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EXECUTIVE SUMMARY

Background

This study analyzed historical project data (2010-2020) from
INDOT’s highway contracts, which involved approximately 5,000
contracts worth a little over $10.13 billion. The study examined
data on the change order (CO) frequency (count), severity
(magnitude), and the impacts in terms of cost overrun and
schedule delay (SD). The study also examined the root causes of
CO. This executive summary provides a synopsis of the findings.
The main report contains details of the literature review, analysis
methods, and modeling results.

Objectives

The study sought to (1) document the trends, patterns, and root
causes of COs associated with INDOT projects over an 11-year
period for the different project types and at each of the six
districts; (2) identify contract and project types that were more
likely to experience change orders; (3) analyze the impact
of change orders on the initial project cost and schedule; and
(4) develop a set of recommendations or guidelines that could
help INDOT reduce the incidence of change orders on their
projects.

Results I: Literature Review of Root Causes

From the review of published material, including previous
JTRP studies, the primary causes of COs have been the following.

® Errors and Omissions: Design errors, errors in the estimate,
contract omission, and inconsistencies between contract
documents are identified as key contributors to change
orders.

® Changed Conditions: Unforeseen site conditions, weather
variations, natural incidents, changes, or additions caused by
utilities, and alterations in work rules and regulations are
recognized as factors leading to changes in project condi-
tions.

® Scope Changes: Changes in plans or work scope and
modifications in materials or procedures are identified as
elements that can result in alterations to the project scope.

® Payment Adjustments: Financial problems on the part of the
owner and delays in progress payments are acknowledged as
potential causes for adjustments in project costs.

® Specification Changes: Changes in the standard technical
detail such as dimensions or material. See Chapters 2 and 3
for more information.

Results I1I: General Distribution of Change Orders

The descriptive statistics of the COs yielded the following key
findings: sixty-five percent (65%) of the contracts had at least
1 CO; 30% had at least 5 COs; 10% had at least 12 COs; and 4%
had over 20 COs. As shown in Figure 4.9, the Greenfield District
had the most COs—28% of statewide total COs and 29% of the
statewide total net monetary value (overrun). On the other hand,
Vincennes District had the least (10% of the statewide total count
of COs) but accounted for 23% of the total statewide CO amount.
This suggests that Vincennes generally had COs of relatively large
magnitude compared to other districts. See Chapter 4 of this
report.

Results III: Pre-Implementation Factors that Affect CO
Propensity, Magnitude, and Direction

Chapter 5 identified a few base attributes (pre-implementation
attributes of the contract and the project) that affect the
propensity, magnitude, and direction of change orders, and
developed models that not only predicted these outcomes but
also elucidated the relationships between each of these outcomes
and the base attributes. The base attributes are district location,
project type, contract type, urban/rural location, and the contract
award amount. From a broad perspective considering all the
data combined, it was observed that the CO count increases up to
a certain threshold of the contract award amount ($54M), and
then decreases thereafter.

Results IV: Impacts of Change Orders

Sixty-five (65%) of the contracts experienced cost overruns and
40.4% had schedule delays. The average cost overrun rate across
all contracts was 5.61%, with project type specific rates as follows:
bridge-related contracts (2.52%); road-related contracts (3.55%);
and maintenance/traffic-related contracts (9.20%), excluding
projects where COs were related to contract renewals. The average
cost overrun rate (percent increase in project cost) due to COs
varied across the districts from 3.9% (Seymour) to 11.2%
(Greenfield). Generally, districts that experienced higher cost
overruns also had longer schedule delays, except for Vincennes
which had relatively high average cost overrun rates without a
commensurate increase in the average schedule delay. Both
Vincennes and Seymour had average cost overruns of 9%—10%
but Vincennes’s schedule delay (17.6%) was far lower than that of
Seymour (33%). See Chapter 5.

Results V: Impacts by the Dominant Root Causes of the
Change Orders

1. Changed Conditions: Cost overrun amount of $266M (42%
of total CO magnitude; 9,544 COs), with the following
dominant subcategory impacts.

® Constructability-Related: $117M (19%).
® Soils-Related: $39M (6%).
® Environment-Related: $25M (4%).

2. Errors and Omissions: Cost overrun amount of $139M (22%
of total CO magnitude; 6,507 COs), with the following
dominant subcategory impacts.

® Design-Related: $75M (12%).

3. Scope Changes: Cost overrun amount of $109M (17% of
the total CO magnitude; 2,371 COs), with the following
dominant subcategory impact.

® Quantities and Items: $60M (9%).

4. Final Quantity Adjustments ( Cost Adjustment): Cost overrun

amount of $193M.

The total cost overrun attributed to the above CO categories is
$514.22M (81% of all COs) without considering adjustments for
final quantity. The district-wise top five root causes of the COs are
provided in Figure 7.2. Details are provided in Chapter 6 of the
report.

Recommendations

® Constructability-Related: Consultants should have clear and
comprehensive plans, conduct detailed reviews, and ensure
project specifications align with design requirements. Owners



are encouraged to utilize project management software,
maintain a log of past change orders, and create checklists.
Contractors should prepare work breakdown structures.
Soils and Environmental: Thorough site investigations are
recommended. Alternative contract methods like design-
build are suggested.

Errors and Omissions: Greater caution regarding potential
contract omissions and coordination with owners for project
specifications is advocated.

Scope and Final Quantity Adjustments: Recommended
actions include ensuring complete detailed engineering

before bidding, engaging third-party peer reviews for design
and project estimates and providing a comprehensive
approach to addressing the identified concerns are recom-
mended.

Chapter 6 presents the details of the recommendations.
Chapter 7 discusses the study limitations and identifies
opportunities for future work using this data or an expanded
set of data.
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CHAPTER 1. INTRODUCTION
1.1 Background and Problem Statement

Construction projects are influenced by a multitude
of factors, both controllable and uncontrollable, and
stakeholders. One critical aspect is the management of
change orders. A change order, in essence, represents a
modification to an existing construction contract,
leading to adjustments in the scope of work agreed
upon (Ahmed et al., 2022; Shrestha, 2016). Typically,
these alterations result in an increase in the contract
price, an extension of the contract duration, or some-
times both. Change orders can arise due to various
reasons, such as constructability issues, design revi-
sions, unforeseen site conditions, or client preferences
(Assaad et al., 2022).

It is worth noting that certain types of construction
work are more susceptible to change orders than others.
Complex projects, such as those involving intricate
designs, or those situated in challenging environmental
conditions often see a higher frequency of change
orders. These modifications can introduce additional
risks, affecting project timelines and budgets. However,
the repercussions of change orders often extend beyond
the cost and schedule metrics. Worker productivity and
morale (Moselhi et al., 2005), reduction in work quality,
and increase in potential claims and disputes (Zaneldin,
2020) are some of the consequences identified in the
literature.

In the context of the Indiana Department of
Transportation (INDOT), change orders influence the
agency’s ability to achieve its strategic objectives. Two
of INDOT’s primary goals are to deliver projects “On-
time and On-budget.” Change orders, by their nature,
tend to hinder these objectives. They introduce
uncertainties, leading to delays and cost overruns,
which can challenge INDOT’s ability to meet these
strategic targets. Furthermore, these challenges in
managing change orders align with specific provisions
of federal legislation. MAP-21 (Moving Ahead for
Progress in the 21st Century Act) and the IIJA
(Infrastructure Investment and Jobs Act) emphasize
the importance of efficient project management and
adherence to budgets and timelines in infrastructure
development. By mitigating the impact of change
orders, INDOT and other construction stakeholders
can better align with these legislative requirements,
promoting more effective and cost-efficient project
delivery.

1.2 Research Needs

The Indiana Department of Transportation
(INDOT) recognizes the necessity of evaluating the
effectiveness of methodologies to reduce the incidence
of change orders, focusing on the factors that can be
potentially controlled and managed in a better manner.
To achieve this, the research team will analyze historical
project data for INDOT’s contracts from 2010 to 2020.
By examining data related to the number and root

causes of change orders, increase in construction costs
and schedule from previous projects, INDOT can gain
valuable insights for each of their six administrative
districts.

INDOT can also benefit from the comprehensive
understanding of historical trends in change orders.
They can identify patterns, such as the root causes for
change orders that frequently lead to cost overruns and
schedule delays. Additionally, it can help uncover the
correlation between change orders and contract-specific
factors (such as district, project type, award amount,
and planned duration). By comprehensively studying
these trends and their relationships with various change
order and contract characteristics, INDOT can enhance
its ability to anticipate and estimate the likelihood of
change orders for future projects. This predictive
capability is invaluable for planning and budgeting
purposes, enabling more accurate project cost and
schedule forecasts.

In summary, INDOT’s commitment to assessing
change order estimation methodologies through histor-
ical project data analysis is a proactive step toward
better project management. It empowers the agency
with the knowledge needed to make informed decisions
and mitigate the impact of change orders, ultimately
contributing to the successful and efficient delivery of
future construction projects.

1.3 Objectives

The main objectives of the study are to (1) analyze
and document the trends and patterns of the root causes
of change orders associated with INDOT projects over a
10-year period for different types of projects with respect
to each of the six INDOT administrative districts; (2)
identify contract and project types that are more likely
to experience change orders; (3) analyze the impact of
change orders on initial project cost and schedule; and
(4) develop a set of recommendations or guidelines that
can help INDOT in reducing the incidence of change
orders on their projects. In this report, the terms
attribute, factor, and variable are used synonymously.

1.4 Scope of Work

This research investigates the root causes of change
orders associated with INDOT projects from 2010 to
2022. For the scope of this research, projects are
classified into four main categories: road projects,
bridge projects, pavement projects, and demolition,
maintenance, and traffic projects. The work types
included in each of these four categories are included
in Appendix A. The datasets shared by INDOT have
information related to the category and the sub-
category of the reasons that led to change orders. For
example, “changed conditions” is a category that
consists of sub-categories such as constructability,
utilities, and environmental conditions. Therefore, due
to this limitation of data granularity, the study team
assumes the sub-category to be the root cause of the

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/14 1



corresponding change orders. For example, this
research can identify whether errors and omissions
were caused more by design-related issues or by permit-
related issues but cannot exactly point out the exact
items under such issues. The recommendations of this
study include suggestions to further improve the quality
of this dataset. Furthermore, this research system-
atically analyzed INDOT data to identify factors that
lead to change orders in INDOT projects. This is
expected to assist INDOT in better implementing
process improvement solutions for their administrative
districts. The study (a) documents CO trends over the
years, and across districts, project types, and CO
associations with various root causes (which appear
only during the project implementation), (b) develops
prediction models for CO outcomes (occurrence prob-
ability, direction, and magnitude) based on base pre-
implementation attributes of the project and the con-
tract, at a stage where root causes are yet to manifest,
(c) describe the relationships between the CO outcomes
and the base attributes, and (d) prediction models for
schedule delay. The prediction models are useful for
project planning and management purposes by
enabling more reliable forecasts of project cost and
schedule. Also, the study developed guidelines to help
mitigate the incidence and severity (positive-direction
magnitude) of change orders. The effective management
of change orders aligns with specific provisions that
recur across previous and current federal legislation (the
Infrastructure Investment and Jobs Act) which empha-
sizes the importance of efficient project management
and adherence to budgets and timelines in infrastructure
development. Overall, the study results can help INDOT
move further towards achieving its strategic goal of
“on-time and on-budget project delivery.”

1.5 Report Organization

Chapter 1 establishes the study background, problem
statement, study objectives, and scope, in the context of
investigating change orders in construction projects
undertaken by the Indiana Department of Trans-
portation (INDOT). Chapter 2 examines INDOT’s
change order policy from 2014 and examines past
research projects to gain insights into the agency’s
historical approaches and actions regarding change
orders. Chapter 3 documents the review of literature
from varied sources including ASCE, CII, TRB
publications, and others to ascertain the state of the
art regarding the causes and impacts of change orders as
experienced by other Departments of Transportation
(DOTs). Chapter 4 uses descriptive statistics to investi-
gate trends and patterns in change orders, both at the
statewide level and at the district level. This allows for
the identification of root causes contributing to change
orders within each district. Using these results, INDOT
could identify areas for increased scrutiny, to facilitate
district-specific process improvement. Chapter 5 docu-
ments the development of statistical models to analyze
INDOT’s historical contract and change orders data.

The aim is to investigate the relationships between the
model outcomes and the base contract- and project-
specific factors. Chapter 6 builds upon the findings from
the previous chapters and the literature review, to offer
recommendations and guidelines. These practical
insights can assist INDOT to enhance its project
planning, execution, and management, potentially redu-
cing the occurrence and impact of change orders. Lastly,
Chapter 7 serves as the conclusion, summarizing key
observations and contributions made throughout the
research. It also addresses future research directions and
acknowledges the study’s limitations, providing a
comprehensive summary to the research report.

CHAPTER 2. INDOT CHANGE ORDER POLICY
AND PAST STUDIES

This section is culled largely from INDOT Change
Order Policy (INDOT, 2014) and has been included in
this report to introduce various terminologies (related
to change orders) that have been used in the research.

2.1 INDOT Definitions and Considerations

2.1.1 Change Orders

“Change Orders are utilized to document an impact
on a Construction Contract and authorize the changes
required to mitigate the impact. These changes include,
but are not limited to, monetary adjustments, time
adjustments, plan revisions, and specification changes.
A change order is a written agreement executed by the
Department and the Contractor that modifies an
existing contract.” Each change order is to only address
one specific impact to a Contract and clearly identify
the reason for the change. Multiple items may be
included on a change order, but all are to be related to
the same specific impact and are to indicate the same
reason for the change.”

2.1.2 Reason Codes

“Codes used to categorize the change orders so that the
department can track the cause of change orders, assess
the extent and source of accountability and work to
minimize similar changes on future contracts.”

2.2 INDOT Classification of Change Orders (Groups
and Subgroups)

INDOT has classified the causes of change orders
into different groups as shown in Table 2.1.

2.3 INDOT Change Order Policy

2.3.1 INDOT’s Definition for a Change Order

Change orders are used to document the impact on
a construction contract and authorize the changes

2 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/14



TABLE 2.1
INDOT Change Order Categories

Category Sub-Category

Errors and Omissions Design/Plan Related
Specification Related
Special Provision Related
Environmental Related
Item Related
Permits Related
Quantity Related, Minor
Quantity Related, Major
R/W Related
Geotechnical Related
Traffic Control Related
Utility Related
Railroad Related
Constructability Related

Work Outside Construction
Limits

Work On Private Facilities

Project Acceleration

Project Upgrades

Material Related

Added Quantities/Items

Deleted Quantities/Items

Scope Changes

Changed Conditions Constructability Related
Permits Related
Environmental Related
Materials Related

R/W Related
Geotechnical Related
Utility Related
Railroad Related
Weather Related
Quantity Related

Payment Adjustments Quality Related
Material Related

Contract Liens Related

Incentive/Disincentive Contract Completion
Intermediate Completion
Closure Times

Cost Reduction Incentive
A+B Contract

A+B+C Contract

Standards/Specifications Change Time Related
Monetary Related
Time and Monetary Related
Specification Change Only

Miscellaneous Final Quantity Adjustment
Damage to State Property

Contract Renewal

required to mitigate the impact. These changes include,
but are not limited to, monetary adjustments, time
adjustments, plan revisions, and specification changes.
A change order is a written agreement executed by the
department and the contractor that modifies an existing
contract. Each change order is to only address one
specific impact to a contract and clearly identify the

reason for the change. Multiple items may be included
in a change order, but all are to be related to the same
specific impact and are to indicate the same reason for
the change.

2.3.2 INDOT’s Change Order Approval Requirements

A change order is not necessary for minor modifica-
tions to the existing contract pay item quantities that
are typically needed to accomplish the contract’s scope
and design. Modifications are considered minor if the
total impact on the contract is less than $20,000 in
increased or decreased costs compared to the currently
approved contract amount. After this threshold is
surpassed, a change order that includes all increases
or decreases in existing contract pay item quantities is
needed to authorize the revisions as shown in Table 2.2.
Further change orders due to additional modifications
to the existing contract pay item quantities are not
needed until the $20,000 limit is exceeded again.

In situations where change orders require adjust-
ments to both cost and time, the higher adjustment
(cost or time) will determine the necessary level of
approval. However, in order to align with INDOT
goals, once change order dollar amounts for a contract
reach 4% over the original budget, or when time
adjustments reach 25 days over the original schedule,
the PE/S will need to submit a draft of the change order
to the District Construction Director, the Director
Division of Construction Management, and the
Director of Capital Program Management, at the same
time as it is sent to the PM. This is being done to
address the cause of the cost or time overrun and to see
if any measures can be taken to correct and adjust as
necessary to make proper decisions as the contract
progresses to completion.

On contracts that have FHWA oversight, prior
approval is required before work can begin on changes
that are considered major. Changes are considered
major if there is a cost increase of 5% of the contract
award amount or $250,000, whichever is less. The
SiteManager system is the official channel for commu-
nicating and approving change orders. Figure 2.1
presents a snapshot of INDOT’s current change order
approval process.

2.4 Existing Studies Sponsored by INDOT

2.4.1 SPR-3224: Analysis of Change Orders in
Geotechnical Engineering Work

SPR-3224 (Duvvuru Mohan et al., 2011) formulated
guidelines and provided recommendations aimed at
reducing the occurrence of change orders related to
geotechnical work within INDOT. To achieve this goal,
the study delved into change orders associated with
geotechnical work in projects completed within the past
5 years. The specific objectives included collecting and
organizing data on these geotechnical-related change
orders, conducting interviews with project stakeholders
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TABLE 2.2
INDOT Change Order Approval Authority

Approval Authority

Max. Cost Adjustment (+/-)

Max. Time Adjustment (+/-)

Project Engineer/Supervisor
Area Engineer

District Construction Director
State Construction Engineer
Director, Division of CM

$50,000
$250,000
$750,000
$2,000,000
Over $2,000,000

10 days

50 days

100 days

200 days
Over 200 days

for detailed insights, evaluating the quality and appro-
priateness of geotechnical work performed, and com-
piling a comprehensive database of these change orders
categorized by project details. Furthermore, the research
aimed to develop a comprehensive set of guidelines to
minimize the occurrence of change orders. These guide-
lines were crafted based on the analysis of change
orders, considering instances where alternative geotech-
nical approaches could have prevented them or where
bureaucratic and process-related issues were evident.

The findings of SPR-3224 revealed several key
insights regarding geotechnical change orders within
the context of INDOT. On average, geotechnical
change orders accounted for approximately 1.34% of
the total estimated construction cost per district per
year. Notably, these geotechnical change orders con-
stituted a significant portion, representing 10.25% of
the average total change order amounts within districts
annually. The study identified an average net overrun
of $707,000 per district per year attributed to geotech-
nical change orders. Out of the contracts examined,
approximately 28% experienced geotechnical change
orders, totaling 158 such changes across 84 contracts.
Road contracts comprised the majority, with 64 cases,
followed by 16 bridge contracts and 4 resurfacing pro-
jects. Furthermore, the study showed that a signifi-
cant portion of contracts with geotechnical change
orders experienced only one such change order (46
out of 84 contracts), while 24 contracts had two
geotechnical change orders. Interestingly, geotechni-
cal change orders were more prevalent in road
contracts (41% of total road contracts) and bridge
contracts (37% of total bridge contracts) compared to
other contract types. Finally, the study categorized
the reasons for geotechnical change orders, high-
lighting that errors and omissions in these changes
were relatively low, indicating effective management
in this aspect.

Several recommendations were proposed to reduce
the occurrences of geotechnical change orders. To
foster a proactive approach, cultivating the right
attitude toward change orders among all stakeholders,
including INDOT staff, designers, and contractors, is
essential. Planning stages, especially for contracts with
large budgets, should involve expert consultation for
accurate risk assessment and the allocation of
appropriate funds. Developing a checklist based on
recurring issues for specific regions, soil types, or
work types can aid in addressing problems during the
design process. Simplifying the system of reason

codes for change orders and enhancing geotechnical
reports to discuss potential remedies are crucial. Clear
communication through the geotechnical office,
analyzing geotechnical specifications, and coordina-
tion among personnel are recommended. In road
contracts, load considerations, constructability issues,
and subgrade quality should be carefully evaluated.
Accurate site investigations, flexible approaches, and
secondary investigations for long-shelved projects can
reduce change orders. Handling moisture content
variations, precise rock layer assessments, and piling
quantity determination are key. Additionally, anoma-
lies encountered during construction should trigger
geotechnical evaluations, and an efficient software
system for recording change order information is vital
to streamline future assessments and reduce manual
data entry efforts.

2.4.2 SPR-2811: Analysis of Cost Overruns and Time
Delays

SPR-2811 (Bordat et al., 2004) investigated the
growing occurrence of cost overruns and time delays
in Indiana Department of Transportation (INDOT)
projects and provided recommendations for addressing
the issue. The study’s specific objectives include
identifying the distribution and trends of cost overruns
and time delays in INDOT contracts, investigating their
causes and responsibilities and through data analysis,
comparing INDOT’s challenges with those of other
highway agencies, conducting statistical analyses to
identify influencing factors, and ultimately developing
recommendations to help INDOT effectively manage
cost overruns, time delays, and change orders in their
projects.

The study’s analysis revealed that during the period
from 1996 to 2001, cost overruns were experienced in
55% of all Indiana DOT contracts, amounting to an
overall cost overrun rate of 4.5% of the bid amount.
Notably, the average cost overrun amount and rate
varied by project type, with bridge projects at 8.1%,
road construction at 5.6%, road resurfacing at 2.6%,
traffic projects at 5.6%, and maintenance projects at
7.5%. In terms of time delays, 12% of all INDOT
contracts encountered delays, with an average delay of
115 days per contract. The study identified “design
errors and omissions” as the most prevalent change
order category, responsible for incurring the highest
costs. It also identified that a significant proportion
of change order reasons were attributed to INDOT or
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its consultants, indicating potential room for impro-
vement in contract management practices. Addi-
tionally, regression modeling was used to ascertain
the influence of independent variables and estimate
future cost overruns, time delays, and change orders.
As some models exhibited inconsistent performance
in terms of R2 and validation statistics, caution is
advised when using them for predictive purposes. Key
variables found to be significant included bid amount,
project type, district location, weather conditions, and
bid comparison factors.

The study’s recommendations for INDOT encom-
pass several key areas aimed at improving project
management and addressing change order challenges.
First and foremost, there is a call to instill a “change
order mindset” within the department, emphasizing
proactive measures. To enhance data management, the
suggestion includes the development of clear proce-
dures and instructions for recording change order
information in SiteManager as projects progress. The
information from the SiteManager was what we used
for our current project. The establishment of a system
of controls to efficiently route change order informa-
tion to relevant personnel in operations support and
design divisions is also recommended. Furthermore, the
study highlights the need to address the prevalence of
“no indicated reason” change orders in the database by
reviewing and modifying the coding system and
providing clearer instructions. To improve consultant
performance, standard reports offering feedback on
errors and suggestions for improvement are advised.
Lastly, the study recommends the creation of an annual
performance review report for consultants, and the
development of a communication system to disseminate
project information, including cost overruns, time
delays, and change orders, to the general public,
promoting transparency and awareness.

2.4.3 SPR-2497: An Initial Evaluation of Design-Build
Highway Projects Performed by the Indiana Department
of Transportation

SPR-2497 (Tymvios et al., 2002) evaluated INDOT’s
pre-2002 design-build highway contracts from the
perspective of project outcomes including the frequency
of change orders. The authors acknowledged that
design-build had been an effective contracting method
in the private and public arenas. Departments of
Transportation had used this contracting method on
various projects for a variety of reasons. They found
that the Indiana Department of Transportation
(INDOT) had used this contract delivery method on a
few projects with mixed responses from those involved
in the process. According to the study report, INDOT
deemed, at the time, that an evaluation of the design-
build program was appropriate to determine its future
use in Indiana. Their study provided a historical
perspective of design-build and how the program has
been received and perceived by INDOT. Their study
also described the project’s survey and the data

collected from the designer and contractor perspectives;
relates the experiences of other Departments of
Transportation with design-build, provided a somewhat
limited comparison with the design-bid-build approach;
and made recommendations for INDOT’s future
design-build practices.

CHAPTER 3. LITERATURE REVIEW
3.1 Causes of Change Orders

For any project, the cause of the change order differs
based on its nature. Goodrum et al. (2010) assessed the
change orders of Kentucky Transportation Cabinet
projects, and identified the primary causative factors
as follows: contract omission, contract item overrun,
owner induced enhancement, and fuel and asphalt
adjustments. They also noted that utility issues and
geotechnical issues were other factors that affect their
projects’ change orders. The study concluded that
among the numerous factors contributing to change
orders in road maintenance contracts, the most
significant ones were changes in work scope, errors in
estimate, and failure to verify the worksite conditions
prior to the contract award.

In Illinois, Assaad et al. (2022) evaluated the state
highway agency’s transportation infrastructure projects
and identified several major causes of change orders,
classifying them as: contract administration, allowable
contingencies, highway plan quality omissions, varia-
tion in site conditions, and design changes. Also, in
Ohio, Ahmed et al. (2022) analyzed ten (10) highway
transportation projects let by the Ohio Department of
Transportation and concluded that the major con-
tract-related cause of change orders is a lack of clarity
and comprehensiveness in defining the contract terms.
They also found that, in their state, project change
orders are also caused by issues related to approvals
in accordance with contractual provisions and
approvals in light of the applicable laws specified in
the contract document.

In their analysis of Indiana’s highway construction
contract data spanning 5 years, Anastasopoulos et al.
(2010) identified design errors, unexpected site condi-
tions, and weather conditions as the primary causes of
change orders in these projects. Alleman et al. (2020)
analyzed 162 completed U.S. highway projects from
2004 to 2015 and concluded that the primary causes of
change orders were unforeseen condition changes and
agency-directed changes in work scope. Regarding
heavy road projects in Florida, Serag et al. (2010) and
Serag and Oloufa (2007) identified the major causes of
change orders as the errors and omissions, and work
scope changes, and unforeseen conditions.

From an international perspective, researchers
have identified similar causes of change orders in
road projects in various countries. Halwatura and
Ranasinghe (2013) identified 55 causes of change orders
(COs) in road construction projects in Sri Lanka, the
top five being poor estimation, unforeseen site condi-
tions, political pressure during the construction phase,
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inadequate site investigations, and changes initiated by
the client. In Portugal, Cataldo et al. (2019) analyzed
1,091 transport projects spanning 1980-2012, adminis-
tered at various levels of government. They found that
the project change orders are influenced by a combina-
tion of project-specific or endogenous factors (including
project ownership and size) and exogenous factors
(such as economic cycles and fiscal conditions).

In Palestine, Mahamid (2017) identified five common
causes of change orders in their highway construction
projects: change of project scope by the owner, lack
of coordination among construction parties, owner’s
financial difficulties, changes in materials, and errors
and omissions in the design. In their assessment of
change orders in highway projects in Kuwait,
Khalafallah and Shalaby (2019) identified the key
factors of change orders and presented the distribution
of change order frequency across the key factors:
approximately 29% of their projects faced change
orders due to discrepancies in the contract documents;
26% resulted from poorly-defined scope of work; and
23% were attributed to consultant incompetence.

Alshdiefat and Aziz (2018) investigated the causes of
change orders in the Jordanian construction industry.
They conducted a comprehensive analysis based on
responses from 52 workers from construction engineer-
ing firms, 40 contractors, and 9 construction manage-
ment accounts. They placed the change order causes
into three categories: engineering causes (design errors,
incomplete designs, estimation errors, inconsistency
between contract documents), causes related to the
client (changes initiated by the client, lack of commu-
nication between project parties, time lag between the
design and construction phases), and project circum-
stances (different site conditions, shortages of materi-
als). In a similar study that focused on change orders
within public construction projects in Oman (Alnuaimi
et al., 2010) the causative factors of change orders were
investigated and ranked based on their perceived
relative importance. Their research identified the most
influential causes of change orders as follows: owner-
initiated work scope increase, design modifications,
nonavailability of construction manuals and proce-
dures, design errors, and poor communication between
relevant project stakeholders.

In their research in Qatar, Senouci et al. (2017)
collected and analyzed 1,112 change orders data from
22 residential and commercial construction projects and
emphasized that the change orders were largely caused
by changes of work plans or scope that were initiated
by the owner, differing site conditions, and the
contractor’s lack of judgment and experience. Hsieh
et al. (2004) analyzed 90 change orders associated with
metropolitan public works projects in Taipei, Taiwan.
They determined that change orders were primarily
caused by issues related to planning and design,
underground conditions, natural incidents, changes in
work rules/regulations, shifts in decision-making
authority, and ownership transfers.

Sambasivan and Soon (2007) evaluated data from
67 owners, 48 consultants, and 35 contractors in the
Malaysian construction industry. They identified 28
distinct causes of change orders. After examining the
responses from the owners and the contractors
separately, the researchers identified three leading
causes (these were acknowledged by both parties) as
follows: inadequate contractor experience, poor site
management by the contractor, and problems asso-
ciated with subcontractors. Yitmen et al. (2006) studied
data from North Cyprus and pinpointed the primary
causes of change orders in that country’s construction
industry as follows—design changes, design errors,
additions to scope, and unforeseen conditions.

The problem of change orders is pervasive and is
prevalent in other sectors also. Regarding the electrical
and mechanical industries, Hanna and Iskandar (2017)
and Hanna et al. (2002) found out that the major
factors contributing to change orders are design
changes, design errors, additions to the scope, and
unknown conditions. In their examination of design-
build-maintain school projects in Puerto Rico, Ramos-
Maldonado et al. (2016) determined that direct changes
in work scope are the primary cause of change orders,
and other significant factors include omissions in
contract documents, claims of costs incurred in the
project, and the occurrence of unexpected site condi-
tions and events. In a case study involving the GBK
Aquatic Stadium Project in Indonesia, Hansen et al.
(2020) identified the primary causes of change orders as
follows—design/specification changes, scope changes,
schedule changes, site condition changes, and policy
changes.

Table 3.1 presents a summary of the major causes of
change orders that were observed by various research-
ers. The change order cause categories used in the table
are based on the categories listed in INDOT’s Change
Order Policy document.

3.2 A Review of Past Methods Used to Analyze Change
Order Data

Over the past few decades, researchers have used a
variety of methods to analyze change order data. Table
3.2 presents these methods.

Shrestha et al. (2019) carried out both predictive and
diagnostic analysis of change order data associated with
school building projects. Regarding the former, they
developed models to predict the frequency of change
orders based on attributes of the project and contract.
Regarding the latter, they conducted hypothesis tests to
identify the strength of the relationship between change
orders and cost overruns, and that between change
orders and schedule growth. In a similar effort, Senouci
et al. (2017) used hypothesis testing to make cost-
impact comparisons between different causes of change
orders and various work categories.

Hsieh et al. (2004) used analysis of variance
(ANOVA) to assess variations in mean costs across
different project categories. Shrestha et al. (2022)
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TABLE 3.1
Major Causes of Change Orders

Specific Cause of Change Order

Related Research in Published Literature

(a) Change Order Cause Category: Errors and Omissions

Design Errors

Errors in the Estimate
Contract Omission
Inconsistency Between Contract Documents

Anastasopoulos et al. (2010), Alshdiefat and Aziz (2018), Alnuaimi et al. (2010), Assaad et al.
(2022), Hanna and Iskandar (2017), Hanna et al. (2002), Hsieh et al. (2004), Mahamid
(2017), Yitmen et al. (2006)

Shrestha (2016), Alshdiefat and Aziz (2018), Halwatura and Ranasinghe (2013)

Goodrum et al. (2010), Ramos-Maldonado et al. (2016), Serag et al. (2010)

Alshdiefat and Aziz (2018), Khalafallah and Shalaby (2019)

(b) Scope Changes

Plans or Work Scope Changes

Materials or Procedure Changes

Shrestha (2016), Senouci et al. (2017), Hanna and Iskandar (2017), Hanna et al. (2002), Keane
et al. (2010), Ramos-Maldonado et al. (2016), Serag et al. (2010), Yitmen et al. (2006),
Hansen et al. (2020), Khalafallah and Shalaby (2019)

Keane et al. (2010), Al-Dubaisi (2000)

(c¢) Changed Conditions

Unexpected Site Conditions

Weather Conditions

Natural Incidents

Utility Caused Changes or Additions
Work Rules/Regulations Changes

Anastasopoulos et al. (2010), Senouci et al. (2017), Alleman et al. (2020), Assaad et al. (2022),
Ramos-Maldonado et al. (2016), Serag et al. (2010), Halwatura and Ranasinghe (2013),
Serag and Oloufa (2007)

Anastasopoulos et al. (2010)

Hsieh et al. (2004)

Assaad et al. (2022)

Hsieh et al. (2004)

(d) Payment adjustments

Owner’s Financial Problems
Delay in Progress Payments

Keane et al. (2010), Mahamid (2017)
Assaf and Al-Hejji (2006)

(e) Others

Specification Changes
Design Changes

Contractor’s Lack of Judgement and Experience
Problems with Subcontractors

Shortages of Materials

Lack of Communication Between Project Parties

Delay in Site Handover to the Contractor

Time Lags Between the Design and Construction
Phases

Inadequate Project Objectives

Contract Item Overrun

Delayed Decision-Making (Client)

Political Issues

Assaad et al., 2022; Hansen et al., 2020; Khalafallah and Shalaby (2019)

Alnuaimi et al. (2010), Assaad et al. (2022), Hanna and Iskandar (2017), Hanna et al. (2002),
Yitmen et al. (2006), Hansen et al. (2020)

Senouci et al. (2017), Sambasivan and Soon (2007)

Sambasivan and Soon (2007)

Alshdiefat and Aziz (2018)

Alshdiefat and Aziz (2018), Alnuaimi et al. (2010), Assaf and Al-Hejji (2006), Mahamid
(2017), Al-Dubaisi (2000), Khalafallah and Shalaby (2019)

Assaf and Al-Hejji (2006), Patil et al. (2013)

Alshdiefat and Aziz (2018)

Keane et al. (2010)

Goodrum et al. (2010)

Keane et al. (2010), Sambasivan and Soon (2007)
Halwatura and Ranasinghe (2013), Catalao et al. (2019)

formulated six research hypotheses to examine the
performance trends related to the growth of construc-
tion costs, change orders, and schedules in Texas DOT
highway construction projects. The authors also used
ANOVA to investigate the associations between cost,
schedule, change order growth, and the year of project
completion. Shrestha and Maharjan (2018) also used
hypothesis testing to examine the correlation between
the growth of change orders and the number of change
orders with cost growth, schedule growth, and con-
struction intensity. Using ANOVA, Randolph et al.
(1987) found that project cost changes are influenced by
factors such as the contractor’s identity, the nature of
the work, the bid year, and the bid cost.

Questionnaire surveys of construction managers and
engineers have been an effective tool in several change
order studies. For example, Alshdiefat and Aziz (2018)
administered a questionnaire survey of construction
company personnel, contractors, and construction
management workers to develop a severity index for
the different causes of change orders. Similarly,
Alnuaimi et al. (2010) carried out a survey of clients,
contractors, and consultants to ascertain the relative
importance index of various change order causes.
Additionally, Keane et al. (2010) used survey responses
from construction project managers, quantity sur-
veyors, and architects to identify the common causes
of change orders in construction projects. Patil et al.
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TABLE 3.2

Methods that Have Been Used to Analyze Change Orders

Model Type

Variables

Outcome

Reference(s)

Multiple Linear Regression

Linear Regression

Simple Linear Regression
Linear Regression
Logistic Regression

Timing of the CO; reason for the CO; party
causing the CO; approved CO hours; work
stoppage; work season; way CO expended;
restricted access; way CO compensated;
stacking of trades; extension

Percent CO initiated by the owner;
Productivity tracking; turnover; percent
of time spent by the project manager
on the project; overmanning

Contract value

Rework cost as percent of contract price

Hours needed to complete the project;

Percentage increase in the
contract price due to change
orders

Cumulative impact of changes
in productivity in electrical
and mechanical projects

Cost overrun percentage
Number of change orders
Whether a project was

Serag et al. (2010); Serag and
Oloufa (2007)

Hanna and Iskandar (2017)

Senouci et al. (2017)
Mahamid (2017)
Hanna et al. (2002)

percent
of submitted change order hours
approved by owner; overtime;
manpower shortage

Cumulative probability of change
order occurrence; cost growth;
schedule growth

Non-Linear Regression

Artificial Neural Network Work category; site accessibility; weather
condition; road surface type; road
condition; location name; activity
bid amount

System Dynamics Scope change; temperature; labor
crowding; overtime; fatigue;
learning effects

BP, NB, ZINB, ZIP! Contract duration; award amount

Pareto Diagrams
corresponding to different change
order causes

Amount of cost increase and schedule delay

impacted by change
orders

Percentage of change order
occurrence; Percentage of
cost growth;

Percentage of schedule growth

Prediction of change order
percentage for road
maintenance contracts

Shrestha et al. (2019)

Shrestha (2016)

Impact on productivity, labor
hours needed to finish and
deliver the project on time,
and the rate of work done

Al-Kofahi et al. (2022)

The number of change orders
in any highway construction
project

The most significant causes
for change orders

Anastasopoulos et al. (2010)

Ramos-Maldonado
et al. (2016)

'BP: Basic Poisson; NB: Negative binomial; ZINB: Zero-inflated negative binomial; and ZIP: zero-inflated Poisson.

(2013) analyzed survey responses to develop a relative
importance index (RII) for distinct causes of project
adversity. Sambasivan and Soon (2007) administered a
questionnaire survey of clients, consultants, and con-
tractors that work in the Malaysian construction
industry. Assaf and Al-Hejji (2006) also conducted a
survey of individuals (owners, contractors, and con-
sultants) involved in large construction projects in
Saudi Arabia, and investigated the trends using various
indices, including frequency, severity, and importance.

3.3 Impacts of Change Orders

The impacts of change orders have been the subject
of extensive research and study. The impacts include
the following (Bordat et al., 2004).

® Increase in project cost (cost overrun).

® Extension of construction period (time delay).

® Decrease in work quality (except in cases where the
change order was done to specifically to ensure high
quality of work).

® Worsened public relations between the project stakeholders.

® Reduced credibility of the owner (as a diligent steward of
the taxpayers’ infrastructure.

A few of these are discussed below.

3.3.1 Cost Overrun

A major impact of change orders is the increase in
the overall cost of the project. Shrestha and Maharjan
(2018) examined 185 large Texas highway projects with
over $10M cost and found that when the number of
change orders surpassed 20, both cost and schedule
growth increased significantly. In investigating other
projects in Texas in 1987-2015, Shrestha et al. (2022)
investigated 3,957 highway construction projects (of
total value $21.15B). They found that the change orders
led to a significant increase in project costs. Shrestha’s
(2016) assessment of 575 road maintenance contracts
found that approximately 14% of the contract with
change orders experienced increased cost; 39 contracts
had negative change orders, suggesting cost savings
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below budget, with average of -5.64%. They also found
that of the project types, culvert installation projects
experienced the highest frequency of change orders.

Such effects have also been observed internationally.
Shrestha et al. (2017) evaluated 614 road maintenance
projects in Kenya and observed that project-level change
orders caused approximately 13% cost escalation, sche-
dule delays, and reduced worker productivity. Their results
also indicated that as project size increases, the percen-
tage of change orders decreases. In Portugal, Catalao
et al. (2019) examined 1,091 government-financed
transportation projects and found that the weighted
mean cost deviation percentage stood at +17.8%. Also,
Hsieh et al. (2004) evaluated 90 metropolitan public
works projects in Taipei, Taiwan, and determined that
change orders caused the total project cost to increase
by approximately 13% for roadway construction and
12% for bridge and culvert construction.

In the Ibbs (2012) analysis of 226 construction
projects, it was revealed that the average cost overrun
across these projects was 9%. Furthermore, 20% of the
projects experienced cost overruns exceeding 45%, while
10% of the projects had cost overruns of at least 83%.
Also, Senouci et al. (2017) examined 22 Qatari residen-
tial and commercial construction projects and analyzed
1,112 change orders to find out that the change orders
due to owners caused a 44.97% cost increase on average,
and that by contractors and consultants caused 36.68%
and 18.53% cost increase on average, respectively.
Changes in plans and scope by the owner was found to
cause a 16.6% increase in the total cost, while differing
site conditions and lack of contractor’s experience were
found to cause an average percent cost increase of 10.9%
and 10.8%, respectively. In their case study of a road
project, the final cost of the project exceeded the original
cost of the project by 35.6%. Using highway construction
project data from Indiana, Gkritza and Labi (2008)
determined that for contracts that incur cost overruns,
the cost overrun rate decreases nonlinearly with increas-
ing contract size up to a certain point after which the cost
overrun rate increases with increasing contract size.

Such impacts have been observed in various project
types beyond highway projects. Ramos-Maldonado
et al. (2016) analyzed design-build-maintain projects
in schools of Puerto Rico to and found that change
orders resulted in a cost overrun of $23.8M, represent-
ing an approximate 13% increase in the total cost for all
projects under consideration. Similarly, by investigating
new public school building projects, Shrestha et al.
(2019) concluded that such products experienced an
approximate 59% increase in the total cost. Alleman
et al. (2020) discovered that on average, the cost growth
for design-build-bid projects attributable to unforeseen
conditions amounted to 2.4%.

3.3.2 Schedule Delay

Another major impact of change orders is the delay
in the completion of the project. Shrestha et al. (2022)
analyzed 3,957 highway construction projects managed

by Texas DOT and revealed that change orders caused
a 5.8% schedule delay for projects completed between
2011 and 2015. Likewise, Khalafallah and Shalaby
(2019) assessed highway projects in Kuwait and
identified that, on average, change orders resulted in
schedule delays of 17.3% and cost overruns of 30.3%.
Bordat (2004) found that 79.44% of projects from
ODOT and 52.93% of projects from Texas DOT faced
schedule overruns. Similarly, by evaluating transporta-
tion infrastructure projects in western Maharashtra,
India, Patil et al. (2013) determined that a significant
majority, specifically 72% of these infrastructure
projects, experienced schedule overruns.

In the Ibbs (2012) analysis of 226 construction
projects, it was observed that the average project
exceeded the originally planned schedule duration by
16%. Notably, around 7% of these projects encoun-
tered schedule overruns exceeding 50%. In a similar
manner, Assaf and Al-Hejji (2006) assessed large
construction projects in Saudi Arabia, revealing that a
mere 30% of these projects were completed on schedule.
Most of the projects experienced schedule overruns,
leading to an increase in project duration ranging from
10% to 30%. Also, Chen (1992) noted that change
orders that occur later in the project tend to have a
more substantial and adverse effect on both cost and
schedule performance.

Such impacts have been observed in various project
types beyond highway projects. Ramos-Maldonado
et al. (2016) analyzed design-build-maintain projects
in schools of Puerto Rico and found that the schedule
was delayed by 7,378 calendar days for these projects,
which translated to approximately 30% increase in the
scheduled time. Similarly, by investigating new public
school building projects, Shrestha et al. (2019) con-
cluded that such products experienced an approximate
59% increase in the total cost and a 7.4% increase in the
scheduled time due to change orders. Another interest-
ing finding from their research was that when the
amount of change orders exceeded 4%, the impacts of
change orders on schedule overruns became signifi-
cantly more pronounced, i.e., the more the number of
change orders the more the schedule overrun. However,
no such pattern was observed for cost overruns.

Through a case study of the GBK Aquatic Stadium
Project in Indonesia, Hansen et al. (2020) identified that
change orders were a significant contributing factor to
delays in the project’s completion. Also, in the analysis
conducted by Alnuaimi et al. (2010) on change orders in
public construction projects in Oman, a case study
involving a building project revealed that the project’s
construction time was doubled as a result of change
orders.

3.3.3 Loss in Productivity and Morale

Frequent changes in the work may lead to a loss in
productivity and the morale of the workers. In Ibbs
(2012) analysis of 226 construction projects, it was
revealed that a considerable number of these projects
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experienced 20% or more loss in productivity. Such
substantial productivity losses significantly diminished
the likelihood of project success. Moreover, the
allocation of work hours to changes resulted in a
reduction in productivity ranging from 10% to 20%.
Similarly, Hanna and Iskandar (2017) predicted a
33.2% loss in overall productivity attributable to
change orders in the electrical and mechanical industry.

Al-Kofahi et al. (2022) developed a system dynamics
model to elucidate the impacts of change orders,
particularly how they could result in disruptions,
delays, and subsequent productivity loss and schedule
delays. Kermanshachi et al. (2022) also developed a
system dynamics model demonstrating that the impera-
tive to adhere to a specific schedule contributes to
heightened labor productivity. However, an increase in
the number of change orders induces employee frustra-
tion, subsequently leading to a decline in labor
productivity. Moselhi et al. (1991) observed a clear
and substantial correlation between change orders and
decreased productivity. Moselhi et al. (2005) developed a
neural network model to illustrate the importance of
factors such as the number, timing, and frequency of
change orders in influencing labor productivity.

3.3.4 Claims and Disputes

The occurrence of change orders may lead to
misunderstandings between various parties involved
and subsequently lead to claims and disputes. Drawing
from 10 case studies of ODOT highway transportation
projects, Ahmed et al. (2022) have explored how
ambiguity surrounding contract clauses and definitions
contributed to change orders, subsequently giving rise
to lawsuits and disputes. Fisk and Reynolds (1997)
have also highlighted that construction changes often
serve as a significant catalyst for construction disputes.
Furthermore, according to Zaneldin (2020), change
orders are identified as the leading cause of claims
within the United Arab Emirates.

Assaad et al. (2022) conducted a study involving
various case studies from Illinois DOT, where disputes
arose because of issues related to approval procedures,
compensation considerations of change orders, and laws
governing design agreements. Similarly, Zhao et al.
(2013) have elaborated on how client-induced variations
can alter the work allocation structure in joint ventures
or when subcontractors are engaged, potentially result-
ing in claims, disputes, and work disruptions.

3.3.5 Adverse Effects in the Work Quality

Different studies have explored the effects of change
orders in the work quality. Frequent variations in the
work can have an adverse impact on the quality of
work, as noted by Fisk and Reynolds (1997). In their
analysis of change orders in public construction
projects in Oman, Alnuaimi et al. (2010) identified that
these change orders resulted in cost overruns, schedule
overruns, and had a negative impact on labor morale

and work quality. They observed that change orders
often exerted pressure on all project parties to expedite
work completion, which sometimes led to rushed and
lower-quality work, particularly during the final stages
of the project. Similarly, Naji et al. (2022) have
emphasized that inadequate management of change
orders can significantly impact quality, time, and cost in
construction projects.

3.4 Remedies for Change Orders

Numerous studies have been dedicated to devising
strategies for mitigating the impacts and reducing the
frequency of change orders in various industries.
According to the findings in Goodrum et al. (2010), it
is recommended that particular attention be directed
towards addressing potential contract omissions, contract
item overruns, and owner-induced enhancements. As
these factors emerge as major contributors to the
occurrence of change orders, focusing on proactive
measures and effective management of these aspects
can aid in minimizing the disruptive effects of change
orders. However, Hsieh et al. (2004) recommend focusing
special attention on addressing issues related to planning
and design to minimize the occurrence of change orders.

Based on the data collected from 33 maintenance
engineers representing various Department of Trans-
portations (DOTs) across the United States, Kumar
Shrestha (2016) identified key remedial measures to
address change orders. The participants in the study
predominantly agreed that reviewing project specifica-
tions, preparing accurate estimates, and reviewing
design drawings before bid solicitation were among
the most effective measures for mitigating the occur-
rence of change orders. Similarly, maintaining meticu-
lous records of daily operations and keeping a
comprehensive log of all previously executed change
orders were the recommended remedial measures by
Serag et al. (2010) after analyzing change orders in
heavy roadwork constructions in Florida.

In their analysis of 10 highway transportation projects
within ODOT, Ahmed et al. (2022) found that a
thorough and effective grasp of contractual provisions
and a clear awareness of their rights and responsibilities
as outlined in the contract documents played a significant
role in reducing the occurrence of change orders.
Likewise, Choi et al. (2021) conducted a study to assess
the effectiveness of various contract methods in reducing
change orders. Their findings revealed that using
incentives/disincentives (I/D) was associated with a
reduction in schedule overruns. Lump-sum contracting
emerged as an effective option for minimizing cost
overruns. However, they noted that cost-plus-time
bidding was more likely to result in change orders related
to cost overruns compared to conventional contracting
methods. Among the alternatives, I/D contracts were the
preferred choice for expediting project duration while
simultaneously minimizing cost overruns.

According to Mahamid (2017), several strategies can
be used to reduce the frequency of change orders in
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construction projects. These include selecting qualified
subcontractors, fostering effective communication
among all project stakeholders, promoting a sense of
teamwork among team members, clearly communicat-
ing the expected quality standards to the contractor,
thorough project planning during the initial stages, and
conducting comprehensive site investigations before
entering the design phase. Also, following their analysis
of various public construction projects in Oman,
Alnuaimi et al. (2010) proposed several remedies to
address the challenges posed by change orders. These
recommendations encompass conducting comprehen-
sive technical assessments of consultant companies,
creating standardized and detailed documents for all
project stages, establishing a shared learning database
system for governmental units, ensuring that designers
possess professional licenses, conducting timely reviews
and updates of general conditions, and developing a
standard construction procedure manual.

According to the findings of Assaad et al. (2022),
effective strategies for reducing the occurrence of
change orders in construction projects include thorough
examination of the standard specifications within
construction documents and fostering clear commu-
nication among various project stakeholders. This
communication should encompass information flow,
task understanding, and understanding the dependen-
cies throughout different stages of the project.
Similarly, Ramos-Maldonado et al. (2016) emphasized
the importance of enhancing communication and
coordination among all relevant project stakeholders,
particularly during the planning stage, in mitigating the
occurrence and frequency of change orders. They also
highlighted the significance of creating clear and
explicit project documents from the project’s outset,
outlining the expectations of users and ensuring
alignment among all parties involved.

After assessing large construction projects in Saudi
Arabia, Assaf and Al-Hejji (2006) underscored the
significance of the following measures to mitigate change
orders: creating clear and comprehensive designs, eval-
uating contractor capabilities beyond just the lowest bid
amount, and promptly assigning administrative and
technical staff when a project is awarded to minimize
delays. Sambasivan and Soon (2007) also recommend
evaluating the financial and technical capabilities of
contractors before awarding contracts for the mitigation
of change orders. Additionally, they suggest that clients
should avoid excessive interference in the work, make
decisions promptly, and ensure timely payments.

Randolph et al. (1987) proposed that tailoring
monitoring efforts to the specific type of work and
contractor can significantly reduce change orders and
subsequent cost overruns. After evaluating 3,957 large
highway projects spanning 28 years, Shrestha and
Maharjan (2018) concluded that the adoption of
modern computer-based project management software
may have contributed to a decrease in the frequency of
change orders and cost overruns, highlighting the
effectiveness of such software in project management.

A summary of the major remedies for change orders
is presented as follows.

1.  Place strong emphasis on creating clear and comprehen-
sive plans and designs (Assaf & Al-Hejji, 2006; Hsieh
et al., 2004; Mahamid, 2017; Goodrum et al., 2010).

2. Carefully examine project specifications (Shrestha, 2016).

3. Strive for precise and accurate cost estimates (Shrestha,
2016).

4.  Exercise caution regarding potential contract omissions
and item overruns (Goodrum et al., 2010).

5. Consider the contractor’s and subcontractor’s capabil-
ities, manpower, and resources when awarding contracts
(Assaf & Al-Hejji, 2006; Mahamid, 2017; Sambasivan &
Soon, 2007).

6. Assess consultant companies’ technical capabilities
through registration (Alnuaimi et al., 2010).

7. Mandate professional licensing for design engineers
(Alnuaimi et al., 2010).

8. Develop comprehensive standardized documents out-
lining rights, obligations, project tasks, dependencies,
and end user expectations (Ahmed et al., 2022; Alnuaimi
et al., 2010; Assaad et al., 2022; Ramos-Maldonado et al.,
2016).

9. Foster clear communication, sense of teamwork, and
understanding among project stakeholders (Ahmed
et al., 2022; Mahamid, 2017; Ramos-Maldonado et al.,
2016).

10. Ensure contractors create specific work plans and
communicate them clearly to clients (Sambasivan &
Soon, 2007).

11. Prepare a construction procedure manual with standar-
dized specifications (Alnuaimi et al., 2010; Assaad et al.,
2022).

12. Assign specialized quantity surveyors, project managers
and technical staff for large-scale construction projects
immediately upon contract award (Alnuaimi et al., 2010;
Assaf & Al-Hejji, 2006).

13. Conduct thorough site investigations to minimize unex-
pected conditions (Mahamid, 2017)

14. Maintain detailed records of daily operations (Serag
et al., 2010).

15. Keep a well-organized log of previously executed change
orders (Serag et al., 2010).

16. Adjust monitoring efforts based on the type of work and
contractor (Randolph et al., 1987).

17. Utilize computer-based project management software
(Shrestha et al., 2022).

18. Consider alternative contract methods like incentives/
disincentives, lump-sum, etc., where suitable to tackle
cost overruns and schedule delays (Choi et al., 2021).

19. Ensure prompt decision-making by clients when needed
(Sambasivan & Soon, 2007).

20. Apply effective control and management practices to
small projects, similar to large ones (Khalafallah &
Shalaby, 2019).

3.5 Chapter Summary

The literature review identified the problems of cost
overruns and time delay with some new and external
points of view and provided definitions of the key
concepts. Previous studies identified some factors that
influence cost overruns or time delays and developed
tools that help address such problems.
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CHAPTER 4. DESCRIPTIVE STATISTICS

4.1 Introduction

4.1.1 Description of the Data

Table 4.1 provides an overview of four key datasets
shared by INDOT, spanning from 2008 to 2023. These
datasets offer crucial insights into contract awards,
construction projects, and change orders, facilitating a
comprehensive analysis of the change orders (COs)
across various types of projects performed by INDOT.
The research team obtained four major datasets from
INDOT as described in Table 4.1.

The research used a set of contract-related variables:
contract ID, work type, and award amount. The data
included a range of change order (CO)-related vari-
ables, such as CO category, CO amount, and CO
reason, facilitating an in-depth analysis of the factors
affecting these contracts. These variables collectively
constitute a comprehensive dataset for studying con-
tract and project inputs and outcomes. The next section
provides details on the available variables, data
reliability, and the data cleaning and preprocessing
steps taken in this study. Working with the four
datasets outlined in Table 4.2, contract- and change
order-related variables were extracted. These variables
(Table 4.2) were then used to create two separate
datasets: a contract-related dataset and change order-
related dataset.

4.1.2 Data Reliability, Cleaning, and Preprocessing

DOT contracts often involve substantial public funds
and maintaining data reliability is essential to uphold
transparency and public trust in government processes.
Accurate data helps DOTs track project progress,
manage resources efficiently, and make informed
decisions that benefit both the government and the
public they serve. Recent studies including Padhye and
Hastak (2024) and Manege and Kennedy (2022)
highlighted the concerns related to credibility of
information and information sources in the construc-
tion industry; and have further elaborated on potential
cost and schedule implications of unreliable data. In the
present study, the primary objective is to identify the
root causes of change orders in INDOT projects.
Therefore, any insights from the data analysis are only

as credible as the original data. To refine the dataset
and thereby ensure data reliability, the research team
defined a set of cleaning and processing criteria. To do
this, concerns such as missing data and inconsistent
values and formatting across multiple datasets, were
addressed.

The following steps are the criteria for contract-
related data.

1. Select Relevant Contracts: Choose contracts that contain
all contract-related variables as specified in Table 4.2.

2. Filter Completed Contracts: Include only the contracts
that were completed between 2010 and 2020.

3. Data Integration: Merge data from INDOT Projects Full
List and Construction Data using “Contract Number” as
the common identifier (that is, the primary key).

® Cross-verify the consistency of overlapping variables
(such as work type and district) across the datasets.

4.  Calculate Percent Cost Overrun: Determine the percen-
tage of cost overrun for each contract using one of two
methods.

® Calculate the difference between award amount and
current adjusted amount.

TABLE 4.2
INDOT Data: Available Variables

(a) Contract-Related Variables

Contract ID and District

Work Type

Award Amount

Award Date

Original Completion Date

Current Adjusted Amount (As-built)
Actual Completion Date

Designer ID - Anonymous
Contractor ID - Anonymous
Urban/Rural/Small Urban Location
Functional Class

Program Class

(b) Change Order (CO)-Related Variables

Contract Number and Change Order ID
District and Work Type

CO Category

CO Reason/Sub-Category/Root Cause
CO Amount

CO Approval Date

CO Description (Textual)

Content

TABLE 4.1

INDOT Data Description

Title Year Description
INDOT Projects Full List 2010-2023

Construction Data 2008-2023

Change Orders General Data 2008-2023

Change Order Remarks 2008-2023

Variables: Time of award
Variables: Time of completion
All change orders processed
Textual description of COs

6,370 Contracts'

7,826 Contracts at $21.54B
35,992 COs at $936.97M
2,649 COs

'The number of contracts were found to vary across dataset 1 and datasets 2—4 due to differences in their time spans.
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® Calculate the sum of the award amount and the total
change order (CO) amount; both methods should
yield the same result.

5. Calculate Percent Schedule Delay: Compute the percent-
age of schedule delay for each contract by finding the
difference between the actual completion date and the
original completion date.

6.  Group Work Types: The original dataset consists of 266
unique Work Types. For the ease of the analysis and to
help with null values (i.e., contracts that did not have a
specified work type but had a work category in another
column), the research team consolidated these into four
categories The detailed groupings are included in
Appendix A. The projects were classified as follows.

® Road-related (added travel lanes, new road con-
struction, etc.).

® Bridge-related (new bridges, bridge repair/rehabilita-
tion, etc.).

® Pavement-related (pavement repair/rehabilitation,
patching, etc.).

® Demolition, maintenance, and traffic-related (road-
side maintenance, safety improvements, etc.).

The following steps are the criteria for change order-
related data.

1. Status of the CO: Unlike approved COs (pending and
draft CO are not considered here).

2. Subset Data by Timeframe: Narrow down the change
order general data to match the timeframe of the
contracts-related data (2010 to 2020).

3. Compatibility Check: Ensure compatibility by verifying
that.

® All contracts in the CO data exist in the contracts-
related data.

® Overlapping variables (work type and district) are
consistent between the two datasets.

® Create new columns for additional variables linked
to the “Contract Number.”

4.  Create “CO Range” Column: In alignment with the
approval authorities outlined in the 2014 INDOT
Change Order Policy, establish a new column called
“CO Range” that categorizes change orders into specific
thresholds (e.g., below $20k, $50k, $250k, etc.).

® Maintain separate categories for positive and nega-
tive COs, as such categorization could facilitate
identification of root causes and project types
associated with larger or smaller magnitude COs.

No. of Contracts (2010-2020)

Vincennes

Crawfordsville

Fort Wayne
LaPorte
Seymour
m Greenfield

| Total = 4,998 Contracts

Figure 4.1 District-wise contracts (2010-2020).

These data cleaning and preprocessing steps are
essential to ensure the quality and consistency of the
data, allowing for accurate analysis and insights in
the context of INDOT contracts and change orders. The
descriptive analysis in this chapter is organized as follows.

® Part I (Section 4.2): General descriptive analysis
(contract size per district and project type).

® Part IT (Section 4.3): CO frequency and categories (CO
trends and patterns, statewide).

® Part III (Section 4.4): Distribution of change order-
related outcomes (cost overrun and schedule delay)
across districts and project types.

® Part IV (Section 4.5): Change order root cause trends
and patterns.

4.2 General Descriptive Analysis (Contract Size per
District and Project Type)

INDOT awarded the substantial number of 4,998
contracts, spanning from 2010 to 2020. These contracts
collectively have a total award amount of $10.313
billion. Greenfield was awarded the greatest number of
contracts (22%) and has the highest total award
amount (23%). On the lower end, Vincennes shares
13% of the total number of contracts and 17% of the
total awarded amount. The pie charts in Figure 4.1,
provide a concise overview of the distribution of
contracts and award amounts among these adminis-
trative districts with respect to INDOT contracts from
2010 to 2020. In several subsequent charts, the bar
representing “demolition, maintenance, and traffic-
related” has been abbreviated as “demolition, main-
tenance, a...” or demolition, maintena ...”

The bar graph in Figure 4.2 presents the distribu-
tion of contracts by project type, from 2010 to 2020.
It is observed that the project class with the least
number of contracts is the road-related category, even
though they account for the maximum share in award
amount ($3.67B). Also, INDOT awarded a significantly
higher number of bridge-related contracts compared to
road- or pavement-related contracts. Figure 4.3 pro-
vides further details on the distribution of contracts
across the six administrative districts and project
classes.

Award Amount (2010-2020)

Vincennes

Crawfordsville

m Fort Wayne
m LaPorte
= Seymour
m Greenfield

Total = $10.313B
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Number and Award Amount of Contracts, by Project Type (2010-2020)

Figure 4.2 Type of projects (2010-2020).

Number and Award Amount of Contracts based on Project Classification and District (2010-2020)

District
Greenfield

Vincennes

Seymour

Crawfordsville

LaPorte

Fort Wayne

Project Classification

Road-related [ $3,670M 695
2,315
Pavement-related [ $2,172M 810
Bridge-related [ $2,028M 1,178
Grand Total [N $10,313M
0B 5B 10B 15B 0K 2K
Award Amount

Project Classification
Road-related

Demolition, Maintenance, and Traffic

Pavement-related
Bridge-related
Road-related

Demolition, Maintenance, and Traffic

Pavement-related
Bridge-related
Road-related

Demolition, Maintenance, and Traffic

Pavement-related
Bridge-related
Road-related

Demolition, Maintenance, and Traffic

Pavement-related
Bridge-related
Road-related

Demolition, Maintenance, and Traffic

Pavement-related
Bridge-related
Road-related

Demolition, Maintenance, and Traffic

Pavement-related
Bridge-related

Demolition, Maintenance, and Traffic ] $2,442M

I 51,156M

I $477M
I $447M
I $338M
I $756M
I $330M
B $275M
I $379M
I $601M
I $373M
I $365M
B $371M
I $372M
I $436M
I $423M
I $293M
I $444M
I $384M
I $343M
I $347M
I $342M
I $441M
I $320M
I $300M

OM 500M 1000M 1500M |0

Award Amount

4,998

4K 6K

Number of Contracts

190 $6.1IM
494 $1.0M
175 $2.6M
233 $1.4M
85 $8.9M
331 $1.0M
104 $2.6M
149 $2.5M
108 $5.6M
412 $0.9M
138 $2.6M
228 $1.6M
82 $4.5M
318 $1.4M
113 $3.7M
206 $1.4M
136 $3.3M
396 $1.0M
122 $2.8M
167 $2.1M
94 $3.6M
364 $1.2M
158 $2.0M
195 $1.5M
200 400 600 0M 5M 10M

Number of Contracts

Figure 4.3 Distribution of contract frequencies and sizes by project class and district.

From 2010 to 2020, the Greenfield District had the
highest number (190) and size ($1.15B) of road-related
contracts. The distribution of total and average award
amounts is similar for the project types across the six
districts. The Vincennes District stands out as having the
highest average award amount for road-related contracts,
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Avg. Award Amount

averaging $8.9 million. This suggests that Vincennes may
have awarded a few exceptionally large-sized projects,
setting them apart from other districts. Alternatively, this
observation could be suggesting that executing road-
related contracts in Vincennes District is more expensive
on an average, compared to other districts.

15
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Figure 4.4 Distribution of change orders across contracts.

% Cost Increase due to COs, per district
District

0% 2% 4%

Greenfield | 13.00%
Vincennes | 11.83%
LaPorte N 9.98%
Crawfordsville [ NNENEGERG 8.53%
Fort Wayne [INNENE B 5.46%
Seymour [INEGEGEEEEE 4.95%

8% 10% 12% 14%

Avg. % Cost Increase due to CO

Figure 4.5 District-wise average cost overruns.

4.3 Change Order Frequency and Categories (Statewide
CO Trends and Patterns)

4.3.1 Distribution of Change Order Frequencies Across
the Contracts

A significant majority, comprising 65% of the
awarded contracts, have experienced at least one
change order during their execution as illustrated in
Figure 4.4. This distribution suggests that a smaller
percentage of contracts face a more substantial volume
of change order-related adjustments. For example, a
relatively small fraction of the awarded contracts (4%),
have received more than 20 change orders. From 2010
to 2020, INDOT approved a total of 22,681 change
orders (COs), totaling $415.23 million in adjustments
based on the preprocessed dataset.

The next section addresses a detailed analysis of
change orders, exploring trends and patterns from 2010
to 2020 across various project types and districts, and
providing additional insights about the categories and
range of COs across INDOT contracts.

4.3.2 Change Order Frequency by District and Project
Type

Figure 4.5 presents the varying percentages of cost
overruns associated with COs across the six adminis-
trative districts. It is evident that Greenfield District
has the highest average percentage of cost overruns
(13%) that are caused due to COs, followed closely by
Vincennes at 11.83% and LaPorte at 10%. In contrast,
Seymour outperforms other administrative districts,
demonstrating a relatively lower average cost overrun
of approximately 5%.

Figure 4.6 suggests that bridge-related projects
consistently exhibit higher cost overruns compared to
other project types, with bridge maintenance and repair
projects standing out at approximately 16.6% over their
original award amount. Similarly, pavement-related
projects also experience significant cost overruns,
averaging around 9%. In contrast, within the category
of road-related projects, the average percentage cost
overrun is relatively lower, at about 6%, when
compared to bridge- or pavement-related projects.
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% Cost Increase due to COs, by project type
Project Classific.. Work Type
Bridge-related Bridge Maintenance/Repair e 16.6%
Bridge Replacement, Special ] 12.0%
New Bridge, Special (] 5.5%°
New Bridge, Concrete Construction NG 3.1%
Bridge Replacement, Steel T 6%
Pavement-related Pavement Replacement, Concrete [N 9.9%
Pavement Replacement, Asphalt | INENEREREGEGEGE 2%
Road-related New Road Construction e 0.5%
Added Travel Lanes I 5 8%
Road Construction 54
0% 2% 4% 6% 8% 10% 12% 14% 16% 18%
Avg. % Cost Increase due to CO =
Figure 4.6 Project-wise average cost overruns.
CO Categories (2010-2020)
Category
Changed Cond (NG 42.08% T 64.0%
Errors & Omissions [ NRNERERE 28.69% I 33.5%
Scope [N 10.45% I 26.3%
Final Quantity Adjustment | 10.00% -46.5% NG
Failed Materials [l 2.31% |1.7%
Maint. Of Traffic Safety Imp.. | 1.53% 12.5%
Standards/Specs Change [l 1.41% 12.4%
Repairs To Damage To State.. ] 1.37% | 1.3%
Incentive/Disincent [] 1.21% -0.5% |
Contract Renewal || 0.66% B 12.9%
Emergency Work | 0.30% |2.4%
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40%

% of Total Number of COs (Total = 22,681)

50% -50% 0% 50%

% of Total CO Amount (Total = $415.23M)

Figure 4.7 Distribution of change order categories.

These COs are placed into 11 major categories, with
“changed conditions” and “errors & omissions” emer-
ging as the most frequent and significant categories,
collectively constituting 71% of the total number of
COs. Notably, negative COs are primarily driven by
“final quantity adjustments.” Excluding these final
quantity adjustments-related COs, the effective total
CO amount stands at approximately $600 million from
2010 to 2020, offering a clearer view of the financial
implications of these change orders. Figure 4.6 provides
the exact distribution of these 11 categories with respect
to their frequency and cost implications.

4.3.3 Distribution of Change Orders by Change Order
Category

As evident from Figure 4.7, “changed conditions”
stand out as the most influential category, constituting
42% of the total number of COs and 64% of the total
CO amount, approximately $266 million. The second
major category, “errors & omissions,” leads to 29% of
the total number of COs and contributes 34% to the
total CO amount, approximately $141 million. Follow-
ing closely are “scope” related change orders, con-
tributing 26.3% of the total CO amount, equivalent to
approximately $110 million.
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Furthermore, according to the INDOT Change Order
Policy outlined in Chapter 2, specific official positions at
INDOT are authorized to approve specific CO amount
and schedule delay. For example, the project engineer can
authorize COs up to $20,000 only. Figure 4.8 provides a
visual representation of this range of COs across various
CO categories, offering valuable insights to INDOT
personnel by illustrating the distribution of COs across
different categories and their respective financial impacts,
ranging from negative COs exceeding $2 million to
positive-value COs exceeding the same threshold.

Figure 4.8 presents the magnitudes of the change
orders. A substantial majority of the change orders
(COs), specifically 12,538 out of a total of 22,681, fall
within the range of 0 to $20,000, representing over 50%
of all COs. However, when considering the magnitude or
the total amount of COs, it is noteworthy that “changed
conditions” and “errors & omissions” emerge as the pre-
dominant factors contributing to COs exceeding $500,000.

Subsequent figures in this chapter offer an overview
of the distribution of both the number and monetary
value of COs across the six INDOT districts. This
analysis will facilitate an evaluation of the performance
of these districts in the context of change orders admini-
stration and provide valuable insights for INDOT
personnel.
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Figure 4.8 Dollar range of change orders.

Number of COs (2010-2020)
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Fort Wayne
= Seymour
m Greenfield

Figure 4.9 District-wise distribution of COs.

4.3.4 Change Order Counts and Amount by District

Figure 4.9 indicates that Greenfield District has the
highest share of COs: 28% of the CO count and 29%
of the total CO amount. Conversely, LaPorte, Fort
Wayne, Crawfordsville, and Seymour districts have
lower but similar share of CO counts and amounts.
Notably, Vincennes District, while contributing 10%
to the total CO count, accounts for 23% of the total
CO amount, suggesting a pattern where Vincennes
has approved COs of larger magnitude compared to
other districts.

The heat map shown in Figure 4.10 provides
deeper insight into the change order count and
amount per contract across the six administrative
districts from 2010 to 2020. Notably, Vincennes
stands out with the lowest average count of COs per
contract (about 5), while exhibiting the highest
average CO amount per contract ($232,000). For
more comprehensive analysis, Section 4.4 addresses
the specific reasons and root causes underlying
the change orders in each of these six districts.
Moreover, the subsequent section provides addi-
tional granularity from the perspective of the project
classes and the six administrative districts.

Total = 22,681 COs

CO Amount (2010-2020)

m Vincennes
m Crawfordsville
u LaPorte
Fort Wayne
= Seymour
u Greenfield

Total = $415.23 million

4.3.5 Count and Amount of Change Orders by Project
Type

Based on the project classification depicted in Figure
4.11, road-related projects face 19 COs per contract each
amounting to approximately $24,000. That indi-
cates that road-related projects, based on historical
data, have had COs worth $456,000 per contract
(total = 19%24,000 = $456,000/contract). Pavement-
and bridge-related projects have faced similar count and
magnitude ($ amount) of COs within the study period.

4.3.6 Change Order Distribution Per Contract by
District and Project Type

Figure 4.12 further expands on the discussion of
district-wise trends across these project types. This data
could help INDOT’s contracts personnel to better
understand the trends and patterns of COs based on
the district where the award was made. Vincennes,
Seymour, Greenfield, and LaPorte have the highest
magnitude of COs. Road-related projects in the
Vincennes District have historically faced a large
magnitude of COs as illustrated in Figure 4.12 which
indicates 17 COs per road-related contract and $67,000
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Figure 4.10 Heatmap of district-wise distribution of COs.
Average Number and Amount of COs based on Project Types (2010-2020)
Project Classification
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Figure 4.11 Project-wise distribution of COs.

per CO (total = 17*67,000 = $1.14M/contract). Section
4.6 provides information about the root causes of these
COs. Similarly, bridge-related projects in Vincennes have
a large monetary magnitude of COs compared to other
districts. Greenfield District has a higher magnitude of
COs for their pavement-related projects than road-
related projects. However, it performs well with respect
to bridge-related projects compared to the other districts.

4.4 Distribution of Change Order-Related Outcomes
(Cost Overrun and Schedule Delay) Across District and
Project Type

4.4.1 Contract Size, Cost Overruns, and Schedule Delay
Trends Across the Districts

Figure 4.13 provides a visual representation of the
contract sizes and corresponding change orders (COs)
across various INDOT districts. While Greenfield
notably stands out in terms of the size of contracts,

the CO trends do not consistently align with the award
trends, showcasing differences in performance among
districts. Furthermore, the average percentage cost
increase due to COs varies across the six administrative
districts, ranging from a lower bound of 3.9% for
Seymour to an upper bound of 11.2% for Greenfield.
This inconsistency in cost increases is also reflected in
the percentage schedule delays, with districts experien-
cing higher cost overruns also facing longer delays,
except for Vincennes. Vincennes, in contrast, has seen
COs of greater magnitude without resulting in schedule
delays as substantial as those in comparable districts.
For example, both Vincennes and Seymour exhibit cost
overruns of approximately 9%-10%, but Vincennes
averages a schedule delay of 17.6%, lower than
Seymour’s average delay of about 33% of the original
contract period. These insights highlight the complexity
of CO-related cost and schedule dynamics across
INDOT districts, with Seymour and Vincennes exhibit-
ing a unique pattern compared to their counterparts.
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Average Number and Amount of COs based on District and Project type (2010-2020)
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Figure 4.12 District and project-wise distribution of COs.
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Figure 4.13 District-wise comparison of overruns and delays.

4.4.2 Contract Size, Cost Overruns, and Schedule Delay
Trends Across Project Type

Figure 4.14 provides a visual representation of the

contract sizes and corresponding change orders (COs)
across various project types. While demolition, main-

20

tenance, and traffic-related projects stand out in terms
of number of contracts, the majority of change orders
in these projects are associated with “contract renew-
als.” These types of change orders may not necessarily
indicate concern as they are annual contract renewals
and are unrelated to root causes such as construct-
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Figure 4.14 Trends of cost overrun and delay across project types.

ability, errors, and omissions. Road-related projects
have the highest share of the award amount. On
average, road-related projects face 3.5% cost overruns
and 20% schedule delays. This indicates that a 2-year
road project might face a 4-month schedule delay,
based on the historical average. This is twice as severe
as those faced by bridge or pavement projects. Bridge
and pavement projects face an average of 3% cost
escalation and 11% schedule delay. Due to data
limitations, the research team could not directly
associate this delay with any particular root cause.
However, preliminary statistics suggest that the major-
ity of these are caused by change orders related to
design and constructability issues. The next section
outlines the top 10 root causes of change orders from
2010 to 2020.

4.5 Change Order Root Cause Trends and Patterns

4.5.1 The Top Ten Root Causes of Change Orders

As depicted in Figure 4.15, the primary change order
categories include “changed conditions,” “errors &
omissions,” and “scope issues.” Notably, “construct-
ability issues” account for approximately $120 million

in cost overruns, constituting roughly 30% of the total
change order amount from 2010 to 2020. “Design-
related issues” are responsible for $75 million in cost
overruns, making up around 20% of the total change
order costs. Additionally, change orders linked to
factors like “soils,” “environmental,” “right-of-way
(R/W),” and “material” also significantly impact the
overall project cost. In Chapter 6, “recommendations
and guidelines,” we propose best practices for INDOT
to implement in their project delivery processes to
reduce the incidence and impact of these change order
root causes. The subsequent section describes the
specific influence of each of these root causes on the
final project as-built cost across the six INDOT
districts. This is to ascertain whether any root cause
impacts a specific district greater than it does at the
other districts.

4.5.2 Cost Overrun Rates Due to Root Causes, Per
District

As indicated in Figure 4.16, soils-related change
orders have a greater impact on the Vincennes and
LaPorte districts, resulting in an approximate 8%
increase in project costs. In practical terms, when a
soil-related change order occurs in these districts, it
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Top 10 Root Causes leading to COs

Category Reason
Changed Cond

Changed Cond, Soils Related

Changed Cond, Constructability _ $117M
T

Changed Cond, Quantity Related _ $31M

Changed Cond, Environmental .. _ $25M

Changed Cond, R/W Related - $16M

Changed Cond, Materials Rcl:\lcd- $16M
Errors & Omissions E & O, Design Related _ $75M
Scope Scope, Added Quantities/Items _ $60M

Scope, Central Office - $17M

Scope, Project Upgrades - $13M

1I0M 20M 30M 40M 50M 60M 70M 80M 90M 100M 110M 120M 130M

CO Amount

Figure 4.15 Top 10 root causes of change orders.
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Figure 4.16 District-wise cost impacts of root causes.

tends to lead to an 8% average cost overrun in
comparison to the 4% average seen in Seymour,
Greenfield, and Crawfordsville. Likewise, design-
related errors and omissions have a more significant
influence in the LaPorte District, resulting in an average
cost overrun of 7%, whereas the other five districts
experience around 5% on average. Constructability
issues, on the other hand, generally contribute to cost
overruns within a range of 3.5% to 7%. Notably, the
Vincennes District tends to experience cost overruns on
the higher end of this range.

An interesting observation is that while Greenfield
records the highest number and total amount of
change orders, the individual impact of the most
frequent root causes is comparatively less severe than
in the other districts. Table 4.3 provides a comparison
overview of these key statistics from 2010-2020 vs.
1996-2001. This can help INDOT personnel to map
their current state-of-the-art with respect to the
historical trends.
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4.6 Comparison of INDOT Trends Across Two Eras
(19962001 vs. 2010-2020)

According to the statistics presented in Table 4.3,
approximately 65%, have experienced cost overruns.
This percentage is slightly higher than 55% during the
19962001 timeframe. In contrast, the incidence of
schedule delays has significantly risen over the years.
Approximately 40% of INDOT contracts now face
schedule delays, compared to about 12% during the
19962001 period. Several factors could contribute to
this notable increase, including the growing complexity
of projects, increasing traffic conditions, unpredictable
weather events, and challenges within the supply chain.
The average rate of cost overruns has decreased over
time, with the exception of maintenance and traffic-
related projects. However, as specified in Table 4.3, the
change orders associated to this project classification
originate mainly from “contract renewals” that are
essentially annual renewal of contracts.
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TABLE 4.3
INDOT (2010-2020 vs. 1996-2001)

Description 1996-2001" 2010-2020

Percent of Total Contracts Facing Cost Overruns 55% 65%

Percent of Total Contracts Facing Schedule Delays 12% 40.4%

Overall Avg. Cost Overrun 4.5% 8.3%
Bridge-Related 8.1% 3.54%
Road-Related 4.1% 3.77%
Maintenance/Traffic-Related 6.6% 14.02% (also includes COs

related to contract renewals)

11996-2001 statistics are from a previous JTRP study (SPR-2811: Analysis of Cost Overruns and Time Delays)

CHAPTER 5. STATISTICAL MODELLING OF
CHANGE ORDER COUNTS AND AMOUNTS

5.1 Introduction

5.1.1 Model Types

The previous chapter presented some general evi-
dence on the factors that affect the propensity and
magnitude of change orders. In this chapter, more
detailed analysis is carried out using INDOT-provided
data to quantify the relationships between these
explanatory factors and the two outcomes. Also, the
impacts on the extended outcomes (in terms of the
schedule delay and cost overrun) are investigated.
The objectives of the modeling process are as follows.

5.1.1.1 Predict the nature of change orders

® Propensity or Likelihood of Change Orders for a Given
Contract: This category of models can help INDOT to
forecast, for a given prospective contract, the probability
of it will incur at least one change order, given the
attributes of the prospective contract such as the district,
contract award amount, geographical area (urban vs.
rural), dominant project type (bridge, pavement, traffic-
related, etc.) and contract type.

® Predicting the Count, Net Direction, and Net Dollar
Amount Change Orders for a Given Contract: This
category of models can help INDOT to forecast or predict
the likelihood, for a given prospective contract, the
expected number (count) of change orders; the net
direction of the change orders (positive or negative, that
is, increased project cost or decreased project cost,
respectively); and the net magnitude (dollar amount).
This can facilitate understanding of the impact of a
project’s change orders.

5.1.1.2 Predicting the cost and time overruns due to
change orders

® Schedule Delay Resulting from Change Orders: The group
of models estimates the extension to the contract period
that can be attributed to change orders.

® Cost Overruns Resulting from Change Orders: The group
of models estimates the cost overruns that can be
attributed to change orders.

The outcome prediction models offer INDOT’s
project managers, valuable information for quantifying
the magnitude of schedule disruptions due to project
scope changes, and for assessing the ramifications in
terms of road user cost and community adversities
(access to businesses, and so forth). Section 5.1.2
presents the overall modeling structure. Section 5.1.3
discusses data preprocessing and cleaning. Section 5.2
discusses the first two classes of models, and Section 5.3
discusses the third class of models.

5.1.2 Overall Modeling Structure

The structure used for modeling in this study is
shown in Figure 5.1.

5.1.3 Data Preprocessing and Cleaning

Two datasets were developed using data provided by
INDOT. Contracts awarded in 2021 and 2022 which are
still in progress, were excluded. Also, the dataset included
only contracts whose award dates are between the start of
2010 and the end of 2020. One of the datasets is contract-
specific and the other is change order-specific. In the
contract dataset, each row represents a specific contract
with its corresponding attributes (e.g., award amount and
date, total monetary value of all change orders in the
contract, and highway district). In the change order
dataset, each row represents a change order, and
attributes include the change order’s reason and total
monetary value. Each change order (each row) is linked to
its parent contract through a unique identifier, i.e., the
contract number. Inconsistent and missing records were
expunged, yielding 4,982 records in the contract dataset
and 22,659 records in the change order dataset.

5.1.4 Description of the Variables Used in the Analysis

Table 5.1 describes the dependent variables (i.e., the
outcomes) and Table 5.2 describes the independent
variables.
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Figure 5.1 Categories of models developed.

TABLE 5.1

Description of the Dependent Variables (i.e., the Outcomes): Predictions for Each Contract

Outcome (Dependent Variable)

Type of the Dependent Variable Levels and Codes

Form of the Model Used

Change Order Propensity (Likelihood
That a Change Order Will Occur)
Number of Change Orders

Binary (0 vs. 1)

Count variable (but, may be
considered continuous)
Number of Change Orders Binary (0 vs. 1)
Net Direction of the Cost Impact

of the Change Order(s)

Binary (0 vs. 1)

Net Magnitude of the Cost Impact Continuous
of the Change Order(s)
Net Direction of the Time Impact

of the Change Order(s)

Binary (0 vs. 1)

Net Magnitude of the Time Impact
of the Change Order(s)

Binary (0 or 1)

No change order will occur 0
At least one change order will occur 1
N/A

Binary Logit
Regression

Less than 10 change orders occur 0
At least 10 change orders occur 1

Positive-value direction (a net increase
in contract cost) 0

Negative-value direction (a net decrease
in contract cost) 1

N/A

Binary Logit

Binary Logit

Regression

Positive-value direction (a net increase
in contract time) 0

Negative-value direction (a net decrease
in contract time) 1

N/A

Binary Logit

5.2 Predicting the Nature of Change Orders for a Given
Contract

“Nature” here refers to the propensity and count of
change orders, and the net direction and net dollar
amount associated with a contract that experienced

change orders. This section discusses the models
developed to help INDOT assess these outcomes for
a given contract (Section 5.2.1). Then the section
discusses the models developed to help INDOT forecast
the count, net direction, and net dollar amount change
orders for a given contract (Section 5.2.2).
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TABLE 5.2
Description of the Independent Variables

Variable Description

Type Levels and Codes

Contract District District where the contract
was carried out

Geographical Area Built-up nature of the work area
Contract Class Dominant work type in the contract.
Design-Build Delivery approach used for the contract

Contract Award Amount  Contract award amount in $M.

Multinary (multiple categorical levels) LaPorte: 1
Crawfordsville: 2
Seymour: 3
Fort Wayne: 4
Vincennes: 5
Greenfield: 6

Multinary (multiple categorical levels) Small Urban:1
Urban: 2
Rural: 3

Multinary (multiple categorical levels) Bridge-related: 1

Pavement-related: 2
Road-related: 3
Demolition,
maintenance, and
traffic-related: 4

Binary (0 or 1) Not design-build: 0
Design-build: 1
Continuous $0 to unlimited

5.2.1 Propensity or Likelihood of Change Orders for a
Given Contract

5.2.1.1 The model. First, a binary logit model is
created to predict the likelihood that a given contract will
experience no change order vs. at least one change order.
Second, a binary logit model is created to predict the
likelihood of at least one positive-value change order (i.e.,
a change order that will cause higher project cost) vs. one
negative-value change order (i.e., a change order that will
cause lower project cost). The dependent variable is
whether a contract incurred a CO or otherwise (0-1).
Table C.1 in Appendix C presents the full details of the
results of the binary logit model for CO occurring
likelihood. The model results indicate that all the
independent variable levels are significant at 99% level
of confidence, except for the variables representing
LaPorte District and Crawfordsville District location.
The reference level for the dependent variable is 0. For
example, the coefficient of the contract award amount
variable is positive. This means that a higher contract
award amount is associated with a higher occurrence
likelihood of a change order. Also, the variable
representing design-build has a negative sign, which
suggests that design-build contracts are associated with a
lower probability occurrence of change orders. The geo-
graphical area variables “small urban and urban” are
positive; this suggests that compared to rural contracts,
small urban and urban contracts are more prone to
occurrence of change orders. This could be due to the
limited space to set up the construction site, logistical
challenges, and coordination (between different stake-
holders and authorities) challenges. The developed
model for the probability that a change order occurs
can be re-stated here as a horizontal string as follows:

CO Probability = 1/(1+exp(-f(x)))

Where: f(x) = 0.79268 — 0.00553-LP — 0.05211-CV —

0.52208-SM — 0.26762-FW — 0.81635-VC +
0.45447-SU + 0.26177-UR — 0.39544-BR —
0.70344-PR — 1.15561'RR — 1.86902-DB +
1.50032-CA4

Where:

CO Probability = probability that a given contact
will incur a change order

LP = Location in LaPorte District

CV = Location in Crawfordsville District

SM = Location in Seymour District

FW = Location in Fort Wayne District

VC = Location in Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Sample Calculation:

Consider a $3M design-build bridge contract slated
for implementation in a rural area in Seymour District.
The probability that the contract will incur at least one
change order is the following.

CO Probability = 1/[1+exp(—f(x)] = 1/[1 + exp{0.79268 —

0.00553-(0) — 0.05211-(0) — 0.52208-(1) — 0.26762-(1) —
0.81635-(1) + 0.45447-(0) + 0.26177-(0) — 0.39544-(1) —
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Figure 5.2 Probability of change order vs. contract award amount for the Vincennes District, small urban area, pavement,

and non-design-build.
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Figure 5.3 Probability of change order vs. contract award amount for the Crawfordsville District, urban area, bridge, and

design-build.

0.70344-(0) — 1.15561-(0) — 1.86902-(1) — 1.50032-(3)}]=
1/[14exp{-2.97707}] = 96.15%

In other words, the contract will have a 95.15%
chance of incurring at least one change order.

Figure 5.2 and Figure 5.3 shows the effect of contract
award amount of the probability of CO occurrence
under two different cases. They demonstrate that
projects with higher contract award are more likely to
experience CO. In all the figures indicating plots of the
developed models, the dots shown are not raw
observations but rather, points along the model lines,
calculated using the model equation.

Figure 5.4 presents the relationship between the
nature of the geographic area of a contract location
and the CO probability. This is done for a hypothe-
tical $2M bridge project in Crawfordsville District.
The figure suggests that a bridge construction project

26

in rural area is far less likely to have CO compared to
urban areas.

5.2.1.2 Marginal effects: The sensitivity of change
order occurrence likelihood to the factors. The sensitivity
of change order propensity to the influential factors
were analyzed by calculating marginal effects (the results
are presented in Table C.2 in Appendix C). The results
of Table C.2 are shown in Figure 5.5. The marginal
effect reflects the extent to which the dependent
variable (probability of change order occurrence)
will change if the independent variable changes by 1
unit. For example, from Table C.2, it is seen that the
sensitivity of the contract award amount variable is
0.19246. This suggests that if the contract award
amount increases by $1M, there is a 0.19246 or
(19.25%) increase in the probability that a change
order will occur. When the independent variable is a
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Figure 5.4 Probability of change order vs. geographical area for the Crawfordsville District, bridge, design-build, and $2M.
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Figure 5.5 Sensitivity of change order occurrence likelihood to different factors.
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categorical (binary or multinary) variable, then the
interpretation of marginal effect depends on the
available levels. For example, regarding the design-
build variable, the result shown in the table (0.2994)
suggests that if the delivery approach for an
impending contract is switched from traditional to a
design-build contract, it will incur a 29.94% reduction
in the probability that it will incur a change order.

5.2.1.3 Odds ratios. An odds ratio (OR) assesses the
degree of association between an exposure variable (for
example, contract award amount) and an outcome (in the
context of this chapter, CO likelihood). The OR
represents the chances that an outcome will occur given
a specific exposure variable, compared to the chances that
the outcome will occur in the absence of that exposure
variable. With regard to a logistic regression (as used in
this chapter), the regression coefficient of the exposure
variable i, b;, is the estimated increase in the log odds of
the outcome (CO likelihood) per unit increase in the
value of the exposure. In other words, the exponential
function of the regression coefficient (e®)) is the odds
ratio associated with a one-unit increase in the exposure
variable i. The OR is helpful not only to ascertain if a
particular exposure variable is a risk factor for the out-
come, but also to compare the magnitudes of various
risk factors for that outcome (Szumilas, 2010). In this
section, we use the terms exposure variable, indepen-
dent variable, and factor interchangeably.

Figure 5.6 presents the odds of a contract encounter-
ing a CO based on the exposure factors considered in
this study—the district of the contract location, rural/
urban area location, project type, contracting method
used for the project delivery (design-build or otherwise),
and the contract award amount. The interpretation
is made in the context of how the variable is defined.
For example, regarding rural/urban area location,
“rural” serves as the reference variable as defined in

the list of variables earlier in this report. The result for
urban (1.2 OR, in Figure 5.6) suggests that the odds of
an urban contract encountering a CO is 1.2 times higher
compared to a rural contract similar in all other
exposure variables. In other words, contracts in rural
areas are generally less likely to experience COs. The
red bar refers to exposure variables whose odds exceed
the odds of the reference exposure variable, and the
green bar refer to exposure variables whose odds are
lower than the odds of the reference exposure variable.

Figure 5.7 examines the CO severity (positive
magnitude) of in terms of the total CO dollar amount.
The figure suggests, for example, that the odds of a
Seymour contract encountering a severe CO is 0.78 of
the odds of a Greenfield contract encountering a severe
CO, all other exposure variable remaining the same. (It
may be noted that Greenfield District location is the
reference level for this exposure variable). This indicates
a 22% lower probability, generally, that a Seymour
contract will experience a CO of the same severity
compared to the Greenfield District.

5.3 Predicting the Change Order Direction and
Magnitude

5.3.1 The Models

This section discusses the development of the change
order severity models. A binary logit model was
developed to predict whether the value of a change
order is positive or negative. Next, two MNL models
are developed to predict the probability that a change
order will have a positive value or negative values.
Finally, a binary logit model was developed to predict
the frequency category for change orders in a contract.
For the MNL and binary logit model for the severity
and category frequency outcomes of change orders,
Table 5.3 presents the categories that were considered.

Odds Ratios of Variables for Likelihood of Change Orders

LaPorte

Crawfordsville

Seymour

Fort Wayne

Vincennes

Small Urban

Variables

Urban

District: Greenfield

Districts

For example:

The odds that a contract will face a

CO are 0.7 in the Seymour and 0.57

in the Vincennes with respect to the
Greenfield district

rea: Rural

Area

Bridge-related

Pavement-related

Road-related

Project Type: Demolition, Maintenance, Traffic-related

Project Type

Design-Build Project Delivery Method: Not Design-build

Award Amount $M

Project Delivery Method

ontirjuous Varable

10
Odds Ratios (log scale)

Figure 5.6 Odds ratios—change orders likelihood and exposure (explanatory) factors.
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Odds Ratios of Variables for Severity of Change Orders
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Figure 5.7 Odds ratios—change orders magnitude and exposure (explanatory) factors.

TABLE 5.3
Choice Sets for Severity and Frequency Models

Number of Choices in the Choice Set

Choices

Severity Positive-value: 3

Value of COs:

($0 to $50K);

[$50K to $750K); and
[>8$750K].

Negative-value: 3

Value of COs:

[< -$750K];

(-$750K to -$50K]; and
(-$50K, $0).

Frequency 2

Number of COs:
(0, 10);
[10, Max].

Based on the table, three categories for CO severity and
two categories for CO frequency are considered.

5.3.1.1 Direction of the change order: Positive or
negative? A binary logit model is created to determine
the likelihood whether a CO is positive or negative.
The results have been summarized in Table C.J4.
The reference level for the dependent variable (i.e.,
positive or negative CO) is positive. Based on the data
in Table C.4, pavement-related contracts are more
prone to negative CO compared to demolition, main-
tenance, and traffic-related contracts. Figure 5.8 and
Figure 5.9 present the probabilities of CO directions
(positive or negative) for two project examples. It can
be observed that generally, increasing the contract
award amount increases the likelihood of positive
change orders and decreases the likelihood of negative
change orders.

5.3.1.2 Magnitude of the positive-value change order.
To create an MNL model for positive COs, three

categories were used (Table 5.2). An MNL was
developed to predict the likelihood of a positive-value
CO. The results are presented in Table C.6 in Appendix
C. The reference level for the dependent variable is that
the sum of a contract CO values is between 0 and $50K.
The results suggest, for example, that the likelihood
that for a design-build contract, the probability that the
outcome (net magnitude of change orders) is $50K—
$750K is lower than the probability that such outcome
is $0-$50K. Figure 5.10 and Figure 5.11 demonstrate
the likelihood of different CO levels over different
contract award amounts, using two examples. In both
examples, increasing the contract award increases the
probability of severe positive change orders ($50K—
$750K) and decreases the probability of light positive
change orders ($0-$50K). Moreover, the probability of
severe positive change orders ($50K-$750K) increases
initially and then starts to decrease after a point.

5.3.1.3 Magnitude of the positive-value change order.
Similar to their positive-value counterparts, three
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Figure 5.8 Probability of change order direction (negative or positive) vs. contract award amount for the Vincennes District,
small urban area, pavement, and not design-build.
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Figure 5.9 Probability of change order direction (negative or positive) vs. contract award amount, for the Crawfordsville District,
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urban area, pavement, and not design-build.
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categories were used, and an MNL was developed. The
results are summarized in Table C.7 in Appendix C.

5.3.2 Sensitivity of CO Severity to the Influential Factors

In this subsection, the result of the sensitivity analysis
for the COS models are presented. There are three
sensitivity analyses: (a) sensitivity analysis on whether a
CO is positive or negative; (b) sensitivity analysis on
positive CO values; and (c) sensitivity analysis on
negative CO values. The sensitivities are done via
calculating marginal effects and elasticities (when
possible). The definition of marginal effects has been
discussed before. In general, elasticity means how many
percentages the dependent variable will change by 1%
change in the independent variable. In the context of
logit models, elasticity means how many percentages
the probability of the dependent variable will change by
a 1% change in the value of the independent variable.
Obviously, the interpretation of the elasticity is more
straight forward when we have continuous variables.
Both marginal effects for the nominal variables and the
elasticity values for the continuous independent vari-
able are reported here. As an example, the results of
marginal effect analysis for positive or negative CO are
shown in Figure 5.12. In Table C.8, the marginal effect
of -0.19356 for the design-build variable can be
interpreted as a 0.19356 decrease in the probability
that a negative CO occurs compared to traditionally
delivered contracts. Note that this interpretation is
statistically significant at 99% level of confidence. In
Table C.8, when the dependent variable is [750, max
$K], the elasticity is 1.1833 with respect to the award
amount. This means that if a contract award amount
increases by 1% (i.e., $10,000), high change order
amounts (=$750K) be 11.83% more likely to occur
compared to low change order amount (<$750K). As
Table C.8 suggests, neither the marginal effects nor the
elasticities are statistically significant. This can be
attributed to the small sample size of the dataset for
contracts with negative-value change orders.

Marginal effect (%)
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Figure 5.12 Sensitivity of CO direction (positive vs. negative)
to several factors.

5.3.3 Predicting the Category of Change Order
Frequency

The models developed in this subsection can be used
to determine the likelihood that a contract will face
0-10 change orders or more than 10 change orders.
A binary logit model is used. Table C.9 presents the
results. The reference level for the dependent variable is
that a contract experiences less than 10 change orders.
Figure 5.13 and Figure 5.14 show changes in likelihood
of each level of change order over different contract
awards. Overall, increasing the contract award
increases the probability of more than 10 change orders
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Figure 5.13 Change order frequency vs. contract award amount for the Vincennes District, small urban area, pavement, and not
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Figure 5.14 Change order frequency vs. contract award amount for the Crawfordsville District, small urban area, road project,

and not design-build.

in a project. In contrast, the probability of less than
10 change orders decreases. Table C.10 presents the
marginal effects of COF model. According to the data in
Table C.12, all INDOT districts have a lower likelihood
of high COF compared to Greenfield. Also, the like-
lihood of COF increases with an increase in contract
award amount. Figure 5.15 shows the results of marginal
effects of different factors on the CO frequency.

5.3.4 Predicting the CO Severity ( Regression Models)

This section presents three linear regression models
for COS. The first model was developed using contract
data with positive-value and negative-value change
orders. The second model was created only for positive-
value change orders. The third model was developed
only for negative-value change orders. In Table C.11,
Table C.12, and Table C.13, standardized coefficients

are the regression coefficients assuming all the inde-
pendent variables converted to z-scores before running
the model. Therefore, one can simply compare the
absolute value of standardized coefficients to measure
the relative contribution of each independent variable
on the dependent variable.

Based on the results in Table C.11, Table C.12, and
Table C.13, it can be observed the two most important
independent variables for COS are: Whether the con-
tract is design-build or otherwise, and the contract award
amount. The findings in Table C.11, Table C.12, and
Table C.13 are compatible with the results of logit model
presented earlier in this chapter. Figures 5.16, 5.17,
5.18 show cost overrun severity over different con-
tract award amount for positive-and-negative change
order model, only positive change order, and only
negative change order, respectively. Generally, the
higher the contract award, the higher the CO severity.

32 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/14



LaPorte  Crawfordsville Seymour Fort Wayne  Vincennes

0%
-1%
2%
-3%
-4%
-5%
-6%
7%
-8%
-9%

Marginal effect (%)

District

(a) Effect of district (Greenfield is considered the reference).

6%

5%

3%

Marginal effect (%)
S
R

2%

1%

0%
Small Urban

Urban

(b) Effect of area (rural area is considered the reference).

8%

S 6%
E;
g 4%
=
|
B 2%
=
=

0%

Bridge-related Pavement-related Road-related

-2%

(c) Effect of project type (reference is demolition, maintenance, and traffic-related projects.

Figure 5.15 Sensitivity of frequency of CO to different factors.

5.4 Modeling Schedule Delay Caused by Change Orders

Here the schedule delay (SD) of the contracts caused
by COs are investigated using logit and linear regres-
sion models.

5.4.1 Logit Model

® Schedule Delay Occurring Likelihood
The result of the constructed binary logit model for
predicting the likelihood whether an SD will happen or
not, has been brought in Table C.14. According to the
data in Table C.14, the likelihood of SD occurring

increases with an increase in the contract award amount.
Figure 5.17 shows the changes in schedule delay
occurring likelihood over different contract award
amounts, as an example. Increasing the contract award
increases the likelihood schedule delay occurrence.

MNL Model for Positive Schedule Delay

The levels considered for the dependent variable (i.e.,
SD) are 1-90 days, 9-180 days, and more than 180 days.
The results are summarized in Table C.15. The inter-
pretation of the results is similar to that of the previous
model. It was not possible to create binary logit model
to predict the likelihood whether an SD is positive or
negative, probably due to the small sample size of
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Figure 5.16 CO severity ($M) vs. award amount ($M) for the Vincennes District, urban area, pavement project, and non-design-
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Figure 5.17 Positive CO severity ($M) vs. award amount ($M) for the Vincennes District, urban area, pavement project, and
non-design-build.
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Figure 5.18 Negative CO severity ($M) vs. award amount ($M) for the Vincennes District, urban area, pavement project, and
non-design-build.
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Figure 5.19 Schedule delay occurring likelihood vs. contract award amount for the Vincennes District, urban area, pavement,

and not design-build.
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Figure 5.20 Probability of schedule delay severity levels vs. contract award amount for the Vincennes District, urban area,

pavement, and not design-build.

contracts with negative SDs. Figure 5.19 shows the
probabilities of different levels of schedule delays over
different contract award amounts, in a hypothetical
project. In projects with higher contract awards, 90-180
days and more than 180 days delay are more probable
(Figure 5.20).

5.4.2 Sensitivity of SD to the Influential Factors

The results of sensitivity analysis via calculating
marginal effects and elasticities for SD occurring and
positive SD models are reported in Table C.16 and
Table C.17, respectively. From the results, it can be
observed that contracts with bridge- and pavement-
dominant projects are less prone to face SD com-
pared to contracts dominated by demolition, main-
tenance, and traffic-related project types. Referring
to the data in Table C.16 and Table C.17, with a 1%

increase in a contract award amount (i.e., $10,000),
the probability that SD is between 1 to 90 days
decreases (i.e., -0.00813) while the probability for
SD to be between 90 to 180 days and more than
180 days increases, respectively (i.e., 0.00251 and
0.00563). These findings are statistically significant
at 99% level of confidence. Figure 5.21 shows the
results of sensitivity of schedule delay to different
factors.

5.4.3 Regression Models for Schedule Delay

To predict positive SD in number of days, a
regression model was developed. The results are
summarized in Table C.18. Based on the results, the
three most influential variables in predicting a contract
SD are: geographical area, dominant project type, and
contract award amount. In Figure 5.22, the schedule
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Figure 5.21 Sensitivity of schedule delay to different factors.

delay over different contract award is shown under a CO Probability = 1/(1+exp(-f(x)))
hypothetical sample.
Where: f{x) = 0.79268 — 0.00553 x LP —0.05211 x
5.5 The Developed Models CV —0.52208 x SM — 0.26762 x FW —0.81635 x
VC+ 0.45447 x SU+ 0.26177 x UR — 0.39544 x
The developed models are presented below. Please BR — 0.70344 x PR — 1.15561 x RR — 1.86902 x
refer to Appendix C for the model details. DB + 1.50032 x CA
Model for the Change Order Occurrence Likelihood
(Table C.1) Where:
CO Probability = probability that a given contract
The developed model for the probability that a will incur a change order
change order occurs can be re-stated here as a horizontal LP = Location in LaPorte District
string as follows. CV = Location in Crawfordsville District
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Figure 5.22 Schedule delay (days) vs. contract award amount ($M) for the Vincennes District, urban area, pavement, and not

design-build.

SM = Location in Seymour District

FW = Location in Fort Wayne District

VC = Location in Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Assessing the Sensitivity of CO Likelihood to
the Influential Factors (Table C.2)

Table C.2 assesses the marginal effects of the
variables, and the sensitivity of change order propensity
to the influential factors. If the contract award amount
increases by $1M, there is a 0.19246 increase in the
probability that a change order will occur.

Model for Predicting the CO Magnitude: Positive- or
Negative-Value Change Order (Table C.3)

The developed model for the probability that a
contract will face a positive change order can be
re-stated here as a horizontal string as follows.

Probability = 1/(1+exp(-f(x)))

Where: f(x) = — 1.04794 + 0.0624 x LP +
0.68784 x CV + 0.24561 x SM + 0.23279 x FW +
0.00918 x VC — 0.47510 x SU — 0.06199 x UR +
0.15762 x BR + 0.84941 x PR — 0.14972 x RR —
1.18073 x DB+ 0.00629 x CA

Where:

Probability = probability that a given contract will
incur a positive change order

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use 0 if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the Probability of a Positive-Value
Change Order Table C.4

The developed model for the probability that a
change order will have a positive value can be re-stated
here as a horizontal string.

o EACYY
( Probability ) ; = Spp e IE)
- o)
(Probability ) , = Tr oo r oo
Where: f(x;) = —1.02437 — 0.08168 x LP —

0.23035 x CV — 0.36562 x SM — 0.29326 x FW —
0.13275 x VC — 0.21983 x SU — 0.15145 x UR —
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0.54465 x BR — 0.20176 x PR+ 0.10685 x RR —
1.66571 x DB+ 0.75204 x CA

f(x2) = =3.40787 — 0.02589 x LP — 0.54977 x CV
—0.99733 x SM — 0.72402 x FW — 0.48215 x VC
—3.21151 x SU — 0.61037 x UR — 0.69785 x BR
+0.01004 x PR — 0.23006 x RR — 0.8691 x DB+
0.9607 x CA

Where:

( Probability); = probability that a given contract
will incur a positive change order between $50K-—
$750K

( Probability), = probability that a given con-
tract will incur a positive change order greater than
$750K

LP = Location in LaPorte District

CV = Location in Crawfordsville District

SM = Location in Seymour District

FW = Location in Fort Wayne District

VC = Location in Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the Magnitude of a Negative-value
Change Order (Table C.5)

The developed model for the probability that a
change order will have a negative value can be re-stated
here as a horizontal string as follows.

. o (x1)
(CO Probability) ; = Tr a0 F oo
L)

(CO Probability) , = Tr a0 r oo

Where: f(x;) = —1.39459+0.10794 x LP+0.34812
x CV+0.24942 x SM — 0.03671 x FW — 0.14982
x VC+0.01765 x SU+0.1059 x UR+0.11526 x
BR + 0.67463 x PR — 0.01983 x RR + 1.2023 x
DB + 0.59936 x CA

f(x2) = —5.80640 + 0.29045 x LP +0.17904 x CV
— 0.69374 x SM+0.19377 x FW — 0.23207 x VC
+ 0.35045 x UR — 0.08918 x BR + 0.66846 x PR
— 2.99997 x RR — 10.8252 x DB+ 0.90602 x CA

Where:

(CO Probability); = probability that a given
contract will incur a negative change order between
$50K-$750K

(CO Probability), = probability that a given
contract will incur a negative change order greater
than $750K

LP = Location in LaPorte District

CV = Location in Crawfordsville District

SM = Location in Seymour District

FW = Location in Fort Wayne District

VC = Location in Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use 0 if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the Change Order Frequency
(Table C.9)

The developed model for the probability that a

contract will face more than 10 change orders can be
re-stated here as a horizontal string.

Probability = 1/(1+exp(-f(x)))

Where: f(x) = —3.33219 — 0.63688 x LP — 0.80759
x CV —0.88228 x SM — 0.28782 x FW — 1.65248

x VC+0.78198 x SU+ 0.67874 x UR + 0.28068
x BR — 0.41511 x PR+ 1.04015 x RR — 1.11928
x DB+ 0.53287 x CA

Where:

Probability = Likelihood of contracts facing more
than 10 change orders

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type
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(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the Change Order Frequency with
Marginal Effects (Table C.10)

Probability = 1/(1+exp(-f(x)))

Where: f(x) = —0.04162 x LP — 0.05063 x CV —
0.05511 x SM — 0.01995 x FW —0.08537 x VC +
0.06735 x SU+0.05114 x UR+0.02116 x BR —
0.02801 x PR+ 0.09357 x RR —0.06064 x DB +
0.03865 x CA

Where:

Probability = Likelihood of contracts facing at least
10 change orders

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the CO Magnitude ($M) Using

Linear Regression (Table C.11)

CO Severity = 0.497 — 0.036 x LP — 0.073 x CV — 0.033
x SM — 0.054 x FW — 0.004 x VC — 0.028 x SU —
0.036 x UR — 0.047 x BR — 0.05 x PR+ 0.033 x RR —
0.429 x DB+ 0.034 x CA

The above equation is with consideration only to both
positive and negative change orders.

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the CO Magnitude ($M) for
Positive-Value COs, Using Linear Regression (Table
C.12)

CO Severity = 0.141 — 0.042 x LP — 0.071 x CV — 0.037
x SM — 0.07 x FW —0.063 x VC —0.106 x SU — 0.085
x UR — 0.074 x BR+0.062 x PR — 0.039 x RR+0.317
x DB+ 0.071 x CA

The above equation is with consideration only to
positive change orders.

Where:

CO Severity = Severity of change order

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Where: Model for Predicting the CO Magnitude ($M) for
CO Severity = Severity of change order (considering Negative-Value COs, Using Linear Regression (Table
both positive ang negative change orders) C.13)

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

CO Severity = — 0.025 — 0.006 x LP —0.02 x CV+0.017
x SM — 0.001 x FW — 0.002 x VC+ 0.038 x SU —
0.019 x UR+0.004 x BR— 0.049 x PR+ 0.045 x RR+
0.529 x DB — 0.038 x CA

The above equation is with consideration only to
negative change orders.
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Where:

CO Severity = Severity of change order

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the SD Occurrence Likelihood
Using Binary Logit Model (Table C.14)

SD Probability = 1/(1+exp(-f(x)))

Where: f(x) = —0.38499 + 0.50580 x LP + 0.03465
x CV —0.08791 x SM+ 0.19990 x FW — 0.22299
x VC+0.24733 x SU+0.35222 x UR — .30741 x
BR — 0.42817 x PR+ 0.03987 x RR — 0.46506 x
DB + 0.05834 x CA

Where:

SD Probability = Probability that the change order
will lead to a schedule delay

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

V'C = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the 5 variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Predicting the SD Magnitude Positive-value
SD (Table C.15)

- o)
( Probability) ; = ey e

o/ (x2)

( Probability ) , = Fpp ey e

f(x;) = —1.65288 — 0.28753 x LP+0.13514 x CV
+0.32723 x SM —0.21919 x FW+0.64052 x VC+
0.30531 x SU+0.17284 x UR — 0.89206 x BR —
0.75793 x PR — 0.2262 x RR + 0.43977 x DB +
0.03515 x CA

f(x2) = — 0.13652 — 0.33010 x LP — 0.41829
CV — 0.40973 x SM — 0.71581 x FW — 0.2162
VC — 047172 x SU — 0.39055 x UR — 0.78952
BR — 0.82233 x PR — 0.52655 x RR +0.88617
DB + 0.03507 x CA

X X X X

( Probability); = Probability that the change order
will lead to a positive schedule delay of 90-180 days
( Probability ), = Probability that the change order
will lead to a positive schedule delay of more than
180 days

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use 0 if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for the Marginal Effects for Contracts with CO
(Table C.16)

SD Probability = 1/(1+exp(-f(x)))

Where f(x) = 0.12165 x LP + 0.00824 x CV —
0.02085 x SM + 0.04764 x FW — 0.05263 x VC+
0.05903 x SU+ 0.08460 x UR — 0.07260 x BR —
0.09999 x PR + 0.00949 x RR — 0.1068 x DB +
0.01386 x CA
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Where:

SD Probability = Probability that schedule delay will
occur considering that a change order will happen
LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

V'C = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model for Marginal Effects for Contracts with
Positive-Value SD (Table C.17)

e

( Probability ) ; = T T T )
B o)
( Probability ) , = TF o0 1 o/ F ()
e (x3)
( Probability ) ; =

1 +ef(-‘fl)+ef(xz) +gf(X3)

f(x;) =0.07347 x LP+0.05751 x CV +0.04244 x
SM + 0.13051 x FW — 0.01094 x VC +0.05396 x
SU + 0.05037 x UR+ 0.19029 x BR + 0.18600 x
PR+ 0.10063 x RR — 0.17357 x DB — 0.00813 x
CcA

f(x2) = —0.01928 x LP+ 0.02533 x CV + 0.0442
x SM — 0.00154 x FW+ 0.06994 x VC + 0.04379
x SU+0.02829 x UR — 0.06648 x BR — 0.05218
x PR — 0.0076 x RR+0.01868 x DB+ 0.00251 x
CA

fix;) = — 0.05419xLP — 0.08283xCV —
0.08666 x SM — 0.12897 x FW — 0.059xVC
0.09775 x SU — 0.07866 x UR —0.12381 x BR —
0.13381 x PR — 0.09303 x RR + 0.15489 x DB +
0.00563 x CA

( Probability ) ; = Probability that the CO will lead to
a positive schedule delay of 1-90 days based on
marginal effects.

( Probability ); = Probability that the CO will lead to
a positive schedule delay of 90-180 days based on
marginal effects.

( Probability ); = Probability that the CO will lead to
a positive schedule delay of more than 180 days
based on marginal effects.

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use 0 if the contract is
not a design-build project)

CA = Contract award amount ($M)

Model (Linear Regression) for Predicting the
Magnitude of Positive-Value SD (days) (Table C.18)

SD = 243.965 — 40.324 x LP — 35358 x CV —65.049 x
SM — 76.407 x FW — 18.62 x VC — 67.89 x SU — 59.667
x UR — 96.989 x BR — 99.909 x PR — 55268 x RR +
43.62 x DB+ 2514 x CA

The above equation is with consideration only to
negative change orders.

Where:

SD = Predicted schedule delay

LP = Location is LaPorte District

CV = Location is Crawfordsville District

SM = Location is Seymour District

FW = Location is Fort Wayne District

VC = Location is Vincennes District

(For contracts located in Greenfield District, use
zeros for all the five variables above.)

SU = Small urban area

UR = Urban area

(For contracts located in rural areas, use zeros for all
the two variables above.)

BR = Dominant project is a bridge work type

PR = Dominant project is a pavement work type
RR = Dominant project is a road work type

(For contracts that are dominated by demolition,
maintenance, and traffic-related projects, use zeros
for all the three variables above.)

DB = Design-build project (use O if the contract is
not a design-build project)

CA = Contract award amount ($M)

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/14 41



(pormunuo) )

"90UPIJUOD JO ITIP 9,66 1

JueoyruSIs A[[eon)se)s sI UoISn[ouod sy ],
*90UDPIJUOD JO 9ITIP 9,66

e JueoyIuSIs A[[eonsne)s s UoISN[Ouod SIY L

*90UdPIUOD JO 921F9P 966
J& JueOJIUSIS A[[O1ISTIIS ST UOISN[OUO0D SIYJ,

*90UDPIJUOD JO 9ITP 9,66
e JueoyIuSIs A[[eonsne)s s UOISNOuod SIY T

*90UIPUOD JO 921F9P 966
Je JueOJIUSIS A[[RO1ISTIRIS ST UOISN[OUO0D SIY ],

0SS 1940 2q [[IM AILIAIS O AY) 18yl
SpPpO 2y} I91BaIS Y} ‘JUnoWe pIeme JOBIIUOD Y} IYSIY oY) ‘A[[eIousn)
‘PIING-USISAP Jou Ik 1By} $10R1U0D 0} paredwod N0SL$0SS
yirom QD 2ouaLadxd 03 A[YI] $S9] A[[RIoUdF ST J0BIIUOD P[ING-USISIP Y
‘SJORIJIUOD JIJJeI) PUB ‘doURUdUIBW “UONI[OWIP
£qQ pareunuop sjoeIIU0d 0) paredwod JJ(OS$ Po0Xd 03 A[OYI] SSI[
Aqrerouad are ‘0D anfea-oAnisod douarradxo jey) s1oeIIU0d 93pLIg
‘SeaTe [eInI
ur 9soy} 03 paredwod JGL$ PAOXd 01 A[YI] $SO[ A[[eIduad a1k ‘0D
anjea-oansod doudrradxs 1By} SedTe UBQIN puk UBQIN [[BWS UI S}OBIIUOD)
“JOLIISIP PIRIJUIID) UI 3501} 0} paredwoo
SI0S$ PO9dxXa 01 A[aYI] SS9 A[[eIoudd are ‘QD anjea-aanisod
Qouarradxa ey} SIOLISIP SUABAN 110, PUEB INOWALS UI SIORIIUOD)

JuNowy pIemy 10BIU0D

JON 1o ping-uSisaq

adA 1, 100fo1g

vary [eorydeidoon

PISIA

(A103318) AJLINAJS YDIYAA UI [[B 03 A[PYI'] IOJA] SI anfe A QD ADISO] V P[qeueA judpuadaq (9)

*90UIPIUOD 9()6 1B SUOISN[OU0D JULOYIUSIS ON
*90UdPIJUOD JO 921F9P 966

ye jueoyTuSIs A[[eorsTe)s SI UoISnouod SIyL
*90UdPIJUOD JO 32IF9P %66

Je JueoIuUSIS A[[RO1ISTILIS ST UOISN[OUOD SIY ],
*90UAPIJUOD JO 32IF0P %66

ye JueoTuSIs A[[eorsne)s sI UoISnouod STy L

*90UPIUOD JO 9ITP 9,66
e JueoyruSis A[[eOnISI)e]s SI UOISN[OU0D SIY I

‘pPIINQ-uSIsop jou Ik 1By} s}0enu0d 03 paredwod
SQD oN[BA-2ANBZAU JO SPPO JIMO] dARY A[[RIJUIS $10BIIUOD P[Ing-ulIsaq
'S10BIIUO0D PIIB[AI-OIJJBI) PUE ‘Q0UBUIUIBW ‘UONI[OWIP 0} paredwod sQD
onjeA-oAIEIoU 208J [[IM S}orIuod juowaAked jey) A[oNI] A[eIousg a1ouw st jf
*S10BIJUOD BAIE [eINnI 0) paredwod s}oenuod
ueqIn [[RWS I0J JOMO] A[[BIUIT 218 D) 2N[BA-OATIRIIU B JO SPPO AL
J0B1UOD PAJUIIID)
® 0} paredwod QD 2ANIEIU © 20UILIAAXD [[IM SIOLIISIP J[[IASPIOJMBID)
puUB ‘QUABA\ 110 ‘INOWAS UI 1OBIIUOD B JBY) A[oYI] dI0W A[[RISUSS SI I]

junowy pIemy joeIjuo))
JON 10 pring-ussa(q
odA 7, 100fo1g

rory Teorydersoon

s

(0D anfeA 2ApE3IN])) UonINPIY IS0 10 (O AN[BA-IANISOJ) ISLIIIU] IS0 B 0) PLd T JIpIQ dduey) Y} SI0(]) IIpIQ Aduey) Y) Jo UONIRI(] d[qere A yudpuadaq (q)

*90UAPIJUOD JO 30IFOP %66
J& JuBOJIUSIS A[[BO1ISTIR]S ST UOISN[OUO0D SIY ],
*90UdPIJUOD JO 321F9P %66
J& JuROIJIUSIS A[[O1ISTIR]S ST UOISN[OUO0D SIY T,

*90UIPYUOD JO 22IF9P %66

e JueoyrudIs A[[BO1ISIIe)S SI UOISN[OU0D SIY ]
*OUIPIJUOD JO I39P 966 18

jueoyrugIs A[[esnsne)s s UoISn[ouod SIy L

*90UAPIJUOD JO 321F0p 9,66 e
JueoyTuSIs A[[eorsie)s sI uoIsnouod STy L

'sOQD doudrradxa

01 A[oYI] d10W A[[RISUSS Ik JUNOWE PIBME I9)BAIS YHM SJOBIIUOD)
‘pIng-usIsap 10U dIe Jey} $10BIIU0d 0) paredwod 1omof A[[erousd

SI 0D © 2oudnIadxd [[IM J0BIIUO0D P[ING-USISIP € JBY) SPPO YL
*(90USLINO00 (D) JO SPPO 1SEI[ AU SABY S}OBIIUOD PLOI) JOBIUOD OIjjer)
JO ‘90UBUdUTRW ‘UOI[OWIP 0} paredwiod 1omo] A[[eIouas st QD ®©

oouorradxa M }oeIIuod peor 1o ‘Juowesed ‘e3pliq e 1Byl SPPO YL
“BAIR [RINI B UI JORIIUOO B 0} paredwod 10113 A[[eroussd st QD

® 00uoLIodXd [[IM BOIR UBQIN JO UBQIN [[BUWUS B UI JOBIIUOD € Jey) SPPo oYL

(SOUUSOUTA ST QD JO POOYIANI] ISLI] Y3 YA JOINISIP dY}) PIISIJ POYUIIID

01 paredwos 1omo] A[[eIouaS s1 9D B 90UALIAdXD [[IM 10BIIU0D © JeY])
SPPO 1) ‘SIOLIISIP SAUUIIUIA PUB ‘QUABA 110 ‘InOWASS U

junowry pIemy JoBIU0D)

JON 10 pring-usSisaq

odA 1, 100fo1g

vary [eorydeidoon

psIq

(N2 J0N] SI0(J 10 SINDQ QD)) PIQ Aduey) Jo Asuddoid Y[, d[qerie A Juapuada(q (8)

SOJON]

SUOISN[IUO))

sdqeLie A jJuapuddapuy

S)[NSIY Jo Arewrung
7' H1dVL

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/14

42



(pomunno) )

*90USPIJUOD JO 92130P 966 ‘S IOIUNOOUD [[IM JOBIIUOD Y} JBY) POOYIANI]

Je JuROIUSIS A[[BO1ISIIBIS ST UOISN[OUOD SIY Q) I19)BAIS 9]} ‘JUNOWE PIEME JORIIUOD A} I9LAIT oY) ‘A[[RIOUID)

*90UIPIJUOD 9)()G }€ SUOISN[OUOD JUBIYIUSIS ON -
*90UIPIJUOD JO 22II9P %66 'SJORIIUOD OljJeI} PuE ‘dduBUUIRW ‘UONIoWAp 0) paredwod S

e JueoyrusIs A[[eonsne)s SI UOISNOU0d SIY ] 19JUNOdUD 01 A[OYI] SS9 A[[BISUST Ik S)OBIIUOD 9FPLIq PUEB JUSWIARJ
*90UIPIUOD JO 991F0p 's)1edI10)unod [eint Iy} 03 paredwod S I9IUNOSUD

9,66 e 1uedTUSIS A[[BONISNE)S SI UOISN[OUOD SIY ] 01 AJoxI] o10W A[[eIoUd3 oIt $JOBIJUOD URQIN pPUE UBQIN [[EWS
‘Pleu22ID) 03 paredwod 1omof st Aiqeqoid Yons ‘SQUUOUIA UT)
*90UIPIJUOD JO 23130P 906 pleryusaln) ur syrediojunos Joy) o3 paredwods (IS SULIDIUNOOUD JO

Je JueOIUSIS A[[BO1ISIIBIS ST UOISN[OUOD SIY ], 0UBYD 19)BAIT B 9ARY QUABA\ 110 PUB 91I0JBT UI SJORIIUOD ‘A[[RIdUID)

junoury pIemy JoeIjuo))
JON I0 pling-uSisaq

odA 1 100loag

oIy [eorydeisoan

pmsIa

JAS PdUILRAXY 0) 3oenuo)) & Jo Asuddoid 3y} SI JeyAp d[qerie A Judpuadaq (§)

*90UDPIJUOD JO 2ITop SO [B19A3S 20udLIadXa [[IM JORIIUOD JBY) SPPO
%66 Ye JUedyIuSIs A[[eonsnels sI UoISN[OUod SIY T, o) 10)e2IS A} ‘JUNOWE PIEME JOBIIUOD Y} IAYSIY o) ‘A[[eIousn)
"UMBIP 9q UBD 9,6 SA0QE OUIPYUOD JO
92130p YIIM SUOISN[OUOD JUBITUSIS A[[eonIsiie)s oN —

*A10AN00dsaI ‘9566 PUR 9,06 918 SIOBIIUO0D *SI0BIJUOD J1JJRI} PUR ‘QOUBUIUIRW ‘UONI[OWIP O)
PaJe[oI-prROY PUEB PIIR[I-9FPLIq J0J 9OUSPIFUOD paredwiod [B10A9S 9ABY 0} A[OYI] 9IOW oIk S}OBIUOO 0FPLIq puE pPeoY
JO 22139p Y D 9%G6 Ye weoyIusdis A[eonsne)s si *S1OBIIUOD OIJJeI) I0 ‘Q0UBUUIBW ‘UOTI[OWIP 0} paredwod
$10B1UOO paje[or-juswostd 10 UOISN[OUOd UMEBID YL SO [BI0AdS 9ARY 0} A[OYI[ SSO[ A[[eIoUd3 oI $)OBIIUOD JUSWOAR]
*90UIPIJUOD JO 9IIOP %66 's31ed19)uno0o [eInI 119y} 0} paredwod sQD) [BIOAdS dARY
e JueoyrudIs A[[eonsie)s SI UOISNOU0d SIY ], 0) A[oY1] 210w A[[eIoUSS 2k Seale UBQIN PuB UBQIN [[BWS UI S}JOBIIUOD)
‘SPPO 1SBI[ A} QARY[ S}JOBIIUOD SOUUDUIA "POIJUIIID)
*90USPIJUOD JO 92139P 966 01 paredwod SO [BI2AIS JO POOYI[AYI] JOMO] & 2ALY A[[eIoudd
e JueoyrudIs A[[eonsne)s SI UOISn[ouod SIY T SOUUIOUIA IO ‘INOWAJS ‘O[IASPIOJMEBID) ‘O1I0JBT UI SIORIIUOD)

junowy plemy 10enuo)

JON I0 pping-uSisag

odA 1 109lo1g

oIy [eorydeisoan

pmSIQ

(SOD 0I=) [BI9A3S 10 (SOD (O1>) MY SOUILRAXY 31oenuo)) © Jey ], POOYIPRYI] P[qeLe A judpudda( (3)

S[0S$ PO9OXd [[IM opniruSewr
*90UdPUOD JO 22I3p OD SI 1By} SPPO Y} I9JLAIS o) ‘JUNowe pIeme JOBIIUOD Y}
966 e 1UedTUSIS A[[EONSNE)S SI UOISN[OUOD SIY ] 1918213 ) ‘A[[eIduas ‘D AN[BA-IATIBTOU 20USLIdAXD JBY) SJIOBRIIUOD IO
TUMEBIP 9q UBD 9,()6 2A0QE d0UIPIUOD
JO 00139p UM SUOISN[OUOD JuedIuSIS A[[eonsne)s oN -
'S)ORIIUOD
Ppale[aI-oIjeI) puE ‘@dUBUSIUIBW ‘UONIOWp 03 paredwos (J0SL$
JOAO “9°T) onJeA 9ARY A[QWAIIXd 0} A[YI[ d10W A[[RISUST 218 D) an[eA
-0AT}ESOU SARY[ JBY] S]OBIIUOD PBOY 'SIOBIIUOD OIJJel} PUEB ‘00UBRUIIUTEW
*90UdPIUOD JO 2I3P ‘uoniowap 03 paredwod (JJ0SL$- 01 S0S- 1) anea o31e] AI9A JO 9q 0}
966 e 1JUedTUSIS A[[BONISNE]S SI UOISN[OUOD SIY ] A[oy1] 210w A[[BIdULS I8 (D) SN[BA-OATIBSOU 9ARY JBY) SJOBIIUOD JUSWIAR]
*90UIPIJUOD 95()6 }8 SUOISN[OU0D JUBIYIUSIS ON -
J0LSI(] PleyusaIn) ul sjredrsjunod Iy} 03 paredwod (S[0SL$

junowry pIremy 1oenuo))

3ASIMIAYIQ 10 pring-usisaq

odA 1 100loag
rory [eorydeifoon

*QOUAPIJUOD JO 22I39P %06 0] 0S$- “9'1) onjea aZ1e[ AI9A JO 9q 03 A[OYI[ 210w A[[RIdUST oI®
e JueoyrugIs A[[eonsne)s SI UOISNOU0d SIY 0D onJea-aanegou dARY 1By} IOLISIT S[[IASPIOJMEBID) UI S}OBIIUO)) JoIISI]
0D IN[BA-IADEFIN € Jo JpmIuse]y :d[qeriep juapuadaq (p)
(ponuruo) )
'S H1dV.L

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/14

43



of confidence above 90% can be drawn.
This conclusion is statistically significant at

99% degree of confidence.

99% degree of confidence.
No statistically significant conclusions with degree

99% degree of confidence.
This conclusion is statistically significant at

This conclusion is statistically significant at
95% degree of confidence.

This conclusion is statistically significant at

generally less likely to have severe SD compared to Greenfield District.

Small urban and urban contracts are generally less likely to encounter
severe SD compared to demolition, maintenance, and traffic contracts.

moderate SD compared to Greenfield contracts.
LaPorte, Crawfordsville, Seymour, and Fort Wayne contracts are
odds of the contract will have moderate or severe SD.

severe SD compared to rural contracts.
Pavement, bridge, and road contracts are generally less likely to encounter

Contracts in Vincennes District are generally more likely to encounter

(g) Dependent Variable: The Probability that a Contract Encounters Light (0—90 Days), Moderate (90-180 days) or Severe (=180 days) SD
Generally, the higher the contract award amount, the greater the

TABLE 5.4

( Continued)
Geographical Area
Project Type
Design-Build or Not
Contract Award Amount

District

o
=

5.6 Chapter Summary

This chapter developed three broad categories of
models: (a) CO propensity, direction, and magnitude,
(b) CO frequency or count, and (c) contract schedule
delay (SD) (Table 5.4).

Discussion

® Regarding CO severity, logit and linear regression
models were developed. The results suggest that the
contract type (design-build or otherwise) and contract
award amount are the two most influential variables of
CO propensity and monetary value.

® Regarding CO frequency, the results of logit model
revealed that district, geographical area, and contract
class are the three most influential variables.

® Regarding SD, the results of logit and linear regression
models suggest that the geographical area, contract class
and contract awards amount are the three most
influential variables.

® It was not possible to create models for negative SD
probably because the sample size of negative contract SD
is small.

CHAPTER 6. RECOMMENDATIONS AND
GUIDELINES TO REDUCE THE INCIDENCE
AND MAGNITUDE OF CHANGE ORDERS

6.1 Summary of Causes of Change Orders

Drawing from a comprehensive analysis of histo-
rical data concerning change orders analyzed in this
paper, it becomes evident that certain key factors
consistently contribute to the incidence of change
orders. These factors primarily include changed condi-
tions (ranging from constructability and construction-
related challenges to soil and environmental factors),
design-related errors and omissions, alterations in
project scope (encompassing changes in quantities and
items, as well as central office-initiated modifications),
and final quantity adjustments. The summary of root
causes is presented in Table 6.1. The table is referenced
from various statistics provided in Chapter 3 on
descriptive statistics. From the table, it is evident that
more than 90% of CO’s are caused due to the
mentioned six sub-factors. The right actions taken
against these items could yield positive results in
reducing the number of change orders, schedule delays
and cost overrun.

In this chapter, we explore these factors, offering
specific recommendations tailored to mitigate the
associated risks and enhance project management
practices. By addressing these critical areas proactively,
we hope that project stakeholders can significantly
reduce the likelihood of occurrence of change orders
thereby reducing cost overruns, schedule delays, and
disputes, ultimately fostering more successful and
efficient project outcomes. The measures mentioned in
this section are referenced to Section 3.5 of this report
on remedies for change orders.
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TABLE 6.1
Summary of the Top Root Causes of Change Orders

Cost Overrun Cost Overrun No. of Rate of CO’s
Critical Reasons Amount ($M) (as % of total) CO’s (as % of total)
Changed Conditions 265.88 42 9,544 42
Constructability Related 117.46 19 5,463 24
Soils 39.07 6 677 3
Environmental 25.36 4 469 2
Errors and Omissions 138.98 22 6,507 29
Design Related 75.49 12 3,410 15
Scope 109.36 17 2,371 10
Quantities and Items 59.94 9 739 3
Final Quantity Adjustments -192.99 2,268 10
Total (above categories) 514.22 + (-192.99) 81 20,690 91
Grand Total (including all categories) 631.24 + (-192.99) - 22,681 -

6.2 Recommendations and Proposed Actions

The proposed actions are classified into four cate-
gories: changed condition, errors and omissions, scope,
and final quantity adjustments. This section outlines the
actions that should be undertaken by consultants, own-
ers, and contractors. The suggestions below outline the
suggested remedial actions within the category of “Chan-
ged Conditions,” specifically addressing concerns related
to constructability, soils, and environmental factors.

6.2.1 Constructability-Related
Consultant Actions

® Place strong emphasis on creating clear and comprehen-
sive plans and designs.

® Conduct detailed constructability reviews before the
tender process.

® Ensure that project specifications align with design
requirements.

Owner Actions

e Utilize computer-based project management software
and Building Information Modeling (BIM) models to
identify and resolve constructability clashes.

® Maintain a well-organized log of past change orders,
allowing for pre-checking potential causes for each new
project/bid.

® Create a checklist for contract conditions and project
specifications.

Contractor Actions

® Ensure that work breakdown structures are prepared to
identify clashes and prevent issues related to construct-
ability.

6.2.2 Soils and Environmental
Consultant Actions

® Conduct thorough site investigations to minimize unex-
pected conditions.

Owner Actions

® Consider alternative contract methods such as design-
build and integrated project delivery to involve the
contractor in the design phase, reducing the likelihood of
soil and environmental surprises during construction.

6.2.3 Errors and Omissions

The suggestions below outline the suggested remedial
actions within the category of “Errors and Omissions,”
specifically addressing the concerns related to design
related factors.

Consultant Actions

® Exercise caution regarding potential contract omissions
and item overruns.

® Ensure coordination with owners for project specifica-
tions.

Owner Actions

® Mandate professional licensing for design engineers.
® Consider alternative contract methods like DB, lump
sum contracts, etc.

6.2.4 Scope and Final Quantity Adjustments

The suggestions below outline the suggested remedial
actions within the category of “scope and final quantity
adjustments,” specifically addressing the concerns
related to quantities.

Consultant Actions

® Ensure complete detailed engineering is ready prior to
bidding.

® Ensure completeness of estimates (quantity and cost)
prior to bidding.

Owner Actions

® Engage a third-party peer review for design and project
estimates.
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CHAPTER 7. CONCLUDING REMARKS

7.1 Summary of Findings and Conclusion

The research has highlighted the trends and patterns
of change orders associated with INDOT contracts
from 2010 to 2020. Furthermore, this research also
highlights the cost overruns and schedule delays across
INDOT’s six administrative districts and across project
types.

Based on the review of INDOT’s Change Order
Policy, the literature review, Chapter 3, indicated that
change orders can have consequences beyond the
conventional cost and schedule metrics. For example,
metrics related to construction productivity, workers’
morale, claims and disputes, and work quality. The
research team analyzed the data collected from the
SPMS system to derive the results and recommenda-
tions for this study. A variety of preprocessing steps, as
described in Chapter 4, were performed to ensure the
relevancy and the reliability of the data. The results
reveal that change orders lead to a significant impact on
the as-built cost of the project. However, due to data
limitations this research could not accurately analyze
the impact of change orders on schedule delays.

The study showed that between the years 2010 to
2020, 65% of all the INDOT contracts faced cost
overruns due to change orders, and the average cost
overrun was about 8.3% of the award amount.
Similarly, almost 40% of the contracts face schedule
delays. As illustrated in Table 7.1, this is a significant
increase from the statistics calculated for 1996-2001.
Cost overrun rates in bridge-related projects have
almost halved over the past three decades and have

remained almost similar for road-related projects.
However, maintenance and traffic-related projects
that include demolition, resurfacing, roadside work,
traffic signals, and safety improvements have faced
significant cost overruns. This may not be a major
concern since the research team observed that the
majority of these change orders are related to contract
renewals. This suggests that INDOT renew, and
processes annual contracts associated with these
projects as change orders instead of processing them
as new contracts.

The descriptive statistics also indicated that about
25% of the total contracts have faced at least 6 COs
and 4% of the total contracts have faced more than
20 COs. INDOT approved change orders amounting to
approxiamtely $415 million over 2010-2020. However,
if we exclude the negative change orders (i.e., related
to final quantity adjustments), the COs amount to
approximately $615 million. Figure 7.1 describes the
top 10 root causes that form a major chunk of these
COs. Constructability and design-related issues have
led to over $180 million of change orders. Soils,
material, environmental conditions, and quantity-
related issues also lead to over $100 million worth of
change orders.

The district-wise top reasons and root causes of the
change order are provided in Figure 7.2.

The project type-wise top reasons and root causes of
the change order are provided in Figure 7.3.

Appendix B provides further details of the perfor-
mance of each of the six INDOT administrative
districts. One of the key observations was that the
Vincennes and LaPorte districts faced severe change

TABLE 7.1
Opverview of Overruns and Delays
Description 1996-2001 2010-2020
Percent of Total Contracts Facing Cost Overruns 55% 65%
Percent of Total Contracts Facing Schedule Delays 12% 40.4%
Overall Avg. Cost Overrun 4.5% 8.3%
Bridge-Related 8.1% 3.54%
Road-Related 4.1% 3.77%
Maintenance/Traffic-Related 6.6% 14.02% (also includes COs related
to contract renewals)
Top 10 Root Causes leading to COs
Category Reason
Changed Cond Changed Cond, Constructability .| | e s 1 17
Changed Cond, Soils Related | N RN $39M
Changed Cond, Quantity Related ||| NN $31M
Changed Cond, Environmental ... || N $25M
Changed Cond, R/W Related [ $16M
Changed Cond, Materials Related [ $16M
Errors & Omissions E & O, Design Related I, s 75M
Scope Scope, Added Quantities/iterms || R s oM
Scope, Central Office I s17M
Scope, Project Upgrades I s13M
10M 20M 30M 40M 50M 60M 70M 80M 90M 100M 110M 120M 130M
CO Amount

Figure 7.1 Top ten root causes.
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Greenfield: Vincennes: Seymour:
1. Changed Cond, Constructability 1. Changed Cond, Soils 1. Changed Cond, Constructability
2. Changed Cond, Quantities 2. Changed Cond, Constructability 2. Errors & Omission, Design
3. Errors & Omission, Design 3. Changed Cond, Environmental 3. Emergency Work
4. Changed Cond, Soils 4. Changed Cond, R/'W 4. Changed Cond, Permits
5. Changed Cond, Utilities 5. Errors & Omission, Design 5. Changed Cond, Materials
LaPorte: Fort Wayne: Crawfordsville:
1. Changed Cond, Constructability 1. Changed Cond, Constructability 1. Errors & Omission, Design
2. Errors & Omission, Design 2. Errors & Omission, Design 2. Changed Cond, Constructability
3. Changed Cond, Soils 3. Changed Cond, Soils 3. Changed Cond, Soils
4. Changed Cond, Materials 4. Changed Cond, Materials 4. Changed Cond, Environmental
5. MOT Safety Improvements 5. Errors & Omission, Quantity 5. Errors & Omission, Permits

Figure 7.2 District-wise top five root causes of change orders.

Road-related: Bridge-related:
1. Changed Cond, Constructability 1. Changed Cond, Constructability
2. Errors & Omissions, Design 2. Errors & Omissions,, Design
3. Changed Cond, Soils 3. Changed Cond, Soils
4. Changed Cond, Environmental 4. Emergency Work
5. Changed Cond, R/'W 5. Changed Cond, Materials

Pavement-related: Demolition, Maintenance, and Traffic-related:
1. Changed Cond, Quantity (except Contract Renewal)
2. Changed Cond, Constructability 1. Changed Cond, Constructability
3. Errors & Omissions,, Design 2. Errors & Omissions,, Design
4. MOT Safety Improvement 3. Changed Cond, Soils
5. Changed Cond, Materials 4. Changed Cond, Utilities
5. Changed Cond, Environmental

Figure 7.3 Project type-wise top five root causes of change orders.

orders related to soils-related changed conditions
compared to other districts. Similarly, LaPorte faced
higher design-related issues compared to others. Scope
addition related change orders most likely come with a
cost and/or schedule increase and therefore, may not be
directly termed as “cost overruns and/or time delays,”
respectively. Based on the literature review, change
orders can impair productivity and morale, and could
add complexity to site safety management.

From the logit and linear regression models, it was
identified that design-build (Y/N) and contract award
amount are the two most significant factors that
influence the likelihood of change order occurrence
and the magnitude of the change order. All other
factors remaining the same, design-build projects
generally encountered fewer change orders compared
to traditional (or, non-design-build) projects when
other variables (such as the district, award amount,
and type of the project). In predicting the expected
count (frequency) of change orders associated with a
given contract, the district, project type, and geogra-
phical area (urban/rural/semi-urban) were found to be
more influential compared to the contract award
amount and the design-build (Y/N) status. Further-
more, in predicting schedule delay, geographical area,
project type, and award amount were found to be
statistically significant.

For the research Objective #2 (i.e., identify contract
and project types that are more likely to experience

change orders), the authors considered various factors
such as the district, award amount, type of the project,
type of the contract, and planned duration. However,
the authors acknowledge that this is not an exhaustive
list to build a robust prediction model. Potentially
important factors, such as the level of bid competition,
difference between the engineer’s estimate and the
award amount, contractor/sub-contractor characteris-
tics, robustness of the bid package, also influence the
contract outcomes. The authors could not include these
factors in the developed models in this study, due to
lack of such data. Sections 4.1.2 and 5.2 provide details
and the full list of available/implemented variables in
the present study.

7.2 Scope for Future Work

The current study had certain limitations considering
the depth of data available and the absence of a detailed
survey involving project stakeholders. Future research
may consider the following directions.

® Comprehensive data—More parameters of the data
could be retrieved from each change order to analyze
the root causes of the change orders. The classification of
the change order causes may be revisited.

® Future work could use different mathematical specifica-
tions for some of the models. For example, for binary
outcomes, binary probit could be used instead of binary
logit. In addition, for count data such as the number of
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change orders, models like Poisson and negative
binomial regression are preferable; alternatively, the
number of change orders could be converted into a rate
and then used as a continuous variable.

® The full impact of change orders on schedule delays
needs to be analyzed and the current data provides only a
limited information of the schedule delay due to specific
change order.

® The geographical variations of change orders and their
reasons may be reviewed. Analyzing local factors and
regulations might unveil insights applicable to specific
regions.

® Analysis may be done based on a wider range of contract
types. The current data provided only whether the
project was design-build or not.

®* A more thorough investigation into the non-monetary
impacts of change orders, such as productivity, work
quality, and safety, could be explored.

® Refining the regression models by including additional
variables (if data becomes available) and validating them
against new data could improve their accuracy in
predicting change order occurrences and their magni-
tudes.

® Interviews of all stakeholders—consultants, contractors,
field supervision engineers and INDOT team could
throw more light on the issue of change orders.

® The recommendations and corrections required in the
existing INDOT change order manual could be per-
formed.

By addressing these limitations and focusing on these
areas for future research, a more comprehensive
understanding of change orders and their effects on
the projects can be achieved.
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APPENDIX A. NUMBER OF CONTRACTS BY PROJECT CLASS AND WORK TYPE

Project Classification (as created by the authors), Work Type, and
Number of Contracts (2010 to 2020)

Project Classification Work Type
Road-related Added Travel Lanes
Auxiliary Lanes
Interchange Modification
Interchange Work
Intersection Improvement
New Interchange Construction
New Road Construction
New Road, Grading Only
New Road, Paving Only
Null
Railroad Work
Road Construction
Road Rehab (3R/4R Standards)
Pavement-related Null
Patch And Rehab Pavement

— 3 ~ = | =
w!wmIIﬁHIHHQNI\me

Pavement Markings

Pavement Rehabilitation Or Repair 51
Pavement Replacement

Pavement Replacement, Asphalt 15
Pavement Replacement, Concrete 14
Pavement Replacement, Small Town 4
Pavement, Other 25

Bridge-related

Demolition,
Maintenance, and
Traffic-related

Grand Total

Bridge Channel Correction
Bridge Deck Reconstruction
Bridge Maintenance/Repair
Bridge Painting

Bridge Rehabilitation Or Repair
Bridge Replacement

Bridge Replacement, Concrete
Bridge Replacement, Other Const
Bridge Replacement, Special
Bridge Replacement, Steel
Bridge Widening

New Bridge Construction

New Bridge, Concrete Construction
New Bridge, Other Construction
New Bridge, Special

New Bridge, Steel Construction
Null

Raise Bridge/Lower Pavement
Barrier Wall

Demolition

Drainage Ditch Correction
Guardrail Atten., New Or Modernize
Guardrail Work

Guardrail, Maintenance Or Repair
Install New Cable Rail Barriers
Install New Guardrail

Intelligent Transportaton Sys (Its)
Lighting

Null

Other Project Type

Other Type Project (Miscellaneous)
Replace Superstructure
Resurface

Roadside Facilities

Roadside Maintenance

Roadside Work

Roadside Work, Other

Safety Improvements
Sewer/Curb/Gutter Construction
Sight Distance Improvement
Signing

Slide Correction

Small Structure

Small Structure, Replacement
Substructure Repair And Rehab
Traffic Hardware Modernization
Traffic Signals

Traffic, Other

Wedge And Level

Im

6

427
67

35

58]

13

-

16
14

N»—-IN»—GO

31

o = [V S N N OfSIN O RENO 00— W WA O

102

4,998

Figure A.1 Number of contracts by project class and work type.




APPENDIX B. CONTRACT AWARD AMOUNTS AND CHANGE ORDERS BY DISTRICT

B.1 Greenfield

Of the INDOT districts, Greenfield had the largest share of the number and award amount of
contracts during the analysis period (2010 to 2020): 1,092 contracts of combined value $2.42
billion, with breakdown provided in Figure B.1.

Number and Award Amount of Contracts based on Project Classification and District (2010-2020)

District Project Classification

Greenfield Road-related N 51,156M 190 $6.1M
Demolition, Maintena.. I $477M 494 $1.0M
Pavement-related B $447M 175 $2.6M
Bridge-related I $338M 233 $1.4M

oM 1000M 0 200 400 6000M2M 4M 6M 8M
Award Amount Number of Contracts Avg. Award Amount

Figure B.1 Greenfield contracts.

As shown in Figure B.1, most of these contracts ($1.16 billion) are road related. This section
addresses the trends and patterns associated with the magnitude and causes of change orders
(COS), across the project types, in the Greenfield District. This district approved 6,456 COs worth
$122M between 2010 and 2020. Figure B.2 presents the CO distribution across the project types.

Number and Amount of COs (2010-2020)

Dist. Project Classification
Greenfield Road-related e 2417 P $35M
Demolition, Maintena.. [ 2,070 e saoM
Pavement-related [ 1,085 N s41M
Bridge-related [ 884 B s6M
Grand Total I 6,456 |, $122M
0K 2K 4K 6K oM 50M 100M 150M
Count of Co Nbr = CO Amount

Figure B.2 Greenfield change orders.

Figure B.2 suggests that road-related projects (2,417 COs) in Greenfield District are more
“susceptible,” compared to other project types, to the incidence of COs compared to pavement-
related projects (1,085 COs). Surprisingly, despite the fewer pavement-related COs, the total CO
amount for this project type is $41 million, exceeding the $35 million total for road-related
projects. This implies that, on average, each CO in pavement-related project in the Greenfield
District is associated with significantly higher financial risk compared to road-related projects in
that district.
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Also, it can be noted that demolition, maintenance, and traffic-related projects contribute to
approximately 30% of the total CO amount. Further analysis shows that, between 2010 and 2020,
a substantial portion of COs in this project types are associated with the following root causes:
emergency work, scope changes, and standards and specification changes.

Number and Amount of COs (2010-2020)
Dist. Category
Greenfield Changed Cond . 2,829 e 378.2M
Errors & Omissions [N 1,831 N $37.6M
Final Quantity Adjust.. |l 517 -$41.1M
Scope Il 752 N $30.8M
Standards/Specs Chan.. | 57 |$1. 1M
Maint. Of Traffic Safe..| 86 | $2.0M
Failed Materials 1157 -$1.1M |
Repairs To Damage T.. | 92 | $1.4M
Incentive/Disincent |77 | $1.9M
Contract Renewal |38 I $8.3M
Emergency Work 120 | $2.9M
Grand Total I 6,456 I $121.9M
0K 2K 4K 6K -50M OM 50M 100M 150M
Count of Co Nbr CO Amount

Figure B.3 Greenfield CO categories.

Figure B.3 provides a detailed breakdown of the magnitude of various CO categories within the
Greenfield District, shedding light on the most frequent and severe categories that lead to COs in
projects of that district. Changed conditions, errors and omissions, and scope changes are CO root-
cause categories for projects awarded by the district. Figure B.4 provides further understanding
into the root causes of these root cause categories.

CO Range of Root Causes (2010 to 2020)
CO Range
20.1k-  50.1k- 250.1k- 750.1k - Grand
Dist. Category  Reason 0 - 20k 50k 250k 750k 2M >2M Total
Greenfield Changed Changed Cond, Constructability .. 580 131 104 12 1 828
Cond Changed Cond, Construction Rel.. 509 78 62 6 2 657
Changed Cond, Utilities Related 207 36 15 3 261
Changed Cond, Materials Related 152 31 18 3 204
Changed Cond, Soils Related 76 43 29 3 151
Changed Cond, Quantity Related 65 29 37 7 4 5 147
Changed Cond, Environmental R.. 67 13 15 1 1 97
Errors & E & O, Design Related 146 87 15 915
Omissions E & O, Contract Related 106 20 1153 141
E & O, Item Related 106 18 5 129
E & O, Quantity Related 71 28 16 3 118
E & O, Traffic Control 82 9 3 94
Scope Scope, Added Quantities/Items 122 30 45 10 2 209
Scope, Local Agency Request 104 13 14 3 1 135
Scope, Project Upgrades 51 16 12 3 82
Grand Total 2,965 641 477 69 7 9 4,168

Figure B.4 Greenfield CO ranges by root cause.
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Figure B.4 indicates that in Greenfield District, out of the total of 4,168 COs, 1,485 stem from
constructability-related and construction-related changed conditions, with design-related errors
and omissions accounting for 915 COs. These factors are associated with COs whose monetary
amount are less than $250,000. In contrast, COs exceeding $250,000 are associated primarily with
changed conditions related to constructability, design, utility, soils, and materials.

B.2 Crawfordsville

Notably, Crawfordsville District stands out among INDOT administrative districts as the district
with the smallest total CO amount despite sharing a similar distribution of contract count and total
amount with other districts. Figure B.5 presents an overview of the award amounts and the number
of contracts across various project categories in the Crawfordsville District.

Number and Award Amount of Contracts based on Project Classification and District (2010-2020)

District Project Classification
Crawfordsville Demolition, Maintena.. | NNEREEEE $436M 318 $1.4M
Pavement-related D $423M 113 $3.7M
Road-related I $372M 82 $4.5M
Bridge-related I $293M 206 $1.4M
0OM 200M 400M 0 100 200 300 oM 2M M oM
Award Amount = Number of Contracts Avg. Award Amount

Figure B.5 Crawfordsville contracts.

The Crawfordsville District awarded 719 contracts worth $1.53B from 2010 to 2020. The number
of road contracts were approximately one-half of that of Greenfield District, but the number of
bridge contracts were comparable. The district’s contract awards were dominated (in terms of
award amount) by demolition, maintenance, and traffic contracts, followed closely by pavement,
road, and bridge-related contracts. Figure B.6 presents some details of the COs encountered by
these contracts across the project types. Crawfordsville approved a total number of 3,418 COs
from 2010 to 2020 with a total amount of $29M.

Number and Amount of COs (2010-2020)

Dist. Project Classification

Crawfordsville  Demolition, Maintena.. 1,062 B s13M
Road-related 1953 e s23M
Bridge-related 776 B $3M
Pavement-related 627 -$10M

Grand Total 3,418 N $29M

0K 1K 2K 3K 4K -20M -10M OM 10M 20M 30M 40M
Count of Co Nbr = CO Amount

Figure B.6 Crawfordsville change orders.

It can be observed that, statewide, road-related and bridge-related contracts have experienced more
COs compared to other project types. In the Crawfordsville District, road contracts have



experienced COs worth $23 million, significantly exceeding that of $3 million for bridge contracts.
However, it is worth noting that in this district, the pavement-related COs are in the negative
(savings worth $10 million). The total CO amount for Crawfordsville is $29 million, the lowest of
the six districts. Figure B.7 breaks down of the CO root cause categories in Crawfordsville.

COs in each Category (2010-2022)

Dist. Category

Crawfordsville  Changed Cond 1.453 N 520.51M
Errors & Omissions 871 I 523.91M
Final Quantity Adjustme.. 447 -$39.77M
Scope 302 B 59.77M

Standards/Specs Change [ 78 | $0.84M

Maint. Of Traffic Safety ..[] 74 [ s2.02M

Failed Materials 67 | $0.35M

Repairs To Damage To S..| 54 | $0.46M
Incentive/Disincent 37 -$0.01M |

Contract Renewal 29 B $9.58M
Emergency Work 6 | $1.44Mm

Grand Total 3.418 I 529.12M
0K 1K 2K 3K 4K -60M -40M -20M OM 20M 40M 60M
Number of COs CO Amount

Figure B.7 Crawfordsville CO categories.

In alignment with the broader INDOT-level trends, the Crawfordsville District encountered a
substantial number of COs primarily attributed to changed conditions and errors and omissions,
collectively accounting for more than 50% of the total COs. These two CO root cause categories
incurred an overall cost of $44 million. Interestingly, Crawfordsville also saw a significant offset
in CO-related costs due to Final Quantity Adjustments, with a negative amount (savings) of $40
million. This was influential in reducing CO-related cost overruns in the Crawfordsville District.
Figure B.8 further expands on these change order categories to highlight the root causes and their

corresponding CO ranges.
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CO Range of Root Causes (2010 to 2020)
CO Range
20.1k-  50.1k- 250.1k- 750.1k- Grand
Dist. Category Reason 0-20k 50k 250k 750k M > 2M Total
Crawfordsville Changed Changed Cond. Constructability .. 332 51 33 1 1 418
Cond Changed Cond. Construction Rel.. 195 26 26 3 250
Changed Cond. Materials Related 95 18 14 1 1 129
Changed Cond. Soils Related 60 17 23 4 104
Changed Cond, Utilities Related 77 11 9 97
Changed Cond. Environmental R.. 54 15 16 4 89
Changed Cond. Quantity Related 24 14 10 2 50
Emors &  E & O, Design Related 66 34 7 1 429
Omissions E & O, Item Related 85 10 5 100
E & O. Contract Related 48 11 9 1 69
E & O, Traffic Control 34 2 1 37
E & O, Quantity Related 17 8 4 29
Scope Scope. Added Quantities/Items 45 14 9 3 71
Scope. Project Upgrades 15 7 8 30
Scope. Local Agency Request 15 6 5 26
Grand Total 1.417 276 206 25 3 1 1.928

Figure B.8 Crawfordsville CO range.

Similar to the other districts, 668 of the 1,928 COs are related to changed conditions,
constructability-related COs. Further research is required to investigate the root causes associated
with such a high number of constructability-related COs at all of INDOT’s administrative districts.
Crawfordsville also had one (1) errors and omissions contract-related CO in the range of $750K
to $2M and one (1) design-related CO that resulted in a cost increase of over $2M. Moreover,
materials-related and soils-related COs also contribute to 6 COs that led to a cost increase of over
$250K.

B.3 Vincennes

Vincennes generally had fewer contracts and smaller contract sizes compared to other districts in
the 2010-2020 period. Also, the district had the fewest number of COs but the second highest share
of the total district-wide CO amount. This indicates that, on average, COs in the Vincennes District
is more severe compared to other districts. Figure B.9 provides details on contract counts and
award amounts at the Vincennes District within the study period.

Number and Award Amount of Contracts based on Project Classification and District (2010-2020)

District Project Classification

Vincennes Road-related D $756M 85 $8.9M
Bridge-related B $379M 149 $2.5M
Demolition, Maintena.. [N $330M 331 | $L.OM
Pavement-related I $275M 104 $2.6M

oM 500M 1000M0 100 200 300 4000M 5M 10M
Award Amount = Number of Contracts Avg. Award Amount

Figure B.9 Vincennes contracts.
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It was observed that road-related projects in Vincennes have an average award amount of
approximately $9M. This suggests that executing road-related contracts in Vincennes has been
historically more expensive compared to any other districts. Furthermore, as illustrated in Figure
B.10, road projects also contribute over 50% of the total CO amount in this district. Figure B.11
illustrates the magnitude of the CO root-cause categories in this district. Similar to the situation at
other districts, changed conditions and errors and omissions are the two topmost categories that
lead to COs.

Number and Amount of COs (2010-2020)

Dist. Project Classification
Vincennes Demolition, Maintena.. [N 797 I 520M
Road-related [ 729 P s49M
Bridge-related [ 434 I 520M
Pavement-related [ 338 B s6M
Grand Total N 2,298 | $95M
0 500 1000 1500 2000 2500 OM 20M 40M 60M 80M 100M
Count of Co Nbr = CO Amount

Figure B.10 Vincennes change orders.

Number and Amount of COs (2010-2020)
Dist. Category
Vincennes Changed Cond [ 969 P $69.2M
Errors & Omissions | 696 B $19.6M
Final Quantity Adjust.. [l 211 -$26.5M
Scope 168 M $13.4M
Failed Materials p76 |$1.4M
Incentive/Disincent | 50 -$3.0M |
Standards/Specs Chan.. | 41 |$1.5M
Contract Renewal 135 B $17.3M
Maint. Of Traffic Safe..| 25 | $0.7M
Repairs To Damage T.. |17 | $0.2M
Emergency Work 10 | $1.0M
Grand Total I 2,298 I $95.0M
0 500 1000 1500 2000 2500 ~ -50M OM  S0M  100M 150M
Count of Co Nbr & CO Amount

Figure B.11 Vincennes CO categories.

Failed materials, maintenance of traffic safety improvements, repairs to damage to state property,
and emergency work constituted a relatively small (in magnitude) CO amount compared to other
CO root-cause categories. However, they to cost overruns exceeding $3M between the 2010-2020
period. The CO savings (negative CO amount) associated with Final Quantity Adjustments helped
to lower the total deficit associated with CO in the district. Figure B.12 presents the monetary
impact associated with the CO root causes. Similar to the other districts, constructability, design,
and soils-related CO are the top three root causes of COs in terms of adverse financial impact.
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However, it can be observed that the root cause that stands out in Vincennes District, is
environmental-related changed conditions: seven (7) COs related to environmental-related root
causes led to over $250K in the study period, with two (2) of them causing over $2M in cost
overruns. Moreover, one (1) soils-related root cause also led to a cost overrun exceeding $2M.

CO Range of Root Causes (2010 to 2020)
CO Range
20.1k- 50.1k- 250.1k- 750.1k- Grand
Dist. Category  Reason 0-20k 50k 250k 750k 2M >2M Total
Vincennes Changed Changed Cond, Constructability .. 179 32 43 4 2 260
Cond Changed Cond, Construction Rel.. 33 27 6 146
Changed Cond, Soils Related 42 19 28 7 4 1 101
Changed Cond, Environmental R.. 42 15 29 3 1 2 94
Changed Cond, Materials Related 53 18 12 83
Changed Cond, Quantity Related 37 13 17 3 2 72
Changed Cond, Utilities Related 31 6 4 2 43
Emrors &  E & O, Design Related 56 50 7 315
Omissions E & O, Item Related 55 7 4 66
E & O, Quantity Related 26 8 8 1 43
E & O, Contract Related 21 4 6 1 32
E & O, Traffic Control 22 2 4 28
Scope Scope, Added Quantities/Items 37 8 4 1 1 51
Scope, Project Upgrades 8 2 1 1 12
Scope, Local Agency Request 7 1 8
Grand Total 842 224 237 38 9 4 1,354

Figure B.12 Vincennes CO range.

B.4 Fort Wayne

Figure B.13 and Figure B.14. present the number of contracts, award amount, number of COs, and
CO amount at Fort Wayne District.

Number and Award Amount of Contracts based on Project Classification and District (2010-2020)

District Project Classification

Fort Wayne Demolition, Maintena. .| IENEREu 544 1M 364 $1.2M
Road-related I 5342M 94 $3.6M
Pavement-related I 5320M 158 $2.0M
Bridge-related I $300M 195 $1.5M

OM 200M 400M 600M O 100 200 300 400 OM 2M AM
Award Amount Number of Contracts Avg. Award Amount

Figure B.13 Fort Wayne contracts.
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Number and Amount of COs (2010-2020)

Dist. Project Classification

Fort Demolition, Maintena.. [N 1.296 P s16M

Wayne Road-related P 956 I $21M
Bridge-related [ 795 B s6M
Pavement-related [ 583 -$4M

Grand Total R 3,630 I §39M

0K 1K 2K 3K 4K -10M OM  10M 20M 30M 40M
Count of Co Nbr CO Amount

Figure B.14 Fort Wayne change orders.

It is observed that in this district, road-related projects have faced significantly higher CO amounts
compared to bridge-related projects despite having a similar CO count. The impacts of repairs to
damage to state property, MOT safety improvements, standards/specification changes, are not as
high in magnitude as those of other CO categories, but consistently contributed $4M in cost
overruns. Changed conditions and errors and omissions are the top two categories of the CO root
cause categories. However, further investigation is required to make more confident conclusions
regarding the impacts of these root causes. Within the analysis period, there was no contract in
Fort Wayne with CO exceeding $250K.

Number and Amount of COs (2010-2020)
Dist. Category
Fort Changed Cond 1572 I $33.7M
Wayne Errors & Omissions [ 955 B $14.3M
Final Quantity Adjust.. i 444 -$32.9M
Scope 356 I $8.8M
Failed Materials 175 I1s1.7M
Repairs To Damage T.. | 68 |$1.6M
Maint. Of Traffic Safe..| 61 |$1.5M
Standards/Specs Chan.. | 44 |$1.5M
Incentive/Disincent |28 | $0.2M
Contract Renewal 15 B $8.0M
Emergency Work 12 | $0.1M
Grand Total T 3,030 N $38.6M
0K 1K 2K 3K 4K -50M 0M 50M
Count of Co Nbr CO Amount

Figure B.15 Fort Wayne CO categories.
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CO Range of Root Causes (2010 to 2020)
CO Range
20.1k-  50.1k- 250.1k- 750.1k- Grand
Dist. Category  Reason 0-20k 50k 250k 750k 2M =2M Total
Fort Wayne Changed  Changed Cond, Constructability .. 113 76 7 1 1 899
Cond Changed Cond, Soils Related 40 12 19 3 74
Changed Cond, Environmental R.. 32 6 2 40
Changed Cond, Materials Related 85 18 14 3 120
Changed Cond, Quantity Related 31 9 15 1 56
Changed Cond, Utilities Related 100 9 6 115
Frrors & E & O, Design Related 373 54 40 1 468
Omissions E & O, Item Related 94 10 9 113
E & O, Quantity Related 30 13 8 1 52
E & O, Contract Related 38 5 7 50
E & O, Traffic Control 58 7 65
E & O, Construct Related 26 8 3 37
Scope Scope, Added Quantities/Ttems 72 15 23 7 117
Scope, Project Upgrades 19 2 8 29
Scope, Local Agency Request 58 3 4 65
Grand Total 1,757 284 234 21 3 1 2,300
Figure B.16 Fort Wayne CO range.
B.5 LaPorte
Number and Award Amount of Contracts based on Project Classification and District (2010-2020)
District Project Classification
LaPorte Road-related D 5444M 136 $3.3M
Demolition, Maintena. .|| N N NG $334M 396 $1.0M
Bridge-related I 5347M 167 $2.1M
Pavement-related I 5343M 122 $2.8M
0M 200M 400M 600M 0 100 200 300 400 M 2M 3M 4M
Award Amount Number of Contracts Avg. Award Amount
Figure B.17 LaPorte contracts.
Number and Amount of COs (2010-2020)
Dist. Project Classification
LaPorte  Demolition, Maintena.. [N 1,367 s s24aM
Road-related 79 I $8M
Bridge-related 836 e s1sM
Pavement-related [ 588 B s10M
Grand Total I 3,670 N §55M
0K 1K 2K 3K 4K 10M 20M 30M 40M 50M 60M
Count of Co Nbr CO Amount

Figure B.18 LaPorte change orders.
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Number and Amount of COs (2010-2020)

Dist. Category
LaPorte  Changed Cond 1433 D $34.8M
Errors & Omissions [ 1,151 P $21.6M
Scope ds2 B 516.3M
Final Quantity Adjust.. [l 376 -$31.8M
Failed Materials | 66 | $1.9M
Standards/Specs Chan.. | 47 1$2.9M
Maint. Of Traffic Safe..| 47 §52.9M
Incentive/Disincent |31 S1.4M |
Repairs To Damage T.. | 30 | $0.2M
Contract Renewal [30 B 510.1M
Emergency Work 7 | $0.1M
Grand Total I 3,670 I 557 .6M
0K 1K 2K 3K 1K -50M oM 50M
Count of Co Nbr CO Amount
Figure B.19 LaPorte CO categories.
CO Range of Root Causes (2010 to 2020)
CO Range
20.1k-  50.1k- 250.1k- 750.1k- Grand
Dist. Category  Reason 0-20k 50k 250k 750k 2M Total
LaPorte Changed  Changed Cond, Constructability .. 111 68 8 3 715
Cond Changed Cond, Soils Related 49 29 26 3 1 108
Changed Cond, Environmental R... 32 8 5 45
Changed Cond, Materials Related 122 27 14 2 1 166
Changed Cond, Quantity Related 19 16 17 3 55
Changed Cond, Utilities Related 101 17 12 1 131
Emors & E & O, Design Related 416 67 49 7 539
Omissions E & O, Item Related 109 13 10 2 134
E & O, Quantity Related 67 17 13 97
E & O, Contract Related 47 7 4 1 59
E & O, Traffic Control 47 5 1 53
E & O, Construct Related 42 10 4 1 57
Scope Scope, Added Quantities/Ttems 91 21 14 1 3 130
Scope, Project Upgrades 49 18 16 4 1 88
Scope, Local Agency Request 36 18 9 2 65
Grand Total 1.752 384 262 35 9 2,442

Figure B.20 LaPorte CO range.
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B.6 Seymour

District Project Classification

Seymour Road-related N 5601M 108
Demolition, Mamtena.. | NG $373M

Bridge-related B $371M 228
Pavement-related B 5365M 138
oM 500M 0 200

Award Amount

Number of Contracts

Number and Award Amount of Contracts based on Project Classification and District (2010-2020)

$5.6M

412 $0.9M

$1.6M
$2.6M

M 2M 4M  6M
Avg. Award Amount

Figure B.21 Seymour contracts.

Number and Amount of COs (2010-2020)

Dist. Project Classification
Seymour  Demolition, Maintena.. [ 1,086 . $23M
Road-related k] P 52oM
Bridge-related meio B s1IM
Pavement-related 582 P sioM
Grand Total I 3200 R § 73\
0K 1K 2K 3K oM 40M 60M 80M
Count of Co Nbr CO Amount

Figure B.22 Seymour change orders.

Number and Amount of COs (2010-2020)
Dist. Category
Seymour Changed Cond 1,288 Bl $29.4M
Errors & Omissions [N 1.003 B $22.0M
Scope 341 s $30.3M
Final Quantity Adjust.. [ 273 -$20.9M
Failed Materials 183 | $2.6M
Maint. Of Traffic Safe..| 54 |$1.2M
Standards/Specs Chan.. | 52 |$1.9M
Incentive/Disincent | 51 | $0.2M
Repairs To Damage T.. | 50 |$1.3M
Emergency Work 12 I $4.5M
Contract Renewal 2 | $0.3M
Grand Total 3,209 I $73.0M
0K 1K 2K 3K -50M oM 50M 100M
Count of Co Nbr CO Amount

Figure B.23 Seymour CO categories.
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CO Range of Root Causes (2010 to 2020)

Dist. Category  Reason 0-20k
Seymour Changed  Changed Cond, Constructability ..
Cond Changed Cond, Soils Related 52
Changed Cond, Environmental R.. 65
Changed Cond, Materials Related 77
Changed Cond, Quantity Related 38
Changed Cond, Utilities Related 78
Frrors & E & O, Design Related 400
Omissions E & O, Item Related 91
E & O, Quantity Related 21
E & O, Contract Related 46
E & O, Traffic Control 32
E & O, Construct Related 26
Scope Scope, Added Quantities/Items 69
Scope, Project Upgrades 20
Scope, Local Agency Request 16
Grand Total 1.481

20.1k -
50k
90
26
11
11
15
14
69

B = n O L

27
9

3
292

50.1k -
250k

55
21
7
5
11
8
57

Bl — — =

0y N

21

CO Range
250.1k - 750.1k -
750k 2M
12 4
3
1
1
1
8 4
1
14 4
1
1
41 14

Grand
Total

1 612

102

84

94

65

100

538

99

41

56

34

29

4 135

36

26

5 2051

=>2M

Figure B.24 Seymour CO range.




APPENDIX C. DETAILED RESULTS OF THE STATISTICAL MODELING

C.1 Modelling Change Order Occurrence Likelihood
Table C.1 Result of Binary Logit for CO Occurrence Likelihood

Standard 95% Confidence
Variables Coefficient Error z P-value Interval
Constant 0.79268*** 0.11218 7.07000 | 0.00000 | 0.57281 1.01255

District (Greenfield as reference)
LaPorte -0.00553 0.13890 -0.04000 | 0.96820 | -0.27777 | 0.26670
Crawfordsville -0.05211 0.14427 -0.36000 | 0.71800 | -0.33488 | 0.23067
Seymour -0.52208*** | 0.12424 -4.20000 | 0.00000 | -0.76560 | -0.27857
Fort Wayne -0.26762** 0.13503 -1.98000 | 0.04750 | -0.53228 | -0.00296
Vincennes -0.81635*** | 0.13711 -5.95000 | 0.00000 | -1.08509 | -0.54762
Area (rural as reference)
Small Urban 0.45447*** 0.16622 2.73000 | 0.00630 | 0.12868 0.78027
Urban 0.26177%** 0.09278 2.82000 | 0.00480 | 0.07993 0.44361
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related -0.39544*** 1 0.10190 -3.88000 | 0.00010 | -0.59517 | -0.19571
Pavement-Related -0.70344*** | 0.12404 -5.67000 | 0.00000 | -0.94656 | -0.46032
Road-Related -1.15561*** | 0.12695 -9.10000 | 0.00000 | -1.40444 | -0.90678
Not Design-Build as Reference
Design-Build | -1.86902*** [0.39856 [ -4.69000 | 0.00000 | -2.65019 [ -1.08785
Award Amount as a Continuous Variable

Award Amount $M | 1.50032*** [ 0.08424 | 17.81000 | 0.00000 | 1.33522 | 1.66543

wAX KX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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C.2 Sensitivity of CO Likelihood to the Influential Factors
Table C.2 Marginal Effects of the Variables for CO Occurrence Likelihood

Marginal Standard 95% Confidence
Variables Effect Error zZ P-value Interval
District (Greenfield as reference)
LaPorte -0.00071 0.01785 -0.04000 | 0.96830 | -0.03569 0.03427
Crawfordsville -0.00673 0.01879 -0.36000 | 0.72000 | -0.04356 0.03009
Seymour -0.07152*** 1 0.01793 -3.99000 | 0.00010 | -0.10666 -0.03639
Fort Wayne -0.03554* 0.01850 -1.92000 | 0.05470 | -0.07181 0.00072
Vincennes -0.11755%** 1 0.02133 -5.51000 | 0.00000 | -0.15936 -0.07574
Area (rural as reference)
Small Urban 0.05340*** | 0.01767 3.02000 | 0.00250 | 0.01877 0.08803
Urban 0.03296*** 1 0.01143 2.88000 | 0.00390 | 0.01056 0.05535
Project Type (demolition, maintenance, and traffic-related as reference)

Bridge-Related -0.05273*** 1 0.01401 -3.76000 | 0.00020 | -0.08019 -0.02528
Pavement-Related -0.09947*** 1 0.01874 -5.31000 | 0.00000 | -0.13621 -0.06274
Road-Related -0.17346*** | 0.02045 -8.48000 | 0.00000 | -0.21354 -0.13338

Not Design-Build as Reference

Design-Build | -0.29944*** | 0.06585 | -4.55000 | 0.00000 | -0.42850 | -0.17038

Award Amount as a Continuous Variable

Award Amount $M \ 0.19246%** \ 0.01060 \ 18.15000 \ 0.00000 \ 0.17168 \ 0.21324

*xE KX *indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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C.3 CO Magnitude Model: Positive- or Negative-Value Change Order

Table C.3 Positive- or Negative-Value Change Order

Standard 95% Confidence
Variables Coefficient Error V/ P-value Interval
Constant -1.04794*** 1 0.09558 -10.96000 | 0.00000 | -1.23528 | -0.86060

District (Greenfield as reference)
LaPorte 0.0624 0.11302 0.55000 0.58090 | -0.15911 | 0.28391
Crawfordsville 0.68784%** 0.11244 6.12000 0.00000 | 0.46747 0.90821
Seymour 0.24561%* 0.11323 2.17000 0.03010 | 0.02369 0.46754
Fort Wayne 0.23279%* 0.11430 2.04000 0.04170 | 0.00876 0.45681
Vincennes 0.00918 0.12959 0.07000 0.94350 | -0.24481 | 0.26318
Area (rural as reference)
Small Urban -0.47510*** | 0.14382 -3.30000 | 0.00100 | -0.75698 | -0.19322
Urban -0.06199 0.07745 -0.80000 | 0.42350 | -0.21380 | 0.08981
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related 0.15762%* 0.08777 1.80000 0.07250 | -0.01441 | 0.32964
Pavement-Related 0.8494 1 %** 0.09391 9.05000 0.00000 | 0.66536 1.03346
Road-Related -0.14972 0.11829 -1.27000 | 0.20560 | -0.38155 | 0.08212
Not Design-Build as Reference
Design-Build | -1.18073** [ 0.49860 [ -2.37000 |0.01790 | -2.15796 | -0.20350
Award Amount as a Continuous Variable

Award Amount $M | 0.00629 [ 0.00618 [ 1.02000 [0.30890 | -0.00582 | 0.01839

wAkX KX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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C.4 Positive-Value Change Order Magnitude

Table C.4 Multinomial Logit Results for Positive-Value CO Amounts

‘ Coefficient | Standard Error |

| P-value | 95% Confidence Interval

Variables z
Reference level of the dependent variable is 0-$50 K)
Model For Dependent Variable Level: [$50K-$750K)
Constant | -1.02437%** | 0.12076 | -8.4800 | 0.0000 | -1.2611 | -0.7877
District (Greenfield as reference)
LaPorte -0.08168 0.14086 -0.5800 0.5620 -0.3578 0.1944
Crawfordsville -0.23035 0.16024 -1.4400 0.1506 -0.5444 0.0837
Seymour -0.36562%%* 0.14845 -2.4600 0.0138 -0.6566 -0.0747
Fort Wayne -0.29326** 0.14795 -1.9800 0.0475 -0.5833 -0.0033
Vincennes -0.13275 0.16186 -0.8200 0.4121 -0.4500 0.1845
Area (rural as reference)
Small Urban -0.21983 0.16473 -1.3300 0.1820 -0.5427 0.1030
Urban -0.15145 0.10544 -1.4400 0.1509 -0.3581 0.0552
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related -0.54465%** 0.11952 -4.5600 0.0000 -0.7789 -0.3104
Pavement-Related -0.20176 0.15155 -1.3300 0.1831 -0.4988 0.0953
Road-Related 0.10685 0.1476 0.7200 0.4691 -0.1824 0.3961
Not Design-Build as Reference
Design-Build \ -1.66571%* | 0.71176 | -2.3400 | 0.0193 | -3.0607 \ -0.2707
Award Amount as a Continuous Variable
Award Amount SM | 0.75204*** | 0.04483 | 16.7700 ] 0.0000 | 0.6642 | 0.8399
Model For Dependent Variable Level: [>$750K]
Constant | -3.40787%** | 026963 | -12.6400 [ 0.0000 |-3.9363 | -2.8794
District (Greenfield as reference)
LaPorte -0.02589 0.29426 -0.0900 0.9299 -0.6026 0.5508
Crawfordsville -0.54977 0.35925 -1.5300 0.1259 -1.2539 0.1543
Seymour -0.99733%** 0.38316 -2.6000 0.0092 -1.7483 -0.2464
Fort Wayne -0.72402%* 0.34914 -2.0700 0.0381 -1.4083 -0.0397
Vincennes -0.48215 0.35325 -1.3600 0.1723 -1.1745 0.2102
Area (rural as reference)
Small Urban -3.21157%%* 1.11282 -2.8900 0.0039 -5.3926 -1.0304
Urban -0.61037%** 0.2322 -2.6300 0.0086 -1.0655 -0.1553
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related -0.69785%* 0.2886 -2.4200 0.0156 -1.2635 -0.1322
Pavement-Related 0.01004 0.28931 0.0300 0.9723 -0.5570 0.5771
Road-Related -0.23006 0.32445 -0.7100 0.4783 -0.8660 0.4059
Not Design-Build as Reference
Design-Build \ -0.8691 | 1.15953 | -0.7500 | 0.4535 | -3.1417 \ 1.4035
Award Amount as a Continuous Variable
Award Amount SM | 0.96070*** | 0.04906 | 19.5800 ] 0.0000 | 0.8646 | 10569

*xE KX *indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.




C.5 Negative-Value Change Order Magnitude
Table C.5 Multinomial Logit Results for Negative-Value CO Amounts

‘ Coefficient ‘ Standard Error ‘ z ‘ ‘ 95% Confidence Interval

Variables P-value
Reference level of the dependent variable is ($-50K, $0K)
Dependent Variable Level: ($-750K, $-50K]
Constant | -1.39459%%% [ 0.18697 | -746 |0 | -1.76104 -1.02815
District (Greenfield as reference)
LaPorte 0.10794 0.21299 0.51 0.6123 -0.3095 0.52539
Crawfordsville 0.34812* 0.19743 1.76 0.0779 -0.03884 0.73507
Seymour 0.24942 0.20926 1.19 0.2333 -0.16073 0.65956
Fort Wayne -0.03671 0.2135 -0.17 | 0.8635 -0.45515 0.38174
Vincennes -0.14982 0.24716 -0.61 | 0.5444 -0.63425 0.33461
Area (rural as reference
Small Urban 0.01765 0.26681 0.07 0.9473 -0.50529 0.54058
Urban 0.1059 0.13992 0.76 0.4491 -0.16835 0.38015
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related 0.11526 0.15898 0.72 0.4685 -0.19634 0.42686
Pavement-Related 0.67463%** 0.16556 4.07 0 0.35014 0.99912
Road-Related -0.01983 0.23001 -0.09 | 0.9313 -0.47064 0.43097
Not Design-Build as Reference
Design-Build \ 1.2023 \ 1.23918 \ 0.97 \ 0.3319 \ -1.22646 \ 3.63106
Award Amount as a Continuous Variable
Award Amount SM | 0.59936*** | 0.05259 [ 114 |0 | 0.49629 | 0.70244
Dependent Variable Level: [Min, $-750K]
Constant | -5.80640%** [ 0.74424 EXHE | 726509 | -4.34771
District (Greenfield as reference)
LaPorte 0.29045 0.72519 0.4 0.6888 -1.13089 1.71179
Crawfordsville 0.17904 0.72649 0.25 0.8053 -1.24486 1.60294
Seymour -0.69374 0.91165 -0.76 | 0.4467 -2.48054 1.09306
Fort Wayne 0.19377 0.73055 0.27 0.7908 -1.23809 1.62562
Vincennes -0.23207 0.84723 -0.27 | 0.7841 -1.8926 1.42846
Area (rural as reference
Small Urban - - - - - -
Urban 0.35045 0.47554 0.74 0.4611 -0.58158 1.28249
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related -0.08918 0.65777 -0.14 | 0.8922 -1.37839 1.20003
Pavement-Related 0.66846 0.52954 1.26 0.2068 -0.36943 1.70635
Road-Related -2.99997** 1.16923 -2.57 | 0.0103 -5.29162 -0.70833
Not Design-Build as Reference
Design-Build \ -10.8252 \ 858.6443 \ -0.01 \ 0.9899 \ -1693.74 \ 1672.087
Award Amount as a Continuous Variable
Award Amount SM | 0.90602%** | 0.07421 | 1221 |0 | 0.76057 | 1.05147

wAk XX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.




C.6 Sensitivity of CO Magnitude to the Influential Factors

Table C.6 Marginal Effects for Positive-Value or Negative-Value COs

Marginal Standard 95% Confidence

Variables Effect Error z P-value Interval
District (Greenfield as reference)
LaPorte 0.01324 0.02411 0.55000 | 0.58300 | -0.03402 0.06049
Crawfordsville 0.15521%** 0.02623 5.92000 | 0.00000 | 0.10380 0.20663
Seymour 0.05302%* 0.02492 2.13000 | 0.03340 | 0.00418 0.10187
Fort Wayne 0.05020** 0.02511 2.00000 | 0.04560 | 0.00099 0.09940
Vincennes 0.00194 0.02739 0.07000 | 0.94360 | -0.05174 0.05562
Area (rural as reference)
Small Urban -0.09310*** | 0.02578 -3.61000 | 0.00030 | -0.14362 -0.04258
Urban -0.01304 0.01626 -0.80000 | 0.42230 | -0.04491 0.01882
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related 0.03363* 0.01892 1.78000 | 0.07550 | -0.00345 0.07072
Pavement-Related 0.19502%*** 0.02223 8.77000 | 0.00000 | 0.15145 0.23859
Road-Related -0.03105 0.02408 -1.29000 | 0.19730 | -0.07825 0.01615
Not Design-Build as Reference
Design-Build | -0.19356*** | 0.05727 | -3.38000 | 0.00070 | -0.30581 | -0.08131
Award Amount as a Continuous Variable

Award Amount SM | 0.00133 [ 0.00130 | 1.02000 | 0.30900 | -0.00123 [ 0.00388

*Akk KX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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C.7 Sensitivity of CO Magnitude to the Influential Factors
Table C.7 Marginal Effects and Elasticities for Positive-Value CO Amounts

‘ Marginal Effect | Elasticity |

z ‘ P-value ‘

Variables 95% Confidence Interval
Marginal Effects on Probablllty for Dependent Variable is ($K-$50K)
LaPorte 0.01848 0.56 0.5756 -0.04622 0.08318
Crawfordsville 0.05985 — 1.59 0.1117 -0.01389 0.1336
Seymour .09702%** — 2.78 0.0055 0.02857 0.16548
Fort Wayne .07659%* — 2.2 0.0275 0.00849 0.14469
Vincennes 0.03717 — 0.98 0.3275 -0.03723 0.11157
Small Urban .10068** — 245 0.0142 0.02024 0.18112
Urban .04339%* — 1.75 0.0796 -0.00512 0.09189
Bridge-Related 13176%** — 4.74 0 0.07723 0.18628
Pavement-Related 0.04445 — 1.25 0.2104 -0.0251 0.11401
Road-Related -0.0199 — -0.57 0.5687 -0.08832 0.04852
Design-Build .38244** — 2.31 0.0209 0.05804 0.70684
Award Amount $M | - 18188*** -1.13023 -21.12 0 -0.19875 -0.165
Marginal Effects on Probability for Dependent Variable is [$50K, $750K)
LaPorte -0.01939 — -0.59 0.5554 -0.08386 0.04507
Crawfordsville -0.04331 — -1.15 0.2483 -0.11685 0.03022
Seymour -.06577* — -1.87 0.0617 -0.13477 0.00323
Fort Wayne -0.05457 — -1.57 0.1165 -0.12271 0.01357
Vincennes -0.02101 — -0.56 0.5783 -0.09511 0.05309
Small Urban 0.0228 — 0.53 0.5981 -0.06198 0.10759
Urban -0.02254 — -0.91 0.3609 -0.07088 0.0258
Bridge-Related - 11679*** — -4.15 0 -0.17197 -0.0616
Pavement-Related -0.04967 — -1.42 0.1553 -0.11819 0.01884
Road-Related 0.03167 — 0.93 0.3541 -0.03531 0.09866
Design-Build -0.38737** — -2.33 0.0197 -0.71304 -0.06169
Award Amount $M | .016132*** 0.6808 19.46 0 0.14508 0.17757
Marginal Effects on Probablllty for Dependent Variable is [$750K, Max]
LaPorte 0.00091 0.08 0.9349 -0.02096 0.02278
Crawfordsville -0.01654 — -1.2 0.2298 -0.04353 0.01045
Seymour -.03125** — -2.12 0.0339 -0.06011 -0.00238
Fort Wayne -0.02202 — -1.64 0.1016 -0.04838 0.00434
Vincennes -0.01616 — -1.2 0.2311 -0.0426 0.01028
Small Urban -0.12348%** — -3.42 0.0006 -0.19434 -0.05262
Urban -0.02085** — -2.32 0.0203 -0.03846 -0.00324
Bridge-Related -0.01497 — -1.33 0.1842 -0.03707 0.00713
Pavement-Related 0.00522 — 0.49 0.6242 -0.01566 0.0261
Road-Related -0.01177 — -0.96 0.3381 -0.03586 0.01231
Design-Build 0.00493 — 0.11 0.9091 -0.07961 0.08946
Award Amount $M | 0.02056*** 1.1833 7.59 0 0.01525 0.02586

wAkX KX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.




C.8 Sensitivity of CO Magnitude to the Influential Factors

Table C.8 Marginal Effects and Elasticities for Negative-Value CO Amounts

‘ Marginal Effect

z ‘ P-value ‘ 95% Confidence Interval

Variables Elasticity

Marginal Effects on Probability for Dependent Variable is ($-50K, $0K)
LaPorte -0.02577 - 0 0.9996 -102.273 102.2215
Crawfordsville -0.08262 - 0 0.9992 -159.292 159.1263
Seymour -0.05869 - 0 0.9999 -644.615 644.4974
Fort Wayne 0.00858 - 0 0.9999 -154.008 154.0255
Vincennes 0.03566 - 0 0.9982 -31.4843 31.55561
Small Urban 0.01573 — 0 1 -9,471.24 9,471.271
Urban -0.02532 - 0 0.9997 -142.605 142.5541
Bridge-Related -0.02726 - 0 0.9997 -148.548 148.4932
Pavement-Related -0.16032 - 0 0.9975 -101.225 100.9047
Road-Related 0.00656 - 0 1 -1,920.37 1,920.38
Design-Build -0.27827 - 0 0.9999 -7,935.24 7,934.681
Award Amount $M -0.14263 -0.9181 0 0.998 -111.788 111.5028

Marginal Effects on Probability for Dependent Variable is ($-750K, $-50K]

LaPorte 0.02541 — 0 0.9999 -269.795 269.8461
Crawfordsville 0.08268 — 0 0.9988 -103.634 103.7994
Seymour 0.06003 — 0 0.9999 -757.182 757.3021
Fort Wayne -0.00892 — 0 0.9999 -204.184 204.1664
Vincennes -0.03543 — 0 0.9997 -201.487 201.4164
Small Urban 0.03541 — 0 1 HARE AR 14,828.55
Urban 0.02486 — 0 0.9999 -330.945 330.9947
Bridge-Related 0.02752 — 0 0.9996 -115.811 115.8663
Pavement-Related 0.15991 — 0 0.9995 -526.054 526.3741
Road-Related -0.00181 — 0 1 -3,030.36 3,030.357
Design-Build 0.29667 — 0 1 HARE AR 11,218.4
Award Amount $M 0.14177 0.58217 0 0.9997 -783.121 783.4042

Marginal Effects on Probability for Dependent Variable is [min, $-750K]
LaPorte 0.00036 - 0 1 -372.068 372.0682
Crawfordsville -.053304D-04 - 0 1 -.55492D+02 | .55492D+02
Seymour -0.00135 - 0 1 -1401.8 1,401.797
Fort Wayne 0.00034 - 0 1 -358.192 358.1925
Vincennes -0.00022 - 0 1 -232.972 2329713
Small Urban -0.05114 - 0 1 ialakoiololootolo 24,299.72
Urban 0.00045 - 0 1 -473.549 473.5497
Bridge-Related -0.00025 - 0 1 -264.359 264.359
Pavement-Related 0.00041 — 0 1 -425.149 425.1497
Road-Related -0.00476 - 0 1 -4950.74 4,950.727
Design-Build -0.0184 - 0 1 aaklaailaiol 19,153.05
Award Amount $M 0.00086 1.34976 0 1 -894.907 894.9087

*Ek% XX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.




C.9 Change Order Frequency Models

Table C.9 Result of Binary Model for CO Frequency Model

Standard 95% Confidence
Variables Coefficient Error z P-value Interval
Constant -3.33219%** 0.16664 -20 0 -3.65881 | -3.00558

District (Greenfield as reference)
LaPorte -0.63688*** 0.17519 -3.64 0.0003 | -0.98025 | -0.29352
Crawfordsville -0.80759%** 0.19392 -4.16 0 -1.18766 | -0.42752
Seymour -0.88228%** 0.19924 -4.43 0 -1.27279 | -0.49177
Fort Wayne -0.28782 0.17534 -1.64 0.1007 | -0.63148 | 0.05583
Vincennes -1.65248%** 0.27166 -6.08 0 -2.18492 | -1.12003
Area (rural as reference)
Small Urban 0.78198*** 0.21408 3.65 0.0003 | 0.36238 1.20158
Urban 0.67874%*** 0.13249 5.12 0 0.41906 0.93842
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related 0.28068* 0.1595 1.76 0.0784 | -0.03192 | 0.59329
Pavement-Related -0.41511%* 0.18109 -2.29 0.0219 | -0.77004 | -0.06018
Road-Related 1.04015%** 0.15531 6.7 0 0.73575 1.34455
Not Design-Build as Reference
Design-Build | -1.11928 | 1.01104 | -1.11 | 0.2683 | -3.10089 | 0.86232
Award Amount as a Continuous Variable

Award Amount $M | 0.53287%** | 0.02486 | 2143 |0 048414 | 0.5816

*xE KX *indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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Table C.10 Marginal Effects of the CO Frequency Model

Standard 95% Confidence

Variables Marginal Effect Error z P-value Interval
District (Greenfield as reference)
LaPorte -0.04162%*** 0.01028 | -4.05 0.0001 | -0.06177 -0.02147
Crawfordsville -0.05063*** 0.01043 | -4.86 0 -0.07107 -0.03019
Seymour -0.05511%*=* 0.01059 | -5.2 0 -0.07587 -0.03435
Fort Wayne -0.01995%* 0.0116 -1.72 0.0855 | -0.04268 0.00279
Vincennes -0.08537*** 0.00956 | -8.93 0 -0.10411 -0.06663
Area (rural as reference)
Small Urban 0.06735%** 0.02147 | 3.14 0.0017 | 0.02528 0.10942
Urban 0.05114%** 0.01032 | 4.95 0 0.03091 0.07138
Project Type (demolition, maintenance, and traffic-related as reference)
Bridge-Related 0.02116* 0.01248 1.7 0.09 -0.0033 0.04563
Pavement-Related | -.02801%%* 0.01129 | -2.48 0.0131 | -0.05015 -0.00588
Road-Related 0.09357*** 0.01689 | 5.54 0 0.06046 0.12668
Not Design-Build as Reference
Design-Build | -0.06064 003924 |-155  ]0.1223 [-0.13755 [0.01628
Award amount as a Continuous Variable

Award Amount $M | 0.03865%** | 0.00186 2074 |0 10.03499 [ 0.0423

*xE KX *indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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C.10 Predicting the CO Magnitude (SM) Using Linear Regression

Table C.11 Linear Regression Result for CO Amounts ($M)

Unstandardized | Standardized 95.0% Confidence Interval
Coefficients Coefficients for B

Std. Upper
Variables B Error Beta t Sig. Lower Bound Bound
Constant 0.497 0.083 6.026 0.000 0.336 0.659
LaPorte -0.036 0.026 -0.022 | -1.385 0.166 -0.086 0.015
Crawfordsville -0.073 0.027 -0.043 | -2.727 0.006 -0.126 -0.021
Seymour -0.033 0.025 -0.021 | -1.285 0.199 -0.082 0.017
Fort Wayne -0.054 0.026 -0.034 | -2.061 0.039 -0.105 -0.003
Vincennes -0.004 0.028 -0.003 | -0.156 0.876 -0.059 0.051
Small Urban -0.028 0.031 -0.012 | -0.893 0.372 -0.088 0.033
Urban -0.036 0.018 -0.029 | -2.046 0.041 -0.071 -0.002
Bridge-Related -0.047 0.020 -0.034 | -2.332 0.020 -0.087 -0.007
Pavement-Related -0.050 0.023 -0.031 | -2.196 0.028 -0.094 -0.005
Road-Related 0.033 0.025 0.020 1.338 0.181 -0.015 0.082
Design-Build -0.429 0.079 -0.074 | -5.445 0.000 -0.583 -0.274
Award Amount $M 0.034 0.001 0.328 | 23.453 0.000 0.031 0.037




Table C.12 Linear Regression Result for Positive-Value CO Amounts ($M)

Unstandardized | Standardized 95.0% Confidence Interval
Coefficients Coefficients for B

Std. Upper

Variables B Error Beta t-value Sig. Lower Bound Bound
Constant 0.141 0.030 4.635 0.000 0.081 0.201
LaPorte -0.042 0.036 -0.022 | -1.175 0.240 -0.112 0.028
Crawfordsville -0.071 0.040 -0.032 | -1.777 0.076 -0.149 0.007
Seymour -0.037 0.037 -0.018 -.992 0.321 -0.110 0.036
Fort Wayne -0.070 0.037 -0.035 | -1.866 0.062 -0.143 0.004
Vincennes -0.063 0.041 -0.029 | -1.538 0.124 -0.143 0.017
Small Urban -0.106 0.042 -0.041 | -2.511 0.012 -0.190 -0.023
Urban -0.085 0.026 -0.056 | -3.269 0.001 -0.137 -0.034
Bridge-Related -0.074 0.029 -0.042 | -2.536 0.011 -0.131 -0.017
Pavement-Related 0.062 0.036 0.028 1.710 0.087 -0.009 0.132
Road-Related -0.039 0.036 -0.019 | -1.071 0.284 -0.109 0.032
Design-Build 0.317 0.112 0.045 2.828 0.005 0.097 0.536
Award Amount $M 0.071 0.002 0.588 | 34.938 0.000 0.067 0.075
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Table C.13 Linear Regression Results for Negative-Value CO Amounts ($M)

Unstandardized | Standardized 95.0% Confidence
Coefficients Coefficients Interval for B

Std. Lower Upper

Variables B Error Beta t-value Sig. Bound Bound
Constant -0.025 | 0.018 -1.362 | 0.174 -0.061 0.011
LaPorte -0.006 | 0.022 -0.007 -0.282 | 0.778 -0.049 0.036
Crawfordsville -0.020 | 0.020 -0.025 -0.992 | 0.321 -0.060 0.020
Seymour 0.017 | 0.021 0.021 0.818 | 0.413 -0.024 0.059
Fort Wayne -0.001 | 0.022 -0.001 -0.029 | 0.977 -0.043 0.042
Vincennes -0.002 | 0.025 -0.002 -0.097 | 0.923 -0.051 0.046
Small Urban 0.038 | 0.028 0.027 1.345| 0.179 -0.017 0.093
Urban -0.019 | 0.014 -0.029 -1.362 | 0.174 -0.047 0.008
Bridge-Related 0.004 | 0.017 0.005 0.223 | 0.824 -0.029 0.036
Pavement-Related -0.049 | 0.016 -0.067 -3.031 | 0.002 -0.081 -0.017
Road-Related 0.045 | 0.023 0.043 1.967 | 0.049 0.000 0.090
Design-Build 0.529 | 0.107 0.102 4.922 | 0.000 0.318 0.739
Award Amount $M -0.038 | 0.001 -0.703 | -33.507 | 0.000 -0.041 -0.036
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Table C.14 Binary Logit Model Results for SD Occurrence Likelihood

Standard 95% Confidence

Variables Coefficient Error z P-value Interval
Constant -(0.38499%*** 0.08789 -4.38 0 -0.55726 | -0.21273
LaPorte 0.50580%*** 0.1035 4.89 0 0.30295 0.70865
Crawfordsville 0.03465 0.1079 0.32 0.7481 | -0.17683 | 0.24613
Seymour -0.08791 0.10637 -0.83 0.4085 | -0.29638 | 0.12057
Fort Wayne 0.19990* 0.10617 1.88 0.0597 | -0.00819 | 0.40799
Vincennes -0.22299* 0.12059 -1.85 0.0644 | -0.45934 | 0.01336
Small Urban 0.24733** 0.12456 1.99 0.0471 ] 0.00321 0.49146
Urban 0.35222%*** 0.07288 4.83 0 0.20937 0.49506
Bridge-Related -0.30741%** 0.08339 -3.69 0.0002 | -0.47086 | -0.14397
Pavement-Related -0.42817%** 0.0944 -4.54 0 -0.61319 | -0.24315
Road-Related 0.03987 0.10641 0.37 0.7079 | -0.16869 | 0.24843
Design-Build -0.46506 0.39872 -1.17 0.2435 | -1.24653 | 0.31641
Award Amount $M 0.05834%** 0.00966 6.04 0 0.0394 0.07727

Ak XX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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Table C.15 MNL Model Results for the Positive-Value SD Magnitude Model

Standard
Variables Coefficient Error z P-value | 95% Confidence Interval
Reference level of the dependent variable is [1, 90) days
Dependent Variable Level: [90, 180) Days
Constant -1.65288*** | 0.21643 764 |0 -2.07707 -1.22869
LaPorte -0.28753 0.24711 -1.16 | 0.2446 | -0.77186 0.19679
Crawfordsville 0.13514 0.25534 0.53 |0.5966 | -0.36532 0.6356
Seymour 0.32723 0.25024 131  ]0.191 -0.16323 0.81769
Fort Wayne -0.21919 0.26106 -0.84 | 0.4011 -0.73086 0.29249
Vincennes 0.64052%* 0.27262 235  ]0.0188 | 0.1062 1.17483
Small Urban 0.30531 0.26976 1.13 ] 0.2577 | -0.22342 0.83404
Urban 0.17284 0.17085 1.01  ]03117 |-0.16203 0.5077
Bridge-Related -0.89206*** | 0.23231 -3.84 | 0.0001 -1.34738 -0.43674
Pavement-Related | -0.75793*** | 0.24665 -3.07 1 0.0021 | -1.24136 -0.27451
Road-Related -0.2262 0.2128 -1.06 | 0.2878 | -0.64328 0.19089
Design-Build 0.43977 0.80307 0.55 |0.584 -1.13422 2.01377
Award Amount $M | 0,03515%** | 0.01073 3.28 | 0.0011 0.01412 0.05617
Dependent Variable Level: [180-Max] Days
Constant -0.13652 0.14576 -0.94 |0.349 -0.42221 0.14917
LaPorte -0.33010%** 0.16384 2.01 [0.0439 | -0.65122 -0.00898
Crawfordsville -0.41829%* 0.19024 2.2 0.0279 | -0.79114 -0.04544
Seymour -0.40973%* 0.19168 2.14 ]0.0326 | -0.78543 -0.03404
Fort Wayne -0.71581%** | 0.18813 3.8 0.0001 | -1.08453 -0.34709
Vincennes -0.2162 0.21532 -1 03153 | -0.63822 0.20582
Small Urban -0.47172%* 0.23031 -2.05 |0.0405 | -0.92312 -0.02033
Urban -0.39055%** | 0.12516 -3.12 ] 0.0018 | -0.63585 -0.14524
Bridge-Related -0.78952*** | 0.15705 -5.03 |0 -1.09733 -0.4817
Pavement-Related | .0.82233*** | 0.17829 461 |0 -1.17178 -0.47289
Road-Related -0.52655%** | 0.17515 -3.01 | 0.0026 | -0.86983 -0.18326
Design-Build 0.88617 0.60516 146 | 0.1431 | -0.29992 2.07226
Award Amount SM | 0.03507*** | 0.00985 3.56  0.0004 | 0.01577 0.05437

wAX KX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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Table C.16 Marginal Effects for SD Probability for Contracts with CO

Marginal Standard 95% Confidence
Variables Effect Error z P-value Interval
LaPorte 0.12165%*** 0.02471 4.92 0 0.07322 0.17008
Crawfordsville 0.00824 0.02566 0.32 0.7483 | -0.04206 0.05853
Seymour -0.02085 0.02517 -0.83 0.4076 | -0.07018 0.02849
Fort Wayne .04764* 0.02531 1.88 0.0598 | -0.00197 0.09725
Vincennes -0.05263* 0.02818 -1.87 0.0618 | -0.10786 0.0026
Small Urban 0.05903** 0.02974 1.99 0.0471 | 0.00075 0.11731
Urban 0.08460%*** 0.01753 4.83 0 0.05024 0.11896
Bridge-Related -0.07260%** 0.01945 -3.73 0.0002 | -0.11072 -0.03449
Pavement-Related -0.09999*** 0.02139 -4.68 0 -0.1419 -0.05807
Road-Related 0.00949 0.02537 0.37 0.7084 | -0.04024 0.05922
Design-Build -0.1068 0.08711 -1.23 0.2202 | -0.27754 0.06394
Award Amount $M 0.01386%*** 0.00229 6.04 0 0.00936 0.01835

wAkX KX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.
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Table C.17 Marginal Effects of the Positive-Value SD Magnitude Model

Marginal
Variables Effect Elasticity z P-value 95% Confidence Interval
Marginal Effects on Probability for Dependent Variable is [1, 90) Days of Delay
LaPorte 0.07347** — 2.12 0.0337 0.00565 0.14129
Crawfordsville 0.05751 — 1.48 0.1399 -0.01884 0.13385
Seymour 0.04244 — 1.09 0.2767 -0.03404 0.11893
Fort Wayne 0.130571*** — 34 0.0007 0.05531 0.2057
Vincennes -0.01094 — -0.25 0.8035 -0.09713 0.07524
Small Urban 0.05396 — 1.2 0.2318 -0.03448 0.14239
Urban 0.05037** - 1.96 0.0494 0.00013 0.10061
Bridge-Related 0.19029*** - 5.87 0 0.12679 0.25378
Pavement-Related 0.18600*** — 5.15 0 0.11521 0.25679
Road-Related 0.10063*** - 2.87 0.0041 0.03197 0.16929
Design-Build -0.17357 - -1.3 0.1948 -0.43593 0.08879
Award Amount $M -0.00813*** | -0.04037 -3.71 0.0002 -0.01243 -0.00383
Marginal Effects on Probability for Dependent Variable is [90, 180) Days of Dela
LaPorte -0.01928 - -0.8 0.4223 -0.06638 0.02782
Crawfordsville 0.02533 - 1.03 0.3051 -0.02308 0.07373
Seymour 0.04422* - 1.84 0.0664 -0.00299 0.09143
Fort Wayne -0.00154 - -0.06 0.952 -0.05149 0.04841
Vincennes 0.06994*** - 2.7 0.007 0.0191 0.12079
Small Urban 0.04379* - 1.68 0.0939 -0.00744 0.09503
Urban 0.02829* - 1.72 0.0862 -0.00403 0.06062
Bridge-Related -0.06648*** | — -2.97 0.003 -0.11036 -0.02259
Pavement-Related -0.05218** - -2.17 0.0297 -0.09922 -0.00515
Road-Related -0.0076 - -0.37 0.7115 -0.04788 0.03267
Design-Build 0.01868 - 0.25 0.7995 -0.12546 0.16282
Award Amount $M 0.002571 *** 0.07043 2.78 0.0055 0.00074 0.00428
Marginal Effects on Probability for Dependent Variable is [180, Max] Days of Delay
LaPorte -0.05419* - -1.79 0.0729 -0.1134 0.00503
Crawfordsville -0.08283** - -2.37 0.0176 -0.15125 -0.01442
Seymour -0.08666** - -2.47 0.0135 -0.15544 -0.01789
Fort Wayne -0.12897*** | — -3.72 0.0002 -0.19689 -0.06105
Vincennes -0.059 - -1.51 0.1323 -0.13582 0.01783
Small Urban -0.09775%* - -2.31 0.0211 -0.18081 -0.01468
Urban -0.07866*** | — -3.43 0.0006 -0.12365 -0.03367
Bridge-Related -0.12381*** | — -4.27 0 -0.18065 -0.06697
Pavement-Related -0.13381*** | — -4.06 0 -0.19837 -0.06925
Road-Related -0.09303*** | — -2.9 0.0037 -0.1559 -0.03015
Design-Build 0.15489 - 1.47 0.1423 -0.052 0.36178
Award Amount $M 0.00563*** 0.07018 3.37 0.0007 0.00236 0.00889

*E% KX ¥ indicate that the variable is statistically significant at 1%, 5%, 10% level, respectively.




Table C.18 Linear Regression Results for the Positive-Value SD Magnitude Model (days)

Unstandardized Standardized 95.0% Confidence
Coefficients Coefficients Interval for B

Std. Upper
Variables B Error Beta t Sig. Lower Bound | Bound
Constant 243.965 | 13.294 18.352 0.000 217.893 | 270.038
LaPorte -40.324 | 14.618 -0.077 -2.759 0.006 -68.994 | -11.654
Crawfordsville -35.358 | 16.537 -0.057 -2.138 0.033 -67.793 -2.924
Seymour -65.049 | 16.580 -0.107 -3.923 0.000 -97.567 | -32.531
Fort Wayne -76.407 | 15.875 -0.134 -4.813 0.000 -107.542 | -45.271
Vincennes -18.620 | 18.918 -0.026 -0.984 0.325 -55.723 18.483
Small Urban -67.890 | 18.558 -0.087 -3.658 0.000 -104.287 | -31.493
Urban -59.667 | 10.812 -0.138 -5.519 0.000 -80.872 | -38.462
Bridge-Related -96.989 | 13.121 -0.181 -7.392 0.000 -122.723 | -71.256
Pavement-Related -99.909 | 14.559 -0.165 -6.863 0.000 -128.462 | -71.355
Road-Related -55.268 | 14.605 -0.096 -3.784 0.000 -83.913 | -26.624
Design-Build 43.620 | 53.184 0.020 0.820 0.412 -60.689 | 147.928
Award Amount $M 2.514 0.668 0.094 3.766 0.000 1.205 3.823
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