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PREFACE A vast storehouse of infonnalion exists on nearly every subject of concern to highway 
administrators ,md engineers. Much of this information bas resulted from both research 

and the successful application of solutions to the problems faced by practitioners in their 
daily work. Because previously there has been no systematic means for compiling such 
useful infonnation and making it available to the entire community, the American Asso­
ciation of St.ate Highway mid Transportation Officials bas, through the mechanism of 

the National Cooperative Highway Research Program, authorized the Transportation 
Research Board to undertake a continuing project to search out and synthesize useful 
knowledge from all available sources and to prepare documented reports on current 
practices in the subject areas of concern. 

FOREWORD 
By Staff 

Transportation 
Research Board 

This synthesis series reports on various practices, making specific recommendations 
where appropriate hut without the detailed directions usually found in handbooks or de­
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a 
compendium of the best knowledge available on those measures found to be the most 

successful in resolving specific problems. The extent to which these reports are useful 
will he tempered by the user's !knowledge and experience in the particular problem area. 

This synthesis report will he of interest to DOT chief administrative and information 
officers, infonnation technology staff, project managers, and their supervisors. It de­
sc..,ibes the current st.ate-of-the-practice for DOT project management systems. This in­
cludes information on project management framework and project management knowl­
edge areas. In addition, several case studies and an appendix chapter on change: 
definition mid implementation. role of personnel, processes, and cost are also provided. 
Information for tl1e synthesis was collected by surveying U.S. and Canadian transporta­
tion agencies and by conducting a literature search. 

Adminisu·ators, engineers, and researchers are continually faced with highway prob­
lems on which much information exists, eitber in the form of reports or in terms of un­
documented experience and practice. Unfortunately, tliis information often is scattered 
and unevaluated and, as a consequence, in seeking solutions, full information on what 
bas been learned about a problem frequently is not assembled. Costly research findings 
may go unused, valuable experience may be overlooked, and full consideration may not 
be given to available practices for solving or alleviating the problem. In an effort to cor­
rect this situation, a continuing NCHR.P project has tl1e objective of reporting on com­

mon highway problems ,md synthesizing available information. The synthesis reports 
from tl1is endeavor constitute an NCHRP publication series in which various forms of 
relevant information are assembled into single, concise documents pertaining to specific 
highway problems or sets of closely related problems. 

This report of tl1e Transportation Rese.:'lrch Board describes tlie. process used to de­
velop ru1d implement automated prqject management systems, the source of software in 
use, and tl1e extent of any modifications necessary for commercial products to fit DOT 
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business needs, the operating environments for systems in use, and the capabilities and 
limitations of the systems to track multiple projects and information sources. Informa­
tion on system capabilities and deficiencies in project communications, report and 
problem solving, necessary resources required to implement and maintain each auto­
mated system, and bow long each system bas been in place and future plans for long­
term enhancements, modifications, or replacements is also included. 

To develop this synthesis in a comprehensive manner and to ensure inclusion of 
significant knowledge, the available information was assembled from numerous sources, 
including a large number of state highway and transportation departments. A topic 
panel of experts in the subject area was established to guide the author's research in or­
ganizing and evaluating the collected data, and to review the final synthesis report. 

This synthesis is an immediately useful document that records the practices that were 
acceptable within the limitations of the knowledge available at the time of its prepara­
tion. As the processes of advancement continue, new knowledge can be expected to be 
added to that now at hand. 
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SUMMARY 

PROJECT MANAGEMENT INFORMATION 
SYSTEMS 

As the primary custodians of surface transportation systems within their states, the individ­

ual deparllnents of transportation (DOTs) are responsible for planning, designing, con­
structing, and maintaining state and federal highway systems. With an average state DOT's 
annual construction budget exceeding several hundred million dollars, the demands on the 
management of the overall program as well as individual projects are substantial. 

Given the overall public expectations of "faster, better, cheaper," demands on the man­
agement of individual projects are increasing. With the visibility and expectations of project 
managers heightened, the information systems that support project managers play an in­
creasingly important role. As DOTs continue to look for opportunities to improve the effec­
tiveness and efficiency of the ir management of projects, tl1ey will necessarily also look for 
ways to improve the ir project management systems. This synthesis investigates botl1 tl1e 

current experiences and practices of DOTs, as well as current best practices in the devel­
opment and installation of automated systems across oilier indus tries. The composite of 
these two perspectives provides valuable insights for individual chief administrative offi­
cers, chief information officers, information technology staff, and project managers as tl1ey 

seek to evaluate and improve the ir own organization 's performance and approach to system 
development. 

Thirty-five states and one Canadian province responded to the "Survey of States" ques­
tionnaire. The infonnation provided by tl1ese agencies was; most complete in the areas of 
system capability and satisfaction with the current system. Approximately two-tllirds of the 
states have adopted a "strong" project manager approach to the management of U1eir proj­
ects. That is, they have elected to put the responsibility for tile delivery of the project, or at 
least a major phase of the project, with a single individual. This is a clear trend away from 
a functional or coordinator role of overseeing projects. 

Unfortunately, project management information systems (PMISs) have not kept pace 
witll tl1e change in management direction . The lack of key graphic and analytical features 
coupled witll the lack of system flexibility puts ilie strong project management approach at 
serious risk of failure . Fewer than one-third of tlie states are satisfied witll their currem 
PMIS. Users of tl1ese systems rate the following areas particularly low: 

• Ability to link project resources (people), 
• Ability to develop project graphics, and 
• Ability LO do "what if' analysis. 

Witllin ilie next 3 years, 74 percent of the states expect to change tlleir PMIS. Of tllis 74 
percent, more Ulan 40 percent expec t to replace ilieir systems. If past experience is an indi­
cator of future direction, very few states will attempt to partner witll oilier DOTs to develop 

their systems. Only 8 percent of tl1e states reported U1at they bad acquired the ir current 
system from another DOT. 
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Reengineering authors and change management practitioners consistently identify the 
following key ingredients as those necessary to successfully design and install major auto­

mated systems: 

• Senior management plays a vital role in successful implementation. Successful man­
agers tend to view the replacement of information systems as invesonents rather than 
expenses. They also make a personal commionent to stay involved to ensure that in­
ternal reengineering and change management teams remain motivated and that the 
initiative is sustained. 

• As with so many other elements of product or service delivery, t11e installation of a 
new automated system progresses more smoothly when the effort is defined and 
guided by a rigorous process. The organization's internal culture deserves particular 
attention when defining an implementation process. The success or failure of system 
installation depends on a variety of factors. One of tl1e most important is how readily 
people within the organization adapt to a new way of doing business. Reengineering 
and change management processes should include an assessment of organizational 
readiness and implementation steps that address specific aspects of organizational 

culture. 

• The use of teams appears to be fundamental to successful system reengineering. Team 
effectiveness seems to be tied to the complex nature of reengineering work. Teams 
also seem to be an effective means of building broad-based understanding and accep­
tance of an initiative within an organization. The complex nature of reengineering 
also leads organizations to consider the use of consultants. Although there are advan­
tages and disadvantages to the use of consultants, most organizations feel that they 
benefit from their use. 

• The total cost of system installation is often misunderstood and, tllerefore, underesti­
mated. Although t11e order of magnitude of system design or purchase costs is nor­
mally anticipated witll sufficient accuracy, implementation and maintenance/upgrade 
costs are often overlooked. Overlooked too are the (lost) opportunity costs of having a 
system tllat is incapable of providing information to key stakeholders and decision­
making bodies such as state legislative committees. 

• The experience of the states profiled in t11e case studies paints a picture tllat comple­
ments U1e survey of current best practices. In particular, U1ey reaffirm tile important 
role of teams and tile active involvement of senior management. 



CHAPTER ONE 

INTRODUCTION 

BACKGROUND 

As the primary custodians of surface transportation sys­
tems, state departments of transportation (DOTs) are re­
sponsible for planning, designing, constructing, and 
maintaining the state and federal highway systems. To ac­
complish that task, the state DOTs must simultaneously 
manage an average of several hundred projects. Because 
an average state DOT's annual construction budget ex­
ceeds several hundred million dollars, the demands on the 
management of the overall program as well as individual 
projects arc substantial . 

Given the overall public expectations of "faster, better, 
cheaper," the demands on the management of individual 
projects arc increasing. Kharbanda and Pinto, in What 
Made Gertie Gallop 7 Leaming from Project Failures, as­
sert tliat project management is made more difficult tlian 
conventional line managemenL because of one "vital" dif­
ference. "A project bas but one chance of success, whereas 
witl1 conventional line management Lherc is always t11e 
opportunity to do things better next time"(/). 

In 1993, D. I. Cleland foresaw a trend and published an 
article entitled "The Age of Project Management" (2). 
Since t11en, Lhere have been literally hundreds of books 
and articles on the topic. That we are currently in tlie 
midst of a "projcctization" trend; tliat. is, viewing all busi­
ness endeavors as "projects," only adds to the gravity of 
successful project management. With t11e visibility and ex­
pectations of project managers heightened, the informa­
tion systems that support project managers play an in­
creasingly important role. 

For most DOTs, a key element of tbe project manage­
ment process is an automated project management sys­
tem. As tlJese departments continue to search for oppor­
tunities to improve tbe effectiveness and efficiency of 
their management of projects, they will necessarily also 
search for ways to improve the responsiveness and capa­
bility of the ir project management systems. Knowing Lhe 
current practices of oilier DOTs and, specifically, which 
DOT sysLems seem to be particularly effective could be a 
useful starting point in developing an improvement strat­
egy for a project management system. In addition, k11ow­
ing how Olhers have successfu lly implemented system 
changes can potentially save an agency considerable time 
and expense. It is toward this end tliat tliis synthesis is 
written. 
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PURPOSE OF THE SYNTHESIS 

Specifically, t11is synthesis will report on bow Lhe fol ­
lowing functions relate to an overall state DOT program 
by: 

• Describing Lhc process used to develop ,uid imple­
ment automated systems; 

• Defining t11c source of software in use and indicate 
the extent of any modifications necessary for com­
mercial products to fit business needs; 

• Listing tl1e operating environment for each auto­
mated system in use, for example, mainframe, LAN/ 
WAN (Local Area Network/Wide Area Network) stand 
alone desktop compulers; 

• Categorizing and summarizing the capabilities and 
limitations of current automated systems to track 
multiple project<; and link project resources (e.g., 
funding, personnel, equipmenl); 

• Identifying current automated system capabilities 
and deficiencies in projecl communication, report­
ing, and problem solving; 

• Identifying tl1e necessary resources required to im­
plement and maintain each automated system (e.g., 
total system cost, number of operators, number of 
programmers); and 

• Determining how long exisling systems have been in 
place and reporting on future plans for near and long­
term enhancements, modifications, or replacements. 

State-of-tl1e-practice information was gathered primar­
ily by means of a written questionnaire (Appendix A). 
This questionnaire was sent to all state and Canadi,m 
DOTs. The questionnaire was supplcment.ed by a literature 
search and limited interviews. 

ln addilion to reporting tl1e specific findings of t11e sur­
vey, this synlhcsis reports on the current best practices on 
t11e broader topics of process/system redesign and imple­
mentation (Appendix B), as well as current practices in 
project management. 

ORGANIZATION OF THE SYNTHESIS 

This synthesis is organized on tl1e basis of current prac­
tices in project management and project management 
systems as employed by the DOTs that responded to the 
survey. The general findings provide valuable insights 
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for individual chief administrative officers, chief in­
formation officers, information technology staff, and proj­
ect managers as they seek to evaluate and improve their 
own organization's performance and approach to system 
development. 

Chapter 2 details the current practices of DOTs in the 
area of project management ,md project management systems. 

This chapter identifies some key trends as well as critical 
gaps in current practices. 

In chapter 3, several state DOTs are profiled as case 
studies in the design and implementation of project man­
agement systems. The experiences of these DOTs not only 
reiterate the best practices themes detailed in Appendix B, 
they offer compelling guidance on what to expect. 



CHAPTER TWO 

SUMMARY OF CURRENT PRACTICE 

Two-thirds of the DOTs responding to the survey have 
adopted strong forms of project management, that is, they 
have changed to a style of managing that places additional 
expectations and responsibility on the project manager. 
More significantly, few DOTs have Project Management 
Information Systems (PMISs) that complement tl1e new 
project manager role. Consequently, the majority of t11e 
DOTs are dissatisfied with their present system. These 
DOTs must move to change their systems or they will 
place t11e ir project managers at serious risk of failure. It is 
also likely t11at changing their PMISs to adequately sup­
port t11e ir shift in approach to a stronger project manage­
ment orientation represents significant organizational 
change. "When applied well, information technology can 
yield dramatic successes. Frequently underestimated, how­
ever, is the fact tllat when neglected, it can produce fail ­
ures and actually inhibit improvement efforts" (3). For lhis 
reason, Appendix B has been designed to provide back­
ground and guidance for senior managers and information 
technology professionals who must address lhe topic of 
implementing changes in their approach 10 project man­
agement and the corresponding mandatory change 10 proj­
ect management. Appendix B includes descriptions on 
how to design, implement, and manage change; the role of 
senior management, teams, and consultants in lhis pro­
cess; and defines the processes and costs. 

PROJECT MANAGEMENT FRAMEWORK 

To provide a framework for t11e DOT project management 
systems questionnaire, a definition of project mauagement 
and an overview of key project management principles is 
in order. The source of t11is information is the Project 
Management Iustitute (PMI), a nonprofit consortium of 
public and private sector organizations wit11 45,000 mem­
bers tllat publishes A Guide to the Project Management 
Body of Knowledge (4) . The purpose of this guide is to 
identify and describe proven, traditional, widely appLied 
practices. It also catalogs innovative and advanced prac­
tices lhat have seen more limited use. The following 
definitions are from the guide. 

• Project-A temporary endeavor undertaken to create 
a unique product or service. (Note that a project dif­
fers from operatioual efforts that have many of the 
same aspects as a project except tllat operations are 
ongoing and repetitive.) 
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• Project management-The application of knowl­
edge, skills, tools, and techniques to project activi­
ties in order to meet or exceed stakeholder needs and 
expectatious from a project. 

• PMIS-Tbis consists of the tools and techniques 
used to gather, integrate, and disseminate the out­
puts of lhe other project management processes. It is 
used to support all aspects of the project from initiat­
ing through closing and generally includes botll 
manual and automated systems. 

• Program-A group of re lated projects managed in a 
coordinated way. Programs usually include an ele­
ment of ongoing activity. 

PMI suggests that t11e responsibility of lhe project man­
ager is ultimately to integrate all key factors during lhe 
course of planning and delivering a project. If integration 
is the primary responsibility of lhe project manager, lhen 
tlle PMIS (automated and manual) should assist with this 
integration task. As A Guide to the Project Management 
Body of Knowledge (4) develops the framework for project 
management, it breaks the topic into two main areas: project 
management context and project management processes. 

Project Management Framework: Context 

The context is the environment in which the project man­
ager must function. The environment includes such soci~ 
economic influences as stakeholders and cultural/regulatory 
issues. The context also includes organizational structure 
as well as tlle skills a project manager brings to his/her 
assignment. 

In most instances, stakeholders have limited impact on 
tl1e attributes of a PMTS. Their linkage to a PMIS is nor­
mally through lhe project manager and tbey typically want 
information about tlm project. For Uie purposes of lhis 
synlhesis report, stakeholder requirements are subsumed 
under the project manager skill area of "communicating," 
which is identified iu lhe next section. Similarly, cul­
tural/regulatory issues aren' t likely to strongly influence 
the attributes of a PMIS. Conversely, project management 
skills and organizational structure cau have a substantial 
impact on the nature of a PMIS and are explained more 
fully in the next two sections. 
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TABLE I 

LINKAGE BElWEEN PROJECT MANAGEMENT APPROACHfa!S AND ORGANIZATIONAL STRUCTURE (3) 

Project Characteristics 

Project manager's 
authority 

Percent of staff assigned 
to specific projects 

Project manager's role 

Common titles for 
project managers 

Project management 
administrative staff 

Functional 

Linle or none 

Virtually none 

Part-time 

Project coordinator/ 
pro jecl leader 

Part-time 

Context: General Management Skills Areas 

Weak 

Limited 

0- 25% 

Part-time 

Project coordinator/ 
project leader 

Part-time 

PMI identifies five general management skills tJ1at provide 
tbe foundation for project management skills: 

1. Leading, 
2. Communicating, 
3. Negotiating, 
4. Problem solving, and 
5. Influencing tbe organization. 

Because a PMIS can assist a project manager in using 
these skills on a project, several questions are designed to 
determine the capability of a PMIS to support these skills. 
These questions deal with the ability of the system to develop 
graphics and charts (to assist witll communicating and in­
fluencing both internal and external audience~). to do "what 
if' analysis (to support problem solving), and to provide ac­
cessibility by multiple users (to facilitate communication). 

Conrext: Organizational Structural Influences 

The ability of a PMIS to support a project manager and the 
attributes of tlle PMIS depend in pa.rt on the project man­
ager's role within the organizational setting. Table 1, from A 
Guide to the Project Management Book of Knowledge (4), 
identifies how various approaches to organizational struc ture 
can effect the project's characteristics. 

For tbe purposes of tllis syntllesis report, respondents 
were asked to identify tlleir "approach" to project man­
agement according to the following categories: 

• Single-point project manager assigned "cradle to 
grave"; 

• Phased project manager, e.g., design project man­
ager, construction manager; 

• Functional discipline project manager such as bridge, 
roadway design, geotech; and 

• Other (please spe.cify). 

Organizational Type 
Matrix 

Balanced 

Low to moderate 

15-60% 

Full-time 

Project manager/ 
project officer 

Pait-time 

Strong 

Moderate to high 

50-95% 

Full-time 

Project manager/ 
program manager 

Full-time 

Projectit.ed 

High to almost total 

85-100% 

Full-time 

Project manager/ 
program manager 

Full-time 

Each of these approaches re lates directly to tl1e PMI table. 
A single-point project manager is synonymous witll tlle 
project manager operating under a "projectized" or 
"strong matrix" organizational structure. A phased project 
manager re lates to a manager in a matrixed organization. 
The functional project manager corresponds directly witl1 
the functional structure above. 

Because of tlle influence tha t the organizational struc­
ture has on the role of tl1e project manager, it similarly is 
expected to influence the type of PMIS as well . That is, a 
single-point project manager has a greater requirement to 
integrate all aspects of the project and, therefore, is more 
likely to require a PMIS tllat has broad analytical features. 
On tlle other hand, functional project managers have a co­
ordinating role over only a portion of a project and are 
more likely to require summary data for statusing a proj­
ect. They a.re not as likely to require analytical capabilities 
from the PMIS. 

Project Management Framework: Processes 

The second primary component of tl1e project management 
framework is the series of processes necessary to deliver a 
project. Irrespective of the specific processes employed by a 
particular organization, a project will go through the five 
general processes from inception to completion. 

1. Initiating processes- recognizing tl1at a project or 
phase should begin and committing to do so. 

2. Planning processes-devising and maintaining a 
workable scheme to accomplish tlle need the project 
was undertaken to address. 

3. Controlling processes-coordinating people and 
other resources to carry out the plan. 

4. Executing processes- ensuring that project objec­
tives are met by monitoring and measuring progress 
and taking corrective action when necessary. 

5. Closing processes- formalizing acceptance of the 
project or phase and bringing it to an orderly end. 



For the purposes of the questionnaire, the key processes 
that are most likely to be supported by an automated PMIS are 
the planning, controlling, and executing processes. The 
initialing processes and tl1e closing processes do not lend 
themselves as much to computerized support systems. To de­
termine tl1e potential use of an automated system to assist with 
the integration function of project management, respondents 
were asked to identify the phases of development, from plan­
ning through maintenance, which their PMIS covers. 

PROJECT MANAGEMENT KNOWLEDGE AREAS 

Allhough the project management context and processes 
define the project management framework, tl1ere remains an­
other "domain" of topics required for successful project man­
agement. A Guide to the Project Managemern Book of 
Knowledge (4), desC'fibes this domain as "project manage­
ment knowledge areas" and identifies nine such knowledge 
areas. 

1. Project Integration Management 
2. Project Scope Management 
3. Project Time Management 
4. Project Cost Management 
5. Project Quality Management 
6. Project Human Resources Management 
7. Project Communications Management 
8. Project Risk Management 
9. Project Procurement Management. 

These areas relate to either subprocesses that must be 
managed during the course of a normal project or to spe­
cific status indicators such as tl1e project schedule. More 
simply, they are areas of an ongoing project that the man­
ager must "know about" in order to deliver a project effi­
ciently and effectively. Not all of tl1ese areas are addressed 
by tlle questionnaire. Project management systems tend to 
support the three critical control processes of scope, 
schedule (ti.me), and budget (cost) as well as resource 
(human and other resources) loading. These particular is­
sues are highlighted in the questionnaire by means of a 
series of system capability questions. 

FINDINGS 

Thirty-five states and one Canadian province responded to 
the questionnaire. The information provided by tllese 
agencies was most complete in the areas of system capa­
bility and satisfaction with the current system. Fewer 
states provided infonnation regarding the attributes of tlle 
current system or the cost of maintaining tl1e current sys­
tem. This section is divided into two subsections, General 
Findings and Specific Findings. 
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General Findings 

This subsection includes survey responses in the following 
areas: 

• Project management phases 
• System platforms 
• Current project management approaches 
• Overall system satisfaction ratings. 

Project Management Phases 

Project management systems are used for a variety of proj­
ect management needs. Within U1e survey, states were 
given tlle option of selecting from tile following list of 
project management/development phases . A state could 
select all options that applied. 

• Planning, 
• Preconstruction (those design-related activities leading 

to final plans, specifications, and estimates), 
• Construction, 
• Maintenance, 
• Oilier. 

As illustrated in Figure 1, approximately three-quarters 
of the states that responded report using tl1eir systems to 
assist witl1 tl1e preconstruction phase of development. Ap­
proximately as many reported Uiat tl1ey use tlleir system to 
support planning as reported tllat tl1ey use it to support 
construction. Few states reported having systems to sup­
port maintenance and "0U1er." Slightly more tl1an one-half 
of U1e respondents have systems that support several 
phases of project development. 

System Platforms 

State DOTs currently use an array of automated systems 
and software. As illustrated in Figure 2, 68 percent of tl1e 
survey respondents have mainframe-based project man­
agement systems, 43 percent have LAN/WAN systems, and 
25 percent report using both mainframe and LAN/WAN or 
stand-alone desktop computer systems. Eighteen states re­
ported using a combination of system platforms. 

Current Projec1 Management Approaches 

To provide a context for comparing project management 
systems, states were asked to describe their current ap­
proach to project management from the following list: 

• Single-point project manager assigned "cradle to 
grave"; 

• Phased project manager, e .g., design project man­
ager, construction project manager; 
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FIGURE 1 Project management phases currently supported by automated information systems. 
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FIGURE 2 Automated systems currently in use. 

• Functional discipline project manager such as bridge 
design, roadway design, geotechnical design; 

• Other. 

The responses are summarized in Figure 3. 

Only one-third of the reporting DOTs still rely on 
"functional" project managers. The PMI guidelines that 
were outlined in the beginning of tl1is chapter suggest tl1at 
functional project managers generally have limited 
authority over project decisions and are more apt to coor­
dinate only elements of tl1e project. Two-tl1irds of Lbe 
states have adopted an approach that gives more complete 
authority to a project manager. This approach suggests 

that the project managers in these DOTs will require a 
PMIS that has broader capabilities than those with fum.:­
tional project managers. 

Overall Satisfaction 

Of particular note was tllat only fi ve of the states surveyed 
were very satisfied witll their system. These five states 
combined with those states reporting that they were 
somewhat satisfied, represented only one-third of Lbe 
states surveyed. Independently, 63 percent of the states 
plan to change their project management systems within 3 
years. Another 11 percent expect to change their systems 
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FIGURE 3 Current project management approaches. 

within 3- 5 years. As later findings demonstrate, t.be de­
velopment of systems bas not kept. pace with I.he shift 
DOTs have made t.o a stronger role for project managers. 
The dissatisfact.ion I.hat. DOTs expressed about their 
PMISs is likely the result. of the incompatibility between 
their current approach to project management and the 
analytical as well as report.ing capabilit.ies of their current 
systems. 

Specific Findings 

This subsection swnmarizes responses in the following areas: 

• Development and implementation approaches 
• Survey of automated syst.ems and software 
• Resource requirement<; to operate and maint.ain 

automated syst.ems 

Not Sure 

Acquired from Another 
Public Agency 

Parterned with Another 
Public Agency 

Purchased "Off the 
Shelf' 

External IS/IT Consultant 
Developed and Installed 

Internal Team 

0 

I 

I 
I 

I 
I 

I 
I 

I 

I 
I 
I I 

5 10 

FIGURE 4 Evolution of current automated systems. 
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• Capabilities and deficiencies of current systems 
• Future plans for project management systems. 

Development and Implementa1ion Approaches 

DOTs have approached I.he development of their project 
management system in a variety of ways. States were split 
almost equally across three approaches. Slightly more 
states favored using an internal team, but nearly as many 
states used an external IS/IT consultant or purchased an 
off-tl1e-shelf system. Figure 4 illustrates how the current 
systems have evolved. 

Some states used a number of these approaches. Those 
states that answered "Other" generally described a process 
where their internal team worked with an external con­
sultant to develop and install their system. Most off-tlie­
shelf systems were modified to better integrate wit.h exist.­
ing systems and databases. Other modifications included 
screen revisions and the incorporation of different internal 
system modules. Specific comments related to the type of 
syst.em purchased and the nature of the internal develop­
ment team can be found in Appendix C, Table C-1. In 
some instances, respondents treated tlieir project man­
agement system and software as one in the same, so that 
their responses tended to be similar for both sections of the 
survey. 

Given that so many states expect to replace their cur­
rent system within 5 years, development and implementa­
t.ion of automated systems appears to be a particularly im­
portant area to consider. Potentially, the answers provided 
by the states that a.re most satisfied with their current sys­
tems will point toward an effective approach that other 
states could adopt. Unfortunately, the data do not appear to 

I□% of States Reporting I 

I 

I 
I 

I I I 

20 25 30 35 40 45 



10 

offer any singular approach that works well enough to be 

adopted as a "preferred method"; however, those states 
that reported the greatest satisfaction (a rating of "5") with 
their systems developed their software internally. 

Surprisingly, only 8% of the states reported that they 
partnered with another DOT during the development of 
their system. Given the similarity of purpose across the 
DOTs, as well as the similarity of their business environ­
ment such as sources of financing and regulatory envi­
ronment, one would expect that joint development would 
be an attractive approach to development. Joint develop­
ment also appears to be a reasonable way to reduce the de­
velopment cost for an individual agency by spreading the 
cost among several organizations. 

Survey of Automaled Systems und Software 

Figure 5 illustrates how states approached the develop­
ment of their current project management software. Those 
states that reported are nearly equal ly split between those 
who developed their software internally and those who 
purchased commercially developed software. As previ­
ously noted, survey responses tended to be similar for both 
system and software development. Although most states 
did not name tile commercial software, several states re­
ported using such proprietary software as Artemis and 
IBM AS (4.1 and 4.2). Other software packages included! 
Microsoft Project, Primavera, ClS, Fieldbook, and Site 
Manager. The list of detailed responses and remarks con­
cerning software are found in Appendix C, Table C-2. 
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FIGURE 5 Approaches used to develop current systems. 

Although all but two of those states that are most satis­
fied with their systems report using mainframes, nearly 
one-half also employ distributed systems tlirough 
LAN/WAN. Only one of these states, Utah, has acquired! 
(a portion of) it5 system from another state. 

Resource Requirements to Operate and Maintain 
Automated Systems 

Table 2 summarizes the information provided on annual 
system costs as well as the number of staff required to pro­
gram and operate the system. Many states were not able to 
provide information on this topic. For those who did, 
the costs and stalTing vary considerably. Eight states 
reported that they don't track tbe costs or, based on 
their internal system of accounting, they show the cosLs 
as negligible. 

Of those states tbat provided the number of program­
mers and operators, small staff sizes were consistently re­
ported. The maximum number of staff members in either 
category is 5. Two states show the number of operators to 
be 20 and 100. These answers reflect the number of proj­
ect managers and others who use rather than maintain the 
project management system. 

Capabilities and Deficiencies of Current Systems 

When compared with the project management approach 
currently employed by two-thirds of tl1e reporting states, 
the relative strengths and weaknesses of current project 
management systems provides valuable insight as to why 
so many of these states a.re dissatisfied with their current 
systems. In summary, states were first asked to provide an 
overall or "general" satisfaction rating. Satisfaction rat­
ings could vary from a low of "1" (very dissatisfied) to 
high of "5" (very satisfied). In addition, states were asked 
to further evaluate tl1eir relative degree of satisfac­
tion/dissatisfaction in tbe following areas using the same 
rating scale: 

• Ease of data entry, 
• Ease of data modification, 
• Ease of information retrieval, 
• Accuracy and timeliness of information, 
• Ability to link project requirements to people, 
• Ability to link project requirements to dollars, 
• Ability to do "what if' analysis, 
• Ability to access multiple users, 
• Ability to create graphs and charL<;, 
• Ability to track life-cycle costs, and 
• Ability to track multiple projects. 

To help identify patterns relative to system strengths 
and weaknesses, two statistical tests were applied to the 
ratings. The average (mean) score and the mode (the 
number most often recorded) were applied to ca.ch cate­
gory of answers. The mean and mode scores a.re shown in 
parentheses and are based on the same 5-point rating sys­
tem as the original survey. The three highest average 
scores across the DOTs' systems are: 
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TABLE2 

OPERA TING AND MAINTENANCE COSTS FOR CURRENT SYSTEMS 

Total O&M Costs of Project Management System* Number of People 10 

Equipment Programmer Operator Maintain the System 
DOT Name Total Costs Costs Costs Programmers Operators 

Arkansas 26 20 NIA 6 3 2 

Georgia 85 25 35 25 I 

Kansas 1,200 200 800 200 5 2 

Kentucky (preconstruction) Normal 2-3 1-2 
PC upgrades staff months staff months 

Louisiana 25 0 

Maine 60 0 10 50 

Manitoba 450 250 JOO JOO 
Maryland (highway development) 2 JOO 
Massachusetts 2 

Minnesota 235 JO 120 105 3 20 

Missouri - 2 5 0 

Montana - 3 I 3 

Nebraska 133.6 30 63.6 40 1.5 2.5 

New York 500 50 50 300 + 85 12 
for licensing 

North Carolina Not sure 30 Not sure I 

Oregon JOO 20 15 0 

Pennsy 1 vania 3 5 

South Carolina 3 4 

Tennessee 0 5 

Texas - s 2 0 

Utah 115 35 30 50 0 .5 1.5 

Vermont - z 3 3 

Virginia 250 5 

Wisconsin 120 20 JOO 0 2 0 

Wyoming 0 

•Io thou.sands of doUars. NIA= not available: - 1 = no answer: - 2 = not tracked:-'= unknown: - '= in development: _ s = negligible. 

l. Accessibility by multiple users (4.08), 
2. Ability to crack multiple projects (3.80), 
3. Ease of data modification (3.48). 

The three lowest average scores were: 

l . Ability to link project resources (people) (2.63), 
2. Ability to develop project graphics and charts (2.40), 
3. Ability to do "what it" analysis (2.32). 

The system attribute with the highest mode score, that is, 
the number most often reported was "accessibility by mul­
tiple users"; its score was 5. 

Four system attributes had a mode score of 1. They 
were: 

1. Ability to track life-cycle costs, 

2. Ability to link project resources (people), 
3. Ability to develop project graphics, and 
4. Ability to do ''what if' analysis. 

When these results are compared with PMI's project man­
agement framework and the answers that states provided 
to the question regarding their project management ap­
proach, some clear patterns emerge. 

The attributes of current automated PMISs are incom­
patible with the project management approach thal most 
states have adopted. Approximately two-thirds of the 
states have adopted an approach Lo managing projects that 
requires strong project managers as opposed to project co­
ordinators. That is, they have adopted either single-point 
project managers or project managers who oversee entire 
phases of development such as design. This approach puts 
a demand on project managers to orchestrate and integrate 
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FIGURE 6 Percentage of states that expect to change their project management approach and systems. 
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FIGURE 7 Expected change in project management systems. 

the various aspects of their projects. To recap the PMI key 
points, key skill areas for project managers include com­
municating and problem solving. Management knowledge 
areas include time, cost, resource, and scope management. 
As their scores indicate, states have a sense of importance 
about t11ese factors and the need for their systems to sup­
port them. Those states that consistently rate their systems 
low uniformly rate system performance low in these same 
areas. 

Future Plans for Project Management 

Automated Systems 

Forty percent of t11e DOTs intend to change l11e ir approach 
to project management. Thirty-seven percent expect to 
change within 3 years. For l11e most part, these changes 
will focus on better role definition for project managers or 
expanded reporting capabilities. Several states will expand 
U1eir project management role from a "functional" man­
ager to either a "single-point" or "phased" project man­
ager. Four of the reporting states expect to implement 
"S ite Manager" for their construction projec t managers. 

(Although only four states in lilis survey reported U1C ex­
pected use of Site Manager, considerably more states are 
expected to implement it.) Three states are currently in tlle 
midst of a reengineering effort, and their future approach 
is not yet defined. 

Clcarly, the vast majority of states will be operating 
with phased project managers or single-point project 
managers willlin several years. In addition, most of 
these states report lliat their automated systems support 
several phases of project development. For project manag­
ers to be effective and efficient wilil their time, tllis ap­
proach will require automated systems that are flexible 
and interactive. 

Compared with the 40 percent who expect to change 
their project management approach, 74 percent of U1e 
states expect to change their PMIS within l11e next 5 years. 
Of l11is 74 percent, 67 percent expect to change t11eir systems 
within 3 years (Figure 6). 

Figure 7 illustrates further lile extent of tlle changes 
lliat DOTs expect to make in their proj ect management 



systems. System enhancements typically include changes 
in screens or reporting formats . Modifications include new 
features such as "inception to completion" project tracking 
or a resource loading capability. Those states 1.hat reported 
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that they intended to replace their system generally in­
tended to replace I.heir mainframe systems and anticipated 
having a capability to better integrate the project man­
agement system with other systems. 
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CHAPTER THREE 

CASE STUDIES 

This chapter includes a more detailed view of how suc­
cessful DOTs are approaching their project management 
systems. The states tl1at were chosen for this review in­
clude those states tl1at provided an overall satisfaction 
rating of 4 or 5 for their systems. These states also took 
three different approaches to the development and imple­
mentation of their systems. North Carolina used an inter­
nal team to develop their system and software. New York 
used two different external consultants during the devel­
opment and implementation of their system, and they pur­
chased a commercially developed software package. Utah 
used a combination of internal teams and an external con­
sultant. Tbey also used the core of a system/software pack­
age that was developed by SoutJ1 Carolina. In addition, 
suggestions for successful system implementation from 
Maine and Ohio are also included. 

NORTH CAROLINA 

Nortll Carolina has developed a project management sys­
tem that it rates highly in all phases of system capabilities 
except for life-cycle analysis. Because the system was de­
signed to only support the development phase of projects, 
life-cycle analysis isn't a factor. This system was developed 
internally 14 years ago by DOT staff. The system, known as 
PMSS, is used to support the preconstruction phase of 
project development from planning through bidding. North 
Carolina bas an annual construction program of $1.1 bil­
lion and manages an average of 360 projects annually. 

Tbe purpose of ilic system is to track the on-time deliv­
ery of projects. Right-of-way clearance and bid letting 
dates are the "hard commitments" at the end of ilie pro­
cess. PMSS tracks all of t11e activities and delivery dates 
tlJat lead to tlJese hard commitments. The system bas the 
abili ty to accommodate a variety of users and track multi­
ple projects. lt is interactive so an individual can do "what 
if' analyses. Users can toggle easily to various screens and 
print directly from screens. 

New projects are assigned a project number, and all 
subsequent tracking is based on tl1at number. Updates to 
ilie system can be made as needed. If it appears tllat an 
activity will require additional time iliat could effect tlJe 
right-of-way or letting dates, the branch submits a request 
to ilie Program Development branch for a time extension. 
Only ilie Program Development branch has ilie auiliority 
to approve a time extension. The Program Development 

branch has the on-going responsibility of monitoring the 
overall progress and schedule of projects. 

The development process was guided by an internal 
team who began by gailiering input from each of the 
preconstruction branches, such as structures and highway de­
sign. This input included a listing of all activities that had 
schedule impacts. From this input, written activity flow dia­
grams (such as a critical path method or process chain dia­
gram) were developed. These diagrams were reviewed wiili 
each branch and reworked until all parties agreed that they 
accurately represented the way business was conducted. 

Computer screens were developed based on the data re­
quirements developed from the agreed upon activity dia­
grams. The screens from ilie old computer system (DSR) were 
also considered. The development of these sc..Teens and the 
development of tlle software, as well as t11e insta.llation of 
ilie system, was accomplished by in-house computer staff. 

The system is updated and modified as user requirements 
change. TI1e "status section" monitors tJ1e use of tJ1e system. 
Elements ofilie system that are no longer used are dropped. 

NEW YORK 

The New York DOT began tlle development of its current 
system in 1993. New York has an annual construction 
program that averages $1.5 billion and typically includes 
about 550 projects. The New York DOT considers the 
system to still be in the implementation phase. AJtlJough 
the program management elemem of the system has been 
mostly implemented, tl1e project management elements 
are still only partially complete. 

New York began its initiative by redesigning its ap­
proach to program/project management. In tJ1e early 
1990s, tlle planning and implementation of projects was 
performed centrally. The agency then decided tllat it 
wanted to decentralize t11e authority to its 11 regions. 
Their primary interest was to gain bener coordination 
among management levels. Therefore, they did not under­
take to do a complete detailed design at the production 
process level such as right-of-way. The DOT wanted to 
develop a strong project manager orientation wherein t11e 
cost, schedule, and scope for a project resides wiili ilie 
project manager. Under iliis concept, resources (production 
staff) would still be held by functional units. 



Because tbe agency did not have the resources to 
develop a PMIS internally, they chose to use external con­
sultants. Although they employed various internal com­
mittees throughout the course of the initiative, they relied 
heavily on outside staffing. They first retained a consultant 
to do a conceptual, high-level design. This design charted 
the course for subsequent work. 

The actual software was to be provided by a second 
consultant. The agency issued a request for proposal 
(RFP), which required a demonstration of software as part 
of the selection process. Tn addition to software, the 
agency required the consultant to provide a "migration 
path" from the mainframe to a PC environment. At the 
time the original RFP was issued, the client-server capa­
bility wa5 still in its infancy and could not adequately sup­
port multiple users; however, this was expected that to 
change as client-server capabilities matured. 

The demonstra tion of software was a key piece of the 
selection process because the DOT's requirements were 
different than those of many of the other large project 
management prac titioners of the time. For example, tbe 
nuclear and aerospace industry developed much of the 
early project management software. Their project envi­
ronment was characterized by a single project with thou­
sands of activities. The DOT environment is one of hun­
dreds of projects with hundreds of activities. The agency 
wanted to ensure that the software would support their 
environment. Three consultant teams were invited to in­
terview and to demonstrate their software. The selected 
team was responsible for providing a full-time project 
manager to oversee implementation and to complete the 
customization necessary to fit the DOT environment. The 
agency provided a part-time project manager. Other 
agency staff members were provided on a similar basis. 

As the agency continues with its implementation, the 
following factors have been key to their success: 

• Because their system has required years to imple­
ment, senior management resolve has been critical . 

• As senior managers have changed positions, it has 
been important to stop and reconsider/reconfirm 
direction . 

• Using two tiers of consultants for conceptual design 
and implementation bas provided a breadth of ex­
perience and ensured independent think ing. 

UTAH 

Utal1 is in the final stages of implementing a sweeping 
change in their approach to project management. This 
endeavor adopts a phased project management implemen­
tation approach that will lead to single-point project 
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managers. The Utah DOT has an annual construction 
program of approximately $160 million, with an average 
of 60 projects. The Utall DOT has also developed and 
implemented a new project (program) management system 
to support their change in approach. This system, known 
as PPMS (Preconstruclion Program Management System) 
is intended to serve the following four purposes: 

l. As a management tool to provide management with 
timely and accurate information about t11e project 
development process. 

2. As a guide to the project development process tliat 
ensures t11at multiple projects are efficiently devel­
oped on time t11rough the consistent use of defined 
processes. 

3. To model possible alternatives that signal changes, 
that could potentially alter a project's delivery 
schedule. 

4. To monitor actual performance, particularly in the 
areas of cost and schedule control. 

Utal1 chose to use a combination of an external consult­
an t and an internal team to develop their PPMS. This 
approach was chosen for several reasons. First, they did 
not have sufficient budget to hire a consultant to do all as­
pects of development and implementation. Second, they 
reasoned that tl1ey had to understand the system in order 
to successfully operate and maintain it once the consultant 
was gone; an understanding that was best gained by being 
involved during development and implementation. Third. 
they believed tliat agency staff was more likely to buy-in 
and use the system if they had a significant role in creat­
ing the system. 

The internal team was small. It consisted of six mem­
bers t.hat included: 

• A project manager for the reengineering system de­
velopment effort, 

• An engineer/project manager to develop engineering 
standards for the system, 

• Two system programmers, 
• One system analyst, and 
• Administrative support. 

The consultant's team consisted of their project manager 
and four systems programmers. During the course of de­
velopment, tlie number of consultant programmers was 
reduced to two. 

From t.he agency's perspective, the advantage of this 
internal/external approach is severalfold. 

1. Consultants bring experience from other engage­
ments that can help reduce or eliminate false starts 
and wasted effort. 
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2. Consultants can bring a sense of urgency about get­
ting the project completed that is not always possible 
if only internal staff works on the initiative. 

3. Because consultants have experience from other or­
ganizations, they can push staff to consider new and 
better ways of doing business. 

4. Because the internal team was fully involved and 
committed to the development of the system, the 
implementation phase went much smoother. In par­
ticular, the development of a training program for 
agency staff was much easier. 

A number of important lessons were learned from this 
experience that can benefit others. These lessons include: 

• Maintaining the leadership of tl1e initiative; that is, 
do not turn over responsibility to the consultant. By 
maintaining leadership responsibility, the agency is 
assured tl1at their business rules will drive the devel­
opment process. The Utall DOT defines a business 
rule as a particular style of operating, such as defining 
which reports are produced and where they're sent. 

• Requiring site visits to other agencies helps team 
members rapidly gain understanding for the type of 
effort being undertaken. For Utah, tl1e agency direc­
tor accompanied staff on one such site visit. His atten­
dance sent a powerful message to his own organization 
that their project management initiative was real. 

• Having an engineer as a member of the internal 
team to ensure that the agency's way of do ing busi­
ness was reflected in the software that was devel­
oped. Tbe presence of this individual on the team 
also established the credibility of the initiative with 
other engineering staff. 

• Focusing efforts during tl1e development phase on 
key organizational leaders such as region managers 
and preconstruction engineers to determine what the 
change in software would mean to them. The actual 
implementation will go much easier once several of 
these leaders support the development of the soft­
ware and are committed to its implementation. 

• That leadership understands that it is imperative that 
the development and implementation of the software is 
not a one-time thing; that is, the software must evolve 
through time if it is to remain re levant to its users. 

• That leadership also understands tliat the direct cost 
of implementing a project management system is 
likely to also be the smaller portion of the imple­
mentation cost. User training and the time required 
for people to truly adopt a new way of doing busi­
ness represent real (but often hidden) costs. 

SUGGESTIONS FROM MAINE AND OHIO 

In 1995, the Maine DOT published a report that outlined a 
suggested approach for the implementation of tl1eir pro­
gram/project management initiative. In this report they 
provided a list of suggestions from the Ohio DOT that was 
based on Ille Ohio DOT's experience with implementa­
tion. In addition, Maine identified 12 keys to successful 
implementation, which are based on their own research 
and experience. The following are seven suggestions from 
Ille Ohio DOT: 

1. Fix processes first. Do not purchase a system and try 
to fit it to outdated processes. 

2. Determine what should be automated and why. 
3. Detennine if tl1e system should be mainframe or PC 

based. 
4. Develop Ille system. Do not ignore the users. 
5. A good reporting system is a must. 
6. Enter the data a t Ille source. 
7. Do not duplicate an automated system witl1 a paper 

trail. 

The Maine DOT continues by noting that Ille successful 
management of tlleir program depends on the following: 

1. Managing projects witllin the context of Ille entire 
program. 

2. Accepting and consistently using sound program 
and project management principles. 

3. Committing to the preparatory work necessary to 
implement these principles. Preparatory work should 
include the development of a common definition, 
language, and knowledge base as well as the devel­
opment of uniform performance measures. 

4. Committing to "stick with it" for the Jong term. 
5. Committing to training indefinitely. 
6. TI1e willingness of users to provide accurate data into 

Ille system and to use the output from the system. 
7. The willingness of managers and executives LO act 

upon information/recommendations provided by tl1e 
system. 

8. The willingness of upper-level management to ade­
quately fund the project management initiative. 

9. Perceiving the system a~ user friendly. 
10. Having tl1e system provide accurate, timely infor­

mation in understandable formats. 
11. Having Ille system designed by people who know 

what they are doing. 
12. Having the system include vi tal information and not 

be cluttered with "nice to know" information. 



CHAPTER FOUR 

CONCLUSIONS 

Thirty-five states and one Canadian province responded to 
the Survey of States questionnaire. The information provided 
by these agencies was most complete in the areas of system 
capability and satisfaction with the current system. Fewer 
states provided information regarding the attributes of the 
current system or the cost of maintaining the current system. 

Based on the information provided by the reporting 
states, it is clear that PMISs play an important role in the 
management of each state's projects. Although states use 
their systems for a variety of project management tasks, 
the greatest usage, 76 percent, is in the preconstruction 
phase of development. 

Although these systems are used extensively, they are 
increasingly at odds with the needs of project managers. 
Two-thirds of the states have adopted an approach to man­
agement that gives broad responsibility to a project man­
ager, yet only one-third of the states are satisfied with their 
currem systems. Survey results demonstrate that current 
systems lack the ability to provide needed information in 
such areas as life-cycle costing and linking project re­
sources. They also lack the flexibility to conduct any 
"what if' analysis or to develop graphics. 

Seventy-four percent of the states expect to change 
their system within the next 5 years. Approximately 30 
percent will enhance or modify their existing systems. 
Nearly 45 percent expect to replace their systems. Unless 
the approach to systems development changes, few states 
will work to jointly develop their systems. Recently, only 8 
percent of the states partnered on system development. 

Survey findings do not lead to a preferred approach to 
system development. States have used a combination of 
external consultants and internal teams to develop and in­
stall their systems. Many states acquired off-the-shelf sys­
tems. Software was generally purchased commercially and 
modified to interface with in-house systems. On the other 
band, those states that are most satisfied with their sys­
tems developed their software and system internally. 

Because so many states anticipate replacing their proj­
ect management systems, the focus for best practices is on 
system reengineering and implementation. Experienced 
practitioners suggest that automated system replacement 
represents significant organizational change, and they 
caution against underestimating the level of effort required 
to succeed. 
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Senior management plays a vital role in successful im­
plementation. Successful managers tend to view the re­
placement of information systems as investments rather 
than expenses. They also make a personal commitment to 
stay involved to ensure that internal reengineering and 
change management teams remain motivated and that the 
initiative is sustained. 

As with so many other elements of product or service 
delivery, the installation of a new automated system pro­
gresses more smoothly when the effort is defined and 
guided by a rigorous process. The organization's internal 
culture deserves particular attention when defining an 
implementation process. The success or failure of system 
installation depends on a variety of factors. One of the 
most important is bow readily people within the organiza­
tion adapt to a new way of doing business. Reengineering 
and change management processes include an assessment 
of organizational readiness and implementation steps that 
address specific aspects of organizational culture. 

The use of teams appears to be fundamental to success­
ful system reengineering. The reason behind team effective­
ness appears to be tied to the complex nature of reengineer -
ing work. Teams also seem to be an effective means of 
building broad-based understanding and acceptance of an 
initiative withiu an orga11ization. The complex nature of re­
engineering also leads organizations to employ consultant5. 
Although there are advantages and _disadvantages in con­
sultant use, most organizations feel that they benefi t. 

Tbe total cost of system installation is often misunder­
stood and, therefore, underestimated. Whereas order of 
magnitude of system design or purchase costs are nor­
mally anticipated with sufficient accuracy, implementation 
and maintenance/upgrade costs are often overlooked. 
Overlooked too are the (lost) opportunity costs of having a 
system that is incapable of providing information to key 
stakeholders and decision-making bodies such as state 
legislative committees. 

North Carolina, New York, and Utah were chosen as 
case studies because they each represent a different ap­
proach to successful system development. When the expe­
rience of these states is combined with the suggested ap­
proaches from Maine and Ohio, they paint a picture that 
complements the survey of current best practices. In par­
ticular, these approaches reaffmn the important role of 
teams and the active involvement of senior management. 
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Most states have adopted a form of the "strong" project 
manager approach to develop their projects. The current 
capability of I.heir aut.omated systems is incompatible with 
this approach. The lack of key graphic and analytical fea­
tures coupled with system inflexibility puts this manage­
ment approach at serious risk of failure. Although the lack 
of responsiveness from current systems places a tremen­
dous demand on project managers, it represents a potential 
source for significant gains in organizational performance 
and reductions in production costs. 

In the development and implementation of l11eir auto­
mated systems, states have tried a variety of approaches. 
Although no single approach seems lO be preferred, 
maintaining overall control of the process with internal 
staff seems to be a key to success. The use of internal 
teams is the key 1.0 understanding and managing the 
complexity of issues surrounding the installation of a new 
system. The active and continuous involvement of senior 
management is necessary to ensure l11e organization ·s 
commitment to install and use tbe system. 

Organizations generally do a good job of defining and 
committing to paying for system design and purchase 
costs. However, they generally miss the mark on estimat­
ing implementation costs, maintenance and upgrade costs, 
and opportunity costs. Training and system upgrade costs 
can be significant. These costs are also l11e necessary in­
gredient to ensure that the system is used and remains re­
sponsive to project management needs. Understanding and 
defining opportunity cost<; can be key to building a fund­
ing commitment among decision makers. Unless an 
agency is willing to estimate and commit to funding all 
cost components, it shouldn't attempt to implement a new 
system. As spelled out by the GAO (3), when a system is 
neglected, it can actually inhibit. improvement efforts. 

It. was discovered that few states have partnered with 
other DOTs to develop their automated systems. Because 
so many DOTs expect to replace their systems within 3- 5 
years, they should strongly reconsider the partnering al­
ternative. All110ugh the investigation of other joint devel­
opment activities is beyond the scope of this research, ini­
tiatives like the development of Site Manager could be a 
good prototype for the development of new project. man­
agement systems. 

Given that unique requirements exist for a ll DOTs, a 
full-scale joinL development of a singular system is not 
likely. For example, costing sys1.ems and human resource/ 
payroll systems used by DOTs typically reflect. the broader 

systems used within their state government. To that. extent, 
it is not likely that a common platform can be developed 
to serve a wide DOT audience. On the other hand, iliere 
appears lO be an opportunity for DOTs to pool their re­
sources and talents to develop systems with capabilities in 
other areas such as program and project scheduling, as 
well as work planning. Other possibilities include graph­
ics, life-cycle, and resource loading packages. Some 
DOTs already have these packages, which makes them 
attractive prototypes from both a cost standpoint as well as 
from the standpoint that they've already been through beta 
testing. 

Given that the majority of DOTs are not satisfied wil11 
tl1eir current project management systems, there are real 
opportunities for additional research. A logical research 
area would be a detailed investigation of the development 
and implementation of systems and software. An excellent 
candidate would be the 20-state effort to develop Site 
Manager; however, the research would not/should not be 
limited to just DOT project management systems. Because 
tl1e critical issue is to determine an expedient/cost­
effective way to implement systems that meet user needs, a 
variety of systems should be reviewed. 

Supplemental research in this area would not require 
the rigor of a National Cooperative Highway Research 
Program syntl1esis. For example, the American Associa­
tion of State Highway and Transportation Official's 
committees or committees at the regional associates such 
as the Washington Association of State Highway and 
Transportation Officials could develop "best practices" 
clearinghouses on the development and implementation of 
project management systems. They may want to also share 
development cost<; for systems or software modules. 

Although the focus of this synthesis is on project man­
agement systems, the larger issue of project management 
seems to be an area that can benefit from additional re­
search. Given the present demand for stronger project ac­
countability, including cost and schedule control, many 
organizations appear to be adopting a strong project man­
ager approach. Two-thirds of the DOTs appear to be 
moving in this direction. Such a move represents signifi­
cant organizational and cultural change. A research effort 
focused on lessons learned in the areas of effectiveness, 
efficiency, and transitioning to these approaches would be 
beneficial. The benefits would extend to both those DOTs 
that have adopted one of these approaches and to ol11er 
DOTs that currently use a functional approach, yet are 
considering changing their approach. 
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APPENDIX A 

Survey of States Questionnaire 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Project 20-5, Topic 29-04 

DOT Project Management Systems 

QUESTIONNAIRE 

Name of respondent: ___________________ _ 
State DOT: _____________________ _ 
Title: _________________________ _ 
Phone number: ________ E-mail Address _______ _ 

Tbe following questionnaire seeking infonnation on current practices regarding tbe development and use of DOT project 
management systems. Project management systems are defined as those systems that support tile daily management and 
completion of individual projects. Project management systems are differentiated from program level management 
systems which have the ability to status a variety of projects, level resources across projects and track project funding 
sources. 

The five page questionnaire is divided into seven parts: Part 1 seeking general infonnation about the DOT's annual 
program and managemem system, Part 2 asks to identify the current project management approach, Part 3 deals wiU1 
system development and implementation, Part 4 asks for infomiation on the project managemem system and related 
software, Part 5 asks for an evaluation of the system's capabilities and deficiencies, Part 6 seeks information on future 
plans, and Part 7 asks for candidates for case studies. 

It may be appropriate for different individuals to fill out various parts of the questionnaire. If so, please ensure that the 
respondent for each part is identified and that tbe complete questionnaire is returned as a single response from U1e 
agency. 

Please return the completed questionnaire and supporting documents to: 

Don Forbes 
CH2M HILL 
P.O. Box. 428 
Corvalllis, Oregon 97339-0428 

If you wish to fax. your response, U1e fax number is 541-752-0235. The questionnaire is also available electronically. 
Please submit your request for the electronic version to dforbes@ch2m. com. 

We would appreciate your response by _ ______ _ 

THANK YOU FOR YOUR TIME AND EFFORT!! 
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NCHRP Synthesis Topic 29-04 Questionnaire 

Agency Respondino--------------

Part 1: General 

l. Total size of annual construction program in dollars (average of pasl three years): __ _ 

2. Total number of projecls in annual program (average of past three years): ______ _ 

3. Total size of the annual highway maimenance budget in dollars (average of past three years): 

4. Do you have an automated project management system(s) ? yes_ no _ 

5. Total operating and maintenance costs of project management system (average of past three years): ______ _ 

a. Equipmenl costs ______ _ 
h. Programmer costs ______ _ 
c. Operator costs _______ _ 

6. Nurnher of people to maintain lhe system(s): programmers. ____ operators ___ _ 

7. What phases of development does your project management system cover? (check as many a5 apply.) 

_Planning _Pre construction _ Construction _ Maintenance _ Other (please specify) 

8. How long has your current system(s) been in place? _______ years 

9. In general, how happy are you with the ability of your syslem lo help you manage your projects? (use 5-poinl scale 
below) If you have more than one syslem, please use the scale for each system. 

very 
dissatisfied 

2 
somewhat 
dissatisfied 

3 
neither 

satisfied nor 
dissatisfied 

4 
somewhat 
satisfied 

5 
very 

satisfied 
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NCHRP Synthesis Topic 29-04 Questionnaire 

Agency Respondino--------------

Part 2: Project Management Approach 

1. Please describe your agency' s approach to project management (Choose one) 

__ Single point project manager assigned "cradle to grave" 
__ Pha5ed project manager, e.g., design project manager, construction manager 
__ Functional discipline project manager such as bridge, roadway design, geotech 
__ Other (Plea5e specify) 

Part 3: Approach to System Development and Implementation 

1. Please describe your agency's approach to the development and implementation of your project management system(s) 
(check as many as apply for each system). 

__ External IS/IT consultant developed and installed our system 

__ We partnered with (an)other DOT(s) (please clarify) 

__ We purcha5ed an "off-tlie-shelf' system Modified? no_ yes_ (how?) 

__ We used an internal team. (list tlle job titles of the team members) 

__ We acquired our system from another public agency (please specify) 

__ Not sure (we just "evolved" over time) 

__ Ot11er (please specify) 
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NCHRP Synthesis Topic 29-04 Questionnaire 

Agency Respondino-------------

Part 4: System and Software Profile 

1. Please describe lhe attributes of your agency's project management system 

Mainframe 
__ LAN/WAN (if yes, are project files shared?) YES NO 
__ Desktop computers 
_ _ Notebook computers 
_ _ Other (please specify) 

2. Please describe your project management software 

__ Commercially developed (name software & release) 

__ modified? no_ yes_ (how so?) 

__ internally developed 
__ Acquired from another public agency (name software & release) 

Part 5: System Capabilities and Deficiencies 

identify the capability of your current system(s) to fully support your project management function in lhe following eleven 
areas (see rating guide on next page): 

a. Ease of data entry b. Ease of data modification 

2 3 4 5 2 3 4 5 

c. Ease of information retrieval information d. Accuracy and timeliness of project 

2 3 4 5 2 3 4 5 



24 

NCHRP Synthesis Topic 29-04 Questionnaire 

Agency Respondino-------------

e. Ability to link project resources (people) f. Ability to link project resources ($) 

2 3 4 5 2 3 4 5 

g. Ability to do "what if" analyses h. Accessibility by multiple users 

2 3 4 5 2 3 4 5 

i. Ability to develop project graphics, e.g., work break structure, PERT/Gantt/CPM charts, 
staff requirements/loading charts 

2 3 4 5 

j. Ability to track project costs throughout its lifecycle (planning thru maintenance) 

2 3 4 5 

k. Abi lity to track multiple projects 

2 3 4 5 

RATING GUIDE: 

2 3 4 5 

very somewhat neither somewhat very 

dissatisfied dissatisfied satisfied nor satisfied satisfied 

dissatisfied 



NCHRP Synthesis Topic 29-04 Questionnaire 

Agency Respondino-------------

Part 6: Future Plans 

1. Are you planning to change your agency's approach to project management (see Part 2: Project Management 
Approach for reference.) 

a. Within 1-3 years? yes_ no_ (If yes, please specify the nature of the change) 

b. Within 3-5 years? yes_ no_ (If yes, please specify the nature of the change) 

2. Are you planning to enhance, modify, or replace your existing system(s) 

a. Within 1-3 years? yes_ no_ (If yes, please specify the nature of the change) 

b. Within 3-5 years? yes_ no_ (If yes, please specify the nature of the change) 

Part 7: Case Study Suggestions 
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If you are aware of any DOT's/project management systems that you can suggest for a case study, please specify (include 
reasons that you suggest t11e project management system for a case study). 
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APPENDIX B 

Change: Definition and Implementation, Role of Personnel, Processes and Cost 

Allhough process/systems reengineering approaches vary, 
most organizations find that understanding and m,maging 
the following six areas is key to their success: 

1. The vital role of senior management, 
2. Defining a reengineering/implementation process, 
3. Defining and understanding costs, 
4. The use of teams to design and implement change, 
5. Tbe use of consultants, and 
6. Managing change. 

Before each of these key areas is profiled, it is important 
to determine the nature of ch,mge, whether proposed 
change is significant, and the potential impact of change 
on the organization. 

WHAT IS SIGNIFICANT CHANGE? 

The destiny of a ll organizations rests with U1e ir ability to 
adapt lo U1eir changing environment. Thal adaptation re­
lies squarely on tl1e organization's ability to: (1) perceive the 
need for change, (2) design an appropriate course of action, 
and (3) expeditiously implement the necessary change. 

Depending on the scale or magnitude of change, it can, 
al one extreme, be done through the course of daily busi­
ness wiili little or no disruption. This type of change is ex­
emplified by the TQM (Total Quality Management) style 
of continuous improvement. At the otber extreme, change 
can have a profound impact on ilie organization. Change 
of tllis nature frequently includes modification/installation 
of automated management systems. Aliliough simple in 
concept, managing t11is type of change can be profoundly 
difficult. Organizations the size of most state DOTs are 
very complex. Successful change requires sophisticated 
thinking, dedication, courage, and the expenditure of more 
resources Ulan tile uninitiated are apt to expect. "It is time 
to stop perpetuating tile myU1 of simplicity. The system of 
organization of mankind generates problems iliat cannot 
be solved by simple solutions" (I). 

In their book, The Wisdom of Teams, Katzenbach and 
Smith suggest that an organization answer the following 
four questions to determine whether a proposed change 
initiative represents major change (2): 

I . Does the organization have to get very good at one 
or more basic things it is not very good at now (e.g., 
new skills and values)? 

2. Do large numbers of people U1roughoul the entire 
organization have to change specific behaviors (i.e., 
do things differently)? 

3. Does ilie organization have a track record of success 
in changes of Ulis type? 

4. Do people iliroughout the organization understand 
tl1e implications of the change for their own behav­
iors and urgently be lieve tbat the time to act is now? 

A "yes" to l and 2 and a ''no" to 3 and 4 indicates a 
major cbange situation. Wben these questions are applied 
to the topic of project management systems, DOTs may 
find that PMIS installation represents major change for 
the ir organization. Table B-1 provides a second means of 
assessing wbetber a cbange in project management and 
project management systems represents incremental 
cbange (Quality Improvement) or significant change 
(Reengineering). The table was developed by tbe Oregon 
DOT as a guide for assessing tbe magnitude of a proposed 
change as well as the corresponding involvement required 
of senior managers and oiliers . This table outlines two ap­
proaches to change and suggests how a Key Factor 
(column 1) varies between these two approaches. To use 
tl1is table to determine ilie magnitude of change a pro­
posed initiative represents , begin wiU1 one or several key 
factors and determine from the narrative which type of 
change better describes the situation . For example, exrun­
ine Key Factors, Breadth of focus and Dependence on in­
formation systems, as Uiey relate to an initiative to install 
a modification to an existing project management infor­
mation system. It is likely that ilie narratives that most 
apply are "addresses processes that span entire business 
units" and " information systems are frequently used as a 
key enabler and typically provide on-line access." There­
fore, it is likely that this initiative represents a reengincer­
ing level of effort. 

When tl1e initiative is judged a reengineering effort, 
review the narratives under U1e 0U1er key factors to better 
understand the type of effort involved. In the case of Key 
Factor, Senior management involvement, reengineering 
requires a high level of senior management involvement 
throughout tbe effort. 

THE VITAL ROLE OF SENIOR MANAGEMENT 

Perhaps the most significant key to success, because it rep­
resents the most "leverage," is U1e sustained commitment 
of senior management. In a venture such as the changing 



TABLE B-1 

GUIDE FOR ASSESSING KEY FACTORS IN ORGANIZATIONAL CHANGE 

Key Factor 

Senior management involvement 

Team member involvement 

Improvement goals 

Implementation approach 

Magnitude of organizational change 

Breadth of focus 

Use of benchmark data 

Dependence on infonnation systems 

Quality Improvement 

High initial involvement becoming more 
support oriented. 

On-going, as needed. 

On-going, incremental goals based on 
philosophy of conti.nual improvement. 

Emphasis on improving current work 
processes. 

Limited disruption to both existing 
processes and systems. Minimum impact 
on organizational culture. 

Addresses narrowly defi ned work 
processes and subprocesses. 

Used after process improvement to 
evaluate specific performance areas . 

Information systems are used for data 
collection and interpretation. 

Source: Adapled from ODOTs Case for Action , 1994. 

Reengineering 

High involvement maintained throughout 
the effort. 

On-going, full time for specific 
assignments. 

Breakthrough goals based on one-lime, 
major revisions. 

Emphasis on creating new processes 
based on new ways of working. 

Radical revisions to existing processes 
and systems. Profound impact on 
organizational culture. 

Addresses processes that span entire 
business units. 

Used at beginning to assist with process 
design and again during implementation 
to confirm benefits. 

Information systems are frequently used 
as a key enabler and typically provide on­
line access. 
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approach lo project management and lhe accompanying 
change in a PMIS. U1is commitment must come from lhe 
chief executive. In a 1994 report lO lhe U.S . Congress on 
how information systems ca n help improve the "mission 
performance" of federal agencies, the General Accounting 
Office (GAO) reported that 

which is a guide to implementing change. On tl1e topic of 
how intimately tied to senior leadersbip lhe change initia­
tive can be, he states 

. . . senior management in the leading organiwtions (both pub­
Lie and private sector) we studied made a personal commitment 
to improve by (I) recognizing the need to fundamental ly 
change information management, (2) crea ting line management 
ownership to incorporate infonnation management into busi­
ness planning, and (3) taking specific act.ions to maintain mo­
mentum over lime. Such action resulted in a serious, motivated, 
sustainable improvement effort that had a wide impact 
throughout the organization (J). 

The GAO fu rther stated Urnt lhese leaders 

took infomiation management very seriously. Increasingly 
asked to do more with less, they have learned to focus carefully 
on the stream of dollars invested in information technology and 
critical infonnation resources and knowledge assets (3). 

The notion of organizational leverage or influence that 
is wielded by a chie f executive can not be understated. This 
notion is particularly impo rtant to DOTs. Because the ir 
chief administrative officers (CAOs) turnover regularly, 
the impact on U1e implementation of change initiatives, 
like U1e impleme ntation of a PMIS, can be severe. Perhaps 
Ichak Adizes says it best. Adizes is an expert on organiza­
tional change and lhe aulhor of Corporate Lifecycles, 

It is interesting to note that the ratio of building to destroying is 
al the cost of building. What took me three years to build, 
could be destroyed in three months-a new president comes in 
who does not understand the methodology and the new culture 
of mutual n:spect and trust that was so carefully nouri shed 
goes out the window (4). 

T he reasoning behind a CAO's personaJ involvement 
aJso has to do wilh lhe nature of the risk involved wiU1 lhe 
implementation of a new system, as well as lhe magnitude 
of U1e costs associated wilh lhese system s. The GAO 
summarizes these issues lhis way: 

Successful organizations manage infonnation systems projects 
primarily as investments, rather than expenses. As information 
management capability increases, projects are viewed more as 
mission improvement projects and less as information technol­
ogy efforts. Senior management teams become personally in­
volved in project selection, control, and evaluations . . . The in­
vestment focus systematically reduces inherent risks while 
maximizing benefits of complex projects. It does so by concen­
trating top management ' s attention on a5sessing and managing 
risk and regulating the tradeoffs between continued funding of 
existing operations and developing new performance capabili­
ties (3). 

One of the potentiaJ errors tl1at a CAO can make is believing 
tlrnt he or she must be an expert in infonnation systems 
and technology in order lO provide .necessary leadership 
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and guidance. The research conducted by Gouillart and 
Kelly refute this notion. In their book, Transforming the 
Organization, they report 

Almost without exception, we have found leaders who have 
revolutionized their industries through technology aren't par­
ticularly knowledgeable about technology. They are at hea11 
creative strategists, with an interest in the role of technology in 
business and a quiet confidence that technology, like infantry, 
will follow their lead ( 5 ). 

Gouillart and Kelly go on to say 

... they (leaders) shouldn't worry about rapid prototyping, re­
lational databases. and parallel processing any more than they 
should worry about what's under the hood of their BMW. 
Business creativity is what's needed, not nerd magic (5). 

DEFINING A REENGINEERlNG/lMPLEMENTATION 

PROCESS 

As 1.hosc organizations that implemented TQM programs 
know, sustainable performance depends on well-defined 
processes. Similarly, sustainable design and implementa­
tion of a PMIS also depends on well-defined change pro­
cesses. Within this subsection on rccngincering, I.here are 
two separate l.11cmes. The first l.11eme is about key func­
tions. The second l.11eme is about key process steps. Al­

though there arc a variety of recngineering processes, the 
l.11ree-step process l.11at follows is a good starting point. 

According 1.0 l.11e GAO, l.11e following l.11fee key func­
tions are critical to building a modern information m,rn­
agement infrastructure: 

1. Deciding to work differenlly (Decide to Change); 
2. Directing resources toward high-value uses (Direct 

Change); and 
3. Supporting improvement with the right skills, roles, 

and responsibilities (Support Change) (3). 

Part I: Part II: 

These three functions are the responsibility of senior man­
agement. Only senior management can make the decision 
to change Lllat also carries Lile aulllority to direct sufficient 
resources and support to ensure Lile successful installation 
of a new system. Although the decision to change can be 
made by senior management without input, a better ap­
proach is to make the decision based on a "case for action" 
developed by staff within the agency. Tbe case for action 
should be built on current performance data so that it. 
demonstrates in a compelling way Lllat Llie current way of 
doing business is no longer acceptable and that a new 
business approach must be designed and implemented. In 
Figure B-1, Part Il of the reengineering process is used to 
build the case for action. 

The Lllfee-step process in Figure B-1 was developed by 
Tenner and DeToro. In their book, Process Redesign- The 
Implementation Guide for Managers (6), they developed 
this particular process to respond to what l.11ey believe are 
the three reasons why organizational improvement efforts 
fail. The first reason is that Llic organization lacks an in­
ternal culture that is supportive to change. The second 
reason is Lllat the organization fails to plan sufficiently for 
the change. The Lliird primary cause of failure is Lliat l.11ere 
is a lack of skills or competence in systematically improv­
ing the organization. The key aspects of the process arc 
summarized here. 

Cultural Requirements 

Tenner and DcToro (6) assert l.11at ensuring Lliat l.11e or­
ganization's culture is conducive to change is a basic re­
quirement of successful implementation. Among key at­
tributes of a conducive culture is the organization's focus 
on efficiently and effectively serving the customer's needs. 
Additionally, the organization must be driven by leaders 
who can articulate and inspire the need for excellence and 
a means of moving toward the desired goal. Finally, l.11e 

Part III: 
Assess Cultural 
Readiness 

Process Analysis Process 
Improvement 

Are the cultural 
requirements satisfied? 
• Process orientation 
• Leadership 
• Organizational 

analysis 

••• 

-.r 
Wltat type of 
improvement is necessan;? 
• Product 
• Process 
• System 

FIGURE B-1 Reengineering process (6). 

••••• 

Ket; implementation 
steps 
• Integrate 
• Monitor 
• Evaluate 



organization must be able to understand and analyze itself 
well enough to chart a course from its current approach to 
doing business to the new approach. 

Process Analysis 

Thorough preparation, planning, and senior management 
involvement is necessary for successful long-term organ­
i:zational improvement. Analyzing the perfonnance of key 
processes is necessary before adequate planning can be 
completed. Tenner and DeToro recommend using a pro­
cess inventory as the basis of planning for change rather 
than an organizational chart. They envision a process in­
velllory as a set of maps that cross organizational lines to 
define the steps of how things get done. The performance 
of each process should be measured against two criteria: 
effectiveness ru1d efficiency. The degree of process effec­
tiveness defines how well U1e process leads to tl1e right 
product or level of service. Process efficiency defines in 
re lative terms bow much of each resource (labor hours, 
materials, dollars) was expended to generate the product 
or service. The process ana lysis is used to define the criti­
cal gaps between the desired situation and the current 
situation. This gap can be used to develop a "case for ac­
tion" to mobilize the organization into changing. 

Process Improvement 

Whether the organization uses continuous improvement, 
benchmarking (borrowing processes and practices from 
similar organizations to achieve a step-change level of im­
provement), or reengineering (brea.ktl1rough level of im­
provement) depends on tlle extent of the gap as well as the 
following factors: 

• Which level of intervention is indicated based on the 
importance of the performance gap and the oppor­
tunity to close the gap? 

• Similarly, what is t11e fea<;ibility of the improvement 
effort? 

If this evaluation shows that incremental improvement is 
sufficient, then continuous improvement is the appropriate 
course of action. If a dramatic breakthrough is required, 
then reengineering is necessary. Somewhere between the 
two approaches is a third course that is characterized by a 
disnete step up in performance. This "stair-step" level of 
change is characterized by benchmarking. 

UNDERSTANDING AND DEFINING COSTS 

The replacement and implementation of a new project 
management system represents significant cost. These 

29 

costs can be broken down into the following four cost 
components: 

1. System design/purchase cost, 
2. System implementation cost, 
3. System maintenance and upgrade costs, and 
4. Opportunity cost<;. 

System design/purchase costs ru-e those explicit costs of 
acquiring a new system. They should include the quoted 
purchase price, additional vendor/contractor costs, ru1d 
internal staff costs. An agency will likely have a variety of 
options that range from a wholly internal effort to develop 
a new system to an externally supplied and installed sys­
tem. Costs are frequently a significant detennina.nt of 
which option to pursue. Therefore, it is importru1t to value 
all internal labor at a "loaded" rate, which includes salary 
fringes and overhead contribution costs in order to accu­
rately compare internal costs with external costs. 

Implementation cost<; should include all cost<; related to 
ma.king the system fully operational. A key, but frequently 
under budgeted, cost component is training. The Uta11 
DOT has budgeted 40 hours of training for each user of 
tlle new system. As much as 15 percent of their entire 
budget for system development and implementation is 
dedicated to training. 

If a system is to fully support tl1e project management 
effort, it must be adequately maintained and upgraded. An 
agency should expect tlrnt a new system will undergo refine­
ment as users attempt to apply it to their work requirement<;. If 
this particular cost component is not adequately addressed, 
the agency risks being in the position of responding to en­
hancement requests from project managers by stating that, 
"Sorry, the system won't do tlrnt." This type of response 
leaves project managers in an untenable position. 

The aforementioned cost components comprise a set of 
explicit costs for system design and implementation. As 
such, tl1ese represent a substantial expenditure that may be 
difficult for an agency to get approved. The fourth cost 
component, opportunity cost, is a way to help clarify the 
benefit for paying tlle explicit costs. Opportunity costs rep­
reselll those things that cannot be done because an agency 
does not have an adequate system. Although somewhat 
difficult to quantify, opportunity costs can he calculated. 
For example, if a DOT crurnot respond to a legislative 
committee inquiry concerning costs and schedule for a 
class of projects, tlle agency suffers a loss of credibility. In 
a legislative process, this loss of credibility can easily re­
sult in a reduced operating budget o r tl1e lack of legislative 
approval for revenue increases. 

Organizations genera.Uy do a good job of defining and 
committing to paying for system design and purchase 
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cosLs. Conversely, Lhey genera lly miss Lhc mark on t.hc 
other three cost components. One possible explanation 
is that it is much easier t.o estimate purchase costs than 
upgrade or opportunity costs. Unless an agency is will­
ing to estimate and commit to funding all cost compo­
nents, it shouldn't attempt to implement a new system . 
As t.he earlier GAO citation admonishes, when a sys­
Lem is neglected, iL can acLuall y inhibit improvement 
efforts. 

TEAMS 

The use of teams appears to be fundamental to tlie success­
ful design and implementation of process/system reengi­
neering. The reason behind tlleir effectiveness has to do 
witll the nature of reengineering work. This work deals 
witll complex issues tlla t require tlle real time integration 
of skills, experiences, and perspectives tllat are unlikely to 
reside in a single individual. Additionally, tlle successful 
implementation and sustained use of a new process or 
sysLcm depends on iL<; broad-based understanding and ac­
ceptance within an organization. The use of teams during 
the creation and roll out of a system begins to build a 
broader basis of acceptance. Katzenbach and Smitil sum­
marize tl1is notion hy stating, 

. . . in the kinds of broad-based change that organizations in­
creasingly confront today, teams can help concentrate the di­
rection and quality of top-down leadership, foster new behav­
iors, and facilitate cross-functional activities. When teams 
work, they represent the best proven way to convert embryonic 
visions and values into consistent action patterns because they 
rely on people working together. They also are the most practi­
cal way to develop a shared sense of direction among people 
throughout an organization (2). 

Altilough tl1ere are a variety of successful approaches to 
developing and implementing teams, the following guide­
lines will serve in many instances. These guidelines have 
been developed primarily for "reengineering Learns." Often 
tllc development and implementation of automated sys­
Lems are a critical element of reengineering efforL'>. Even 
when system development is an independent initiative, tile 
parallels to reengineering are significant. 

The BPR OnLine Leaming Center's Selecting the 
Right Team for Your Project suggests that tlle team should 
be well rounded wit.h a mix of people and skills (7). Based 
on the recommendations of tile Leaming Center and otil­
ers, tile team should include: 

1. Some individuals who intimately understand tile 
current system (tl1e technical wizards); 

2. Some individuals who actively use tlle system and 
understand the project management process tilat tile 
system is intended to support; 

3. Some individuals who arc completely objective to­
ward the system and outcome (consultaJILs normally 
fall into this category); and 

4. Some individuals who are not familiar witl1 citl1er 
tl1e organization's system or process (someone who 
brings a fresh perspective and outlook to the team). 

The effective size for teams is genera lly considered to 
he between 4 and 12 members. Smaller teams (4 to 6 
members) work faster and tend to produce results more 
quickly. Teams of greater tlian 8 members often benefit 
from tilird party facilitation and may require subteams for 
effective performance. 

Teams witl1 more tllan eight members arc sometimes 
necessary to ensure representation tl1roughout tlie affected 
organization. This broader representation also ensures di­
verse business perspectives and a grcaLer knowledge base. 
The trade-off is tl1at larger teams move more slowly 
tllrough tile creative process and, given resource con­
straints, tile members are often part-time. 

A good compromise is to have a design team of eight or 
fewer members who report periodically to a larger repre­
sentative group. This structure enables a design team LO 
move quickly, while benefiting from the knowledge and 
insights of a larger group . 

USE OF CONSULTANTS 

Organizations often seek tile services of outside consult­
ams when installing new systems or software. The use or 
consultants, however, can be a two-edged sword; tllat is, 
there can be botll advantages and disadvantages to tl1eir 
use. Ahmed Shabana (8) points out some of tllese pros and 
cons. Among U1e advantages are: 

• Consultants can provide specialized skills, experi­
ence, and know-how t.hal t.he organization cannot 
afford or only needs sporadically. 

• Consultants can effectively bridge across tile organi­
zation by providing botl1 technical and administra­
tive innovations. 

• Consultants can bring tile ir wealtl1 of experience 
gained from implementing similar projects in otl1er 
organizations and, tilereby, direct tlle development 
effort to areas where it can have tile most beneficial 
results. 

• At tl1e same time, as outsiders to tl1e organization, 
consultants can take a fresh look at existing systems 
and uncover inefficiencies or gaps. 

• Finally, tliey can bring an objective vision to t11c 
project and thus act as facilitators of the change 
process by mediating tile inevitable conflicts tilat 
arise when changes are introduced (9). 



They can also have a negative impact on implementation 
because: 

• As outsiders, consultants have a limited knowledge 
of the existing systems and processes. Their acquisi­
tion of basic information will take some time, wbicb 
may have a negative effect on the completion time of 
the project at hand. 

• Even after they' ve acquired the basic information, 
consultants still might recommend actions that, al­
U1ough successful in other organizations, are incom­
patible in the particular organization. 

• If the consultant takes too strong a role in the effort, 
the staff within Uie organization may disengage ( 10). 

• If the solution is seen as the consultant's rather than 
the organization's, the Like liliood of successful im­
plementation is diminished (10). 

For those organizations that choose to use consultants, 
it should be noted that they don' t a ll use consultant serv­
ices in Ule same manner. Although some organizations use 
consultants to design and implement projects, other or­
ganizations limit the ir involvement to either the design or 
the implementation stages of the project. 

There is another way of defining the potential role of a 
consultant. Hammer and Stanton (11) suggest that con­
sultants can be used to address (eiUler singularly or in 
combination) three needs. They describe these needs as 
head, heart, and bands. In addressing the "head" issues, 
the consultant is hired for the ir particular knowledge and 
expertise. Consultants can also fulfill the "heart" role by 
providing the emotional support to the organization as it 
journeys Ulrough design and implementation . Finally, con­
sultants can serve as the "bands" that are required to 
complete the design or implementation. 

As to whether consultants provide Ulat expected bene­
fit, U1e data are mixed. Once again, Ule available data fo­
cus on the success of consultants in U1e design and imple­
mentation of business process reengineering (BPR) efforts. 
Shabana (8) found that U1e level of consultant " inter­
vention" bad litUe influence over U1e success of BPR proj­
ects. He suggests that one probable cause is inherent in the 
relative quality/experience of individual consulting firms. 
Another possible cause is identified by Bashein et al. (12). 
They point out that organizations Uiat hire consultants can 
fall into the trap of expecting the consultant to do Ule 
work with little or no contribution from the organization. 
The resulting product can differ greatly from what the or­
ganization expected. In contrast, Ule results of a 1997 
benchmarking study of 57 BPR projects (7) demonstrated 
that more than three-quarters of Ule respondents felt that 
the ir consultant was critical or very critical to the success 
of the project. Over one-half of the respondents would use 
consultants again. 
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MANAGING CHANGE 

The design or purchase of an information system is only 
an early phase of the change process, not the end. Fre­
quently, t11e more difficult work involves installing the 
system in a way that fulfills its operational requirements 
and that ensures that the system is routinely used by it.<; 
intended audience. 

Major change, by its nature, is intentionally disruptive and 
largely unprogrammable. ln comparing the management of 
major versus nonnal change. one top executive said, ' It used to 
be like 1-75. You lay il out from Toledo to Tampa. Now it's 
more like a white-water raft ride. You try to get the right people 
in the raft and do the best you can to steer it (2). 

Unless senior management bas experienced Ule difficulties 
of organizalional change, there is a tendency to believe 
that change can be dictated; that it is a linear, predictable 
process from point A to point B, and that once initiated, 
only a caretaker is necessary to monitor progress toward 
inevitable success. Unfortunately, none of this is true. 
Hammer and Stanton state Ulat 50 to 70 percent of all 
reengineer ing (major change) efforts fail to meet tlleir in­
tended objectives because organizations lose focus and 
make avoidable mistakes ( 11 ). 

Perhaps U1e most serious mistake is to underestimate 
the effort necessary lo change an organization's culture. 
"Culture" is Ule sum of how employees in an organization 
expect to be treated, what tlley value, and how they con­
duct business. Whenever significant change is introduced, 
one or more of these Ulree elements of culture must 
change. Organizational cultures can be supportive and 
positive, that is, they can help tile organization deliver ef­
fective, efficient products and services in a manner that 
also inspires employees. Organizational cultures can also 
have the opposite characterization and impact. Wbetller a 
new process or system is used depends on whether the ex­
isting staff within an agency embraces or rejects the 
change. Of all of the element<; necessary for successful 
implementation, organizational acceptance and use is the 
most critical. When Tenner and DeToro refer to "cultural 
readiness," they are referring to a culture tllat is suppor­
tive and positive about the intended change. 

One of the difficulties in bringing about change in an organiza­
tion is that you must do so through the persons who have been 
most successful in that organization. no matter how faulty the 
system or organization is. To such a person, you see, it is the best of 
all possible organizations, because look who was selected by it and 
look who succeeded most within it. Yet these are the very peo­
ple through whom we must bring about improvements. 

-George Washington. Second Inaugural Address (6) 

Figure B-2 outlines a set of six critical success factors 
for successfully managing change. Although these factors 
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FIGURE B-2 Critical success factors for managing change (13). 

address successful implementation, t11ey do so by focusing 
on the cultural side of tlle organizalion and, therefore, re­
late to issues of cultural readiness. If these factors are 
managed well, the likelihood of successful implementation 
improves. These factors were developed after 8 years of 
change management experience in the Oregon DOT. The 
factors are portrayed as six sides of a hexagon to empha­
size that all six combine to fom1 organizational capacity 
(represented by the area of tl1e hexagon) to implement 
change. As an organization improves its capability in a 
particular area, tl1e length of tliat line increases. As t11e 
lengtl1 of tl1e line increases, so does the area of the hexa­
gon and tl1e organizational capacity for change. 

l. Case for Action: Urgency and Tie to Mission-The 
efficient installation of an information system or pro­
cess reengineering depends on how rapidly employees 
embrace a new way of doing business. This efficiency is 
directly tied to tlle urgency employees feel to change 
tl1e business. The strengtll of tllis factor therefore is 
determined by the answers to two questions: 

✓ To what extent does ilie proposed initiative advance 
tl1e primary mission of the organization? 

✓ Are employees clear on tl1e mission or purpose of the 
initiative itself? 

The success of a change initiative depends on employees 
understanding iliat tlle initiative is critical to the delivery 
of ilie organization's mission. In addition, tlley must un­
derstand and feel tllat the initiative must be undertaken 
immediately. 

2. Values: Guiding and At-Ri.sk- By its very nature, 
when substantial change is introduced into an organization 

it al ters existing relationships, responsibilities, and 
work.flow. To tllat extent, ilie question of fairness is 
woven throughout the initiative. The organization's 
readiness to manage iliis factor is determined by an­
swering two questions: 

✓ What are the guiding values tllat must operate dur­
ing ilie reengineering transi tion? 

✓ What values will employees perceive to be violated 
during implementation (and what can be done to 
minimize or eliminate tlle violation)? 

Establishing a set of guiding values or principles at ilie 
outset assists wi tl1 a smootller transition to tl1e new order. 
What is more difficult to anticipate, but more likely to 
cause disruption in tlle change process when violated, is 
the existing set of organizational values and norms that 
guide behavior on a daily basis. The reason these norms 
are difficult to anticipate is tllat they are often unstated . If 
tllese values and norms can be identified and sufficiently 
addressed during tl1e design of tlle implementation pro­
cess, people are more likely to embrace rather than resist 
tlle change initiative. 

3. Priority-Is this reengineering effon truly among tl1e 
top three organizational priorities, or is it just one of 
many similar priorities? Employees in most organiza­
tions do an excellent job of concentrating on wbat is 
important and ignoring the unimportant. Likewise, 
most of tllem feel tliat they are already working at ca­
pacity. If a proposed initiative appears as "tl1e idea of 
t11e montll" and an impediment to accomplishing work, 
employees will ignore it and hope tllat it will soon "go 
away." On tlle oilier hand, if senior management por­
trays tlle change as among the top priorities for tl1e 
agency and essential to the agency's continued success, 



employees arc far more likely to treat the initiative with 
the seriousness needed. 

4. Commitment-Despite the rather obvious inclusion of 
"commitment" within the list of critical success factors, 
the nature of commitment to successfully implement a 
reengineering/system installation effort is less obvious. 
First, there arc various forms of commitment. Tbe low­
est form is "active sabotage." Active sabotage can be a 
legitimate form of commitment (as in tl1e case of op­
posing governmental tyranny), but it is not a form of 
commitment that will enhance successful implementa­
tion. Depending on t11e specific organization and in­
tended change, there are probably a number of employ­
ees who are prepared to actively sabotage the effort. 
Anticipating, understanding, and addressing the concerns 
of these employees is important. A somewhat more posi­
tive fonn of commitment is "go along to get along." Al­
tl1ougb this is a frequently held form of commitment in 
the early stages of a change effort, it does not help ad­
vance U1e effort. Only the upper levels of commitment 
such as "T will do whatever is legal/etl1ically wiiliin my 
power to help this succeed" will be sufficient to imple­
ment the change. The challenge is to a ttract and in­
volve a sufficient number of employees with this level 
of commitment. Without it, the change effort will die. 

5. Organizational Capacity and Individual SkilL~-Do 
employees and managers have the skills to operate in 
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U1e new environment? Do they also have sufficient 
skills to manage the transition to the new environment? 
If the answer to eitl1er question is no, training is neces­
sary for the effort to be successful. There are two pit­
falls typically associated wiili training. Tbe first pitfall 
is that the organization does not budget an adequate 
amount of staff time and funding to sufficiently train 
staff to successfully use a new system. The second pit­
fall is ignoring ilie training needs of the staff mem­
bers who are charged wiili designing and installing 
a new system or process. Having key staff trained in 
the basics of reengineering and change management 
can greatly reduce ilie time and enhance the efficiency 
of changing. 

6 . Performance Management-The final critical factor 
in successful change management is performance man­
agement; that is, developing, monitoring, and manag­
ing by a set of key measures to ensure that the new 
system meets its operational objectives. Having a clear 
set of measures provides a number of benefits. First, it 
sets clear expectations for those charged with develop­
ing and implementing the system. Second, senior man­
agement is better able to monitor and guide the devel­
opment of the new system. Finally, measures give 
management a means of communicating with external 
audiences such as legislative committees that the 
agency is taking appropriate action to ensure tllat the 
investment is protected. 
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APPENDIX C 

Summaries of Responses and Remarks 

TABLEC-1 

SUMMARY OF RESPONSES TO "SYSTEM DEVELOPMENT AND IMPLEMENTATION" 

DOT 

Arkansas 

Colomdo 

Illinois 

Kansas 

Louisiana 

Maine 

Manitoba 

Maryland (highway 
development) 

Maryland (planning) 

Ma~sachusetts 

(not finished) 

Minnesota 

Missouri 

Montana 

Nebraska 

New Hampshire 

(not finished) 
New York 

North Carolina 

North Dakota 
Oregon 

External 
IS/IT 

Consultant 

X 

X 

X 

X 

X 

Approach to Development and Implementation 
Partnered Acquired 

with another "Off-the Internal from another 
DOT Shelf' Team Agency 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

Not 
Sure 

X 

Other 

X 

X 

Remarks 

Off-the-shelf systems required interfaces to link to existing systems. 

Internal team included ROW managers, environmental manager, staff design 
engineer, design engineers, and human resource staff. 

The DOT used a combination of external consultants and internal staff. 

The internal team included the Assistant Design Engineer. Traffic Engineer, 
Construction Engineer, Engineer of local/urban projects, Chief of Federal 
Aid, and Chief of Progmm Management. 

Internal team of progmmmers, engineering supervisors and managers, and 
engineering technicians. 

The team included one planning and research assistant and one programmer. 

Artemis software was integrated with existing in-house software by a 
consultant/internal team (Senior Systems Analyst , Programmer/ Analyst, 
Information Analyst). 

Microsoft Project 4.0 coupled with Microsoft Access 2.0. 

Microsoft Project 4.0. 

The internal team includes two systems analysts and a business analyst. 

The off-the-shelf system was modified by internal staff with assistance from 
a consultant. 

Internal team included Transportation Program Director and a Senior 
Transportation Planner. 

Acquired from New Mexico in the 80's and has been highly modified. 

Software is IBM Application System (AS) developed and customized for 
Nebraska. 

The internal team included various programmers and analysts familiar v.ith 
the mainframe and PC applications. 

Internal team and consultants are building custom modules for PC LAN 
system. 

The team included preconstruction branch managers and unit heads. 

The internal system includes only construction records. 

System modified to fit DOT's processes. 

~ 



TABLE C-1 (Continued) 

DOT 

Pennsylvania 

South Carolina 

Texas 

Utah 

Vermont 
Washington 

Wisconsin 

TABI!E C-2 

External 
IS/IT 

Consultant 

X 

X 
X 

Approach to Development and lmplementation 
Partnered Acquired 

with another "Off-the Internal from another 
DOT Shelf' Team Agency 

X 

X 
X X 

X 

X X 

SUMMARY ©F REMARKS TO ·'SURVEY OF AUTO MA TED SYSTEMS AND'SCilFTfWARE" 

System Attributes 

Mainframe LANN/AN Desktop Notebook Other 
Computers Computers (specify) 

DOT 

Arkansas X X 

Georgia X 

Hawaii 
Illinois X X X 

Kansas X 

Not 
Sure Other 

X 

Commercially 
Developed 

X 

X 

Remarks 

Consultant is developing and installing Welcom Open Plan (Professional 
and Desktop). 

External consultant with internal design team. 

" Site Manager" software is being developed with other DOTs. 

Multiple Project Scheduling module from South Carolina is being combined 
with custom built software developed by a consultant and internal team. 

The software was acquired from South Carolina. 

No overall system is in place. 

The DOT purchased 130 copies of Microsoft Project. District offices store 
projects and reports on their LANs. The software was modified to collect. 
update. edit, and post reports to a D82 database. The DOT also provides 
management reporting capabilities. 

Software Profile 

Modified Internally 
(yes)? Developed 
(see 

remarks) 

X 

X 

X 

X 

Acquired 
from 

another 
agency 

Remarks 

The software package is 
"Field book," 1.1 B. Internal staff 
developed an interface with CAS on 
the mainframe. 

Project files are on VAX cluster and 
can be accessed over LANNI AN 
with PCs and terminals. 

No system. 
Data resides on the mainframe v.'ith 
access through desktops and 
laptops. 

The software. is IBM's AS 4.1 with 
DB2 that has been modified to 
enhance project management. It has 
been expanded to do program, 
production, and fund management. 

'->) 
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TABLE C-2 (Co111inued) 

System Allributes Soft ware Profile:: 

Mainframe LAN/WAN Desktop Notebook Other Commercially Modified Internally Acquired 
Computers Computers (specify) Developed (yes)? (see Developed from 

Remarks remarks) another 
DOT agency 

Manitoba X X X X Artemis Project View was 
modified to integrate with in-
house developed software. 

Maryland (highway X X X Microsoft Project 4.0 coupled 
development) with Microsoft Access 2.0. 

Mary land (planning) X X X Microsoft Project 4.0. 
Minnesota X X X X Artemis 9000 for the mainframe 

and Artemis 2000 for PC use. 
Added features include a 
funding application, a bridge 
subsystem, and State-A.id 
subsystem, and a District 

' 
, subsystem. 

Missouri X X X I The software is Project View 
4.0 with Lotus Notes databases. 
The software has been modified 
to show project tracking 
information. 

Montana X X i Data are created on the 
mainframe and project files are 
then downloaded to an Oracle 

, environment. 
Nebraska X X X X I IBM (AS 4.2) has been 

modified by internal staff. 
New Hampshire X X X X X Projects are not linked through 

(not finished) LAN/WAN. 
New York X X X X X In the process of migrating from 

a mainframe to a PC LAN 
based system. Software is 
Artemis 9000/EX (version 3.1), 
Artemis Planning 9000 (version 
3.1- modified to simplify the 
input screens), and Artemis 
Project View (version 3.3). 

North Dakota X X X I There is no overall system, only 
tracking for construction pay 
items, change orders, etc. 



TABLE C-2 ( Continued) 

System Attributes 
Mainframe LAN/WAN Desktop Notebook Other Commercially 

Computers Computers (specify) Developed 

DOT 

Oregon X X X 

Pennsylvania X X X X 

Tennes~ee X X 

Texas X X X X X 

Utah X X X 

Vermont X 

Wisconsin X X X X 

Wyoming X X X 

Software Profile 

Modified Internally Acquired 
(yes)? (see Developed from 
remarks) another 

agency 

X 

X 

X 

X 

X X 

X 

Remarks 

Artemis 9000EX and Schedule 
Publisher-PC. 

Software is Welcom Open Plan 
2.0B. Modifications to interface 
with business needs, the 
mainframe, and other 
databases. 

I Project files are shared on the 
LAN/WAN. The software was 

, acquired from Florida. 

i Software packages arc CIS 
(modified to meet business 
changes) and Site Manager 

. (beta version). 

i In the process of converting 
from a 3090XA mainframe to a 
client-server system using 
LAN/WAN. Software (Multiple 
Project Scheduling Module) 
from South Carolina is being 
combined with custom designed 
software. 

Software was acquired from 
South Carolina. 

i Microsoft Project 4.1 a modified 
with macros and menu options, 

. views, tables. 
i The software is Primavera. 

w 
--.l 
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research 
Council, a private, nonprofit institution that provides independent advice on scientific and 
technical issues under a congressional charter. 111c Research Council is the principal operating 
arm of the National Academy of Sciences and the National Academy of Engineering. 

The mission of the Transportation Research Board is to promote innovation and progress 
in transportation by stimulating and conducting research, facilitating the dissemination of 
information, and encouraging the implementation of research findings. TI1e Board's varied 
activities annually draw on approximately 4,000 engineers, scientists, and other transportation 
researchers and practitioners from the public ,md private sectors and academia, all of whom 
contribute their expertise in the public intercsl. The program is supported by state 
transportation departments, federal agencies including the component administrations of the 
U.S. Deparonent of Transportation, and other organizations and indivi(1uals interested in the 
development of transportation. 

TI1e National Academy of Sciences is a nonprofit, self-perpetuating society of distinguished 
scholars engaged in scientific and engineering research, dedicated to the furtherance of 
science and technology and to their use for the general welfare. Upon the authority of the 
charter gnulled to it by the Congress in 1863, the Academy has a mandate that requires it to 
advise the federal government on scientific and technical matters. Dr. Bruce Alberts is 
presi(1ent of the National Academy of Sciences. 

The National Academy of Engineering was established in l 964, under the charter of the 
National Academy of Sciences, as a parallel org,mization of outstanding engineers. lt is 
autonomous in its administration and in the selection of its members, sharing with U1e 
National Academy of Sciences the responsibili ty for advising the federal government. The 
National Academy of Engineering also sponsors engineering programs aimed at meeting 
national needs, encouraging education and research, and recognizes U1e superior achievements of 
engineers. Dr. William A.Wulf is president of the National Academy of Engineering. 

The lnstitute of Medicine was established in 1970 by the National Academy of Sciences 
to secure the services of eminent members of appropriate professions in the examination of 
policy matters pertaining to the health of the public. The institute acts under the 
responsibility given to the National Academy of Sciences, by its congressional charter to be 
an adviser to the federal government and, upon its own initiative, to identify issues of 
medical care, research, and education. Dr. Kenneth I. Shine is president of the Institute of 
Meclicine. 

The National Research Council was organized by the National Academy of Sciences in 
1916 to associate the broad community of science and technology with the Academy's 
purposes of furthering knowledge and advising the federal government. Functioning in 
accordance with general policies determined by the Academy, the Council has become U1e 
principal operating agency of both the National Academy of Sciences and the National 
Academy of Engineering in providing services to the government, the public, and the 
scientific and engineering communities. The Council is administered jointly by both 
Academies and the Institute of Medicine. Dr. Bruce Alberts and Dr. William A. Wulf are 
chairman and vice chainnan, respectively, of the National Research Council. 
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