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Managerial and Human Resource Experiences with 

Preconstruction Engineering Management 
Systems-Washington State Perspective 
DENNIS B. INGHAM 

Washington has had more experience with a preconstruction engineering man
agement system (PC EMS) than most other states. This paper deals not so much 
with details of this system but rather with recommended developmental criteria 
that, based on Washington's experience, should be considered. Although the 
reasons for developing a PCEMS and the use it will receive will vary significantly 
from state to state, some fundamental questions exist that must be asked and 
evaluated to help ensure successful implementation. 

Based on Washington's experience with a preconstruc
tion engineering management system (PCEMS) package 
(one of the earliest in the nation) this paper gives 
guidance for those who are contemplating or have 
recently begun the development of a PCEMS package in 
their jurisdiction, Details of washing ton's PCEMS 
can be found elsewhere (.!_), 

BACKGROUND 

Washington's system, called Manpower Management 
Information System (MMIS) was conceived in 1972 but 
was not fully operational until 1978. At the heart 
of MMIS are a computerized er i tic al path scheduler 
and 85 work standards. These work standards repre
sent each of the significant steps performed during 
the preconstruction process, which work unit per
forms the step, its duration, and the manpower 
necessary. The summation of the work standards 
necessary for one project gives not only the neces
sary project duration but also the personnel re
quired, by month, to complete the work. 

The resulting schedules and personnel demands by 
project can then be totaled by work unit, state 
route, district or statewide, and project engineer, 
As a planning tool, both short-term and long-range 
reviews are possible. The only limitation is the 
knowledge of future work. During this planning 
process, program adjustments may be necessary to 
balance work loads, or the need for staff increases 
or decreases can be foreseen. 

Soon after the budgeted plan is established, two 
events begin. First is the continual program ad
justments to correspond to revenue changes and 
priority changes. Continual system updating is 
necessary, Second is the collection of expenditure 
data, Because each work standard has a correspond
ing accounting charge number, collection of these 
expenditures and monitoring of progress of a project 
compared with its plan is generally easy. Manage
ment decisions can be and are made during each of 
the steps in this process. 

The description just given is very brief, but for 
anyone seriously contemplating a PCEMS, the elements 
are certainly familiar, A fair question to ask is, 
"With the extensive development work on MMIS, has it 
met its goals and is it worth the expense?" The 
answer is that all the goals have not yet been met 
in making the cost justification borderline. But, 
the system operation and subsequent feedback have 
yielded invaluable experience and the direction for 
improvement. I hope that this experience, often 
painful and expensive, can be passed on to others to 
minimize their developmental problems, 

PCEMS CRITERIA 

Following is a list of considerations and criteria 
that should be addressed before proceeding with the 
development of PCEMS in a jurisdiction. The list is 
in order of priority, The order of priority will 
undoubtedly vary from state to state but all i terns 
merit evaluation. 

1. System use--Determine how the system output 
will be used in your management process. The in
tended use of this output will determine the type 
and complexity of the system. 

2. PCEMS is a tool--PCEMS, as with any other 
resource management system, is a tool for program 
managers. Remember that all results produced must 
be analyzed by managers before the computer data can 
be used. People carry the responsibilities of de
cisions; systems are but one of their management 
tools. 

3. Support of top management--No management 
system can succeed without the total endorsement and 
support of top management. This support must in
clude actual use of certain reports generated and 
insistence that the system is used and updated. In 
some states this support should include legislative 
support, and if applicable, commission or guberna
torial support. 

4. Schedule control--The heart of any program 
management process is the schedules. All project 
managers keep schedules for the projects under their 
control. These schedules are often kept mentally, 
on hand written lists or computer listings. It is 
er i tical for an effective PCEMS that one and only 
one schedule be used and updated by everyone. The 
bridge designer, soils engineer, and financial man
ager must all be aware of the current plans and 
necessary revisions. Only in this way can individ
ual units be held responsible for the timely comple
tion of their activities within the total project. 

5, coordinated system--The usefurness of PCEMS 
is proportional to the number of users who benefit 
from its existence. For maximum usefulness, it must 
be made compatible with your jurisdiction's account
ing, revenue, and projected cash-expenditure sys
tems. By such coordinated files, which use a common 
data base, expenditure data can be compared with 
initial plans, projected cash flow can be updated 
automatically as schedules change, and the program 
can be adjusted to projected revenue. 

6. Formatted for users--The success of a PCEMS 
is also related to whether or not it fills the in
formation needs of the users. The system must be 
geared to function like your department. For in
stance, if project advertising or letting dates are 
the one critical element, then the system should use 
these dates as the key factor and gear all else to 
them. However, if predictable cash flow or balanced 
personnel are the most important elements, then the 
PCEMS must be designed accordingly. Do not expect 
people to change. If possible, tailor the system to 
the users rather than force users to become ac
quainted with whole new procedures and data format. 
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This will produce less resistance and enhance 
chances for success. 

7. Design in flexibility--As the state or fed
eral revenue picture changes, program adjustments 
are necessary. If the weather is unexpectedly good 
or bad, project schedules are affected accordingly. 
As environmental or permit procedures are altered, 
complete dates may be postponed. For these and in
numerable other reasons, adjustments to your PCEMS 
may be necessary. Therefore, your PCEMS must be 
easily updated with an affordable computer cost. 

8, Timeliness of data--All system elements 
should be kept current at all times. However, care
ful weighing must be done between this timeliness 
versus the personnel effort to keep it current and 
the data-processing charges in an interactive system, 

9. Desired accuracy--Your PCEMS will not be 
totally accurate. You can design in the level of 
accuracy you require. In general, the cost and 
complexity of your PCEMS will increase with greater 
accuracy, as will the need for a more frequent and 
accurate manual input. An attempt to be too accu
rate is probably more detrimental than the recogni
tion that a 5-10 percent deviation is tolerable. 

10. Input simplicity--Tied in closely with sys
tem accuracy, but in direct opposition, is input 
simplicity. Let the computer do as much of the work 
as possible (e.g., use of files in other systems, 
use of screen data input). Also, do not require any 
more details than are absolutely necessary. Whether 
by forms, keyboard, or cards, make sure that all 
input is easily codable and requires a minimum of 
training. 

11. Initial system data requirements--Whether 
based on manpower standards or data retrieval from 
other systems, extensive base data must be col
lected, analyzed, and put into usable form. Do not 
overlook this sizable system development cost. 

12. Interactive processinq--Computer technology 
now allows users to inquire, update, or delete sys
tem elements immediately as the data are available, 
Careful review of your computer system capabilities 
is necessary before adopting this option. Al though 
highly desirable, this prime-time use is often ex
pensive, ties up the system when many others are 
using it, and may degrade response times. Often a 
mix of interactive and overnight processing results 
in optimum system performance. 

13, Degree of computerization--The increasing 
predominance of computers in our lives may lead us 
to believe that they are a cure-all of our informa
tion needs, This is not necessarily so. If your 
processing needs are small, a portion of the work 
could be done manually. Remember, you will have not 
only the system development costs but also the re-
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sulting ongoing system operation and maintenance 
costs. 

14, System maintenance--Carefully evaluate the 
system development procedures to min1m1ze future 
maintenance problems. As in highway construction, 
often a slightly higher initial cost may result in 
substantial savings in ultimate maintenance costs, 

15. Adaptability--New system uses will be de
veloped, management personnel will change, funding 
changes will take place, and your transportation 
program will change significantly in size and com
plexity, Your PCEMS must be able to adapt to this 
changing environment and still fulfill its require
ments. Recognize this need and plan for it. 

16, Learn from others--Many others have advice 
and observations on existing systems from which you 
can learn. If possible, use developed systems from 
others (e.g., the Federal Highway Administration 
PCEMS) if they meet the criteria discussed above for 
you, 

17. Involvement in development--In the process 
of developing a PCEMS, solicit and use input from as 
many individuals as practical. Their involvement 
during the development process not only provides 
extremely valuable input but also helps to ensure 
their support during implementation, 

18. Do not oversell--Those who have recognized 
the need for a PCEMS and have or will actively work 
for its development in their jurisdiction will un
doubtedly be enthusiastic about its promise of suc
cess. A word of warning is needed. Do not oversell 
the capabilities of the system. A PCEMS will be 
most vulnerable to criticism during the first few 
months after implementation. If it was oversold and 
cannot deliver all that was promised, the credi
bility gap generated may never be closed. Be en
thusiastic, be salespersons, but also be cautious 
when dealing with people's expectations. 

OVERVIEW 

The er iter ia described are general in nature and 
cannot be much more specific until applied to each 
individual location. However, if you obtain top 
management support, ensure that the system works for 
you (not you for it), and learn as much as possible 
from others, your chances of successfully implement
ing a PCEMS are excellent. 

REFERENCE 

l. D,L. Lund, Preconstruction Engineering in Wash
ington: Manpower Management Information Sys
tem. TRB, Transportation Research Record 742, 
1980, pp. 34-36, 
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Building a Preconstruction Management System: Effect on 

Human and Fiscal Resources 

R.G. RINGER 

This paper addresses some of the psychological and emotional issues involved in 
employee response to the implementation of a preconstruction management 
system. The material included is based on experience with the design and im· 
plementation of the Manpower and Project Scheduling System for the New 
Mexico State Highway Department. Some of the technical features have been 
included to provide a basis of reference for these human factors. The paper 
recommends that the level of reporting into the system and output from the 
system should be kept to a minimum. It also points out that the people who 
operate and manage the system are more important than the system itself. The 
personality profile of these managers and the style of management is related to 
employee acceptance and response. Several other peripheral issues regarding 
the successful operation of a scheduling system and its effect on employee 
morale have been included. 

The first step in developing a preconstruction man
agement system is to analyze existing management 
practices within the transportation agency, Problem 
areas as well as successful practices must be iden
tified. An effective management system is then 
designed to correct the problems and incorporate 
areas of sound management. 

New Mexico, like the other states contacted prior 
to the development of its system, designed the sys
tem to address known and perceived problem areas. 
Each state had developed its own special problems. 
Typical examples of problems are 

1. 
2. 
3. 

enough 
use of 

4. 
5. 

Poor financial management; 
Inadequate funding sources; 
Manpower problems; i.e., too many or not 
employees, lack of proper training, improper 
consultants, or deficient compensation plans; 
Incomplete or inaccurate scheduling systems; 
Poor communication and coordination between 

work centers; 
6. Poorly defined work responsibilities; and 
7. Poor planning processes, including political 

control of the planning process. 

The top management of the New Mexico State High
way Department was aware of many of its own manage
ment problems. These included the following: 

1. Inadequate state revenues; 
2. Poorly defined work responsibility; 
3. Poor financial management; i.e. , inability to 

predict expenditures or revenues accurately, inabil
ity to predict cash flow, and incomplete understand
ing of federal-aid highway funding; 

4. Only a fraction of the work scheduled by a 
formal central path method (CPM) process; 

5. Time estimates for work generally inaccurate 
and not kept current throughout the development 
process; 

6. work not monitored in all areas to ensure 
orderly development and timely completion; 

7. People who operate the scheduling system 
unfamiliar with the work they were attempting to 
schedule and not knowledgeable in financial matters 
related to the projects and programs; and 

8. People in charge of operating the ~cheduling 
system lacked the personality traits necessary for 
the successful operation of a management system. 

SOLVING THE PROBLEM 

The people in charge of the operation of a precon-

struction management system are more important than 
the system itself. Even a system that has the best 
computer programming and that accurately embraces 
all technical aspects of project development is cer
tain to fail if the people who operate the system 
fail to create an atmosphere of cooperation with the 
employees who interact with it. They must see the 
system as a useful, helpful tool. If the system is 
used as a club to make employees perform or as a 
monitoring system to report their failures, the 
employees will undermine the system and thereby 
guarantee its demise. The system cannot and must 
not appear to be responsible for their work; the 
managers are responsible for their work. 

One should not get the impression that a sched
uling system does not monitor work progress; it 
must. However, the way in which work is monitored 
is crucial. A system reports incomplete or late 
work, but it must not be used as a basis for repri
manding employees responsible. Rather, the goal 
should be to find out why the work is behind. Is 
there something management can do to avoid this 
problem on other projects or to bring the project 
back on schedule? The emphasis must be on what cor
rective action can be undertaken now, not on disci
plinary actions. Certainly, poor performance cannot 
be allowed to continue. A scheduling system will 
highlight poor performance as well as exceptional or 
exemplary performance. Rewarding outstanding per
formance is a much better management practice than 
the singling out of poor performers for disciplinary 
actions; nevertheless, sometimes disciplinary action 
is necessary. 

DEVELOPING THE SYSTEM 

The system must have the essential technical ele
ments that have proven to be successful. These are 
as follows: 

1. Well-defined work activities, 
2. Flow chart that defines developmental se

quence and work interrelations, 
3. Planning values that predict the amount of 

work hours and workdays for each activity for each 
project type, 

4. Computerized scheduling system that schedules 
all work simultaneously against identified resources, 

5. Computer reports that inform managers of 
scheduled work and personnel requirements, 

6. Monitoring system that identifies and reports 
incomplete work, 

7. Computer reports that serve as the basis of a 
management information system for all projects, and 

8. Computerized cash-flow system to aid in 
proper financial management. 

Several other key elements must exist. Among 
these are a financial system that can accurately 
predict available revenues for the required work 
program. Another is a stable, long-range work pro
gram, consisting of specific projects developed in 
conjunction with available or forecast revenues and 
required project development time (this is deter
mined from the scheduling system). A stable program 
will have relatively few political projects that 
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preempt scheduled work, Logically, new projects are 
added to the program at the end of the queue rather 
than at the head. (Of course, a successful schedul
ing system must consider and be flexible enough to 
handle emergency projects.) 

Finally, top management must not only support the 
system but also understand it. This is necessary to 
ensure that decisions are not made that undermine 
the system. For example, managers must not promise 
completion dates that are unrealistic nor should 
they promise more projects than can be funded. 

Several other factors must be considered to en
sure the success of a preconstruction system. These 
elements are the ones most-often forgotten. The 
system must provide managers at all levels with the 
information they need to manage their work. The 
system should not provide too little, or worse, too 
much information. Too much information inundates 
the user. If information is provided about everyone 
else's work to each manager, an environment is 
created where managers are checking on other man
ager's work instead of their own. 

The system must be tailor-made to the needs of 
the individual transportation agency. It must con
sider work procedures and the people who will use 
it. If it is too sophisticated at the user level, 
employees will not understand it. Employees will be 
suspicious of a system that they do not understand. 
They must believe that it is their system. It is 
best if they help to create it. It does not matter 
whether they really do create it as long as they 
think they did. 

The use of technical panels comprised of agency 
employees works very well to accomplish three main 
objectives: 

1. The system is developed specifically for the 
agency that will use it; 

2, Employees help design the system; they have 
input into the process and develop a sense of 
authorship; and 

3. Employees begin learning about scheduling 
systems and preconstruction management long before 
the system is implemented. 

Pilot reporting is a term used to describe a 
reporting process used to collect statistical data 
regarding how long it takes to perform work activi
ties for various types of projects. New Mexico did 
pilot reporting for six months. It was not well 
received by the employees, who saw it as additional 
paperwork and a watch-dog feature that would be used 
to check up on them. In reality, the useful data 
obtained were small compared with the time and 
effort expended on data collection, computer pro
cessing, and output reports. The real value of 
pilot reporting was in giving employees the percep
tion that the data were used to establish planning 
values, that their work times were accurately re
flected in the scheduling process, and that the sys
tem was tailor-made to people and practices of our 
agency, 

Two key features of a scheduling system are proj
ect overrides and activity reporting. 

Project overrides give employees an opportunity 
to use their judgment to change computer values 
generated for project schedules, It lets employees 
feel like they are controlling the work and the 
computer rather than the computer controlling them. 
This is an extremely important psychological factor 
that must be properly integrated into the system. 
It must achieve a proper balance; i.e., employees 
must not be given carte blanche to input whatever 
values they want; and, on the other hand, the 
computer-generated values cannot be used without 
employee review and revision. 
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TO properly monitor project development, em
ployees must report the completion of scheduled 
work. If the reporting process is complicated, 
time-consuming, or cumbersome, employees will not 
report accurately. In New Mexico payroll reporting 
was rejected at the activity level. It appeared to 
be much like pilot reporting--too much data collec
tion for the benefits derived. It may be added at 
some point in the future, but only when people who 
use the system clearly understand the objectives and 
are willing to expend the necessary reporting time. 
Instead of payroll reporting, employees fill out a 
card that contains five items: 

1. The unit 
number assigned 
center) ; 

performing the work 
to each management 

(a four-digit 
unit or work 

2. The project's control number (a four-digit 
number assigned uniquely to each project; it appears 
on all computer documents and is readily available 
to the unit manager); 

3, The activity being completed (a three-digit 
number for the specific work activity being com
pleted; management units quickly become familiar 
with the half-dozen or so activities that relate to 
their work); 

4. The date the work was finished; and 
5, The initials of the reporting employee. 

It typically requires about 15 s to complete a 
card and most managers are required to submit fewer 
than 15 cards/week, Psychologically, employees do 
not feel antagonistic when reports show that they 
failed to complete an activity since they had re
sponsibility in helping to determine both the value 
and completion date. Managers welcome the oppor
tunity to report that they have completed the as
signed work. 

USE OF THE SYSTEM 

The scheduling system should be used to schedule all 
required developmental work against available re
sources. It should provide all the information 
managers need to plan, organize, direct, and control 
their work, It should be a monitoring system to 
report late work, It should provide information 
regarding cash flow for projects. It should be used 
to build long-range programs. It should be used as 
a stabilizing force to ward off advancing projects 
arbitrarily. It should be used to predict personnel 
requirements, both short-term and long-term. 

It should not be used as a whip to make people do 
work. One of the initial fears unit supervisors had 
was that this system and the people who operate it 
would attempt to issue daily orders on which work 
should be done, These fears arose because they did 
not understand the mechanics of a scheduling system 
or its real purpose. Their fears were reinforced 
during pilot reporting when each employee had to 
fill out time sheets of exactly what they had done 
all day long, Employees did not see this as an at
tempt to establish reliable planning values but 
rather, as an attempt by the computer system to keep 
tabs on them. 

In reality, the computer system does provide 
schedules for work and does report failure to com
plete the work as scheduled. This is done without 
recrimination, however. Employees know when they 
are late and why, Their concern is that other peo
ple will not understand why the activity is late, 
This concern is addressed by contacting managers 
responsible for the late activities and noting their 
comments on the late report. This is done before it 
is distributed. Complete reports are distributed to 
their supervisors (usually section heads) and to 
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bureau chiefs. A copy of just the unit's manager's 
late activities is sent to each unit manager. This 
process has worked very well. In fact, unit super
visors have expressed their appreciation for being 
reminded of overlooked activities as well as being 
given the opportunity to let everyone know why a 
particular activity was late. These opportunities 
for human intervention in the scheduling and moni
toring process are crucial and cannot be overempha
sized. 

In the development of the New Mexico system, some 
top managers expressed the opinion that projects 
should be scheduled solely on the basis of computer
stored planning values. They also stated that em
ployees would accept the system or they would be 
subject to disciplinary action. The best way to 
ensure acceptance, however, was to allow employees 
to help create the system and have checkpoints where 
they could at least express their op1n1ons. Em
ployees are sure to reject a system they do not 
understand if it is being forced on them. It was 
necessary that I (as project team leader) act as a 
buffer between employees and top management. The 
project team leader had to win the confidence of 
both sides. 

CONCLUSION 

The single-project CPM scheduling system we had be
fore worked, but it did not work well. It did not 
address manhours nor the multiproject scheduling 
environment in which the work occurs. It did not 
monitor project progress and was poorly supervised 
and managed. No system could have worked well be
cause at that time we had poor financial management 
and were unable to accurately predict future reve
nues and expenses. 

Acceptance of the system has filtered down. The 
agency head initiated development of the new system 
and assistant agency heads endorsed this action. 
Division heads were initially reluctant to admit 
they had problems that a new scheduling system could 
solve. During development they recognized the po
tential and began to support the system. Now, sec
tion heads support the system and use it more and 
more. Acceptance by unit managers has been steadily 
increasing. Some areas are still lagging, but these 
holdouts will become more supportive as time goes on 
and as exposure to the system increases. Right now, 
most employees do not love the system or hate it; 
they see it as part of the job, part of the rou
tine. We expected to have at least a full year of 
implementation and an additional year after that to 
build confidence and gain user acceptance. We are 
right on schedule, 

Stable funding is a key factor, We have made a 
lot of progress in this area in conjunction with the 
scheduling system. Obviously, we cannot have a 

5 

stable letting schedule if we have sudden funding 
cuts or sudden large increases. Our program is 
really only as good as our ability to predict rev
enues. 

One area in which the system has helped a lot is 
in the area of consultant contract negotiations. 
The system identifies areas of needed consultant 
work. It provides manhour estimates and contract
completion dates. It provides an excellent basis 
for negotiating consultant contracts, It is easier 
to keep track of consul tan ts since they must submit 
completion cards just like everyone else. Progress 
payments to consultants have been greatly simplified 
since the cards document how much work has been 
completed. 

we have a lot fewer crises now. we have an im
proved credibility with the legislature because of 
our stability. We are actually operating with fewer 
personnel than before and accomplishing a larger 
program. The proof of this is reflected in their 
approval of our requests for additional funds. 

The scheduling system has provided a sound basis 
for effective management. New programs can be 
analyzed and evaluated prior to implementation to 
determine their effects on human and fiscal re
sources. In the summer of 1980 we were involved in 
a lawsuit with the Federal Highway Administration 
(FHWA) because obligational authority was withdrawn 
after New Mexico had obligated only 16 percent of 
its authority through the first two quarters. A 
year later we had obligated 80 percent of our au
thority before the end of the third quarter. In 
addition, we had three times the anticipated 20 per
cent remainder in authorization requests submitted 
to FHWA in July. 

New Mexico received $12 million in authority 
beyond that anticipated. The scheduling system has 
been in operation since July 1980. It was the 
single-most-important factor in bringing about the 
complete, one-year turnaround. This additional 
release has had a very positive impact on morale. 
Employees feel like they really accomplished some
thing, and they did. Although they perceive addi
tional reasons for the stability and improved finan
cial situation, they recognize that the system has 
orchestrated our efforts and given them a powerful 
tool for managing their program. 
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Development, Implementation, and Use of a Project 

Management and Scheduling System 1n Minnesota 

Department of Transportation 

ROGER M. HILL AND GERALD F. TESSMAN 

The Minnesota Department of Transportation (Mn/DOT) has a preconstruction 
engineering management system. The Project Management and Scheduling Sys
tem (PMSS) encompasses activity scheduling, project funding, and human re
source planning. The scheduling subsystem reflects the current development 
status, construction cost, and letting dates for every project in the work plan 
and communicates all changes throughout the organization. The funding sub
system tracks project funding from the program plan through the commitment 
process and identifies authorized amounts, committed dollars, and current pro
gram estimates. The human resource subsystem assists in making scheduling 
projections. As project schedules are developed, the impact on resource avail
ability is monitored and leveling considerations are applied. System benefits 
include reinforcement of planning effort, identification of project delivery 
problems, support of budget requests, and actual versus planned evaluation of 
expenditures. PMSS is a user-controlled system supported by a centralized 
service group. For maximum responsiveness, PMSS provides interactive on-line 
capabilities for data entry, inquiry, updating, and simulation at cathode ray 
tube terminals located throughout the department. Hard copy reports can be 
generated on request. Development of PMSS was a joint effort involving con
sultants and state transportation department personnel, supported by the state's 
central computer center and a management committee, a user steering commit
tee, and an activity task force made up of functional managers. Implementation 
was staged in four parts, phased over a 21-month period. Problems encountered 
in initiating the system included (a) the computer's intimidation of people, (b) 
the natural resistance to change, (c) the basing of the implementation on a pre
determined time frame rather than on user acceptance, and (d) the failure of 
some programs to deliver as promised, which challenged the credibility of the 
entire system. The complete development cost for PMSS was $558 750. When 
amortized over five years, this amounts to less than 0.06 percent of Mn/DOT's 
average annual construction expenditure. 

Never before has the need been greater for manage
ment systems to help transportation agencies improve 
their operational effectiveness and productivity 
than during the current period of declining re
sources and fiscal restraint. The Minnesota Depart
ment of Transportation (Mn/DOT) now has this capa
bility with the development and implementation of a 
preconstruction engineering management system, the 
Project Management and Scheduling System (PMSS). 
This system encompasses three broad areas: schedul
ing, funding, and human resource planning. 

PMSS 

Scheduling Subsystem 

The scheduling subsystem is a vehicle for project 
status and communication of approved change, both 
vertically and horizontally, throughout the organi
zation. It reflects the current status of develop
ment, cost, and letting date for every project in 
the work plan. The commitments that preconstruction 
groups must satisfy in order for project managers to 
meet schedules are shown, and all groups involved in 
a project are notified when deadlines are passed or 
other predefined exceptions occur. This subsystem 
enables managers to define and control multiyear 
construction programs based on component project 
schedules and funding. For example, our department 
routinely conducts program review meetings that 
involve the districts, central office units, and top 
management. Historically, the status of projects 
would be ad libbed and real problems of meeting 
letting schedules would not surface until the 

eleventh hour. Beginning in 1981, the deputy com
missioner directed that all future program meetings 
would use the data in PMSS. The result was the 
capability to look at the status of individual 
project milestones and focus on specific areas that 
need attention. The many questions left unanswered 
at previous reviews were now addressed through PMSS. 

Funding Subsystem 

With the funding subsystem we can track project 
funding from the program plan through the commitment 
procesa. we identify authorized amounts (both state 
and federal), committed dollars, and current program 
estimates. We are able to sort projects by account 
identification number, by program, or by year. On
line screens show a comparison of committed dollars 
to authorized amounts and the balance of uncommitted 
programs. we can monitor funds and expenditures by 
program category or account number and make adjust
ments to both present and projected work programs as 
needed. This is a great help when projects are 
delayed for unforeseen reasons and for evaluating 
district requests for program additions. We can see 
changes in cost estimates and produce exception re
ports that call attention to funding adjustments 
that exceed predetermined parameters. Expenditures 
and programs are monitored against our state budget 
and federal authorization to guard against over
runs. Also, by comparing expenditures to revenue 
collection, we can adjust individual accounts in our 
statewide accounting system and prepare legislative 
requests for increased spending authority when in
come exceeds projections. 

Human Resource Subsystem 

The human resource subsystem provides a tool to 
assist in making scheduling projections and for 
evaluating the impact of alternatives. Two skill 
levels--professional and technical support--are 
monitored. As project schedules are developed, the 
impact on resource availability is monitored and 
leveling considerations are applied as appropriate. 
Either schedules are adjusted or resources reallo
cated, depending on priori ties. Managers can ana
lyze workloads and develop work plans accordingly by 
preconstruction group, by phase of work, by dis
trict, or by program. Through feedback of actual 
accumulated time charges and date of last work, the 
system provides a ready means to inquire on progress 
by involved groups. It also provides a basis for 
adjusting our standard planning value tables. These 
tables contain the assumed person hours and time 
durations needed to accomplish each type of project 
activity. Refinement of the tables will lead to 
more accurate schedule estimates for future projects. 

Another use occurred following a recent legisla
tive mandate to reduce complement. Top management 
called on PMSS to provide information on precon
struction resource needs. Our construction manage
ment system, the Construction Engineering Manpower 
Management System (CEMMS), was also used. Although 
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the information was not complete at the time, it did 
show management several areas where program changes 
had resulted in excess human resources. The de
emphasis of major new construction, for example, 
diminished the need for right-of-way acquisition, 
location surveys, and soils investigations. 

Benefits of PMSS 

Several benefits have accrued from the combination 
of these subsystems: 

1. Our planning efforts are reinforced by focus
ing attention on workload forecasting in terms of 
feasible project delivery dates; 

2. We are more aware of potential trouble when 
schedules are in jeopardy, costs are overrun, or 
priorities change; 

3. The system supports budget requests by docu
menting the resources required for the current work 
program; and 

4. we can evaluate actual expenditures in per
sonnel, time, and dollars against planned effort. 

DEVELOPMENT OF PMSS SYSTEM 

The capability just described is much more the 
product of evolutionary, rather than revolutionary, 
change in our management process. Throughout the 
decades of the 1960s and the early 1970s, the Min
nesota Highway Department experimented with various 
techniques and systems to help support the manage
ment of its complex preconstruction project develop
ment efforts. This included use of manual schedul
ing boards and several attempts to use commercially 
available er i ti cal path method (CPM) packages. The 
incentive for these efforts was almost always from 
the department's technical and administrative staff 
(rather than from top or operational managers) rein
forced by recommendations from consultants and busi
ness advisors to the department. 

With the formation of Mn/DOT in 1976, these early 
efforts were given new emphasis and commitment. The 
first Mn/DOT commissioner made a personal pledge to 
our legislature that, by the 1979 biennial budget 
hearing, a management system would be in place that 
would relate financial and human resource needs to 
work plans for all types and categories of highway 
project development. This ambitious pledge trig
gered two separate but related efforts within the 
department. 

First, top-management support was given to an 
interim Project Monitoring System (PMS), designed 
internally, that used commercially available data 
base software through the University of Minnesota. 
The focus of PMS was 1 imi ted to the scheduling and 
monitoring of major project activities as a means to 
communicate project development status. The basic 
objective of PMS was to improve our track record of 
getting projects to letting as originally programmed. 

During implementation of PMS, project managers 
viewed with skepticism the need to develop schedules 
for major project activities. Three years later, 
when we began to implement our present system 
(PMSS), these same project managers argued that PMS 
provided all the detailed management information 
necessary to deliver a project to construction 
letting on schedule. 

The second thrust, which resulted from the com
missioner's pledge to the legislature, was author i
zation to develop and implement a comprehensive, 
interactive management system that would provide 
correlation between project development schedules 
and financial and human resource needs. After a 
review of management systems available and visits to 
a number of transportation agencies in other states, 
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a consultant was retained in May 1978 to help de
velop our current system. The design, development, 
and implementation effort that followed continued to 
need, and received, the suppc.,rt of our top manage
ment. In fact, our present commissioner, Richard 
Braun, made PMSS development and use one of his 
personal objectives with the governor in both 1979 
and 1980. 

OPERATION OF PMSS 

PMSS was tailored to meet the unique needs of our 
complex and dynamic preconstruction project develop
ment process and to support the effective management 
of a diverse construction program. PMSS functions 
in a large, generally decentralized organization 
that includes (a) nine district offices, each of 
which has design capability and project management 
responsibility; (b) various specialty service units 
in the central office; (c) external consultants; and 
(d) many governmental agencies. 

We have nine categories of highway improvements 
with more than 2000 identified projects at any given 
point in time. These projects range from simple 
spot safety improvements to major urban Interstate. 
In addition, preliminary design projects often en
compass major transportation corridors and fre
quently are separated into a number of smaller proj
ects during subsequent detailed design phases. 
These factors severely complicate the project man
agement and control processes. 

To be successful in this environment, PMSS must 
be a user-controlled system supported by a central
ized service group. For maximum responsiveness to 
the users, PMSS provides interactive on-line capa
bilities for data entry, inquiry, updating, and sim
ulation at cathode ray tube (CRT) terminals located 
throughout the department and available more than 20 
h/day. The interactive on-line capability provides 
easy access to information for inquiry or change and 
is maintained by personnel on the scene. 

Monitoring of information available from the sys
tem can be performed at will by accessing a screen 
on the video terminal or by requesting a hard copy 
report. Only two reports are printed automat
ically--an exception report that lists project ac
tivities past due and a change report that lists the 
changes that occurred in the past week. The user 
can obtain other hard copy reports by entering the 
requests on-line. They may choose from more than 30 
fixed-format and sort options and specify selection 
criteria (e.g., letting date range) and number of 
copies. In addition to the work program, reports 
are also available for funding, human resource use 
and projections, and cross-reference purposes. 
Overnight hard copy report service is available on 
demand but, as an economy measure, we currently 
print most reports weekly. 

We refer to automatic project scheduling in the 
sense that, by using any one of the planning value 
tables and assigning a date to any activity, whether 
at the beginning, end, or in the middle, a complete 
project schedule will be developed. The planning 
value tables accommodate 16 types of work and 27 
possible precedent diagrams based on the appropriate 
number and sequence of activities associated with 
the scope of the project. In addition, to compen
sate for individual project deviations from the 
assumption used to develop the planning values, a 
project manager may modify individual or all ac
tivity staff hours or durations by applying a modi
fier of 0.1 to 9.9. The human resource needs for 
each project are added to the previously scheduled 
projects, so that the cumulative resource demands 
for all functional groups over any time period can 
be assessed. 
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PMSS does not schedule projects based on availa
bility of resources. Rather, it can look at the 
resource demands of an individual functional group 
and take necessary action by addressing only the 
er i tical resource. It also has an automatic re
scheduling feature. A user may request that the 
duration for one or more activities be revised and a 
new schedule developed for all subsequent activities 
on that project. 

Unlimited what-if simulation capabilities are 
provided in PMSS to identify the impacts that 
changes will have on work plans prior to making 
those changes. Seven files in the data base are 
duplicated for simulation purposes so that, while 
alternatives are being computed in the simulation 
mode, the real data base is not modified. 

The importance of the development and implementa
tion methodology to the ultimate success of a system 
like PMSS cannot be overstressed. Each organization 
must tailor this methodology to its own unique en
vironment; but, above ail, it must provide for ef
fective involvement of managers and user personnel. 

The development of PMSS was a joint effort of 
consultants and Mn/DOT personnel, supported by the 
state's central computer center. A consultant proj
ect manager and a Mn/DOT project coordinator di
rected the technical staff. Three committees were 
used: 

1. A management committee made up of Mn/DOT 
executive managers who directed the development 
effort and resolved major decision issues, 

2. A user steering committee composed of central 
office and district operational managers who served 
as a decisionmaking body representing users, and 

3. An activity task force of functional managers 
who identified the functional groups, activities, 
precedent networks, and estimates that constitute 
the planning values. 

These committees still function during the operation 
and enhancement of the system, but the extent of 
involvement has diminished considerably. 

PMSS was staged in four parts, which resulted in 
two separate implementation efforts, eight months 
apart. The primary development effort encompassed 
21 months. 

Phase one was system initiation. Th is included 
all the activities that led to documentation of the 
system design. Phase two was program development 
and project status. It resulted in the implementa
tion of the subsystems that relate to project iden
tification, scheduling, and funding. At this time, 
a team of consultant and department staff visited 
each district office and offered a two-day training 
program on system anci hardware use. Presentations 
were also made to central office resource groups. 

Phase three was project scheduling, resource 
management, and simulation. It expanded the system 
capabilities by adding automatic scheduling, simula
tion of scheduling and funding subsystems, and human 
resource planning. Phase four was feedback and per
formance. It included subsystems for monitoring 
human resource use and led to the final implementa
tion effort. At this time, a second round of visits 
was made to each district to reinforce the earlier 
training effort and explain the additions. 

On completion of the major development effort, a 
PMSS service group was established to facilitate 
statewide operation. The three-person services 
group is responsible for ongoing system coordina
tion, maintenance, enhancement, security, and train
ing. It is supported by a parttime programmer. 
Debugging, enhancements, and further development are 
still in progress. 

A number of problems are to be expected in initi-
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a ting a computerized system like PMSS. Some people 
are intimidated by computers and on-line terminals. 
This can be partly attributed to a fear that im
proper operation can cause problems with the com
puter or program. Operators must be assured that 
system safeguards are built-in, no damage can be 
done, and errors can be easily corrected. Individ
ual personalities are a consideration. The selec
tion of enterprising individuals to carry lead 
responsibility at each location will result in sug
gested innovations to improve system responsiveness. 

Initial staff reaction to the system was more 
negative than positive, but this has changed with 
time. In some districts and central office units a 
conscious decision was made to avoid using the sys
tem in the hope that it would go away. This has 
happened in the past with other ambitious efforts. 
Some people perceive the system as a threat. A 
diligent effort is needed to assure users that a 
management information system need not adversely 
impact individual autonomy or initiatives. The most 
successful implementation occurred when the district 
engineer or office director personally encouraged 
their staff to use the system. 

On the positive side, districts need, and were 
finally getting, access to funding information that 
can affect project priorities. Each district has a 
work plan, but there needs to be a plan for all dis
tricts. We have always had a problem getting a 
handle on personnel. 

One problem we encountered was directly caused by 
staging implementation based on a predetermined time 
frame rather than user acceptance. In the first 
implementation stage, we directed all districts to 
identify projects and develop schedules. Several 
months later, we added an automatic scheduling fea
ture and asked the districts to go through all the 
projects again and add personnel requirements. This 
misled the districts concerning the labor intensity 
of the system. It has been difficult to overcome 
the misconceptions caused by this procedure. This 
is not a recommendation to avoid staged implementa
tion. Many features of the system can be gainfully 
employed while other features are refined, but good 
coordination is essential during the extended imple
mentation period. 

Another problem that challenged the credibility 
of the system was the occasional failure of computer 
programs to deliver as intended. The user becomes 
frustrated when confronted by program bugs. A test 
data base was used in development, but we found it 
necessary to create a new and more comprehensive 
test data base to ensure the quality of programs 
before releasing further system modifications or 
enhancements to the user. 

Since the beginning of operation, modifications 
have been continuous. Program modules are made to 
execute more efficiently to cut computer time and 
costs. Enhancements and additions are made to sat
isfy user requests for various combinations of in
formation and formats. We are pursuing the addition 
of a computer graphics capability to plot human 
resource supply and demand curves that are now 
plotted manually from data provided. The same ap
proach can apply to funding. Project networks can 
also be plotted to show, in schematic form, the 
activities and target dates applicable to individual 
projects. 

The complete development cost for PMSS, including 
consultant charges, state central computer service 
center charges, and salary of project staff and 
committee participants, totalled $558 750. Amor
tized over five years, this amounts to $111 000/year 
or less than 0.06 percent of Mn/DOT's average annual 
construction expenditure. We believe this has been 
a sound investment that will generate benefits far 
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in excess of cost as time goes by. Our implementa
tion started in 1980, Based on our experience and 
that of other states, we know PMSS is still in its 

infancy and its full potential will only be realized 
with time and use. 
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Idaho Transportation Department Project Development 

Management Scheduling and Control System 

HUGH F. L YDSTON 

The Idaho Transportation Department uses a commercial computer program, 
the Management Scheduling and Control System (MSCS), to schedule project
development work activities, forecast project completion dates, and forecast 
required staff within the 10-year construction planning schedule. The MSCS 
program is available from MCAUTO, a McDonnell Douglas company. Idaho has 
been forecasting and scheduling project development with MSCS since 1975. 
Idaho operates MSCS in a resource-constrained, multiproject mode against all 
projects simultaneously. MSCS calculates activity start and finish dates, 
extends project completion dates, splits activities, and sets priorities for re· 
source allocation according to project start dates, project networks, personnel 
limits, and management priority for relative importance among projects in the 
same fiscal year. Management uses the personnel forecasts to determine five
year personnel complements. One person operates the system for 400-700 
projects. New projects are modeled in 4-6 min/project from computer libraries 
of various networks. Activity durations and resource quantities are selected 
from the libraries according to the elements and complexity of each project. 
Bimonthly updates are transmitted to headquarters from six district minicom
puters via telephone lines. The Idaho Division of the Federal Highway Adminis
tration has accepted Idaho's use of MSCS as the monitoring and reporting sys
tem for project development. This acceptance has eliminated written monthly 
reports and other proofs of monitoring required by FHWA under certification 
acceptance. Due to MSCS communication and scheduling, internal project ac
tion correspondence has been reduced by 70 percent. The information in this 
report is current to 1982. 

The Idaho Transportation Department has been fore
casting and scheduling project development with the 
Management Scheduling and Control System (MSCS) 
since January 1975. MSCS is a product of the 
McDonnell Douglas Automation Company (MCAUTO). 

Idaho operates MSCS in a resource-constrained 
multiproject mode against all projects simultane
ously. The MSCS program calculates activity start 
and finish dates, splits activities, sets priorities 
for resource allocation, and extends project comple
tion dates according to project start date, network 
sequence, available personnel limits, and management 
priority. Personnel needs are also forecast by MSCS 
and are used by management in budgeting and setting 
personnel complements. MSCS provides a schedule of 
services by activity start and finish dates, pro
vides ready-to-advertise dates for the 10-year 
construction program and through the administrator's 
report, and provides for reporting of the exceptions 
via staff comments. The Federal Highway Administra
tion (FHWA) has accepted Idaho's use of MSCS as the 
monitoring and reporting system for all project 
development functions. This acceptance has elimi
nated a multitude of written monthly reports and 
other proofs of action and monitoring that were 
otherwise required by FHWA under certification 
acceptance. 

The state highway administrator requires all 
federal aid and state projects to be on MSCS except 
for stockpiles, areawide pavement marking or signing 
projects, and buildings. All Division of Highways 
projects under consulting engineering contract are 
reported on MSCS. 

The state highway administrator uses the forecast 
of ready-to-advertise date for each project to 
determine the not-earlier-than date for program 
fiscal year of construction in the 10-year program. 
If a project is not updated and, as a result, it 
slips two months with each two-month update report
ing period, it will soon slip into the next fiscal 
year of the program. The state highway adminis
trator requires MSCS to 

1. Provide forecast ready-to-advertise dates for 
scheduling the 10-year construction program: 

2. Provide a schedule of project activities for 
each section supervisor, group leader, or lead tech
nician with project responsibilities in the dis
tricts: 

3. Provide activity scheduling for headquarters 
project development services: i.e., bridge, right
of-way, materials, traffic, utilities, railroad 
agreements, environmental, and program control: 

4. Provide statewide project development commu
nication whereby all involved personnel see the same 
information at the same time on any given project: 

5. Provide current and future resource require
ments for personnel forecasts and provide analysis 
of available resources versus need for consulting 
engineering on projects by one district for another 
district or by outside private consulting engineer
ing firms: 

6. Provide exception reporting for management to 
detect delays on specific actions and project slip
page versus the program target: and 

7. Provide trial testing of program scheduling 
and project priority decisions before they are 
implemented by management. 

REPORTS 

The state highway administrator uses the program 
administrator's report (Figure 1), which contains 
all projects in the 10-year program, for determining 
the earliest letting dates when adjusting the 10-
year construction program. The administrator's 
report is also used to determine exceptions via the 
staff comments. The state highway administrator has 
directed the format of a gain-slip report that shows 
the gain or slip of a project in relation to the 
program. 

The gain-slip report was specified by the state 
highway administrator for the purpose of reviewing 
the state-sponsored federal-aid projects in the 
first three program years. The gain-slip report 
provides simple and direct indication of the 
progress being made in project development on the 
federal-aid program. Since larger projects will 
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Figure 1. Idaho Transportation Department program administrator's exception report. 
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vary substantially in gain or slip as work goes on, 
slippage of more than three months (60 working days) 
is cause for management to request status evaluation. 

The gain-slip report excludes the following 
categories of projects: 

1. Environmental and location-only projects, 
2. State maintenance projects, 
3. State safety and r ehabil i ta tion projects, 
4. All locally sponsored projects, 
5. The six-year source acquisition program, and 
6. All projects scheduled for construction be

yond fiscal year (FY) 1983. 

The gain-slip report includes all state-sponsored 
federal-aid projects programmed for FY 1981, FY 
1982, and FY 1983. 

Gain or slip is shown by program plus or minus 
working days. The July forecast is subtracted from 
the program target finish date. If the July fore
cast is earlier than the program, the working days 
are a plus (+) gain. If the July forecast is later 
than the program target finish, the working day 
difference is a minus (-). When the September up
date arrives, the September forecast will be the 
date subtracted for each project. 

The program target is the model of the project 
set to finish on October l, the beginning of the 
program fiscal year approved by the transportation 
board. If a project has been reprogrammed due to 
slippage from the original program year, the origi
nal program year is still the program target. If 
reprogramming occurs due to funding shifts or pri
ority or need decisions, the program target model is 
shifted to meet the new program fiscal year. Pro
gram targets are only changed with the approval of 
the state highway administrator. 

The gain-slip report is distributed with the 
regular MSCS administrator reports. An example 
report is shown in Figure 2. The state highway 
administrator feels that this report provides the 
necessary management control of project development. 

The Idaho Transportation Department Director uses 
a special program administrator's report that shows 
public hearing and environmental clearance forecast 
dates in addition to predicted bid advertising dates 
and staff exception comments. 

Any report can be revised or created for content 
or format at the request of the user. Report crea-

tion and generation requires about 45 min. Although 
all sorts of special analysis reports can be de
vised, the two usual categories of reports are staff 
reports and management reports. 

Staff reports are activity reports selected on 
activities desired by the individual and needed for 
updating. The activity reports provide scheduling 
of start and finish dates, duration of original 
activity, and duration remaining for activities in 
progress. A sample staff report, a bridge group 
leader report, is shown in Figure 3, with updating 
marked by that group leader. 

Management reports usually are selected on event 
activities--i.e., those that do not have substantial 
duration in working days and do not have assigned 
resources. 

START DATES 

Project start dates are selected so that predicted 
ready-to-advertise-for-bids dates fall on or near 
the October 1 beginning of the federal fiscal year. 
Start dates are adjusted to an earlier date in the 
operating MSCS file if resource limitation causes 
the project forecast to slip past the program target 
finish date. Projects that must start immediately 
in order to meet their program year do not have an 
entered start date. MSCS automatically starts a 
project on the current date if a late start date has 
not been used. 

ENTERING NEW PROJECTS, UPDATES, COMMENTS, CHANGES 

The Idaho Transportation Department's data-proces
sing computer center uses Remote On-System Conserva
tion Entry (ROSCOE) software for handling all com
puter entry data and submittal of computer jobs to 
the main machine processing queue. ROSCOE' s appli
cation to operation of MSCS is the tool by which we 
are able to maintain precoded network activit ies and 
resources and build data sets of updates, correc
tions, new projects, and report requests for sub
mittal to the MSCS file. MSCS operation commands 
and report requests are also stored in ROS COE f o r 
selection in operating the MSCS program. 

Rather than using the planning value and additive 
methodology, we have precoded all types of networks 
with activity durations and resources and stored 
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Figure 2. Sample gain-slip report. 
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them in the ROSCOE utility library. By using a 
systematic index we call up copies of desired net
works or parts of networks and assemble the project 
on the cathode ray tube (CRT) screen by using 
ROSCOE. The assembled project is stored as a sub
mittal data set in another part of the ROSCOE util
ity library. The loading of a new project requires 
the usual project identification numbers, descrip
tive name of the project, intended fiscal year of 
construction in the program, and selection of the 
type of network, selected activity legs such as 
utilities and railroad, number of right-of-way 
parcels, and designation of each structure. With 
the exception of network selection and number of 
right-of-way parcels, all of this information is 
normally required for programming approval. An 
example of project input with network selections, 
right-of-way, and structures is shown in Figure 4. 
ROSCOE takes 4-6 min to assemble a project network 
with all modifications peculiar to that project and 
have it ready for submittal to the MSCS file. 

NETWORKS 

A few of Idaho's project-modeling networks are in 
Figures 5-7 and the MSCS program follows these net
works in its calculation of start and finish dates. 
The networks are created by roadway design in 
cooperation with the districts and affected head
quarters sections. District recommendations for 
network changes are used to make network revisions. 
The networks are models of the relation of activi
ties in developing projects. As work procedures 
change due to new requirements or regulations, the 
networks on the ROSCOE 1 ibr ary and project networks 
that exist on the MSCS file are changed to fit the 
new conditions by using computer commands that find 
networks and activities by defined characteristics. 

External priority is used on management-selected 
projects where management has decided that a project 

08JUL 61 O'iSEP8l 260.0 
READY FOR f(NAL CESJGtt REV[B1 

is more important than other projects in the same 
year of the program. Priority is attached to the 
allocation of resources for the activities within 
that project. By attaching priority to the alloca
tion of re5ources, all projects that use those same 
resources feel the effect of the prioritized project. 

Each project has its own network. Individual 
activities or sections of networks can be linked 
between related projects so that the sequence of 
stage development can be controlled automatically. 
If one of the linked projects is moved in the pro
gram or if work lags, the subsequent stage projects 
automatically change dates. Linking of projects as 
a methodology with multiprojecting provides an auto
mated monitor that reveals when sequenced projects 
require additional resources before the er isis 
develops. For example, the Wallace Interstate 
project consists of an historical relocation proj
ect, a major railroad relocation project, and three 
roadway and structures projects. The programming 
sequence spans five years. Each project has its own 
development network and networks are tied together 
according to many activity relations associated with 
the modeling of work. If the first project is moved 
in the program by management or if the project slips 
due to problems in development as reflected by 
updating by the production staffs, all of the 
subsequent-stage projects are adjusted automatically 
in the calculated finish dates by the MSCS program. 
The impact of the proposed programming decision on 
all of the project stages is automatically carried 
out due to a single start date entry. Further, the 
high resource priorities designated by management 
for the Wallace project have an automatic impact on 
all other projects in the program that use the same 
resource pools, and those projects, if affected, 
will have new start and finish dates calculated by 
the MSCS program. 
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Fgiure 3. MSCS bridge staff report for activity scheduling and update changes. 
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Figure 4. MSCS precoded project development networks. 
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Figure 5. MSCS design or combined location and design control network. 
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Figure 6. MSCS bridge design control network. 
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Figure 7. MSCS precoded intersection design networks. 
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HISTORY 

Idaho's MSCS became operational in January 1975. 
Operational means that the forecasts were used by 
top management for forecasting when a project would 
be ready and for detection of delays. 

In December 1977, management required that 205 
new projects be added to the six-year construction 
program. This new program configuration was based 
on a major increase in state funding as well as on a 
potential major increase in federal funding. The 
project modeling methods at the time required an 
average of four district person hours per project, 
with headquarters proofing, key punching, and cor
recting final errors added to the district time. 
The network activity and resource modeling of the 
205 new projects was going to require at least two 
months in straight-line time. In addition to the 
immediate problem of 205 new projects, the following 
conditions had reached a er isis point in their own 
right. 

1. The system operation had to be compatible 
with the time required for management programming 
decisions. These decisions included adding of new 
projects, switching of category of funding and 
fiscal year of construction, and changes in priority 
between projects of the same fiscal year. Total 
reshuffling of the six-year construction program for 
management trial runs could not have more than 
three-day turnaround for MSCS forecasting. 

2. Production personnel did not have time for 
person-hour type of involvement in estimating ac
tivity durations or resource parameters for initial 
loading of a project into the forecasting system. 

3. Production personnel demanded accuracy in the 
project models and direct correlation to reality. 
Only production personnel possessed the timely 
knowledge for accurate updating of a project. The 
districts agreed that, on any given project, rela
tively few activities had considerable variance, but 
these activities were not predictable on a system
atic basis. 

4. Management thought that all projects, except 
stockpiles and areawide striping projects, had to be 
on MSCS. This would encompass the effective total 
workload of project development. 

Roadway Networks 

MSCS operations were suspended in November 1977 and 
the roadway design assistant devised networks for 
the various types of roadway projects, complete with 
activity durations and resource quantities. By 
telephone and personal contact with the districts, 
the networks were verified and amended as they were 
devised. In consultation with the bridge design 
section, bridge design networks were devised in four 
configurations. For each of the configurations, 
four levels of complexity (variations in activity 
duration times and resource amounts) were coded. 

The four configurations were arrayed in 17 struc
ture design networks so that a single project could 
have up to 17 structures separately identified and 
forecast. The 17 networks were then coded in each 
of the four levels of complexity, for a total of 68 
bridge design networks, complete with activity dura
tions and resources. Three types of environmental 
action were precoded as network legs. Right-of-way 
was precoded in batches of subnetworks that could be 
selected by number of parcels. Utilities, railroad 
encroachments, 404 permits, and materials sources 
were set up as network legs, each with two levels of 
complexity so they could be attached to main net
works if they were needed. 

As the networks, their activity durations, and 
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resources were completed, they were loaded on ROSCOE 
utility libraries in the main computer disc stor
age. At the end of four weeks the entire task was 
completed and we began loading the 205 projects 
based on information that the districts had already 
submitted for programming purposes. In six days all 
of the projects were on the MSCS file and all other 
project fiscal year adjustments had been entered. 
The MSCS file was then run against the MSCS program 
and reports for management were provided in one 
night. 

All project loading since that time has been done 
by headquarters. Districts provide normal program
ming information plus network selection and number 
of right-of-way parcels. 

Upda t ing Scree ns 

Updating screens for input into ROSCOE were devised 
in November 1977 so that district personnel could 
annotate their schedule reports with their updating 
notes and eliminate input forms. These reports are 
collected by the district design engineer and are 
turned over to a terminal operator for entry on the 
ROSCOE screens and transmission by telephone line to 
computer facilities at headquarters. Production 
personnel need change only the days remaining on 
activities that are in progress or they may change 
the future by changing the original durations for 
those activities that are known to have changed in 
complexity but are not yet in progress. Thus, on 
the same report production personnel can adjust the 
future activities that vary from the precoded model 
and show the progress on in-progress activities by 
just changing days of duration. Since the resources 
operate as a percentage of activity duration, the 
resource person-days are automatically adjusted by 
activity duration change. 

CURRENT OPERATIONS 

One production specialist handles all updates, new 
loads, corrections, and reports. Every day 40 new 
projects can be loaded by the one specialist. Nor
mally, only a few new projects occur during the 
week. New projects are loaded from regular program
ming information with telephone confirmation with 
the district on network selection and estimated 
number of right-of-way parcels. A major reshuffle 
of the program for a management what-if situation 
can be run overnight. There have been a few daytime 
turnarounds when management deemed it necessary. As 
a rule, management takes more time to decide on 
proposed changes than the time it takes to make the 
changes and run the MSCS system. 

Production personnel do not have to code new 
projects. After a new project appears on the net
work report, the district and headquarters service 
sections modify the network to fit the actual proj
ect conditions by changing activity durations where 
necessary and calling for additional network legs, 
such as utilities, if they were overlooked. Key 
punching and cards no longer exist since the produc
tion specialist assembles all project models on 
ROSCOE from the ROSCOE utility libraries where all 
precoded networks and special networks legs are 
stored. Updates are transmitted from the district 
datapoint 4530 minicomputers via telephone line 
direct to ROSCOE data set library space set up by 
the production specialist. After updating into the 
MSCS file, the temporary ROSCOE space is cleared. 

Production personnel have the final authority on 
the file input data: activity durations, resource 
amounts, and resource pool limits. District section 
supervisors and headquarters section supervisors 
select the resource limits and have final author-
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ity. Changes in the resource quantities on the 
precoded models as well as resource changes on the 
operating MSCS file cannot be made without district 
concurrence. Any change in resource pool con
straints also requires district concurrence. 

All projects except stockpiles and striping proj
ects are loaded into MSCS. 

Impl eme.ntation and Guidelines for Current Operation 

The district production staffs aided MSCS implemen
tation. Perhaps the biggest reason for the willing
ness of production people to help create the MSCS 
operation was that it gave them the opportunity to 
communicate reality to management. 

The original guidelines for implementation and 
operation have never changed. 

1. The MSCS system is used by top management as 
the only source of earliest ready-for-contract fore
casted dates. The other parameters such as funding, 
project need, geographic distribution, public de
mand, safety, and operation are involved in manage
ment's decision of priority and scheduling, but a 
project cannot be scheduled for contract earlier 
than the earliest MSCS forecast. 

2. Information acquisition cuts across bounda
ries of authority but does not affect the chain of 
responsibility or authority. Information is ac
cepted from anyone at any time by any method of 
communication. The system is not used as a whip and 
thereby contains true information to the best of the 
project development staff's knowledge. 

3. The roadway designer is in sole charge of 
project development and has direct access to top 
management as far as MSCS is concerned. Production 
personnel are the final authority on time and re
sources. 

4. The system is operated on the philosophy that 
the system conforms to the methods and desires of 
production personnel. Operation is constantly 
improved on suggestions from production personnel 
and all improvements must have least inconvenience 
to staffs and reduce the time required by production 
staffs. All reports are tailored to suit the pref
erence of the users. Any request, question, or 
complaint by a production person is acted on immedi
ately and solved to his or her satisfaction. Cor
rections or modifications are made for the us~r. 

Resource Constraint Versus Unlimited Critical Path 

During the first year of operation we found that it 
was important to answer the question, "What is the 
effect of resource constraint versus unrestrained 
resources on each activity?" MSCS, during its pro
gram operation, calculates the resource-unrestrained 
critical path start and finish dates and stores 
these dates on an internal file for use during re
source allocation. Selection of command allows 
subtraction of the resource-leveled finish date from 
the resource-unrestrained critical path finish 
date. The result is shown as negative or positive 
working days. 

We have chosen to name this number level resource 
demand because it is the number of working days 
after (-) or before (+) the critical path late 
finish that is needed to obtain resource availabil
ity for that activity. Thus, an activity that shows 
-42.0 in the LEVEL RES DEMAND column of a report has 
been delayed by 42 working days beyond the unre
sourced critical path late finish due to lack of 
available resources. All scheduling and update 
activity reports, such as the sample of the bridge 
group leader report in the exhibits, have been 
report-formatted to show the level resource demand 
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value. Any production person or supervisor can see 
at a glance which activities will be in trouble due 
to lack of forces during that period of time. 

MSCS Program Capacity 

The most recent MSCS program improvement by MCAUTO 
allows 42 350 activity and resource records to be 
resource-allocated simultaneously under resource 
constraints in one file of projects. Each resource 
record can have 12 resources or work centers per 
activity. We have chosen to allow a maximum network 
size of 999 activities/project. This limits a 
single file of projects to 1296 projects. If we 
chose a limit of 99 activities, the theoretical 
limit would be 46 656 projects/file, which makes the 
resource allocator record limit of 42 350 records 
the controlling factor. 

OPERATION COSTS AND PERSONNEL 

Idaho purchased a paid up license for MSCS from 
McDonnell Douglas and remained in its 1700-member 
user group. The user group maintenance fee obtains 
requested enhancements and new, advanced versions of 
MSCS that are released periodically. The most 
recent release, version 9 .O, reduced the space re
quirement for processing from 1400 virtual K to 640 
virtual K, reduced the central processing unit time 
from 2.5 h to 35 min, and added more commands and 
options, including conditional change. The reduc
tion in time is significant when 638 projects with 
37 500+ activities are under resource constraint. 

The total investment to date, including paid up 
lease, is approximately $56 000. The 1982 mainte
nance fee will probably increase from $3700 to 
$4500. In 1975 the maintenance fee was $1200. The 
personnel commitment and time required to operate 
project development MSCS with statewide updating 
every two months are described as follows: Six 
districts with 4-8 production personnel per district 
with updating responsibilities, for 52.2 person 
days/year. Also needed are a total of 9 headquart
ers personnel from bridge, utilities, environmental 
and mapping, local roads, and right-of-way who have 
updating responsibilities for 24.45 person days/ 
year. Total production personnel time required for 
updating is 76.65 person days/year. 

Along with the time of production personnel 
required for updating, system management and opera
tion requires one full-time engineering systems 
analyst and one full-time data processing production 
specialist at headquarters. The total salary cost 
per year for updating, system management, and opera
tion is $54 000, which at the loaded rate for bene
fits, translates to approximately $72 000. 

It is difficult to quote meaningful costs for 
computer hardware and software use -.because it 
depends on cost-accounting procedure a~d in-house 
facilities that use an IBM 370-158 (VS-1). The 
ROSCOE software is the tool used to handle updating, 
creation of data sets, MSCS operation comma_nds, and 
job control language commands in assembly and sub
mittal to the main machine processing queue. Re
ports are printed on two 1200-line/min printers. 
The cost of ROSCOE, an Applied Data Research Corpo
ration product, is not included in cost of MSCS 
operation because it is used departmentwide. ROSCOE 
is similar to TSO, CMS, and other data-handling 
software. 

Notice: The Transportation Research Board does 1101 e11dorse products or 
manufacturers. Trade and mant1_(acturcrs' names appear in this paper because 
they are considered essential to its object. 
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