
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/273370758

Study of the Relationship between Procurement Duration and Project

Performance in Design-Build Projects: Comparison between Water/Wastewater

and Transportation Sectors

Article  in  Journal of Management in Engineering · October 2013

DOI: 10.1061/(ASCE)ME.1943-5479.0000165

CITATIONS

18
READS

199

3 authors:

Some of the authors of this publication are also working on these related projects:

Education View project

NM Green: Advancing Sustainable Construction Technology Education View project

Susan M. Bogus

University of New Mexico

74 PUBLICATIONS   521 CITATIONS   

SEE PROFILE

Giovanni Migliaccio

University of Washington Seattle

133 PUBLICATIONS   858 CITATIONS   

SEE PROFILE

Ruoyu Jin

London South Bank University

85 PUBLICATIONS   647 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Ruoyu Jin on 29 April 2016.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/273370758_Study_of_the_Relationship_between_Procurement_Duration_and_Project_Performance_in_Design-Build_Projects_Comparison_between_WaterWastewater_and_Transportation_Sectors?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/273370758_Study_of_the_Relationship_between_Procurement_Duration_and_Project_Performance_in_Design-Build_Projects_Comparison_between_WaterWastewater_and_Transportation_Sectors?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Education-705?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/NM-Green-Advancing-Sustainable-Construction-Technology-Education-2?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Susan_Bogus?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Susan_Bogus?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_New_Mexico?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Susan_Bogus?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Giovanni_Migliaccio2?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Giovanni_Migliaccio2?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Washington_Seattle?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Giovanni_Migliaccio2?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ruoyu_Jin?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ruoyu_Jin?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/London_South_Bank_University?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ruoyu_Jin?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ruoyu_Jin?enrichId=rgreq-394e67147b53796c3d7fde077e47f205-XXX&enrichSource=Y292ZXJQYWdlOzI3MzM3MDc1ODtBUzozNTYwODk3MjA3ODY5NDVAMTQ2MTkwOTgxMzk3OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Study of the Relationship between Procurement Duration
and Project Performance in Design-Build Projects:

Comparison between Water/Wastewater and
Transportation Sectors

Susan M. Bogus, M.ASCE1; Giovanni C. Migliaccio2; and Ruoyu Jin3

Abstract: Previous studies on building, industrial, and transportation projects found that projects delivered using design-build tend to
perform better than projects delivered with the traditional design-bid-build method. However, performance of design-build projects is affected
by various factors, with procurement-related factors being among the most influential. Whereas other aspects of procurement have been
largely investigated, the effect of procurement duration on project performance has been studied only for design-build transportation projects.
In addition, few studies have focused specifically on the delivery of water/wastewater projects. This paper includes the results of a study on
the relationship between procurement duration and performance of water/wastewater design-build projects. The study methodology was
based on regression analysis of data from a sample of water/wastewater design-build projects. The results show that unlike the transportation
sector, procurement duration has little effect on either schedule or cost performance in the water/wastewater sector. Likely reasons for this
difference were then explored through a content analysis of procurement documents. DOI: 10.1061/(ASCE)ME.1943-5479.0000165.
© 2013 American Society of Civil Engineers.

CE Database subject headings: Design/Build; Procurement; Project delivery; Water management; Wastewater management.

Author keywords: Design/build; Procurement; Project delivery; Water; Wastewater.

Introduction

In any type of project delivery method, the procurement of design
and construction services can be the key to a successful project
delivery. This is especially true for design-build (DB) project pro-
curement, in which the owner is selecting one entity to deliver the
project. If the owner is a public entity, such as a water or wastewater
utility, the selection process must also be fair and transparent. These
expectations mean that procurement of a design-build team often
takes considerable time and consumes considerable resources (on
both the owner’s and design-builder’s parts).

When using traditional design-bid-build project delivery, public
sector owners procure design and construction services separately.
For these projects, the selection process is well-established: design
firms are typically selected based on qualifications, and construc-
tion firms are selected based on price through the submission of
sealed bids. The fundamental challenge of design-build team
procurement is the need to balance or combine these two vastly

different procurement methods (i.e., qualifications versus price).
The end result is that owners must clearly develop a justifiable
procurement process, and design-build teams need to prepare docu-
ments that contain both team qualifications and some type of price
guarantee (often based on minimal design definition).

For the owner, the development of the design-build request for
proposals (RFP) requires a significant effort. The RFP presents the
owner’s vision for the project and the requirements for the teams
proposing on the design-build project. A design-build RFP may
contain very little design definition, or it may contain as much as
30% design. Because the design is not complete at the time of pro-
curement, the RFP must be very clear in presenting the owner’s
vision, describing the information required by DB teams in their
proposals and stating the process for selecting the design-build firm.

For the DB team, significant time and effort is expended in pre-
paring a design-build proposal. Unlike a design-bid-build proposal
for design-only services, in which the design firm competes solely
on qualifications, a design-build proposal requires the DB firm to
perform a significant, but incomplete, level of design. This incom-
plete information is used by the design-build team to develop a
proposed price for the project. To this end, the design-build firm
closely assesses potential project risks and areas of uncertainty
and plans out the construction process.

The implementation of design-build in water/wastewater proj-
ects is limited. Therefore, what factors contribute to the final per-
formance of water/wastewater projects have not been extensively
studied. In a previous study, one of the authors analyzed the rela-
tionship between contract payment provisions and project perfor-
mance for water/wastewater projects and found that contracts using
cost-plus-fee with guaranteed maximum price (GMP) contract pric-
ing provisions are more likely to have no schedule or cost growth
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as compared to projects with lump-sum provisions (Bogus et al.
2010).

The study tries to continue filling this gap by studying the re-
lationship between procurement duration and project performance
for water/wastewater projects and compares the results with those
of a similarly designed study on transportation projects (Migliaccio
et al. 2010). Given the significant effort expended by design-build
firms in preparing DB project proposals, the authors questioned
if allowing firms more time to prepare a proposal would result in
improved project performance. The rationale is that when design-
build firms have more time to prepare a proposal, they are able to
estimate the project schedule and cost more accurately because they
can better develop the design and assess risks and uncertainty.

This initial study is expected to raise research interest on design-
build application in water/wastewater projects. In addition, the
research results can provide an insight to design-build water/
wastewater project owners on how to achieve better performance
in terms of cost and schedule. The authors have performed similar
studies for transportation projects and found that the efficiency of
the procurement process is considered critical to a successful im-
plementation of DB (Migliaccio et al. 2008). The authors have also
studied the relationship between procurement duration and project
success for transportation projects and found a positive relationship
between time performance and procurement duration (Migliaccio
et al. 2010). Because DB is new to water/wastewater projects,
efficiency of DB procurement is also expected to be critical to
the success of these projects. To study this relationship, the authors
compared the actual design-build procurement duration against
project performance (measured using the percentages of schedule
growth and cost growth). The water/wastewater data were then
compared as an entire sector to similar data from the transportation
sector to determine if the results varied by project sector. To explain
different results among the two sectors, the authors analyzed the
content of procurement documents for both transportation and
water/wastewater projects.

Background

There are many factors affecting project performance. Previous re-
search found that project performance is affected by factors such as
the characteristics of project participants, of the project, and of the
procurement process (Songer and Molenaar 1997; Ling et al. 2004;
Lam et al. 2008). A review of numerous papers [Construction
Industry Institute (CII) 1994; Pocock et al. 1997; Molenaar et al.
1999; Molenaar and Songer 1998; Chan et al. 2001; Ling 2004;
Ling et al. 2004, 2006, 2008; Wardani et al. 2006; Cheng et al.
2007; Lam et al. 2008; and others] found that the most commonly
cited factors affecting project performance were as follows:
1. Characteristics of project participants (effort, experience, and

organization);

2. Project characteristics (e.g., project size);
3. Procurement (method and contract type);
4. Project management action;
5. Economic, social, and financial condition;
6. Technology and approach; and
7. Planning.
These factors are likely interrelated, thus making it difficult to

isolate any one factor. By focusing this study on design-build
water/wastewater projects, the authors tried to limit the variability
in project and participant characteristics.

For design-build projects, procurement is a major step in
the overall project delivery process. There are several models of
design-build procurement (Beard et al. 2001), and owners need to
decide early in the process on the number of steps in the evaluation
(including whether they will develop a short-list), the selection
methodology (including how they will select the winning design-
build firm), and the contract pricing format (including how they
will pay the design-build firm). Likewise, design-build firms need
to decide early whether to propose on a project or not, so that they
can assemble the project team and respond to the RFP.

A common procurement process for design-build teams is the
two-step model, which includes many activities (Migliaccio et al.
2009) organized around the two phases represented in Fig. 1. The
first step in the process is a prequalification stage in which owners
issue a request for qualifications (RFQ) and interested design-build
teams submit a statement of qualifications (SOQ). After reviewing
the SOQs, the owner makes a short list of the most qualified teams.
Short-listed teams are then invited to propose on the design-build
project. Typical design-build proposals are comprehensive and may
include sections on project team organization, previous experience,
project approach, design and construction schedule, preliminary
design drawings, and project pricing [Design-Build Institute of
America (DBIA) 1996]. Because of the comprehensive nature of
design-build proposals, there are many risks and uncertainties as-
sociated with their development. Most of these risks and uncertain-
ties arise from the fact that design-build teams are developing
construction approaches, schedules, and pricing based on incom-
plete design.

The ultimate success of a design-build project is dependent on
many factors, including the procurement process (Ling et al. 2004).
Among other factors, Iyer and Jha (2005) found that short bid
preparation time adversely affects the cost performances of proj-
ects. Similarly, Ling (2004) found that time given to design-build
contractors to bid was crucial for obtaining a good workmanship
quality in Singaporean DB projects. In spite of its importance, pro-
curement duration is often arbitrarily identified by early implement-
ers, such as water/wastewater utilities.

Success, which can be subjective, may vary from different
project participants’ points of view. According to CII research
in preproject planning (CII 1994), there are considerable disagree-
ments concerning the relative importance of success factors.

Owner issues 
RFQ 

Design-build 
team submits 

SOQ

Owner 
shortlists 

teams

Owner issues 
RFP 

Design-build 
team submits 

proposal 

Owner 
selects 
team

Step I – Prequalification/Shortlist noitceleS/lasoporP–IIpetS

Fig. 1. Two-step procurement process for design-build teams
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Among different groups of project representatives, project manag-
ers are most concerned with the execution phase of the project,
operation managers are most concerned with the downstream re-
sults of the planning and execution phases, and business managers
appear to be more concerned with the overall project from a macro
level rather than how well it is executed or operated. Among differ-
ent entities, an owner may care more about budget, completion
date, and satisfaction of operation; constructors are concerned more
about the profitability; and designers are likely to treat the effec-
tiveness of the technology as the main performance criteria.

Performance criteria can be classified as those based on
project outcomes (e.g., timeline, budget, quality), project execution
(e.g., safety, change orders, claims and disputes), and those after the
execution (e.g., life cycle cost, operation, and maintenance charac-
teristics). The most common criteria of project success are con-
cerned with project control, including budget, schedule control,
and quality. Other project success criteria include safety, environ-
mental impact, and number of change orders. Each of these criteria
may be decomposed to measurable indexes, either objective or
subjective. For example, the cost criteria can be measured in an
objective way, in terms of cost growth by comparing the actual cost
with the original budget. Schedule, cost, and quality are the most
commonly used measures of project success from the studied lit-
erature (Konchar and Sanvido 1998; Molenaar et al. 1999; Chan
et al. 2002; Hughes et al. 2004; Ling et al. 2008; Hale et al. 2009;
Bogus et al. 2010).

Research Methodology

The primary question answered by this study was whether project
performance (specifically cost and schedule performance) is related
to procurement duration for design-build projects in different sec-
tors. If a relationship was to be found, guidance could be provided
on how to optimally design an efficient procurement process de-
fined as a process that would provide enough time to contractors
to assess risks associated with the project venture without dragging
the selection process beyond a reasonable time. This study focused
on the performance of projects in the water/wastewater sector,
although it also provides a comparison to similar data from the
transportation sector that were collected by the authors in a pre-
vious work (Migliaccio et al. 2010). Data collection was conducted
similarly among the two sectors to allow for a valid comparison of
the data. Supported by previous studies (Ling 2004; Iyer and Jha
2005), the expectation is that the more time a firm has to prepare a
project proposal, the better the ultimate project performance will
be. This theory is based on the fact that design-build firms spend
a significant amount of time during proposal preparation develop-
ing the project design and assessing project risks and uncertainties
before developing the estimated cost and schedule. Therefore, the
more time that design-build firms have to prepare this information,
the better the cost and schedule performance should be.

Data collection consisted of a survey of water/wastewater
project owners or their representatives to gather information on
completed design-build projects. Owners throughout the United
States were contacted to complete an online questionnaire. The
questionnaire asked respondents to provide information on the
performance of completed design-build projects, including RFP
issue date, proposal due date, design start date (assumed to be the
same as design-build start date), substantial completion date, con-
tract award price, and final project price. For the schedule-related
items, information was collected on both the as-planned dates and
the as-built (i.e., actual) dates. Using these data, the following
parameters of project procurement duration and project perfor-
mance in terms of cost and schedule growth were defined:
• Procurement duration (PD) (days): The length of time from RFP

issue date to proposal due date (Fig. 2);
• Design-build duration as planned (days): The length of time

from as-planned DB start date to as-planned substantial comple-
tion date. This only includes the design and construction portion
of the project (Fig. 2);

• Design-build duration as built (days): The length of time from
as-built DB start date to as-built substantial completion date;

• Total duration as planned (days): The length of time from as-
planned RFP issue date to as-planned substantial completion
date. This includes the procurement duration along with the de-
sign and construction portion of the project (Fig. 2);

• Total duration as built (TDAB) (days): The length of time from
as-built RFP issue date to as-built substantial completion date;

• Schedule growth (percentage): The following equations are used
to calculate design-build schedule growth (DBSG) and total
project schedule growth (TSG):

B Schedule Growth

¼ DBDuration AsBuilt − DBDuration As Planned
DBDuration As Planned

× 100%

TotalProjectScheduleGrowth

¼TotalDurationAsBuilt−TotalDurationAsPlanned
TotalDurationAsPlanned

×100%;

and
• Cost growth (CG) (percentage): The following equation is used

to calculate cost growth:

Cost Growth ¼ Project Actual Cost − Project Contracted Cost
Project Contracted Cost

× 100%

Project contracted cost is the amount determined in the design-
build contract. This cost can be assumed as the owner’s planned
cost at contract award.

The authors chose schedule and cost growth as the measures
of project performance because they are relative performance

Fig. 2. Illustration of procurement durations used in study
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measures and do not need to be adjusted for project size. Schedule
and cost are also two of the most commonly used measures of
performance.

To measure the level of effort of the proposers during procure-
ment, the authors developed the procurement duration factor, which
is defined as the percent of time spent on preparing the design-build
proposal compared to the total project duration. This factor may
indirectly account for project size if one assumes that larger proj-
ects will have longer total project duration, as was the case for this
study. A linear regression analysis of project cost and project du-
ration for the data set showed a strong positive relationship with a
correlation coefficient of 0.67, R2 equal to 44.9%, and p-value less
than 0.01 The procurement duration factor (PDF) is calculated as
follows:

Procurement Duration Factor

¼ ðProcurement Duration=Total Duration AsBuiltÞ × 100%

Correlation analysis was used to determine if there was any re-
lationship between procurement duration and project performance.
The data were plotted, and the least-squares method of linear re-
gression was used to fit a straight line through the data and calculate
the correlation coefficient (r) and R-square value.

The data from the water/wastewater sector were compared to
similar data from the transportation sector. To explain differences
in the relationship types (e.g., negative or positive, strong or weak)
between the water/wastewater and transportation sectors, a content
analysis of procurement documents of transportation and water/
wastewater projects was performed. This additional research phase
was performed to explore the similarities and differences of the
RFPs between DB water/wastewater and transportation projects.
These peculiarities were used to provide an explanation of the
correlation analysis results.

Results

Data for this study were collected in two steps. An initial set of
data was collected under a concurrent study that compared design-
build and design-bid-build project delivery methods for water/
wastewater projects (Bogus et al. 2010). All data were collected
through an online survey for projects completed between 2003
and 2009. Data on 31 DB projects were included in the final project
sample after removing duplicate or nonresponsive data. Data re-
garding project RFP issue date, design start date, construction start
date, project end date, project contracted cost, and final cost from
these 31 DB projects were used for this study. The proposal due
date was unavailable in Bogus et al.’s (2010) study, so responders
from these 31 projects were contacted again for the proposal
due date.

Later, additional data were collected through a new online ques-
tionnaire. The questions in this new questionnaire were based on
Bogus et al.’s (2010) comparative study. The authors expanded

upon the initial data set to obtain data on additional design-build
water/wastewater projects. Ultimately, 54 individual contributors
provided data on 47 projects. Of the survey respondents, 24 were
owners, 11 were owner representatives, 9 were design-builders, and
3 were engineering consultants. The respondents for the entire data
collection process were identified through lists of water/wastewater
owners collected from the DBIA and the Water Design-Build
Council.

Before conducting the overall data sample’s linear correlation
analysis, the consistency of project performance data between
the two data collection efforts was analyzed. This analysis found
that two groups of data have similar average values of PD, PDF,
and similar standard deviations of PD, PDF, total duration as built
(DTAB), DBSG, TSG, and CG. However, the average of DBSG,
TSG, project actual cost (PAC), and CG tends to vary. It seems that
the duration factors (PD, PDF, and DTAB) are similar between
these two groups, whereas the performance data and project cost
seem to vary between the two groups. Inferences of means and var-
iances were used to statistically test the consistency of the two
groups of data in terms of PD, PDF, DTAB, DBSG, TSG, PAC,
and CG. The inferences concerning means and variances prove
the hypothesis that the two groups of data have similar mean values
of PD, PDF, and DTAB, whereas the mean values of DBSG, TSG,
and CG tended to be different. Because the two data sets were not
collected from random samples, there is no expectation that the two
samples will necessarily be similar. The nonrandomness of the data
collection was because of the small number and difficulty in
obtaining data for DB water/wastewater projects.

Given that the data collection procedures were similar and the
resulting data were mainly consistent, the resulting data set could
be analyzed, and results could be drawn. At the end, the authors
collected data on 54 projects, but ultimately, data on 47 projects
were used for the analysis because of incomplete data from some
of the projects. Of these projects, 20 were from the initial survey
(Bogus et al. 2010), and 27 were from the follow-up survey (Jin
2010). The final data are summarized in Table 1.

In handling missing data, the authors first made an evaluation
of the type of missing data and concluded that the missing data
were completely random. The listwise (casewise) deletion was the
method used to handle the missing data in this case. Although the
listwise deletion reduced the data sample size, it is a fair reflection
of the population because the data were missing completely at ran-
dom (Howell 2010). The listwise deletion approach is also the most
commonly used approach to handle missing data because this ap-
proach produces unbiased results. The water/wastewater data were
then compared to similar data (see Table 2) from transportation
projects to determine if the results varied by project sector. Later,
the authors analyzed the content of procurement documents for
both transportation and water/wastewater projects to explain differ-
ent results among the two sectors. Content analysis is a method
used to count the presence or frequency of certain words and
concepts within texts, and these words and concepts are quantified

Table 1. Summary of Water/Wastewater Project Data

Metric
Procurement

duration (days)
Total duration

as built
Procurement
duration factor

Design-build
schedule growth

Total duration
schedule growth

Project actual
cost ($ million)

Cost
growth

Number of projects included 43 36 40 37 36 42 42
Maximum 457 2,406 38% 94% 67% 300 17%
Minimum 25 144 2.9% −53% −43% 0.35 −13%
Average 99 848 13% 6.4% 3.8% 33 2.0%
Median 67 745 9.4% 0.0% 0.0% 14 1.4%
Standard deviation 86 531 9.3% 27% 22% 61 6.3%
Standard error 13 89 1.5% 4.4% 3.7% 9.5 1.0%

JOURNAL OF MANAGEMENT IN ENGINEERING © ASCE / OCTOBER 2013 / 385

 J. Manage. Eng., 2013, 29(4): 382-391 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

U
ni

ve
rs

ity
 O

f 
N

ot
tin

gh
am

-N
in

gb
o 

on
 0

4/
28

/1
6.

 C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



and analyzed in terms of their presence, meanings, and relation-
ships (Yu et al. 2006). This method has been used in construction
management research to analyze content of various sources, includ-
ing design-build procurement documents (Yu et al. 2006;
Gransberg and Molenaar 2004; Gransberg and Barton 2007;
Gransberg and Windel 2008).

Relationship between Schedule Growth and
Procurement Duration

The relationships between DB schedule growth and procurement
duration and DB schedule growth and the procurement duration
factor are shown in Fig. 3. The regression analysis shows a very
weak and negative relationship between schedule growth and either
procurement duration or the procurement duration factor. When
this relationship is tested using the p-test and a level of significance
of 0.05, the results show that schedule growth has no significant
correlation with procurement duration, but a weak correlation
with the procurement duration factor. This relationship was also
evaluated based on project size to see if the results changed
(Table 3). The assumption made is that larger projects (greater
than $50 million in total project cost) would benefit more from
longer procurement duration than smaller projects. The results
of the analysis based on project size also showed that there was
no significant correlation between schedule growth and either
procurement duration or the procurement duration factor. The
linear relationship between design-build schedule growth and

procurement duration was also studied, leading to similar results
with that in total schedule growth.

Relationship between Cost Growth and Procurement
Duration

The relationships between cost growth and procurement duration
and cost growth and the procurement duration factor are shown
in Fig. 4. The regression analysis shows a very weak and positive
relationship between cost growth and either procurement duration
or the procurement duration factor. When this relationship is tested
using the p-test and a level of significance of 0.05, the results show
that there is no significant correlation between cost growth and
either procurement duration or the procurement duration factor.
This relationship was also evaluated based on project size to see
if the results changed (Table 3). The results of the analysis based
on project size also showed that there was no significant correlation
between cost growth and either procurement duration or the pro-
curement duration factor.

Comparison between Water/Wastewater Projects and
Transportation Projects

The regression analysis of procurement duration and project per-
formance in the water/wastewater sector was compared to a similar
analysis for the transportation sector (Migliaccio et al. 2010) to
determine if the results would be different for different types of
sectors. The study of design-build transportation projects showed
a strong, negative correlation between schedule growth and pro-
curement duration, such that the longer the design-build firms
had to prepare their proposal, the better their schedule performance
(Migliaccio et al. 2010). This result is different from the findings
for design-build water/wastewater projects, in which there was no
significant correlation between schedule growth and procurement
duration. The study on design-build transportation projects showed
a weak, negative correlation between cost growth and procurement
duration, which was considered to be statistically insignificant
(Migliaccio et al. 2010). The results found for design-build water/
wastewater projects were also considered to be statistically insig-
nificant for any relationship between cost growth and procurement
duration.

Discussion of Findings

This study found no significant relationship between procurement
duration and project performance in design-build water/wastewater
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Fig. 3. Overall project schedule growth in relation to (a) procurement duration; (b) procurement duration factor

Table 2. Project Performance Data Comparison between Design-Build
Water/Wastewater and Migliaccio et al. (2010)’s Study in Transportation
Projects

Metric Maximum Minimum Mean Median
Standard
deviation

Sample
number

Procurement duration (days)
water/wastewater 457 25 99 67 86 43
Transportation 139 11 88 91 27 146

Project actual cost ($ million)
water/wastewater 300 0.35 33.62 13.96 61.28 42
Transportation 1,840 0.15 53.72 6.98 204.56 146

Cost growth
water/wastewater 17% −13% 2.0% 1.4% 6.3% 42
Transportation 84% −56% 0.4% 0.6% 16% 146

Schedule growth
water/wastewater 94% −53% 6.0% 0.0% 27% 37
Transportation 118% −58% 13% 9.2% 29% 146
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projects. This means that design-build firms that had more time to
prepare their design-build proposal did not necessarily perform any
better in terms of schedule and cost growth than firms that had less
time to prepare their proposal. The data in Fig. 3 illustrate this fact,
and it is also apparent from Fig. 3 that the projects with the highest
schedule growth also had short procurement durations. When the
size of the project is taken into account (through the use of the pro-
curement duration factor), the worst performing projects (with
schedule growth >20%) all had procurement duration factors of
10% or less. This indicates that providing a longer procurement
duration may not result in better schedule performance, but that
providing too little time for procurement can result in very poor
schedule performance.

When comparing these results with a similar study of design-
build transportation projects (Migliaccio et al. 2010), neither sector
(water/wastewater and transportation) showed a relationship be-
tween cost growth and procurement duration. However, the trans-
portation sector showed a significant relationship between schedule
growth and procurement duration, such that projects with a longer
procurement duration resulted in lower schedule growth. This was
not the case for water/wastewater projects. When comparing these
two sectors in terms of design-build project delivery, it is speculated
that there is a significant difference in design complexity between
the two sectors. The water/wastewater sector appears to have much

more complexity and uncertainty in early designs, which may mean
that ultimate project performance is more influenced by project
characteristics than procurement duration. Contributing to this de-
sign uncertainty are factors that vary from project to project and
from day to day, such as influent water quality and the effectiveness
of treatment technologies at different times of the year. For trans-
portation projects, the design criteria and guidelines are clearly
spelled out by organizations such as the American Association
of State Highway and Transportation Organizations (AASHTO).
This reduces the variability of designs and the uncertainty in early
design decisions, which means that design-build teams can better
plan the project during the procurement phase, and the end result is
better schedule performance when given additional time to prepare
the design-build proposal. Given the design uncertainty associated
with water/wastewater projects, perhaps an even longer procure-
ment duration than what was studied here would result in improved
performance. Another reason for the different relationship between
the two sectors could be because of the data sample collected. In the
transportation sector, all projects in a state are run through a single
state transportation agency. The fact that transportation agencies
may oversee many projects may have decreased variability in that
data set because of consistent owner-specific characteristics, such
as procurement process, evaluation criteria to design-builders, and
long-term business relationships with the same design-builders.
When these factors are the same for design-build transportation
projects, the time for design-builders to prepare the proposal
became a more significant issue for the final schedule perfor-
mance (Migliaccio et al. 2010). In contrast, the nature of the water/
wastewater sector means that projects were located throughout
the United States and were built by a wide variety of owner
organizations. Most water/wastewater owners complete projects
infrequently, which limits their procurement experience. This sig-
nificant difference in owner-specific characteristics, such as owner
type (public or private), procurement philosophy, and RFP content
could have contributed more to project performance other than pro-
curement duration. The potential reasons of the differences of this
linear relationship analysis between these two sectors are further
explored through content analysis of procurement documents of
transportation and water/wastewater projects.

Content Analysis

The results of the data analysis show that there were dif-
ferences between this study of water/wastewater projects and

Table 3. Relationships between Project Duration-Related Factors and
Project Performance for Different Sizes of Projects

Metric

Low-complexity
projects (N ¼ 20)

Medium-complexity
projects (N ¼ 18)

High-complexity
projects (N ¼ 8)

DBSG CG DBSG CG DBSG CG

PD
r −0.20 0.15 −0.02 0.42 −0.57 −0.56
p 0.45 0.53 0.94 0.11 0.32 0.32

PDF
r −0.18 0.36 −0.33 0.15 −0.47 −0.54
p 0.49 0.14 0.25 0.58 0.42 0.35

Note: r = correlation coefficient; DBSG = design-build schedule growth;
CG = cost growth; PD = procurement duration; PDF = procurement
duration factor; though N shows the total number of projects within
each size of project, the sample number used in the correlation analysis
is less than the total project sample because of the incomplete data;
low-complexity projects: actual cost is less than $10 million, medium
complexity projects cost from $10–50 million, and high complexity
projects cost more than $50 million.
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Fig. 4. Overall project cost growth in relation to (a) procurement duration; (b) procurement duration factor
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Migliaccio et al.’s (2010) study of transportation projects. These
differences were especially seen in the relationship between pro-
curement duration and schedule growth. Because of these differen-
ces, further analysis was done using content analysis to try to
determine why these two types of projects behaved differently.

Content analysis is applied in the study of the relationship be-
tween procurement duration and project performance. Based on
those differences and similarities of relationships between water/
wastewater and transportation projects, related hypotheses concern-
ing the procurement duration and project performance are provided
as follows:
• There are some variables included in the procurement

documents that impact the project final cost and schedule
performance;

• In most DB transportation projects, schedule issues are of
greater concern than in water/wastewater projects;

• The project costs in both transportation and water/wastewater
projects may not be so easily controlled by the design-builder,
even though sufficient time is provided to prepare the cost pro-
posal; and

• Cost change and schedule change are not necessarily interre-
lated in both transportation and water/wastewater projects.
The RFP is a significant data source to test the hypotheses. The

authors analyzed RFP documentation, searching for information on
(1) the RFP content structure; (2) procurement approach (e.g., low
bid versus best value); (3) DB team selection criteria; and (4) other
variables. These additional variables included those that are as-
sumed to influence the ultimate performance of a DB project. They
are listed in Part IVof Table 4. More detailed information on these
variables is available in Jin (2010).

The objective of the content analysis was to explore the simi-
larities and differences of the DB RFPs between water/wastewater

Table 4. Content Analysis: Summary of Results

Topic Variable Transportation (%) Water/wastewater (%)

I. RFP content structure Executive summary 33 46
Proposer information and certifications 21 7.7
Financial proposal 23 33
Management proposal 36 25
Technical proposal 96 92
Price proposal 96 93
Optional proposal 17 8

II. Procurement approach Sole source 0 13
Qualification-based 12 33
Best value 40 47
Low-bid 48 7

III. Selection criteria Design-builders’ responsiveness 54 50
Cost 93 88
Design-builders’ understanding of the project and approach 44 77
Design-build team organization 78 77
The design-builder’s capability, experience 70 92
Financial capacity 27 42
Maintenance and operation capacity 38 25
Design quality program 67 33
Construction quality program 76 25
Safety program 38 15
Schedule/work breakdown plan 58 54
Subcontracting 33 25
Warranty 9.1 0.0
Environmental protection 18 8.3
Coordination 57 25
Aesthetics 29 0.0
Risk management 0 27

IV. Other variables Number of procurement steps (1/2/3) 19/67/15 67/20/13
Stipend or honorarium to proposers 65 7
Mention of percentage of design completion in the proposal 12 25
Liquidated damages 35 17
Preproposal conference 56 75
Interviews or oral presentations by proposers 44 75
Owner-mandated project price cap 16 0
Owner-mandated project completion date 59 8
Incentives for early completion 8 8
Preproposal site visit 35 62
Required project life cycle cost analysis 19 25
Circumstances for proposal exclusion 31 50
Dispute resolution process 15 23
Change order process 12 23
Payment procedures 44 23
Expected warranties 41 8
Design-builders provide the subcontractor list 26 33
Design-builders’ duties in personnel training 26 0
Owner’s right to use ideas from unacceptable proposals 12 0
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projects and transportation projects to add explanatory power to
this study. For projects in which RFP documents were not avail-
able, other procurement documents, such as the RFQ or contracts,
were evaluated. In total, documents were reviewed for 31 transpor-
tation projects and 17 water/wastewater projects.

The frequency rate was the measure used to compare between
water/wastewater and transportation projects.

Frequency Rate

¼ Number of Times Terms Present=Number of Projects

For example, if the term stipend or honorarium appeared 13
times in 31 transportation projects, the frequency rate for this term
was 13/31, or 42%.

Content Analysis—Summary of Results

The key differences between the two sectors in terms of frequency
rate are presented in Table 4.

In terms of RFP structure, both sectors required many similar
items in the DB proposals, such as a separate price proposal
and technical proposal. Within the major sections identified in
Table 4, some of the key areas of difference are
• Within the management proposal, transportation projects more

frequently cited the need for subcontractor management, com-
munication, and cost and schedule control;

• Within the technical proposal, transportation projects more fre-
quently cited geotechnical/earthwork plans, construction plans,
and maintenance plans; and

• Within the price proposal, transportation projects more fre-
quently cited lump sum pricing.
In terms of procurement approach, the most common selection

methods for transportation projects were low bid and best value.
For water/wastewater projects, the most common selection meth-
ods were qualifications-based and best value.

In terms of selection criteria, the design-builders’ understanding
of the project and approach, the design-builders’ financial capacity,
and their experience are more frequently used in water/wastewater
than in transportation projects. In contrast, design and construction
quality programs, safety programs, and coordination and commu-
nication of the designer/engineer, contractor, and owner are much
more commonly evaluated in transportation projects. Aesthetics are
sometimes evaluated in transportation projects, whereas they are
not considered in water/wastewater projects. Finally, the design-
builders’ risk management program is sometimes evaluated in
water/wastewater projects, but not in transportation projects.

Several other variables were also evaluated. The terms with key
differences between sectors are listed subsequently.
• Transportation projects had a higher frequency for liquidated

damages in the contract.
• Two-step is the main process used in transportation project pro-

curement, whereas one-step is widely used in water/wastewater
projects.

• Most transportation projects provide stipends to responsive but
unsuccessful proposers, whereas most water/wastewater pro-
jects do not have any stipend or honorarium for proposers.

• More than half of transportation project owners have a deadline
for the project’s substantial completion, whereas only a few
water/wastewater project owners have the requirement of the
project completion date.

• The site visit before proposal submission is much more fre-
quently required or encouraged in water/wastewater than trans-
portation projects.

• More water/wastewater project RFPs contain the circumstances
under which proposals may be rejected.

• More transportation project RFPs contain the payment proce-
dure and the requirements of the design-builders’ warranty.

• More than half of transportation project RFPs contain clauses of
the proposers’ right to protest regarding the procurement,
whereas only a few water/wastewater project owners have simi-
lar clauses.

Discussion of Content Analysis Results

The content analysis is used to explore the reasons for the differ-
ences in the linear relationships between procurement duration
and project performance for transportation and water/wastewater
projects.

Schedule and Cost Growth in Transportation and
Water/Wastewater Projects
Most transportation and water/wastewater projects require design-
builders to prepare separated technical and cost proposals. Most
owners even have two different committees to evaluate the two pro-
posals. The DB teams’ schedule and cost performance are not nec-
essarily related. For example, a design-builder who finishes a
project before the planned completion date is not necessarily also
under budget. It may be because of the employment of more work-
ers or the use of more advanced management techniques that the
design-builder manages an earlier completion, but meanwhile, the
cost increases.

Procurement Duration and Schedule Growth in
Transportation and Water/Wastewater Projects
The duration from RFP issue to due date is the time given for
design-builders to prepare proposals on the RFPs. There is a
preassumption that the design-builder is the main party that can
influence and control the project timeline. Provided that the design-
builder has good previous performance and an excellent schedule
control team, the dominating factor is the time provided for the
design-builders to prepare proposals. Migliaccio et al.’s (2010)
study in transportation projects has supported the hypothesis. How-
ever, this conclusion could not be made in water/wastewater proj-
ects. The reason may be that there are other influencing factors that
impact the project schedule that could not be controlled by design-
builders’ time and effort spent during the proposal preparation.
These factors can be found from the content analysis:
• More transportation project proposals have a subcontractor

management plan (SMP). Because subcontractors are the direct
executors of construction, the design-builder’s management and
communication with subcontractors are important to control the
project timeline. The requirement of SMP in transportation pro-
jects helps design-builders control the project schedule.

• More transportation project proposals have a schedule plan and
geotechnical and earthwork plans. The preparation of these
plans at earlier stages like the RFP phase may be beneficial
for the design-builder to control the schedule.

• Owner’s relative weighted evaluation criteria of design-builders
may also impact design-builders’ schedule performance. Re-
view of the RFP documents indicate that transportation project
owners weigh more on cost criteria, and water/wastewater own-
ers weigh more on proposers’ qualifications.

• Owners’ procurement process may impact the performance of
the design-builder. Most owners in transportation projects use a
two-step selection process, whereas many water/wastewater
project owners use one-step. The two-step may enable the owner
to have a better qualified design-builder because there is a pre-
qualification process and a further evaluation of proposers.
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• The stipend paid for unsuccessful proposers may motivate
potential design-builders to participate in the project contract
competition. As a result, the owner may select a DB team among
a larger pool of proposers. Given that transportation projects
adopted stipends at a significantly higher frequency, this in-
creased competition may explain why transportation projects
have a stronger relationship between project duration and
schedule growth.

• Owner’s requirements on project completion date, liquidated da-
mages for late completion, and an incentive policy for early
completion probably impact the schedule control.
In addition to the aforementioned factors of project schedule

growth, there might be other factors not contained in the procure-
ment documents of transportation and water/wastewater projects:
• One factor might be the whole procurement duration (from

owners’ preplanning to contract award). The duration used in
this study is a part of the whole procurement duration. It is the
time for design-builders to prepare DB proposals. The owners’
effort during the procurement may also influence the project
schedule growth.

• The design-builder’s team effort and experience in scheduling.
• Owner and design-builder organization: according to some

practitioners, the procurement duration is more a function of
the organization and/or the scope of the project, and would
not be an indicator of project duration change (A. J. Lundt, per-
sonal communication, 2009).

Procurement Duration and Cost Growth in Transportation
and Water/Wastewater Projects
There are weak linear relationships between procurement duration
and cost growth in both transportation and water/wastewater proj-
ects. It may also be explained by the fact that there are a series of
other factors that influence cost change. Only after excluding these
factors can the cost growth be controlled basically by the design-
builders’ efforts and time to prepare proposals. These factors might
include:
• Percentage of design completion in the proposal: The more de-

sign completed in the proposal and before the construction
starts, the more reliable cost estimates can be;

• Owner’s budget for the project: Owners’ maximum amount for
the project can influence the design-builders’ preparation of cost
proposals because the design-builder will have to pay more at-
tention to controlling the estimated cost;

• Life cycle cost or value engineering: The cost proposal can vary
if design-builders are required to prepare price proposals in
consideration of the life cycle costs;

• Maintenance, operation, and warranty: The cost proposal may
also vary if design-builders are responsible for the maintenance
and operation and required to provide a warranty;

• Design-builders’ cost estimate and control team may have a
large impact on the cost performance. The team’s effort, experi-
ence, and capacity can impact both schedule and cost; and

• Other factors may account for DB project cost growth, such as
the whole PD and owner’s sophistication.

Conclusions

The goal of this study was to determine if there was any relationship
between procurement duration and project performance for design-
build water/wastewater projects. The data indicate that procurement
duration does not influence project performance, measured in terms
of schedule and cost growth. These results were then compared to a
similar study of design-build transportation projects. Neither sector
(water/wastewater and transportation) showed a relationship

between cost growth and procurement duration, which indicates
that procurement duration is not a limiting factor when determining
project costs in design-build proposals. For transportation projects,
there was a relationship between schedule growth and procurement
duration, whereby a longer procurement duration resulted in proj-
ects with lower schedule growth. One reason for this difference
may be related to the greater complexity and uncertainty associated
with the design of water/wastewater projects compared to transpor-
tation projects. Another reason is that most of the transportation
projects in the study came from the same state DOT. Previous stud-
ies have suggested that owner organization has a large impact on
project performance. These differences were further studied
through content analysis of procurement documents.

The content analysis of proposal requirements indicated
several differences between the transportation sector and the water/
wastewater sector that could account for why procurement duration
and schedule growth are related in transportation but not in water/
wastewater projects. More transportation project proposals have a
SMP that helps design-builders control the project schedule. More
transportation project proposals require preparation of schedule
plans at the proposal stage, which can benefit the overall project
schedule by identifying potential issues up front. Review of the
RFP documents indicate that transportation project owners are
more likely to use a two-step selection process, whereas many
water/wastewater project owners use one-step. The two-step pro-
cess may enable the owner to have a better qualified design-builder
because there is a prequalification process and a further evaluation
of proposers. Among other issues identified through the content
analysis, transportation projects adopted stipends at a significantly
higher frequency, which may increase competition and explain why
transportation projects have a stronger relationship between project
duration and schedule growth. The owner’s requirements on project
completion date, liquidated damages for late completion, and an
incentive policy for early completion probably also impact the
schedule control. All of these factors should be considered during
procurement as a way to ultimately improve project performance.
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