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F O R E W O R D

NCHRP Report 826: Estimating Highway Preconstruction Services Costs presents guidance for 
state departments of transportation (DOTs) and other agencies for estimating preconstruction 
services (PCS) costs for transportation project development. PCS refers to a varied assortment 
of project-specific engineering and other professional services required before construction 
begins on a bridge, highway, or other transportation project, whether provided by agency staff 
or consultants. The guidance—a guidebook and supporting research report—addresses prin-
cipal sources and components of PCS costs, PCS estimating methodologies, trends (such as 
changes in design and construction technology, design standards, program requirements, 
and professional workforce) likely to affect PCS costs, and advice on agency policies and 
practices that can help control program risk through improved PCS cost estimation. The 
report will be helpful particularly to DOT staff and management responsible for the agency’s 
project development and delivery activities.

State DOTs and other agencies responsible for development of major capital facilities rely 
throughout the project development process on cost estimates to verify that adequate funds 
are available for project completion, to negotiate for contracted services, and to ensure that 
the development process is responsibly conducted. Substantial effort is required for a variety 
of activities that must occur before construction begins, and the ability to define the scope and 
estimate accurately the costs of these preconstruction activities is essential to agency planning, 
programming, budgeting, and management functions. Tighter budgets, funding limitations, 
and growing emphasis on accountability in government spending increase the importance of 
accurate and reliable cost estimation.

Timely and accurate estimates of the costs for preconstruction services are an important 
basis for management decision making. In the research underlying this document, PCS 
refers to engineering and other professional services required before construction begins 
on a bridge, highway, or other transportation project. The activities for which services are 
required—whether provided by agency staff or consultants—are project specific and may 
include planning, PCS contract negotiation, preliminary engineering, environmental studies, 
subsurface investigations, rights-of-way surveys and acquisitions, design and bid document 
preparation, design modifications and associated PCS scope changes, and construction pro-
curement. Similar professional services may be required during and following construction 
(such as construction engineering, inspection and quality assurance, and claims analysis) but 
were not explicitly considered in this research.

PCS cost-estimating practices vary greatly among DOTs and even within a single agency 
for different types of services and different stages of project development. The resources 
allocated to cost estimation and the policies, procedures, and information systems that 

By	Andrew C. Lemer
Staff Officer
Transportation Research Board
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support cost estimating vary as well. Uncertainties at the outset of the project development 
process, such as regarding the range of design alternatives to be considered; the extent of 
environmental, safety, and traffic mitigation activities likely to be required; and the need 
for phasing strategies to accommodate budgetary limitations, make PCS cost estimating 
particularly challenging.

The objective of NCHRP Project 15-51 “Preconstruction Services Cost Estimating Guide-
book,” was to develop a guidebook, for use by DOTs and other agencies, on estimating PCS 
costs for transportation project development. The guidebook addresses topics ranging from 
the principal sources or components of PCS costs (for example, direct labor, other direct 
costs, indirect costs, and profit, in terms of dollars and labor hours), as estimated at various 
stages of project development; estimating methodologies; and external trends likely to influ-
ence PCS costs (such as changes in design and construction technology, design standards, 
program requirements, and professional workforce). The guidebook is suitable for adoption 
by responsible groups within the American Association of State Highway and Transportation 
Officials.

The research was conducted by a team led by Iowa State University. The research team 
reviewed current PCS estimating practices in DOTs and other transportation agencies and 
private-sector firms that work with these agencies, collected and analyzed data on actual 
PCS cost experience, and extracted lessons about accuracy and reliability. Useful back-
ground information from the research team’s work is presented in the research report that 
accompanies the guidebook.
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1   

Building long-lasting roads necessarily involves planning and designing those roads in 
a manner that results in a high-quality constructed product. To achieve this requires that 
the necessary resources be allocated to the preconstruction process to permit planners and 
designers the time and funding to be able to solve technical, environmental, and constructa-
bility problems before the construction contract is advertised. Research has proven that cor-
recting errors, omissions, and ambiguities in preconstruction is far less expensive than during 
construction (Anderson et al. 2007). This issue becomes more critical if the preconstruction 
process is outsourced to a consultant whose fee limits the number of billable hours it can spend 
before releasing final construction documents. Therefore, ensuring that the preconstruction 
phases are allocated sufficient funding to adequately complete the necessary investigations, 
analyses, and so forth is a previously unrecognized determinant of not only the project’s 
final quality but of the agency’s ability to control cost and schedule growth during project 
delivery. Hence, making a reasonably accurate estimate of preconstruction services (PCS) 
costs becomes the first stage in delivering the best possible project for the available funding. 
NCHRP Project 15-51, “Preconstruction Services Cost Estimating Guidebook,” was initi-
ated to provide agencies guidelines for conducting PCS cost estimates.

The question of whether “better, faster, cheaper” truly applies to a public transportation 
agency’s construction projects has rarely, if ever, been asked. A strong argument can be made 
that the traveling public deserves something better than “cheap” roads and bridges. One can 
also argue that since the agency must operate and maintain the completed project, it would 
want to build the best and most resilient facility that its appropriated budget allows to minimize 
life-cycle and road user costs during the facility’s actual service life.

In 2010, the FHWA introduced the Every Day Counts program, the aim of which is to 
propagate proven methods to “get in, get out, and stay out” (Mendez 2010). To accomplish 
that aim, the FHWA administrator stated that “it’s imperative we pursue better, faster, and 
smarter ways of doing business” (Mendez 2010). One must note that the FHWA substantially 
changed the “better, faster, cheaper” phrase by substituting “smarter” for “cheaper.” As the 
nation’s transportation infrastructure continues to deteriorate, the apparent policy shift from 
cheap to smart tacitly advocates the delivering of transportation projects that ultimately last 
longer with less maintenance than the ones previously built.

Public-sector transportation projects must be delivered on tight budgets, within statutory 
funding constraints, and with an increased emphasis on government accountability. Thus, 
the need to manage and control costs for state departments of transportation (DOTs) on 
capital development projects has become more critical. The result is a drive to develop more 
accurate cost estimates for construction projects. Past research largely focused on construction 
and to a lesser extent on design cost estimates. In this project, a guidebook detailing effective 
practices for estimating the cost of the entire preconstruction period, termed preconstruction 
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services, was developed to provide guidance for state DOTs to estimate the cost of planning, 
engineering, and other professional services required before a construction project is let. 
The research uses case study methodology and results in the development of a stochastic 
parametric estimating model.

The guidebook produced by this research presents a data-driven holistic framework that 
comprises both top-down and bottom-up approaches to estimate PCS costs that meet vari-
ous stakeholders’ needs during the preconstruction phases of the project. It demonstrates 
how to complete PCS cost estimates at the point in project development where the typical 
project is assigned a project identification number. The proposed top-down estimating 
approach addresses the need to make estimates at a point where very little design detail is 
known. This approach assumes that a database of past projects’ PCS costs is available and 
that the data are reasonably accurate. The research that led to this document found that 
this assumption is not necessarily valid in most state highway agencies. As a result, the 
guidebook contains guidance on how to collect, clean, reduce, and assemble the necessary 
data to populate the PCS cost-estimating database.

The proposed bottom-up approach is provided to allow agencies to conduct the indepen-
dent cost estimate required by statute for federal-aid projects where preconstruction plan-
ning and design services are outsourced to an engineering consultant. As such, it is based on 
establishing a PCS work breakdown structure that forms the framework for both collecting 
PCS cost data for top-down estimates and for providing an apples-to-apples comparison with 
consultant fee proposals. The two approaches converge and furnish the required back-check 
on the PCS cost estimate.

The guidebook was created using information obtained from case study research performed 
in nine states: California, Colorado, Iowa, Maryland, Montana, New York, Oklahoma, Rhode 
Island, and Utah. The guidebook represents the effective practices observed in those states vali-
dated by 5 years’ worth of PCS cost data received from DOTs in California, Iowa, New York, 
and Utah. The major finding of the research and the guiding principle of the guidebook can 
be expressed in the following way:

Investing in preconstruction activities by ensuring that they are fully funded based on a rational, 
project-specific PCS cost estimate leads to increased cost and schedule certainty during construction.

Therefore, it is essential that agency upper management provide the necessary resources to 
populate the PCS cost database and then commit the resources to maintain that database as 
a robust tool for mitigating project cost and schedule uncertainty. Doing so will enhance the 
quality of the bidding documents produced to build and maintain the nation’s transportation 
infrastructure.
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Introduction

1.1 Background

The issue of accurate estimating of preconstruction services 
(PCS) costs is essentially tied to the efficient use of available 
public capital (Janacek 2006). Early estimates conducted dur-
ing the planning phase often become legislative authorizations 
and turn into project budgets before the final scope of project 
work is adequately quantified (Anderson et al. 2007). Addi-
tionally, since preconstruction costs are by definition a small 
portion of the total project delivery cost, they are typically esti-
mated as a standard percentage of estimated construction costs. 
Hence, if the capital project is underestimated, PCS costs will 
be similarly underestimated. A 2002 study involving 258 trans-
portation projects collectively valued at $90 billion found that 
86% experienced actual costs that were on average 28% higher 
than estimated (Flyvbjerg et al. 2002). That study concludes 
that “underestimation of costs at the time of decision to build 
is the rule rather than the exception for transportation infra-
structure projects” (Flyvbjerg et al. 2002). If one applies the 
U.S. Army Corps of Engineers (U.S. ACE) supervision and 
administration rate of 5.6% (U.S. Army Corps of Engineers 
1997) to Flyvbjerg’s sample, the PCS cost would be roughly 
$5.0 billion, a significant amount of money in any context. 
Using Flyvbjerg’s cost growth would mean that the agencies 
delivering these projects would be short $1.4 billion in the  
preconstruction phases of project development. The fact that 
project scope and quality are defined during the planning and 
design process leads one to infer that poor estimating accu-
racy is actually robbing the project of proper resources to 
complete a thorough preconstruction process and perhaps 
ultimately results in imperfect construction documents that 
actually become the basis for construction cost growth after 
contract award (Molenaar 2005).

A study by Carr and Beyor (2008) reported that consultant 
design fees have not kept pace with inflation for the past three 
decades. This creates a situation where “the high-quality pro-
fessional services rightfully expected by the public will become 

increasingly difficult [to attain] if the erosion in fees continues 
unabated into the future” (Carr and Beyor 2008). In essence, 
this pricing pressure forces engineers to literally furnish the req-
uisite level of design services with a steadily decreasing amount 
of resources. This could unintentionally induce a bias toward 
minimizing planning and design activities to maintain neces-
sary project profitability, which in turn would manifest itself 
in the form of declining quality of construction documents.

This environment is further exacerbated by the recent 
demand by owners to compress project delivery periods via 
programs like the FHWA’s Every Day Counts. A survey by the 
Construction Management Association of America found 
that the “demand for increasing speed of project delivery is 
the top reason for decline in construction document quality” 
(Construction Management Association of America 2003). 
The survey also reported that:

In their responses to questions about the quality of construc-
tion documents, more than half of the owners surveyed responded 
that these documents often have significant amounts of miss-
ing information. Specifically, 45% of respondents indicated that 
construction documents, while sufficient, still had “significant 
information needed,” while an additional 12% found that docu-
ments were typically inadequate because of major information 
gaps (Construction Management Association of America 2003).

A number of studies have looked at the relationship between 
design quality and subsequent construction contract modifica-
tions. Studies by Morgen (1986) and Kirby et al. (1998) found 
that design deficiencies are the major cause of construction 
contract modifications and that 56% of all modifications are 
aimed at correcting design deficiencies. Additionally, a study 
by Burati et al. (1992) found that deviations due to design 
errors discovered during construction account for 79% of 
all modification costs and average 9.5% of the total project 
cost. Thus, research has shown that improving planning and 
design quality has the potential to accrue benefits through 
reducing construction cost growth. A study completed for  
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the Oklahoma Turnpike Authority (OTA) confirmed this 
inference and demonstrated for one agency that, to a point, 
increases in actual construction costs compared to the early 
estimate were inversely proportional to the amount of money 
allocated for PCS (Gransberg et al. 2007). Figure 1.1 comes  
from that work and illustrates the relationship for OTA 
design–bid–build (DBB) bridge projects, specifically for the 
design fee expressed as a percentage of construction costs. The 
figure illustrates that, within the limitations of the research, 
providing adequate funding to properly complete PCS gives 
the agency more control over the final cost of the project. 
Said another way, an accurate PCS cost estimate increases 
cost certainty for DBB projects. This conclusion is confirmed 
by a recent study that found “DB [design–build] and CMGC 
[construction manager/general contractor] display lower 
cost growths than DBB and therefore provide greater cost 
certainty” (West and Gransberg 2012).

Given this discussion, developing a pragmatic system with 
which to estimate PCS costs will promote final design qual-
ity by reducing construction document errors and omissions 
(Carr and Beyor 2008; Construction Management Associa-
tion of America 2003) and will accrue an immediate benefit 
by enhancing cost certainty for projects delivered using both 
traditional and alternative delivery methods (Gransberg et al. 
2007; West and Gransberg 2012).

1.2 Problem Statement

The first expenses borne in all projects are the costs to per-
form planning, programming, and preliminary engineering. 
Construction uncertainty is at its absolute highest level, mak-
ing the practice of setting a budget for PCS costs using a per-
centage of construction costs merely the act of multiplying 
an arbitrary number by an estimated figure that will change 
as project development progresses. Hence, in many cases, 
the budget for developing a given project is effectively more 

uncertain than the budget for the project itself. To exacerbate 
the problem, research has shown that 86% of the time, the 
initial construction estimate and subsequent estimates are too 
low (Flyvbjerg et al. 2002), which means that the budget for 
PCS costs will also be too low. The phrase “you get what you 
pay for” applies in this situation. The amount of effort that 
can be applied to quantifying the cost of the project’s scope 
of work is limited by the available budget, and the inaccurate 
PCS cost estimate becomes a design quality issue, with in-
house engineers and department of transportation (DOT) 
preliminary engineering consultants forced to make the time 
spent on refining the design fit the available budget. The final 
product is often a set of poorly prepared construction docu-
ments detailing a product that is functionally overdesigned 
because the designers did not have the budget to produce a 
fully optimized design (Carr and Beyor 2008; Construction 
Management Association of America 2003).

The state of the practice in PCS cost estimating ranges 
widely among DOTs. At times the variation is present within a 
single agency for different types of services and different stages 
of project development. Issues such as the range of design 
alternatives to be analyzed; the impact of environmental per-
mitting, construction safety, and options for traffic control; 
and construction phasing to meet construction financing and 
budget constraints all make PCS cost estimating challenging 
at best and nearly arbitrary at worst. Therefore, the need for 
standardized guidance for estimating PCS costs is critical for 
DOTs to achieve the transparency, accountability, and fiscal 
responsibility that come with the tighter budgets experienced 
in the past several years. Hence, the objective of this research 
was to develop, test, validate, and package an accurate, consis-
tent, and reliable method for estimating PCS costs.

1.3 Research Objectives and Tasks

The NCHRP Project 15-51 request for proposal (RFP) states:

The objective of this research will be to develop a guidance 
document on cost estimating for preconstruction services. The 
guide will address cost estimating for all types of preconstruc-
tion services, whether performed by agency staff or consultants, 
addressing particularly issues specific to engineering and design 
services required for highway improvement projects (for exam-
ple, surveying, preliminary engineering, environmental impact 
projection and mitigation planning, final design engineering). 
The guide will also address agency policies, procedures, and sup-
port systems that will enhance an agency’s cost-estimating and 
management practices.

To accomplish the stated objective, two sub-objectives 
were established to guide the research plan:

1.	 Identify, analyze, and understand the current models for 
PCS cost estimating; and

Figure 1.1.  OTA bridge projects’ cost growth from 
the initial estimate versus design fee (Gransberg  
et al. 2007).
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2.	 Develop a guidebook for agency implementation of a stan-
dardized approach to estimating PCS costs for construction 
projects.

Accomplishing these objectives yields a PCS cost-estimating 
model that is specifically adapted for DOT projects and is not 
a repurposing of models in use in private industry. The spe-
cific model is flexible enough to be tailored for implementa-
tion within the statutory constraints of a given jurisdiction 
and is responsive to the concerns for equity and transparency 
of a state’s design and construction industry partners.

The research has produced the following deliverables:

1.	 A guidebook for initiating and implementing a PCS cost-
estimating system for highway projects at transportation 
agencies,

2.	 A research report that addresses the implications of adopt-
ing the guidelines and barriers to implementation, and

3.	 An effective practices and tools report that documents find-
ings that could be implemented before the final guidebook 
was produced.

1.4 Research Framework

The research framework was derived from the NCHRP 
RFP, which was logically divided into three phases:

•	 Phase 1–benchmark PCS cost-estimating practice,
•	 Phase 2–develop and implement PCS cost-estimating 

method, and
•	 Phase 3–furnish technical support to the AASHTO Sub-

committee on Design (SCOD) during guidebook review 
and balloting.

The outcome of the research is a guidebook and this research 
report based on a rigorous analysis of a state-of-the-practice 
review updates of past work on similar projects. The state of 
the practice then functions as a baseline from which the new 
contributions to this area are built.

Phase 1 has comprehensively identified and categorized 
the PCS cost-estimating models that are currently in use. A 
significant barrier identified during this phase was the poor 
quality of collected PCS cost data and the lack of confi-
dence held in it. This finding resulted in the need to alter the 
research plan for this project. Instead of prescribing a single 
PCS cost-estimating model, the research would need to show 
how to collect, clean, and properly maintain databases along 
with providing models for different applications depending 
on agency needs.

Phase 2 investigated data-driven models and refined three 
stochastic techniques for PCS cost estimating along with a 
functional-level approach for resource management. The prod

uct of this research was used to create NCHRP Report 826: 
Estimating Highway Preconstruction Services Costs, Volume 1: 
Guidebook. The topical content was validated by the NCHRP 
panel and furnished to the NCHRP project oversight panel 
for review and approval.

Phase 3 was to furnish technical support to the AASHTO 
SCOD during review and balloting of the guide.

1.5 Task Descriptions

1.5.1 � Phase 1: Benchmark the State  
of the Practice

As shown in Figure 1.2, during Phase 1 the research team 
evaluated current applications of PCS cost estimating in 
transportation and vertical construction industries. It also 
evaluated the state of the practice with respect to parametric 
cost-estimating theory and the way it is applied on a variety of 
project types. Due to the interdependent nature of the tasks 
in Phase I, the research aggressively overlapped in Tasks 1 
and 2, and much of the work was performed concurrently in 
accordance with the work-effort assignments. The output of 
the literature review and the screening survey of AASHTO 
SCOD members was synthesized and documented in Task 2.

Task 1. Define the state of the practice in PCS cost estimat-
ing for transportation projects through a comprehensive litera-
ture search and collection and analysis of relevant preliminary 
engineering and ICE consultant procurement documents, design 
contracts, relevant DOT policy/guidance documents, and a 
screening survey issued to AASHTO SCOD members at 2013 
meeting. Select case study agencies and projects for Task 2.

The literature review and content analysis from NCHRP 
Project 10-85 in the area of PCS costs for CMGC projects 
was updated and expanded to include the full suite of project 
delivery methods. Barriers to implementation from the litera-
ture were identified, and information regarding PCS estimat-
ing cost models and contingency development was collected. 
A methodology for developing a rational contingency for 
consultant design contracts was developed. Previous work on 
DB design administration costs was extended to cover DBB 
and CMGC. As a result, the final guidebook now covers the 
full spectrum of DOT project delivery requirements.

The research team was able to move immediately to the 
development of a coding structure for data collection and 
characterization. The final coding structure permitted map-
ping of both cost-estimating system and project delivery char-
acteristics. The team modified the CMGC preconstruction 
services contract pricing model developed in NCHRP Proj-
ect 10-85 as a basis for mapping.

The second stage of Task 1 involved a screening survey con-
cerning the use of PCS cost-estimating systems and variants 
for specialty items such as right-of-way (ROW). The team 
developed a short, comprehensive questionnaire.
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The survey for this study was directed at the members 
of the AASHTO SCOD to the various PCS cost-estimating 
practices and identify both potential case study opportuni-
ties. The entire team contributed to the survey. Finally, a set 
of case study projects and case study agencies was assembled 
for use in Task 2.

Task 2. Prepare case studies of PCS cost estimating at trans-
portation agencies. After conducting the case studies, conduct 
pattern matching analysis between the case studies and deter-
mine effective PCS cost-estimating practices, methods, and tools 
to be included in the guidebook content.

The initial step in Task 2 involved consolidating and docu-
menting the Task 1 information that would add value to the 
guidebook.

Ultimately, the documentation was used as a basis from 
which questionnaires for the case study structured interviews 
were built. The first step involved assembling the case studies 
identified in Task 2 and filtering to ensure that the case study 
population covered the full spectrum of the research interest. 
The goal was to have a set of possible case study projects that 
furnished these attributes:

•	 Range of project types–roads, bridges, tunnels, intelligent 
transportation systems (ITSs), vertical, and so forth;

•	 Range of project sizes–typical small project to mega-project;
•	 Range of project complexities–simple to highly complex;
•	 Range of project locations–regionally dispersed;
•	 Range of project delivery methods–DBB, DB, CMGC, and 

so forth; and
•	 Other factors that may be found in Tasks 1 and 2.

Figure 1.2.  Phase 1 research plan.
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Once the potential case study population was developed, 
the final list and the rationale for selecting each case were 
submitted to the NCHRP panel. On receipt of the panel’s 
agreement, the case study data collection began ahead of 
schedule. To achieve the objective of this task, nine indi-
vidual case studies were conducted on projects using pre
dominantly DBB project delivery. Other delivery methods 
were also investigated on a smaller scale. The case study pro-
tocol followed the guidance provided by Yin (2008). Case 
studies are empirical inquiries that investigate contempo-
rary phenomena in their real-life context. The research team 
strongly believes that to adequately evaluate how the various 
agencies have successfully implemented PCS cost-estimating 
methods, case studies must be conducted. These are the pri-
mary efforts needed to accomplish this objective:

1.	 Develop a case study protocol for conducting the case 
study interviews,

2.	 Conduct the case study interviews, and
3.	 Document the raw information collected and integrate it 

with data from the literature review.

The key step in Task 2 is the first one: develop a case study 
protocol for the case study interviews and data-collection plan. 
In the proposed multi–case study analysis, the final protocol 
determined how the case studies were conducted, who the case 
study informants were, what information was collected, and 
how it was analyzed. The case study protocol followed rigorous 
qualitative research design and analysis methodologies based 
on Eisenhardt (1989, 1991), Yin (2008), Miles and Huberman 
(1994), and others. The protocol included a research synopsis 
of objectives, projects, field procedures that detail the logisti-
cal aspects of the investigation (such as permission to access 
projects for data collection), interview questions, and docu-
mentation to collect, as well as a format for documenting and 
analyzing the individual case studies (for internal research team 
distribution) (Eisenhardt 1989, 1991; Yin 2008). In addition, a 
plan was developed for cross-case comparisons to determine 
similarities and differences between cases (Eisenhardt 1989; 
Miles and Huberman 1994).

Use of a case study protocol permitted the research team to 
conduct case studies separately in different parts of the country 
while maintaining the reliability of the case study results. Inter-
nal validity was addressed by attending to multiple sources of 
evidence, and the use of multiple case studies improved the 
external validity of the project delivery and project control 
tools that were identified as promoting project success. The 
protocol included different categorizations of project char-
acteristics, such as project procurement methods, payment 
provisions, and entity involvement in project development 
(managerial, engineering, and so forth). The protocol design 

also solicited data on barriers to implementation and methods 
and tools to overcome these barriers.

Task 3. Prepare an interim report presenting the results of 
Tasks 1 and 2. The interim report will also include an updated 
work plan for the remaining tasks.

The objective of Task 3 was to produce a comprehensive 
summary of findings and conclusions from Tasks 1 and 2, as 
well as an updated work plan for Phase 2 of the research. The 
team began planning, formatting, and categorizing prior 
to preparing the report itself. The team also applied that 
structure to keep the oversight panel informed through the 
monthly and quarterly reports.

The next step was the development of a detailed interim 
report outline, based on the panel’s feedback from the quar-
terly reports. The outline was used to guide the preparation 
of the report and assign responsibilities for drafting specific 
chapters or sections of the report. The report is comprehensive 
and describes in some detail methodology and results used to 
complete Tasks 1 and 2. It was submitted to the NCHRP panel 
on February 28, 2014.

1.5.2 � Phase 2: Develop and Implement PCS 
Estimating Method

Phase 2 entailed the research team creating a fully imple-
mentable practice document that could be revised as required 
by local transportation agencies to align constraints and pref-
erences as shown in Figure 1.3. It included the development 
of data-driven models for estimating PCS costs.

Task 4. Prepare a guidebook for initiating and implementing 
a PCS cost-estimating system for highway projects at transpor-
tation agencies.

Since Task 3 resulted in an interim report, the major findings 
and highlights of the information were combined to produce a 
white paper containing a short synopsis of emerging findings. 
The process defined an effective practice, method, or tool as 
the intersection of two independent streams of information. 
In other words, the protocol for concluding that some practice 
is effective is that it was found in the literature, and its effec-
tiveness was verified by either survey or case study evidence 
showing that it has actually been used successfully in the field.

The white paper was entitled “Effective Practices and Tools 
for Estimating Preconstruction Service Costs” and was sub-
mitted to the panel in October 2014. The paper also served as 
an in-progress review that could be disseminated with NCHRP 
permission to those agencies that need immediate guidance.

The primary objective of Task 4 was to develop the guide-
book for implementation of the data-driven PCS cost- 
estimating models found in this research. The task began 
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Figure 1.3.  Phase 2 and 3 research plan.

ahead of schedule after the presentation of Phase 1 results to the 
AASHTO SCOD meeting in 2014. After assembling feedback 
from that event, the team continued with the development of 
a PCS model.

After collecting case study data, the research team began 
developing databases. As the team reduced, cleaned, and col-
lated the data, it found it difficult to be able to guarantee  

that the data were complete and accurate. A number of 
inconsistencies were observed within collected data sets, and 
numerous blank cells indicated that some information was 
not complete. These issues of data quality and data availabil-
ity created a number of challenges for the research team. The 
outputs of any model are only as good as its input, placing 
the quality of any estimating model produced into question.
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After becoming familiar with the Utah and Iowa data sets, 
the team became concerned at how different the two sets 
were. Such variation between the agencies’ classification of 
data indicated that it would be difficult to achieve a consistent 
result between the two DOT’s models.

These observations were reported to the panel in the Octo-
ber 2014 quarterly report. The panel was notified that the 
research might ultimately lead to a process model that must 
be customized specifically to the way data are collected in a 
specific DOT rather than a fairly generalized approach that 
could be used by all DOTs.

As a consequence of these findings, the direction of the 
research was modified slightly. Instead of creating a single 
PCS cost-estimating model, three different data-driven mod-
els would be developed and complemented with a cost-
estimating process. This allows DOTs to maintain their own 
data-collection and administration processes.

1.5.3  PCS Cost-Estimating Model

In many of the case study projects, the DOT personnel 
expressed doubt regarding the accuracy of the available data 
associated with preconstruction activities. Some of the DOTs 
have a sophisticated process for collecting the PCS data, but 
in all cases, the data depended on the diligence of individ-
ual employees to accurately reflect the distribution of the 
hours charged to a given project in a normal day. Addition-
ally, despite these sophisticated data-collection mechanisms, 
DOTs lack the tools to process these data into meaningful 
information to support decision-making procedures during 
planning and design, including the development of reliable 
PCS cost estimates. In order to address this issue, this study 
presents a framework for the development of data-driven PCS 
cost-estimating models. This framework covers the entire 
development and application process, from an initial require-
ments analysis of new models to the monitoring, control, 
and continuous improvement of existing estimating models. 
The PCS cost-estimating guidebook resulting from this study 
describes this framework in detail and explains how it can be 
used with three different PCS cost modeling methodologies: 
artificial neural networks, multiple regression analysis, and 
decision trees.

Likewise, this study recognizes that the need for PCS cost 
estimates and the estimating capabilities of the available proj-
ect data vary throughout the project development process. 
Thus, the guidebook defines and describes three types of esti-
mates intended to fulfill needs at different levels: top-down, 
bottom-up, and functional-level estimates. Top-down esti-
mates are conducted with very little information early during 
the project development process and are aimed to support 
strategic decision making. A bottom-up approach provides 
more precise estimates at the project level, but it requires 

more detailed project information, making it only available 
after investing some planning and design efforts. Finally, 
functional-level estimates (a type of bottom-up estimate) 
refer to the forecasting of costs or labor hours within each 
work area involved in the project (e.g., structural, environ-
ment, geotechnical). Thus a bottom-up estimate may be per-
formed by the aggregation of all functional-level estimates.

1.5.4 � PCS Cost-Estimating Guidebook 
Development

The guidebook explicitly describes the business case for 
making the change, discusses the barriers to making the 
change, provides a tool for structuring the PCS cost model to 
fit specific agency constraints, and provides tools for imple-
mentation. With this wide variety of audiences and goals, 
the guidebook can only provide guidance. It is not a how-to 
textbook for all agencies to apply directly. The guidebook 
is written to give readers the necessary guidance for their 
individual roles in the development and adoption of PCS 
cost-estimating models in their agencies.

An initial draft of the guidebook was submitted to the 
NCHRP panel on December 1, 2014. Reviews from the panel 
were related to the level of accuracy DOTs could expect from 
PCS cost-estimating models and the complexity added to 
the guidebook by including the description of some research 
instruments and computational details.

As a result of this, the format of the guidebook was dras-
tically modified. Special efforts were invested in the second 
draft of the guidebook to explain the major factors affect-
ing the accuracy of data-driven PCS cost-estimating models. 
Several suggestions have been made to optimize the effec-
tiveness of these estimates. These suggestions include tips to 
improve data management practices, the implementation 
of a PCS cost monitoring system, and the formalization of 
continuous improvement practices to progressively enhance 
the estimating capabilities of the models. Additionally, com-
putational details and other complex technical content have 
been removed from the guidebook and placed in appendices, 
as suggested by the project panel. The updated guidebook 
also included an additional chapter on functional-level esti-
mating since this bottoms-up approach that can be applied 
on the ground by departmental managers was not previously 
addressed, and it was deemed important to provide holistic 
guidance to agencies.

Task 5. Conduct review and vetting in the field.

Task 5’s objective was to test the applicability of the draft PCS 
cost-estimating guidebook. Vetting workshops of the guide-
book were conducted with Iowa and Montana DOTs. A report 
of this process is detailed in Section 5.3. The feedback gained 
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from the workshops was used to further tweak the guidebook 
before its final review by the panel.

Task 6. Prepare a revised guidebook (Interim Report 2) and a 
final report documenting the entire research effort.

Due to the substantial changes made to the guidebook since 
the NCHRP panel’s initial review, the research team proposed 
that the guidebook be submitted separately from this final 
research report to give the panel time to provide feedback on 
the numerous modifications. The key deliverable of this task is 
the guidebook. It was therefore imperative that it be appropri-
ately reviewed. A response to panel members’ review comments 
was submitted at the same time as the report, but were con-
tained in a separate document. The final research report (this 
document) presents a summary of the entire research effort.

Task 7. Furnish technical support to AASHTO Subcommittee 
on Design for review and balloting of the guidebook.

The research team anticipated that the details of Task 7 
would be developed as a part of the Task 6 panel review, and 
that the AASHTO SCOD would make known its support 
requirements before this task began. At this writing, the team 
expects that the majority of the technical support would be 
in the form of answers to SCOD member requests for infor-
mation. The team believes that this could be served by pre-
paring two webinars that would provide a forum to quickly 
disseminate the fundamental description and explanation of 
the PCS cost-estimating system. The first webinar’s subject 
would be a guided tour through the guide with a hypothetical 
example project designed to demonstrate the capability of the 
system. The second webinar would focus on implementation 

and would cover topics like training, resource requirements, 
documentation, data issues, and other similar topics. Finally, 
the team will make itself available during this period to pro-
vide on-site presentations within the limits of the remaining 
project travel fund.

1.6 Report Format

This final research report encapsulates all of the work com-
pleted as part of this research project. Material from the 
interim report is included and built on to ensure a compre-
hensive documentation of the entire project.

•	 Chapter 1, this introduction, provides a brief background 
for this research project and functions as a guide to the rest 
of the report.

•	 Chapter 2 is focused on establishing and documenting 
the current state of practice for preconstruction services 
(work from Tasks 1 and 2, the literature review, and initial 
screening survey).

•	 Chapter 3 is a synopsis of the results of the PCS cost-
estimating case studies and describes the types of data that 
were collected from each agency.

•	 Chapter 4 is an explanation of the three data-driven PCS 
cost-estimating models and functional-level estimating 
method developed by the research team for implementa-
tion at transportation agencies. This chapter summarizes 
Task 4.

•	 Chapter 5 explains the vetting procedure required for 
Task 5 and its results.

•	 Chapter 6 concerns the outcomes of the project and pro-
vides recommendations for future research.
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C H A P T E R  2

2.1  Introduction and Overview

In the past, there has been a substantial amount of research 
into estimating construction costs for highway projects, and 
there are also a handful of articles about estimating design cost 
and preliminary engineering for highway projects, but some-
how preconstruction services costs have been left out. Due to 
the changing nature of state DOT work with increased funding 
uncertainties and shrinking budgets, it is more important than 
ever to ensure proper allocation of funds for highway projects. 
Uneducated estimates for preconstruction services or using a 
fixed percentage across multiple projects can lead to a misallo-
cation of available capital funding in the PCS phase, which may 
force the need to redistribute funding late in an agency’s fiscal 
year to cover overages and expend underruns before authori-
zation expires (Hollar 2011).

2.2 Relevant Definitions

The definition of preconstruction services covers a broad 
spectrum of project services and includes all work completed 
on the project, from project conception up until contract 
award. This process includes effort that may not be assigned 
to a particular project and also effort for projects that never 
eventuate. After considering this, the research team consulted 
the panel and chose to define PCS activities as those defined in 
Section 2.2.1.

2.2.1  Standard Definitions

•	 Preconstruction services. All work completed on a project 
once it has been authorized for funding and costs related to 
the project can be charged accordingly, up until construc-
tion contract is awarded. The project timeline and a list of 
included activities is shown in Figure 2.1.

•	 Overhead costs. Costs applied to the DOT staff above the 
operational level of planners, designers, and so forth who 
directly worked on projects.

•	 Corridor projects. Also referred to as “parent projects.” The 
term “corridor” is defined by the U.S. DOT as “a combina-
tion of discrete, adjacent surface transportation networks 
(e.g., freeway, arterial, rail networks) that link the same 
major origins and destinations. It is defined operationally 
rather than geographically or organizationally” (Smith et al. 
1999). Corridor projects are usually multiphased projects 
that require various preliminary engineering studies such 
as environmental assessment [acquiring wetland permits, 
National Environmental Policy Act (NEPA) documents, 
etc.] and ROW during the early planning stages. These 
types of projects are represented by project identification 
number (PIN) and usually fall under a Type I category. Thus, 
a corridor project is defined as a group of single projects 
divided either into multiple sections or work types aimed 
at repairing, preserving, or improving a transportation 
network associated with a given roadway.

•	 Single projects. Also referred to as “child projects,” these are 
projects that are created from corridor projects and whose 
preconstruction expenses are at some level jointly estimated 
and recorded within a corridor project. For funding pur-
poses, single projects are identified by project numbers. For 
single projects, it should be noted that preliminary engi-
neering works might be performed for a particular type 
of project conducted at the planning stage of multiphase 
projects (PIN projects), and care must be taken to account 
for all works and costs associated with the project.

•	 Independent projects. Independent projects are typical 
projects that are contracted by a DOT on an annual basis. 
In this type of project, the total preconstruction costs are 
individually estimated, assigned, and recorded. Thus, single 
projects that do not share any recorded preconstruction 
services expenses with corridor projects will be considered 
as independent projects. Independent projects are also iden-
tified by project numbers.

The projects investigated by the researches are termed 
“typical projects.” These projects were defined in the kick-off 
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phone conference as DBB projects within the $2 million to 
$25 million cost range. The main focus of the case studies was 
on these projects, but there were also some projects collected 
that were delivered using DB and CMGC.

2.3 Project Development Timeline

Documents from various agencies on the project develop-
ment timeline were collected to create a standardized project 
development process that could be adapted to fit all agencies’ 
processes. Table 2.1 is from NCHRP Report 574: Guidance for 
Cost Estimation and Management for Highway Projects during 
Planning, Programming, and Preconstruction (Anderson et al. 
2007). This report focused on the construction cost estimates 
through these phases but provided the researchers with defi-

nitions of each phase that were then manipulated to fit other 
literature found during the research. The first four activities—
planning, programming and preliminary design, final design, 
and advertise and bid—are the areas of interest in this research.

Project delivery processes from the Arizona Department of 
Transportation (2013), Western Federal Lands Highway Divi-
sion (2007), Ohio Department of Transportation (2014), New 
York State Department of Transportation (2004), and Iowa 
DOT were reviewed and synthesized to develop Figure 2.1. 
Most of these documents can be found in Appendix A of this 
report. Figure 2.1 shows the preconstruction timeline starting 
at the preliminary engineering stage; this is designed to coincide 
with the Statewide Transportation Improvement Plan (STIP) 
for most agencies (see Section 2.3.1). All activities that occur 
prior to this, including initial start-up, scoping and budget,  

Figure 2.1.  Preconstruction services activity timeline.

Table 2.1.  Project development phases and activities (Anderson et al. 2007).

Development Phase Typical Activities 

Planning 
Determine purpose and need, determine whether it is an improvement
or requirement study, consider environmental factors, facilitate public 
involvement/participation, and consider interagency conditions 

Programming and preliminary 
design 

Conduct environmental analysis, conduct schematic development, hold
public hearings, determine right-of-way impact, determine project 
economic feasibility, obtain funding authorization, develop right-of-way, 
obtain environmental clearance, determine design criteria and 
parameters, survey utility locations and drainage, make preliminary 
plans such as alternative selections, assign geometry, and create 
bridge layouts 

Final design 
Acquire right-of-way; develop plans, specifications, and estimates; and  
finalize pavement and bridge design, traffic control plans, utility 
drawings, hydraulics studies/drainage design, and cost estimates 

Advertise and bid 
Prepare contract documents, advertise for bid, hold a pre-bid 
conference, and receive and analyze bids 

Construction 
Determine the lowest responsive bidder, initiate  contract, mobilize, 
conduct inspection and materials testing, administer contract, control 
traffic, and construct bridge, pavement, and drainage 
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corridor planning, and conceptual design, are considered sunk 
costs and are included in the project’s overhead.

2.3.1 � Statewide Transportation 
Improvement Plan

Federal regulations require that state DOTs develop a STIP. 
The STIP contains capital and noncapital transportation 
projects proposed for funding under Title 23 (highways) and 
Title 49 (transit) of the U.S. Code as well as all regionally sig-
nificant transportation projects that require an action by the 
FHWA or the FTA.

In July 2012, the president signed the Moving Ahead  
for Progress in the 21st Century Act (MAP-21). The STIP is 
developed under current federal regulations (23 CFR). Cur-
rently, the development of a new STIP is required at least 
every 4 years and must contain a minimum 4-year listing 
of federal-aid projects. The STIP must be approved by the 
FHWA and the FTA.

Federal regulations require each STIP to be fiscally con-
strained. All federally funded transportation projects must 
be included in the STIP. In some states it is transportation 
commission policy to include state-funded projects and local 
projects with the department’s oversight in the STIP. The 
STIP was identified as a good baseline for the start of precon-
struction services once a project gains funding authorization.

2.4 Design Cost Estimating

The 2012 update of ASCE Manual of Practice 45 states that 
there are five methods for charging for design services:

1.	 Multiplier: salary cost times multiplier, plus direct non-
salary expense;

2.	 Hourly: hourly billing rate, plus reimbursable expenses and 
a “not to exceed” amount for specific services;

3.	 Per diem: fixed charge per day;
4.	 Cost plus fixed fee; and
5.	 Lump sum or fixed price (ASCE 2012).

The first four methods are variable cost methods as the price 
the client will pay varies depending on the actual amount of 
work performed (ASCE 2012). The fifth method, lump sum 
or fixed fee, is a single factor and is useful if there is a well-
defined project scope. When an agency outsources design, 
there is commonly a defined but general scope of work. How-
ever, as the project is yet to be designed, that scope is concep-
tual, and both the owner and the consultant must estimate 
the design effort to achieve the necessary functional require-
ments. By adding a contingency, the need to request autho-
rization for additional funds to complete the design process 
is avoided. Without a contingency, there exists a strong bias 

against requesting additional funding (Flyvbjerg 2002). If a 
contingency is not used during the design, those funds can 
then be released.

2.4.1  Contingencies

When estimating project design cost, the scope is articu-
lated in functional terms, but the design details are unknown. 
Nevertheless, current practice tends toward negotiating a 
lump sum design fee, which unintentionally implies a level of 
certainty and may not be dependable (Gransberg et al. 2007). 
Some agencies will only use variable cost methods to allow 
for the uncertainty; however, it is important to have a known 
range for funding authorization. A design estimate is the 
expected value of design, and a contingency can be included 
in the estimate to account for the higher end of the possible 
cost range for the project (Mak and Picken 2000). In public 
works, the project’s contingency is used to effectively account 
for the risks associated with both the design process and the 
construction project. However, in many cases, it is calculated 
as an arbitrary percentage. For example, the U.S. Army Corps 
of Engineers (U.S. ACE) requires a 5% contingency (U.S. 
Army Corps of Engineers 1997), and the Riverside County 
California DOT uses 10% to be added to project cost esti-
mates before design commences (Riverside County 1999).

Figure 2.2 shows the project development process, how the 
risk is allocated, and how the contingency can be retired as the 
project progresses and risks are realized. Most of the research 
conducted about contingencies pertains to construction cost 
contingencies; however, an argument can be made that Fig-
ure 2.2 shows that the construction contingency is greater in 
the design stage where the unknowns are much greater, and 
as such, a design contingency is warranted for the very same 
reason.

2.4.2  Design Fee Estimating Approaches

This section highlights a number of methods used for esti-
mating design costs within the transportation sector. One 
method found by the researchers is to estimate the design 
fee on a cost-per-plan-sheet basis. This method has been 
explored as a good PCS cost modeling technique; however, 
cost-per-plan-sheet methodology is becoming obsolete. This 
is due to the development of technology that permits plans to 
be produced electronically, making the correlation between 
number of plan sheets and design fee difficult to measure. 
New York State DOT (NYSDOT) developed a model using 
a commercial spreadsheet/database program to estimate the 
design hours for each project (Williams et al. 2013). The model 
allows the DOT to either search similar projects or generate 
an estimate of total design hours to be expected for a project. 
The model was developed using a 12-key project characteristic 
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approach chosen by the NYSDOT engineers as defining fac-
tors of a project. These were:

1.	 Complexity,
2.	 Project type,
3.	 Number of sub-consultants,
4.	 Construction cost,
5.	 Number of lanes,
6.	 Number of plan sheets,
7.	 State Environmental Quality Review classification,
8.	 NEPA classification,
9.	 Predominant bridge type,

10.	 Number of bridges,
11.	 Highway classification, and
12.	 Length of project (Williams et al. 2013).

These characteristics became the input factors in the model. 
The number of plan sheets is used as the independent variable 
to calculate the total design hours. Hours are calculated from a 
simple regression model that is expected to become more accu-
rate as more project data are made available (Williams et al. 
2013). This methodology is similar to what the researchers 
used in Phase 2 of the project while developing the PCS model. 
Refer to Section 3.6.1 for more information.

It has been suggested that using labor hours as an estimat-
ing tool could cause a misrepresentation of the total work 
performed (Sturts and Griffis 2005). Due to the advance-
ment in available technology and computer-aided design, the 
labor hours can be significantly reduced but the value of the 
design could be increased (Sturts and Griffis 2005). This was 

also suggested by Carr and Beyor (2008), who found that the 
design fees are not keeping up with the inflation of construc-
tion prices. Another study (Gransberg et al. 2007) found that 
if the design fee of a project is too low, it can lead to major 
cost growth in the construction process due to incomplete 
construction documents. The issue of underestimating the 
reasonable cost of the necessary design effort must be con-
sidered when using past project data to estimate direct hours, 
and adjustments should be made if necessary.

The American Council of Engineering Companies of Texas 
(ACEC) released a formula to estimate a fee for consultant 
design of a transportation project. The formula uses a num-
ber of technical factors related to the project to determine the 
percentage of design fee estimate. Table 2.2 shows all the fac-
tors that are considered. The estimator must determine the 
appropriate value for each factor for each individual project. 
Equation 2.1 is the ACEC formula (American Council of 
Engineering Companies of Texas 2005):

( )
( )

= +12 1

0.1
Eq. 2.1F

C

P A

where:

	 F	=	�engineering fee as a percent of construction cost,
	 C	=	sum of fee factors (See Table 2.2),
	 A	=	cost index factor = CCI current/CCI1993,
	 CCI	=	�Engineering News Record construction cost 

index,
	CCI1993	=	3,484.85 (Dallas, Texas–March 1993), and
	 P	=	construction cost in millions of dollars.

Figure 2.2.  Conceptual components of a cost estimate 
(Molenaar 2005).
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This estimate considers a variety of technical factors to 
either increase or decrease the estimated fee depending on 
project conditions. Table 2.2 incorporates all 12 of the factors 
influencing project design cost specified in ASCE Manual of 
Practice 45 (ASCE 2012).

ASCE published design fee curves in the 2002 edition of 
Manual of Practice 45. These curves displayed a range of design 
fees versus construction costs. In the 2012 edition of the man-
ual, it was noted that the fee curves were followed by owners 

Table 2.2.  ACEC table of technical factors (American Council of Engineering 
Companies of Texas 2005).

Technical Factors Factor Values 

1. Level of information required on plans/drawings -0.20 to 0.10  

2. Project requirement 
a. Scope of services 
b. Rehab vs. grass roots project 
c. Interface with other contracts/consultants 
d. Numerous disciplines required 
e. Alteration/modification of existing facility 
f. Complexity of project 

-0.20 to 0.33 

3. Existing data (e.g., preliminary engineering report, 
as-constructed drawings/specifications) 

-0.35 to 0.20 

Owner-Controlled Factors Factor Values 

1. Risk/liability (base standard of risk limited to fee) -0.10 to 0.10 

2. Time required for owner review/approvals (2 weeks standard) 0.0 to 0.20 

3. Number of submittals/owner reviews Add 0.05 for each submittal in
addition to preliminary and final 

4.Schedule for completing work – fast-track vs. reasonable 
schedule 

0.0 to 0.20 

5. Payment schedule – 30 days after receipt of invoice 0.01 for each late 30-day period 

6. Owner requested sub-consultants 0.05 to 0.15 of the value of 
the subcontract 

7. Owner participation in project/partnering 0.0 to 0.20 

8. Construction inspection limiting participation of engineer 0.05 to 0.20 

External Factors Factor Values 

1. Coordination with other entities 0.0 to 0.12 

2. Environmental regulations 0.0 to 0.12 

3. Not-in-my-backyard/citizen's involvement 0.0 to 0.20 

4. Governmental constraints 0.0 to 0.20 

as absolute fee estimates, which was not ASCE’s intention. As 
a result, the 2012 data did not contain the fee curves (ASCE 
2012). Figure 2.3 shows the total fee percentage versus new 
construction cost. This graph used the cost data from the 
2012 edition of the Manual of Practice 45, and the line rep-
resenting the fee curve has been added by the researchers to 
mimic the curves in the 2002 edition. This curve can be used 
to determine the percentage of construction cost that would 
be the design fee.
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The Institute of Professional Engineers New Zealand and 
the Association of Consulting Engineers New Zealand also 
developed a guideline for estimating consulting engineering 
services fees as a percentage of the estimated construction cost 
(Association of Consulting Engineers New Zealand and Insti-
tute of Professional Engineers New Zealand 2004). This is a 
common method for estimating design cost as the construc-
tion cost tends to be easier to quantify than the design cost 
(Sturts and Griffis 2005). The curves were developed using 
data from past projects and provide a best practice for esti-
mating consultant fees; however, individual project interpre-
tation is encouraged. It is noted in the guideline that the fee 
estimate includes project estimates, economic studies, alter-
native evaluations, and schedule of quantities. If the required 
services for a particular project are different, an adaptation of 
the fee is required.

The method divides projects up into nine different classes, 
with each type having subtypes to define the project. Fig-
ure 2.4 shows the fee guideline for the class GG; this class 
corresponds to the following types of projects in the highway 
sector:

•	 State highway,
•	 State highway state correction,
•	 State highway rehabilitation,
•	 Bridges: urban, and
•	 Bridges: state highway.

The graph relates the project complexity and degree of 
urbanization to the design effort required. From Figure 2.4 it 
can be seen that there is a logarithmic relationship between 
the construction cost and design fee (Association of Con-
sulting Engineers New Zealand and Institute of Professional 
Engineers New Zealand 2004).

2.5 Screening Survey

A screening survey was issued at the AASHTO SCOD con-
ference in Bozeman, Montana, June 2 through June 6, 2013. 
A copy of this survey can be found in Appendix B. From the 
35 states represented at the conference, the researchers received 
18 responses. The survey was designed to give the researchers a 
basic idea of the preconstruction services makeup of an agency 
and to identify what methods were being used to estimate pre-
construction services costs, what data an agency had available 
on PCS, and whether it would be willing to share it with the 
researchers. A summary of the results from the screening survey 
is shown in Tables 2.3 and 2.4.

It can be seen from Table 2.3 that all agencies except for 
Wyoming outsource PCS services, and most agencies out-
source more than 31% of these services. The results of the 
survey also identified potential case study candidates who 
had available PCS cost data and were willing to share these 
data with the research team. It can be seen from Table 2.4 
that there is a wide variety of methods in use to estimate PCS 

Figure 2.3.  Total design fee percentage versus new construction cost 
(ASCE 2012).
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Note: All costs are in New Zealand dollars. 

Figure 2.4.  State highway road, shape correction, pavement rehabilitation, bridge, and urban 
bridge fee guideline (Association of Consulting Engineers New Zealand and Institute of 
Professional Engineers New Zealand 2004).

Response from 17 of the 35 States Present
Do you outsource PCS? Yes No  

 AK, ME, AL, CA, GA, KS, MD, MS, 
WA, WI, NE, SD, MN, NC, WV, AZ 

WY  

What % PCS do you outsource? 0%–30% 31%–60%  61%–90% >91% 
 CA, GA, KS, WI, NC AK, ME, AL, MD, 

MS, NE, MN, WV, AZ 
WA, SD  

Do you collect in-house cost per project? Yes No No response  
 AK, AL, CA, GA, 

KS, MS, WA, WI, 
NE, SD, NC, WV, AZ 

ME, MD, MN WY  

Table 2.3.  Summary results from screening survey.

costs, and there are some overlaps, which could indicate that 
the agency uses two estimating methods and compares the 
results. The planning and construction phases were the least 
familiar to the survey respondents. This is likely due to the 
fact that most state design engineers completing the survey 
do not work in these areas of the project development process.

After a discussion with the panel of the results of the screen-
ing survey, the team chose to not include the planning phase 
in the PCS definition because it is difficult to pinpoint the 
beginning of this process for a particular project. However, 

the construction procurement section is included in the defi-
nition for PCS. This information is likely to be more readily 
available within the agency but from different staff. As this 
survey was distributed at the AASHTO SCOD conference, 
design engineers were the respondents, and they do not usu-
ally perform the procurement section of the preconstruction 
process. In the interviews with the agencies, the research team 
was able to meet with a wide range of the DOT personnel 
involved in the agencies’ PCS processes and get responses cov-
ering construction contract preparation and procurement.
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Phases Planning Preliminary Engineering Environmental 
Engineering 

Final Engineering  Construction 

  Activities 
 
 

Methods 

Project Start-
Up (before 

MOP or STIP) 

Scope and 
Budget – 
Concept 

Stage 1 
Design – 

Evaluating 
Alternatives 

Initial Cost 
Estimations 

Environmental 
Field Studies – 

Preferred 
Alternatives 

NEPA 
and 

Permit 
Approval 

Detailed 
Design 

Final 
Plan 

Package 
Procurement 

Trns.port 
software  – – – – – – AL AL AL 

Standard % 
of estimated 
const. cost 

AK, AL, CA, 
GA, MD, WA, 
NE, MN 

AK, AL, CA, 
MD, MS, 
WA, NE, SD, 
MN 

ME, AL, KS, 
MD, NE, SD, 
MN 

ME, AL, MD, 
WA, NE, SD 

AL, KS, MD, 
WA, NE, SD 

AL, MD, 
WA, NE, 
SD 

KS, MD, 
NE, SD, 
MN, AZ 

KS, MD, 
NE, SD, 

AZ 
KS, SD, AZ 

Direct 
estimate of 
hours – GA, NC CA, MS, WI, 

NC, AZ, WY 

CA, MS, WA, 
WI, NC, AZ, 
WY 

AK, CA, MS, 
WI, MN, NC, 
AZ, WY 

AK, CA, 
MS, WI, 
NC, AZ, 
WY 

AK, CA, 
MS, WA 
WI, MN, 
NC, AZ, 
WY 

AK, CA, 
MS, WA 
WI, NC, 
AZ, WY 

CA, WA, AZ, 
WY 

Past project 
cost range  AL, WA, MN AL, WA, MN 

ME, AL, MS, 
WI, MN, WV, 
AZ 

ME, AL, MS, 
WA, WI, WV, 
AZ 

AL, MS, WA, 
WI, MN, WV, AZ 

AL, MS, 
WA, WI, 
WV, AZ 

ME, MS, 
WI, MN, 
WV 

ME, WI, 
WV ME 

Don’t know ME, MS, NC, 
WV, AZ, WY 

ME, WV, AZ, 
WY AK AK ME ME – – AK, MD, MS, 

NE, NC, WV 

Note: MOP = maintenance operations plan.

Table 2.4.  Methods that states use to estimate the cost of the following activities.
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C H A P T E R  3

3.1  Introduction

There has been a substantial amount of research into esti-
mating construction costs for highway projects, and there are 
a handful of studies about estimating design cost and prelimi-
nary engineering, but there has been no research about esti-
mating preconstruction services costs. The focus here is on the 
16 projects and the nine agency case studies collected by the 
research team and the relevant analyses and observations of 
those case studies. Case studies formed the bulk of the origi-
nal research conducted in Phase 1 of this research project and 
offered examples of PCS cost-estimating practices as well as 
agencies’ breakdown of the PCS information available within 
each agency.

The chapter begins by discussing the case study data- 
collection protocol and methodology that allowed the team to 
secure information from each agency in a verifiable manner. 
This section includes a description of case study demograph-
ics and the rationale for choosing each case study agency 
and the accompanying projects. Following the methodology 
section are condensed synopses of the case study summaries. 
Detailed case study summaries are contained in the appendices.  
Because of the large amount of information contained in the 
summaries, tabular summaries of relevant details are presented 
at the end of the summaries section to assist the reader in com-
paring information from each study.

3.2 Case Study Protocol

While the benchmarking survey conducted in Task 1 pro-
vided some useful insights into the overall state of the prac-
tice, the case studies were the primary source of data on the 
PCS cost-estimating techniques in Phase 1 and eventually 
became the basis for the practices suggested by the guidebook 
in Phase 2. This information on an agency’s PCS structure 
will also aid in the development of the parametric estimating 
model. Since the collection of information via agency inter-

views and project case studies is the predominant research 
instrument in the research project, a large amount of time was 
invested to determine to how best to conduct the case studies, 
reduce the subsequent data, and capture valuable information.

Researchers differ in their preference for research tech-
niques and protocols best used in various environments; case 
study research has been shown to be a powerful research tool 
to evaluate and analyze emerging business practices such as 
PCS estimating techniques (Eisenhardt 1991). Case studies are 
particularly useful in answering questions about how things 
are done in detail, especially when examining a number of 
different cases (Yin 2008). The use of the case study method 
was essential in this research for capturing the unique nature 
and methods of the differing PCS cost-estimating procedures 
employed by each agency and understanding the rationale 
behind the agencies’ chosen methods.

The major objection to the use of case studies has been the 
perceived lack of statistical rigor. Recognizing this criticism, 
the researchers sought to generate a defensible, repeatable 
method to guide the case study process. This method was 
formalized and recorded in the case study protocol for the 
project. Creation of the case study protocol was guided by 
an influential book on the technique written by Yin (2008).

The case study protocol served to establish the purpose of 
the case studies and the research questions to be answered 
by them. Clearly stating the specific information sought by 
the researchers at the start of this crucial task ensured that all 
researchers who were conducting case study interviews under-
stood the ultimate goals of the research. The background infor-
mation for the protocol included key sections of the project 
proposal and work plan, such as the three questions used to 
further explore the objectives of this research:

1.	 What project characteristics are important to developing 
an accurate PCS cost estimate?

2.	 What steps must be followed to implement a standardized 
PCS cost-estimating methodology?

Preconstruction Services Case Studies
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3.	 How are PCS cost-estimating consultant contracts suc-
cessfully procured?

The most important aspect of the protocol was the field 
data-collection procedures. These procedures standardized 
the method to conduct all of the case study data and facilitate 
consistent and comparable results among the case studies. 
The key research instrument is the structured interview 
based on a standard case study questionnaire (U.S. Govern
ment Accountability Office 1991). The questionnaire was 
sent to the participants a week in advance of the interview. 
Each agency’s PCS estimating procedures are unique, and the 
interview process was designed to capture that uniqueness 
while generating a standard comparable output. To that end, 
the questionnaire maximized the use of yes/no questions and 
matrices of checklists to be complete for every case study. 
Additionally, open-ended questions were crafted to generate 
in-depth discussion to fill in the details that surveys and ques-
tionnaires cannot easily capture.

3.3 Case Study Process

The case study protocol included a pilot case study to eval-
uate the efficacy of the process before modifying the case 
study protocol and completing the remaining cases. The pilot 
study also served to allow the research team an opportunity 
to become familiar with the case study protocol for this proj-
ect and provide comments on it or recommendations for 
changes. After the pilot study took place with the Montana 
DOT, a few minor adjustments were made to the agency struc-
tured interview questionnaire. There were additional expla-
nation boxes added to gain a more in-depth understanding 
of each agency’s PCS processes, and both loss of design effort 
and geographic factors were added to the matrix concern-
ing the list of factors that influence the PCS estimate. Finally, 
there was the addition of a question about the impact the 

DOT thought a better PCS estimate would make on the plan-
ning process.

The case study protocol for this project mandated a specific 
sequential order for communications and interactions with 
project participants that was followed for each case study. First, 
all interviews with the participating agencies were conducted 
on site and in person at the agency’s headquarters to ensure 
appropriate people were available to answer the questions 
provided. Other initial inquiries were made via email, but  
the personal contact was vital to the quality of the informa-
tion collected in each case study. The personal contact with the 
key PCS cost-estimating personnel participants provided a 
champion for the research effort and a specific point of con-
tact for queries during data reduction and interpretation. 
The participants were not compensated for their time by the 
research team, making it essential to secure at least one agency 
staff member who was enthusiastic about assisting with the 
research effort and was in a position to coordinate with the 
rest of the agency.

3.4 Case Study Selection

As this was a national research project, the research team 
wanted a fair representation of states considering factors like 
population, budget, land area, and in-house versus outsourced 
PCS makeup. There was an original shortlist of 16 states pro-
posed to the panel in the kick-off meeting on April 17, 2013. 
After a discussion with the panel, nine DOTs were selected. 
Four were selected as agency case study states where all the 
cost data for multiple projects were captured for use in Task 4. 
These four agencies along with the other five were all project 
case study agencies where data were collected on the agencies’ 
PCS cost-estimating procedures, and some project case study 
projects were collected. The nine participating agencies are 
listed in Table 3.1 along with population, land area, and the 
DOT’s yearly construction budget.

Agency Area Population 
(million) 

Land Area (square 
miles)  

Budget ($ million) 

California* 38.3 155,779 $13,000–$15,000 
Colorado 5.27 103,642 $500– $700 

Iowa* 3.09 55,857 $400 

Maryland 5.93 9,707 $600–$800 

Montana 1.02 145,546 $385 

New York* 19.7 47,126 $1,000 

Oklahoma 3.85 68,595 $632–$790 

Rhode Island 1.05 1,034 $300 

Utah* 2.90 82,170 $1,100 

*Indicates agency case study state where data for all projects from the previous 5 years was collected.

Table 3.1.  Case study agency information (U.S. Census Bureau 2014).
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Representatives from these nine agencies were interviewed 
in a structured interview process to determine the agencies 
overall PCS cost-estimating procedures. The interview tem-
plate is shown in Appendix C. Each agency was also asked to 
provide two to five projects for case studies for the research. 
The researchers ended with 16 projects from six of the nine 
agencies. Figure 3.1 shows the geographical distribution of 
the states. A synopsis of these interviews and case studies is 
provided in Section 3.5.

3.5 Case Study Agency Synopsis

For full case study reports refer to Appendix D.

3.5.1  Agency Case Studies

Agency: California Department  
of Transportation–Caltrans

Data Collection Details

•	 Collected

Caltrans collects project cost data for PCS through engi-
neers’ timesheets. Caltrans uses data collected from past proj-
ects to estimate the PCS cost for future projects. It also has a 
system called PIPE scan, which is used as a starting point for 
PCS estimates. Current methods used to estimate PCS costs 
for a project include a direct estimate of hours as well as an 
average percent support-to-cap ratio.

Caltrans performs 90% of PCS in-house and contracts 
out 10% of PCS. Each district has its own on-call contracts 
with preselected qualified architect and engineering con-
sultants. Caltrans can outsource all PCS activities except 
advertisement for bids, evaluation of bids, and award of 
contract. It is rare for Caltrans to outsource PCS concern-
ing cost estimates, ROW plans, and ROW utility acquisition 
and relocation.

At Caltrans, if there is a loss of funding for a project when 
it is in the PCS phase, the project will be terminated. Once 
funding for the project is resumed, a new project number is 
assigned; therefore, it does not consider loss of design effort. 
These costs will be included in the overhead rate. To improve 
PCS estimates, Caltrans believes it needs a better model for 
historical data analysis and needs to do bottom-up estimates. 
At this stage, the project manager does not control the people 
working on projects in the PCS phase. Caltrans believes that 
having more accurate PCS cost estimates would have some 
impact, mainly on the budget process.

Agency: Iowa Department of  
Transportation–Iowa DOT

Data Collection Details

•	 Collected
•	 Approximately 1,303 projects
•	 11 project types
•	 Figure 3.2 shows an example of the data collected for Iowa 

DOT projects.

Figure 3.1.  Geographical distribution of the case study states.
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Iowa DOT collects project cost data for PCS through engi-
neers’ timesheets. These data are collected and stored mainly 
for accounting purposes. Iowa DOT does not use data col-
lected from past projects to estimate the PCS cost for future 
projects. It does not estimate PCS cost for a project.

Iowa DOT can use both in-house and on-call consultants; it 
also uses other consultants, but only for larger, less-common 
projects.

Currently, Iowa DOT is not estimating PCS cost for proj-
ects, but it is looking to adopt this in the future. To improve 
these estimates, Iowa DOT believes it needs to learn how to 
use the data it already has. Iowa DOT has been capturing PCS 
hours for a few years, and it needs a way to organize these 
data to make them useful in PCS estimating. Iowa DOT thinks 
that having a more accurate estimate of PCS costs would have 

a large impact on the planning process for the agency and 
would allow it to better budget staff time. It also would be 
valuable to know the number of hours per task and to be able 
to compare these to consultant design hours.

Agency: New York State Department  
of Transportation–NYSDOT

Data Collection Details

•	 Collected

Figure 3.3 and Table 3.2 show examples of the data avail-
able for NYSDOT projects. NYSDOT collects project cost data 
for PCS through engineers’ timesheets. These data are used by 

Figure 3.2.  Snapshot of Iowa DOT project data.
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Figure 3.3.  Snapshot of NYSDOT project data.

Project name Western Ave – NYS I787 NYS 
Procurement method DBB DBB 
Project type Reconstruction Bridge rehabilitation 
PCS performance Consultant In-house 
Total project cost $9,700,000.00  $28,000,000.00  
Total PCS cost $1,280,000.00  $1,333,346.08  
PCS percentage 13% 5% 
Complexity 2 4 
Sub-consultants 2 0 
Lanes 6 6 
Plan sheets 198 648 
NEPA classification Cad X Cad X 
Bridges 0 6 
Highway classification Interstate Interstate 
Length of project (miles) 12.1 4.3 

Table 3.2.  NYSDOT project data.
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project managers to predict an estimate for future projects with 
similar qualities. NYSDOT uses an in-house system called 
DPR that contains a selection of tools to estimate PCS hours. 
NYSDOT is looking at moving to the use of Primavera P6 in 
the future.

By dollar value, NYSDOT performs 50% of PCS in-house 
and 50% is outsourced, and by number of projects, 90% is 
in-house and 10% is outsourced. NYSDOT does not perform 
environmental sampling and testing or surveying services; it 
uses on-call contracts for these services even if all PCS ser-
vices are performed in-house. NYSDOT can outsource all PCS 
activities except advertisement for bids, evaluation of bids, 
and award of contract.

NYSDOT does not consider number of plan sheets as an 
influential characteristic in the PCS estimating due to recent 
advances in technology and the general move to electronic 
plans. NYSDOT believes that a major setback to estimat-
ing PCS costs is how to estimate inflation as it is difficult if 
project development occurs over multiple years. NYSDOT 
believes that to improve its PCS cost estimating, it needs 
to move to task-based estimating, but it is skeptical about 
whether the time and effort would result in any real value 
for the agency.

Agency: Utah Department of Transportation–UDOT

Data Collection Details

•	 Collected
•	 Approximately 564 projects
•	 21 project types
•	 Five procurement methods ≈ 516 design–bid–build
•	 Figure 3.4 and Table 3.3 show examples of the data col-

lected for UDOT projects.

UDOT collects project cost data for PCS through engi-
neers’ timesheets. These data are stored in ePM (electronic 
project management) and are used by project managers to 
predict an estimate for future projects with similar qualities. 
UDOT also performs a direct estimate of hours for PCS work, 
which is compared with the past project cost range as a check.

By dollar value, UDOT performs 25% of PCS in-house and 
75% is outsourced. UDOT can outsource all PCS activities 
except advertisement for bids, evaluation of bids, and award 
of contract. UDOT tries to decide early on whether the proj-
ect will be outsourced or performed in-house so that it can 
set the budget early.

Figure 3.4.  Sample of UDOT agency project data.
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UDOT does not believe it sets out to make mistakes; there-
fore, it does not consider loss of design effort necessary in 
estimating PCS costs. To improve PCS estimating, UDOT 
believes it needs to retain, hire, or train new experienced staff. 
UDOT believes that having more accurate PCS cost estimates 
could have some impact on the planning process and allow 
them to refine allocation of resources and negotiate with con-
sultants better.

3.5.2  Project Case Studies

Agency: Colorado Department  
of Transportation–CDOT

CDOT does not collect past project cost data for PCS. For 
federally funded projects, CDOT has to submit an indepen-
dent project cost estimate, and in this case, 10% is used for 
PCS costs. CDOT will collect all project data for projects in 
the bridge enterprise program and also for large projects. 
Table 3.4 shows an example of CDOT project data.

By number of projects, CDOT performs 45% of PCS in-
house and 55% is outsourced. CDOT can outsource all PCS 
activities except advertisement for bids, evaluation of bids, 
and award of contract. CDOT does not have a policy on the 
amount of work outsourced; however, it needs to have rea-
sonable justification before outsourcing a project.

CDOT considers the construction cost of a project to be 
a major influence on the PCS estimate for in-house projects 
but only a minor influence if PCS will be contracted out. 
CDOT is looking to adopt a tool that can help it estimate 
PCS costs, especially as there is a loss of experience when it 

employs young engineers. To improve its PCS estimating, the 
agency believes it requires good tools as well as data that align 
with the systems already in place at the agency. An improved 
PCS estimate is likely to benefit budget portfolio manage-
ment as people usually involved with these estimates are often 
not engineers but are planners.

Agency: Maryland State Highway  
Administration–MSHA

MSHA does record in-house PCS hours on a per-project 
basis. It records these hours using time-tracking software. 
MSHA uses data collected from past projects along with 

Project name Region 3 - UT Region 2 - UT Region 4 - UT 
Procurement method DBB DB DBB 
Project type Reconstruction Continuous flow 

intersections 
Rehabilitation 

PCS performance ROW – Consultants 
All other PCS in-house  

Consultant In-house 

Total project cost $4,200,000.00  $48,981,854.37  $2,260,000.00  
Total PCS cost $277,253.92  $3,704,380.09  $17,634.00  
PCS percentage 7% 8% 1% 
Complexity 2 5 1 
Sub-consultants 1 4 0 
Lanes 6 6 2 
Plan sheets 98 115 0 
NEPA classification Cad X SES Cad X 
Bridges 0  0 
Highway classification Rural principal arterial Major arterial Major arterial 
Length of project (miles)  

2.5 
 
2 

 
8.48 

Table 3.3.  UDOT project data.

Project name Eagle interchange 
Procurement method CMGC 
Project type Major structure 
PCS performance Consultant 
Total project cost $15,100,000.00  
Total PCS cost $1,510,000.00  
PCS percentage 10% 
Complexity 4 
Sub-consultants 8 
Lanes 4 
Plan sheets 515 
NEPA classification Cad X 
Bridges 2 
Highway classification Major collector 
Length of project (miles) 0.35 

Table 3.4.  CDOT project data.
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standard percentages to estimate the PCS cost for future 
projects. The old system used 15% of the construction cost 
as preliminary engineering; MSHA now uses a curve system 
on preliminary engineering. Table 3.5 shows an example of 
MSHA project data.

MSHA has a standing contract for a general engineering 
consultant (GEC). MSHA can perform the entire precon-
struction process in-house and can also outsource all PCS 
except ROW utility acquisition and relocation, advertisement 
for bids, evaluation of bids, and award of contract.

MSHA is currently estimating PCS costs for all projects. To 
improve these estimates, the agency believes it needs to develop 
a historical database of previous estimates. MSHA believes that 
having more accurate PCS cost estimates would have a large 
impact on the planning process since it believes that it would 
provide more efficiency to managing funds.

Agency: Montana Department  
of Transportation–MDT

MDT does record in-house PCS hours on a per-project 
basis. It records these hours using the engineers’ timesheets and 
has a time allocation system per job. MDT does not use data 
collected from past projects to estimate the PCS cost for future 
projects. Table 3.6 shows an example of MDT project data.

MDT has a system that records past hours and durations of 
activities of 3 to 5 years to reconcile with activities to average 
activity hours. This system has no feedback loop, and there-
fore it is not used to look at past projects or to re-access the 
activity hours in OPX2 (project management tool).

MDT can perform the entire preconstruction process in-
house except for feasibility studies, and it can outsource all 
PCS except advertisement for bids, evaluation of bids, and 
award of contract, which is considered in the construction 

department. Approximately 20% of the PCS program for 
MDT is outsourced.

Currently MDT is estimating PCS costs for all projects 
using a standard percentage of construction costs. To improve 
PCS estimates, MDT believes it needs to get to function-based 
estimating, and it also needs to determine how to allocate 
the funds in split-corridor projects. MDT also believes that 
it needs to improve how it captures the hours on timesheets.

Agency: Oklahoma Department  
of Transportation–ODOT

ODOT does not record in-house PCS hours on a per-
project basis. Approximately 50% of engineers’ time spent 
on PCS is billed to departmental overhead. Table 3.7 shows 
an example of ODOT project data.

ODOT can perform the entire preconstruction process 
in-house except right-of-way acquisition. It can also out-
source all PCS except preferred alternative, NEPA and permit 
approval, final plan package [RFP and request for quotation 
(RFQ)], advertisement for bids, evaluation of bids, and award 
of contract.

Currently, ODOT believes estimating PCS cost would add 
value to the agency, but it has yet to implement a process to 
do so. To improve PCS cost estimates, the agency believes it 
needs to make direct changes to its projects and agency cul-
ture. ODOT believes that it would be difficult to convince all 
people within the agency to adopt a PCS estimating system.

Agency: Rhode Island Department  
of Transportation–RIDOT

RIDOT does record in-house PCS hours on a per-project 
basis. It records these hours using the engineers’ timesheets. 

Project name Taneytown streetscape MD 924 
Procurement method DBB DB 
Project type Reconstruction Safety 
PCS performance   
Total project cost $22,000,000.00  $10,000,000.00  
Total PCS cost $2,200,000.00  $800,000.00  
PCS percentage 10% 8% 
Complexity 4 4 
Sub-consultants 8 2 
Lanes 2 4 
Plan sheets 354  
NEPA classification  Cad X 
Bridges 0 0 
Highway classification Urban other principal 

arterial 
 
Urban arterial 

Length of project (miles)  
2 

 
0.5 

Table 3.5.  MSHA project data.
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RIDOT does not use data collected from past projects to esti-
mate the PCS cost for future projects. Design costs are esti-
mated by using 15% of total construction cost. However, this 
is not uniform; smaller projects tend to be of a higher per-
centage, and larger projects tend to be of a lower percentage.  
This process is only an educated guess.

RIDOT does contract out PCS. It has several on-call con-
sultants because almost all its design work is outsourced. It 
uses two consultants for highway work, two for bridges, and 
four for traffic engineering. No single firm is the dominant 

GEC. RIDOT can advertise for bids, evaluate bids, award con-
tracts, and perform some ROW utilities acquisition and relo-
cation; all other PCS processes are outsourced.

RIDOT did not provide data for project case studies.
RIDOT does not see value in estimating PCS costs. Since 

it is a small organization, it has yet to develop a database to 
keep track of and evaluate PCS costs. Its priority lies in esti-
mating construction costs. To improve these estimates, the 
agency believes it needs a database to pull scattered records 
and documentation of PCS into one place. There is a 2-year 

Project name Alberton – MT Yellowstone – 
MT 

Richey – MT Libby – MT Manchester – 
MT 

Procurement 
method 

DBB DBB DBB DBB DBB 

Project type Rehabilitation Bridge 
replacement 

Reconstruction Rehabilitation Rehabilitation 

PCS 
performance 

In-house 61% in-house, 
39% consultant 

81% in-house, 
19% consultant 

69% in-house, 
31% consultant 

In-house 

Total project cost  $15,160,216.69 $11,117,526.18 $11,671,335.94 $5,154,041.00 $13,654,704.61 

Total PCS cost $ 326,984.74 $ 1,350,022.32 $ 747,932.55 $ 523,441.08 $ 221,626.30 
PCS 
percentage 

2% 12% 6% 10% 2% 

Complexity 1 4 3 4 2 
Sub-consultants  

0 
 
3 

 
1 

 
3 

 
0 

Lanes 4 2 2 2 4 
Plan sheets 41 113 351 284 258 
NEPA 
classification 

 
Cad X 

 
EA/FONSI 

 
Cad X 

 
Cad X 

 
Cad X 

Bridges 6 1 1 0 3 
Highway 
classification 

 
Principal arterial 

Urban 
arterial/ rural 
minor arterial 

 
Major collector 
rural 

 
Major collector 
rural 

Principal arterial 
(freeway) 

Length of project  
(miles) 

 
9.8 

 
0.7 

 
10.7 

 
5.1 

 
5.4 

Table 3.6.  MDT project data.

Project name Garvin – OK Beckham – OK Payne – OK 
Procurement method DBB DBB DBB 
Project type Resurfacing Resurfacing/ Bridge 

rehab 
Pavement overlay 

PCS performance In-house Outsourced Outsourced 
Complexity 4 4 3 
Sub-consultants 0 2 2 
Lanes 4 4 4 
Plan sheets 131 60 50 
NEPA classification Cad X Cad X Cad X 
Bridges 6 5 0 
Highway classification Interstate Interstate I-35 
Length of project (miles) 6.5 7.93 5.4 

Table 3.7.  ODOT project data.
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election cycle, so government and legislative representatives 
change regularly; therefore, projects continue to lose and gain 
importance depending on the political influence. RIDOT 
believes that having more accurate PCS cost estimates would 
have no impact on the planning process. It believes that PCS 
costs have very little impact on the overall program, and proj-
ects will be executed no matter what the magnitude of PCS 
costs are.

3.6 Case Study Analysis

The purpose of Phase 1 of the research project was to bench-
mark the state of the practice and identify, analyze, and under-
stand current models for PCS cost estimating. In Section 3.2, 
three questions were given to further explore the objectives of 
this research:

1.	 What project characteristics are important to developing 
an accurate PCS cost estimate?

2.	 What steps must be followed to implement a standardized 
PCS cost-estimating methodology?

3.	 How are PCS cost-estimating consultant contracts suc-
cessfully procured?

The case study analysis looks to answer these questions and 
furnish information on emerging trends within the DOTs.

3.6.1 � What Project Characteristics Are 
Important to Developing an Accurate 
PCS Cost Estimate?

A report from Williams et al. (2013) identified 12 project 
characteristics that are inherent in each project for NYSDOT 
and can be used to estimate design effort. These characteris-
tics were evaluated by a team of NYSDOT and FHWA person-
nel so are applicable to the target audience of this research. 
These characteristics were used as a base for identifying the 
project characteristics important in developing an accurate 
PCS cost estimate.

Each agency was asked to fill in a matrix identifying which 
project characteristics had the most influence on the PCS 
cost estimate. The average rankings for these characteristics 
were analyzed using a t-test to determine the equality of the 
means of the responses and to categorize the factors into the 
three levels of influence. The results for the most influential 
factors from an agency’s perspective and then from a project 
perspective are shown in Table 3.8 and Table 3.9 respectively.

Question V.1 of the interview was as follows:

How influential do you think the following characteristics are 
in estimating the overall PCS cost for a typical design–bid–build 
project?

1–No influence

2–Some influence

3–Major influence

The list of characteristics or influence factors provided was 
as follows:

1.	 Complexity,
2.	 Project type,

Influence Factor Mean Response

Tier 1 [2.56–3.00] 
1. Complexity 3.0 
2. Project type 2.89 
3. NEPA classification 2.67 

Tier 2 [2.00–2.56] 
5. Length of project 2.56 
6. Number of bridges 2.44 
7. Number of plan sheets 2.33 
8. Number of lanes 2.0 
9. Geographical 2.0 

Tier 3 [1.44–1.56] 
10. Highway classification 1.56 
11. Number of sub-consultants 1.44 
12. Loss of design effort 1.44 

Table 3.8.  Influence factors ranked 
based on mean response values  
from nine DOTs.

Influence Factor Mean Response
Tier 1 [2.42–2.75] 

1. Complexity 2.75 
2. Project type 2.56 
3. Construction cost 2.42 

Tier 2 [1.92–2.07] 

4. Number of bridges 2.07 
5. Length of project 2.06 
6. Highway classification 1.94 
7. Number of sub-consultants 1.93 
8. Number of plan sheets 1.92 

Tier 3 [1.62–1.81] 
9. NEPA classification 1.81 
10. Number of lanes 1.63 

Table 3.9.  Project influence factors ranked based  
on mean response values from 16 projects.

Estimating Highway Preconstruction Services Costs - Volume 2: Research Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23627


29   

3.	 Number of sub-consultants,
4.	 Construction cost,
5.	 Number of lanes,
6.	 Number of plan sheets,
7.	 NEPA classification,
8.	 Number of bridges,
9.	 Highway classification,

10.	 Length of project,
11.	 Geographical, and
12.	 Loss of design effort.

The question was answered by the DOT representative dur-
ing the interview, and later the same question was answered 
in the context of a specific project. The researchers collected 
nine sets of responses from the DOTs. The mean value of 
the response to each influence factor is given in Table 3.8. 
In these tables, the factors are ranked based on the mean 
response value. It is worth noting that no additional factor 
was suggested to be added to the list that was presented to the 
interviewees.

The responses summarized in Table 3.8 represent the impor-
tance of influence factors from the point of view of the state 
departments of transportation. The researchers have catego-
rized the factors into three tiers. Tier 1 consists of the factors 
that DOTs felt had the most influence on PCS costs. Tier 3 
consists of factors that scored an average of well below 2.0 
and, hence, were considered to have little to no influence on 
PCS costs. A statistical analysis was conducted to see the effect 
of variability of responses to each factor and to see if there 
were significant differences between factors. As an example, 
if a factor has a mean response of 2.89, is this really different 
from another factor with a mean response of 2.67?

In order to investigate this question, the researchers con-
ducted a two-tailed t-test for comparison of mean responses. 
The null hypothesis was that the means for any of the two 
selected factors were equal. The alternative hypothesis was 
that the means were not equal. In general, for the factors in 
each tier of Table 3.8, one could not reject the hypothesis that 
the means were equal. This means that the factors within each 
tier will have more or less the same importance. There are 
some concerns with using this test for this application. First, 
the number of data points is only 9. Second, the assumption 
of normality is not realistic; however, the test provides an 
insight into the effect of variance on the possible values of 
each factor. So the main purpose for conducting these tests 
here was to have a systematic and consistent method to group 
these factors into the three tiers so that the most influential 
factors can be concentrated on.

Table 3.9 gives the project influence factors ranked based 
on their mean score from 16 projects. The main difference 
between these factors and the factors listed in Table 3.8 is the 
respondent was weighing the influence of each factor against 

a specific project rather than the whole agency. This table 
does not include two of the factors listed in Table 3.8 (“geo-
graphical” and “loss of design effort”).

As can be seen, the most influential factors remain the 
same in both cases, with the exception of “NEPA classifica-
tion,” which has been relegated to Tier 3 in Table 3.9. This 
may merit further consideration. “Number of lanes” scored 
higher at the agency level, while “highway classification” and 
“number of sub-consultants” scored significantly higher at 
the project level. Overall, while these two tables agree on many 
of the most influential factors, in Tier 3 factors there are some 
differences.

The same statistical approach explained earlier for group-
ing factors (two-tailed t-test for comparison of means) was 
applied to the factors in Table 3.9. The three tiers presented 
are the outcome of that analysis. In other words, the equality 
of factor means within each tier could not be rejected statisti-
cally. This analysis was based on a sample that varied between 
14 and 16 projects because not all respondents scored every 
influence factor.

As a comparison between the outcome of Table 3.8 and 3.9, 
a correlation coefficient was calculated between the ranks of 
factors in each table. The rank correlation between these fac-
tors was calculated as 0.60. A correlation coefficient of 0.64 
was also calculated between the scores of factors in the two 
tables. In both cases, these values show that there is moderate 
correlation between the results of the two tables.

There seems to be little doubt that the most significant fac-
tors at the agency and the project level are the following:

•	 Project complexity,
•	 Project type, and
•	 Construction cost.

This was valuable information for developing the para-
metric estimating model as these three factors could be used 
as the most influential input variables to estimate the PCS 
costs for a project. Project complexity is a subjective variable, 
making it difficult to incorporate this as in input variable; in 
Phase 2 the researchers looked to develop a complexity index 
as a way of standardizing this variable.

One of the controversial characteristics that came from this 
analysis was the number of plan sheets. While some DOTs 
still do a lot of their work on paper, DOTs such as NYSDOT 
are moving more toward technological-based plans, making 
the measure redundant. This is also highlighted in a report by 
Tippett and LaHoud (1999), and Sturts and Griffis stated that 
“technology is revolutionizing the way engineers work and 
there is a need to revise the pricing strategies for engineering 
design services” (2005).

Loss of design effort was a characteristic added by the 
researchers after the pilot study. This was defined as “design 
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Figure 3.5.  UDOT’s project development process.

work completed but not used in the final project due to 
changes in scope during the design process.” During the PCS 
phase, this is likely to occur often, especially if the project 
scope is not well defined. It occurs when there is a change 
in the scope that renders hours already billed to the project 
redundant; the work is still a PCS cost to the project and, 
therefore, should be accounted for in the estimate. When they 
were questioned about this influencing factor, it was clear that 
this concept was either not fully understood or not consid-
ered by state DOTs. It was suggested by several interviewees 
that incorporating lost design effort into the PCS estimate 
was inappropriate because it indicates that the agency plans 
to waste valuable design time. The intent of this factor is to 
account for typical scope changes/refinements and human 
error that require reworking of the design. In the final analy-
sis, the issue is moot since none of the case study agencies had 
a means of tracking lost design effort.

3.6.2 � What Steps Must Be Followed  
to Implement a Standardized PCS  
Cost-Estimating Methodology?

One major trend that needs to be addressed in order to 
implement a standardized PCS cost-estimating methodology 
is to standardize the terminology used by state DOTs. Within 
the nine states visited for this project, there was a confusing 
mix of terminologies used for different phases of the projects. 
It was useful to have the PCS project development process to 
give a standardized template for each agency to adapt to their 
own project development process.

Figure 3.5 shows UDOT’s project development process and 
the estimating process for UDOT. This figure shows three deci-

sion sections that act as roadblocks for the project. The esti-
mate must be prepared and reviewed at these points before 
the project status can move forward. A similar process was 
seen in the literature for some agencies such as CDOT; how
ever, when the researchers visited the agency, they were 
informed that the published process was not in use.

Having a project development process with milestones to 
ensure that engineers perform PCS estimates and then sec-
ondary milestones to recheck these estimates is an effective 
way of continually improving estimates.

3.6.3  Types of PCS estimates

Three basic types of estimates were found during the case 
study interviews:

•	 Direct estimate of hours,
•	 Standard percentage of construction cost, and
•	 Past project cost range.

Table 3.10 shows which method(s) each agency uses.
The level of sophistication used within each department 

varies, but it can be seen that Utah is the only state currently 
using two methods and comparing the results. Two states 
were found to not estimate PCS costs at all, which is a trend 
found in the screening survey. Two types of estimates have 
emerged from the case studies:

•	 Top-down (macro) estimates produced by an experienced 
estimator, useful for managers who have limited knowl-
edge of the process to complete the project (Larson and 
Gray 2011); and
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•	 Bottom-up (micro) estimates, which usually correlate to 
a work breakdown structure (WBS); each activity is esti-
mated by the person who is involved with monitoring the 
project (Larson and Gray 2011).

Table 3.11 has been adapted from Larson and Gray (2011), 
and it shows the project characteristics associated with choos-
ing to do top-down or bottom-up estimates. A top-down esti-
mate is defined as the use of a parametric estimating factor like 
percentage of estimated construction costs to determine the 
PCS budget. A bottom-up estimate calculates the number of 
labor hours estimated for each PCS task, calculates the average 
labor-hour rate, and rolls the cost up from these detailed esti-
mates of effort.

When the researchers met with Caltrans, two types of proj-
ects were used for corridor-level projects (termed “parent 
projects” by Caltrans; see Section 2.2.1) when the costs for 
planning and scoping are incurred. The parent projects spawn 
a series of child projects or single projects (Section 2.2.1).  
This project structure was also found in the Iowa DOT case 
study data. The following question was put to the panel in 
the December quarterly report:

Corridor projects versus single projects. In many cases, the 
team found that much of the PCS work was being done on a 

corridor basis rather than an individual project basis because 
the DOT did not know the level of available funding. Once the 
funding was identified, the work was then split into phases/
separate projects, and final PCS costs were then expended only 
for those phases/projects where construction funding was going 
to become available. Thus, attempting to separate the cost to 
complete planning, environmental, survey, right-of-way, etc. 
is impossible. We need guidance on how the panel thinks we 
should deal with this issue. The simple solution, which is our 
recommendation, is to only conduct further work on projects 
that stand alone and for which we have identifiable PCS cost 
data. This limits the results of the research, specifically, the Task 4 
model to be applicable to only those types of projects.

The bigger question relates to who performs the estimate 
and the data used within the agency’s project development 
process. The initial estimate of PCS costs for the parent proj-
ect is typically done at the programmatic level. Therefore, 
Table 3.11 shows that a top-down estimate is more appropriate 
as it looks at the bigger picture. This estimate is useful for allo-
cating program funds, making it valuable to regional or pro-
gram managers. When the project moves into the child-project 
phase, the scope is likely to be better defined and require a 
more detailed estimate. In this situation, a bottom-up esti-
mate is likely to be more appropriate (Table 3.11). The greater 
detail used in this estimate will more closely portray the level 
of effort required to complete each major task and will provide 
a more accurate PCS cost estimate around which to establish 
the budget for the PCS teams and the project managers.

Once a child project is generated from the larger parent 
project, Caltrans allocates a percentage of the costs incurred 
during the parent project stage to the child project. A varia-
tion of this was seen in an NYSDOT project. The project was 
initially procured as a large project; however, due to fund-
ing constraints, the project was changed to a much smaller 
project. In this case, the PCS for the project had already been 
awarded to a consultant, and this project ended up with a much 
higher PCS cost percentage than other projects within the 
agency. This also links with feedback the researchers received 
from NYSDOT that a way to improve its PCS estimate would 

Method Agency 

Direct estimate of hours • California 
• Utah 

Standard percentage of construction costs • Colorado 
• Montana 
• Rhode Island 

Past project cost range • Maryland 
• New York 
• Utah 

Do not estimate PCS costs • Iowa 
• Oklahoma 

Table 3.10.  Agencies’ PCS estimating methods.

Condition Top-Down Bottom-Up 
Strategic decision making X  

Cost and time important  X 

High uncertainty X  

Internal small project X  

Fixed price contract  X 

Details needed  X 

Unstable scope X  

Table 3.11.  Conditions for preferring top-down or bottom-up estimates 
(Larson and Gray 2011).
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be moving into top-down estimates to make more informed 
decisions at the programmatic level.

3.6.4 � How Are PCS Cost-Estimating 
Consultant Contracts  
Successfully Procured?

This section is derived from the literature review and shows 
all the states that have developed models to determine the 
cost of outsourcing design. A report by Ismail and Sutliff 
(2011) for Caltrans showed that out of the three states that 
have invested and developed these models, none could con-
firm that these processes were being implemented. Table 3.12 
has been adapted from this report and shows the model and 
its use. This was also apparent in the case studies as all nine 
states responded that they do not compare the cost of per-
forming work in-house to the cost of outsourcing as part of  
the outsourcing decision process. A report for the Louisiana 
Department of Transportation and Development found that 
outsourcing design cost was about 20% more expensive than 
performing the work in-house (Ismail and Sutliff 2011); 
however, this was not the same for all agencies. When asked 
why the agency chose to outsource PCS costs, all DOTs 
responded that staff availability and special expertise were the 
two main reasons. Other reasons that were mentioned were 
expedited project delivery, to strengthen the local economy, 
transfer design liability, and ability to release DOT personnel 
to perform PCS contract administration duties. It was com-
mon practice among DOTs to outsource larger, more com-
plex projects.

It can be argued that this research will benefit DOTs more 
for outsourcing projects as DOTs can use the estimate as 
base for negotiations with the designer. However Iowa DOT 
indicated that it would adopt a model to aid with in-house 
resource allocation and help better identify shortfalls in 
resources. A possible option is to use the model to determine 
when it is necessary to employ consultants on work to avoid 
overloading DOT staff. This is becoming an increasing issue 

within DOTs as there is a move in many states to downsize the 
government staff. For example, UDOT’s staff decreased from 
3,500 employees in 2000 to 1,530 employees in 2013.

3.7 Preconstruction Learning Curve

One of the obvious trends shown by the screening sur-
vey and the agency interviews is the abundance of data that 
exists within a typical agency and the lack of reliable tools to 
organize and convert the data into actionable information. In 
all cases, agency engineers were required to bill their time to 
specific projects, making the information available within the 
agency’s financial accounting system. On some occasions, staff 
did not think that the hours billed were completely accurate. 
Oklahoma DOT responded that approximately 50% of its 
time was billed to departmental overhead instead of to a spe-
cific job. This noise in the data is to be expected when working 
in this environment; the important thing to recognize when 
using these data is that the noise is there, so try to understand 
how it will affect the outcome of the estimate. In agencies with 
a high level of noise, a top-down approach would work better 
than a bottom-up estimate because of the lack of precise his-
toric labor-hour information. For this research, there was no 
choice and noisy data had to be used. Therefore, the concept 
of developing two or more ways to estimate the same project is 
extremely important to the accuracy of the PCS cost estimate. 
The proposed method is documented in a simple and adapt-
able manner in the guidebook, and the parametric estimating 
model has been developed so that it can be adopted by an 
agency and adjusted to fit its needs.

With the proposed system in place, DOTs will no longer 
be as reliant on professional judgment for PCS cost estimat-
ing. This becomes more critical as DOTs are downsized. The 
PCS cost-estimating system is a knowledge management tool 
that institutionalizes the process, making it more consistent 
as DOTs lose experienced mid-career staff to the private sec-
tor. Feedback during the interviews shows that any system 
needs to be simple and user-friendly. This also demonstrates 

Agency Model Use 

Arizona Third-party transaction cost–
benefit analysis 

Unaware 

Louisiana Outsourcing decision assistance 
model (2002) available on CD-
ROM by request  

No 

Oregon Decision tree – cost-based 
outsourcing decisions (2007) 

Could not confirm 

Table 3.12.  Outsourcing cost comparison models  
(Ismail and Sutliff 2011).
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the need for PCS training within DOTs on the importance 
of estimating PCSs as well as on effective practices to help 
improve PCS estimates.

3.8 Case Study Summary

3.8.1  Possible Effective Practices

A number of PCS cost-estimating methods have been iden-
tified throughout the case study analysis. A list of possible 
effective practices has been compiled. These were reviewed 
in Phase 2 of the research.

•	 Back-check of hours. This method was used by UDOT to 
check the estimate using a direct estimate of hours against 
a past project cost range. This is a useful tool to validate 
the estimate, especially for younger estimators with less 
experience.

•	 Life-cycle project manager. This practice assigns a project 
manager for the entire duration of the project’s develop-
ment and delivery period. This allows the project manager 
to control the costs and review the estimate as issues arise 
or the scope changes.

•	 Estimate check milestones. This process has been imple-
mented by UDOT and is demonstrated in Figure 3.5. The 
practice ensures that estimates are reviewed and updated at 
various stages of the project development process.

3.8.2  Data Quality

Once the research team began developing databases from 
the data collected, reduced, cleaned, and collated, it found 
it difficult to be able to guarantee that the data were com-
plete and accurate. A number of inconsistencies have been 
observed within collected data sets, and numerous blank cells 
indicated that some information was not complete. These 
issues of data quality and data availability created a number 
of challenges for the research team. The outputs of any model 
are only as good as its input, placing the quality of any esti-
mating model produced into question.

After becoming familiar with the Utah and Iowa data sets, 
the team became concerned at how different the two sets 
were. Such variation between the agencies’ classification of 
data indicated that it would be difficult to achieve a consistent 
result between the two DOT’s models.

These observations were reported to the panel in the Octo-
ber 2014 quarterly report. The panel was notified that the 
research might ultimately lead to a process model that must 
be customized specifically to the way data are collected by a 
specific DOT rather than a fairly generalized approach that 
can be used by all DOTs.

The research team also noted at this point that implement-
ing the research might be more difficult than expected as it 
would require a significant investment by each agency to con-
figure the data it currently maintains.
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C H A P T E R  4

4.1  Introduction

This section presents the methodology followed to develop 
the data-driven PCS estimating models as described earlier 
(see Section 1.5, Task 4).

Preconstruction service activities typically take a long period 
of time (sometimes more than a decade) from planning to 
programming to preliminary design to final design. As the 
project evolves into downstream PCS activities, more infor-
mation about the project becomes available, and consequently, 
more accurate PCS cost estimating is possible with better-
defined project information. The accuracy of any estimating 
is directly related to the amount of information available about 
the project. As a result, a PCS cost-estimating process should be 
aligned with the typical project development process to reflect 
the maturity level of project definition.

A distinctive feature of the PCS cost-estimating process 
compared to construction cost estimating is that as a project 
continues to be defined, the project is broken down into dif-
ferent engineering functions, and each functional department 
takes charge of completing the functional analysis and engi-
neering requirements for the project, as shown in Figure 4.1.

4.2 PCS Cost-Estimating Process

The PCS cost-estimating process during the project develop
ment stages is depicted in Figure 4.2. Very limited information 
about the project at the earliest stages of project development, 
such as planning and programming, makes it difficult to esti-
mate PCS costs. However, there is the need to establish the 
probable and approximate PCS cost of the project for budget-
ing and funding authorization purposes. This estimated PCS 
cost can also be used as a baseline cost for monitoring and 
tracking the performance of PCS costs during the remaining 
PCS activities. Due to the low maturity of project definition 
at the early project development stage, only a parametric esti-
mating approach, which is a common early and conceptual 

estimating method, is applicable. In parametric estimating, 
project characteristic information, such as project type, proj-
ect location, project length, and project complexity, is used as 
major predictive parameters to estimate the anticipated cost 
of PCS activities. Thus, this PCS estimating is called top-down 
estimating.

When the project moves into the preliminary design and 
final design stages, the overall project scope gets defined more 
accurately, and it becomes clear which functional engineering 
departments should be involved. For example, a right-of-way 
department may play a significant role for a new roadway 
construction project as new parcels need to be purchased 
from property owners for the project, but the same department 
may have no role in a typical bridge rehabilitation project. 
When a project is determined to require a specific functional 
department’s engineering service, the functional department 
needs to estimate the anticipated PCS work-effort hours or 
costs required to get the service fulfilled. This estimating needs 
to be as accurate as possible for internal resource manage-
ment purposes and for determining the consulting costs if the 
department decides to outsource the service, which is becom-
ing a more popular option as many transportation agencies 
are operating with fewer staff members. With better-defined 
scope of work and the experience of similar projects previ-
ously, functional departments typically know what specific 
work tasks need to be completed for a given project. Some 
transportation agencies, such as Georgia DOT, Florida DOT, 
and Ohio DOT, have a well-defined WBS for different engi-
neering functions. As a result, PCS cost estimating at the 
functional department level can be performed as WBS-based 
estimating, and this estimating is called functional-level 
estimating in this guidebook. The summation of all of the 
functional-level PCS cost estimates for a given project is the 
total PCS cost of the project, and this aggregation process 
can be called a bottom-up estimating. The bottom-up esti-
mating result needs to be cross-validated with the top-down 
estimating result as part of PCS cost monitoring and control. 

Preconstruction Services Estimating  
Process and Models
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Note: PS&E = plans, specifications, and estimates.

Planning Programming Preliminary 
Design

Final Design

Need Assessment

Public Involvement

Hydraulic Study

Right-of-way Acquisition 

Environmental Clearance

Economic Feasibility
PS & E

Roadway Design   

Bridge Design 

Underground Utilities

Surveying

Schematic Development Traffic Control 
Plans

Geotechnical 
Investigation

Figure 4.1.  Examples of PCS activities throughout project development process.
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Project 
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Figure 4.2.  PCS cost-estimating process.
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The cost differences need to be documented and explained. 
For example, scope changes during the project development 
process would significantly affect the total PCS costs from 
the bottom-up estimating approach, resulting in a signifi-
cant deviation from the top-down PCS cost estimate. Proper 
documentation and implementation of a feedback loop in 
the PCS cost-estimating process will also assist in developing 
a more accurate top-down PCS cost estimate for future proj-
ects by allowing the calibration of the top-down estimating 
method.

4.3 � Overview of PCS Cost-Estimating 
Model Development

Creating a framework for developing a data-driven PCS 
cost-estimating model requires the integration of a number 
of steps (as shown in Figure 4.3). This cyclic process allows 
transportation agencies to make continuous improvements 
in their models, and this process has been applied to develop 
the data-driven PCS cost-estimating models provided in the 
guidebook.

•	 Step I: Requirements Analysis. This step determines poten-
tial model usage and users as well as anticipated data require-

ments. This is a very important part of the process since 
it determines what approach [top-down or bottom-up 
(functional level)] should be used, the type of historical 
data required to build models, and potential data sources.

•	 Step II: Collect Historical Data. In this step, various data-
bases are identified, studied, and compiled into one mas-
ter database. The master database should be developed in 
accordance with the PCS cost-estimating needs determined 
during the requirements analysis stage. At this point, model 
developers should also determine if current historical data-
bases and preconstruction data-collection procedures meet 
the minimum expectations of quality, quantity, and reli-
ability required by the PCS cost-estimating approach to be 
performed. This guidebook describes some strategies to 
either improve existing databases or create new and more 
appropriate data sets.

	     Both top-down and functional-level PCS cost-estimating  
methods depend on historical data collected from previ-
ous projects. However, the level of detail of the databases 
and their configuration depend on the PCS cost-estimating 
approach and the final users of the estimating models. Thus, 
it is suggested that transportation agencies customize their 
databases in accordance with the needs of different users. 
For example, a division director may require access to his-
torical data with general project characteristics (e.g., proj-
ect location, type of work, expected overall complexity) in 
order to make strategic decisions using an early top-down 
estimating model. On the other hand, the geotechnical 
engineering department may need other types of informa-
tion, such as regional geology, subsurface soil conditions, 
and the required efforts and costs for a series of laboratory 
tests in order to perform a cost estimate of preconstruction 
geotechnical activities.

•	 Step III: Identify Factors Affecting PCS Costs. Once a 
master database is established, the next step is to identify 
significant factors to estimate PCS costs. The selection of 
these variables may be done with experience and engi-
neering judgment, but a structured statistical process (dis-
cussed in Chapter 3 of the guidebook) would also greatly 
help in narrowing down influential variables as a statisti-
cal process typically helps better define the relationships 
across input variables and between input variables and 
PCS costs.

•	 Step IV: Develop/Update PCS Database. This step involves 
the development of a suitable PCS database of significant 
factors identified in the previous step and historical PCS 
data for a subsequent development and implementation 
of data-driven PCS cost-estimating models. Along with the 
quality and reliability of input factors used to produce PCS 
cost estimates, the amount of available historical data may 
be a decisive factor in meeting the desired level of accuracy. 
Chapter 3 of the guidebook presents a detailed descrip-Figure 4.3.  PCS cost-estimating model overview.
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tion of the procedure associated with the development and 
optimization of a PCS database. Some of the strategies in 
this chapter are intended to minimize data management 
efforts while still producing reliable PCS cost estimates.

•	 Step V: Develop Model. In this step, top-down and/or  
bottom-up/functional-level estimating models are devel-
oped using the available historical data and preselected 
input variables. This involves the combination of qualita-
tive and quantitative procedures. The qualitative part comes 
from the experience and judgment of model developers 
and users to make an adequate use of the historical data 
and to appropriately read, understand, and use the out-
comes of the models. The quantitative part is the use of the 
mathematical and statistical tools used to process the avail-
able historical data into reliable PCS cost estimates. The 
guidebook describes four major quantitative tools: multiple 
regression, decision tree, and artificial neural network used 
in top-down estimating (Chapter 4 of the guidebook), and 
the three-point estimation approach for functional-level 
estimating (Chapter 5 of the guidebook).

•	 Step VI: Validate and Implement Model. This last step 
consists of two parts: the validation of the models to ensure 
a satisfactory performance, and the implementation of the 
validated models. The models that are developed are tested 
for their performances, and only the models that meet the 
expectations of the agency can be implemented. Once the 
performance of a PCS cost-estimating model is deter-
mined to be satisfactory, it is ready for its implementation 
in actual upcoming projects. An efficient implementation 
of PCS cost-estimating models involves an appropriate 
interpretation of the model outputs and their incorpo
ration into decision-making procedures, a reliable system to 
track the performance of PCS cost estimates and expenses 
throughout the project development process, and a mech-
anism to capture and assess lessons learned from previous 
projects to enhance the performance of PCS cost-estimating 
practices. Chapter 6 of the guidebook presents specific 
implementation practices and generic systems to track the 
performance of PCS costs and capture lessons learned. The 
implementation and monitoring methodologies in Chap-
ter 6 of the guidebook are equally applicable to top-down 
and bottom-up/functional-level estimating approaches.

4.4 Requirements Analysis

This step determines potential model usage and users as 
well as anticipated data requirements. This is an important 
part of the process as it defines what approach [top-down 
or bottom-up (functional level)] should be used, the type of 
historical data required to build models, and potential data 
sources.

4.5 Collect Historical Data

Within the construction industry, it is commonly accepted 
that collecting and archiving data on past project estimates 
and actual costs is a successful way to improve future esti-
mates. This same principle applies for PCS cost estimating. 
Using specific project information and corresponding actual 
PCS costs and/or work hours from previous in-house projects 
and consultant contracts creates a knowledge base that is 
valuable in creating more accurate future estimates.

Today, highway agencies collect PCS data along with associ-
ated project costs and store them in various data management 
systems as part of their inventory or accounting systems. In a 
typical agency, these data management systems or data inven-
tories can range from in-house spreadsheets to commercially 
available programs developed through manual data collection 
during the preconstruction phase. Other pieces of informa-
tion that may be relevant to the estimation of PCS costs might 
be obtained from less-formal data sources such as paper-based 
and electronic documents not arranged in a database fashion. 
All possible data sources must be considered at this early stage 
of implementing data-driven PCS cost-estimating techniques 
before proceeding with the identification of project character-
istics (herein after referred to as “factors” or “input variables”) 
affecting PCS costs.

4.6 � Identify Factors Affecting  
PCS Costs

The identification of factors that affect PCS costs is an 
important task when developing PCS cost-estimation models. 
Factors are distinctive characteristics of a project—for instance 
its length or level of complexity. The successful identification of 
factors that have a direct influence on the total PCS cost allows 
for the development of an efficient PCS database. Table 4.1 
presents a variety of representative factors that were identified 
for highway projects based on existing literature, conversa-
tions with state DOT personnel, and review of project man-
agement documents generated at preconstruction stages. The 
values of the factors can be numerical, Boolean, or nominal. 
Numerical values are numbers such as length and number of 
bridges involved. Boolean variables can only have two values— 
generally yes or no. Nominal variables are categorical, where 
values are grouped quantitatively or qualitatively. For example, 
terrain type can be categorized as level, rolling, and mountainous.

It should be noted that some factors that are presented 
in Table 4.1 are alternatives to each other. For example, the 
number of lanes and lane width describe the same feature of 
the roadway (its width). As such, only one of the two factors 
may be necessary.

The factors listed in Table 4.1 and their values are only a 
small example. Transportation agencies have developed their 
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Table 4.1.  Potential factors affecting PCS costs.

Category of 
Factors Factors Description Variable 

Type 

Project 
information 

Project type 
Replacement, interchange, new 
construction, reconstruction, rehabilitation, 
widening, and reconstruction 

Nominal 

Pavement type Asphalt/cement  Nominal 
Highway classification Freeway, principal arterial, collector, etc. Nominal 
Overall project complexity Low, medium, high Nominal 
Project location Urban/rural Boolean 
ROW acquisition required Yes/no Boolean 
Construction costs Cost in dollars Numerical 

Geometry, 
topography, 
and geology 

Length Length in miles Numerical 
Number of lanes 2, 4, 6, etc. Numerical 
Roadway width Width in feet Numerical 
Divided roadway Yes/no Boolean 
Terrain type Level, rolling, mountainous Nominal 
Special geotechnical 
consideration required Yes/no Boolean 

Typical section Open section, curb and gutter, combination Nominal 

Surveys 

Topographic survey Level of details required Nominal 
Pavement elevation 
survey Yes/no Boolean 

Hydraulic survey Yes/no Boolean 
Utility surveys Yes/no Boolean 
Traffic survey Yes/no Boolean 
Stream crossing Yes/no Boolean 
Traffic noise impact 
analysis Yes/no Boolean 

Design 
complexity 

Horizontal alignment 
change Yes/no Boolean 

Vertical alignment change Yes/no Boolean 
Roadway 
crossing/intersection Yes/no Boolean 

Railroad crossing Yes/no Boolean 
Stream crossing Yes/no Boolean 
Sidewalk Addition, improvement, or none Nominal 
Type of 
sidewalk/shoulder 

None, sod, aggregate, bituminous, 
concrete Nominal 

Standard design 
exception Yes/no Boolean 

Number of plan sheets Expected number of plan sheets Numerical 
Level of service A, B, C, D, E Nominal 
Context-sensitive design Yes/no Boolean 

Structural 
design 

Predominant type of 
bridges/culverts Reinforced concrete, steel, etc. Nominal 

Number of 
bridges/culverts Number of bridges/culverts Numerical 

Bridge sufficiency rating 0–100 Numerical 
Bridge width Width in feet Numerical 

Environmental 
factors 

NEPA classification 
Categorical exclusion (CatEx), 
environmental assessment (EA), 
environmental impact analysis (EIA) 

Nominal 

Biological resources 
report/assessment As required Nominal 

Traffic control 

Work zone safety and 
mobility level Basic/intermediate/major Nominal 

AADT Average annual daily traffic Numerical 
Staging of construction Yes/no Nominal 
Crash severity Crash severity rating Numerical 
Access control None, partial, full Nominal 
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own values for various factors. For example, project type 
classification for the Iowa DOT may vary from that of the 
Montana DOT. Each DOT can use its own classification sys-
tem and its associated values. Some factors presented in the 
table can indicate the level of work involvement for multiple 
activities. For instance, project length can be an indicator for 
level of surveying required, expected number of plan sheets, 
efforts for right-of-way acquisition, and so forth. Currently, 
not all of these factors are collected in a structured format. As 
such, a limited number of available factors were used to illus-
trate the process of developing a PCS cost-estimation model 
in this report.

Case studies conducted on nine DOTs led to the identifica-
tion of a set of factors that could maximize the performance 
of PCS cost-estimating models. Even though the PCS cost-
estimating modeling tools described in the guidebook have 
the ability to adapt to different preconstruction databases, 
transportation agencies should consider, to the maximum 
extent practical, the collection of these eight pieces of infor-
mation for each project in order to use them as inputs in their 
PCS cost-estimating models. These eight items are:

1.	 Project type,
2.	 Complexity,
3.	 NEPA classification,
4.	 Early construction cost estimate,
5.	 Length of project,
6.	 Number of bridges involved in the project,
7.	 Number of lanes, and
8.	 Project location.

Project type is an important factor that, if appropriately 
used, may help to substantially improve the performance of 
PCS cost-estimating models. The following section discusses 
how different project classification systems may be incorpo-
rated into data-driven PCS cost-estimating procedures.

4.6.1  Project Classification

Various agencies use different classification systems to suit 
their strategic goals. These classifications help in defining 
the scope of the estimating model to be used in accordance 
with the agency’s needs. Since different types of projects have 
unique design requirements, effective project classification 
schemes are expected to enhance the accuracy of PCS cost 
estimates. However, estimating models can only be improved 
if these classification systems are consistently included in 
the data inventory, as shown in the following hypothetical 
example:

Assume: An agency classifies projects into three different groups: 
reconstruction, rehabilitation, and resurfacing. The agency may 
divide the available historical data into these three types of proj-
ects and create three independent models, one for each project 
type. Or model developers may include the project type as an 
input variable in the model. Or to optimize the estimate further, 
they might try both and determine which approach yields the 
most reliable output.

Common classification schemes used in top-down esti-
mates at the project level are based on complexity and type of 
work. These variables could also be considered when estimat-
ing PCS costs at the functional level; however, it may not be 
sufficient in some functional areas. For example, the estima-
tion of the costs of environmental studies may be approached 
in a different manner for projects near wetland areas than 
for those not located near wetlands. Likewise, the geotechni-
cal department could prefer the use of different estimating 
models depending on the geological conditions surrounding 
the project.

Figure 4.4 shows an example of the project classification 
system used by Iowa DOT. For the purpose of data collec-
tion, the geometry-based classification categorizes projects 
into four classes: point-based, line-based, polygon-based or 
multi-line projects, and other projects.

Category of 
Factors Factors Description Variable 

Type 

Permits 
required 

U.S. ACE, state water 
resource board, FAA  Various permits required Boolean 

Public 
involvement 

Number of parcels 
affected 

Indicates the amount of negotiation efforts 
with landowners for ROW acquisition Numerical 

Preliminary land use Residential, commercial, farming Nominal 
Special land use National parks, Indian reservations, etc. Nominal 
Cultural resource 
management effort None, low, medium, high Nominal 

Miscellaneous 
factors 

Hazardous waste 
Presence of hazardous waste material at 
the site resulting in special design 
requirements – yes/no 

Boolean 

Guardrail Addition/removal/improvement/none Nominal 

Table 4.1.  (Continued).
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Note: PCC = Portland cement concrete, HMA = hot-mix asphalt, RCB = reinforced concrete bridge.

Figure 4.4.  Geometry-based project classification (Iowa DOT 2012).
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4.6.2  Data Cleaning and Transforming

Data quality is one of the main issues confronted when 
developing a data-driven model. It is possible that some of 
the data attributes may have a significant number of missing 
values. Such variables may need to be removed before devel-
oping a model. For example, the number of land parcels to be 
purchased for ROW may have a significant effect on total PCS 
costs. If most projects do not have the relevant data to fill a 
certain variable field, use of such variables is likely to confuse 
the model, resulting in lower accuracy of its prediction. Also, 
while some data-driven models will accept the missing val-
ues, other methods will simply not work when data values are 
missing. Thus, such data should either be recorded manually 
or should not be used.

Similarly, some data attributes may have unexpected val-
ues if precautions are not taken in the data-collection sys-
tem to validate the data before entering. For instance, if the 
length of a project is presented as “505,50” by error instead of 
a proper numerical format (505.50), such data will give errors 
when developing a model. The use of checklists, numerical 
data field validation, and so forth in the data-collection sys-
tem will avoid collection of incomplete/incorrect data, but 
when a database is developed manually from other databases, 
it may have such errors. These data should either be trans-
formed to a proper format or should be removed. If required, 
a regular data quality evaluation may be performed with the 
data stored in the database.

Another aspect of data transformation is to generate an 
additional set of input data attributes based on existing input 
data attributes. For example, project complexity can be devel-
oped based on the work type, land use, project length, envi-
ronmental permits, and design complexities. A categorical or 
numerical complexity of the project can have a significant cor-
relation with the PCS costs compared to the individual factors.

4.6.3 � Optimization of Data  
Management Efforts

The optimization of data management efforts is done to 
select and manage the most effective input variables while 
minimizing data-collection, cleaning, and processing efforts. 
It is an iterative process that starts with those factors that rep-
resent the lowest data management effort for the agency and 
determines whether those factors are good enough to develop 
satisfactory models. If the performance of the models is not 
satisfactory, other factors that may increase the management 
efforts continue to be added until satisfactory models are 
developed.

There are two types of efforts that must be considered dur-
ing the implementation of a data-driven PCS cost-estimating 

system. The first is the initial effort required to collect, clean, 
and evaluate the suitability of the data for PCS cost estimat-
ing. The second type of effort is related to the maintenance/
update of the already created PCS database and cost-estimating 
models. The following example provides a better understanding 
of the difference between these two types of efforts.

Assume: During the initial development of data-driven PCS 
cost-estimating models, the model developer considers that the 
distance between the agency’s headquarters and the job site may 
be an input valuable to estimate PCS costs. However, this piece of 
project information has not been collected to date. It means that 
the model developer will have to invest a substantial amount of 
effort to check previous projects’ documents, measure this dis-
tance, and provisionally add this information to the PCS data-
base in order to evaluate its value for PCS cost estimating. Two 
things may happen at this point: (1) this piece of information 
may show a poor performance as an input variable and thus be 
discarded from the PCS database, or (2) it may positively con-
tribute to the estimation of PCS costs. If the latter occurs, the 
agency would have to incorporate this piece of information 
into its regular data-collection procedure. This corresponds to 
the maintenance efforts mentioned in the previous paragraph 
(second type of effort).

In comparison with the initial efforts required to collect 
and evaluate the piece of data mentioned in this example, 
maintenance efforts would be substantially lower. The future 
collection of this information to update the PCS database 
would not significantly increase data management efforts 
once it is included in the data-collection protocol. For exam-
ple, there are a number of information technology tools 
that can instantly provide the distance between two differ-
ent locations. Thus, this distance could just be uploaded into 
the system along with other general project information. The 
optimization of data maintenance efforts, in the long run, 
will have a greater impact on the agency’s day-to-day data 
management activities. The decision of whether to invest 
in the initial efforts required to evaluate the suitability of a 
potential input variable, given the risk of wasting time and 
other resources if the variable is discarded, must be made 
based on the potential influence of the variable on PCS cost 
estimating as determined by the experience and professional 
judgment of agency personnel.

Having identified all potential factors affecting PCS costs, 
the agency should proceed to rate each of them in accordance 
with the expected effort that would be required to continue 
tracking and recording them. They could be rated as high, 
medium, and low. As shown in Figure 4.5, the agency will start 
by creating a preliminary PCS database considering only low-
effort variables and will move up in the scale of effort until 
reaching a satisfactory level of performance of the PCS cost-
estimating models.
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4.7 Develop/Update PCS Database

Once the potential set of input variables has been defined 
for PCS cost-estimating modeling, the agency can proceed 
with the development of the PCS database. As discussed ear-
lier in this chapter, there are different PCS cost-estimating 
approaches (top-down and bottom-up/functional level) that 
may be used by different types of users. This situation might 
require the development of multiple databases to be used at 
different levels and within individual functional areas. For 
instance, an agency may find it practical to use two separate 
PCS databases for the development of top-down estimates 
for paving and bridge projects. Likewise, each functional area 
within this agency (e.g., geotechnical, environmental, struc-
tural) may keep its own PCS database of work-effort hours 
for functional-level estimating. The data management tech-
niques described here can be applied to develop each of these 
databases. The scale of the process and the data sources con-
sidered for each database vary in accordance with the scope of 
models previously defined during the requirements analysis. 
For management purposes, these databases should be consid-
ered as a single PCS database system rather than as separate 
entities. Several pieces of data may be contained in more than 
one database. Thus, data management efforts should con-
centrate on creating a single master database or a relational 
database that is connected to smaller databases, which can be 
accessed by users without much difficulty.

After identifying the factors that may be influencing PCS 
costs, historical data associated with these factors must be 
gathered to create a preliminary PCS database. Most transpor-
tation agencies maintain a large number of databases to record 
and store data generated throughout a project’s life cycle. A lot 
of additional information is stored in paper-based and elec-
tronic documents not arranged in a database-friendly fashion. 
As a result, the development of a preliminary database may 

need the use of multiple data sources (see Figure 4.6) that can be 
combined using unique PINs. For example, the right-of-way 
acquisition division may have the total land area and total 
number of parcels acquired for the right-of-way, and terrain 
information may be collected in a structured format by the 
survey division. Many of those databases are likely to contain 
data tied to a unique PIN. A consolidated PCS database can 
be easily developed using the PIN.

Although data-driven estimating approaches depend on 
the amount of data, more data inputs do not always mean 
better estimates. PCS costs are time sensitive. Over a long 
period of time, typical PCS cost structures of an agency can 
vary for multiple reasons, such as inflation, changes in plan-
ning and design practices, and employee turnover. Therefore, 
the amount of data used for PCS cost-estimating purposes 
must not be so small that it prevents estimating models from 
efficiently correlating the input variables with the observed 
total PCS costs nor so large that it fails to reflect current 
design rates and practices.

Figure 4.5.  Optimization of data maintenance efforts.

Figure 4.6.  Consolidation of existing data sources.
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The size of a PCS database is defined by the number of 
potential input variables and the amount of historical data 
for each of those variables (illustrated in Figure 4.7). The 
magnitude of these two dimensions must be carefully deter-
mined to avoid unnecessary data management efforts and 
to maximize the performance of the PCS cost-estimating 
models. The optimum amount of data per input variable is 
constrained by time. Data from projects executed during the 
previous 5 to 7 years are usually enough for the development 
of efficient cost estimates.

4.7.1 � Evaluation of Factors Affecting  
PCS Cost

Data attributes in the preliminary database are potential 
factors that may influence PCS costs. While some of them 
have a significant effect on PCS costs, others may not. Thus, 
those factors should be analyzed to understand the effect of 
each factor on PCS costs. The evaluation of these factors is 
conducted at two different stages—first, through an analysis 
of the behavior of these factors in previous projects, which 
is the procedure described in this section, and then using 
some specific model performance indicators resulting from 
the use of different estimating tools. (This is the reason the 
arrows in Figure 4.7 move in two directions.) The latter stage 
is discussed later in this report.

Figure 4.8 shows an example of how the influence of each 
factor on cost can be determined through a simple analysis 
of the available data. The figure shows the total costs spent on 
various PCS activities in 53 projects awarded by Iowa DOT. 
It is observed that some factors, such as wetland permits, are 
a very small component of the total PCS cost compared to 
factors such as the existence of bridges within the project. 
This indicates that data on the presence of bridges provide 
more useful information to the estimating model than wet-
land permits; therefore, bridge data should be prioritized for 
collection.

Figure 4.7.  Dimensions  
of a PCS database.

Figure 4.8.  Components of preconstruction costs.
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Along with the experience of model developers, there are 
formal methods that may help to evaluate the influence of fac-
tors before proceeding to the development of estimating mod-
els. Descriptive statistics and visualization techniques, such as 
scatter plots and box plots, can provide a better understanding 
of the data and their relationship to PCS costs. When a clear 
pattern is observed, those factors should be included for in 
further model development.

As another example, an analysis was conducted with a 
Montana DOT sample data set that included more than 
two-dozen factors to identify major cost influencers. The 
analysis identified six factors as significantly important fac-
tors affecting PCS costs (see Figure 4.9). It should be noted 
that the analysis was performed based on a data sample with 
only three types of project scope—chip seal, mill and fill, and 
reconstruction—and it should not be generalized.

4.8 Top-Down Model Development

After developing a database and identifying relevant and 
important data attributes, a number of modeling techniques 
can be applied to find the best-performing model. Three mod-
eling techniques—multiple regression, decision tree, and arti-
ficial neural network—are presented briefly. The data sets 
used for each model are different and are used for illustration 
purposes only.

Various data-mining systems that are available to develop 
these models include R-statistics, RapidMiner, Weka, STATA, 
SAS, IBM SPSS, and Microsoft Data Mining Client for Excel. 
As all these systems were developed with a wide audience in 
mind, they may be regarded as complicated to use by trans-

portation agencies. It is suggested to test the software pro-
grams and pick the most suitable one for the agency.

Microsoft Data Mining Client for Excel is a relatively easy-
to-use system once setup is completed. Also, it is an Excel-based 
tool, as the name suggests. Because of its ease of use, this sys-
tem has been used to demonstrate various data-mining models 
presented in the PCS cost-estimating guidebook. In this study, 
three data-mining techniques are presented: multiple regres-
sion, decision tree, and artificial neural networks. These are 
only three of many different data-mining techniques available.

4.8.1  Multiple Regression

Multiple regression is a statistical technique that determines 
a relationship between a dependent variable (also known as 
a response, output, or outcome variable) and multiple inde-
pendent variables, which are usually referred to as predictor, 
explanatory, input, or regressor variables (Allison 1999).

Multiple regression is the simplest top-down PCS cost-
estimation model out of the three presented in this research. 
The concept of multiple regression is fairly similar to that of 
linear regression. Instead of using a single data attribute as 
the input variable in linear regression, multiple regression 
uses multiple data attributes as input variables simultane-
ously. In the case of PCS cost estimation, the output vari-
able is estimated PCS cost, and the input variables are project 
characteristics such as project type and project length. The 
model can be represented in a simple equation:

Estimated PCS cost . . .

Eq. 4.1
0 1 1 2 2C V C V C V Cn n= + × + × + + ×

where:

	Vi	=	ith input variable,
	C0	=	�intercept (PCS cost when all variables are equal to zero),
	Ci	=	coefficient associated with the ith input variable, and
	 n	=	number of input variables.

A positive coefficient shows that PCS cost increases with 
the increase in the value of the corresponding input variable. 
A negative coefficient indicates the inverse relationship of 
PCS costs with the value of the factor of the corresponding 
input variable. The process of developing a multiple regres-
sion model is illustrated in Figure 4.10.

Selection of suitable independent variables was explained 
in an earlier section. In this step, the variable selection is done 
using statistical technique by checking the P-values of all 
independent variables. If the P-value is lower, another itera-
tion can be performed by removing the variable and checking 
if the adjusted R-squared value increased or not.

It may be noted that, unlike the other two modeling tech-
niques that are presented in the following sections, multiple 

Figure 4.9.  Factors affecting PCS  
costs – paving projects (Montana  
DOT sample data).
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regression cannot use nominal variables as input variables. 
Nominal variables are categorical variables that are not ordered. 
Type of project is an example of such a variable. This is a huge 
limitation of the multiple regression model. But nonetheless, 
it is the simplest modeling technique. Table 4.2 shows types of 
variables suitable for regression model development accord-
ing to Allison (1999). Although all three types of variables 
can be used to build a multiple regression model, it should 
be noted that it is always preferred to use interval variables (as 
defined in Table 4.2). The multiple regression model cannot 
include categorical variables (also called nominal variables). 
These are descriptive variables that cannot be arranged in a 
logical order in accordance with their impact on the depen-
dent variable, such as the name of a county or the number of 
the DOT district in which a project was built. Lastly, to use 
multiple regression modeling, there must be at least as many 

projects as the sum of the number of input variables and the 
dependent variable (Allison 1999).

As can be seen in Table 4.2, all independent variables in 
a multiple regression model should either be numeric or be 
transformable into a quantitative logic scale. Once a model 
is developed, its performance can be measured using vari-
ous model performance indicators. Most statistical software 
packages yield complex outputs that are not easily under-
standable by the average engineer with little or no advanced 
education in statistics. However, to simplify the interpreta-
tion of the outputs in the multiple regression method, model 
developers can focus their attention on the three elements 
defined and explained in Table 4.3. It should be noted that the 
R-squared and adjusted R-squared values correspond to the 
entire model, while the standard error and P-value are model 
performance indicators at the variable level.

Figure 4.10.  Multiple regression PCS cost-estimating model development.
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The model can be optimized by using a cyclic process 
intended to discard, one by one, those independent variables 
that do not show a statistically significant impact on final PCS 
costs (P-value > 0.05). Variables are discarded one by one to 
allow the model developer to understand the effect of a vari-
able’s removal on the new model’s P-values. For the purposes 
of the guidebook, a cycle refers to an iteration of removing an 
independent variable and regenerating the model using the 
remaining variables. The term “cycle” will be applied to not 
only multiple regression models, but also to decision tree and 
artificial neural network models discussed in the guidebook.

Model developers should also look at the R-squared and 
adjusted R-squared values during each cycle. By removing vari-

ables with P-values greater than 0.05, the model is expected to 
be improved as measured by increasing the adjusted R-squared 
value and reducing the difference between this value and the 
R-squared value. However, when using a data set with a high 
degree of uncertainty, such as the one used to build an early 
PCS cost-estimating model, it is possible for the best model to 
include independent variables having P-values greater than 
0.05. As a result, the developer will notice that the adjusted 
R-squared value between two cycles is reduced. In this situa-
tion, model developers should select the model from the pre-
vious cycle, which is the one that provided the largest possible 
adjusted R-squared value. It should also be noted that the 
R-squared value is not expected to increase between cycles. 

Type of Variable Description Examples 
Interval variable Variable measured in such a way that 

the difference between two values is 
meaningful. An increase from 200 to 220 
design hours is equivalent to an increase 
from 340 to 360 design hours.  

• Length of project  
• Number of bridges  

Ordinal variable  A variable that may be arranged in a 
logical order assigning numeric values in 
accordance with their position in the 
arrangement. Unlike interval variables, 
two equal increments of these values 
cannot be clearly compared.  

1 = very simple scope 
2 = simple scope 
3 = neutral  
4 = complex scope 
5 = very complex scope 

Indicator variable (also 
called “dummy variable”) 

Nominal variable with only two possible 
categories identified with binomial values 
(0 and 1) for computation purposes. 

0 = concrete pavement  
1 = asphalt pavement 

Table 4.2.  Types of variables suitable for multiple regression.

Model 
Performance 

Indicator 
Description Values Use 

R-squared (R2) 
and adjusted R-
squared 

These represent the 
percentage of the variability 
in the independent variable 
that can be explained by the 
multiple regression model. 

0.00 (0%) – 1.00 (100%); 
1.00 would mean that the 
model perfectly fits the 
observations. Adjusted R2 
is always lower than R2.  

The closer the adjusted 
R2 and R2, the better the 
model. An increase in the 
adjusted R2 represents an 
improvement of the 
model. 

Standard error 

This indicator refers to the 
standard error for each 
variable. It measures the 
variability in the value of 
each coefficient. It is similar 
to the standard deviation of 
the mean values for the 
coefficients. 

The magnitude of this value 
depends on the level of 
uncertainty associated with 
its respective variable. The 
larger the standard error, 
the higher the uncertainty.  

In addition to being used 
to indicate the variability 
of a given coefficient, it is 
used to set confidence 
intervals and create 
stochastic models. 

P-value 

The P-value measures the 
level of significance of a 
given independent variable 
for the estimation of the 
dependent variable.  

0.00 (0%) – 1.00 (100%); 
1.00 would mean that the 
given independent variable 
has no impact on the 
dependent variable at all, 
and 0.00 would represent 
the opposite. 

P-value < 0.01 (5%) = 
highly significant variable 
 
P-value < 0.05 (5%) = 
significant variable 
 
P-value > 0.05 (5%) = 
discard variable 

Table 4.3.  Model performance indicators – multiple regression.
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An example of multiple regression is provided within the 
guidebook in Section 4.2.1.

4.8.2  Decision Tree

A decision tree identifies projects with similar characteris-
tics and identifies more important cost influencers and pre
sents them in a visual way. A decision tree model consists of 
nodes and branches, just like a tree (Figure 4.11). At the root 
or top node, the most important attribute is used to develop 
the first set of branches. The importance of each variable 
is evaluated by statistical software using expected informa-
tion gain (i.e., better understanding of the data fluctuation) 
or similar measures after using that variable. The expected 
information gain is defined as the reduction in impurity or 
entropy of the data after using that variable. For example, 
if PCS costs of reconstruction projects (which would usu-
ally be very high) and resurfacing projects (which would be 

lower) are expected to be very different, then this project type 
variable will enable the branching of the root node into two 
isolated branches. The branching continues until there are a 
certain preset number of data points in each branch. If there 
are less than a desired number of data points or projects in 
any branch, the branching stops. This is known as pruning. 
Pruning is necessary to reduce the model’s over fitting (i.e., 
development of branches based on very few data points, which 
might result in unrealistic results, which is especially problem-
atic in data sets with outliers). The values at the end node rep-
resent the average output value of all projects that fall under 
that particular branch of the decision tree.

When the PCS cost for a new project is to be determined, the 
prediction is made by following the corresponding branches 
based on the values of input variables (i.e., factors affecting 
the PCS costs). The benefit of a decision tree is that it can pro-
vide a visual illustration of the internal computations used by 
the model. Further, the chart developed can then be used to 
compute PCS costs without any software. It can also use cate-
gorical variables in addition to the nominal types of variables 
mentioned previously in the Multiple Regression section.

The performance of a decision tree model can be measured 
using mean absolute percentage error and mean absolute 
error, as presented in Table 4.4.

The mean absolute percentage error can be presented 
mathematically as:

Mean absolute percentage error

Actual PCS Cost Estimated PCS Cost

Actual PCS Cost Eq. 4.2
n

i i

i
∑

=

−

Where n = number of projects in the validation data set.

Figure 4.11.  Decision tree model visualization.

Model 
Performance 

Indicator 
Description Values Use 

Mean absolute 
percentage error 

Mean absolute percentage 
error measures the deviation 
of predictions from actual 
values.  

Any positive value. A value 
of 0.00% would mean that 
the model perfectly fits the 
observations. It is usually 
calculated for both the 
training and validation data 
sets.  

The mean percentage 
absolute error for the 
validation data set is used 
to identify the combination 
of independent variables 
that best fit the 
observations. 

Mean absolute 
error 

It measures the absolute 
sum of the total difference 
between the predicted and 
actual values. 

Its value depends on the 
magnitude of the output 
variables (i.e., larger output 
variables will tend to have 
larger mean absolute error 
in terms of magnitude). 

It is more challenging to 
determine the accuracy of 
a single model using this 
measure. However, when 
two models based on the 
same data set are 
compared, this measure 
can be compared to 
identify the better model.  

Table 4.4.  Model performance indicators – decision tree.
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In addition to the measures in Table 4.4, the minimum and 
maximum errors can also be used to check the accuracy of 
the model.

When developing a decision tree, the factors affecting PCS 
costs can be selected based on attribute evaluation techniques 
such as subset evaluation and principal component analysis. 
Such functionality may or may not be available, depending 
on the software being used. Additionally, some software may 
automatically perform such evaluations when a decision tree 
is being generated. These techniques either provide ranks of 
each of the factors that affect PCS costs based on the factor’s 
influence on the output variable or ranks of various combi-
nation of factors that affect PCS costs based on each factor’s 
influence on the output variable. An example of a decision 
tree is provided in the guidebook in Section 4.2.2.

4.8.3  Artificial Neural Networks

An artificial neural network is a learning system that has 
the ability to generalize and learn from data by modeling the 
neural connections in human brains. Typically an artificial 
neural network consists of an input layer, a hidden layer or 
layers, and an output layer. Input values are assigned to each 
of the independent variables in the input layer; then these 
values are processed through the hidden layer(s) (working 
as a black box); finally, a single value is obtained though the 
output layer. The output value in this case is the estimated 
PCS costs of the project whose project features were used 
in the input layer of the model. This method is capable of 
modeling nonlinear relationships among variables with high 
accuracy; however, this accuracy depends on the quality, 
amount, and reliability of the data used to build the model. 
Berry and Linoff (1997) define an artificial neural network as 
a powerful, general-purpose tool readily applied to estima-
tion, classification, and clustering, which are sometimes best 
approached as “black boxes” with mysterious internal work-

ings. Figure 4.12 is a diagram of a basic artificial neural net-
work with two independent variables and one hidden layer. 
This model is powerful, but the internal calculations are not 
visible to the users of the model.

Adding numbers to the independent variables and weights 
to the artificial neural network in Figure 4.12 might add more 
sense to the operation of a neural network. Figure 4.13 shows 
some sample values for these elements and how these val-
ues are modified as they move in the direction of the arrows 
until reaching the output layer. The procedure shown in this 
figure corresponds to the simplest way to calculate a depen-
dent value in a neural network, but it is enough to explain the 
fundamentals of this method. Actual procedures followed by 
statistical software applications are usually more complex. To 
move a value from one node to the next, this value is multi-
plied by the weight of the corresponding arrow. The value 
taken by each node is equal to the sum of all values transmit-
ted from the previous layer.

A general process of developing an artificial neural net-
work is illustrated in Figure 4.14. This is similar to decision 
tree development. In this case, the relative variable indicator 
(RVI) that indicates the importance of each input variable is 
used to select the influencers. The variables with the lowest 
RVIs are discarded one by one on a per-cycle basis to improve 
the accuracy of the model. It is also possible that the combi-

Figure 4.12.  Basic artificial neural network diagram.

Figure 4.13.  Artificial neural network calculation.
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nation of the variables with less and high importance may 
provide better accuracy than the combination of the high-
importance variables only. As such, various combinations 
of variables should be tried. As noted in the Decision Tree 
section, attribute selection methodologies that provide the 
ranks of combinations rather than single attributes can also 
be used.

The RVI is another model performance indicator that can 
be used in addition to other indicators mentioned in the deci-
sion tree discussion (see Table 4.5).

An example of an artificial neural network is provided 
within the guidebook in Section 4.2.3.

4.9 � Validation of Models  
and Selection

The accuracy of PCS cost-estimation models can be mea-
sured using several goodness-of-fit tests. To obtain a better 
idea about the accuracy of a model, random sampling should 
be done for testing/validation. There are two general methods 
of generating training data sets and testing data sets—holdout  
and k-fold cross validation. In the holdout procedure, a frac-
tion of data (usually 67%) is used as training data to develop 
a model. Then the remaining data are used to test the accu-
racy of the model. Predicted and actual values from the 

Figure 4.14.  Artificial neural network PCS cost-estimation model 
development.

Model 
Performance 

Indicator 
Description Values Use 

RVI 

This indicator measures the 
impact of each independent 
variable in the calculation of 
values for the dependent 
variable.  

The sum of RVI values of 
all independent variables is 
equal to 100%. 

Used to identify the 
independent variables 
that represent the lowest 
contribution to the model, 
which are discarded one 
by one on a per-cycle 
basis.  

Table 4.5.  Additional model performance indicators – artificial neural network.
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remaining 33% of data points are used to test the accuracy 
of the model.

In k-fold cross validation, usually 10-fold, the data set is 
partitioned into k-folds (say 10 parts). One part of the k-folds 
is used for testing, while the remaining data is used for train-
ing. This process is repeated until each part of the data is used 
for validation of the model developed using the remaining 
parts of the data. Thus, k number of models are developed 
and tested. The errors calculated from each model are then 
averaged out to calculate the overall accuracy of the model.

Given that any of the three PCS cost-estimating techniques 
described previously in this chapter may show the best per-
formance under different databases and estimating condi-
tions, transportation agencies are encourage to use all three 
approaches. The final PCS cost-estimating model would pref-
erably be the one with the lowest average error.

The identification of the most accurate model among the 
three causal methods does not mean that its accuracy is high 
enough to fulfill the expectations of the agency. Thus, it is sug-
gested that agencies establish standard parameters to accept 
a given model to proceed with its application, or reject the 
model and review again the original data set looking for pos-
sible errors or opportunities for improvement of data quality.

4.10 � Bottom-Up (Functional-Level) 
Model Development

The preconstruction phase includes the delivery of many 
intermediate products and services, such as environmental 
investigations, geotechnical studies, public involvement, and 
permitting. The level of effort required to complete many of 
these tasks is often influenced by project location, resources 
affected, and regulations activated by the project rather than 
by a specific project characteristic such as lane miles or bridge 
length (American Association of State Highway and Trans-
portation Officials 2008). As a result, the best way to quan-
tify these services is to develop a scope of work for the effort 
required to complete each.

Functional-level cost estimation is a form of bottom-up 
estimating. The scope of work can be divided into smaller 
work tasks, which can be estimated individually. These smaller 
estimates are then combined to form a total estimate for a 
specific service. A bottom-up estimate is typically estimated 

by a person who is involved in monitoring the project, such as 
a senior designer who will manage the team to complete the 
work (Larson and Gray 2011).

Figure 4.15 illustrates the key steps that are taken to form 
a functional-level estimate. Once the scope of work has been 
defined, the tasks required to fulfill the scope must be identi-
fied. To simplify this process, some DOTs have a standard task 
inventory, also known as a WBS, which contains a compre-
hensive list of common activities that are typically required 
during preconstruction. This inventory of work tasks can 
then be assigned a level of effort to complete and, hence, a 
rate of pay for that effort. After the hours of each specific 
work task have been multiplied by the relevant payment rate, 
the cost of each task can be combined to calculate the total 
PCS cost estimate.

4.10.1 � Use of Functional Level PCS  
Cost Estimating

Once there is a scope of work, an office will then need to 
assess who will complete the work. Should an in-house team be 
used or external consultants (see Figure 4.16)? While it appears 
most agencies would prefer to perform work in-house, this is 
not always possible.

The amount of PCS work that is outsourced varies from 
state to state. Some DOTs have sufficient staff capacity and 
expertise to complete the majority of work internally, while 
other agencies employ consultants more frequently.

A functional-level estimate can be used to quantify the 
number of work hours that will be required by a PCS team to 
complete a given work package. This can play a significant role 

Figure 4.15.  Functional-level estimating process.

Figure 4.16.  Functional estimate sequence.

Estimating Highway Preconstruction Services Costs - Volume 2: Research Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23627


51   

in management’s decision on whether to perform the work 
with in-house resources. If the estimated work effort does not 
require specialized services and can be accommodated into 
the department’s schedule, then a decision to do the work in-
house can be made. The estimate can aid the distribution and 
monitoring of forward workload to available team members.

The use of consultants to assist state DOTs with PCS is pre-
dicted to increase (Wiegers 2000). This surge in contracting 
external services has led to the implementation of various 
state policies and consultant services manuals. Within these 
documents, DOT engineers are often required to perform 
detailed in-house cost estimates or independent cost estimates 
for the work to be contracted out (Touran and Lopez 2006).

The Brooks Act, introduced in 1972, requires that all applica-
ble architectural and engineering service contracts be awarded 
in accordance to an open negotiation process on the basis of 
demonstrated competence and qualifications. Federal regula-
tion stipulates a “detailed cost estimate, except for contracts 
awarded under small purchase procedures, with an appropri-
ate breakdown of specific types of labor required, work hours, 
and an estimate of the consultant’s fixed fee for use during 
negotiations” [Office of the Federal Register, n.d. (23 CFR)]. 
A functional-level estimate fulfills these requirements.

4.10.2  Assigning Hours to Work Tasks

Assigning a range of possible hours for any given task rec-
ognizes uncertainty and allows a three-point estimate to be 
formed. The weighted average hours calculated provide the 
best possible indication of how many hours will be required 
for a task, given the historic distribution of work hours from 
previous projects.

To combine the minimum, most likely, and maximum val-
ues from the range estimate into a single number, a weighted 
average number of hours can be calculated using Equation 4.3.

Weighted average hours
Min. 4 Most Likely Max.

6
Eq. 4.3

( )=
+ × +

This equation is based on a historical distribution of work-
effort hours for the project type being estimated. It weights the 
average hour estimate four times more heavily than either 
the maximum or minimum hour estimates. The output of this 
equation is the expected value of the number of hours required 
for the specific task. An example is shown in Figure 4.17 for 
estimating the work-effort hours required for utility coordina-
tion and documentation for a project.

Figure 4.17.  Calculating the weighted average hours required for 
utility coordination and documentation given an estimate range.
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The most probable number of work-effort hours required 
for the task of utility coordination and documentation is 15 
(after rounding up from 14.5). This total number of hours 
can now be assigned pro rata to the levels of expertise needed 
to complete the task.

Creating better functional-level estimates is an ongoing 
process that can continuously be improved upon. The flow-
chart in Figure 4.18 illustrates how a WBS and database feed 
into the development of a functional-level PCS estimate. 
Recording the actual PCS work-effort hours/costs that cor-
respond to each past estimate strengthens the quality of the 
database that then goes on to form more accurate future esti-
mates. All three elements in this diagram affect the success of 
each other.

For engineering offices with no formal estimating process, 
this feedback loop will take some time and effort to develop. 
Defining work tasks within a WBS is the best place to start. 
Once tasks are clearly identified, estimates of their work effort 
can be created. Review of each estimate compared to actual 
PCS work-effort hours will then provide the first pieces of 
data to the database. Over time, the quality of the database 
will improve as more projects’ actual work-effort hours are 
recorded.

4.11 � Implementation of PCS 
Estimating Models

4.11.1 � Output Interpretation  
and Limitations

The selected model is ready for application if it shows a 
satisfactory performance in accordance with the expecta-
tions of the agency. It is important to recognize the scope 
limitations of each model when applying it to real projects. 
For example, if a given DOT develops a model using histori-

cal preconstruction data from its previous corridor projects, 
the final selected model is only applicable to corridor proj-
ects awarded by this agency. Likewise, if an agency develops a 
model using data from previous paving projects completed in 
a given county, the model would be only applicable to paving 
projects to be executed in this county by this agency.

4.11.2  Continuous Improvement

Since causal methods rely on historical data to estimate 
future values, PCS cost-estimating models can be constantly 
improved over time as more projects are executed and more 
data are collected, regardless of the model selected (multiple 
regression, decision trees, or artificial neural networks).

The model development procedure may be repeated on a 
regular basis every 2 or 5 years (or a period of time that the 
agency considers convenient), or before this time if observed 
PCS cost performance measures do not meet the standard 
parameters established by the agency.

4.11.3 � Use of Output as a  
Decision-Making Tool

By definition, decision-making procedures involve the 
selection of the most suitable option from a set of alternatives 
based on the preferences and selection criteria of the decision 
makers. As a decision-making tool, PCS cost estimates can 
be used to select the design methods and technologies that 
best suit the needs and resource availability of an agency. For 
example, a given agency may decide whether to use in-house 
or external designers based on the expected PCS costs associ-
ated with each of these alternatives. Likewise, decisions can be 
made at the functional level related to the design of specific 
project activities. For instance, the geotechnical engineer may 
use PCS cost estimates to determine the cost implications of 
using 3-D technologies to model earthwork activities instead 
of traditional 2-D excavation and backfill plans. To make a 
comparison between these two design techniques, the model 
developed to estimate the cost of this work package must 
include a variable (probably a dummy variable) that indicates 
the design approach to be used.

Regardless of the nature of the decision to be made, deci-
sion makers should take into consideration the limitations 
of the PCS cost-estimating models. This means that if the 
agency intends to compare the cost of two different design 
approaches, it must develop two different models following 
the procedures described in this research.

Key performance indicators (KPIs) can be used to measure 
the effectiveness of PCS cost-estimating models. There are two 
types of KPIs used for two different purposes: measuring the 
performance of the model and tracking the performance of 

Figure 4.18.  Feedback loop for 
continuous improvement of PCS 
functional-level estimating.
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At the Model Level 

The following KPIs are used to measure the overall performance of the PCS cost-estimating model. In order to 
draw any conclusions or take any corrective actions to improve preconstruction practices or the performance of 
the model, the agency should analyze the following three KPIs obtained from the application of the model in a 
series of projects. Corrective actions or model redevelopment may be needed only if one or more of these KPIs 
shows an average behavior that does not meet the agency’s expectations.   

Construction 
cost growth 
(CCG) (%) 

This KPI is intended to justify the use of PCS cost-estimating models. It represents the variation, 
as a percentage, of the early construction cost estimate in comparison with the actual construction 
cost of the project.  

Final cost 
performance 
index (FCPI) 

This KPI measures the accuracy of the model by comparing the PCS cost estimate with actual 
PCS cost. 

Final cost of 
lost design 
effort (FCLDE) 
($) 

The FCLDE corresponds to the total cost, in dollars, of activities associated with the development 
of discarded alternative designs. It also includes the cost of those portions of the original design 
that at the end were not used to construct the project. Lower FCLDE values represent a better 
utilization of agencies’ resources to perform final designs. 
 

At the Project Level 

The following KPIs are used to track the performance of the PCS cost estimate throughout the preconstruction 
period. These KPIs allow the project manager to detect anomalies in the performance of preconstruction activities 
and take corrective actions in a timely manner.  

Cost 
performance 
index (CPI) 

Unlike the FCPI, which is calculated at the end of the preconstruction period, this KPI compares 
the PCS cost estimate with actual PCS costs at any single moment during the preconstruction 
period. This indicator can only be determined in bottom-up estimates by comparing the estimated 
cost of completed work packages with the actual cost incurred by the agency to perform this 
work.  

Cost of lost 
design effort 
(CLDE) ($) 

Unlike the FCPI, which is calculated at the end of the preconstruction period, this KPI refers to 
the cost, in dollars, of activities associated with the development of discarded alternative designs 
at any single moment during the preconstruction period. A large value in this KPI may represent 
a poor definition of the project scope.  

Design 
placement 
(DP) ($) 

This KPI corresponds to the total PCS expenses incurred by the agency at any single point 
during the preconstruction period. This indicator is more suitable for top-down estimates since 
the lack of detail in these models does not allow the calculation of CPIs. The interpretation of this 
KPI is based on a comparison of its value with the total PCS cost estimate and the project 
manager’s professional judgment.  

Estimate at 
completion 
(EAC) ($) 

EAC is an adjusted estimate of the total PCS cost calculated from the known cost of completed 
work packages plus the expected cost of uncompleted work packages. This KPI can only be 
calculated for bottom-up estimates. 

Table 4.6.  PCS cost estimate – key performance indicators.

a PCS cost estimate throughout the project preconstruction 
period. Table 4.6 describes the different KPIs proposed in 
the guidebook. Likewise, within the guidebook, Appendix B: 
Project Monitoring–Preconstruction Services Progress, Part III, 
presents a template that may be used by DOTs to track and 
record values for these KPIs in a given project.

The Project Management Institute (PMI) recommends a 
methodology for capturing lessons learned (King 2008). King’s 
methodology consists of a series of questions that the project 
team should answer and record at the end of each project. These 
questions are related to three key areas: people, process, and 
product. Table 4.7 shows some examples of these questions by 

category. Answers to these questions may be directed to improve 
preconstruction practices or PCS cost-estimating models. 
Within the guidebook, Appendix B: Project Monitoring – 
Preconstruction Services Progress, Part IV, presents a template 
to assist project teams with the recording of their answers.

4.11.4 � Implementing Database 
Maintenance and Model 
Development Within an Agency

An agency may choose to maintain databases and develop 
data-mining models in any fashion that aligns most optimally 
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People 

Description 
Questions in this category should relate to team effectiveness and 
stakeholder interactions. Sample questions include those in the 
next cell. 

Questions 

• What did we learn about staffing—skills, knowledge, experience—
that will help us on future projects? 
• What are the lessons learned about the issues that caused 
conflict among the team, and by the manner in which we resolved 
the problems and took corrective action?  

Process 

Description 
Questions in this category should relate to the inputs, tasks, and 
outputs of the project processes. Sample questions include those in 
the next cell. 

Questions 

• Were there any tools, techniques, or programs used on this 
project that should be used or avoided for future projects?  
• How effective was, or is, our data inventory? For whom, what, and 
when were these data collected?  

Product 

Description 
Questions in this category should relate to the project deliverables 
and success factors. Sample questions include those in the next 
cell. 

Questions 

• What is being done well or needs to be improved to define, 
evaluate, and ensure quality for the design?  
• What is being done well or needs to be improved to manage 
agency expectations? 

Table 4.7.  Capturing lessons-learned methodology (King 2008).

with its resources and organizational structure. There are 
numerous approaches that can be taken. One possible sys-
tem is to collect data and maintain databases from a central 
location. A centralized office may also be responsible for creat-
ing models with relevant data for decentralized offices (coun-
ties or districts). This means a dedicated team with thorough 

knowledge of the models and data processes is responsible 
for all models, and a typical engineer need only input the key 
characteristics of a project into the model to obtain a cost 
estimate. Such an arrangement relieves the burden of training 
all PCS staff in data-mining techniques and ensures continu-
ity of data capture and analysis across the agency.
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C H A P T E R  5

5.1  Introduction

This chapter provides an outline of Estimating Highway 
Preconstruction Services Costs, Volume 1: Guidebook (hereafter 
referred to as the guidebook). The purpose of the guidebook is 
to provide support to highway industry practitioners regard-
ing the implementation of the PCS cost-estimating system 
and newly developed model.

The NCHRP Project 15-51 literature review, case studies, 
and interviews revealed a number of issues, practices, and 
techniques beneficial to the implementation of PCS cost 
estimating for transportation projects. The research team 
held an intensive 2-day workshop to develop a structure and 
format for effectively organizing and communicating the 
information gathered to a wide audience of transportation 
agencies, designers, contractors, researchers, educators, and 
others within the transportation industry.

The guidebook is delivered as part of Task 6; in conjunction 
with the submission of this final research report, it completes 
Phase 2 of the project.

The guidebook describes effective practices and high-impact 
decision points for estimating the costs of preconstruction. The 
guidebook also explains tools and techniques for the practical 
implementation of typical projects.

The first section of the guidebook is written for the upper 
management of agencies. It contains the business case and key 
management messages. The next sections of the guidebook 
explain the key principles of the PCS cost-estimating process 
during project development and the various approaches that 
can be applied at different stages of the process. The benefits of 
utilizing historical project cost data and the correct prepara-
tion of the data for modeling are presented. This is followed 
by a descriptive introduction to each of the three data-driven 
estimating models. In addition to the sophisticated data-
driven models, a functional-level estimating technique is also 
provided to assess department resource allocation and cost-
ings for negotiation with external consultants. The imple-
mentation and continuous improvement of all these models 

are discussed in Chapter 6. Project-specific considerations are 
discussed in Chapter 7, along with contract administration 
guidance. Finally, an appendix containing agency-specific 
PCS cost-estimating tools and effective practices found in the 
Task 2 case studies is included to furnish examples for DOT 
implementation.

5.2 Guidebook Outline

The guidebook is intended to facilitate effective implemen-
tation of PCS cost-estimating systems to help improve the 
state of the practice in delivering transportation projects. The 
guidebook focuses on practical methods, systems, and pro-
tocols intended for immediate application by transportation 
professionals.

The research team acknowledges that each agency uses dif-
ferent terminology and project development processes. As a 
result, the content of the guidebook remains as general as pos-
sible and gives readers direction on how to create databases 
and models based on their unique agency requirements. There 
is no set estimating model to be used. Agencies are at liberty to 
use any or all of the data-driven models, depending on which 
suit their data best.

One of the key underlying assumptions developed from 
the research is that the ability to effectively implement the 
PCS cost model requires a dynamic, integrated team sharing 
a common vision of project success. An important compo-
nent of this shared vision is an understanding of the inter-
related nature of high-impact decisions made by the project 
team at critical points in the project development process.

The guidebook clearly describes the step-by-step process 
to develop a top-down PCS cost-estimating model with three 
different data-driven approaches:

•	 Multiple regression modeling,
•	 Decision tree analysis, and
•	 Artificial neural network modeling.

Development of Guidebook
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The guidebook also provides a complete guide on develop
ing a functional-level PCS cost-estimating model or a bottom-
up model.

The content of the chapters is summarized here:

•	 Chapter 2: PCS Cost-Estimating Process. This chapter 
describes the overall PCS cost-estimating process that is 
aligned with a typical project development process. The 
need of three different approaches for estimating PCS costs 
is explained. The appropriate timing of application and the 
effectiveness of use are discussed.

•	 Chapter 3: PCS Database Development and Management. 
This chapter discusses a database development and manage-
ment process required for a successful implementation of 
data-driven PCS cost estimating. Some specific topics dis-
cussed in this chapter include data collection and cleaning 
strategies, identification and evaluation of potential input 
variables, and development/optimization of PCS databases.

•	 Chapter 4: Top-Down PCS Cost Estimating. This chapter 
explains the development process of top-down PCS cost-
estimating models. Three data-driven methods—multiple 
regression, decision trees, and artificial neural networks—
are discussed in detail.

•	 Chapter 5: Functional-Level PCS Cost Estimating. This 
chapter discusses the development process of functional-
level PCS cost-estimating models. It discusses the use of a 
work breakdown structure in developing a functional-level 
PCS cost-estimating model, discusses the feedback loop 
for continuous improvement, and also addresses issues in 
database creation, maintenance, and management.

•	 Chapter 6: Implementing PCS Cost-Estimating Models. 
This chapter discusses important aspects related to the 
implementation of PCS cost-estimating models in practice, 
such as the interpretation of PCS cost estimates, incorpo-
ration of this estimate into decision-making procedures, 
tracking of PCS costs throughout the project develop-
ment process, capturing lessons learned from the use of the 
framework described in the guidebook and specific models  
developed by using it, and continuous improvement pro-
cedures to optimize the performance of these models.

•	 Chapter 7: Project-Specific PCS Estimating Issues and Con-
tract Administration Guidance. Finally, this chapter dis-
cusses project-specific and contract administration issues 
associated with the development and use of PCS cost-
estimating models. This chapter covers project monitoring 
strategies, actions required under potential scope changes, 
how to use the PCS cost estimate to identify and quantify 
scope creep, and some aspects related to the use of in-house 
versus external designers/consultants.

Definitions specific to preconstruction services are included 
in Appendix A, and effective practices, methods, and tools 
information from the case studies are included in Appendix C.

5.3 Guidebook Vetting

5.3.1  Background

The guidebook is oriented toward decision making and a 
process view of preconstruction project management. It is 
meant to support decision making by the project team and 
does not provide a prescriptive recipe for how to use the PCS 
cost model’s output.

Task 5’s objective was to test the draft PCS cost-estimating 
guidebook to ensure that the materials are applicable for 
practice. The research team conducted a vetting workshop 
of the guidebook with two DOTs that are interested in inves-
tigating the use of the PCS cost models. For this study, the 
research group approached Iowa DOT and Montana DOT. 
These agencies were selected because they had both featured 
in case studies for this project, the research team was familiar 
with their practices, and real PCS data from each could be 
used for exercises.

Iowa DOT currently does not estimate the PCS cost for a 
project; however, the agency is looking at ways to introduce 
a process to do this. The lack of a formalized system or famil-
iarity with PCS cost estimating made the agency a great can-
didate to pilot test the guidebook as it tested the guidebook’s 
ability to communicate concepts at an introductory level.

MDT estimates PCS costs for all projects using a standard 
percentage of construction costs. It also records PCS hours; 
however, it does not use this collected historical data to esti-
mate future projects’ PCS costs. This agency provided a good 
environment to assess whether the business case of the guide-
book models was compelling enough to warrant implemen-
tation of more rigorous data-driven models.

The PCS cost data collected from the two agencies during 
the case studies also allowed the team to customize workshop 
exercises and examples for each agency.

The vetting workshop took place over 2 days and involved 
upper management, design, construction, and contracting per-
sonnel from the selected DOTs. Each DOT was also at liberty 
to invite representatives from local consulting firms; however, 
despite invitations, none participated in the workshops.

The first day of each workshop consisted of a mixed program 
of presentations of guidebook material and interactive exer-
cises to apply the concepts of the guide in practice. Table 5.1 
illustrates the day’s agenda.

DOT staff typically involved in preconstruction project 
tasks from different offices and departments participated. Par-
ticipants were divided into groups for the day and worked 
together to complete each of the exercises. To provide a genu-
ine experience, laptop computers were provided with loaded 
software that allowed the groups to physically develop linear 
regression, decision tree, and artificial neural network models. 
Historical PCS cost data collected from the DOTs was curated 
into a small database to use in the examples.
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A preliminary filed review form from a real highway recon-
struction project was also used in an exercise on functional-
level estimating. Participants were asked to assign activity 
hours to all the PCS activities required for the project given 
the information provided within the form. These hours were 
then aggregated and assigned an average labor rate to pro-
duce an early estimate.

The second day of the workshop involved a focus group 
with DOT preconstruction personnel and higher manage-
ment. This meeting provided a platform to assess the previ-
ous day’s results and separate the feedback that applies only 
to the given DOT and that which had broader application. 
Although this step was not required in the RFP, the research 
team believed it was vital to developing an implementable 
guidebook. This step has been extremely valuable on past 
guidebook efforts by research team members.

5.3.2  Measuring Results

The purpose of the workshops was to evaluate how effectively 
the guidebook communicated PCS cost-estimating practices 
and whether the research could be implemented by highway 
agencies using the resources provided within it. The workshops 
also aimed to collect feedback detailing recommendations for 
changes to the draft guidebook content.

To fulfill these goals, a number of research methods were 
employed. These included:

•	 Surveys,
•	 Observation, and
•	 Focus groups.

Using three methods to evaluate the performance of the 
guidebook allowed the research team to “detect recurrent 
patterns or consistent relationships” (Abowitz and Toole 
2010) within the feedback received.

Observations were made during Day 1 of the workshop. 
Of particular interest to the research team was participants’ 

engagement with the material provided. Specifically, the 
observers were looking to see if groups were able to relate 
the new estimating concepts to their prior estimating expe-
rience and find value in the information provided. Obser
vations were also made during the exercises to see how well 
the guidebook aided groups in completing tasks. If the 
group had to ask additional questions, this was noted as it 
implied that the guide was not comprehensive enough in that 
particular area.

A survey was conducted at the end of Day 1 to measure 
participants’ views on the guidebook and the concepts pre-
sented within it. The survey was developed following prin-
ciples of Taylor-Powell and Renner (2009) and aimed to 
quantify perceived changes in motivation, knowledge, and 
estimating skills as a result of guidebook. At the end of Day 1,  
participants completed the survey, and an open discussion 
was held about the merits and problems of the guidebook.

“Focus groups are carefully planned discussions stim
ulated within a predefined group environment to obtain 
perceptions about a defined area of interest in a permissive, 
nonjudgmental environment” (Yu et al. 2006). Day 2 involved 
a structured discussion about the strengths and weaknesses 
of the guidebook and the realities of implementing its con-
cepts within an agency. It was important for the research 
team to steer discussion to issues relating to the guidebook’s 
applicability to all highway agencies and limit focus on just 
its application to the DOT participating in the vetting.

The final stage of the vetting process was to combine the 
feedback provided and address any issues within the guide-
book to improve its quality. This was an iterative process. 
Feedback for the Iowa DOT vetting was used to revise the 
guidebook before it was provided to the Montana DOT for 
the second vetting. A summary of the feedback received from 
the two workshops is detailed in the following sections.

5.3.2.1  Iowa DOT Vetting

The first draft of the revamped guidebook was sent to Iowa 
DOT two weeks prior to the workshop to allow participants 
an opportunity to read it and bring any questions they had 
to the vetting. The research team conducted the workshop, 
which had 13 DOT participants

Observations made throughout the day were that the par-
ticipants were very engaged and receptive to the concepts 
presented. The final survey confirmed this with very positive 
feedback. Of the survey respondents, 75% reported that they 
were “quite a bit” or “a great deal” more aware of the overall 
PCS cost-estimating process as a result of the guidebook. All 
participants reported a greater understanding of top-down 
data-driven models and how to develop a database. The focus 
group held the day after the workshop was very positive; 
there was a general consensus that the guidebook contained  

DAY 1 

Welcome and introduction 
Introduction to PCS cost estimating 
Break 
Traditional PCS estimate exercise 
Discuss guidebook estimating models 
Lunch 
Demonstration of software for model development 
Estimate exercise using guidebook models 
Discuss functional-level estimating 
Functional-level estimating exercise 
Feedback/discussion 

Table 5.1.  Workshop agenda of Day 1.
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practical approaches that would significantly improve the 
preconstruction phase of a project.

The major findings of this vetting were:

•	 The guidebook is repetitive in some sections; this redun-
dancy should be removed.

•	 While the guidebook contains many great figures, there is 
still a lot of text, using call-out boxes to draw out the impor-
tant information would make it more readable.

•	 The business case in Chapter 1 should be aimed at higher 
management as they are the people who will make a deci-
sion on whether these practices are implemented.

•	 Appendix D needs to be written less technically.
•	 The guidebook needs to better explain that implementing 

these estimating techniques cannot be achieved by one per-
son and that sufficient up-front resources will need to be 
committed by the DOT to maintain databases and develop 
models.

As a result of this feedback, the guidebook was reorganized, 
with Chapter 3 dedicated to database development and man-
agement to better illustrate the up-front investment required 
by DOTs to implement data-driven estimating processes. 
Redundant text was removed, and call-out boxes were intro-
duced. Chapter 1 was revised, and Appendix D was modified.

5.3.2.2  Montana DOT Vetting

An updated draft of the guidebook was then provided to 
MDT two weeks ahead of its vetting. This workshop was led 
by Dr. Gransberg, Dr. Jeong, and one graduate student. There 
were 21 participants from a variety of districts and departments 
for Day 1.

Again participants were very engaged and there was lively 
discussion throughout the day. Groups worked diligently on 
the exercises provided and successfully applied guidebook 
concepts to their solutions. Survey responses at the end of 
the day recorded 80% of participants being “a great deal” or 
“quite a bit” more aware of the overall PCS cost-estimating 
process. All participants whose duties involved PCS estimat-

ing indicated that they would consider implementing con-
cepts presented in the guidebook, especially using top-down 
estimating models. The focus group held the following day 
was very encouraging. The group believed the research was 
timely but would require a change in agency culture to work 
effectively. Staff will need to place more accountability on the 
PCS estimating phase.

The major comments and findings from this vetting are 
as follows.

Strengths of Guidebook

•	 Good organization–very methodical.
•	 It steps through process beginning to end very well.
•	 Easy to read.
•	 Thorough coverage of all the functions (survey, enviro, 

roadway, etc.).

Improvements

•	 Paragraph is very vague and could use a little more 
explanation.

•	 Could clarify that PCS can be whatever an agency wants–
just preliminary engineering or can split out ROW.

Comments

•	 This research fits well with MAP-21 requirements.
•	 There is an increasing need for cost accountability from 

FHWA; these tools will help justify resource allocation.

Training

•	 Participants felt that a workshop (or consulting session) 
would help implement the tools of the guidebook. There 
were many comments that the workshop really helped the 
guidebook make more sense.

•	 A consulting session would be good to help an agency 
establish a database and analyze what factors are the most 
important inputs (what data to collect).
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C H A P T E R  6

6.1  Introduction

This chapter focuses on the results of the research and the 
recommendations for future research that were recognized 
during the project. There were three separate research instru-
ments used to reach conclusions: the literature review, the 
national survey, and the case studies from structured inter-
views with agency personnel.

6.2 Conclusions

Throughout the course of this research project, the research 
team was able to reach several conclusions. These are discussed 
in the following, in no particular order.

There is a need for improved PCS cost estimating. The liter-
ature has shown that underfunding preconstruction activities 
results in shifting problems that have not been identified or 
addressed to the construction phase, where the cost to correct 
them is much higher.

•	 The implications of bad/no PCS cost estimating are cur-
rently poorly understood: A number of the case study inter-
viewees expressed the opinion that having a more accurate 
estimate of PCS costs would not add any value to the pro-
cess. These opinions were based on the disparity between the 
cost of PCS and construction; roughly 3% to 6% for PCS 
and the remaining 94% to 97% for construction. Addition-
ally, most indicated that there was little if any accountability 
for keeping actual costs within the amount budgeted for the 
preconstruction phase. This may account for the low level of 
confidence that respondents attributed to the quality of the 
existing data (e.g., there is no perceived reason to accurately 
post actual hours charged to a particular project because 
there is no monitoring of PCS costs). These observations 
reinforce the importance of crafting a PCS cost-estimating 
guidebook and educating practitioners on the importance of 
PCS cost estimating during the project development phase.

•	 Terminology and data coding systems: No standardized 
terminology was found across DOTs for the various com-
ponents of the project development process. Hence, gen-
eralized estimating models and processes needed to be 
developed in the guidebook to allow DOTs to tailor them 
to their specific needs. This lack of standardization has also 
been seen in the management of preconstruction activities 
and data-collection methods within DOTs. Useful histori-
cal information to analyze and estimate PCS costs is being 
recorded in multiple databases using different terminologies 
and coding systems, reducing the agencies’ ability to com-
municate and share information among functional areas. 
This issue adversely affects the accuracy with which an esti-
mator can assign various expenses found in the financial 
record to specific tasks in the PCS process.

•	 Data quality: In many of the case study projects, the DOT 
personnel expressed doubt regarding the accuracy of the 
available data. Some of the DOTs have a sophisticated pro-
cess for collecting the PCS data, but in all cases, the data 
depends on the diligence of the individual employees to 
accurately reflect the distribution of the hours charged to 
a given project in a normal day. These data quality issues 
have proven to be a critical factor affecting the develop-
ment of effective PCS cost estimates. Thus, the PCS cost-
estimating guidebook also provides some suggestions for 
DOTs to improve their data-collection techniques, making 
PCS information more accessible and easier to understand 
by all involved in the project development process. There 
is no elegant statistical methodology to remedy this issue. 
However, the result of this finding led the team to decide 
to use three different methodologies for modeling PCS costs 
(artificial neural networks, multiple regression analysis, and 
decision trees), which will yield three individual outcomes 
for any given data set. This permits the analyst to “bound 
the outcome” as there will be a low value, a high value, and 
a value in between, producing what is called a credible range 
in the risk-based estimating literature (Anderson et al. 2007). 

Conclusions and Recommendations  
for Future Research
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Thus, the result is a worst, best, and most likely case for the 
project’s PCS cost.

•	 PCS cost estimating is required when negotiating exter-
nal consultant contracts. Federal law stipulates a “detailed 
cost estimate . . . with an appropriate breakdown of specific 
types of labor required, work hours, and an estimate of 
the consultant’s fixed fee . . . [is required] for use dur- 
ing negotiations” (U.S. Government Printing Office 2015). 
As a result, a PCS budget determined from a percentage  
of construction costs is not sufficient to use for negotiat-
ing PCS contracts with external consultants. Top-down 
estimating approaches cannot be used in this application. 
Functional-level estimating is necessary for consultant 
negotiations.

6.3 � Recommendations  
for Future Research

Throughout the course of the research, the research team 
noted some areas that could be explored to further improve 
PCS cost-estimating practices:

•	 The research identified the lack of similar terminology 
between agencies. Investigating the implementation of a 
standardized process to collect and use PCS cost data would 
enable information to be shared easily between DOTs. Les-
sons learned could then be universally applied to improve 
all agencies’ practices. Another branch of this concept would 
be to develop a standard coding system for project factors.
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A P P E N D I X  A

Project Development Processes

Arizona DOT project development process (Arizona Department of Transportation 2014). 
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 Ohio DOT project development process (Ohio Department of Transportation 2014). 
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Western Federal Lands Highway Division project development process (Western 
Federal Lands Highway Division 2007).
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New York State DOT project development process (New York State Department of Transportation 
2004). 
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A P P E N D I X  B

Screening Survey

Please answer the following questions regarding preconstruction services of your department to the best of your ability. 

Point of contact for future reference 
Name: 
State: 
Position: 
Email: 

Do you outsource preconstruction services? ��

�

�

�

�

 Yes � No 

If yes, what % of preconstruction services are done in-house? 

Do you collect in-house labor costs on a project-by-project basis?  

� 0%–30% 

� Yes 

� 31%–60%

� No 

� 61%–90% � >91%

If yes, what do you use the data for? 

Would you be willing to allow the NCHRP Project 15-51 research team to collect a case study of the preconstruction 

services cost-estimating system used by your department? � Yes � No � Maybe 

Is there anything you would like to add about your department’s preconstruction services cost-estimating procedures? 
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Please circle the appropriate yes/no answer that describes the points in the project life cycle where you collect in-house labor costs. 
Phases Planning Preliminary Engineering Environmental Engineering Final Engineering Construc�on 
Ac�vi�es 

Project start-up 
(before MPO or 

STIP) 

Scope and 
budget – 
concept 

Stage 1 design – 
Evalua�ng 

alterna�ves 

 
Ini�al cost 
es�ma�ons 

Environmental 
field studies – 

preferred 
alterna�ves 

NEPA and 
permit 

approval 

 
Detailed 
design 

 
Final plan 
package 

 

Procurement 

 Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No 
MPO – Metropolitan planning organiza�on, STIP – Statewide Transporta�on Improvement Plan, NEPA – Na�onal Environmental Policy Act 

Please check the methods that you use to es�mate the cost of the following ac�vi�es shown at the top of the table. 
Phases Planning Preliminary Engineering Environmental Engineering Final Engineering Construc�on 

 Ac�vi�es 
 

 
Methods 

Project start-up 
(before MPO or 

STIP) 

Scope and 
budget – 
concept 

Stage 1 design – 
Evalua�ng 

alterna�ves 

 
Ini�al cost 
es�ma�ons 

Environmental 
field studies – 

preferred 
alterna�ves 

NEPA and 
permit 

approval 

 
Detailed 
d esign 

 
Final plan 
package 

 

Procurement 

Trns.port 
so�ware □ □ □ □ □ □ □ □ □ 
Standard % 
of es�mated 
construc�on 
cost 

 
□ 

 
□ 

 
□ 

 
□ 

 
□ 

 
□ 

 
□ 

 
□ 

 
□ 

Direct 
es�mate of 
hours 

□ □ □ □ □ □ □ □ □ 

Past project 
cost range □ □ □ □ □ □ □ □ □ 
Don’t know □ □ □ □ □ □ □ □ □ 
Other – 
please 
specify 

 

E
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A P P E N D I X  C

Agency and Project Interview Template

STRUCTURED INTERVIEW: 

I. Agency and Interviewee General Information: 

1. Interviewee name: 

2. Interviewee job position in the agency: 

3. Interviewee telephone number: 

4. City and state in which the respondent agency is headquartered: 

A. Name of agency: 

5. What type of organization do you work for? 

State DOT  Other public transportation agency 

Other: {explain} 
 

6. Annual construction budget: 

7. Approximate average annual number of awarded construction projects: 

8. Approximate average annual number of federally funded projects: 

9. Approximate average annual number of non-federally funded projects: 

10. Project monetary size range: $ to $ 

11. Average monetary size of a new construction project $ 
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III. Agency In-House Data Collecting: 

1. Do you record in-house PCS hours on a per-project basis? 

Yes No 

If yes, con�nue. If no, go to next sec�on.

2. How do you record these hours? 

Engineers’ �mesheets Time alloca�on system per job 
Time-tracking so�ware Other {explain} 

3. How accurate do you think the hours are? 

 

4. Do you allocate in-house overhead costs to an individual project? 

Yes No 

If yes, how do you allocate these costs? 

5. Do you use the data to determine PCS cost es�mate for future projects? 

Yes No 

If yes, con�nue. If no, go to next sec�on. 

1 – Not Accurate 2 3 4 5 – Very Accurate 
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6. What method do you use to es�mate PCS costs for a project? 

Trns.port so�ware 
Standard percentage of es�mated preconstruc�on cost
Direct es�mate of hours 
Past project cost range
Don’t know 
Other {please specify} 

IV. Agency Outsourcing Preconstruction Services Makeup: 

1. Does your agency contract out PCS work? 

Yes No 

If yes, con�nue. If no, go to next sec�on. 
2. Do you have a standing contract for a general engineering consultant (GEC)? 

Yes No 

3. What services do you contract out? 

 In-house GEC Other Consultant 
Feasibility study    
NEPA study    
Stage 1 design    
Alternate evalua�ons    
Preferred alterna�ve    
Cost es�mate    
NEPA and permit approval    
Stage 2 design and approval    
ROW plans    
ROW u�lity acquisi�on and reloca�on    
Detailed design and approval    
Engineer’s cost es�mate    
Final plan package (RFP and RFQ)    
Adver�se for bids    
Evaluate bids    
Award contract    
Approximate percentage    
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4. If your agency contracts out PCS, why do you do it? 

Regula�ons Staff availability Special exper�se 
Policy Transfer risk of design liability Other: {explain} 

5. Do you have limita�ons or guidelines on how much you can or shall outsource? 

 Yes No 
If yes, please explain: 

6. Do you compare the cost of in-house resources to the cost of consul�ng out as part 
of the outsourcing decision process? 

Yes No 
If yes, please explain: 

V. Preconstruction Cost Components: 

1. How influen�al do you think the following characteris�cs are in es�ma�ng the overall 
PCS cost for a typical design–bid–build project? (Interviewer check the appropriate box) 

• 1 – No influence 
• 2 – Some influence 
• 3 – Major influence 

 1 2 3 
Complexity 
Project type 
Number of sub-consultants 
Construc�on cost 
Number of lanes 
Number of plan sheets 
NEPA classifica�on 
Number of bridges 
Highway classifica�on 
Length of project 
Geographical 
Loss of design effort 
Other 
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VI. How to Improve PCS Cost Estimates: 

1. What is your agency’s current stance on es
ma
ng PCS cost? 

Already es
mating PCS cost 
Looking to adopt it in the future 
Believe it would be valuable 
Do not see value for my agency 
Other: {explain} 

2. What do you think your agency needs to do to improve its PCS cost es
mates? 

3. If there was a system available that would capture PCS cost informa
on, would your 
agency consider adop
ng it? 

Yes No Maybe 

 

4. If you were able to more accurately es
mate PCS cost, what would be the impact on 
the planning process? 

 

 

5. Is there anything you would like to add that you think would be valuable to the 
researchers in this study? 

Please explain: 

1 – No Impact 2 – Some Impact 3 – Large Impact 

Please explain: 

Estimating Highway Preconstruction Services Costs - Volume 2: Research Report

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23627


73   

PROJECT CASE STUDY INTERVIEW: 

VII. Project General Information: 

1. Project name: 

2. Project type: DBB DB CMGC Other 

3. Project descrip�on: 

4. Total monetary size of project: 

5. Total cost of PCS for project: 

6. Breakdown of the PCS cost for the project (if available): 

 In-house GEC Other Consultant 
Feasibility study $ $ $ 
NEPA study $ $ $ 
Stage 1 design $ $ $ 
Alternate evalua�ons $ $ $ 
Preferred alterna�ve $ $ $ 
Cost estimate $ $ $ 
NEPA and permit approval $ $ $ 
Stage 2 design and approval $ $ $ 
ROW plans $ $ $ 
ROW u�lity acquisi�on and reloca�on $ $ $ 
Detailed design and approval $ $ $ 
Engineer’s cost es�mate $ $ $ 
Final plan package (RFP and RFQ) $ $ $ 
Adver�se for bids $ $ $ 
Evaluate bids $ $ $ 
Award contract $ $ $ 
Total percentage    
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7. Complexity of project: 

 

8. Number of sub-consultants: 

9. Number of lanes: 

10. Number of plan sheets: 

11. NEPA classifica�on: 

12. Number of bridges: 

13. Highway classifica�on: 

14. Length of project: 

15. How much influence did the following factors have on the PCS cost for this project? 

No Influence Minor Influence Major Influence 
Complexity 
Project type 
Number of sub-consultants 
Construc�on cost 
Number of lanes 
Number of plan sheets 
NEPA classifica�on 
Number of bridges 
Highway classifica�on 
Length of project 
Other 

1 – Basic Project 2 3 – Typical Project 4 5 – Very Complex 
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A P P E N D I X  D

Agency: Caltrans

Location: Sacramento, California
General information: Caltrans’ yearly construction bud-

get is approximately $13 billion to $15 billion, and it awards 
approximately 364 construction projects per year. Approxi-
mately 60% of all annual projects are federally funded, with 
the remaining 40% non-federally funded. Project mone-
tary size ranges from $50,000 to $3.5 billion. The average 
monetary size of new construction projects ranges from $2 mil-
lion to $5 million.

In-house data collection: Caltrans does record in-house 
PCS hours on a per-project basis. It records these hours 
using the engineers’ timesheets. The data recorded on these 
timesheets are rated 3 out of 5 for accuracy. Caltrans does 
allocate in-house overhead cost to a specific project. These 
costs are allocated as an annual rate percentage, with a 
functional rate of 35% to 40% and an administrative rate of 
20% to 30%. Caltrans uses data collected from past projects 
to estimate the PCS costs for future projects. However, the 
PIPE scan system is used as a starting point. Current meth-
ods used to estimate PCS costs for projects include a direct 
estimate of hours and an average percentage support-to-
cap ratio.

Outsourcing data collection: Caltrans contracts out 10% 
of PCS work. It has a standing contract for a GEC. Each dis-
trict has its own separate on-call staff. Caltrans can perform 
the entire preconstruction process in-house, and it also can 
outsource all PCS except advertisement for bids, evaluation of 
bids, and award of contract. It is rare for Caltrans to outsource 
PCS concerning cost estimates, ROW plans, and ROW utility 
acquisition and relocation.

Caltrans performs 90% of PCS in-house, and 10% is out-
sourced. The main reasons it outsources PCS are policies, staff 
availability, and special expertise. Caltrans does not compare 
the cost of performing PCS in-house to consulting out as part 
of the outsourcing decision process.

The major influences on PCS cost for Caltrans are:

•	 Complexity,
•	 Project type,
•	 Construction costs,
•	 Number of plan sheets,
•	 NEPA classification, and
•	 Length of project.

The minor influences on PCS cost for this agency are:

•	 Number of lanes,
•	 Number of bridges, and
•	 Geographical.

The characteristics that have no influence on the PCS cost 
for this agency are:

•	 Number of sub-consultants,
•	 Highway classification, and
•	 Loss of design effort.*

*If funding is not allocated.

PCS estimate improvements: Caltrans is already estimat-
ing PCS cost for all projects. To improve these estimates, the 
agency believes it needs a better model for historical data analy
sis, needs to do bottom-up estimates, and needs good scop-
ing documents. Caltrans already has a system that captures 
PCS cost information. It is difficult to buy a new program 
off the shelf, and Caltrans believes that a new program needs 
to fit current systems and data. It believes that having more 
accurate PCS cost estimates would have some impact, mainly 
on the budget process.

Researchers’ observations: The largest issue is that it will 
be difficult to convince people to use the system.

Case Study Write-Ups
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Agency: CDOT

Location: Denver, Colorado
General information: CDOT’s yearly construction budget 

is approximately $500 to $700 million, and it awards approx-
imately 180 construction projects per year. From 85% to 90% 
of all annual projects are federally funded. Project monetary 
size ranges from $150,000 to $100 million. The average mon-
etary size of new construction projects ranges from $1.5 to 
$1.6 million.

In-house data collection: CDOT does not record in-house 
PCS hours on a per-project basis. Whether the cost is recorded 
depends on the type of project. For federally funded projects, it 
needs to submit an independent project cost estimate; in this 
case 10% is assumed. For bridge enterprises and larger proj-
ects, it will collect all costs. It records these hours using the 
engineers’ timesheets. The data recorded on these timesheets 
are expected to be 60% accurate. CDOT does allocate in-
house overhead costs to a specific project. Its current orga-
nizational indirect rate of 20% is evaluated every year and 
distributed across the multiple phases of a project. CDOT 
does not use data collected from past projects to estimate the 
PCS cost for future projects. It uses standard percentages of 
estimated construction costs to estimate PCS hours.

Outsourcing data collection: CDOT does contract out 
PCS. It has a standing contract for GECs. CDOT can perform 
the entire preconstruction process in-house or it can outsource 
all PCS except advertisement for bids, evaluation of bids, and 
award of contract.

By number of projects, CDOT performs 45% of PCS in-
house, and 55% is outsourced. The main reasons it outsources 
PCS are staff availability and special expertise. It does not have 
any regulations on how much it can or should outsource. It 
has to have justification to outsource projects. CDOT does not 
compare the cost of performing PCS in-house to consulting 
out as part of the outsourcing decision process. The decision 
to outsource or not is mainly based on the availability of staff 
and in-house capabilities.

The major influences on PCS cost for CDOT are:

•	 Complexity,
•	 Construction costs,*
•	 NEPA classification,
•	 Political elements (e.g., high-visibility project), and
•	 Schedule drivers.

The minor influences on PCS cost for this agency are:

•	 Project type,
•	 Number of sub-consultants,
•	 Construction costs,*
•	 Number of plan sheets,
•	 Number of bridges,
•	 Highway classification,

•	 Length of project, and
•	 Geographical.

The characteristics that have no influence on PCS cost for 
this agency are:

•	 Number of lanes, and
•	 Loss of design effort.

* CDOT considers construction cost a major influence for 
in-house projects, but considers it as having only some influ-
ence for consultant projects.

PCS estimate improvements: CDOT is looking to adopt a 
system of estimating PCS costs for larger projects. To improve 
its PCS cost estimates, the agency believes it needs good tools 
as well as good data. It currently relies on guesstimates. This is 
an artistic process and involves loss of experience with younger 
engineers. The agency needs a data-collection effort to figure 
out the number of hours. If there was a system available that 
would capture PCS cost information, it would consider adopt-
ing such a program, depending on how the model aligned with 
other systems CDOT uses. CDOT believes that having more 
accurate PCS cost estimates could have a moderate impact on 
the planning process. It would really help with budget port
folio management. People involved in PCS cost estimating are 
not usually engineers. This position is usually left up to plan-
ning or environmental people. Planning personnel rely on past 
information to develop a ratio between PCS cost and estimated 
construction cost for each project.

Researchers’ observations: When you hire a consultant, 
you need to negotiate the number of hours.

Agency: Iowa DOT

Location: Ames, Iowa
General information: Iowa DOT’s yearly construction 

budget is approximately $400 million, and it awards approxi-
mately 500 to 600 construction projects per year.

In-house data collection: Iowa DOT does record in-house 
PCS hours on a per-project basis. It records these hours using 
the engineers’ timesheets. The data recorded on these timesheets 
are rated 4 out of 5 for accuracy. Iowa DOT does not allocate 
in-house overhead cost to a specific project. Iowa DOT does 
not use data collected from past projects to estimate the PCS 
costs for future projects. It does not estimate PCS cost for a 
project.

Outsourcing data collection: Iowa DOT does contract out 
PCS. Iowa DOT can use both in-house and on-call consul-
tants; it also uses other consultants, but only for larger, less-
common projects; it does not have overall GEC contracts. 
Iowa DOT can perform the entire preconstruction process 
in-house, and it also can outsource all PCS except advertise-
ment for bids, evaluation of bids, and award of contract.
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The main reasons it outsources PCS are staff availability, 
special expertise, and timeline for design. It does not have 
any regulations about how much it can or should outsource; 
however, it cannot exceed the annual budget for outside ser-
vices. Iowa DOT does not compare the cost of performing 
PCS in-house to consulting out as part of the outsourcing 
decision process.

The major influences on PCS cost for Iowa DOT are:

•	 Complexity,
•	 Project type,
•	 Construction costs,
•	 Number of plan sheets,
•	 NEPA classification, and
•	 Length of project.

The minor influences on PCS cost for this agency are:

•	 Number of lanes,
•	 Number of sub-consultants,
•	 Number of bridges, and
•	 Geographical (soils on west side of state).

The characteristic that has no influence on PCS cost for 
this agency is:

•	 Highway classification.

PCS estimate improvements: Iowa DOT is not currently 
estimating PCS cost for projects, but it is looking to adopt this 
in the future. To improve these estimates, the agency believes 
it needs to learn how to use the data it already has. Iowa DOT 
has been capturing PCS hours for a few years, and it needs 
a way to organize these data so that they are useful in PCS 
estimating. If there was a system available to help capture 
agencies’ PCS costs, Iowa DOT would consider adopting it.

Iowa DOT thinks that having a more accurate estimate of 
PCS would have a large impact on the planning process and 
would allow the agency to budget staff time. It would be good 
to know the number of hours per task and to be able to com-
pare these to consultant design hours.

Researchers’ observations: Iowa DOT wants to capture 
costs that are meaningful in both planning and design and 
categorize them by function or office. The agency would like 
a model that is split up by function or by office.

Agency: MSHA

Location: Annapolis, Maryland
General information: MSHA’s yearly construction budget is 

approximately $600 to 800 million, and it awards approximately 
300 to 350 construction projects per year. Project monetary size 
ranges from $1 million to $150 million. Average monetary size 
of a new construction project is approximately $25 million.

In-house data collection: MSHA does record in-house 
PCS hours on a per-project basis. It records these hours 
using time-tracking software. The data recorded are rated 
4.5 out of 5 for accuracy. MSHA does allocate in-house over-
head costs to a specific project. MSHA uses data collected 
from past projects along with standard percentages to esti-
mate the PCS costs for future projects. The old system used 
15% of the construction cost as preliminary engineering; it 
now uses a cost-based system on preliminary engineering.

Outsourcing data collection: MSHA does contract out PCS. 
It has a standing contract for a GEC. MSHA can perform the 
entire preconstruction process in-house, and it can also out-
source all PCS except ROW utility acquisition and relocation, 
advertisement for bids, evaluation of bids, and award of contract.

The main reasons it outsources PCS are staff availability 
and special expertise. It does not have regulations on how 
much it can or should outsource. MSHA does not compare 
the cost of performing PCS in-house to consulting out as part 
of the outsourcing decision process.

The major influences on PCS cost for MSHA are:

•	 Complexity,
•	 Project type, and
•	 Construction costs.

The minor influences on PCS cost for this agency are:

•	 Number of sub-consultants,
•	 Number of lanes,
•	 Number of plan sheets,
•	 NEPA classification,
•	 Number of bridges,
•	 Length of project,
•	 Geographical,
•	 Loss of design effort,
•	 Innovation,
•	 New technology, and
•	 Project delivery method.

The characteristic that has no influence on PCS cost for 
this agency is:

•	 Highway classification.

PCS estimate improvements: MSHA is already estimat-
ing PCS costs for all projects. To improve these estimates, the 
agency believes it needs to develop a historical database of 
previous estimates. MSHA believes that having more accurate 
PCS cost estimates would have a large impact on the planning 
process as it believes that it would provide more efficiency in 
managing funds.

Researchers’ observations: Historical projection is incor-
porated into project factors.
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Agency: MDT

Location: Helena, Montana
General information: MDT’s yearly construction budget 

is approximately $385 million, and it awards approximately 
80 to 100 construction projects per year.

In-house data collection: MDT does record in-house PCS 
hours on a per-project basis. It records these hours using the 
engineers’ timesheets and has a time allocation system per 
job. The data recorded on these timesheets are rated 4 out 
of 5 for accuracy. MDT does allocate in-house overhead cost 
to a specific project; it allocates this using an indirect rate 
that it applies to all projects. This rate is approximately 9% 
to 11% but has been as high as 18%. MDT does not use data 
collected from past projects to estimate PCS cost for future 
projects. It has a system that records past hours and durations 
of activities of 3 to 5 years to reconcile with activities to aver-
age activity hours. This system has no feedback loop, and it is 
therefore not used to look at past projects or to re-access the 
activity hours in OPX2 (a project management tool).

Outsourcing data collection: MDT does contract out 
PCS. MDT can perform the entire preconstruction process 
in-house except feasibility studies, and it also can outsource 
all PCS except advertisement for bids, evaluation of bids, 
and award of contract; this is considered in the construction 
department.

The main reasons MDT outsources PCS are staff availabil-
ity, special expertise, and to transfer risk of design liability. 
The agency does not have any regulations about how much 
it can or should outsource; however, there is an unwritten 
rule that approximately 20% of the program should be out-
sourced. MDT does not compare the cost of performing PCS 
in-house to consulting out as part of the outsourcing decision 
process.

The major influences on PCS cost for MDT are:

•	 Complexity,
•	 Project type,
•	 Number of lanes,
•	 Number of plan sheets,
•	 NEPA classification,
•	 Number of bridges,
•	 Length of project,
•	 Geographical,
•	 Loss of design effort, and
•	 ROW and utilities.

The characteristics that have no influence on PCS cost for 
this agency are:

•	 Number of sub-consultants,
•	 Construction costs, and
•	 Highway classification.

PCS estimate improvements: MDT is already estimat-
ing PCS cost for all projects. To improve these estimates, the 
agency believes it needs to get to function-based estimating 
and also needs to determine how to allocate funds in split-
corridor projects. MDT also believes that it needs to improve 
how it captures the hours on timesheets.

Agency: NYSDOT

Location: Albany, New York
General information: NYSDOT’s yearly construction 

budget is approximately $1 billion, and it awards approxi-
mately 300 to 350 construction projects per year.

In-house data collection: NYSDOT does record in-house 
PCS hours on a per-project basis. It records these hours 
using the engineers’ timesheets. The data recorded on these 
timesheets are rated 4.5 out of 5 for accuracy. NYSDOT does 
allocate in-house overhead cost to a specific project. NYSDOT 
uses data collected from past projects to estimate PCS costs for 
future projects. It uses an in-house system called DPR, which 
contains a selection of tools to estimate PCS hours. NYSDOT 
is looking to move to a Primavera P6 software resource alloca-
tion model to help estimate PCS hours.

Outsourcing data collection: NYSDOT does contract out 
PCS. When design for a project is performed in-house, it 
uses on-call contracts for the environmental sampling and 
testing and survey services, but it does not have overall GEC 
contracts. NYSDOT can perform the entire preconstruction 
process in-house except for these services, and it can also out-
source all PCS except advertisement for bids, evaluation of 
bids, and award of contract.

NYSDOT performs 50% of PCS in-house, and 50% is out-
sourced by dollar value and 90% to 10% by project number. 
The main reasons it outsources PCS are staff availability and 
special expertise. It does not have any regulations about how 
much it can or should outsource; however, it has quarterly 
meetings with consultants to ensure that there is enough work 
in the industry. Design staff for NYSDOT are unionized. Most 
consultant work for NYSDOT happens in the southern region 
in and around New York City and Long Island. NYSDOT does 
not compare the cost of performing PCS in-house to consulting 
out as part of the outsourcing decision process.

The major influences on PCS cost for NYSDOT are:

•	 Complexity,
•	 Project type,
•	 Construction costs,
•	 Number of lanes,
•	 NEPA classification,
•	 Number of bridges,
•	 Length of project,
•	 Geographical, and
•	 Inflation.
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The minor influence on PCS cost for this agency is:

•	 Highway classification.

The characteristics that have no influence on PCS cost for 
this agency are:

•	 Number of sub-consultants, and
•	 Number of plan sheets.*

* Electronic plan sheets mean that more can be produced, 
but the level of work put into the design is no longer directly 
reflected as before when CAD and other modeling software 
were not used.

NYSDOT also noted that loss of design effort is considered 
rare; the agency had problems when it shifted to a preser-
vation mode 3 years previous. A lot of reconstruction was 
shifted later in the program (~10 years), and preservation was 
adopted.

PCS estimate improvements: NYSDOT is currently estimat-
ing PCS costs for all projects. To improve these estimates, the 
agency believes it needs to get to task estimating; however, it is 
skeptical about whether the time, effort, and cost of this would 
add any real value to the agency. NYSDOT believes that having 
more accurate PCS cost estimates could have some impact on 
the planning process. The agency believes that it may be able to 
have more projects, but the current number is already within 
~10%, and having a more accurate estimate will not make the 
process cheaper so is not likely to affect the agency.

Agency: ODOT

Location: Oklahoma City, Oklahoma
General information: ODOT’s yearly construction budget 

is approximately $632 to $790 million, and it awards approxi-
mately 364 construction projects per year. Approximately 60% 
of all annual projects are federally funded, with the remaining 
40% non-federally funded. Project monetary size ranges from 
$50,000 to $25 million. The average monetary size of a new 
construction project is $1.7 million.

In-house data collection: ODOT does not record in-house 
PCS hours on a per-project basis. Approximately 50% of the 
time, PCS hours are billed to overhead.

Outsourcing data collection: ODOT does contract out 
PCS. ODOT can perform the entire preconstruction process 
in-house except for ROW, and it can also outsource all PCS 
except preferred alternative, NEPA and permit approval, final 
plan package (RFP and RFQ), advertisement for bids, evalua-
tion of bids, and award of contract.

The main reasons the agency outsources PCS are staff avail-
ability and special expertise. It does not have any regulations 
on how much it can or should outsource. ODOT does not 

compare the cost of performing PCS in-house to consulting 
out as part of the outsourcing decision process.

The major influences on PCS cost for ODOT are:

•	 Complexity,
•	 Project type,
•	 Construction costs,
•	 Number of bridges, and
•	 Length of project.

The minor influences on PCS cost for this agency are:

•	 Number of sub-consultants,
•	 Number of plan sheets,
•	 NEPA classification, and
•	 Highway classification.

The characteristic that has no influence on PCS cost for 
this agency is:

•	 Number of lanes

PCS estimate improvements: ODOT believes estimating 
PCS cost would be valuable, but it has yet to do so. To improve 
PCS cost estimates, the agency believes it needs to make direct 
changes to its projects. If a system that would capture PCS cost 
information was available, ODOT might choose to adopt it. 
ODOT believes that having more accurate PCS cost estimates 
would have minimal impact on the planning process within 
its programs.

Researchers’ observations: Will be hard to convince people 
to use the system.

Agency: RIDOT

Location: Providence, Rhode Island
General information: RIDOT’s yearly construction budget 

is approximately $300 million.
In-house data collection: RIDOT does record in-house PCS 

hours on a per-project basis. It records these hours using the 
engineers’ timesheets. The data recorded on these timesheets 
are rated 4 out of 5 for accuracy. RIDOT does not allocate in-
house overhead cost to a specific project. RIDOT does not use 
data collected from past projects to estimate the PCS costs for 
future projects. Design costs are estimated by using 15% of 
total construction cost. However, this is not uniform; smaller 
projects tend to be a higher percentage, and larger projects tend 
to be a lower percentage. This process is just an educated guess.

Outsourcing data collection: RIDOT does contract out 
PCS. It has several on-call consultants as almost all its design 
work is outsourced. It uses two consultants for highway work, 
two for bridges, and four for traffic engineering. No single 
firm is the dominant GEC. The agency has only two persons 
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in the area of historical and heritage issues and four in envi-
ronmental groups. This workforce level is not adequate for 
performing the required studies in an appropriate timeframe. 
RIDOT can advertise for bids, evaluate bids, award contracts, 
and perform some ROW utilities acquisition and relocation. 
All PCS processes are outsourced except those just stipulated.

The main reasons the agency outsources PCS are staff avail-
ability, having better control over consulting engineers, and 
that it is easier to terminate/not extend consultant contracts. 
The agency relies heavily on federal funds (roughly two-thirds 
of the transportation budget), which are subject to approval. 
The agency does not have any regulations on how much it can 
or should outsource. Engineering staff for RIDOT are union-
ized. RIDOT does not compare the cost of performing PCS 
in-house to consulting out as part of the outsourcing decision 
process.

The major influences on PCS cost for RIDOT are:

•	 Complexity,
•	 Project type, and
•	 Number of plan sheets.

The minor influences on PCS cost for this agency are:

•	 Construction cost,
•	 Number of lanes,
•	 NEPA classification,
•	 Number of bridges,
•	 Highway classification,
•	 Length of project,
•	 Geographical,* and
•	 Loss of design effort.

The characteristic that has no influence on PCS cost for 
this agency is:

•	 Number of sub-consultants.
*One clarification regarding the characterization of “geo-
graphical”—coastal projects need extra permits compared 
to non-coastal projects and are hence more difficult.

During the last 26 years at RIDOT, there has been just one 
new road project and one relocation of a major road (I-95). 
New roads are a rarity.

PCS estimate improvements: RIDOT does not see value 
in estimating PCS costs. Since it is a small organization, it 
has yet to develop a database to keep track of and evaluate 
design costs. Its priority lies in estimating construction costs. 
To improve these estimates, the agency believes it needs a 
database to pull scattered records and documentation of PCS 
into one place. If there was a system, RIDOT would probably 
not consider adopting it because the drivers of these costs 
tend to be out of the control of the agency. There is a 2-year 

election cycle, so government and legislative representatives 
change regularly; therefore, projects continue to lose and 
gain importance depending on political influence. Also, the 
projects will get built regardless of preconstruction; it is the 
construction cost that causes the most difficulties. RIDOT 
believes that having more accurate PCS cost estimates would 
have no impact on the planning process. The agency believes 
that PCS costs have very little impact on the overall program 
and that projects will be executed no matter the PCS costs.

Agency: UDOT

Location: Salt Lake City, Utah
General information: UDOT’s yearly construction budget 

is approximately $1,100 million.
In-house data collection: UDOT does record in-house 

PCS hours on a per-project basis; it charges hours to a PIN. It 
records these hours using project management software called 
ePM. The data recorded on their timesheets are rated 4 out of 5 
for accuracy; sometimes staff will bill to overhead instead of a 
project. UDOT does not allocate in-house overhead cost to a 
specific project; however, it does charge all staff costs to a man-
agement line item. UDOT uses data collected from past projects 
to estimate PCS costs for future projects. It uses a past project 
cost range as well as a direct estimate of hours to determine PCS 
hours. These estimates are project dependent.

Outsourcing data collection: UDOT does contract out 
PCS. The agency uses on-call contracts for most outsourced 
work, but it can only use up to $40,000/consultant/project. If 
more work needs to be outsourced, it will advertise for con-
tracts. UDOT can perform the entire preconstruction process 
in-house, except that Region 4 (southern region) cannot do 
ROW, hydraulics, and signal design services. UDOT can out-
source all PCS except advertisement for bids, evaluation of 
bids, and award of contract.

By dollar value, UDOT performs 25% PCS in-house, and 
75% is outsourced. The main reasons it outsources PCS are 
staff availability and special expertise; the agency also chooses 
to outsource to strengthen the economy and expedite project 
delivery. It does not have a policy or regulations on how much 
it can or should outsource; however, it must always keep the 
in-house staff busy first. UDOT does not compare the cost 
of performing PCS in-house to consulting out as part of the 
outsourcing decision process; it is aware that this will cost 
more but is limited by staff levels. UDOT tries to decide early 
on whether the project will be outsourced or performed in-
house so that it can set the budget early. PCS for simple proj-
ects will usually be performed in-house; this decision is made 
at the program level. Occasionally UDOT will put design staff 
to work with the consultant on an outsourced project to get 
experience. The staff level at UDOT has been reduced from 
3,500 in 2000 to 1,530 at the time of this writing.
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The major influences on PCS cost for UDOT are:

•	 Complexity,
•	 Project type,
•	 NEPA classification, and
•	 Number of bridges.

The minor influences on PCS cost for this agency are:

•	 Highway classification,
•	 Construction costs,
•	 Number of plan sheets,
•	 Number of lanes, and
•	 Length of project.

The characteristics that have no influence on PCS cost for 
this agency are:

•	 Number of sub-consultants,
•	 Geographical, and
•	 Loss of design effort.

UDOT does not believe it sets out to make mistakes; there-
fore, it does not consider loss of design effort necessary in 
estimating PCS.

PCS estimate improvements: UDOT is already estimat-
ing PCS costs for all projects. To improve these estimates, 
the agency believes it needs to have more experience. New 
project managers do not have a good feel for the number 
of hours, required training, and time on the job needed to 
produce an accurate estimate. UDOT is happy with its cur-
rent cost-estimating system, and it would prefer to refine 
its own system rather than adopt another system. UDOT 
believes that having more accurate PCS cost estimates could 
have some impact on the planning process and allow it to 
refine allocation of resources and negotiate with consultants 
better.

Researchers’ observations: UDOT has a positive work 
environment that keeps it moving forward, which allows the 
agency to try new and innovative things and constantly push 
to get better results.

Case study information for the agency is contained in 
Table D-1.

Table D-1.  UDOT case study data information.

Project types • Bridge – major structure 
• Emergency repairs 
• Enhancement 
• Grade and drainage 
• ITS and signals 
• Not applicable 
• Other 
• Railroad related 
• Reconstruction 
• Roadway 
• Roadway work 
• Safety 
• Sidewalk 
• Sign 
• Signal and light 
• Structural – minor structural rehab 
• Structures 
• Studies 
• Surfacing or resurfacing 
• Traffic and safety 
• Traffic management 

Procurement methods • CMGC 
• Design–build 
• Design–bid–build 
• Other 
• Procurement 
• Blank 
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This flowchart is the road map for a public agency to implement 5-Dimensional Project 
Management principles to develop project delivery strategies for complex projects. 
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1. Project analysis: The project team verifies that the given project is complex and 
develops the initial complexity map. 

“As the results of the SHRP 2 research are
deployed, we will see more ‘rapid renewal’
tools developed for owners of the
transportation system. The tools will lead
to a fundamental change in how we
approach rehabilitating our transportation
system.” 

Chair SHRP 2 Renewal Technical
Coordinating Committee

Section 1: Five-Dimensional Project Management 

1.1 Philosophy of the Guidebook 

The guidebook’s objective is to assist public agencies develop project management plans 
for complex projects. It focuses on practical tools and techniques designed to be immediately 
beneficial to transportation professionals. The content comes from the in-depth study of 
eighteen U.S. and international complex projects that identified strategies, methods, and tools 
that led to the successful delivery of those complex projects. It complements rather than 
replaces an agency’s current project 
management practices, and as such, merely 
adds a different structure to the agency’s 
existing project management planning 
(PMP) processes. The major change from 
routine project management is the sequence 
in which PMP tasks are accomplished with 
a strong emphasis to frontloading the PMP 
to address critical issues that create 
complexity as soon as practical instead of 
later in the routine project delivery process. 

This section describes the five dimensions 
of complex project management, referred 
to as “5DPM” throughout the guide. To 
ensure a complete understanding, the 
reader must keep in mind that there are 
three primary components, to be explained 
in detail in the next section, to the 5DPM 
framework: 

• Five project management dimensions, 

• Five complex project planning methods, and 

• Thirteen complex project execution tools. 

The guide describes how the project team identifies, prioritizes, and quantifies the factors that 
create complexity in each dimension. The guide also provides instructions for developing 
complexity maps that visually represent the scope and nature of project complexity. Mapping 
complexity helps the project team rationally allocate available resources and determine 
requirements for additional or specialized resources. The maps also guide the application of the 
five complex project planning methods, as well as selection of complex project execution tools 
as shown in Figure 1.1, which shows three sequential phases: 
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3. Project implementation: Based on the PMP, the team selects appropriate project 
execution tools and details their application in PMP sections 10 through 22. 

Figure 1.1. Overview of complex project management and 5DPM process flow to develop 
the FHWA Major Project Management Plan 

The result is a complete PMP for the complex project. Figure 1.2 maps the contribution of 5DPM 
to the completion of the FHWA major project PMP development process and provides a 
graphical understanding of how the 5DPM process fits within the existing PMP process. The 
major addition to the current process is recognition that a complex project involves managing 
many more factors that are outside the project manager’s direct control. Therefore, the PMP must 
identify and address external factors, like public opinion and innovative financing, as early as 
practical, and the project team must regularly update the project’s complexity map to ensure that 
the tools chosen to manage complexity are performing as planned in the PMP. If they are, the 
area of the complexity map should shrink as complexities are successfully managed and the 
project will proceed as planned. The result is the successful integration of the project’s design 
and construction team from concept to completion. Integrated planning and execution is 5DPM’s 
key to manage complexity successfully across the complex project’s life cycle.  

2. Project planning: Using the initial complexity map, the team applies the five complex 
project planning methods and develops the first nine sections of the PMP. 
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