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FOREWORD

In the late 1950s, state highway departments had a massive job of staffing to meet the
planning, design, and construction of the Interstate Highway System. Today, highway
departments are facing new and different problems.

The three papers in this RECORD address how manpower problems are being han-
dled in three highway departments: Virginia, Utah, and Ontario, Canada.

The first paper, by Ira F. Doom and Wayne S. Ferguson, discusses the Virginia
Department of Highways' approach to manpower planning. Manpower planning is car-
ried out here by using a management-by-objectives approach. A pilot project using a
rural and an urban area was used for the study with the objective of making manpower
planning and personnel training a continuing activity. Initial results included the ex-
pansion of planning of maintenance activities from 40 to 80 percent, financial savings,
and a permanent manpower planning organization. Currently about two-thirds of the
department's employees are included in the manpower planning program.

Grant Fairbanks discusses the problem of field engineering management in the Utah
State Department of Highways. The paper outlines the basic methods used for develop-
ing an integrated management system for field engineering personnel. The system was
developed with the participation of the people who would be using it. It took into account
such items as the need for performance standards and procedures, better defined job
classification and skill requirements, better employee review and promotion procedures,
and manpower planning at the project, district, and state levels.

The Ontario Department of Transportation and Communications has developed a su-
pervisory training program. Arthur Gibson's paper discusses the procedures used in
developing the program and examines the development of the program to its present
form.



DEVELOPMENT AND IMPLEMENTATION OF MANPOWER
PLANNING IN THE VIRGINIA DEPARTMENT OF HIGHWAYS

Ira F. Doom, Virginia Department of Highways; and
Wayne S. Ferguson, Virginia Highway Research Council

The conduct of the study and the initiation of the Virginia Department of
Highways' manpower planning followed a management-by-objectives ap-
proach., Of particular importance was the proper blending of the con-
ceptual ideas of personnel in staff positions with the practical expertise of
those in line management. A pilot approach was used for one rural and
one urban area; of particular concern was the training of employees in the
personnel division to carry out manpower planning on a continual basis.
Results cited include the expansion of the planning of maintenance activities
from a previous level of 40 or 50 percent to roughly 80 percent, the in-
stitution of a permanent organizational unit to carry out manpower planning
on a continual basis, and the fact that the department is now engaged in
manpower planning for about 66 percent of its employees, an effort that
has already resulted in more than $2 million annual savings. This man-
power study was one of a series-—-and not the most important one—of
studies that has helped to initiate a management-by-objectives philosophy
in the department and to create the savings previously cited. In specu-
lating about the future, the writers have suggested that manpower, equip-
ment, financial, and materials planning will be more integrated but that
the effectiveness of the system is no greater than that of its component
parts; specifically, the conceptual aspects must not be greater than the
understanding and cooperation of line management.

® PRIOR to 1967, the Virginia Department of Highways performed manpower planning—
the selection, utilization, and development of employees—on an intuitive basis. In that
year, it was decided that manpower planning should be formalized to provide for a
more orderly and systematic program. Moreover, the increasing size of the organi-
zation had made it more and more difficult to deal with the manpower needs of the de-
partment without clear-cut plans.

The top management of the department recognized the need for comprehensive
manpower plans and assigned the development and implementation of a manpower plan-
ning system to a task group composed of staff members from both the Virginia Highway
Research Council and the personnel division of the Virginia Department of Highways.

The task group members realized that there wereboth tangible and intangible reasons
for launching this effort. The tangible reasons were as follows:

1. The department had 12,000 employees, an annual payroll of $66 million, and
employee assets that were viewed as at least equal to $132 million of capital invest-
ment; and

2. Annual losses to these assets were more than $2.8 million because of personnel
turnover.

The intangible reasons for investigating manpower planning were as follows:

1. Ensure that the talents within the organization are used efficiently;

2. Ensure that employees feel that their interests and those of the highway depart-
ment are compatible;

3. Ensure that the employees as well as the organization prosper; and

4. Ensure that the taxpayers receive an optimum return on their investment.
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The objectives of the department's manpower planning efforts can be divided into
three types: organizational, financial, and administrative.

METHODOLOGY

Close liaison between management and task group personnel is of primary importance
in a task such as the development and implementation of manpower planning. Efforts
that do not properly consider current methods or provide for resource inputs from the
ultimate users of the system are likely to fail. As a general approach, it was con-
cluded that manpower groupings would follow traditional lines: classifications (engi-
neer, inspector, etc.), organizational units (divisions and sections), and/or geo-
graphical location (districts, residencies, and areas), The analysis of these groups
was based on interviews with employees and statistical data.

A key factor in the methodology was the scheduling of frequent meetings between the
study group and line management in order to blend the conceptual knowledge of the
former with the practical knowledge of the latter.

Specific approaches were carried out on a pilot basis. The Staunton District (Ap-
pendix A), one of eight construction and maintenance districts of the highway depart-
ment, and the Fairfax Residency (Appendix B), one of the department's 44 construction
and maintenance residency areas, were used as pilot study areas. The Staunton Dis-
trict represented a rather large, primarily rural organizational unit, whereas the
Fairfax Residency represented a highly urbanized unit.

In organizational terms, the specific assignment of the task group was to "institute
systematic and improved manpower planning processes and to develop tools and tech-
niques in an organizational framework to ensure continuity of these processes." In
other words, this was to be an applied research project. The task group was asked
to define the manpower planning needs of the highway department, institute a pro-
gram (at least on a pilot basis) to meet those needs, and provide the ways and means
by which the program could be implemented on a department-wide basis.

The financial objective was to reduce the payroll from the past average of more than
20 percent of total highway expenditures to no more than 18 percent. The objective
would be achieved through greater productivity of employees and a reduction of the work
force by normal attrition. It was reasoned that this would yield annual savings of $6
million based on current work loads.

The Objectives iil inailpowesr adnminis

1. Improved utilization of current employees;

2. Integration of individual and organizational goals;

3. Anticipation of future employee requirements and of measures necessary to
fulfill them; and

4. Training of personnel division staff to accomplish the preceding goals on a con-
tinual basis.

The specific approaches used in the pilot areas included the following:

1. Delineation of the objectives to be accomplished—a forecast work program.

2. Conduct of a manpower audit—the determination of the number of employees
necessary to accomplish the program in terms of their skills and classifications.

3. A manpower inventory—an assessment of how many employees the pilot areas
had on hand in terms of skills and classifications.

4. Identification and projection of loss factors—a projection of future employee
improvable turnover (resignations and removals), retirement, and death;

5. Forecast of anticipated employee deficits or surpluses by employee class;

6. Designation and recommendation of remedial action to obtain the necessary num-
ber of employees for the objectives to be accomplished; and

7. Utilization of the findings from the pilot areas on a department-wide basis.

The key to the methodology was to apply a management-by-objectives approach to
the two pilot areas and to ensure that this approach would, over a period of time, be
adopted throughout the department. Included in the task, therefore, was the develop-
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ment of an appropriate organizational framework that would facilitate department-wide
implementation of the methodology developed in the pilot studies.

RESULTS

The results of the pilot studies of the Staunton District and the Fairfax Residency in
terms of the maintenance work load of the department were as follows:

1. The management-by-objectives philosophy was introduced and applied in the
areas both by the investigators and by the line management involved;

2. Manpower authorizations determined in relation to need were stated for the
organizational units;

3. It was noted that personnel transfers from areas of surplus to areas of shortage
would result in considerable benefits to the department;

4, Maintenance activities are now planned for roughly 80 percent of the objectives
as opposed to only 40 to 50 percent at the time of study; and

5. Annual savings generated by these and subsequent studies have amounted to more
than $2 million.

As a result of the study, specific recommendations were made with regard to the
functions of individual management positions including authority, responsibility, and
accountability for manpower management. These recommendations are the key to a
successful manpower planning or management-by-objectives system. Employees must
understand and approve of a system if it is to succeed.

Another result of the study in the pilot areas was an increased recognition on the
part of the study group and other members of the department that money, men, mate-
rials, equipment, and planning are interrelated. Also, it was recognized that, when
these items are planned separately, the plan is only as useful as its least useful
component.

It is emphasized that the level of sophistication of an effective manpower planning
system must not exceed the understanding of those who implement it.

A significant result of the study was the establishment of a manpower planning sec-
tion within the personnel division of the department and the training of the section head
in the processes of manpower planning and highway operations. This section is now
operating as an independent unit.

In overall terms, the department's manpower planning efforts to date have resulted
in extending manpower planning to all of its employees (on a fairly systematic basis);
about 66 percent of its employees are presently covered.

Financial savings are beginning to appear in both the maintenance and construction
operations as a result of this and other related studies. More specifically, it is esti-
mated that $907,000 is being saved annually because of manpower planning for con-
struction inspectors and that unit cost savings through the use of manpower planning
and performance budgeting in maintenance are more than $1.5 million yearly (Ap-
pendix C). These figures represent $2.4 million of the $6 million target proposed by
the researchers.

Subsequent to the manpower planning study, a study of Virginia's governmental units
was ordered by the Governor and a self-study was conducted by the highway department.
The results of these studies corroborate, in many instances, the manpower study
findings.

As a result of the various studies, top and middle managements are adopting a
management-by-objectives philosophy. When this philosophy is fully adopted, the term
manpower planning will refer only to the personnel aspect of a management-by-objectives
system.

FUTURE APPLICATION

The department is now engaged in performance budgeting for its maintenance system
and in manpower planning for construction and materials personnel. In addition, the
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department is studying equipment utilization and management. The equipment utiliza-
tion and management study is a result of the emphasis on manpower and the obvious
relationship between equipment and manpower delineated in the manpower study.

In further recognition of the management-by-objectives philosophy, the department
has created a Management Services Division that is a direct result of the increased
emphasis that has been placed on the discipline of management by the department.
Finally, it should be noted that the authors are not implying that the manpower study
described in this paper was responsible for the ultimate development of management
into a divisional part of the department's organization. The research investigation was
merely one of a series of studies that has led to the recognition of the need for increased
emphasis on management by the department. It is presumed that this need exists in
other highway departments as well.

APPENDIX A
SYNOPSIS OF THE STAUNTON DISTRICT PILOT AREA STUDY

The conclusions and recommendations of the manpower study of the Staunton District
follow. They are in turn followed by discussions of the principal areas of concern in
the study: improvable turnover, management training, employee classification, em-
ployee motivation, and district field employees.

Conclusions and Recommendations

1. To ensure continuity and effective growth of the manpower planning function, the
manpower planning section within the personnel office should do the following: (a) im-
plement the techniques developed in this study on a department-wide basis; (b) initiate
a management-by-objectives training program for line managers as an integral part of
the manpower planning function; (c) include extensive field involvement and participation
of line managers as a functional part of the manpower planning process (such a cooper-
ative relationship should promote the integration of line and staff in the manpower plan-
ning process); and (d) provide a framework from which financial and manpower planning
can be carried out on a continual basis so that each department line manager under-
stands management practice.

2. The data available in the maintenance management system should be utilized to
develop effort, accomplishment, and fund allocation indexes for each residency and -
maintenance area within the state.

3. Analysis of personnel turnover should become a part of the personnel division's
annual program, and the detailed findings of the analysis should be released to each
division manager.

4. The problem of employee turnover (separations due to resignation and removals)
should be viewed generally in terms of those employee classes that have a turnover rate
of 10 percent or more and that are difficult to train and replace. If, however, training
and replacement within a classification are exceptionally time-consuming and expensive,
a turnover rate of less than 10 percent may be critical. If training and replacement
are not a problem, or if a classification includes too few employees for statistics to
be meaningful, a turnover rate of more than 10 percent may not be critical.

5. To solve the turnover problem, the department should use a selective approach
in implementing the following actions: (a) increased attention to the supervisory skills
of managers where turnover and poor morale are evident; (b) improved utilization of
the existing classification system to provide promotions where vacancies exist or to
give early promotions to within one step of the next higher grade; (c) more intensive
recruiting efforts in the affected classes; and (d) salary evaluations of the affected
classes.

6. The state personnel department should be requested to make periodic surveys
of wages and benefits given by industry and other government agencies within Virginia
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to ensure that department employees in the critical classifications receive comparable
compensation.

7. Special goals for utilization of employees (field manpower levels) should be
adopted in accordance with the effort, accomplishment, and productivity indexes to
plan for future growth.

8. A priority objective that could be established with regard to manpower levels
would be the accomplishment of more work without a proportional increase in the num-
ber of employees.

9. A 5 percent annual increase in productivity for 3 years would result in an annual
savings of $480,000 for the Staunton District. It is estimated that department-wide ap-
plication of this increased productivity concept would result in more than $3.5 million
annual savings.

10. Increased needs for additional personnel can be partially offset through elimina-
tion of personnel surpluses—only through attrition, of course.

11. Uniform increases in manpower and funds are unwarranted.

12. It is believed that man-hour and manpower planning for district field forces
should relate not only to planned and unplanned activities but also to planned mainte-
nance, unplanned maintenance (no more than 25 percent of planned), maintenance re-
placement, and state force or incidental construction., If this is done, man-hours will
be more than 80 percent planned and will be related to job objectives as compared to
a 40 percent figure for net planning.

13. Consideration should be given to a detailed evaluation of the classification struc-
ture. Current disparities between engineering and administration divisions and
construction and maintenance activities should be included in this evaluation.

Improvable Turnover

Separations from the department due to resignation and removal have been analyzed
from the point of view of classes of employees. In examining employee classes, all
classes with a turnover rate of 10 percent or more have been cited.

The summary data suggest that one-third of the department's employees account for
two-thirds of the turnover rate. Because turnover is not uniform throughout the de-
partment, it is believed that it can be considerably improved.

The turnover problem is not critical generally because most classes of employees
can be replaced and trained without great difficulty.

The employee turnover problem is critical when hard-to-replace job classifications
are affected. Additional classes of professional employees that were deemed crucial
(bridge, traffic, transportation, and urban planning engineers) represent only 83 em-
ployees. There are 26 classes of employees that fall in the critical or crucial cate-
gories. These 26 represent only 1,200 to 1,300 employees, or less than 15 percent of
the department's labor force.

One or more of the following actions, depending on the circumstances of the employee
class, is recommended for solving a turnover problem in a critical or crucial employee
category:

1. Investigation of management and morale of the classes of employees involved
and implementation of remedial action where decided on by line management and the
personnel division;

2. Improved utilization of the existing classification system with regard to promo-
tions, i.e., promote where vacancies exist or give early promotions within one step of
the next higher grade;

3. More intensive recruiting efforts;

4. Salary evaluations; and

5. Support and follow-through of the preceding items by the personnel division.

The turnover problems of the department can be considerably reduced if implemen-
tation of the findings and recommendations of this report is carried out by line manage-
ment, the personnel division, and the state personnel office.
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Management Training

The line-staff management-by-objectives approach used in Staunton was most bene-
ficial from the standpoint of the following:

1. The management training of line managers;

2. The acquaintance of staff with field operations and with how the staff's activities
should be related to the improvement of line effectiveness; and

3. The effective integration and management development of line and staff as sep-
arate entities and as a management team.

Originally, the researchers felt that appropriate manning tables could be drawn up
in an almost textbook fashion and be given to line management at Harrisonburg and
Staunton to be filled out. Harrisonburg residency officials, however, requested an
analysis of their manpower allocation and utilization practices before the development
of a manpower plan. A combination of computer-stored maintenance data, principles
of management by objectives, and the intuitions of line managers was used to perform
the analysis. This was followed by the development of a 3-year manpower plan.

An eclectic method such as the one used in Harrisonburg is an excellent manage-
ment training technique because, unlike the classroom, it is related directly to the
line manager's area of interest. Development of such data generates maximum atten-
tion to and utilization of the principles of management by objectives and return-on-
investment analysis.

The attempt is to combine academic management principles with operational man-
agement problems and solutions to forge a more effective (and less expensive) tool than
classroom training.

Employee Classification

During the course of the study there were certain comments that were repeatedly
encountered by the researchers. These related primarily to questions concerning
knowledge, skill, and ability requirements and salary differentials that exist between
employees associated with construction and maintenance activities and between em-
ployees of engineering and administrative divisions. No formal collection of such
comments was made, and no documentation or analysis is provided. Nevertheless, the
prevalence of the opinions seemed to suggest that the study would be incomplete without
some reference to them.

Employee Motivation

The researchers spent little time on motivation aspects. It is suggested, however,
that considerable effort will be directed toward motivation in the final phase of the study.
It is further stated that two approaches considered at the June 1969 meeting of the
Research Advisory Committee to the Economics, Finance, and Administration Sec-
tion of the Virginia Highway Research Council may be used. These are (a) an audit and
analysis of the exit interviews performed by the personnel division and (b) personal
interviews with employees.

District Field Employees

The report discusses the objectives of work program accomplishment in relation
to the utilization and allocation of district field employees.

Maintenance management records system data can be used as source data for effec-
tive man-hour and manpower planning. It is suggested, however, that these data should
be used in terms more related to total management objectives such as planned mainte-
nance, unplanned activities (no more than 25 percent of planned), maintenance replace-
ment, and state force or incidental construction.

It is further suggested that, because of increased requirements (Route 64, rest
areas, weighing stations, and chemical bins), there will be a need for more than 120
new employees in the Staunton District in the next 3 years if there is no increase in
productivity. With improved management and employee effectiveness (a 5 percent
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annual increase in productivity for 3 years), this need would be reduced by 80. If this
figure is extrapolated department-wide, the anticipated increase of more than 1,300 per-
sonnel would be reduced to 500, which would mean an annual savings of more than $3.5
million,

The following findings were emphasized in the report:

1. Manpower and man-hour planning can best be accomplished by integration of
staff concepts with line expertise;

2. Some locations have personnel surpluses, whereas others have personnel short-
ages; and

3. Uniform increases in personnel and money are viewed with disfavor because of
widely disparate man-hour and employee needs in relation to the objectives to be
accomplished,

APPENDIX B
SYNOPSIS OF THE FAIRFAX RESIDENCY PILOT AREA STUDY

The head of the personnel division and the Culpeper District Engineer requested the
assistance of the Highway Research Council and the staff of the department's personnel
division in conducting a manpower planning study of the maintenance activity within the
Fairfax Residency.

The study was initiated in March 1970. The objectives of the study were (a) to de-
velop realistic ways in which the maintenance work load could be anticipated in terms
meaningful to manpower planning and (b) to determine the personnel needed to meet
the work load.

In conducting the study, the researchers were given the opportunity to study man-
power planning not only in terms of numbers but also in terms of the Fairfax manage-
ment process. The suggestions for change are therefore greater in scope than those
resulting from previous manpower studies.

Scope of Study and Recommendations

1. Because of the limited time allotted, the study was primarily restricted to man-~
power planning and management analysis of the maintenance functions of the Fairfax
Residency and therefore should be viewed in that context.

2. Because recommendations beyond the residency level are viewed as beyond the
scope of this study, considerations of the "districtization of Fairfax'' have been omitted.
It should be noted, however, that Fairfax's man-hours, expenditures, and equipment
are approaching the levels of some of the department's districts and that any widespread
area splitting will have a serious effect on the effectiveness of the traditional residency
organization. The organization was altered prior to this study, and it will be altered
further if the recommendations of this study are followed.

3. A truly complete manpower planning study covers and integrates manpower,
equipment, and financial planning. This study has ignored financial planning because
it involves the department's fund allocation process, which is beyond the purview of
the researchers; when, however, manpower planning is implemented on a department-
wide basis, manpower, equipment, and financial considerations will have to be inte-
grated to achieve optimum solutions.

4. Tt is suggested that, in the future, the return on the department's invested dollar
should serve as the criterion for the integration of manpower, equipment, and financial
plans.

Restructure of the Maintenance Management System

1. The department's maintenance management system in Fairfax was restructured
to more adequately meet the management analysis and planning needs of Fairfax (and
other urban areas).



2. The system restructuring included the addition of many important functions,
such as the cleaning and repair of minor drainage, curb and gutter maintenance, litter
patrol activities, sidewalk maintenance, and maintenance replacement, to the planning
process. The restructuring has resulted in planned man-hours for approximately 80
percent of the residency's activities as opposed to current man-hour plans that account
for only 45 percent of the man-hours expended. All residency crews were included in
the man-~hour planning.

3. The restructuring was performed primarily by the Fairfax Residency staff. This
has resulted in the management-by-objectives training of the staff and the acceptance
and active use of the maintenance management system—a situation that did not exist at
the time the study was initiated.

4. The manpower plan developed by Fairfax calls for a manning level of 472 persons
(including convicts) to meet current needs. The researchers consider this level rea-
sonable, providing that current productivity standards continue.

Effective Manpower Management

1. It is recommended that, with increased productivity, Fairfax's current manning
need and authorization should not be 472 but rather 415 (35 more than the 380 on the
residency payroll as of April 15, 1970). The Fairfax labor force as of October 1970
was approximately 415.

2. The residency thought that personnel increases should be achieved through the
use of additional highway employees rather than convicts because convict labor already
represented more than 25 percent of the work force. The researchers agree with the
residency on this point.

3. It is suggested that the increased productivity called for can be accomplished
through the following: (a) More effective delegation of authority, responsibility, and
accountability in the residency than currently exists; (b) continuous efforts toward
utilizing as effectively as possible equipment such as graders, loaders, rollers,
sweepers, and tractors; (c) further automation of residency maintenance functions
where feasible; (d) the provision of 2 additional maintenance management positions (1
residency maintenance supervisor and 1 residency equipment supervisor) to help en-
sure that the previous steps are accomplished effectively (the need is for more and
better management but less labor than had been anticipated); and (e) the possible ad-
dition of 2 high-level maintenance positions (2 assistant resident engineers for main-
tenance) that the residency feels are needed (the researchers are inclined to agree
that additional assistants may be needed, but it is suggested that, prior to final action,
the requirements of these positions be examined in greater detail).

4. Because of the great urban demands on the Fairfax area, a management-by-
crisis situation has been created and not yet resolved. This situation has resulted in
each level of management performing 1 or 2 levels below its position; therefore, the
functions of the highest level either have not been accomplished or have been performed
on an unsystematic basis.

5. It is recommended that all area superintendents report to their residency main-
tenance supervisors only and that these supervisors have the authority to plan, execute,
and implement the maintenance functions of the areas or the crews for which they are
responsible., Because of this increase in informal authority, supervisors should be
held more accountable than they have in the past for the results achieved in their areas.

6. It is suggested that, along with increased quality and quantity of management,
more attention be paid to the higher level maintenance activities of long-range planning,
development of improved management techniques, more effective ways of implementing
public relations activities as they affect operations, and examination of questions such
as the utilization of equipment on hand as well as possibilities for future automation.

7. Area superintendents appear to have sufficient authority, but it is felt they are
not held as accountable for the results of their operations as might be desirable.

8. The Fairfax effort toward encouraging highway foremen to assume responsibility
for subareas is commendable and should be applied on a residency basis. It is also
suggested that the question of optimum numbers of man-hours per foreman should be
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examined in some detail by residency management. Currently, Fairfax annually expends
an average of 19,800 hours per foreman., Thereis a wide range of hours expended among

areas,
9. In order for manpower planning to be implemented on a continuous basis in the
residency, the personnel supervisor must take an active part in manpower planning.

Equipment Utilization, Automation, and Manpower Planning

1. Because maintenance needs will continue to grow (particularly in urban areas),
efforts should be made to evaluate the possibilities of maximum use of automation to
carry out the maintenance functions of the department.

2. These possibilities should be viewed in terms of the following: (a) effective utili-
zation of equipment such as graders, loaders, rollers, sweepers, and tractors, and
(b) the introduction of new equipment (where technically and economically feasible) that
can perform functions that are now performed solely by men, e.g., the cleaning of catch
basins and the conduct of litter patrols. The modification of old equipment might also
achieve this.

3. Currently, on the basis of hours used only, rental equipment does not appear to
be used as effectively as it might be; however, this can be caused by equipment obso-
lescence, breakdowns, delay in delivery of parts, and information needs as well as
equipment management at the residency level. Residency equipment, therefore, should
not be called in nor should residency requests for additional equipment be held up. It
is suggested, however, that Fairfax and other residencies be provided with information
relating to hours used, hours broken down, and equipment profitability on a quarterly
basis so that the residency can schedule usage and repair of equipment as effectively
as is possible.

4, Another measure that should provide incentive for effective equipment manage-
ment would be to charge in some form an “availability” fee on equipment. (District
equipment rental rates have since been instituted along with utilization standards by
equipment class. Estimated annual savings since implementation of these recom-
mendations are $466,000.)

5. Optimum equipment utilization and manpower planning trade-offs (automation
versus people) should be given primary emphasis by the assistant resident engineer
for maintenance, the residency maintenance supervisors, and the equipment and main-
tenance divisions. The trade-offs should be designed under the supervision of a person
or committee that possesses the authority of implementation because they will dictate
the future effectiveness of the department's maintenance operations.

6. The introduction of new equipment to automate additional maintenance functions
should be viewed by the department and Fairfax in terms of an offensive strategy. The
strategy could be the responsibility of the purchasing committee referred to in the de-
partment's self-study and could include a separate study on automation possibilities by
the research council. In any event, it should receive emphasis by high-level mainte-
nance managers of the residency.

Residency Organization

1. As has been stated, it is suggested that additional management positions should
be established in the Fairfax Residency. If the 4 new organizational positions are
established, the Fairfax Residency should be held accountable for the elimination of
much of the management-by-crisis situation that currently exists in maintenance work.

2. Currently, the Fairfax Residency has 9 maintenance areas and 4 crews; residency
maintenance supervisors pay little attention to these crews. It is suggested that this
inattention is justified because of the present responsibilities of the 2 supervisors (1
has 4 areas and the other has 5); however, management planning and direction (at the
lowest possible level) should be given to the maintenance superintendents of these crews.

3. In addition to the need for increased management of residency crews, there is a
need for the scheduling of maintenance contract work ($1.5 million annually) and super-
visory inspection of the same and for the supervision and quality control of the activities
of the equipment shop.
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4. 1t is suggested that the needs outlined in the previous two recommendations can
be met by (a) the addition of a residency maintenance supervisor who would have au-
thority, responsibility, and accountability to the assistant resident engineer for main-
tenance in the performance of the electrical, sign, construction, and bridge crews and
the scheduling and inspection of maintenance contract work and (b) the addition of a res-
idency equipment supervisor responsible for the operations of the equipment shop.

5. It is also suggested that Area 8 (Van Dorn) be split into 2 areas because current
plans for this area call for expenditures of more than 137,000 man-hours. This is
nearly twice that of any other area in the Fairfax Resideney and, for example, more
than twice that of any area in the Staunton District. All of the foregoing findings and
recommendations relate to the current situation (with implications for the future, of
course), but possibilities of additional areas of interestexist for the future—particularly
those approaching annual requirements of 100,000 man-hours.

APPENDIX C

DESCRIPTIONS OF THE METHODS OF ESTIMATION OF SAVINGS
GENERATED BY MANPOWER PLANNING STUDIES IN THE
VIRGINIA DEPARTMENT OF HIGHWAYS

1. The revision of established guidelines for determining the number of inspectors
that are assigned a given construction project.

Action required: Executive
Status: Fully implemented

Comments: The manpower planning section of the personnel division in coopera-
tion with the construction division and field personnel has developed
an analysis of inspector needs and requirements. Staffing analysis
will be a continuing program; the management-by-objectives approach
has led to a reduction of 108 inspectors. This reduction has been or
will be accomplished through normal attrition and/or transfer—no
employee will be dismissed for manpower reduction purposes.

Fiscal effect: Fiscal Year Estimated Savings

1971-72 $ 907,200
1972-73 907,200
1973-74 907,200
1974-175 907,200
4-year total $3,628,800

Documentation
of savings: The reduction of 108 inspectors (who earn an average annual salary
of $8,400) will result in an estimated annual savings of $907,200.

2. The reduction of the number of employees normally assigned to miscellaneous
unmeasured highway maintenance.

Action required: Executive
Status: Fully implemented

Comments: The thrust of this recommendation calls for better utilization of
an improved maintenance standards system. On May 19, 1971, a 3-
man committee appointed by the Highway Commissioner (2 members
of the Highway Commission and the Management Services Officer of
the Virginia Department of Highways) issued its report to the Com-
missioner stating that '"The Department has reviewed and expanded
man-hour work standards as recommended by the Governor's Man-
agement Study team. For the coming fiscal year there will be 45
activities covered by work standards as compared to the 12 in



Fiscal effect:

Documentation
of savings:

Exhibit I:
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existence at the time the Governor's Management Study team made
its comparison. . .the specific activities for which man-hour stan-
dards have now been developed will account for more than 90 percent
of the total expenditures for ordinary maintenance.'

Fiscal Year Estimated Savings
1971-72 $1,650,000
1972-73 1,650,000
1973-74 1,650,000
1974-75 1,650,000

4-year total $6,600,000

Any reduction of costs below a normal 5 percent increase as well as
the percentage increase of lane miles were counted as unit-cost
savings.

An analysis of estimated unit-cost savings on total ordinary mainte-
nance allocations.

1970-71 allocations (5 percent) $2,433,268
Actual increase in allocations from

1970-71 to 1971-72 1,154,469
Difference $1,278,799
1 percent primary 1970-71 budget

(as 1 percent increase primary lane miles) 161,484
4 percent interstate 1970-71 budget

(as 4 percent increase interstate lane miles) 205,802

Total estimated maintenance unit-cost savings  $1,646,085



FIELD ENGINEERING MANAGEMENT
G. S. Fairbanks, Utah State Department of Highways

This paper outlines the basic methods used to develop an integrated man-
agement system for field engineering personnel. The major objective of
the study was to provide management with tools that would aid in improving
field operations, developing personnel, and planning manpower require-
ments. The system was developed through full participation of the people
who would be using the system. The study takes into account the need for
standards of performance; standard work procedures; reporting system
that would offer timely and pertinent information to both worker and man-
ager; better definition of skills and abilities necessary to perform partic-
ular functions; means to help ensure that promotions would come as a re-
sult of individual accomplishment; method of reviewing employees based
on their own objectives with the sole purpose of the development of the em-
ployee; and means of planning manpower needs on a project level and on a
district or statewide level.

¢THE Utah State Department of Highways decided to helpline personnel become aware of
and solve their management problems atthe workinglevel. It was evidentthat, if line per-
sonnel were going to be held accountable for management problems, they needed man-
agement tools to help them. In order to provide tools, the department had to define the
problem areas. A review of the operations was made, and it was determined that im-
provement in the following areas would contribute to improved operations in the field:

1. Standards of performance—Employees and supervisors did not have a way of mea-
suring performance. Often, accomplishment was equated with amount of work, which
is not always a true measure. A crew may work hard and accomplish little because of
improper procedures or errors,

2. Standard work procedures—The necessity for standardizing the many field pro-
cedures used by different engineers was evident. When employees were transferred,
they could not be used effectively until they learned the method used by their new engi-
neer. It was difficult to provide training aids because no standard method was employed.
Itis believed that, by using a standardized methods system, manpower utilization can be
increased and training opportunity can be enhanced.

3. Reporting system—A method for measuring accomplishment or productivity did
not exist; the worker did not have a yardstick with which to measure his performance
or to establish objectives.

4. Skill level requirements—There were job descriptions available that could be
used in evaluating the level of work that should be expected of an employee; however,
the descriptions were too general to be useful. Useful guidelines of what should be ex-
pected of employees did not exist.

5. Method for manpower planning—There was no system for planning manpower.
Each engineer had his own method based on his experience. Little had been done on
long-term manpower planning.

6. Promotion program—There was a need to assure employees that promotions would
come as a result of individual accomplishment.

7. Employee review—Self-development is partially dependent on the proper envi-
ronment; the worker must be challenged and motivated. Who can blame a worker for
neglecting to make the effort of development if it is not rewarded or acknowledged? Per-
formance review is a good tool to use to promote the development of employees. The
current performance review is essentially quantitative and only incidentally directed
toward performance improvement. When we evaluate an employee's performance using

12
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the present system, we try to attach ascore to his workday activities. We are interested
in rating him with respect to other employees for the purpose, primarily, of adminis-
trative decision-making. We may be interested in giving him a raise, promoting him,
or, perhaps, firing him. It is necessary to have a system that has as its major goal
the development of the employee rather than the collection of data.

Approach

One principle was felt to be foremost in the development and eventual acceptance of
a management system: The system should be developed with the full participation of
the people who will work within it. A committee was organized exclusively from project
and resident engineers. Participants from higher management levels were purposely
omitted so that the engineers would be assured that it was truly their program. Two
project or resident engineers from each of the six districts throughout the state were
chosen to serve on the committee.

The initial objectives of the committee were as follows:

1. Investigate work activities with a view toward systematizing project engineering
crew methods, and

2. Establish standards that will (a) provide management with a means of measuring
quantitative performance, (b) provide the individual worker with a yardstick with which
to measure his performance, and (c) provide guidelines for staffing project engineering
crews and projecting manpower requirements.

The committee chose a chairman from among the members, and the project coordi-
nator, who was the only member of the committee that was not a resident or project
engineer, served as the secretary for the committee. The engineers on the committee
varied with regard to background, age, and experience with the department.

At first, the problems encountered in accomplishing the goals of the committee
seemed to some to be insurmountable. As the committee worked together, however,

a good rapport developed, and decisions were made through a consensus of the group.
When matters were not agreed on, additional information was gained through special
studies. The results of the studies were then analyzed and evaluated by the committee,
and a consensus was reached. This procedure helped to maintain the solidarity of the
committee.

As a public organization, the goal of the highway department is to provide the best
possible services at a cost that is nominal to the taxpayer. This means that department
work must meet the needs of the public.

It was decided that efforts could not be aimed at improving results without developing
an integrated program including personnel development. For a supervisor to simply
tell his subordinates to work harder was not the answer. There was a need to provide
tools for workers as well as for managers to aid in accomplishing the objectives. It
was necessary to show respect for the workers and to give them an opportunity to work
in a climate conducive to personal development. The system would need to be a devel-
opmental system; i.e., the organization must make continuing, purposeful change and
cast aside values that are no longer meaningful. The goal was to relate work to objec-
tives as much as possible and to give line supervisors management responsibilities.

FINDINGS

Standards and Procedures

The functions of a project engineering crew were divided into three major areas:
survey, inspection (including laboratory work), and administration. These were sub-
divided into activities such as preparation of books, grade staking, and inspection of
roadway excavation. These were the basic activities for which the standards and pro-
cedures were to be developed.

Standards of performance, method, and crew size were established by the committee,
The establishment of the standards and procedures were based on experience, judg-
ment, and actual time analysis.
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Standards are generally viewed as being rigid and restrictive; however, because of
variables such as weather and types of terrain, standards cannot represent rigid bounds
but must stand as guidelines from which a relative value of performance can be deter-
mined. In some cases, a crew can be meeting standards but be doing substandard work.
The reverse can also be true. It must be remembered that standards are based on an
average project, and awareness of the specific conditions of a project must be present
when evaluating performance against standards. Standards are to be used as a basis
for establishing work objectives; they are not necessarily the objective itself. Standards
are a guide from which objectives should be established by the employee and the super-
visor according to circumstances.

It is believed that standards of performance provide an opportunity to stimulate ana-
lytical thinking. If a person has a standard to measure his performance against, he is
able to analyze his work and determine why his performance is what it is. It alsopoints
out weaknesses.

Standards can be used by an engineer as a guide to staffing in accomplishing a job
economically. Standards are not, however, intended to replace field staffing judgment,
although they will provide a basis to evaluate that judgment.

Standards and procedures will be regularly compared on a statewide basis with actual
performance. If it is found that there is substantial statewide deviation from a standard,
the standard will be reviewed as well as the methods employed and the means of report-
ing. If the standard is found to be unrealistic, then it will be revised. Employees at
all levels will be encouraged to offer suggestions to improve procedures. Their rec-
ommendations will be reviewed by the field engineering management (FEM) committee
and, if acceptable, the procedure will be revised.

It is anticipated that standardized methods and procedures will help to fully utilize
the manpower in the department and to allow greater employee mobility. In the event
of transfers, an engineer would be assured that the person who is being transferred to
him would be familiar with the method of operation.

Skill Levels

Skill levels were developed by the committee in order to describe the knowledge and
ability that would be required to perform different functions on a field engineeringcrew.
After the committee identified the activities that are involved in field engineering,
they arranged them by particular functions, e.g., chaining and running instrument. The
skill level necessary to perform each of the functions was determined on the basis of a

5-point scale. The parameters were established by skill levels 1 and 5. Skill level 1
requires no previous experience; the duties could be performed under supervision in a
very short time. Level 5 requires the knowledge and ability of a person who could act
as an assistant project engineer. After the activities and functions were identified and
skill levels were assigned, the knowledge and ability requirements for the skill levels
were defined. The committee reviewed the functions assigned to a particular skill level
and then described the knowledge and ability needed to perform them satisfactorily.
Skill levels were not equated with pay grades or job titles initially so as to avoid any
possible bias by associating a function with a job that may have typically performed that
function. References to job titles such as chainman, rodman, and instrumentman were
avoided. It is considered that these are functions that may be performed by various
skill levels depending on the activity or situation. After skill levels were assigned
knowledge and ability requirements, they were then matched to current pay grades.

Skill-level requirements will provide a basis for the employee and supervisor tosolve
some of their differences. Frequently, employees and supervisors disagree about work
activities. Defined skill levels help to bring the supervisor and the subordinate closer
together. The skill-level requirements are designed to increase the employee's aware-
ness of his own job responsibilities and serve as a guide to self-developmentand training.

Skill-level requirements will be the basis for determining an employee's eligibility
for promotion. He will be required to go through an examining process to evaluate his
ability to perform at a particular skill level. The examination will be composed of a
supervisor's recommendation, a written test, and an oral review and evaluation of the
employee by a board.
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Reporting

The reporting system is set up primarily for control, evaluation, and planning pur-
poses. The following objectives were kept in mind in developing a reporting system:

1. Paper work and time spent in recording the data is to be kept at a minimum;

2. Involve the people who are doing the work; and

3. The reporting system should serve as a tool for the line supervisor with which he
can (a) compare actual productivity with a standard, (b) use past performance to eval-
uate present performance and plan future performance, (c) compare actual and planned
performance, (d) determine the need for corrective action, (e) determine where correc-
tive action is necessary, (f) use as a guide to evaluate daily performance, and (g) use
as a basis to set group and individual goals.

One of the important functions of the record-keeping process is that it provides the
supervisor with an opportunity to make daily evaluations of the activities of his men.

As he makes the labor and accomplishment form out each day, he is able to determine
if the productivity for that day is within an acceptable range of performance. The su-
pervisor is also able to perform an informal evaluation of his crew as he observes the
methods and procedures they use and the quality of their work. This form of analysis
gives a supervisor an opportunity to determine the type of instruction his employees
may need to improve their performance, and, therefore, it may become an aid in iden-
tifying training needs.

The project engineer will review the labor and accomplishment form at the end of
each 2-week period. This gives him an opportunity to get some short-term feedback
and to evaluate the performance of his crews. It should be remembered, however, that
the reported data will only give general indications and will not positively identify spe-
cific problems. The project engineer should discuss the significance of a possible prob-
lem with his subordinate. Through this discussion, the engineer can determine the
proper course of action to take.

The project engineer will also review the summary report, which will show the com-
bined activities and accomplishment of his crew on a project. He can compare total
payroll hours with the number of hours reported on the labor and accomplishment forms
to determine if all the hours are being reported and where the time is being spent and
to determine the productivity of the crew's operations.

Evaluation of individual crews from the reporting system cannot be made beyond the
project engineer level. The reason is that positive identification of problems, causes,
and solutions cannot be made solely on the basis of the reported data. There are many
variables influencing the data; therefore, only a person who is close to the situationand
who can evaluate the variables can use the data to evaluate individual production.

This type of reporting system gives the line supervisor an information base from
which he can better plan, evaluate, and control his work. Adequate and accurate re-
porting provides a regular feedback of the man-hours expended in relation to the quan-
tities of work completed. Later refinements and expansion of the program are depen-
dent on the accumulation of satisfactory records.

The project engineer will regularly receive a report that informs him of the status
of his project. He will also receive other cost data charged to his project, such as the
following:

1. Total salaries—including salaries from other divisions that have been chargedto
his project;
Travel time charged against the project;
Subsistence charged against the project;
Supplies charged against the project;
Computer time charged against the project; and
Any special consultant time charged against the project.

S O W N

By using this type of information, the project engineer will be better able to evaluate
productivity and to control his budget.
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The district construction engineers will also be given summary information of all
the projects in their districts. This will give them information concerning the utiliza-
tion of manpower at the project levels as well as the progress of projects.

Employee Review

Employee review, as a part of the FEM system, was developed to stimulate improve-
ment through a combined effort of the employee and the supervisor. It involves a joint
effort in setting objectives and evaluating progress toward those objectives. It is im-
portant to keep in mind the objective of the evaluation—to help the employee with self-
development. The supervisor can use it to learn what he can do to help develop the
employee. The supervisor and subordinate will examine and reach agreement on such
items as the requirements of the job, current performance on the job, need for and
method of improving job performance, and employee's objectives.

The program of employee review is an ongoing, self-correcting, active process.
When it is planned well and executed without haste or coercion, employee review can
do much to encourage and reinforce those actions that are necessary for the achieve-
ment of individual and organizational goals.

A few days prior to the interview, the supervisor asks the employee to jot down areas
of his responsibility and how he feels his performance should be measured. The sub-
ordinate should be asked to start formulating objectives related to job performance and
self-development. The supervisor, also, needs to prepare for the review by asking
himself what he can contribute toward the employee's improved performance; for ex-
ample:

1. Can he clarify the work assignments so that the employee fully understands what
is expected of him ?

2. Does he have knowledge or skill that he could pass along to the employee ?

3. Is he able to foresee obstacles or roadblocks that he can warn the employee about?

4. Can he do some advance "road paving' with or without the employee's knowledge
that may smooth the way or add to the likelihood of getting results ?

The supervisor must acquaint himself as much as possible with the employee and his
work. He might begin by listing the major work expected of the employee for an appro-
priate period of time. In doing this, the supervisor might list the areas of work that
will be assigned to an employee, or he might take from the skill-level requirements the
major responsibilities for which he is holding an employee accountable. The supervisor
should keep in mind that the employee should be encouraged to participate in developing
the list of tasks and objectives; in fact, the employee should have the most responsibility
in defining his own objectives.

The discussion between the subordinate and supervisor should be held in private in
an atmosphere conducive to open discussion. At this joint meeting, they should fill out
the employee review form (Fig. 1) and discuss the following:

1. The subordinate's responsibility. Tasks and activities required of the person
should be reviewed.

2. Guidelines of performance. These should be put into specific terms if at all pos-
sible. Here there may exist the opportunity for developing crew standards. The super-
visor should use the standards developed in field engineering management guides for
crew production standards.

3. Individual objectives or goals. The goals should be quite specific. For example,
an objective such as "improve in mathematics" is less likely to spark constructive sug-
gestions and action than is a specific objective such as "'be able to figure a catch point."
The first wording is so general and covers such a broad area that it does not offer a
starting place or an identifiable completion point. The second focuses on a particular
area and serves to remind the employee of a particular problem or a specific area of
importance. The use of more specific wording also opens the door to more accurate
measurement of performance, thus giving both the employee and the supervisor a way
of knowing how successfully the objective has been accomplished. The established ob-



Figure 1. Employee review form.

NAME_ POSITION DISTRICT.
PROJECT ENGINEER LOCATION,
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DATE
NEXT REVIEW

SITUATIONAL FACTORS

OBJECTIVES RESULTS
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Figure 2. Supervisor’s action sheet.
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18

jectives should be within the employee's capabilities. It is necessary that the employee
set the objective or goal and commit himself to its achievement. Setting a great many
goals is not as effective as setting one or two vital goals. The goals should represent
improvement or development in something actually required and used in the employee's
job.

4. The subordinate's current performance. It should be weighed in light of previ-
ously agreed on standards and objectives and the objectives of the department.

5. What needs attention? What factors have been observed that might help in iden-
tifying areas needing attention? How do all the facts seem to fit in with the conclusions
reached?

After the interview, the supervisor should fill out a supervisor's action sheet (Fig.
2). This has been designed so that the supervisor will have to think beyond the inter-
view of what he can do to help the employee accomplish his objectives. The supervisor
will be required to review the supervisor's action sheet with his supervisor so that the
project engineer will be aware of the essential information about the employee's goals
and of the action the supervisor will take to help the employee accomplish his goals.

Between formal meetings of the employee and supervisor, it is vital that the employee
receive timely and useful feedback as to how well he is succeeding. Also of major im-
portance is the necessity for the employee to feel rewarded for his improvement at-
tempts. If he accepts an improvement objective and finds himself achieving it, he ex-
periences internal feelings of satisfaction that spur him on to further attainment. The
supervisor will increase the desire for improvement by letting the employee know his
efforts to improve are recognized and, if he is successful, by giving him additional rec-
ognition or reward. Natural opportunities that occur on a day-to-day basis should be
taken advantage of for discussing job performance with the subordinate. Between inter-
views, the supervisor should make notes of important performance incidents, both fa-
vorable and unfavorable, in enough detail to recall not only what happened but also the
conditions under which it happened. The supervisor should compliment or correct the
employee at the time the incident occurs. Notes provide an excellent input for the su-
pervisor's thinking at the time of the next performance review and may support disci-
plinary action if it is necessary.

At the end of the 6-month period, the supervisor and subordinate should meet and
jcintly evaluate the results toward the accomnlishment of nreviously established objec-
tives. They, then, initiate a new cycle in employee review.

Manpower Planning

The ability to anticipate future manpower requirements is an essential element in
planning for effective utilization of manpower. It serves as a tool in ensuring manpower
program development and implementation of manpower control. It can be used as a
factor in determining the programming of projects to maintain a balance in manpower.

In this study, two means of estimating manpower requirements have been suggested.
One is used by project engineers for anticipating the size and characteristics of the work
force necessary to complete a specific project. The goal here is to ensure that the right
number and kind of people will be at the right places doing the things for which they are
most economically useful.

The project engineer will make an estimate of his manpower requirements for the
duration of a project by using a project manpower chart. All of the anticipated activities
are listed on this chart. Then, through the use of manpower standards, project plans,
and contractor work plans the engineer plots the estimated time to complete the activity
and the number of men required. After completing this, he is able to chart his staffing
requirements, determine the type of personnel needed, and estimate when he will need
them.

A copy of this information is submitted to the district construction engineer. This
will enable him to see the anticipated manpower requirements for each of his project
engineers in relation to time. If there is a difference in the manpower requirements
and actual staffing, the shortage areas are balanced by utilizing personnel from areas
where a manpower surplus exists.
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It is realized that the work is such that some underutilization of manpower is unavoid-
able because of variations in the work load and the contractor's operation; however,
this system will provide a tool to aid the construction engineer in planning his manpower
needs and distributing his manpower to obtain optimum utilization.

The second method is designed to project manpower requirements on a statewide or
district basis and would be used by the construction management engineer or a district
construction engineer.

The first step in this method requires that we obtain a productivity index. This was
obtained by using the following formula:

Total man-hours
Dollars of construction

= Productivity index

A means of forecasting the time necessary to complete a project was the next step.
This was done by plotting on a graph the amount of time taken for completion of a project
against the dollar value of the project. A line of best fit was drawn. In the example
(Fig. 3), we observed three levels at which definite break points occurred: projects cost-
ing up to $350,000, projects costing from $350,000 to $1,900,000, and projects costing
$2,000,000 or more. These three points represent the average construction time taken
for projects costing less than $400,000, from $400,000 to $2,000,000, and more than
$2,000, 000.

By using the figure, we can estimate the length of contract time. It should be noted
that lead time, where the project engineer gets the plans prior to the contractor's start-
ing, is not included in the figure. The time that the project engineer spends on the proj-
ect after the completion of the contractor's work is also not included.

With this information, it is possible to use the program schedule to estimate the total
future work load for a state or district. It should be noted that in using this method we
are working with averages and that reliability will increase with the number of projects.
It follows, then, that reliability will decrease as the number of projects decreases; there-
fore, this method may not be adequate for determining the time for a specific project.

The amount of work that can be done each quarter varies because of many variables.
We estimated quarterly work amounts by computing an average production index for each
of the four quarters in a year. The production index (man-hours per $1.00 of construc-
tion) for the first quarter in the calendar year for our example was 9; the second quarter
was 3; the third quarter was 2; and the final quarter was 2.5. From this, we were able
to determine what percentage of the total year's construction workis done in each quarter.

It was then necessary to identify all the projects in the district or state for the year
we were projecting manpower. The method we used to estimate the duration of the proj-
ects was explained earlier (Fig. 3). The total construction dollars to be spent during
the year was computed. Then the amount of work to be accomplished (based on construc-
tion dollars) was figured for each quarter.

The amount of estimated construction for each quarter was multiplied by a production
index of 2.5 (man-hours per dollar of construction) to give the number of man-hours
needed in each quarter. A production index of 2.5 was used because it was demonstrated
that this could be met or exceeded in the majority of work quarters.

Our permanent staffing would be based on the second quarter of the year. Training
and other activities are planned for the first quarter when there are excess man-hours.
In the third and fourth quarters, the additional man-hours required beyond normal staff-
ing are made up by employing temporary help and giving overtime (Fig. 4).

Evaluation of Procedures (Pilot Study)

A pilot project was started to introduce the new standards, to clarify procedures,
and to test the methods that had been established for reporting. The pilot project was
limited at first to committee members to avoid confusion and possible resistance from
workers. There was an attempt to acquaint other personnel with the project, and some
of these were asked to participate and offer their suggestions later. Those participating
were able to advise and make suggestions for refinements. Not enough data were col-
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Figure 3. Project completion time versus cost of project.
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lected to make a sound decision with regard to changing the standards that had been
adopted. However, the statistics on the standards were reviewed carefully, and they
did indicate areas in which some of the standards may need revision.

The pilot project was most helpful in finding weaknesses in our reporting system and
in gathering information concerning the acceptance of the program by line personnel.
One of the major problems we had was the feeling on the part of the employees that the
reports would not be detailed enough and would lead to false evaluation of their abilities.
This created a negative feeling about reporting. It was necessary to conduct a campaign
to educate the working force to the fact that they would not be judged individually beyond
their project engineer.

There was a general tendency for all of the records to go to the project engineers;
the line supervisors acted primarily as record-gathering agents. The line supervisors
were relieved of the duty to analyze the records. When the project engineer allowed
this, he lost a way to stimulate the responsibility, loyalty, and understanding of the
line supervisor.

Short-range objectives can overshadow the total long-range goals of a project. As
an example, the short-range objectives of a crew may be to increase productivity in a
certain activity. The crew may make a special drive to do this but neglect some other
important aspect that will lead to future problems. It is necessary to tie the employees
and supervisors to the long-range goal of a project as well as to their own short-range
goals.

Frequently, an engineer's reaction to this program is that the standards do not fit
their particular situation and that the means of measuring is not accurate. Itis not nec-
essary, however, to have perfection at the outset. Standards and measurements thatare
not completely accurate are usable in getting a program started. Experience will later
prove where they are in error, and adjustments can be made.

At first, the records system did not seem particularly well adapted to our total pro-
gram. Parts of the job were very hard to measure. An example of this is the project
administration area, where there was a tendency to retreat from establishing standards
because the whole position could not be covered. It was decided that it did not have to
be. We worked on the areas where measurement was readily available. It was not ex-
pected that we would cover every facet during the first year. Although everything inthe
FEM program cannot be geared to objectives, we are becoming accustomed to working
with standards and are developing a better understanding of objectives. As more infor-
mation and experience are gained, it will be possible to refine standards and expand
them.

Implementation

The FEM program had the total acceptance and endorsement of top management, who
agreed on implementation with only a few minor suggestions.

A position of construction management engineer was established. One of the members
of the FEM committee was promoted to this position. His duties are to provide overall
surveillance for the FEM system and to identify the need for system adjustments. He
works with the committee in revising and updating performance standards, evaluates
the total construction work load and determines overall manpower allocations, and par-
ticipates in investigation and research in improving managerial and technological
methods.

The FEM committee has been continued beyond implementation and is to be a perma-
nent part of the program so that project engineers can have a voice in the management
of its system.

At the time of implementation, the makeup of the committee was altered to include
a representative from the district construction engineers and district engineers. This
was done to provide the point of view of other management levels. Also one representative
each from the design, materials, and maintenance departments was added to the com-
mittee. These personnel act as a formal liaison between the area they represent and the
FEM committee. They will be the means by which mutual problems will be carried to
the other divisions and will be responsible for investigating and helping in the develop-
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ment of practical solutions.

The committee will meet at least every 3 months for the

purpose of reviewing performance standards, methods, and problems. This committee
is responsible for soliciting, evaluating, and acknowledging suggestions submitted by
They will aid in providing overall surveillance for the system
and in identifying the need for system adjustments.

department personnel.

ESTIMATE OF SAVINGS FROM THE FEM PROGRAM

The FEM program provides a variety of means for improving overall productivity
in the construction area of the Utah State Department of Highways.

It has been determined that current yearly productivity is approximately 0.027 to
0.030 or 2.7 to 3 man-hours per $100 of construction. At an average wage of $4.00
per hour, this is $10.80 to $12.00 of engineering costs per $100 construction.

It is feltthat, with hard work and with proper backing of the program, productivity

can be improved by at least 10 percent.

This then is 0.27 to 0.30 man-hours per $100

of construction. After applying the $4.00 wage average to this, we save from $1.08 to
$1.20 per $100 of construction. At current average yearly construction costs of
$50,000,000, this amounts to from $540,000 to $600,000 in savings ($50,000,000 =
$100 x $1.08 = $540,000; $50,000,000 + $100 x $1.20 = $600,000),

It is improbable that the goal of 10 percent improvement will be reached within 1
year, but if improvement were only 10 percent of the desired 10 percent, thatis, a
savings of $54,000 to $60,000, the cost of establishing the program would be exceeded.

We can apply a present value approach (cost of money at 10 percent) for 5 years by
using the low figure and by assuming that 2 years will pass before any savings are re-
alized. [The present value approach is a method by which future dollars can be shown
at current value when discounted by the cost of money (time). The factors used in the
following calculations are taken from a table that gives such factors for r cost of money
(time) for n periods, but the values can be determined by using the following formula:
1/(1 + r)n.] Further, the third year would show just 10 percent of the goal. The fourth
and fifth years, however, would be 50 percent and 100 percent respectively of the de-
sired 10 percent improvement.

The following calculations show that the program would pay for itself in the fourth
year ($519,204 - $84,700 = $434,504 net present value).

Year

DD wN RO

Cost
(dollars)
50,000 x 1.000 = 50,000
20,000 x 0.909 = 18,180

20,000 x 0.826 = 16,520

Savings
(dollars)

34,000 x 0.751 = 25,534
250,000 x 0.683 = 170,750
520,000 x 0.621 = 322,920

On the assumption that productivity improvement is valid only in three of the four
quarters, we multiply the possible savings by 0.75, which gives us $405,000 to $450,000
savings on $50,000,000 of construction. Present value application on these figures
(again using the low figure and the same savings rate) gives a net present value at 5
years of $295,429, and the program would still be paid for in the fourth year as shown
in the following calculation.

Year

D LW =O

Cost
(dollars)
50,000 x 1.000 = 50,000
20,000 x 0.909 = 18,180

20,000 x 0.826 = 16,520

Savings
(dollars)
20,500 x 0.751 = 15,396
182,500 x 0.683 = 125,648
385,000 x 0.621 = 239,085
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If annual operating costs are $20,000, we get a net savings from $520,000 to
$580,000. If we apply this estimate of costs to the preceding figures, the net savings
is from $385,000 to $430,000.

A 10 percent improvement in productivity mey be a conservative expectation from a
program with so much potential. For every additional 0.10 man-hour- improvement,
there is $40,000 savings per $1,000,000 of construction.



SUPERVISORY TRAINING IN THE ONTARIO DEPARTMENT
OF TRANSPORTATION AND COMMUNICATIONS

Arthur Gibson, Ontario Department of Transportation and Communications, Canada

®THIS paper briefly outlines the development, implementation, and evaluation of a
training program that is being undertaken to improve the supervisory skills of managers
and supervisors of the Ontario Department of Transportation and Communications. The
project, started in 1970, is being developed by the staff development section of the de-
partment with some assistance from a consulting company, the Sterling Institute of
Canada. The development of the program is summarized under the following general
headings.

1. Research—Research was undertaken in which more than 200 separate interviews
of supervisory staff were conducted. The purpose of the interviews was to establish
training needs of supervisory and managerial staff, gather and catalog information and
incidents for use in role plays and case studies, and give staff development officers the
opportunity to establish rapport with trainee supervisors.

2. Development—An analysis of the research data resulted in a statement of training
needs. A program specification was developed that outlined the priorities among the
needs and defined the objectives of each part of the program. During this time, the
department's staff development section worked closely with the consultant and with the
Ontario Government Central Agency Staff Development Unit. Program development
continued during implementation with two basic purposes in mind: (a) make the program
more effective and (b) instrument the program and make it possible for line managers
and supervisors to run the program with only minimal input by the staff development
group.

3. Implementation—During the implementation phase, the program was attended by
180 eupervisors (firet to fourth line) who were drawn from all narts of the arganization.
Each participant attended two 31/z-day seminars that were held approximately 1 month
apart. Each seminar accommodated 25 to 30 participants. The program was implemented
over a period of about 6 months.

4. Evaluation—This is being carried out in three different stages: (a) an immediate
post-seminar evaluation by the participants, (b) a short-term (6 months after the semi-
nar) evaluation of the effects and achievements of the program, and (c) a long-term
evaluation of the program in terms of performance and/or behavioral changes.

BACKGROUND

In June 1969, the Sterling Institute of Canada submitted a preliminary report on
department-wide supervisory and management needs. The main findings of this report
were as follows:

1. Managers and supervisors tend not to think and act as managers but rather as
technical experts. This has produced a general imbalance in the performance of the
managerial role.

2. Resources could be used more effectively in some areas by the introduction of
a different managerial approach.

3. The department tends to be reactive rather than initiative in the performance
of its role.
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As a result of the study, the Institute made a number of recommendations, among
which were the formation of a full-time staff development group and the inception of a
supervisory training program to cover both newly appointed and long-term supervisors.
Both recommendations were accepted. With the help of the consultant, the newly formed
staff development section undertook an extensive program of interviews with supervisors
across the province. The purposes of the interviews were to establish training needs,
validate the consultant’'s findings, gather and catalog information and incidents for use
in role plays and case studies, and give the staff development officers the opportunity
to develop rapport with the potential trainees.

The interview program achieved its objectives. Analysis of the data revealed the
following major areas of concern:

1. Most supervisors tend to act and think as technical experts rather than as man-
agers.

2. Many supervisors tend to be reactive rather than initiative in the performance of
their roles.

3. Many supervisors feel frustrated by a perceived lack of opportunity for growth
and advancement. In some cases, this feeling is magnified by a perceived loss in per-
sonal responsibility and status.

4, Most supervisors have an inadequate understanding of the role and function of
other department branches and sections. This applies even to the members of sections
with common interests.

5. Most supervisors are highly task-oriented and do not have a clear understanding
of their responsibilities to train and develop their subordinates.

6. Employees generally expressed dissatisfaction with their knowledge of how well
they were performing.

7. The role of a supervisor as seen by his boss is dramatically different from the
same role seen by those he supervises. The training needs study results suggested
that the supervisors were faced with a conflict between the expectations of their bosses
and the expectations of their staff and, further, that the supervisors had a very clear
understanding of the extent of the conflict.

PROGRAM DEVELOPMENT

A specification for the program was formulated based on the data obtained from the
interviews. The program was named Encounter.

Each seminar was divided into two 3'-day sessions with approximately 1 month
between sessions. The first session was referred to as Encounter I and the second as
Encounter II. The adoption of a code name helped to draw attention to the program and
provided a means of communication that avoided confusion with other programs.

The necessary materials, instructors' guides, films, games, and simulations were
selected from various sources; some were developed in the department, whereas others
were taken from commercial and government sources. All of the role plays and some
of the case studies were taken from commercial and government sources. All of the
role plays and some of the case studies were taken directly from incidents revealed in
the interview data. A theory-simulation-practical application sequence was followed
in each module.

The program was closely timed with sessions scheduled every evening. Seventy-five
percent of the trainees in the first three seminars were from the construction branch.
In the later programs, the trainees were a completely heterogeneous mix with one can-
didate selected from each branch and section. The employee level of the participants
was mixed at all sessions. First, second, and third line supervisors were at every
session, and fourth line supervisors attended some sessions. All of the sessions were
held in a motor hotel. In some cases, the location was remote from all departmental
headquarters, and all of the participants lived in. Other sessions were held inthe home-
town of most of the participants. At these sessions only 30 to 45 percent of the par-
ticipants lived in. The locations of the accommodations did not affect the results of
the sessions. Participation in evening sessions was almost 100 percent throughout.
The early programs were carried out by a staff of four: two trainers and two audio-
visual technicians. This number was reduced at the later sessions to a single trainer.
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DESCRIPTION OF MODULES
Appraisal Module

Need—The original investigation showed that employees were not satisfied with the
review process. The current appraisal system was perceived to be inadequate, and it
was used at the discretion of the local manager. Many employees had not had a formal,
or perhaps any, appraisal for 10 years or more.

Objective—The objective of the module was to change the negative attitude of the
supervisor toward the appraisal process.

Methods—As part of the pre-course material, the trainee was provided with a dupli-
cate set of three forms: job responsibility rating, job performance rating, and learning
objectives. A set of the forms was made out by both the trainee and his supervisor.
They then met to reach an agreement about the ratings.

Each trainee took part in an appraisal role play. The role plays were video-taped
and were replayed and critiqued by the entire group. This took place during the three
evening sessions.

A classroom session on appraisal was conducted using a case study. The session
examined appraisals in the light of (a) what they were at the moment, (b) what they
should be, and (c) how to change them.

Between Encounter I and Encounter II, participants were encouraged to develop an
appraisal form, or part of a form, or a method and to use it on their own staff.

Observations—This portion of the program was well received. All of the participants
completed their own pre-course forms. Approximately 80 percent of the participants
completed the entire exercise, including reaching a consensus with their supervisors.

In performance, employees learned that they were more highly rated by their bosses
than by themselves. In achieving consensus, most participants found their bosses to

be reasonable and flexible. Most participants were willing to have the results of the
consensus displayed on a screen for discussion by the group. All those who participated
fully stated that they had achieved a better understanding with their supervisor in both
the performance and responsibility areas. The last part of the module, that is, the
on-job attempt to develop an appraisal form and to use it, was only carried out by 5 per-
cent of the participants. Approximately 15 percent of the participants did develop an
appraisal form or some part of a form without actually testing it. All of the information
nhtained throngh this exerciae is heing acecumulated and will he considered when revision
of the current appraisal system is undertaken.

Communications Module

Need—The following needs were considered when the module was developed. Super-
visors find themselves in dead-end jobs and fail to perceive or consider promotional
opportunities that exist outside of their sections. Employees of certain sections do not
have an adequate understanding of the functions of other sections within the department,
especially in cases where the sections involved have interests in common.

Objectives—The objective of the module was to measurably increase the participants’
general knowledge of the department. Each participant gained an in-depth knowledge of
one section.

Method— A classroom session involving a film, games, and role plays was used to
introduce various theories of communication and to give participants the opportunity to
test the theories and their own normal practices in simulated situations.

In the second phase of the module, the group was divided into five work groups with
five to six participants in each group. Each work group was made up of participants
who had expressed an interest in learning more about a particular section. Each group
was assigned the task of preparing a 20- to 30-minute presentation concerning the de-
partment section it had chosen to study. The groups were provided with the necessary
equipment and assistance. Each group was also provided with a resource person from
the appropriate section. Only 3 hours of seminar time were allowed for the prepara-
tion of the presentation.

Observations—Most groups spent many hours of their own time preparing their pre-
sentation. The final presentations appeared to be interesting, informative, and quite
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imaginative. The resource people seemed enthusiastic. Most of the groups tended to
identify strongly with the section that they discussed. This was especially evident
during question periods. On one occasion, several observers sat through all five pre-
sentations under the illusion that the members of the groups were from the sections
being presented.

EVALUATION

The purpose of the immediate post-seminar evaluation was to obtain the initial reac-
tions of the participants in terms of preseminar information, general arrangements
during the seminar, and the quality and content of the presentations. Most participants
expressed general satisfaction with these aspects of the program.

After the completion of the first phase of the program, 10 participants representing
a cross section of geographic location, function, and level were invited to take part in a
1-day feedback workshop. The group tended to be unexpectedly positive in its opinion
of the seminar and suggested that the seminars be extended to all supervisors and that
each seminar have participants from a broad cross section of function and level. These,
plus other minor suggestions, were implemented in subsequent seminars.

Short-Term Evaluation

This part of the evaluation is still in progress and will continue for all future sem-
inars. To ensure objectivity, the Government Central Agency is coordinating the eval-
uation process. To measure the impact of the program on the work situation, we de-
veloped a specific questionnaire. Approximately 6 months after the seminar, the
questionnaire was sent to all 51 participants from two of the five regions. Forty-three
participants responded. The results of the structured items in the questionnaire are
briefly summarized in the Appendix.

The results indicate that the seminars were perceived as being relevant to the par-
ticipants' work areas specifically and to the department generally. Seventy-eight per-
cent of the respondents who had had specific expectations felt that their expectations
had been met to different degrees. Fifty-six percent felt that their expectations had
been met to a moderate extent. Only 58 percent of the respondents felt that the most
important problems facing their units had been discussed more than slightly.

It seems that the major benefits of the program occurred in the area of department
information exchange and communication. This information has apparently been useful
to the participants as well as to the department as a whole.

Eighty-two percent of the respondents felt that they had gained new, "implementable'
ideas from the seminar. Specifically, the contents of the communications module seem
to have been implemented to a greater degree than the contents of the appraisal module.
This may be a result of the problems associated with introducing new concepts into an
existing system, that is, the problem of introducing change. The greater acceptance
of the communication module may well reflect the nonspecific nature of its contents and
implementation.

Sixty-six percent of the respondents reported that they had made either slight modi-
fications or none at all in their operations as a result of the seminar. With regard to
changes in productivity, 44 percent perceived signs of improved productivity in their
own unit, and 23 percent felt the efficiency of the department had improved. Thirty-
five percent of the respondents did not answer the question related to departmental
productivity. The main indicator given for the increase in unit productivity is better
supervisory performance. The increase in departmental productivity seems to be the
result of increased communication among its members.

Most participants expressed a desire to attend more seminars. This indicates that
the seminars have been successful in creating a climate of acceptance, support, and
concern for training and development as a formalized activity. Many respondents ex-
pressed the opinion that additional and more extensive seminars would lead to useful
change in the department.
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Long-Term Evaluation

The next step in the evaluation process will be to obtain the opinions of the partici-
pants' supervisors, peers, and subordinates. Attempts will be made to measure job sat-
isfaction and, where appropriate criteria exist, changes in performance. This should
become increasingly possible with the implementation of the planning-programming-
budgeting system and, in a few areas, the management-by-objectives system.

CONCLUSIONS

It would seem that the greatest achievements of the seminars have been in areas
such as improved communications among the members of the seminar. The imple-
mentation of ideas in the more concrete areas, such as performance appraisals, has
been unspecific and limited. It is obvious that any change in the current performance
appraisal system will require a great change in the supervisory behavior of managers
and strong organizational support. Such an effort must start at the top.

Table 1.
QUESTIONS RESPONSE PERCENTAGE
Strongly Strongly No
1, Relevance of seminar contents:| Disagree Disagree Uncertain Agree Agree Response
a) immediate work situation 5% 12% 16% 65% 2% 2z
b) department generally 12% 19% 58% 9% 2%
25 Expected to gain from seminar [ Yes No
77% 197
3. Extent the most important Not At Slight Moderate Great V.Great No
probiems were discussed. All Extent Extent Extent Extent Response
12% 307 30% 127 1% 9%
Strongly Dis-— Strongly
4, As a result of the seminar: Agree Agree Uncertain Agree Disagree

~

better idea of the overall
goals, direction of the
department 5% 19% 26% 49% 2%

a

b) better appreciation for
others' problems and

difficulties 17% 657 9% 7% 2%
c) greater knowledge of
functions and people 9% 73% 9% 9%
Not at Moder~ Com=
54 Utility of the information All Slightly ately Greatly pletely No
galned: Useful Useful Useful Useful Useful Response
a) to the participant 2% 9% 47% 33% 9% 2%

b) to the department 5% 16% 35% 35% 7% 2%
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QUESTIONS RESPONSE PERCENTAGE
6. Gaining of new implement- Very No
able ideas. None A few Some Many Many Response
9% 33% 47% 7% 2% 2%
Not At Slight Moderate Great V.Great No
1. Modification of operations All Extent Extent Extent Extent Response
26% 407 27% 2% 5%
Not At Slight Moderate Great V.Great No
8. Implementation of modules All Extent Extent Extent Extent Response
a) performance evaluation
modules 26% 367 21% 5% - 12%
b) theories of motivation
and leadership 2% 407 37% 7% 2% 12%
c¢) Group process and
behaviour 127 407% 27% 7% - 14%
d) Communications module 5% 337 36% 1% 5% 147
No
9 Increased productivity Yes No Response
a) 1immediate work unit 447 49% 7%
b) the department 237 42% 35%
Un~
10,  Interested in further seminars| No decided Probably Yes
5% 12% 18% 65%
11. Recommend such seminars Un~ . No
to others No decided Probably Yes Response
2% 21% 74% 3%
12, Holding more seminars would No
lead to useful change No Doubtful Probably Yes Response
5% 5% 39% 49% 2%
13, Overall opinion of the Very Very
seminar Poor Poor Average Good Good
2% 19% 65% 147
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