends in Hospitalization and Life Insurance

Hospitalization insurance is an increasingly important hy-
giene factor in view of skyrocketing costs of hospitaliza-
tion and medical treatment. No data are available for 1945,
but in 1970, 6 states provided hospitalization plans paid for
by the state, 31 provided such plans on a contributory
basis, and 13 had no such provisions for maintenance
employees.

No data are available regarding life insurance plans for
maintenance employees in 1945. In 1970, 8 states provided
state-financed life insurance plans, 19 provided such plans
on a contributory basis, and 19 had no life insurance
provisions.

TABLE 1

NUMBER OF STATES WITH CIVIL SERVICE,
MERIT SYSTEM, OR SIMILAR PLANS

AND MAINTENANCE CLASSIFICATIONS COVERED,
1945 AND 1970

NO. OF STATES
EMPLOYEE CLASSIFICATIONS

COVERED 1945 1970
All maintenance employees 10 21
No maintenance employees 31 8
Salaried maintenance employees 2 6
All but labor 3 0
All but temporary employees NA 13
Indefinite NA 2

NA = data not available.



Trends in Retirement Plans

A major characteristic of the population is increasing
longevity. This fact, combined with a general tendency
toward mandatory retirement, makes a retirement plan
important to most employees. During the past 25 years
the number of states that provide state-sponsored retire-
ment plans for maintenance employees has increased
considerably.

Table 3 gives the number of states that provided retire-
ment plans in 1945 and 1970. Whereas only 21 states had
state-sponsored plans in 1945, all 50 states had them in
1970. Maintenance employees in most states also have the
benefit of Federal Social Security coverage.

Trends Toward Liability Insurance

Protection against public liability has assumed increasing
importance in recent years. In 1970, 34 states provided
state-financed (in whole or part) public liability insurance
for maintenance employees.

WAGES, SALARIES, EXPENSES

Wages and salaries are treated separately in that they are
" both hygienic and motivator in nature. Herzberg con-
cluded: “As an affector of job attitudes, salary has more

potency as a job dissatisfier than as a job satisfier” (3)..

The Committee on Maintenance Personnel made a strong
case for improvement in wage and salary administration in
its 1945 report (5) when it said:

Equally important with assurance of continuity of ser-
vice is the payment of fair wages and salaries. Fair
wages and salaries imply, not only that the wage or
salary is equal to that paid by other organizations for the
same type of work, but also that a fair relationship must
exist between the wages or salaries paid to various jobs
within the entire highway organization.

Relative Wage and Salary Rates

It is recognized that salaries and wages in maintenance
have traditionally tended to be lower in relation to (1) those
paid for comparable jobs in industry, and (2) those paid
for comparable jobs in other operational areas of highway
departments. This tendency is probably attributable, to
some degree at least, to the tradition of placing less empha-
sis on maintenance than on construction in management
improvement efforts and research.

Table 4 gives percentage increases in average salaries
and wages paid various positions and classifications during
the period 1945-1970. These data suggest that the wages
and salaries paid maintenance personnel generally did not
increase at a greater rate than did those for personnel in
other operational areas during the past 25 years.

Pay for Overtime Work

In 1945, 21 states made an allowance or adjustment for
overtime work, and 25 did not. In 1970, 48 states made
some allowance or adjustment for overtime work (data for
2 states were not available). Of these, 21 paid straight
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TABLE 2

SICK LEAVE FOR MAINTENANCE EMPLOYEES,
1945 AND 1970 - .

SICK LEAVE
SICK LEAVE ALLOWED ACCUMULATED
NO. OF NO. OF
STATES STATES
WORKING DAYS - -
PER YEAR 1945 1970 WORKING DAYS 1945 1970
10-15 37 31 None 1 0
16-30 5 8 1-20 17 0
>30 0 0 21-60 8 5
Discretionary, or 61-150 15 22
data unavailable 3 11 Unlimited 4 23

time, 18 paid time and one-half, 8 had compensatory plans,
and in one the amount paid is dependent on the salary.

Portal-to-Portal Pay

Performance of many maintenance activities requires time
to travel from a central location to the place of work. Data
available for 1945 do not show the practices with regard
to portal-to-portal pay. The 1970 data indicate that 40
states pay both ways for foremen, 44 pay both ways for
operators, and 43 pay both ways for laborers. Three states
pay only one way for all employees.

Expenses

A majority of states pay all or part of work-related expenses
(Table 5). .

POLICIES AND PRACTICES AFFECTING
WORKING CONDITIONS

The major changes in policies and practices affecting work-
ing conditions of maintenance employees occurred in rela-
tion to hours of work and annual leave provisions.

TABLE 3

NUMBER OF STATES WITH RETIREMENT PLANS
FOR MAINTENANCE EMPLOYEES, 1945 AND 1970

NO. OF
STATES
TYPE OF PLAN 1945 1970
State-sponsored plan covering: .
All maintenance employees 21 19
Salaried maintenance employees NA 4
All but temporary maintenance employees NA 27
No maintenance employees 27 0
Federal Social Security covering:
All maintenance employees NA 41
All but temporary maintenance employees NA 2
No maintenance employees NA 7

NA = data not available.



TABLE 4

CHANGES IN SALARIES AND WAGES PAID
SELECTED POSITIONS AND CLASSIFICATIONS—
ALL HIGHWAY DEPARTMENTS, 1945 TO 1970

AVERAGE
MONTHLY

" WAGE OR
SALARY ($)

_INCREASE

POSITION/CLASSIFICATION 1945 1970 (%)

Maintenance position/classification:

State Maintenance Engineer 446 1611 261
Asst. State Maintenance
Engineer ' 356 1390 290

Division Maintenance Engineer 307 1249 307
Asst. Division Maintenance

Engineer 273 1138 317
Gang Foreman 184 670 264
Section Man . 162 612 378
Common Laborer 126 429 240
Skilled Laborer 162 566 349
Shop Foreman 218 742 240
Mechanic 184 612 333
Mechanic Helper 145 501 346
Equipment Operator " 165 538 226
Clerk/Timekeeper . 158 492 211

Key position in other areas:
Project Engineer 256 1072 319
Chief—Survey Party 241 837 247
Plans Designer 243 995 309
Bridge Designer 267 1048 293
Chief Clerk 233 802 244

a Data from Whitton (5).
b Data from HRB-AASHO (6).

Hours of Work

There has been a clear trend toward a shorter standard
‘work week. Table 6 gives the patterns that existed in 1945
and 1970. In 1945, only 6 states had a work pattern re-
quiring 40 hours, or less, of work. In 1970, 45 states re-
quired 40 hours, or less, of work. These data show a strong
trend to a shorter work week since 1945.

TABLE 6

STANDARD DAILY AND WEEKLY WORK PATTERNS
FOR MAINTENANCE EMPLOYEES, 1945 AND 1970

STANDARD WORK PATTERN (HR) NO. OF STATES

DAILY WEEKLY 1945 1970
10 55-60 -6 0
10 50 2 0

9 49-54 7 0

9 44-45 3 5

8 48 16 0

-8 44-45 4 0

8 39-40 6 40

72 372 0 4

7 35 0 1

TABLE 5

PROVISION FOR PAYMENT OF TRAVEL
AND MOVING EXPENSES, 1945 AND 1970

MOVING EXPENSES

TRAVEL EXPENSES WHEN TRANSFERRED

NO. OF NO. OF
STATES PORTION  or)rgg

- PAIDBY

PAYMENT METHOD 1945 1970 AGENCY 1945 1970

Reimbursement of

actual expenses 25 18 All NA 21
Per diem allowance 16 28 Part NA 18
Increase in salary 4 0 None NA 11

NA = data not available.

Annual Leave

Table 7 gives trends in provisions for annual leave. There
has been only a slight tendency to increase the minimum
number of days of annual leave allowed. However, 40
states now provide for additional days related to length of
service.

There has been a marked increase in the number of states

 that allow accumulation of annual leave and the number of

days that may be accumulated. In 1945, 31 states did not
allow accumulation; in 1970, only one did not.

SUPERVISION AND INTERPERSONAL RELATIONS

The kind of supervision employees receive and the kinds of
interpersonal relationships experienced at work are impor-
tant affecters of attitudes—and are hygienic in nature. The
scope of this report is such that it does not allow the inten-
sive Kinds of analyses necessary to fully document trends
in these two areas—analyses that would require extensive
interviews with personnel.

It is possible, however, to point to some activities that
strongly suggest that a great deal of progress has been made
in these two areas. Foremost among these is the fact that
most highway agencies have continuously participated in
the Nationial Highway Management Conference (a one-
week course, twice a year) and the Highway Management
Course (an annual five-week course). Both of these are
under the joint sponsorship of the American Association
of State Highway Officials and the Highway Users Federa-
tion for Safety and Mobility and . are available for highway
officials at all levels. The curricula include, among others,
principles of supervision, human relations, and motivation
concepts.

One purpose of these programs is to encourage highway
agencies to initiate management training and development
activities. The fact that a considerable number of highway
agencies have regularly organized and conducted similar
seminars during the past decade attests that there is con-
siderable emphasis on these areas. Some agencies conduct
ongoing supervisory training activities that emphasize ways
to improve supervision and supervisor-subordinate rela-
tions. These are discussed in Chapter Four.
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ANNUAL LEAVE FOR MAINTENANCE EMPLOYEES, 1945 AND 1970

ANNUAL LEAVE ALLOWED

ANNUAL LEAVE ACCUMULATED

WORKING DAYS

NO. OF STATES

NO. OF STATES

PER YEAR 1945 1970 WORKING DAYS 1945 1970
10-12 32 27 None 31 1
13-15 12 22 Upto 18 2 0
18-22 4 . 1 Up to 20 0 1
Additional days gg :g 3(8) ; 1;
for long service NA 40 Up to 39 1 3
Up to 60 1 7
Up to 90 0 1
Up to 120 0 1
Twice annual limit 0 6
No limit 0 2

NA = data not available,

This brief analysis indicates that highway agencies have
made significant progress in policies and practices related
to the job environment. Changes in practices related to job
security are particularly apparent, as are those related to
working conditions.

The satisfaction of hygiene needs is essential to high
retention and high performance in that it serves to prevent
dissatisfaction and poor performance. The practices treated
herein are largely hygienic in nature. Practices that are
motivator in nature are treated next.

CHAPTER THREE

RETENTION AND PERFORMANCE—

PRACTICES AFFECTING JOB CONTENT

There is constantly increasing evidence that high perform-

ance and high retention are affected more by the job con-

tent than by any other single factor in the total job situa-
tion. The aim here is to direct attention to innovative main-
tenance practices already initiated that required significant
changes in work structure and job content at the operating
level—changes from which positive motivational effects
should follow if the work environment thus created is used
to produce employee attitude reactions. More specifically,
. the thesis is that the nature of the resulting job content
offers first-line supervisors and operator personnel greater
opportunities for (7):

1. Achievement and recognition for achievement.

2. Increased responsibility. '

3. Growth of the job and growth of employees—thus
providing opportunities for creativity.

4. Advancement (with or without change in formal
rank) because the job is of higher order.

5. Greater direct interest in the work—thus fostering
a sense of personal worth and individuality.

The evaluation is “after the fact” and in relation to cri-
teria somewhat different from those that led to the original
change. Most of the practices described here were devel-
oped and initiated as the result of research-implementation
projects in which the primary aim was to increase efficiency
as measured in terms of costs and levels of service. But,
although it cannot be said that the changes were designed
in relation to a specific motivational model (such as that
shown in Fig. 2), it can be said that (1) there was general
recognition that changes in technical structure would affect
employee attitudes and performance, and (2) a conscious
effort was made in most instances to design and implement
technical changes in such a manner that they would com-
plement the human system of the organization.
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ROLE OF FIRST-LINE SUPERVISORS

Because emphasis is on practices that affect operations at
the operating level, it is essential to examine the role of
first-line supervisors. Although it has long been recognized
that theirs is a key role in retention and performance of
employees, it has been only in relatively recent years that
great attention has been concentrated on the specifications
of their job. In this connection, Herzberg’s studies led him
tosay (3):
Our conclusion is that the single most important goal
in the progress of supervision is the development of new
insights into the role of the supervisor so that he may ef-
fectively plan and organize work . . . He will have to
acquire increasingly greater skills in the organization and
distribution of work so that the possibility for successful
achievement on the part of his subordinates will be in-
creased . . . He will have to learn . . . to recognize good
work, to reward the good work appropriately. This em-
phasis does not reduce the necessity for the maintenance
of optimum personal relationship between supervisor
and subordinate.

Drucker also emphasizes the planning and organizing
aspects of the supervisor’s job (8):

. . the first-line supervisor (whether called “fore-

man,” “chief clerk,” or “section manager”) alone can
bring to management what the worker needs for peak
performance. On his ability to plan and schedule de-
pends the worker’s ability to work. His performance in
training and placing makes the difference between su-
perior and mediocre performance of the work.

There is little question that over-all policies, procedures,
and organization for maintenance must be established by
higher levels of management—they usually are not deter-
mined, or even greatly influenced, by first-level foremen.
But, when all these are done, the first-line supervisor must,
within that supportive framework, operate in such a manner
that his employees are motivated. The areas in which he
can be most effective are (3, 8):

1. Planning, organizing, and scheduling work activities
so that employees can experience a sense of achievement.

2. Recognizing achievement of employees—recognition
related as closely as possible to reliable and valid measures
of performance.

3. Placing and training employees so that opportunities
for growth, development, and advancement are enhanced.

4. Directing the work of his unit so that it contributes
to accomplishment of objectives of the department.

Before the supervisor can perform these activities well,
a supportive management structure must be established that
includes:

1. Clear-cut objectives, policies, and procedures that
provide a framework within which a supervisor can make
daily decisions to direct his unit’s efforts.

2. Ready availability of resources—men, materials,
equipment—required to perform the work expected of his
unit.

3. Information necessary to do the job required of him
and to evaluate performance.

4. Managerial status for first-line supervisors.

MAINTENANCE MANAGEMENT SYSTEMS

Possibly the most significant innovation in maintenance
operations—in terms of potential for improving employee
retention and performance as well as efficiency—has been
the development and implementation, by several highway
agencies, of maintenance management systems. Although
there are some differences in- structure and operating pro-
cedures among the systems now operational, the basic
elements are essentially the same. They include (9):

1. Clear identification and definition of major, specific,
maintenance work activities (e.g, mowing, grading
shoulders, ditching, patching, mudjacking).

2. Appropriate measuring units for each specific work
activity to provide a basis for measuring the quantity of
work to be done. Examples of measuring units are acres of
grass mowed, miles of shoulder graded and tons of patching
materials placed. )

3. Development of standards of performance for each
major work activity—standards related to quality; quantity;
productivity; the size of crew, the equipment to be used,
the materials required, and the recommended work proce-
dure for each activity; and a time standard for performance
when recommended procedures are used.

These elements are technical in nature and were developed
by adaptation and application of industrial work measure-
ment techniques.

Operational aspects of the typical maintenance manage-
ment system are designed to facilitate (1) planning and
scheduling, (2) allocation of resources, (3) performance
feedback, and (4) financial planning, budgeting, and con-
trol. They generally include (9):

1. An over-all planning and scheduling system that
features an annual plan that balances seasonal workloads
and provides a basis for allocating resources in relation to
defined needs.

2. A system for short-term work planning and scheduling
(biweekly, weekly, and/or daily) at the operating level.
Periodic field inspections are scheduled to identify specific
needs. The scheduling system provides for routine activities,
winter activities, garage activities, minor work activities,
and alternative schedules for inclement weather.

3. A reporting system that reports actual work accomp-
lished, and productivity, in relation to that planned and
scheduled. The reports provide a basis for evaluation of
performance, evaluation of standards, and corrective action,
and for summaries to appropriate managers and supervisors,

4. A financial planning and control system that features
performance budgeting directly related to work planned
for the budget period.

The operating cycle of the typical maintenance manage-
ment system is a continuous one—built around interrelated
procedures for planning work to be done, allocating
resources to perform work planned, scheduling specific
work activities, directing work performance, comparing and
evaluating work performed and productivity in relation to
standards, and taking appropriate managerial action. The
cycle is shown in Figure 3.



MOTIVATIONAL ASPECTS OF MAINTENANCE
MANAGEMENT SYSTEMS

Implementation of the maintenance management system
requires major changes in work structure and job content
at the operating level. These changes are of a nature that
“motivator” factors shown in the conceptual motivational
model (Fig. 2) should be injected into the job itself.
According to the model, these factors should result in
attitudes of job satisfaction and, hence, improved per-
formance and retention. Broadly, the potential for increased
motivation lies in three major areas: (1) strengthening of
supportive relationships; (2) job enrichment; and (3)
improved communications.

Supportive Relationships

Likert has stated a generalized theory of organization based
on extensive research of management practices of managers
with the best records of performance in U.S. industry—
managers who are achieving highest productivity, lowest
cost, least turnover and absence, and the highest levels of
motivation. The general, over-all principle used by these
managers is the principle of supportive relationships, stated
as follows (10) :

The leadership and other processes of the organization
must be such as to ensure a maximum probability that
in all interactions and all relationships with the organiza-
tion each member will, in the light of his background,
values, and expectations, view the experience as sup-
portive and one which builds and maintains his sense of
personal worth and importance.

The operation of the maintenance management system
requires strong supportive relationships among the hier-
archical levels of the maintenance organization—from- the
top management level to the middle management level and
thence to the operating management level. The organiza-
tional and procedural arrangements create a management
framework that emphasizes the interdependence of these
levels of management and includes:

1. Clearly defined policies that provide a basis for super-
visors to plan work in their units in such a manner that
accomplishment will contribute to the department’s main-
tenance objectives. ‘

2. An annual plan that provides supervisors with a guide-
line framework within which to plan and organize activities
in their units. _

3. Allocation of resources on the basis of needs defined
as a result of inspections in which supervisors have
participated.

4. Performance standards that provide useful guidelines
to supervisors in planning, scheduling, and directing work.

5. Feedback-data that show actual accomplishment and
performance related to that planned—essential information
if supervisors are to fulfill their managerial responsibilities.

6. Continuous support of higher levels in terms of train-
ing of supervisors and operators—and positive guidance,
support, and assistance in operations.

All the technical methods of industrial production man-
agement (work measurement, time and motion study, per-
formance standards, budgeting, and financial controls) were
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Figure 3. Continuous functional operating
cycle of typical maintenance management
system.

used in developing and implementing the system. However,
agencies that have implemented the system generally did
not design it and then impose it on first-line supervisors and
operator personnel. Rather, they exerted major efforts to
assure that operating-level supervisors and operators under-
stood the system, and provided opportunities for them to
participate in the development and implementation phases.
These efforts included:

1. Orientation of union representatives (where unions
existed) prior to initiation of the research and development
program. '

2. Explanation of program objectives and methods to
operators, first-level supervisors, and higher-level mainte-
nance manager personnel.

3. Heavy involvement of departmental personnel (in-
cluding operators) at all levels in various research, develop-
ment, and pilot-testing activities.

4. Orientation of first-level supervisors and operator per-
sonnel in all aspects of the system; pilot-testing of new
procedures and methods in selected organizational units;
and provision for continuous training.

In actual operation of the system, department managers
generally have not taken an approach that seeks compliance
with standards, work methods, and procedures through
heavy exercise of authority and economic pressures.
Rather, they have taken an approach that seeks to guide,
assist, train, and support operating-level supervisors and
employees in doing their work—and have given first-line
supervisors leeway to -exercise considerable managerial
judgment with respect to operations within their units.
This approach is in full accord with Likert’s principle of
supportive relationships and with Herzberg's idea of self-
esteem and individual growth.

Enrichment of Supervisors’ and Employees’ Jobs

As the result of his studies, Herzberg concluded that or-

ganizations desiring to increase motivation should take a

systematic approach to inject motivator factors into em-

ployees’ jobs—a process he called job enrichment (4). Job

enrichment increases the responsibilities of the job incum-
i
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bent in a vertical fashion and provides opportunities for
growth. Herzberg’s principles of vertical loading (job
enrichment) are shown in Figure 4.

The operation of the typical maintenance management
system emphasizes the role of first-line supervisors and, in
fact, “loads” their jobs in a vertical fashion. They are
expected to assume major responsibility for:

1. Identification of existing maintenance needs and de-
ficiencies in their assigned areas (this may be done in con-
junction with higher-level managers).

2. Preparation of short-term work schedules—generally
within the framework of an annual plan prepared at higher
levels.

3. Assignment of personnel and equipment to accom-
plish the work scheduled—usually within a framework of
guidelines as to crew sizes and work methods contained in
performance standards.

4. Assuring that work accomplished is accurately re-
ported.

5. Evaluation of feedback information as to work ac-
tually accomplished and productivity—in relation to work
planned and scheduled and in relation to performance
standards.

6. Taking appropriate action to bring performance into
line with standards, and to assure desired quality and levels
of service.

The jobs of operator personnel also have been “loaded”
vertically in that:

1. The operator works as a member of a crew that is
designed (so far as crew size is concerned) so that each
crew member makes an important contribution to work
accomplishment. .

2. The work method used by crews is generally in ac-
cordance with guidelines, but the typical system encourages
experimentation and innovation to determine better ways of
doing work.

PRINCIPLE MOTIVATORS INVOLVED

1. Removing some controls while Responsibility and personal achieve-
retaining accountability. , ment.

2. Increasing the accountability Responsibility and recognition.

of individuals for own work. -
Responsibility, achievement, recog-
nition.

3. Giving a person a complete
natural unit of work (module,
division, area, and so on).

4. Granting additional authority
to an employee in his activity;
job freedom.

Responsibility, achievement, recog-
nition.

5. Making periodic reports directly
available to the worker himseif
rather than to the supervisor.

Internal recognition.

6. Introducing new and more dif-
ficult tasks not previously
handled.

Growth and learning.

7. Assigning individuals specific Responsibility, growth, and advance-
or specialized tasks, enabling ment.
them to become experts.

Figure 4. Herzberg's principles of vertical loading. Adapted
from Herzberg (4).

3. Operator personnel generally are expected to work on
crews performing a variety of activities—thus increasing the
range of job skills.

4. Most departments that operate management systems
provide for continuous training and development of opera-
tor personnel (as well as supervisory personnel).

5. Operator personnel generally receive performance in-
formation through the reporting system.

Improved Communications

Without a good communication system within the organi-
zation, operating level personnel are in an insecure position
from both a motivational and work performance viewpoint.
According to Haire (11):
One of the major responsibilities of a leader (manager)
is the establishment and utilization of a communication
system. His communications with his subordinates are
the medium through which he directs their efforts. By
means of these communications the leader defines the
goals of the organization and the subgroup; he tells the
subordinate what is expected of him, what resources are
available, how well he is doing, and the like. The com-
munications from the superior are the things on the basis
of which the subordinate is able to form a stable organi-
zation of his work world. . . . Without a rich flow of
communications from the superior, the subordinate can-
not know what the situation is, which direction he should
be going, how well he is doing, and the like.

On the other hand, the communication from the sub-
ordinate to the superior is a real necessity to the success-
ful leader. It is on the basis of these communications
that the superior knows his subordinates. It is on the
basis of these communications that the superior can diag-
nose misperceptions on the part of his subordinates of
the goals of the group, of their own role and what is ex-
pected of them, of their degree of success, and the like.
. . . A sensitivity to the movement of communications
is one of the prime requisites of a successful leader, and
the utilization of communications both to and from the
leader can be one of his greatest assets.

The formal structure of the maintenance management
system is built around an information system that is an
integral part of the total system. This information system
transmits to various levels of management appropriate in-
formation such as basic department policies concerning
long-range planning, the objectives of maintenance, and the
utilization of performance standards; procedural guides
such as the annual maintenance plan, procedures for
periodic inspections to define needs; and procedures for
short-term scheduling. It also transmits, to all levels,
appropriate reports and summaries of work accomplished
to facilitate evaluation of accomplishment and performance.

In addition to the formal information system integrated
into the management system, most agencies that have im-
plemented such a system have entered into intensive and
extensive training of supervisors and operators on a con-
tinuing basis. The development of the system provides
information for performance-oriented training because it
requires clear definition of work activities, work methods,
and standards.

Some of the results of operation of the system are as
follows.



RESULTS OF OPERATIONS

At this time most agencies consider the maintenance system
so new that benefits realized to date are considerably less
than those expected in the future. Following are some
results of operations as reported by management personnel
in the organizations cited.

Washington Department of Highways

In the Washington Department of Highways, the retention
rate for maintenance personnel is significantly higher than
for employees in other categories. The data given in Table 8
are for the fiscal year 1969-70.

Attitudes of foremen and operators toward the system
are favorable. There has been a significant savings in man-
hours expended to perform maintenance work, and more
consistent levels of service have been attained.

Michigan Department of State Highways

Implementation of the maintenance system by the Michigan
Department of State Highways has had a positive motiva-
tional effect on first-line foremen and operators. This is
manifested by:

1. Receipt of an increasing number of suggestions from
field personnel with regard to improving methods, equip-
ment, procedures, policies.

2. Performance that exceeds standards by a significant
amount in many instances and, in some instances, by twice
the standard amount.

3. An obviously increasing cognizance of the importance
of good performance and an increasing interest in it by
foremen and operators.

4. Expressions of enthusiasm for the systematic approach
by many first-level supervisors and operator personnel—
particularly younger men.

5. Maintenance of a high retention rate that has pre-
vailed for a number of years.

6. An expressed feeling by department personnel that the
system will result in a better basis for evaluation of per-
formance of supervisors and operators.

The Department has experienced a significant savings in
dollar amounts expended and has attained greater con-
sistency in levels of service.

Louisiana Department of Highways

Sampling techniques were used to determine turnover rates
for the years 1962-1970 (the maintenance system was
initiated on a statewide basis on July 1, 1969). The data
are given in Table 9. '

Although it cannot be said that the higher retention rate
achieved in 1970 can be ascribed solely to the maintenance
management system, it is believed that the system has had
a favorable effect on retention of good employees. Opera-
tion of the system resulted in need for fewer maintenance
employees. Transfers and attrition allowed a reduction of
the number of maintenance employees by 677 persons from
July 1968 to August 1970. A further reduction of 1,118
additional employees is planned by 1972.

Net savings in dollars expended for the-first three quar-
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ters of the first fiscal year of operation of the system
amounted to $2,628,099. Man-hours saved amounted to
676,374.

Utah Department of Highways

The retention rate of good maintenance employees by the
Utah Department of Highways has been high. There is a
significant improvement in consistency of levels of service
throughout the state, accompanied by significant reductions
in costs for performing various operations. There has been
a significant reduction in the rate of annual increase in costs
per lane-mile—from a historical rate of increase of 7 per-
cent to one of approximately 34 percent. The attitudes of
foremen and operator personnel toward the system are
positive.

Ontario Department of Highways

The Ontario Department of Highways has not as yet quan-
tified precisely the economic benefits derived from the sys-
tem. It has, however, established an order of magnitude.
It attributes a reduction in the winter maintenance comple-
ment of approximately 10 percent, and a similar reduction
in the summer maintenance complement, partly to the in-
formation system. Further efficiencies are expected as the
system is refined.

The Department has found that over-all response of
employees to the demands of the system is generally good
and anticipates that interest will increase as new standards
of maintenance are achieved. .

.Virginia Department of Highways

Comparisons of data collected by the Virginia Department
of Highways in 1963-64 (at the time the study was under-
taken) and in 1967-68 (after the system was partially
operative) indicate significant savings in man-hours due to
improvements in efficiency, as well as benefits from im-
proved planning and scheduling. Field personnel have be-
come more familiar with the system and evidence con-
siderable interest in developing ways to further improve
efficiency. A most important aspect of the system is that
managers at all levels are furnished feedback information
necessary for adequate control of maintenance operations.

County of San .Diego, California

Immediate qualitative benefits were realized from imple-
mentation of the system by the County of San Diego. These
benefits were in the form of increased effort on the part of
maintenance personnel to recognize and use methods im-
provements, priority ratings, and over-all planning and
scheduling. Significant dollar savings are anticipated.

City of Los Angeles

The installation of the system by the City of Los Angeles
has resulted in significant dollar savings. These are at-
tributable to reductions in the number of employees, em-
phasis on improved planning and scheduling by foremen,
use of improved methods, and increased productivity of
crews.
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TABLE 8
PERSONNEL SEPARATIONS, WASHINGTON, 1969-70

SEPARATIONS

NO. %

EMPL. CATEGORY AV. EMPL. TOTAL VOLUNTARY TOTAL VOLUNTARY

Department-wide 5068 450 309 8.87 6.09

Technicians 1488 118 93 7.93 6.25

Engineers 909 50 31 5.50 341

Maintenance ) 1435 63 18 439 1.33

Other 1234 219 167 17.74 13.45

TABLE 9 maintenance employees that relates wages and salaries

PERSONNEL SEPARATIONS, LOUISIANA, 1962-1970

) VOLUNTARY
YEAR SEPARATIONS (%)
1962 7.38
1963 10.07
1964 10.74
1965 10.40
1966 11.58
1967 16.95
1968 13.09
1969 ’ T 16.28
1970 ) 3.02

Comment

The preceding analysis of major elements of typical main-
tenance management systems shows that implementation
requires radical changes in structure and content of jobs
of first-line supervisors and operators. These changes are
of a nature that, according to the motivation model in
Figure 2, they should result in attitudes of satisfaction
toward the work ax{d, hence, improved performance and
retention. The experience of agencies that have initiated
maintenance systems to date indicates that there has, in-
deed, been considerable improvement in performance.
Available data in regard to retention indicate positive
effects.

INNOVATIVE WAGE AND SALARY PLANS

Herzberg concluded that wage and salary payments are
generally more hygienic than motivator in nature (7). He
did, however, point out that money earned as a direct re-
ward for outstanding individual performance is a re-
inforcement of the motivator factors of recognition and
achievement, and is not hygienic as is money given in
.across-the-board increases. The plans described here are
motivator in nature.

North Dakota State Highway Department

The North Dakota State Highway Department has devel-
oped and implemented a classification and salary plan for

directly to: (1) the level of difficulty of normal work
performed, and (2) the level of skill and ability of the
employees. Development and implementation required
several steps (12):

1. Definition of the work. Description of all work ac-
tivities in three major areas of operations—maintenance
field operation, equipment maintenance, sign fabrication—
by employee committees.

2. Definition of levels of difficulty of work activities.
The definition was made by employee committees, and was

“ designed to relate pay to difficulty of work performed and

knowledge, skills, and abilities required to perform it. An
example of levels established for equipment operators is
given in Table 10 (there is only one title for all field em-
ployees below the foreman level—Equipment Operator).
Table 11 gives pay ranges related to levels of difficulty.

3. Establish pay ranges. Wage rate ranges are directly
related to levels of difficulty, and actual rates are related
to salary and wage rates prevailing in industrial and gov-
ernmental organizations in the area. Figure 5 shows wage
and salary rates for maintenance superintendents, foremen,
and equipment operators.

4. Initial classification of employees. Each employee
was evaluated by his organizational supervisors (in most
cases the foreman, administrative supervisor, maintenance
superintendent, and either the district engineer or assistant
district engineer). The rate of pay was based on the fol-
lowing factors: (1) the types of equipment the employee
could operate efficiently, (2) the type of equipment the
employee operated most of the time, (3) how well the em-
ployee operated and maintained the equipment, (4) the
employee’s potential for improvement, (5) the employee’s
length of service, and (6) general considerations such as
attitude, attendance, loyalty, dependability, ability to work
with others. The same supervisory personnel reviewed the
evaluations a second time, and in no case was the newly
established rate below the employee’s existing rate.

Because of legislative salary and budget limitations, the
plan had to be implemented in three stages at approximately
six-month intervals. Each employee was notified of the
implementation of Stage One, and. told in which of the four
ranges he would be classified at the final stage. Provision



TABLE 10

EXAMPLE OF EQUIPMENT OPERATOR LEVELS
OF DIFFICULTY, NORTH DAKOTA

LEVEL OF
DIFFICULTY TYPICAL JOB DESCRIPTION
3 Operate rubber-tired tractor with tractor-mounted
' mower.
4 " Operate rubber-tired tractor with trailer-mounted
o mower.
4 Operate trailer- or truck-mounted distributor, less
than 1,000-gal capacity.
5 Where truck driver controls the operation.
6 Where distributor operator controls the operation.
10 Operate motor grader on gravel surface opera-
_tions.
11 Operate motor grader for snow and ice control.
15 Operate motor grader for patching with oil mix.
16 Operate motor grader for continuous-mix lay-
: down.

was made for any dissenting employee to discuss complaints
with a member of the Personnel Division. The employee
could appeal to the State Highway Commissioner. There
were few changes, and most employees agreed with their
classifications. '

Fundamental to the operation of the plan is the De‘part-
ment’s basic philosophy that each supervisor has a con-
tinuing duty, responsibility, and opportunity to evaluate
performance of employees under his supervision—and to
encourage them to develop the skills and abilities necessary
for their advancement. Great emphasis is placed on com-
munication of the plan so that each employee knows what
machine he must operate, and what work he must do to
increase his pay rate.

The Department has been highly successful in maintain-
ing a high retention rate. The turnover rate in 1969—
considering only those who resigned for other employment
—was slightly greater than 2 percent of the total main-
tenance work force.

The Department believes that it is able to recruit and
retain younger persons with high potential to fill vacancies,
and that this is possibly due to the fact that applicants can
be shown a plan that clearly indicates positions they can
advance to, the capabilities required to advance, and the
wage scales.

Incentive Pay System

During the past decade, highway' organizations in the
United Kingdom have developed and implemented incentive
pay systems with considerable success. Major elements of
the systems are (/3):

1. Various maintenance work activities must be mea-
sured (the MTM, or method-time-measurement, system is
almost universally used in the United Kingdom).

2. A “performance value,” representing “ideal” perform-
ance, must be determined for each measured activity.

3. Performance that is better than a fixed percentage of
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TABLE 11

RANGE OF PAY FOR LEVEL OF DIFFICULTY,
NORTH DAKOTA

LEVEL OF

DIFFICULTY RANGE OF PAY ($)

1.60
to
‘1.95

2.00
to
2.20

OO AWNH W -

10 2.25
11 to
12 2.70

16 2.75
to
3.10

the established “performance value” earns a financial bonus
on a rising scale.

4. There is a cutoff point (established for health and
safety reasons) beyond which no bonus is paid.

5. The plan is geared so that the value of increased
productivity is greater than the expenditure in bonus pay-
ments and for operation of the plan,

The success of the incentive system depends on three .
factors: (1) work and productivity standards must be ac-
curate and so accepted by employees, (2) employees must
understand the system and the reasoning behind it, and
(3) administration of the system must be efficient. United
Kingdom organizations that have successfully implemented
and operated incentive systems have taken great pains to
attempt to establish a complementary technical-human
system. Steps taken include:

3.70 4.25
Maintenance Superintendents’ 1
3.00 3.60
Foremen ]
_ 1.60 .3.10
Equipment, [ ]
Operators

1 Monthly salary based on 48-hour week --
$770-$880 per month.

2 $0.10 per hour differential for Operator
Leadman. :

Figure 5. Salary plan, maintenance field classification, North
Dakota.
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1. Continuous communication with labor union repre-
sentatives (labor organizations support the system).

2. Participation by employees in development and imple-
mentation phases. )

3. Written information about the system made available
to employees to study at leisure, supported by meetings and
verbal communications.

4. Training of employees in all aspects of the system,
particularly work reporting.

5. Continuous contact by “work checkers” (persons with
practical experience in road maintenance) with work
operations and those performing work.

6. Maintenance of management-employee cooperation
and involvement through a Consultative Committee con-
sisting of representatives of each divisional work force, the
staff, and the maintenance engineer. This committee deals
with any problems affecting values, current methods, and
updating to take advantage of changes in methods, plant
and equipment, and materials.

The system has been effective in retaining employees, and
in attracting good employees. Productivity has increased
significantly.

Comment

Both of the foregoing approaches to wage and salary pay-
ments apparently have introduced motivator factors into
the job. These appear to have resulted in positive job atti-
tudes and improved performance and retention. Moreover,
it appears that each plan has increased the ability of the
organization to recruit good employees.

Of great significance is the fact that operating-level em-
ployees (supervisors and operators) were fully informed
and involved in development and implementation of these
plans. Of equal significance is the fact that there is con-
tinuing emphasis on communications about the plans and
on training to develop a wider range of skills, thus providing
opportunities for achievement, growth, and advancement.

In the case of the United Kingdom incentive plan, the
reaction of one employee to the bonus payment appears to
support the idea that it reinforces the motivator factors of
achievement and recognition. He said, “If I've got more
bonus than Joe, I know I'm worth more than Joe” (13).

OPERATING LEVEL ORGANIZATION STRUCTURE

Several departments have analyzed maintenance work re-
quirements and have modified organization structure and
procedures to facilitate improved performance. These
changes have affected work structure and job content at
the operating level.

llinois Division of Highways

In 1969, the Illinois Division of Highways established a
“gang” system based on Team Sections. Prior to that time
the Division had employed a patrol system in which indi-
vidual supervisors had under their jurisdiction 250 to
300. miles of road and as many as 15 three-man patrols
on 20-mile sections, each section with its own storage site.
The major elements of the new organizational arrangement
are:

1. The gang is a pool of labor formed of operators,
maintenance workers, and laborers as necessary to perform
the maintenance activities required in a designated Team
Section area. The organizational structure is shown in
Figure 6.

2. Team Section boundaries follow county lines where
possible because nontechnical personnel are patronage em-
ployees. Where the work load is low, two or three coun-
ties may form a Team Section. Highly urbanized and dense
counties are subdivided into two or more Team Sections.

3. The number of employees assigned to each Team
Section depends on the work load. The Team Section in-
cludes 100 to 200 centerline miles of state highways, with
the greatest travel distance being 25 miles. Where this
distance must be exceeded, subheadquarters are established.

4. Staffing is determined by mathematical models that
include such variables as miles of pavement, number of
lanes, type of system, environment, and traffic volumes.
Manpower complements are adjusted by snowfall factors
to accommodate varying snow removal loads. Mathemati-
cal models are used to determine equipment requirements
for each Team Section.

5. Each supervisor usually has three to six foremen. The
number of equipment operators, maintenance workers, and
laborers varies with work schedule requirements.

Fundamentally, the aim of the Team Section and labor
pool arrangement is to allocate and utilize labor, materials,
and equipment resources in direct relation to work loads.
The supervisor is able to adapt his organization to opera-
tional requirements because crew sizes are flexible to allow
efficient man-equipment utilization.

Patrolling and regularly scheduled inspections are re-
sponsibilities of the supervisor or those designated by him.
He counsels with the field engineer in establishing priorities.

In snow removal operations the Division now assigns one
man to a truck that has controls easily accessible to the
operator. Formerly, all trucks were operated with two-man
crews. All trucks are equipped with mobile radios to assure
adequate communications.

Results of the new organization include:

1. Supervisors and foremen are increasingly enthusiastic
about the system. Management feels that the system has
resulted in greater positive motivation of field force per-
sonnel, improved' performance, and higher retention of
better people.

2. A significant reduction in the amount of contrac-
tual maintenance services—directly attributed to higher
productivity.

3. The work force has been reduced by several hundred
men, with' significant salary savings and no lowering of
service levels. .

4. There is greater consistency in levels of service
throughout the state.

Louisiana Department of Highways

The Louisiana Department of Highways has reorganized its
work forces at the parish level—moving to a single gang,
or labor pool, in each parish (/5). The men are scheduled
to specific jobs as needed. Schedule boards are set up in



each parish maintenance office so that employees can know
their day-to-day work assignments.

The reorganization was effected in connection with im-
plementation of a maintenance management system—a fact
that accounts for the Department’s ability to accurately
define manpower needs in relation to work load. Training
has been emphasized to assure effective performance of
various activities.

The reorganization has (in conjunction with the opera-
tion of the maintenance management system) resulted in:

1. An increase in over-all productivity and greater con-
sistency in levels of service.

2. Improved retention rates and more positive job
attitudes.

3. Reduction in the number of maintenance employees
required.

State Highway Commisson of Kansas

In 1964, the State Highway Commission of Kansas initiated
a general maintenance plan of operation aimed at accom-
plishing (1) total mechanization of operations, thereby
eliminating all handwork, and (2) a well-balanced program
with full productivity of personnel in summer and winter
(16).

The program included a major reorganization at the
operating level. This included establishment of larger sub-
districts as the basic operating management unit. A major
goal was to provide improved supervision with subdistrict
foremen as key managers. To accomplish this aim, the
Commission:

1. Initiated the program by developing and conducting
a series of management training seminars. These programs
emphasized the role, functions, and responsibilities of first-
line supervisors.

2. Informed all first-line supervisors and higher-level
managers of the timetable, and provided for involvement
of first-level supervisors in the research, development, and
implementation phases. '

3. Established operating procedures that involved fore-
men in all phases of planning and scheduling work, estimat-
ing materials and equipment needs, and evaluating work
performance.

The system anticipates that the subdistrict size be deter-
mined by the number of two-lane miles to be maintained
by a crew and equipment sufficient to handle a measured
and balanced work load year. The number of miles varies
among subdistricts, depending on traffic volumes and other
characteristics affecting amounts of work. Staffing is geared
to winter maintenance. Consequently, during the peak
summer season the excess of work over work-force capacity
is contracted.

Operational aspects of the Kansas system include:

1. Clear definition of maintenance activities to be per-
formed in each subdistrict and measurable work units for
each activity (such as cubic yards of materials placed,
gallons of sealant used, lineal feet of guardrail installed).

2. Quantity and quality standards to provide guidelines
for supervisors and crews.
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3. Measurement of productivity in terms of work units
per man-hour and work units per equipment-hour.

4. Assignment of major responsibility for planning and
scheduling work to foremen, as well as responsibility for
assigning.crews, reporting accomplishment, and evaluating
performance.

Although the foremen are key managers, the Commission
has reorganized higher levels of management to give them
strong support, guidance, and assistance to accomplish the
work expected of them.

The reorganization and subsequent operation have been
accomplished with great enthusiasm on the part of foremen
and operators, who apparently have been pleased and moti-
vated by the sense of direction, guidance, and assistance
provided them. The Commission has maintained a high
retention rate with approximately 2 to 3 percent turnover,
most of it due to retirements.

The Commission has been able to accomplish more work
than previously with approximately 300 fewer operator
personnel than were employed 10 yeérs ago. The amount
of contractual work has remained stable.

Comment

The organizational changes in Illinois, Louisiana, and Kan-
sas have some common characteristics that are in accord-
ance with the conceptual motivation model (Fig. 2).
Motivator factors are introduced by:

1. Enrichment of first-line supervisors’ jobs in a vertical
fashion, with considerably increased emphasis on responsi-
bilities for determining needs and planning and scheduling
work, assigning work crews, and receiving and evaluating
feedback performance data.

2. Enrichment of operators’ jobs by establishing an or-
ganizational system that provides opportunities for sig-
nificantly increasing the range of activities performed and
the skills required.

3. Establishment of strong supportive relationships
among all levels of the maintenance organization, all geared
to provide support, guidance, and assistance to operating
crews.

4. Establishment of a communications system that em-
phasizes information related to work and work performance.
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There is strong indication that these changes have re-
sulted in positive job attitudes and improved performance
and retention.

SUMMARY

The intent in this chapter is to identify innovative practices
that required significant changes in work structure and job
content at the operating level of maintenance organizations.
In effect, the chapter is an effort to test the hypothesis
(shown in Fig. 2) that high performance and high retention
are affected by job content, and that they result from
motivational factors in the job itself.

The data and information relative to results of operation
of the innovations described here are taken from published
reports, telephone conversations with agency personnel, or
both. Although they are not extensive, and are not the
result of in-depth studies to test the hypothesis, they are
expressions by operating maintenance officials who are
familiar with the innovations and who have first-hand
knowledge of results. These data strongly suggest that
(1) changes of the nature required by the innovations do,
indeed, inject motivator factors into the jobs of first-line
supervisors and operators, and (2) the result is greater
satisfaction and improved performance and retention.

The maintenance management system appears to contain
greater potential for increased motivation than any other
innovation described in this chapter. The reason is that the
systematic approach is one that, by definition, requires
development of procedures that emphasize interrelation-
ships and interdependencies of various hierarchical levels
of the organization and the various organizational units,
or parts, of the system. Conformance to this notion appears
to have resulted in considerable enrichment of jobs of first-

line supervisors and operator personnel, and has introduced-

reinforcing motivational factors of strong supportive rela-
tionships and effective' communications systems.
The wage and salary innovations represent motivator

types of changes (rather than hygienic) in that they both
allow money to be earned as a direct reward for outstand-
ing individual performance. They reinforce the motivator
factors of recognition and achievement.

The innovations in organization structure in Illinois,
Louisiana, and Kansas illustrate a trend toward a labor
pool concept that is motivator in nature. The motivation
results from the wider range of skills required of operators
—a job enrichment factor. These changes involved use of
a considerable number of the elements of the mainte-
nance management system, particularly the development of
quality, quantity, and productivity standards; emphasis on
planning and scheduling work; and heavy enrichment of
first-line supervisors’ jobs.

The single most striking feature of the innovations
described here—from the viewpoint of motivation and
improved performance and retention—is the consistency
with which departments have recognized the importance
of first-line supervisors. Without exception, the restruc-
turing of jobs resulted in increasing the supervisors’ re-
sponsibilities and involvement in planning and organizing
work, assigning and directing crews, and evaluating per-
formance on a more realistic basis than was previously
possible. More importantly, supportive relationships have
been established to assure supervisors of adequate guide-
lines and assistance. )

Although major efforts of departments were, of necessity,
directed to solution of the many technical problems with
which they were confronted in initiating the innovations,
it is particularly noteworthy that conscious efforts were
made to assure complementary technical-human systems.
The results cited indicate a considerable degree of success.
There is every indication that formal, conscious introduc-
tion of motivation concepts and practices in maintenance
operations would probably result in even more positive
effects on already improving retention-performance be-
havior. - Certainly, results cited here suggest that in-depth
research along these lines is warranted.



CHAPTER FOUR

INNOVATIVE TRAINING PRACTICES

SUPERVISORY TRAINING

The past decade has witnessed a growing recognition of the
primary importance of effective operating-level supervision
—a factor emphasized in Chapter Three. Many of the
innovative training practices reflect awareness of the need
for developing first-line supervisors and higher-level man-
agers who must provide support for them. California,
Nevada, and New Jersey have established Maintenance
Academies that function to develop and improve the
abilities of operating-level maintenance supervisors.

California Maintenance Academy

The California Department of Public Works initiated the
Maintenance Academy in 1966—a program designed to
impart managerial training to maintenance superintendents
and foremen (/7). In the program:

1. The course is one week in length—students register on
Sunday afternoon and complete the prescribed curriculum
at noon on the following Saturday.

2. The course is conducted at a training station where
students are completely out of touch with daily operating
responsibilities.

3. Each day’s activities are highly structured from
7:00 AM until 4:00 pM.

4. Instructor personnel include (1) members of the
Management Development and Training Section of the
Department, (2) members of the maintenance organization,
and (3) invited personnel from other state agencies.

A major feature of the course is that each student is
required to report to the Academy prepared to participate
as the Superintendent of a hypothetical Superintendent’s
Territory in a hypothetical district in the state. Prior to
reporting, each student is given a packet of materials
designed to provide all information necessary for him to
become completely familiar with major aspects of the
hypothetical district. The packet includes:

1. Information about sources of funds for maintenance
operations. )

2. Information about procedures for prebaration of
maintenance budgets.

3. A copy of the Service and Supply Manual of the
Department, '

4. A map of the hypothetical district and proposed
routes and routes under construction.

5. A list of personnel assigned to the hypothetical Super-
intendent’s Territory and a summary of the equipment
allocated there; and the same information for each Main-
tenance Foreman’s Territory within the Superintendent’s
Territory.

6. Copies of Circular Letters related to cooperation and
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coordination of activities with other state agencies such as
the Game and Fish Department.

7. Copies of policies and other documents related to
requisitioning equipment, public relations, personnel pro-
cedures, landscape maintenance, procedures for issuance of
encroachment and transportation permits of various kinds.

8. Materials related to basic maintenance engineering
concepts and specifications and materials testing and
control.

Teaching techniques include some lecture sessions, but
great emphasis is placed on active participation by teams
and individuals in role-playing situations, followed by
critiques. The schedule is structured to include handling
(by teams) of realistic case problems related to per-
sonnzl, public relations, budgeting, costing, service and
supply, equipment management, equipment department-
maintenance department relationships, and landscape man-
agement. Sessions are also scheduled to familiarize students
with operations and functions of the Signals Section and
the Materials and Research Laboratory. Legal Division
personnel discuss tort liability.

According to maintenance officials, job efficiency and
performance at the operating level have increased appre-
ciably as a result of the training.

Nevada Department of Highways Maintenance Academy

The Nevada Maintenance Academy (/8) is patterned after
the California Academy. The course format and length are
similar, and the same kind of prepreparation is required.
Participants are maintenance foremen and supervisors. The
students are placed in realistic simulated situations.

The Academy is conducted twice each year on the Stead
Campus of the University of Nevada. Approximately 24
students, chosen by District Engineers under a quota
system, attend each Academy term.

A significant increase in efficiency and consistency of
service levels throughout the state is attributed to the
Academy program. Students have reacted favorably to the
training experience and many apparently consider it the
highlight of their career with the Department.

New Jersey Maintenance Academies

In 1964 the New Jersey State Highway Department (now
New Jersey Department of Transportation) recognized the
need for a formalized training program for its employees,
and in 1965 the Division of Maintenance and Equipment
developed a list of training needs based on submissions by
members of the Department (/9). A result was the de-
velopment of two Academies—the Foreman’s Academy for
foremen and assistant foremen, and the Supervisor’s
Academy aimed at a slightly higher level of management
and supervision.
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The Foreman’s Academy is designed to develop first-level
management personnel and to help prepare them for pro-
motion to middle management positions. The course is
10 days in length (Monday through Friday for two con-
secutive weeks) and is conducted at a training facility that
allows students to be completely away from regular work
routines. Classes are scheduled from 9:00 aMm to 4:00 pM
each day, and four evening sessions are scheduled for
guided discussions of Civil Service rules and regulations,
personnel relationships, legal obligations, and organizational
relationships and procedures. The class is limited to 40
students divided into two groups of 20 each. Instruction is
by consultant instructors, supplemented and complemented
by instructors from the Department.

The subject matter in the Foreman’s Academy empha-
sizes the roles of foremen and assistant foremen in:

1. Planning, organizing, and scheduling work.

2. Providing positive leadership to their employees.

3. Interdepartmental cooperation and coordination.

4. Providing on-the-job training to employees.

5. Communications, performance appraisal, and other
personnel functions.

The Supervisor’s Academy is similar in format to the
Foreman’s Academy, but aims to develop skills in manag-
ing managers rather than managing nonsupervisory em-
ployees.

The Department conducts pre-Academy and post-
Academy attitude surveys, which indicate significant im-
provement in attitudes attributable to the training. Results
are shown in Figure 7. A major positive accomplishment
of the two Academies has been to develop a feeling of
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closeness among students. The exchange of information
and viewpoints relative to similar problems has resulted in
significantly improved attitudes.

Port of New York Authority

The Port of New York Authority has developed and regu-
larly conducts a Maintenance Foreman Simulation Program
(20). Fourteen foremen-in-training are divided into seven
different Maintenance Foreman II positions at two identical
facilities. Each foreman is assigned 12 to 15 maintenance
personnel, a list of routine maintenance requirements, and
a backlog of nonroutine maintenance work load in addition
to other “tools” and materials a Foreman II has available.
The trainees are grouped into teams representing the main-
tenance supervisors of a facility, and are able to make the
same kinds of operating and administrative decisions as
would Foreman II's in real working conditions.
Features of the simulation program are:

1. Trainees actually perform all the routine tasks nor-
mally assigned to foremen, from the scheduling of actual
work to the work force to analysis of feedback reports on
the quality of performance.

2. Trainees-are exposed to nonroutine occurrences of an
emergency nature such as situations involving human re-
lations, safety deficiencies, and others that require analysis,
judgment, and decision.

3. Senior maintenance foremen serve as instructors.

4. An intercom system is used to simulate telephones and
introduces additional realism. _

5. There are scheduled critiques of activities.
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Figure7. The Foremen's Academy attitude survey, New Jersey.



The Authority has found that response from students, is
enthusiastic, and that simulation is a highly effective tech-
nique for this kind of training. The Authority plans to
refine and expand the program.

California Maintenance Supervision Course

The California Department of Public Works conducts a
continuous program, called the Maintenance Supervision
Course, to develop supervisory skills of maintenance crew
chiefs. The course was developed by the Management
Development and Training Section, which trained instruc-
tors in each district.

The course is built around seven reading units that pro-
vide a basis for class sessions conducted by district instruc-
tors on a scheduled basis. The units are:

1. Your Organization and Your Job.

2. Your Reponsibility as a Supervisor—Delegation and
Training.

3. Your Responsibility as a Supervisor—Discipline.

4. The Supervisor’s Responsibility for Evaluation and
Developing Employees.

5. How to Work with People through Human Relations.

6. How to Work with People through Communications.

7. How to Prepare for Supervision.

The Management Development and Training Section pro-
vides district instructors with materials as well as consulta-
tion services.

Maintenance Management Systems and
Supervisory Training

It is noteworthy that development, implementation, and
operation of maintenance management systems (described
in Chapter Three) have been accompanied by considerable
emphasis on supervisor and operator training. One reason
for this is that training is essential because the system-
atic operation has generally required radical changes in
management procedures and work methods affecting first-
line supervisors. A second reason is that the systematic
approach is conducive to development of effective,
performance-oriented training materials.

Much of the supervisory training associated with the
development, implementation, and ongoing operation of
the system has concentrated on:

1. Orientation and familiarization of first-line super-
visors with the major elements of the system; the manage-
" ment principles and concepts on which the system is based;
and over-all relationships with higher managerial levels and
procedures related to these.

2. Basic principles and concepts of supervisory manage-
ment and the responsibilities of first-line supervisors regard-
ing planning and organizing work, scheduling, directing
work, and control actions, and procedures related to these.

3. Training in work reporting, the procedures and forms
related to it, and analysis of feedback information and
action alternatives.

4. Training in work methods.
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The Federal Highway Administration supported a train-
ing research project by the Louisiana Department of High-
ways associated with the development and implementation
of the maintenance management system in that state. The
project objectives included determination of what as well
as how to teach supervisors. The results indicated clearly
that an audio-visual programmed instruction technique was
most effective for training supervisors. Consequently, five
courses were developed (21):

1. Maintenance Management System—directed to super-
intendents and district-wide foremen. It teaches them how
to plan, schedule, and organize their work. It uses tapes,
slides, and a workbook. There are about 248 slides and
5 tapes. Total course time is approximately 12 hr.

2. Work Reporting System—a companion course to the
Maintenance Management System course. It is directed to
foremen and clerks. It is audio-visual and includes a work-
book for references and problems. The basic aim of the
course is to improve the level of accuracy in reporting work
planned, scheduled, and performed. There are approxi-
mately 125 slides and 3 tapes.

3. Bituminous Surface Care—a technical training course
emphasizing procedures for repairing defects in bituminous
surface roads. It is directed to maintenance superintendents
and foremen. It includes determination of extent of defects

_and methods and standards for repair. The course is audio-

visual with approximately 200 slides and 6 tapes.

4. Mowing—a technical course showing procedures for
mowing in the most economical manner. It is designed for
superintendents and foremen. It is audio-visual and uses
tapes, slides, and workbooks.

5. Slurry Seal—presented in two different training me-
diums: audio-visual (tapes and slides) and videotape. The
purpose of the dual presentation is to determine effective-
ness of both mediums. The course is planned for main-
tenance superintendents and slurry seal crews across the
state.

The Virginia Department of Highways has developed a
series of training manuals dealing with a variety of pro-
cedures and specific work activities. These include (22):

MT-1-66 Maintenance Planning Procedures
- MT-1A-66 Maintenance Planning Procedures Work-

book

MT-2-66 Productivity Tables

MT-3-66 Performance Standards

MT-8-66 Instructions for Motor Grader Operators

MT-9-66 Mowing Methods

MT-10-66  Mowing Requirements for Interstate High-
ways

MT-12-66  Spreading Chemicals (Salt and Calcium
Chloride)

MT-14-66  Introduction to Maintenance Management
System

MT-15-66 Instructions for Maintenance Activities
with Accomplishment (Work Units)

MT-66 Training Guide—Chemical Spreaders (Use

and Maintenance)
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MT-11-67  Planning Chemical and Plowing Routes
MT-4-69 Training Guide—Bridge Maintenance (In-
structor’s Guide)
MT-5-70 Bituminous Surface Maintenance:
(a) Types of Surface Failures
(b) Skin Patching
MT-6-70 Bridge Maintenance—Bridge Repair Hand-

book
Timekeeper’s Handbook
Box Culvert Plan Reading Course

Training materials under development (Feb. 1972)

include:

1. Drainage Maintenance.

2. Bituminous Surface Maintenance:
(a) Premix Patching.

3. Concrete Pavement Maintenance.

4. Orientation.

5. Snow Removal and Ice Control.

Research and Development in Progress

A national project, supported by the Federal Highway Ad-
ministration, is presently being conducted to research and
develop a training curriculum for operational maintenance
managers—foremen, superintendents, and field mainte-
nance engineers. The primary aim of the project is to
develop a curriculum that can be used as a basis for
implementing maintenance management training programs
in state, county, and city agencies.

Major elements of the curriculum development project
include: (1) identification of training needs, (2) the design
of a framework for training, and (3) the preparation of
specific units of training. The project provides for pilot-
testing in highway agencies and evaluation and refinements.
The final curriculum will be designed so that highway
agencies may select units of training that will best meet
their needs and preferences.

The support of this comprehensive major project reflects
awareness of the importance of training at the operating

level. The project is scheduled for completion late in 1972. .

OPERATOR TRAINING

During the past few years there has been an increasing
emphasis on training of operator personnel. Descriptions
of some innovations in this area follow.

State Highway Commission of North Carolina

In 1966 the State Highway Commission of North Carolina
initiated a statewide program of operator training designed
to qualify as many employees as possible to fill future
vacancies (23). The expressed intention was that the
program be kept simple, uncomplicated, and on-the-job if
possible.

Primary responsibility for training was placed on first-
line Area Foremen. Each began by selecting at least one
man from the lower ranks for on-the-job operator training.
Each Area Foreman follows the progress of his trainee
until the latter is fully qualified, or until it is determined
that he cannot qualify.

Instruction periods are scheduled during which 16-mm
color film presentations are made to illustrate both good
and bad methods of operation of various pieces of equip-
ment. These methods aré discussed during the training
sessions.

Record-keeping is kept to a minimum by using a simple
form, kept in the District Maintenance Supervisor’s office.
The form simply lists the division, district, and county to
which the trainee is assigned, and his name and classifica-
tion. Tt lists all the types of equipment used by the Com-
mission and has spaces for entering the date training started
and the date completed. The Area Foremen are directly
responsible for training, maintaining the record, and judg-
ing when the trainee is qualified.

The program has proved successful in that the Commis-
sion now has a sufficient number of trained operators to
assure continuous operation through peak work periods,
and to assure that trained operators are available to fill
vacancies as they occur. The program has stimulated Area
Foremen’s interest and enthusiasm,

Maine State Highway Commission Driver Training

The Maine State Highway Commission initiated a driver
selection and training program in 1963 and has refined and
maintained it since that time (24). The goals are to:
(1) decrease accident frequency, (2) improve performance

‘and production, (3) extend equipment life, (4) increase

equipment dependablllty, ‘and (5) reduce operating costs.
A number of procedures were formalized and followed
to assure uniformity. These include:

1. Completion of an employment application on which
is recorded information as to driver experience and personal
data.

2. Personal interview with applicant and reference
checks with former employers.

3. Check of applicant’s court and accident records.

4. Training is requested by division engineer or super-
visor.

5. Written and oral traffic and driver knowledge tests,
and road driving test.

Field training includes operation of specialized equip-
ment such as snowplows, sand spreaders, bituminous dis-
tributors, and hydraulic cranes. There is thorough in-
doctrination in all aspects of the preventive maintenance
program, and the operator is given a copy of the inspec-
tion, lubrication, and maintenance schedule for his assxgned
vehicle.

There is provision for certification of drivers to operate
types of vehicles and/or equipment. A white certification
is for operation of trucks up to certain maximum gross
vehicle weight. Blue is for operating autos (including pick-
ups) and suburbans and station wagons. Yellow is for
operating specialized equipment such as motor graders,
tractor-loaders, and power shovels,

Driver instruction is by two full-time driver trainers—
each assigned one-half of the state. Trainees are chosen on
the basis of their experience as drivers, skills as mechanics,
and ability to communicate.

The Commission sponsors subsidiary actlvmes that are a



part of the Driver Training and Safety Program. These
include: recognition safety banquets for crews that operate
a full year without a lost-time accident; safe driving pins for
those who operate ten years without an accident; and
plaques to divisions with fewest lost-time accidents during
a full year. These activities are widely publicized.

Standard operating procedures call for meetings before
each winter of all drivers, foremen, supervisors, and di-
vision engineers. The agenda covers safety, preventive
maintenance, driving practices, deicing and plowing pro-
cedures, and a review of recurring problems based on past
experience.

The Commission believes that accidents have decreased
as a result of this program and that morale has improved.
There is reasonable assurance that every driver will be
safety conscious and that he will perform satisfactorily.

California Maintenance Correspondence Course

In 1971 the California Department of Public Works
initiated a correspondence course designed to augment
on-the-job training of Maintenance Man 1, II, and III (Z 7).
The course treats the following subjects, each of which is
covered in an individual section: aggregate bases and sub-
bases, asphaltic concrete and liquid asphalts, blasting,
bridges, concrete, guardrail, median barrier and right-of-
way fence, painting, personnel, pollution control, public
relations, safety, signs and pavement delineation, snow
removal, traveled way, shoulders, and drainage structures.
The course is administered in each district, and prepara-
tion of course content is by district personnel familiar with
technical aspects of the subject matter. Over-all coordina-
tion is by the Management Development and Training
Section.
. There is provision, at the outset, for test and control
groups to establish a basis for determining effectiveness of
training. The groups are selected on a random basis. The
job performance of the test group is measured before and
after taking the course; the same procedures are followed
for the control group.

COMPREHENSIVE MAINTENANCE TRAINING PROGRAMS

During the 1960’s, a number of state highway agencies
determined that rapidly changing conditions and increasing
complexity of maintenance operations made it imperative
that comprehensive and continuing maintenance training
programs be initiated. The major elements of two of these
programs are described here.

New Jersey Program

New Jersey initiated development of a comprehensive main-
tenance training program in 1965 (19). All operating
managers and staff specialists were asked to submit areas
in which they felt performance could be improved through
training. The resulting compilation was organized around
three broad fields: (1) Administration and Management,
(2) Personnel, and (3) Methods, Materials, and Equip-
ment. The final result was a definition of training needs for
eight groups of maintenance employees (Fig. 8). It was
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recognized that the training necessary to satisfy existing
needs called for a comprehensive program that would
require continuous training over the years.

Administration and Management Training

The compilation of training needs revealed that supervisors
and foremen had the greatest number of district training
needs. The starting point for satisfying these was the
development of the Foreman’s Academy and the Super-
visor’s Academy (both described earlier in this chapter).

The number of persons at the upper levels of the or-
ganization was so small that it was decided to use out-
service facilities. Personnel at these levels attended one or
more of the following programs: (1) management de-
velopment programs offered by the New Jersey Depart-
ment of Civil Service, (2) the “Management of Managers”
training program offered by the University of Michigan,
(3) selected programs offered by the American Manage-
ment Association, and (4) executive development programs
offered by Rutgers University.

The Department is planning a management development
program for middle managers so they can be developed and
trained as they are promoted into executive positions. The
level of training will be aimed at present positions and the
next higher position.

Training in Administration and Clerical Skills—A De-
partment Training Officer was appointed and each division
in the Department appointed a man to work with him to
develop divisional training programs. The Training Officer
is responsible for providing programs to improve adminis-
tration and clerical skills (including typing, shorthand, basic
management, advanced management, performance evalua-
tion, statistics, speedwriting, and general administration).

Equipment Operation Training

The study of training needs of nonsupervisory employees
indicated need for training equipment operators, mechanics,
and mechanics’ supervisors in operation, maintenance, and
repair of all types of equipment.

Training in equipment operation is organized into two
principal programs: (1) the Maintenance Equipment Pro-
gram, and (2) the Specialized Equipment Program. Both
of these are scheduled on a five-year basis.

A major feature of these and other programs is that
departmental persons are trained as instructors. It was
determined that the best instructors were those who were
peers, or nearly peers, of the students and talked the same
language.

To train instructors, the Department established a pro-
gram based on the Job Instructor Training Program (JIT)
developed by the federal government in World War II. It
is planned that all foremen' will eventually be trained as
instructors so that operator skills training will be done by
local foremen.

Maintenance Equipment Program.—This program in-
cludes operation and care of the dump truck, front-end
loader, tractor, mower, compressor, light grader, and small
tandem loaders. The maintenance methods used in this
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program were pavement patching, replacement of steel
guardrail, grass mowing, and grading.

Specialized Equipment Program.—This program includes
training in operation of the large grader, backhoe, bull-
dozer, rollers, paving machine, oil distributor, crane, mud
jack, tractor trailer, sweepers, and others.

This program is divided into four phases: (1) classroom
training, (2) field training, (3) equipment operation under
guidance, and (4) equipment operation under general
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Figure 8. Training needs of Division of Maintenance and
Equipment, New Jersey.

supervision only. These phases and the hours devoted to
them are given in Table 12, Students are examined and
certified at the end of each phase. After completing
Phase IV, the student is issued a certificate that certifies
that he is competent to operate indicated types of equip-
ment and to train others.

Winter Equipment Program —This program was devel-
oped before the Maintenance Equipment Program and the
Specialized Equipment Program. The need arose as the
result of the introduction of new spreader equipment.

Equipment Maintenance and Repair

The Winter Equipment Program revealed early that there
was great need for training of mechanics and mechanics’
foremen. The first program for mechanics and supervisors
was developed in conjunction with the Winter Equipment
Program. Subsequently, the program came to depend
primarily on manufacturers’ and vendors’ training pro-
grams. The Department does present programs on general
topics, such as fluid power and its applications. Also,
mechanics are regularly scheduled in the Maintenance
Equipment Training Programs so they can become more
familiar with methods of operation used by maintenance
forces.

Training for Entrance-Level Employees

The entrance-level position in the Department is the Main-
tenance Man II position. A training program was devel-
oped for new employees and is operated on a continuous
basis. The program was initiated, in part at least, to reduce
personnel losses. It is described in Chapter Five.

Managerial Planning and Scheduling

The Department is in the process of developing managerial
planning and scheduling training for three levels of man-
agement in regions and/or districts: (1) administrative
managers at the district level, (2) area supervisors, and
(3) foremen and assistant foremen. It is anticipated that
the programs will focus on the kinds of planning and
scheduling that must be performed at each of these levels
in a systematic approach.

California Department of Public Works

The California Department of Public Works has empha-
sized development and training for a number of years (17).
It has established a Management Development and Train-
ing Section that works closely with the maintenance or-
ganization and others in developing and conducting a
comprehensive and continuing program of training of main-
tenance personnel. This unit’s activities in connection with
the development of the Maintenance Academy are de-
scribed earlier in this chapter, as are the Supervisor Train-
ing Course and the Correspondence Course. A major
undertaking now under way is the orientation and training
program necessary to develop and implement a mainte-
nance management system. This program will include:

1. Orientation of district management to major elements
of the proposed system.

.
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TRAINING DURATION, NEW JERSEY

TRAINING DURATION (HR)

PHASE 1V,
PHASE 111, EQUIPMENT
. EQUIPMENT OPERATION
PHASE 11, OPERATION UNDER’
PHASE T, FIELD UNDER GENERAL SUPER-

EQUIPMENT CLASSROOM CLASS GUIDANCE VISION ONLY
Grader 15 15 150 150
Backhoe 10 - 10 32 80

Tar pot 5 10 24 40
Scavenger 6 15 24 40
Bulldozer 10 15 40 - 80

Rollers 15 15 40 40

Paver 15 15 80 80

Oil distributor 3 15 ) 24 . 40

Crane 20 20 400 400
Mudjack 6 18 16 40

Tractor trailer 6 .6 100 100
Sweeper 15 15 40 80
Tailgate paver 5 14 16 40
Concrete saw 3 6 16 40
Pulvi-mixer 5 14 40 40

2. Training of foremen in reporting work accomplish-
ments in accordance with the information system.

3. Training of analysts who will have responsibilities di-
rectly related to the Maintenance Management System.

4. Proposed training for managers in systems concepts;
foremen training in planning, scheduling, and production
reports; management training in budgeting; and supervisor
training in reports.

DETERMINING TRAINING NEEDS

Several departments have made extensive analyses to deter-
mine training needs of the maintenance work force by
using a systematic-analytical technique. This approach was
used by the Louisiana Department of Highways as a part
of a training research project supported by the Federal
Highway Administration. The techniques used in that state
are the basis for this description (25). '

Major Elements of the Systematic-Analytical Techniques

The major elements of the systematic-analytical techniques
for determining training needs of maintenance employees
include:

1. Analysis of characteristics of maintenance work. This
step is based on the notion that (1) the objective of train-
ing is improved work performance, (2) it is necessary to
analyze the work to identify the knowledge, skills, and
abilities required to perform work satisfactorily, and (3)
any lack of required knowledge, skills, and abilities con-
stitutes a training need.

2. Analysis of characteristics of the maintenance work
force. This step is based on the notion that several charac-

teristics bear on development and administration of train-
ing. These characteristics are: size of the work force; its
age, education, and experience levels; any unique language
characteristics; and geographical location of persons to be
trained.

3. Determination of the extent to which the present work
force possesses the knowledge, skills, and abilities required
to perform work adequately. This determination is made
by administering tests to a statistically reliable and valid
sample of the work force. The tests are designed to deter-
mine the extent to which the individual knows and is able
to do that which the analysis of the work (Step 1, above)
indicates that he should know and be able to do.

4. Determination of learning characteristics of the work
force. This step is essential in that training is not effective
unless learning actually occurs and results in changed work
behavior. To devise effective training there must be knowl-
edge of (1) capacity to learn, and (2) willingness to learn.
These are determined by tests and interviews.

Completion of these four processes provides the basis for
developing training to meet defined needs—and use of
media determined to be most effective in the particular
situation.

SUMMARY

The number and comprehensiveness of the training innova-
tions described in this chapter indicate that there is increas-
ing recognition by many highway agencies of the major
importance of training—particularly when initiating major
changes in- the ways of performing maintenance. Also,
there is increasing recognition of the importance of first-



30

line supervisors in efficient operations—and the necessity
for training them to perform well in planning and organiz-
ing work, scheduling operations, directing operations, and
evaluating performance and taking corrective action.

It seems clear that the systematic approach to mainte-
nance operations is, in and of itself, a generator of training
innovations. As one maintenance engineer stated, “I can-
not overemphasize the importance of training in conducting
the undertaking [implementing a maintenance manage-

ment system]. We find training new concepts the biggest
single endeavor. We still have a long way to go before our
people really understand what we are attempting to do and
report accurately” (26).

The two comprehensive maintenance training programs
described are indicative of an important trend toward con-
tinuous, comprehensive training. The systematic-analytical
approach to definition of training needs is one that shows
much promise.

CHAPTER FIVE

RECRUITING

The innovative recruiting practices described in this chap-
ter relate to efforts of some agencies at attract and retain
employees through apprenticeship programs, entrance-level
training, and orientation programs.

THE MINNESOTA MECHANIC APPRENTICESHIP
PROGRAM ’

The Minnesota Mechanic Apprenticeship Program’s aim is
to train equipment mechanics. The apprenticeship stan-
dards are formulated by the Minnesota State Highway
Equipment Mechanic Joint Apprenticeship Committee.
This group represents the Minnesota Department of High-
ways and the Highway Policy Committee of Council 6 of
the American Federation of State, County, and Municipal
Employees. It is composed of six appointed members—
three representing the Department and three representing
the union.
Features of the training program are (27):

1. The apprenticeship term is for 8,000 hr, with the first
500 hr considered a period of probationary apprenticeship.
During the first six months the Department may terminate
employment and the apprenticeship contract without ap-
peal by the apprentice.

2. Apprentices work under competent supervision, re-
ceive instruction, and acquire experience, knowledge, and
skills required to qualify them as journeymen mechanics.
The training includes:

AREA OF TRAINING HR
Engines—gas and diesel 1000
Clutch assemblies 300
Transmissions (manual) 600
Transmissions (automatic) 400
Drive shaft, rear axle assembly 500
Brakes 500

Front suspension—steering geometry 600

3. Apprentices are selected by the Joint Committee on
the basis of their applications, are between the ages of 18
and 30 years, and are required to achieve a passing grade
in the examination for “Automotive Mechanic Apprentice.”

4. Apprentices are assigned to operating shops and work
under a Local Supervisor, usually a shop foreman, who is
appointed by the Joint Committee. The Local Supervisor
is responsible for immediate supervision and movement of
apprentices through the training process.

5. The apprentice is placed in a mechanic apprentice
classification during training, and he may advance from the
minimum rate during training, in accordance with the
Department’s merit increase policies and procedures.

6. Upon successful completion of the apprenticeship
training, and achievement of a passing grade in the ex-
amination for “Highway Equipment Mechanic,” the ap-
prentice is guarantged a position as journeyman in the
classification for which he trained. Assignment location is
determined by the Department.

The apprenticeship standards are clearly defined and are
closely adhered to. The program is well-known in Minne-
sota and competition is keen. There are usually 250 appli-
cants for a dozen openings. The screening process is the
responsibility of the Minnesota Department of Civil
Service.

The guarantee of a journeyman’s job on completion of
the Apprenticeship Program is, in the judgment of the

Engine tune-up 1200
Electrical system (primary) - 600
Hydraulic system 600
Welding (gas and electrical) 800

Operation of shop machines and special
parts fabrication - 500
Miscellaneous 400
Total 8000




Department, the single most important feature of the pro-
gram. Turnover has been slight during training and after
completion. At present, approximately 85 percent of the
Department’s mechanics are developed through the
Apprentice Program.

NEW JERSEY MAINTENANCE MAN | PROGRAM

The New Jersey Department of Transportation has de-
veloped, and operates on a continuing basis, a training
program for entrance-level employees (Maintenance Man
II) (19). This program includes training in methods of
pavement patching; joint crack maintenance; drainage;
guardrail maintenance; mowing; and winter maintenance.
It also includes training in operation of trucks, mowers,
loaders, small rollers, compressors, two-way radios, and
joint-pouring machines; and proper use of shovels, rakes,
sledge hammers, and various small tools.
Features of the program include:

1. Instructors are departmental personnel trained in the
Instructor Training Program, and are divided into teams.

2. The program time is 17 days. Classes are generally
limited to 12 students.

3. The training involves classroom work, observation by
trainee of correct techniques, and actual performance by
trainees under supervision of instructors.

4. A follow-up report, made by the trainee’s super-
visor, shows hours he spent in using hand tools or operating
equipment. This information is useful in evaluating the
program as well as how effectively new employees are
utilized.

The program was originally initiated as a means of
reducing the heavy turnover at the entrance level.
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CALIFORNIA ORIENTATION PROGRAM

The California Department of Public Works continuously
conducts the Departmental New Employee Orientation
Program for new employees (17). The program time is
approximately 3 hr. The lesson plan includes:

1. A slide presentation with a tape-recorded narration
outlining the organization and functions of the Department.

2. Handout materials, including the most recent Annual
Report of the Department; a map showing the district
boundaries and mailing addresses; and a Safety Booklet.

3. Small group discussions to discuss organization and
policies and to list any questions employees may have, and
full group discussion of answers to questions.

4. Discussion by representatives of the Personnel De-
partment of such matters as salary, sick leave, vacation,
and health benefits.

5. A reaction sheet to be completed by each employee
and returned to the Department for analysis and evaluation.

The person conducting the orientation must see that all
questions are discussed and answered. If answers cannot
be given during the session, participants are assured that
the answer will be obtained and that they will be informed.

COMMENT

This study did not reveal as many innovative practices in
recruiting as in other areas. However, it should be recog-
nized that increasing emphasis on training and administra-
tion probably will have -a marked positive effect on the
“image” of maintenance and will result in attracting more
applicants.

A second factor that probably has affected recruiting
practices is that a number of departments have reduced the
number of maintenance employees in the work complement
as the result of innovations in work practices.
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CHAPTER SIX

TRENDS IN MAINTENANCE PERSONNEL ADMINISTRATION

The subject areas of this synthesis—recruiting, training,
retention, and performance—constitute major responsibili-
ties of personnel administration. This study revealed sev-
eral major trends that now affect, and will probably con-
tinue to affect, maintenance personnel administration.

TREND: MAINTENANCE MANAGEMENT SYSTEMS.

There is a definite trend toward systematic mainte-
nance management and this will definitely result in
improved performance and retention of maintenance
personnel.

The 1970 report of the Committee on Maintenance and
Operations Personnel indicates that 8 highway departments
have already changed their maintenance operations to a
unit cost basis, and that 21 contemplate changing to that
basis. The unit costing basis (cubic yard, linear foot,
gallon, ton, etc.) is a fundamental first step toward sys-
tematic operations. The reporting system associated with
the change to the unit basis will yield the kind of informa-
tion that will lead to increasing emphasis on the responsi-
bilities of first-line supervisors to plan and organize opera-
tions, schedule work, and evaluate performance. These, in
turn, probably will lead to establishment of stronger sup-
portive relationships among all levels of management and
improved communications. All these will result in an
improved motivational environment for operating-level
personnel.

TREND: COMPREHENSIVE MAINTENANCE TRAINING
PROGRAMS

There is a definite trend toward development of com-
prehensive, continuing maintenance training programs
that emphasize appropriate training at all levels of the
maintenance organization.

The trend toward comprehensive, continuing mainte-
nance training is probably due largely to the influence of
“systems thinking” that leads to recognition that such train-
ing is essential if adequate supportive relationships are to
exist among the various levels of management. The train-
ing will, of necessity, emphasize planning and organizing
work, scheduling of work, work methods and procedures,
and controlling activities.

TREND: MORE EFFECTIVE TRAINING

There is increasing emphasis on development of tech-
niques for effective definition of training needs, tech-
niques for effective satisfaction of these needs, and
techniques for measuring results of training.

The many changes that are now occurring in mainte-

nance virtually dictate an increasing amount of training.
Training is expensive and time consuming, but benefits
from effective training generally far outweigh costs. But
the cost-benefit situation requires effective definition of
training needs and development of techniques that provide
reasonable assurance that training aims are accomplished.

TREND: STAFFING FOR MAINTENANCE TRAINING

There is increasing emphasis on staffing maintenance
training sections with a “core” of personnel specialists,
augmented by generalists who have experience and
knowledge of maintenance operations.

The kinds of maintenance training developing in main-
tenance organizations require a combination of knowledge,
skills, and abilities. In the first instance, the development
of performance-oriented training materials requires per-
sons who have first-hand knowledge and experience of
maintenance operations and the “language” of operations.
Secondly, specialists with background and training in per-
sonnel functions and activities are valuable to act in
advisory, coordinative, and consultative capacities.

TREND: “LABOR‘POOL" CONCEPT

There is a definite trend toward the “labor pool” con-
cept of organization at the operating levels of mainte-
nance organizations.

The fundamental reason for the trend toward the labor
pool concept is to assure efficient use of personnel and
equipment. The trend represents a departure from tradi-
tional organizational concepts that have tended to revolve
about the idea of specialization. The labor pool concept
appears to have two major advantages: (1) it creates or-
ganizational flexibility that results in reduced labor costs,
and (2) it appears to result in greater motivation (and,
hence, improved performance and retention) because it
increases the range of knowledge, skills, and abilities
required of personnel.

TREND: EMPHASIS ON LABOR ORGANIZATIONS

There will be, of necessity, increasing emphasis on
personnel administration activities related to labor and
" labor organizations—an emphasis brought about by
increasing unionism.

The 1945 report of the Committee on Maintenance Per-
sonnel showed that some, or all, maintenance employees of
eight state highway departments were organized by a na-
tional union (5). The 1970 report indicates that main-
tenance employees of 11 agencies are organized by a
national union, and that membership is optional in 5 other



states (6). Furthermore, the 1970 report indicates that the
maintenance employees of 15 other states are organized by
local unions or employee associations, with optional mem-
bership possible in 5 other departments. Only 13 states

indicated no organization of employees by national or local

unions, or employee associations.

There is indication that a strong trend toward organiza-
tion exists among public employees. Perlman (28) in June
1971 stated:

In less than a decade, union membership has at least
tripled among employees of federal, state, and local
governments. . . . A mere chronology of this phenome-
nal growth of union organization in the public sector
would make an impressive chapter in any labor history.
But it is too soon for the book to go to press; we are only
midway through the chapter.

The rules of procedure for public employee collective
bargaining' are in an evolutionary state and probably will
not be firmly set for some time, but it appears to behoove
maintenance managers to direct special attention to this
developing situation.
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TREND: MANAGEMENT AND ORGANIZATION
DEVELOPMENT

There will be increasingly strong emphasis on manage-
ment and organization development.

In effect, this last trend sums up the message of. this
synthesis. It is perhaps best illustrated by the words of one
maintenance engineer, who stated (29): \

Only through good management procedures can we
provide the desired standard of maintenance with less
available funds. When I say less available funds, we
might as well face the fact that maintenance costs can-
not increase in the future as they have in the past if we
expect to see any modernization of our present highway
system,

We have heard a lot in the past few days on “per-
formance standards,” “quality and quantity standards,”
and “performance budgeting.” While we may not like
the sound of these terms and what they imply, they are
the immediate “future” of tomorrow for which we must
adapt our thinking if we expect to continue as mainte-
nance engineers—otherwise the accountants will replace

us.
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APPENDIX A
RESULTS OF QUESTIONNAIRE ON TRAINING

RESULTS
OF
HRB A3C03 SUBCOMMITTEE QUESTIONNAIRE
ON TRAINING OF OPERATING PERSONNEL
1971
Personnel Department Degree Success of
Classi- Type of Course of Interest Method of Instruction Used| Program
fication in Training Program
Do Not | Formal Self Formal
. Have Need Need Class Instruc-} on the .
Course | Course | Course | Room tional Job Poor | Fair| Good
‘Safety 28 17 2 17 1 19 2 11 15
Orientation 12 11 13 5 1 8 2 7 5
Laborer Motor Vehicle License . 7 3 22 5 L 2 N
Educational Upgrading 12 7 15 6 7 1 5 7
Equipment Operation 13 17 9 3 2 ‘12 1 5 8
Other 5 3 1 i 2 1 L
Safety - 27 17 2 19 1 17 1 10| 15
Motor - Vehicle License 9 3 2L 6 1 L 3 [
Operating Techniques 20 18 5 7 2 16 2 8 9
Equipment | Equip. Maint., Skills 18 17 - 5 10 2 14 1 5 12
Operator Basic Supervisory . ’ :
Training . 7 13 . 14 6 2 2 3 3
Educational Upgrading 11 10 13 5 7 1 L 6
Other : 8 2 1 6 1 2 1 7
Safety 29 17 1 21 2 15 2 7 19
Supervisory Skills 19 21 1 18 .1 3 2 k. 11
Simple Work Planning ) ) )
Working & Scheduling 14 22 3 10 1 9 7 7
Foremen Introd. to Depts. ’
Procedures & Forms
Execution 10 18 7 5 1 6 1 6 L
Educational Upgrading 12 9 13 6 6 1 1 5 7
Other 8 2 1 6 2 2 6
Safety 28 17 1 19 2 . 13 2 8 17
Supervisory Skills 25 16 1 19 2 2 1 6 13
Work Planning &
Scheduling 17 23 1 12 2 10 7 10
General Educational Upgrading 11 1 12 7 5 1 3 8
Foremen Tech., Skills (Blue :
or Print Reading
Supervisor| Const. Tech.) 11 15 10 6 L 2 3 7
Basic Budgeting 6 13 18 5 3 5 3 1 N
Utilization of
Information :
Systems 6 15 BRI 5 2 5 2 2 3
Other - 9 3 1 8 1 1 6
James 0. Kyser, Chairman, Committee A3CO3
45 of 50 states reporting

Subcommittee on Training of Operating Personnel

Spurrier, J. W., Chairman
Briggs, George M.
Jump, Roy W.

Noriega, Arthur.IV

Peterson, Rudolph A.
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are available from:

Highway Research Board
National Academy of Sciences
2101 Constitution Avenue
Washington, D.C. 20418
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32p, $3.00
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66 p., $4.00

Protective Coatings to Prevent Deterioration of Con-

crete by Deicing Chemicals (Proj. 6-3), 21 p.,

$1.60

Development of Guidelines for Practical and Realis-

gc Construction Specifications (Proj. 10-1), 109 p.,
6.00

Community Consequences of Highway Improvement
(Proj. 2-2), 37 p., $2.80

Economical and Effective Deicing Agents for Use on

Highway Structures (Proj. 6-1), 19 p,, $1.20

* Highway Research Board Special Report 80.

Rep.
No.

20
21
22
23

24

25

26

27
28
29
30
31
32
33
34

35

36
37
38
39
40
41

42

43
44

45

46

47
48

49

Title
Economic Study of Roadway Lighting (Proj. 5-4),
77 p., $3.20

Detecting Variations in Load-Carrying Capacity of
Flexible Pavements (Proj. 1-5), 30 p, $1.40
Factors Influencing Flexible Pavement Performance
(Proj. 1-3(2)), 69 p., $2.60

Methods for Reducing Corrosion of Reinforcing
Steel (Proj. 6-4), 22 p., $1.40

Urban Travel Patterns for Airports, Shopping Cen-
ters, and Industrial Plants (Proj. 7-1), 116 p.,
$5.20

Potential Uses of Sonic and Ultrasonic Devices in
Highway Construction (Proj. 10-7), 48 p., $2.00
Development of Uniform Procedures for Establishing
Construction Equipment Rental Rates (Proj. 13-1),
33p, $1.60

Physical Factors Influencing Resistance of Concrete .
to Deicing Agents (Proj. 6-5), 41 p.,
Surveillance Methods and Ways and Means of Com-
municating with Drivers (Proj. 3-2), 66 p., $2.60
Digital-Computer-Controlled Traffic Signal System
for a Small City (Proj. 3-2), 82 p., $4.00
Extension of AASHO Road Test Performance Con-
cepts (Proj. 1-4(2)), 33 p., $1.60

A Review of Transportation Aspects of Land-Use
Control (Proj. 8-5), 41 p., $2.00

Improved Criteria for Traffic Signals at Individual
Intersections (Proj. 3-5), 134 p,, $5.00
Values of Time Savings of Commercial Vehicles
(Proj. 2-4), 74 p., $3.60

Evaluation of Construction Control Procedures—
Interim Report (Proj. 10-2), 117 p., $5.00
Prediction of Flexible Pavement Deflections from
Laboratory Repeated-Load Tests (Proj. 1-3(3)),
117 p., $5.00

Highway Guardrails—A Review of Current Practice
(Proj. 15-1), 33p, $1.60

Tentative Skid-Resistance Requirements for Main
Rural Highways (Proj. 1-7), 80 p., $3.60
Evaluation of Pavement Joint and Crack Sealing Ma-
terials and Practices (Proj. 9-3), 40 p., $2.00
Factors Involved in the Design of Asphaltic Pave-
ment Surfaces (Proj. 1-8), 112 p,, $5.00
Means of Locating Disabled or Stopped Vehicles
(Proj. 3-4(1)), 40 p., $2.00

Effect of Control Devices on Traffic Operations
(Proj. 3-6), 83 p., $3.60

Interstate Highway Maintenance Requirements and
Unit Maintenance Expenditure Index (Proj. 14-1),
144 p., $5.60

Density and Moisture Content Measurements by
Nuclear Methods (Proj. 10-5), 38 p, $2.00
Traffic Attraction of Rural Outdoor Recreational
Areas (Proj. 7-2), 28 p., $1.40
Development of Improved Pavement Marking Ma-
terials—Laboratory Phase (Proj. 5-5), 24 p.,
$1.40

Effects of Different Methods of Stockpiling and
Handling Aggregates (Proj. 10-3), 102 »p.,
$4.60

Accident Rates as Related to Design Elements of
Rural Highways (Proj. 2-3), 173 p., $6.40
Factors and Trends in Trip Lengths (Proj. 7-4),
70 p., $3.20

National Survey of Transportation Attitudes and
Behavior—Phase I Summary Report (Proj. 20-4),
71p., $3.20

$2.00 .



Rep.

No.
50
51

52

53

54

55

56

57

58

59
60
61

62

63
64

65

66
67
68

69

70
71

72

73
74
74A

74B

75

Title

Factors Influencing Safety at Highway-Rail Grade
Crossings (Proj. 3-8), 113 p., $5.20

Sensing and Communication Between Vehicles (Proj.
3-3), 105 p., $5.00

Measurement of Pavement Thickness by Rapid and
Nondestructive Methods (Proj. 10-6), 82 p.,
$3.80 '

Multiple Use of Lands Within Highway Rights-of-
Way (Proj. 7-6), 68 p., $3.20

Location, Selection, and Maintenance of Highway
Guardrails and Median Barriers (Proj. 15-1(2)),

63 p., $2.60
Research Needs in Highway Transportation (Proj.
20-2), 66 p., $2.80

Scenic Easements—Legal, Administrative, and Valua-
tion Problems and Procedures (Proj. 11-3), 174 p.,
$6.40

Factors Influencing Modal Trip Assignment (Proj.
8-2), 78 p., $3.20

Comparative Analysis of Traffic Assignment Tech-
niques with Actual Highway Use (Proj. 7-5), 85 p.,
$3.60

Standard Measurements for Satellite Road Test Pro-
gram (Proj. 1-6), 78 p., $3.20

Effects of Illumination on Operating Characteristics
of Freeways (Proj. 5-2) 148 p., $6.00
Evaluation of Studded Tires—Performance Data and
Pavement Wear Measurement (Proj. 1-9), 66 p.,
$3.00

Urban Travel Patterns for Hospitals, Universities, -

Office Buildings, and Capitols (Proj. 7-1),
$5.60

Economics of Design Standards for Low-Volume
Rural Roads (Proj. 2-6), 93 p, $4.00
Motorists’ Needs and Services on Interstate Highways
(Proj. 7-7), 88 p., $3.60

One-Cycle Slow-Freeze Test for Evaluating Aggre-
gate Performance in Frozen Concrete (Proj. 4-3(1)),
21 p., "$1.40

Identification of Frost-Susceptible Particles in Con-
crete Aggregates (Proj. 4-3(2)), 62 p., $2.80
Relation of Asphalt Rheological Properties to Pave-
ment Durability (Proj. 9-1), 45 p., $2.20
Application of Vehicle Operating Characteristics to

144 p.,

.Geometric Design and Traffic Operations (Proj. 3-

10), 38p., $2.00

Evaluation of Construction Control Procedures—
Aggregate Gradation Variations and Effects (Proj.
10-2A), 58p., $2.80

Social and Economic Factors Affecting Intercity
Travel (Proj. 8-1), 68 p., $3.00

Analytical Study of Weighing Methods for Highway
Vehicles in Motion (Proj. 7-3), 63 p., $2.80
Theory and Practice in Inverse Condemnation for
Five Representative States (Proj. 11-2), 44 p.,
$2.20

Improved Criteria for Traffic Signal Systems on
Urban Arterials (Proj. 3-5/1), 55 p., $2.80
Protective Coatings for Highway Structural Steel
(Proj. 4-6), 64 p., $2.80

Protective Coatings for Highway Structural Steel—
Literature Survey (Proj. 4-6), 275 p., $8.00
Protective Coatings for Highway Structural Steel—
Current Highway Practices (Proj. 4-6), 102 p.,,
$4.00

Effect of Highway Landscape Development on
Nearby Property (Proj. 2-9), 82 p, $3.60

Rep.
No.
76
77
78
79
80
81
82

83
84

85
86

87

88

89
920
91

92

93

94

95
96

97

98
99

100

101
102
103

104

Title

Detecting Seasonal Changes in Load-Carrying Ca-
pabilities of Flexible Pavements (Proj. 1-5(2)),
37 p., $2.00

Development of Design Criteria for Safer Luminaire

Supports (Proj. 15-6), 82 p., $3.80
Highway Noise—Measurement, Simulation, and
Mixed Reactions (Proj. 3-7), 78 p., $3.20

Development of Improved Methods for Reduction of
Traffic Accidents (Proj. 17-1), 163 p., $6.40
Oversize-Overweight Permit Operation on State High-
ways (Proj. 2-10), 120 p., $5.20

Moving Behavior and Residential Choice—A Na-
tional Survey (Proj. 8-6), 129 p., $5.60
National Survey of Transportation Attitudes and
Behavior—Phase II Analysis Report (Proj. 20-4),
89 p., $4.00

Distribution of Wheel Loads on Highway Bridges
(Proj. 12-2), 56 p., $2.80

Analysis and Projection of Research on Traffic
Surveillance, Communication, and Control (Proj.
3-9), 48 p., $2.40

Development of Formed-in-Place Wet Reflective
Markers (Proj. 5-5), 28 p., $1.80

Tentative Service Requirements for Bridge Rail Sys-
tems (Proj. 12-8), 62 p., $3.20

Rules of Discovery and Disclosure in Highway Con-
demnation Proceedings (Proj. 11-1(5)), 28 p.,
$2.00

Recognition of Benefits to Remainder Property in
Highway Valuation Cases (Proj. 11-1(2)), 24 p.,
$2.00

Factors, Trends, and Guidelines Related to Trip
Length (Proj. 7-4), 59 p., $3.20

Protection of Steel in Prestressed Concrete Bridges
(Proj. 12-5), 86 p., $4.00

Effects of Deicing Salts on Water Quality and Biota
—Literature Review and Recommended Research
(Proj. 16-1), 70 p., $3.20

Valuation and Condemnation of Special Purpose
Properties (Proj. 11-1(6)), 47 p., $2.60
Guidelines for Medial and Marginal Access Control
on Major Roadways (Proj. 3-13), 147 p.,
$6.20

Valuation and Condemnation Problems Involving
Trade Fixtures (Proj. 11-1(9)), 22 p, $1.80
Highway Fog (Proj. 5-6), 48 p., $2.40
Strategies for the Evaluation of Alternative Trans-
portation Plans (Proj. 8-4), 111 p., $5.40
Analysis of Structural Behavior of AASHO Road
Test Rigid Pavements (Proj. 1-4(1)A), 35 p,
$2.60

Tests for Evaluating Degradation of Base Course
Aggregates (Proj. 4-2), 98 p. $5.00

Visual Requirements in Night Driving (Proj. 5-3),
38p., $2.60

Research Needs Relating to Performance of Aggre-
gates in Highway Construction (Proj. 4-8), 68 p.,
$3.40

Effect of Stress on Freeze-Thaw Durability of Con-
crete Bridge Decks (Proj. 6-9), 70 p., $3.60
Effect of Weldments on the Fatigue Strength of Steel
Beams (Proj. 12-7), 114 p., $5.40

Rapid Test Methods for Field Control of Highway
Construction (Proj. 10-4), 89 p., $5.00
Rules of Compensability and Valuation Evidence
for Highway Land Acquisition (Proj. 11-1),
77 p., $4.40



Rep.
No.

105
106
107
108
109
110
111

112

113
114
115
116
117
118

119

- Problems (Proj. 11-3(1)),

120
121

122

123

124

125

126
127

128

129

130

Title

Dynamic Pavement Loads of Heavy Highway Vehi-
cles (Proj. 15-5), 94 p., $5.00

Revibration of Retarded Concrete for Continuous
Bridge Decks (Proj. 18-1), 67 p., $3.40
New Approaches to Compensation for Residential
Takings (Proj. 11-1(10)), 27 p., $2.40
Tentative Design Procedure for Riprap-Lined Chan-
nels (Proj. 15-2), 75 p., $4.00
Elastomeric Bearing Research (Proj. 12-9),
$3.00 .

Optimizing Street Operations Through Traffic Regu-
lations and Control (Proj. 3-11), 100p., $4.40
Running Costs of Motor Vehicles as Affected by
Road Design and Traffic (Proj. 2-5A and 2-7),
97 p., $5.20

Junkyard Valuation—Salvage Industry Appraisal
Principles Applicable to Highway Beautification
(Proj. 11-3(2)), 41 p., $2.60

Optimizing Flow on Existing Street Networks (Proj.
3-14), 414 p,, $15.60

Effects of Proposed Highway Improvements on Prop-
erty Values (Proj. 11-1(1)), 42 p., $2.60
Guardrail Performance and Design (Proj. 15-1(2)),

53 p.,

70 p., $3.60
Structural Analysis and Design of Pipe Culverts (Proj.
15-3), 155 p., $6.40

Highway Noise—A Design Guide for Highway En-
gineers (Proj. 3-7), 79 p., $4.60

Location, Selection, and Maintenance of Highway
Traffic Barriers (Proj. 15-1(2)), 96 p., $5.20
Control of Highway Advertising Signs—Some Legal
72 p., $3.60
Data Requirements for Metropolitan Transportation
Planning (Proj. 8-7), 90 p., $4.80
Protection of Highway Utility (Proj. 8-5),
$5.60

Summary and Evaluation of Economic Consequences
of Highway Improvements (Proj. 2-11), 324 p,,
$13.60

Development of Information Requirements and
Transmission Techniques for Highway Users (Proj.
3-12) 239 p., $9.60

Improved Criteria for Traffic Signal Systems in Ur-
ban Networks (Proj. 3-5) 86 p., $4.80
Optimization of Density and Moisture Content Mea-
surements by Nuclear Methods (Proj. 10-5A),
86 p., $4.40

Divergencies in Right-of-Way Valuation (Proj. 11-
4), 57 p., $3.00

Snow Removal and Ice Control Techniques at Inter-
changes (Proj. 6-10), 90 p., $5.20
Evaluation of AASHO Interim Guides for Design
of Pavement Structures (Proj. 1-11), 111 p,
$5.60

Guardrail Crash Test Evaluation—New Concepts

115 p,,

and End Designs (Proj. 15-1(2)), 89 p.,
$4.80
Roadway Delineation Systems (Proj. 5-7), 349 p.,

$14.00

10

Synthesis of Highway Practice

Title

Traffic Control for Freeway Maintenance (Proj. 20-5,
Topic 1), 47 p., $2.20

Bridge Approach Design and Construction Practices
(Proj. 20-5, Topic 2), 30 p., $2.00
Traffic-Safe and Hydraulically Efficient Drainage
Practice (Proj. 20-S, Topic 4), 38 p.,  $2.20
Concrete Bridge Deck Durability (Proj. 20-5, Topic
3), 28 p., $2.20

Scour at Bridge Waterways (Proj. 20-5, Topic 5),
37 p., $2.40

Principles of Project Scheduling and Monitoring
(Proj. 20-5, Topic 6), 43 p, $2.40
Motorist Aid Systems (Proj. 20-5, Topic 3-01),
28 p., $2.40

Construction of Embankments (Proj. 20-5, Topic 9),
38p., $2.40

Pavement Rehabilitation—Materials and Techniques
(Proj. 20-5, Topic 8), 41 p., $2.80
Recruiting, Training, and Retaining Maintenance and
Equipment Personnel (Proj. 20-5, Topic 10), 35 p.,
$2.80



THE NATIONAL ACADEMY OF SCIENCES is a private, honorary organiza-
tion of more than 700 scientists and engineers elected on the basis of outstanding
contributions to knowledge. Established by a Congressional Act of Incorporation
signed by President Abraham Lincoln on March 3, 1863, and supported by private
and public funds, the Academy works to further science and its use for the general
welfare by bringing together the most qualified individuals to deal with scientific and

technological problems of broad significance.
Under the terms of its Congressional charter, the Academy is also called upon

to act as an official—yet independent—adviser to the Federal Government in any
matter of science and technology. This provision accounts for the close ties that
have always existed between the Academy and the Government, although the Academy
is not a governmental agency and its activities are not limited to those on behalf of
the Government.

THE NATIONAL ACADEMY OF ENGINEERING was established on December
5, 1964. On that date the Council of the National Academy of Sciences, under the
authority of its Act of Incorporation, adopted Articles of Organization bringing
the National Academy of Engineering into being, independent and autonomous
in its organization and the election of its members, and closely coordinated with
the National Academy of Sciences in its advisory activities. The two Academies
join in the furtherance of science and engineering and share the responsibility of
advising the Federal Government, upon request, on any subject of science or
technology.

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the -
National Academy of Sciences in 1916, at the request of President Wilson, to
enable the broad community of U. S. scientists and engineers to associate their
efforts with the limited membership of the Academy in service to science and the
nation. Its members, who receive their appointments from the President of the
National Academy of Sciences, are drawn from academic, industrial and government
organizations throughout the country. The National Research Council serves both
Academies in the discharge of their responsibilities.

Supported by private and public contributions, grants, and contracts, and volun-
tary contributions of time and effort by several thousand of the nation’s leading
scientists and engineers, the Academies and their Research Council thus work to
serve the national interest, to foster the sound development of science and engineering,
and to promote their effective application for the benefit of society.

THE DIVISION OF ENGINEERING is one of the eight major Divisions into
which the National Research Council is organized for the conduct of its work.
Its membership includes representatives of the nation’s leading technical societies as
well as a number of members-at-large. Its Chairman is appointed by the Council
of the Academy of Sciences upon nomination by the Council of the Academy of
Engineering.

THE HIGHWAY RESEARCH BOARD, organized November 11, 1920, as an
agency of the Division of Engineering, is a cooperative organization of the high-
way technologists of America operating under the auspices of the National Research
Council and with the support of the several highway departments, the Federal Highway
Administration, and many other organizations interested in the development of trans-
portation. The purpose of the Board is to advance knowledge concerning the nature
and performance of transportation systems, through the stimulation of research and
dissemination of information derived therefrom.
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