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Highway administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence, 
full knowledge of what has been learned about a problem may not be brought to bear on its 
solution. Costly research findings may go unused, valuable experience may be overlooked, 
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to highway administrators and 
engineers. Much of it derives from research or from the work of practitioners faced with 
problems in their day-to-day work. To provide a systematic means for assembling and 
evaluating such useful information and to make it available to the entire highway commu-
nity, the American Association of State Highway and Transportation Officials—through 
the mechanism of the National Cooperative Highway Research Program—authorized the 
Transportation Research Board to undertake a continuing study. This study, NCHRP Proj-
ect 20-5, “Synthesis of Information Related to Highway Problems,” searches out and syn-
thesizes useful knowledge from all available sources and prepares concise, documented 
reports on specific topics. Reports from this endeavor constitute an NCHRP report series, 
Synthesis of Highway Practice. 

This synthesis series reports on current knowledge and practice, in a compact format, 
without the detailed directions usually found in handbooks or design manuals. Each report 
in the series provides a compendium of the best knowledge available on those measures 
found to be the most successful in resolving specific problems. 

FOREWORD

This synthesis examines current performance-based management practices that are applied by 
state departments of transportation (DOTs) in highway maintenance and operations (M&O). 
Past studies have focused on the elements that make up a performance-based M&O approach, 
such as condition ratings, levels of service, performance measures, and threshold values. This 
study focuses on how state DOTs actually use performance-based measures to manage their 
highway programs.

Information used in this study was acquired through a review of the literature, a survey 
of state DOTs, and follow-up interviews with four state DOTs to develop case examples of 
highway M&O performance management.  

Michael J. Markow, consultant, Teaticket, Massachusetts, collected and synthesized the 
information and wrote the report. The members of the topic panel are acknowledged on the 
preceding page. This synthesis is an immediately useful document that records the practices 
that were acceptable within the limitations of the knowledge available at the time of its prepara-
tion. As progress in research and practice continues, new knowledge will be added to that now 
at hand.

PREFACE
By Jo Allen Gause 

Senior Program Officer
Transportation

Research Board
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Interest in performance-based maintenance and operations (M&O) management is driven by 
both a growing recognition of the importance of highway M&O and by the increased focus 
on performance management. Although past studies have focused on the elements or com-
ponents that make up a performance-based M&O approach—for example, condition ratings, 
levels of service (LOS), performance measures, and threshold values—comparatively little 
work has been reported on how managers actually use performance-based methods in under-
standing maintenance policy and investment options, reaching decisions, and accounting for 
the consequences of those decisions. The application of performance-based management to 
highway M&O is the subject of this synthesis.

Performance-based maintenance management has been influenced throughout the past 
decade by maintenance quality assurance (MQA) concepts. Although MQA has provided 
an overarching framework for a number of M&O management implementations by state 
departments of transportation (DOTs), this synthesis report has adopted the broader, more 
current concepts, methods, and nomenclature of performance-based management as an orga-
nizing principle. This shift is an evolutionary one, not a departure from the ideas and meth-
ods of MQA. Performance-based management is a more current usage that incorporates the 
elements and procedures recommended by MQA, but strengthens and re-emphasizes some 
aspects originally proposed in MQA and stresses additional capabilities and perspectives as 
well. A performance-based approach provides a more recognizable fit to a variety of broad-
based performance-related initiatives by state, federal, and local governments. It anticipates 
 performance-oriented provisions that may be included in the future reauthorization of the 
federal surface transportation legislation. Beyond providing consistency with these other 
developments, performance-based highway M&O management gives more explicit recogni-
tion and emphasis to several capabilities and perspectives that state DOTs are applying; for 
example, performance accountability reporting, inclusion of mobility-improvement goals 
more  operations-related features and activities, and more comprehensive accounting of high-
way performance and cost.

The study approach has emphasized direct communication with state DOTs in terms of 
how they view and apply performance-based methods. Two approaches were employed 
to gather information on current practices; a survey of the DOTs in the 50 states and the 
District of Columbia, and a set of four case examples illustrating different uses of per-
formance management, backed by source documents provided by each agency. Reviews 
of literature, interviews, and e-mail exchanges supplemented the information obtained 
from the state DOTs. The survey questionnaire was distributed by NCHRP with the 
cooperation of AASHTO, which provided the distribution list based on membership in 
its  Subcommittee on Maintenance. Forty-one responses were received, a response rate 
exceeding 80%.

Seventy-six percent of the 41 respondents reported that their agency uses a performance-based 
approach, although the details and maturity of states’ implementations varied. Performance-based 
management is applied to a range of highway features and for various purposes. Nonetheless, 
despite this variability and diversity in management practices and elements, the survey results 

Summary

Performance-BaSed highway maintenance  
and oPerationS management
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indicated general agreement on key aspects of management technique and supporting activities. 
For example:

•	 Performance measures and LOS thresholds currently tend to be defined on a relatively 
uniform statewide basis, with some variability allowed for such factors as differences 
in weather, traffic volume, and degree of urbanization.

•	 The majority of respondents identified a cluster of factors that are important in setting 
LOS targets: the projected M&O budget, commitments to an agency-established goal 
or objective, and analytic estimates of LOS values that can realistically be attained and 
sustained.

•	 State DOTs tend to look to several management tasks in common to be supported by per-
formance-based methods including tracking condition, performance, and quality; M&O 
prioritization; budget development and justification; development of needs-based man-
agement estimates; resource allocation among field offices; and an understanding of the 
relationship between LOS and cost.

•	 Other examples are discussed in chapter two, which describes the survey results.

Four case examples reinforced and built upon the findings of the survey to illustrate how 
individual performance-based elements come together and are applied by agencies to different 
management needs and tasks. Two cases dealt with processes and procedures needed to build 
and sustain the performance-based approach itself, and two dealt with application of the 
approach to M&O program management. Mississippi DOT (MDOT) and Wisconsin DOT 
(WisDOT) were the process-oriented cases; Florida DOT (FDOT) and Washington State DOT 
(WSDOT) illustrated the program-oriented tasks.

The MDOT case illustrated the process used to implement a new performance-based 
approach accompanied by introduction of a new maintenance management system, AMMO 
(Accountability in MDOT Maintenance Operations). MDOT employed consultants and vendors 
to guide the two prongs of its new performance-based approach: identifying and instituting new 
business processes; and customizing, developing, testing, and implementing new AMMO soft-
ware. Pilot testing was useful in merging these two efforts correctly, verifying AMMO accuracy, 
familiarizing MDOT personnel with the system, and identifying training needs. This approach 
to implementation represented a process that was thought out ahead of time to ensure that all 
pieces fit together properly.

WisDOT, FDOT, and WSDOT all represented agencies with mature LOS-based manage-
ment systems for M&O.

•	 The WisDOT case focused on processes and procedures undertaken to keep its per-
formance-based M&O system, Compass, current and prepared to address program- 
management tasks. The steps reviewed included field rating procedures, assigning priori-
ties to highway features, quantifying LOS thresholds and grading curves, setting and 
communicating targets, and so forth. In part because WisDOT and its five regions deal 
with 72 counties who are the performing organizations for state highway maintenance 
in Wisconsin, WisDOT places a premium on good communication, coordination, effec-
tive data to support decisions, and shared responsibilities between the state and county 
participants.

•	 The FDOT case looked at how maintenance activities are prioritized throughout the year 
to ensure that the accepted statewide maintenance standard is met on all state highways. 
FDOT applies its Maintenance Rating Program to determine condition-based scores for 
each characteristic of its highway elements throughout the year. The department combines 
this objective analytic basis for determining the status of planned versus actual condi-
tion with a managerial check and a quality assurance review, which seeks to ensure 
that funding is actually redirected to those activities that will produce positive results 
regarding mandated statewide targets in the following period.

•	 The WSDOT case illustrated the application of its Maintenance Accountability Process 
(MAP) data to support its meeting the requirements of WSDOT’s Phase II stormwater 

http://www.nap.edu/22780


Performance-Based Highway Maintenance and Operations Management

Copyright National Academy of Sciences. All rights reserved.

 3

permit. MAP data on service levels for affected drainage features have been incorpo-
rated into the permit’s language to discuss the performance and maintenance level-
of-effort implications of the permit requirements, to indicate how compliance with 
the permit would be monitored through MAP inspections and reports, and to establish 
the basis for a request to the legislature for additional funding to comply with permit 
requirements.

The synthesis also revealed barriers to more widespread use of performance-based 
M&O management. The primary reasons cited for non-use of performance-based methods 
by ten agencies were the following, in order of decreasing numbers of responses:

•	 The agency was evolving in its management approach, but no decisions had been 
made yet.

•	 The agency does not have the resources to support a performance-based approach.
•	 The agency’s current management systems do not support a performance-based 

approach.
•	 The state government has not yet adopted a performance-based philosophy.

One other respondent noted that his or her agency was satisfied with their current manage-
ment approach and did not see a need to consider moving to performance-based methods.

Among agencies that currently do employ performance-based methods, a common con-
cern of agency personnel was that uncertainty in funding could impede the effective use of 
performance-based methods. Two agencies also mentioned limitations of maintenance man-
agement systems in dealing with insufficient or unpredictable levels of funding, and loss of 
specific analytic capabilities caused by upgrades to new products, which could constrain the 
use of formerly used performance-based computations.

The synthesis findings led to research recommendations in these areas:

•	 Develop comparative descriptions of state DOT performance-based highway 
M&O management. Two related projects (or a single project combining the two 
efforts) are proposed to extend the findings of this synthesis: one to research, identify, 
and synthesize more broadly and in greater detail how agencies conduct M&O man-
agement through the performance-based elements that have been described in previous 
research; and second, to identify success factors in effectively applying performance-
based management of highway M&O.

•	 Study the relationship between M&O LOS and cost. The analytic relationship 
between LOS and cost is beset by a lack of agreement on practice and use among state 
DOTs. This research would develop a fuller understanding of what models are cur-
rently used, and what feasible approaches exist that agencies could employ in strength-
ening their own abilities to relate LOS to cost.

•	 Develop paths to implementation. At least ten agencies that do not now use per-
formance-based methods for highway M&O could benefit from lessons learned in 
moving toward this type of management. Other candidates could include agencies 
that wish to upgrade their systems or to focus more directly on M&O assets and 
activities. Two separate research projects are proposed: The first focuses on the 
formulation of business decision-making processes needed to support performance-
based management, as well as development and implementation of a complementary 
maintenance management system. The second project looks at the cost-effectiveness 
of performance-based M&O management.

http://www.nap.edu/22780
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Background

There has been a strong interest in what has become known 
as maintenance quality assurance, or MQA, over the past 
decade. This interest is driven by both the growing recognition 
of the importance of highway maintenance in preserving a valu-
able public works asset, and by the increased focus on perfor-
mance management and accountability as an effective way of 
managing and investing in public works. NCHRP Report 422: 
Maintenance QA Program Implementation Manual defines 
MQA as:

. . . the planned and systematic actions needed to provide ade-
quate confidence that highway facilities meet specified require-
ments. Such requirements are usually defined by the highway 
agency but are intended to reflect the needs and expectations of 
the [road] user. Source: Stivers et al. (1999, p. 9).

As a practical matter, MQA deals with elements such as 
performance measures and levels of service (LOS) as expres-
sions of performance requirements and how well a highway is 
meeting these requirements. LOS criteria are “clear and mea-
surable definitions concerning the points at which deficiencies 
cause maintenance features or maintenance characteristics no 
longer to meet expectations. LOS criteria are usually expressed 
in terms of amount and extent of deterioration . . .” (Stivers  
et al. 1999, p. 10). Experience has shown that when applied 
correctly and effectively, MQA can assist in a number of 
maintenance-related management tasks including tracking 
facility condition and performance, budget analyses related 
to facility performance, needs-based estimates, resource 
allocation, and prioritization of maintenance needs, actions, 
and investments.

Much of the research related to MQA to date has focused 
on the elements and tools needed (e.g., the set of performance 
measures that best represents maintained features or main-
tenance services), and the analytic relationships needed 
to make MQA work (i.e., the linkage between facility or fea-
ture performance and the cost of maintaining it in an operable 
state). Less attention has been paid to how managers actually 
use MQA concepts, methods, and tools in their day-to-day 
procedures and decisions. Furthermore, since the publication of 
NCHRP Report 422, the somewhat broader and more widely 
applicable framework provided by performance-based man-
agement (PBM, also referred to as performance management) 
has emerged to begin gradually superseding the concept of 
MQA as an organizing principle, as will be explained shortly. 

Both MQA and PBM approaches allow for elements and pro-
cedures that have become familiar to highway maintenance 
managers; for example, performance measures, LOS, the use 
of field data collection to quantify measures and service levels, 
and LOS targets. For purposes of this report, the terminology 
of PBM will be used as the primary nomenclature; MQA will 
be used only when referring to the historical development of 
highway maintenance management practice or to state DOT 
practices that have been specifically labeled as MQA.

EmErgEncE of PErformancE-BasEd  
managEmEnt

Incorporating maintenance Quality assurance

Highway maintenance management that applies measures of 
condition or performance, or of LOS, will be referred to in 
this synthesis as “performance-based management (PBM)” 
or a “performance-based” approach. PBM incorporates the 
elements and procedures inherent in MQA within two phases 
that an agency might consider based on the recommenda-
tions of NCHRP Report 422.

•	 Phase I—Program Development. This phase con-
cerns the design and establishment of an MQA program. 
Focusing solely on the tasks related to highway mainte-
nance management, this phase involves the following 
one-time tasks:
– Identification of the maintenance activities and road-

way features and characteristics to be included.
– Development of a sampling process for the high-

way network based on network segmentation.
– Development of proposed LOS data collection, analy-

sis, and reporting procedures.
– Identification of customer expectations for the high-

way maintenance program.
– Determination of LOS rating criteria (e.g., threshold 

values for passing or failing and range or interval 
values defining service levels), and weighting factors 
needed for various computations (i.e., maintenance 
priorities or service levels that represent several con-
dition measures that will be combined).

– Development and documentation of an LOS rating 
system.

– Development of a statement of maintenance priorities.
•	 Phase II—Program Implementation. This phase con-

cerns the application of the designed MQA program to 

chapter one

IntroductIon
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•	 Management accountability reporting. Accountabil-
ity reporting is a key part of governmental applications 
of PBM. Accountability reports typically involve a com-
parison of proposed target service levels to actual LOS 
values attained. They indicate not only the resulting 
maintained condition of the highway as compared with 
forecasts, but also a measure of the quality of steward-
ship exercised by the state DOT in the management of 
its M&O program and its results. As an example, Wash-
ington State Department of Transportation (WSDOT) 
includes an annual summary of maintenance program 
accomplishments, service levels, and trends within The 
Gray Notebook, its quarterly report of departmental per-
formance and accountability.

•	 Customer satisfaction. The MQA process described 
earlier in this section explicitly considered customer 
input in both the design and the implementation phases. 
Subsequent research has observed that since 2000 
(the date of a maintenance performance-measure work-
shop in Scottsdale, and one year following publication 
of NCHRP Report 422), the measurement of customer 
satisfaction had evolved independently of MQA to the 
point that agencies began to consider customer satisfac-
tion as “related to but separate from their MQA pro-
grams” (Maintenance Quality Assurance—Synthesis 
of Measures Aug. 2005, p. 33). The research also noted 
that state DOT documents in the MQA Document 
Library contained very little on customer satisfaction. 
Performance-based approaches restore the importance of 
customer outreach as part of the consideration of factors 
used to set M&O priorities, threshold values, and grading 
curves for LOS definition.

•	 Comprehensive processes for updating and renewing 
performance-based components. Current performance-
based approaches treat updates and renewals compre-
hensively, encompassing reviews of unit costs, LOS  
targets, maintenance priorities, condition and perfor-
mance measures, and thresholds/ranges of values defin-
ing LOS grading curves, among other items.

•	 Expanded approaches for incorporating maintenance 
priority. The MQA guidelines envisioned maintenance 
priority as a weighted-value calculation. Although some 
performance-based approaches continue to use this 
method, others apply different methods, such as the con-
tribution category matrix used by the Wisconsin DOT 
(WisDOT) in the chapter three case example, with result-
ing adjustments in LOS grading curves to reflect priority.

•	 Inclusion of mobility and operations-related features 
and activities. The MQA examples included many fea-
tures and activities with performance measures expressed 
in terms of physical asset condition. Policy objectives of 
maintenance were described in terms of safety, preserva-
tion of investment, user comfort and convenience, and 
aesthetics. Performance-based maintenance manage-
ment today increasingly recognizes the importance of 
operations-type activities and of traffic mobility as a 
fifth core maintenance objective. Although condition 

actual maintenance management. Again focusing solely 
on tasks related to highway maintenance management 
(and for the time being passing over tasks having to do 
with pilot studies, budget and funding administration, 
training, etc.), this phase involves the following annual 
or cyclic events:
– Data collection through LOS inspections, process-

ing of data, and LOS reporting to yield information 
on current highway system conditions and service 
levels of maintained features.

– Quality assurance (QA) and quality control (QC) 
checks on the practices of ratings teams to promote 
uniformity of data collection procedures and LOS 
determinations.

– Development of current unit cost data for each main-
tenance activity, and computation of the total funding 
needs for the activity.

– Updates of service-level targets and estimates of the 
cost to achieve these targets.

– Application of maintenance activity priorities and 
consideration of data from customer satisfaction 
surveys (once the program has been implemented 
and in use).

– Use of the program for management to assess the 
costs of meeting LOS targets, evaluate costs against 
available budget, propose alternate scenarios for LOS 
targets, conduct sensitivity analyses, develop pro-
posed budgets, organize of data to justify maintenance 
program recommendations, development of develop 
maintenance program guidance for field offices, and 
so forth.

Performance-Based management

These recommendations in NCHRP Report 422 anticipated 
many features and procedures that are still in use or are now 
being implemented in selected performance-based methods 
reviewed in this synthesis. However, PBM is a more current 
usage that incorporates the elements and procedures envi-
sioned in MQA, but recognizes additional capabilities as well 
(discussed later). A performance-based approach provides a 
more recognizable fit to the considerable work now under-
way at the federal, national, and state levels regarding perfor-
mance measurement and accountability. A number of reports 
and guidelines involving applications of performance-based 
approaches to highway activities and decision making have 
been produced by AASHTO, NCHRP, U.S. General Account-
ability Office, U.S.DOT/FHWA, and other organizations. A 
performance-based approach anticipates provisions in the 
future federal reauthorization of the surface transportation 
act: Both House and Senate proposals for this bill currently 
include mention of accountability for performance (Mica 
et al. July 7, 2011; “Senator Boxer and Senator Inhofe . . .” 
July 19, 2011). Beyond consistency with these other devel-
opments, a performance-based approach to highway mainte-
nance and operations (M&O) gives more explicit recognition 
and emphasis to the following capabilities:
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measures may still apply to some operations activities, 
such as the physical condition of signs and signal compo-
nents, other types of performance measures may need to 
be developed in terms of response times, system reliabil-
ity, traffic throughput or delays, replacement-component 
compatibility with an existing system, and so forth. The 
MQA implementation plan recognized other potential 
M&O policy objectives such as environmental protec-
tion. Performance measurement continues this thinking. 
The WSDOT case example in chapter three provides an 
illustration of environmental implications for mainte-
nance, and vice versa, focusing on stormwater quality.

•	 More comprehensive accounting of highway perfor-
mance and cost. Whereas the MQA guidance focused 
solely on features and activities within the scope of the 
maintenance program, some M&O organizational units 
are moving to a more broad-based communication of 
performance-based results. The case examples in chap-
ter three will show that WisDOT’s Compass program 
takes field measurements in four categories of main-
tained assets, but it has overall reporting responsibility 
for additional categories of assets: pavements, bridges, 
signs, and winter maintenance. Similarly, the Mississippi 
DOT’s (MDOT’s) new maintenance management sys-
tem (MMS) includes asset performance measures from 
sources other than maintenance; for example, pavement 
and bridge management (refer to chapter three for addi-
tional details). The survey results in chapter two indicate 
that the California DOT (Caltrans) has developed a bud-
get model that captures all maintenance allocations; that 
is, for pavement and bridge maintenance in addition to the 
field maintenance function managed through Caltrans’ 
Integrated Maintenance Management System.

definitions

The following definitions will be used in this synthesis, 
within the context of performance-based highway M&O 
management:

•	 Performance measures: indicators of road-related 
physical condition, quality of M&O services provided, or 
operational behavior of highway traffic.

•	 LOS: translations of performance-measure information 
to a defined scale that indicates degree of acceptability or 
degree to which current performance meets expectations. 
Although performance measures are defined by a high-
way agency, they are often intended to reflect customer 
needs and expectations. LOS may be expressed on dif-
ferent types of scales—numerical scores, letter grades, 
or qualitative descriptions such as high/moderate/low—
but in each case the method of arriving at a particular 
LOS is clearly defined and replicable by different indi-
viduals. LOS are also referred to as service levels or by 
agency-specific identifiers; for example, Florida DOT’s 
(FDOT’s) Maintenance Rating Program (MRP) ratings.

•	 PBM: techniques based on performance measures 
or LOS that can be used to describe current highway 
system status, define goals and targets for accomplish-
ment, evaluate strategic and tactical options to attain 
those goals and track progress, relate both identified 
needs and actual work performed to cost, and report on 
the results or outcomes of these tasks.

•	 M&O: actions devoted to keeping a highway in service-
able condition. Because agencies treat the relationship 
between maintenance versus operations differently, hard 
and fast distinctions between the two will be avoided. 
For this synthesis, “maintenance” will refer to the pres-
ervation and repair aspects of M&O, while “operations” 
will refer to actions promoting safe, predictable traffic 
movement. “M&O” will be used when it is desired to 
stress the total program or the comprehensive function. 
In general descriptions with no qualifications, mainte-
nance may be used with the implicit understanding that 
the term encompasses operations as well.

•	 MQA: planned and systematic actions needed to pro-
vide adequate confidence that highway facilities meet 
specified requirements. Such requirements are usu-
ally defined by the highway agency, but are intended 
to reflect the needs and expectations of the road user 
(Stivers et al. 1999).

A number of support tasks are needed for PBM: data gather-
ing, information technology system development and operation, 
periodic meetings to review and update the performance-based 
approach when needed, internal and external communication, 
etc. Characteristics of these support activities will be discussed 
as part of the presentations later in this synthesis. Support tasks 
are included to add context and to fill in the blanks in the 
discussions of management practice. This synthesis does not, 
however, devote detailed coverage to these support tasks; the 
focus is on how these tasks affect management processes and 
decisions, help coordinate actions across the DOT organiza-
tion, contribute to getting program work done, and maintain 
institutional information exchange.

Other terminology in this synthesis and in the literature 
should be interpreted in context. For example, to describe their 
physical highway system, state DOTs may use such words as 
element, feature, asset, characteristic, and facility differently. 
The meanings will usually be clear from definitions, discus-
sions, and examples provided by the source.

oBjEctIvE and scoPE

The objective of this synthesis is to examine current perfor-
mance-based management practices that are applied by state 
DOTs in highway M&O. It was acknowledged in the scope 
of work that state DOTs are known to have taken different 
approaches in developing their respective PBM processes. 
Previous research, conferences, and peer exchanges had 
already examined these differences primarily by  comparing 
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agement issues and to reflect geographic diversity; selected 
agencies were also able and willing to provide the information 
and insights needed for a successful presentation.

The survey for this synthesis was conducted through the 
NCHRP in cooperation with AASHTO. AASHTO provided 
an e-mail distribution list to all voting members of its Sub-
committee on Maintenance, representing the 50 states and the 
District of Columbia. The survey questionnaire was devel-
oped by the synthesis principal investigator and pre-tested 
among state DOT members on the Topic Panel. The survey 
was revised and distributed as a web-based questionnaire. 
Follow-up calls and e-mail messages were sent periodically 
to recipients to encourage participation. Of 51 question-
naires distributed, 41 responses were received, a response 
rate above 80%.

outlInE of synthEsIs

The following chapters summarize the synthesis findings. 
This synthesis was conducted with substantial input from state 
DOTs, both through the survey and the case examples. It was 
felt that the cooperation and insight of agency personnel were 
critical to developing an accurate picture of how performance- 
based methods were used. Accordingly, the survey is sum-
marized and reported comprehensively in chapter two as the 
core of understanding nationwide practice. Survey results are 
presented in tabulations of responses to each question and 
a paraphrasing of additional comments provided by respon-
dents. This material is supplemented by findings in the litera-
ture, including an overview of prior work in the field.

Chapter three presents the four case examples illustrating: 
(1) an agency just launching its performance management pro-
gram; (2) the components of a performance-based methodol-
ogy and the components and processes used, for example, to 
set LOS targets; (3) application of performance management 
results to prioritization of maintenance needs; and (4) applica-
tion of a performance-based system to address the maintenance- 
related implications of an environmental stormwater permit. 
This case is used also to illustrate a recently developed dual 
approach to performance monitoring.

Chapter four concludes the report. Appendix A contains the 
survey questionnaire. Appendix B lists the survey participants. 
Appendix C contains a customer telephone questionnaire used 
by MDOT, one of the case example subjects in chapter three. 
Appendix D presents the detailed responses of each state DOT 
to each question of the synthesis survey.

the building blocks of a performance-based approach—
condition ratings, performance measures, LOS definitions, 
threshold values, and so forth—that are used by different state 
DOTs. In a conference call with the Topic Panel at the incep-
tion of the study, it was agreed that it would be redundant to 
repeat this work in the current synthesis. Rather, this synthesis 
should focus on how state DOTs actually use PBM to manage 
their highway M&O programs. Similarly, significant work 
had recently been conducted by NCHRP on performance-
based maintenance contracting. It was also agreed that con-
tracted maintenance as a method of delivery would not be a 
major component of this synthesis. (Asking state DOTs about 
the application of performance-based measures to contracts 
was agreed to be within scope, however, as noted below.) The 
particular topics in the scope of work to be addressed there-
fore included, but were not limited to, the following:

•	 The extent to which state DOTs use performance mea-
sures or LOS, with examples of how these components 
are incorporated into their management practices.

•	 Examples of performance measures that underlie LOS 
for selected M&O activities.

•	 Methods of quantifying threshold values governing pass–
fail evaluations, and values defining individual service-
level boundaries.

•	 The consequences of not meeting (or exceeding) targeted 
M&O service levels at state and district/division levels.

•	 Application of LOS to contractors versus maintenance 
forces.

•	 How performance measures or LOS are used to establish 
M&O priorities and to manage performance in the short 
and long term.

•	 Methods of communicating M&O performance targets 
and results internally, to legislators, other stakeholders, 
and the public.

Investigations of these topics will be described in two 
ways: through a review of current nationwide practice based 
on a survey of U.S. state DOTs, supplemented by a literature 
review; and documentation of four case examples that take a 
more detailed look at particular problems or situations in which 
DOTs have applied PBM to highway M&O. The survey cov-
ers several characteristics of performance-based concepts and 
methods as applied to highway maintenance, among them the 
highway assets that are maintained, how these maintenance ser-
vices are delivered, what factors influence performance goals 
and targets, how DOTs perceive the management tasks that can 
be supported by performance management, and the importance 
of communication and input by others to the process. The case 
examples have been selected to illustrate a spectrum of man-
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Background

Historical context

Recognition of the importance of highway maintenance per-
formance goes back at least four decades in U.S. practice. 
Although several agencies and research efforts have explored 
the concepts of M&O service levels (referred to at first as quality 
standards), maintenance as a business process, and customer- 
oriented outcomes, it was not until the 1990s that these ideas 
began to take hold in a meaningful way. This change was the 
result of several factors, including a shift in focus from new 
capacity to the more efficient use of the existing transportation 
system, increasingly constrained funding, growing emphasis 
on performance accountability, and the rapid pace of develop-
ments in computer hardware (including mobile devices), soft-
ware, and networking that enabled advances in management 
system implementation and use. Within highway M&O prac-
tice, the completion of NCHRP Project 14-12 (NCHRP Report 
422) on MQA was influential (Stivers et al. 1999). Success sto-
ries with innovations such as the use of dashboards, automated 
field data collection, and WSDOT’s effective use of clear 
service-level definitions with photographs to communicate the 
meaning of LOS, also spurred other agencies to take note.

Several efforts have since been devoted to compiling infor-
mation on (1) condition or performance measures and LOS 
used by state agencies; (2) the results of quantifying them and 
establishing thresholds of acceptability; and (3) how LOS 
values are applied in maintenance management tasks.

•	 A workshop to explore Common Maintenance Perfor-
mance Measures, sponsored by the AASHTO Subcom-
mittee on Maintenance, was held in Scottsdale in 2000. 
This peer exchange initiated inter-agency communica-
tion on topics such as the evolving characteristics of 
M&O management, key issues in what to measure and 
by what criteria, and how best to achieve the desired 
outcomes of performance measurement. State DOT per-
sonnel and other experts presented proposed approaches 
for common measures in several maintenance areas: 
pavement surfaces, shoulders, roadsides and landscape 
maintenance, safety features and appurtenances, high-
way surface drainage systems, traffic signs, and pave-
ment striping. The workshop, however, also highlighted 
differences in agency practices and the difficulty of 
achieving a true set of common measures.

•	 NCHRP Report 422 documented the LOS concepts used 
by several state DOTs and how these concepts are incor-
porated in management and budgeting. The report also 
illustrated variations in LOS approaches used by state 
DOTs; for example, pass–fail scoring versus A through 
F-type grading. The report served as a manual for agencies 
wishing to develop a maintenance management approach 
based on LOS. The components of this implementation 
plan have been outlined in chapter one.

•	 In the early 2000s, the Midwest Regional University 
Transportation Center (MRUTC) established an online 
document library of North American MQA information 
(“Maintenance Quality Assurance—Document Library” 
n.d.), a compilation of field data collection guides, rating 
manuals, reports, and data-collection forms submitted 
by state DOTs and Canadian provincial transportation 
departments and ministries. Two national peer exchanges 
were organized by the MRUTC in 2004 and 2008, results 
of which have been documented in synthesis reports to be 
discussed in the following section. This material provides 
a comprehensive nationwide summary of information 
that is relevant as background to this synthesis.

Products of Peer Exchanges and related analyses

2004 Peer Exchange

A product of the 2004 MQA Peer Exchange was an MRUTC 
synthesis report of MQA measures, accompanied by a defini-
tion of key terms to facilitate communication among agencies 
having different practices and nomenclature (Maintenance 
Quality Assurance—Synthesis of Measures Aug. 2005). These 
definitions related primarily to the structure of information on 
maintenance measures that was presented in the remainder of 
the report. The information was organized according to the 
following framework:

•	 Categories are logical groups of maintained assets 
based on their function or location on the highway. 
Examples include roadways, bridges, drainage, roadside 
and vegetation, and traffic management. This definition 
is modified for snow and ice control, which constitutes a 
service performed on the highway.

•	 Features are the particular maintained assets that are 
addressed by measures. For example, roadway fea-
tures include flexible pavements, rigid pavements, and 

chapter two
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values are referred to as “thresholds,” defined as “predeter-
mined, system-wide maintenance levels for features and cat-
egories,” in the nature of grading scales, indicators, or scores 
(Maintenance Quality Assurance—Synthesis of Measures 
2005, p. 5). Thresholds identify the degree of deficiency (or 
conversely, the degree of satisfactory performance) of the 
highway system or portion thereof, and may reflect a cus-
tomer perspective. The MRUTC synthesis did not include 
specific examples or tabulations of thresholds.

2008 Peer Exchange

A second MQA peer exchange was organized by the MRUTC 
in 2008. Following that event, updated data from 23 U.S. and 
Canadian transportation agencies were analyzed and com-
pared with the 2004 results presented earlier (Maintenance 
Quality Assurance Peer Exchange 2 Apr. 2009). The same 
definitions were used as in 2005, but some of the data (i.e., the 
specific categories, features, and characteristics) had changed, 
as had the population of state DOTs and Canadian provincial 
agencies surveyed. The 2009 information was tabulated in the 
same manner as in 2005 (categories, features, characteristics, 
standards, and measures). Information was also included on 
the popularity of features within each category (i.e., their fre-
quency of use across the 23 agencies). Comparing the 2009 
and 2005 findings, the report authors observed that fewer fea-
tures were being measured within several maintenance cat-
egories, but agencies were moving toward concepts of overall 
highway performance in lieu of the former, more detailed, 
analytic measurements. Considering the example of traffic 
signs discussed earlier, analytic measures such as sign verti-
cal alignment, lateral placement, and worn or missing charac-
ters that were reported in 2005 had by 2009 been replaced by 
the more qualitative and encompassing “anything preventing 
nighttime effectiveness of the sign.”

Directory of State Program Information

Another product of the 2008 peer exchange was a directory 
of state program information posted by the University of 
Wisconsin–Madison in July 2009. This directory contains 
responses by the 50 state DOTs to the following inquiries:

•	 DOT identification and contact information.
•	 Overview of the MQA program: purpose, legislative 

mandate (if any), and history.
•	 Program status: length of time the program has been 

active; recent changes in the MQA program; and descrip-
tion of software used.

•	 Performance measures and rating systems: performance 
measures currently in use; description of how the rating 
system for measures was developed; and measurement 
scale that is used.

•	 Maintenance features and ratings: items that are rated; 
rating software used; and frequency of training on ratings.

shoulders. Bridge features include the approach, deck, 
railings, structure, and so forth. Drainage features 
include catch basins and drop inlets, culverts, curbs 
and gutters, ditches, etc. Similar examples pertain for 
other highway categories that involve physical assets. 
This definition is modified for snow and ice control, 
where features are interpreted primarily in terms of 
hours to achieve bare lane, with a few state DOTs also 
including statewide salt usage and plowing activity.

•	 Characteristics are specific qualities or defects in those 
features that can be evaluated on the basis of condition; 
for instance, rigid pavement characteristics include crack-
ing, depressions and bumps, faulting, missing joint seals, 
and longitudinal cracks. Characteristics were explicitly 
defined only for roadway features; that is, pavements and 
shoulders. For other features, they are implied by the 
“standards” used, as illustrated in the next item.

•	 Standards are tolerance levels or criteria that help to 
identify whether a characteristic requires maintenance, 
or whether a feature is not functioning as intended and 
requires maintenance. Within the framework defined 
by the 2005 MRUTC synthesis, standards are explic-
itly assigned to “characteristics” for the roadway cat-
egory only, and to “features” for all other categories. 
An example of a standard for traffic signs (a feature) 
includes insufficient reflectivity, worn or missing char-
acters in the sign message, incorrect sign height, insuf-
ficient lateral clearance, or an evident deviation of post 
alignment from the vertical. Note that the character-
istics that would have been associated with the traffic 
sign feature are implicitly described in these standards.

•	 Measures as defined in the 2005 MRUTC synthesis 
are descriptions of how to quantify the deficiency of a 
maintained feature or characteristic, typically on a per-
highway-segment basis. For the traffic sign example, 
measures per segment include the number of signs, 
number of signs with poor reflectivity, number of miss-
ing, damaged, or illegible signs, number of signs with 
incorrect sign height, and so forth, with an all-inclusive 
measure of number of signs deficient to encompass all 
signs with any of the problems identified in the standard.

Based on data from 26 state DOTs, the 2005 MRUTC 
synthesis presented tables that compiled the standards and 
measures used by these agencies for each of the categories, 
features, and characteristics included in the study. Multiple 
measures often had to be listed because state practices var-
ied in what measures they used, and some state DOTs used 
more than one measure to describe the need for maintenance 
on a given feature or characteristic (Maintenance Quality 
Assurance—Synthesis of Measures 2005, p. 21). The measures 
and standards data were also compared with the informa-
tion presented at the 2000 Scottsdale workshop. “Measures” 
describe what conditions, qualities, or performance attributes 
will be used to rate a feature or its characteristics; however, 
they are not yet quantified or assigned numerical values.  
Performance-based measures that are quantified or assigned 
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•	 Data collection: frequency; sample size (or 100%); high-
way segment length; manner of collection; and use of 
automated surveys, if any.

•	 Reporting: uses of the data that have been collected; meth-
ods of reporting condition information; customers for 
reports; and information reported.

•	 Budgeting: how MQA data are related to the budget; 
how LOS characterizations are used; and effectiveness 
of program in influencing budgeting.

The Directory is a straightforward compilation of state 
DOT-provided information. It is made up of brief, qualita-
tive statements that respond to open-ended questions about 
the items listed previously. It does not present any reviews, 
tallies, or analyses of the state DOT responses.

Maintenance condition assessment guide

A Guide to Maintenance Condition Assessment Systems, 
although focused on the important functions to be addressed 
by objective and repeatable data on maintained highway fea-
tures, devoted attention also to the LOS that are supported by 
good field data and the roles played by these service levels in 
maintenance management (Zimmerman and Stivers 2007a). 
Summaries of pertinent items on condition assessment sys-
tems and LOS follow:

•	 Condition assessment is the physical inspection and rat-
ing of roadway assets to determine their condition for 
description at the individual asset, roadway section, or 
overall network level. (This process will be referred to 
as road rating or similar terminology in chapter three.) 
The objective condition information that results from a 
good condition assessment contributes to several tasks 
in PBM (adapted from p. 8 of the Guide):
– Establishing target levels for asset condition with 

respect to available funding.
– Helping to relate maintenance costs or cost reduc-

tions to incremental changes (favorable or unfavor-
able) in the condition of maintained assets.

– Establishing consistent conditions across the high- 
way system; reallocating resources to under- 
performing assets; and setting maintenance priorities 
on a statewide basis.

– Improving linkages between customer expectations 
and maintenance to be performed.

Examples of some of these tasks are illustrated in the 
case examples in chapter three.

•	 The Condition Assessment Guide discusses the rela-
tionship between LOS and cost and provides examples 
of relationships determined by the North Carolina DOT 
for several drainage maintenance activities (pp. 43–45 
of the Guide). (In the context of the case examples in 
chapter three, this type of relationship will be referred 
to as an asset condition relationship.) The Guide also 
illustrates methods of reporting results that have been 

found to be useful in PBM: report cards and dashboards 
(pp. 41–42 of the Guide).

•	 The Guide summarizes shifts in maintenance manage-
ment techniques that have been brought about in part 
because of the increasing use of performance-based con-
cepts and related methods such as condition assessment 
itself (adapted from p. 5 of the Guide):
– Information on highway condition to support deci-

sions: a shift from subjective condition assessments 
to more objective condition information.

– Types of performance measures used: a shift from 
output-based measures that record work accomplish-
ments (e.g., area of pavement patched and number of 
plow-miles driven) to outcome-based measures (e.g., 
reduction in pavement roughness and increase in ride 
comfort, and time to achieve bare pavement or time 
to restore normal operating speed).

– Importance of customer expectations: a shift from per-
formance targets that are more task-oriented to those 
that are more customer-oriented based on feedback 
regarding expectations of road users.

– Maintenance planning: a shift from a more reactive 
to a more proactive perspective.

– Budget preparation: a shift from “basing coming bud-
get on adjustments to previous budget” to “basing 
coming budget on cost to move from existing service 
levels to projected service targets.”

A companion document identified a research need to fill a 
gap in many agencies’ current management capabilities: the 
need for a tool to relate maintenance LOS to its estimated 
cost. Based on the results of a survey they had conducted, the 
authors noted that few agencies had such automated tools in 
place (Zimmerman and Stivers 2007b).

nationwide Survey of Maintenance  
Management Systems

A nationwide survey of current capabilities of highway MMS 
and desired future capabilities was reported as part of a study 
for the Idaho Transportation Department on its maintenance 
management and pavement management needs (Applied 
Pavement Technology, Inc. 2008). The survey was conducted 
as part of FHWA course development on MMS. Twenty-nine 
state DOTs responded to this survey. With a focus on only 
those MMS capabilities oriented toward PBM, selected results 
of this survey included:

•	 In response to a question on planned enhancements to 
existing MMS, 23 of 29 respondents (the highest response 
overall) selected interfaces with other systems; 21, updates 
to the asset inventory; 16, an LOS approach; 14, perfor-
mance targets; and 8, incorporating customer input. The 
report authors noted that most of these selections are con-
sistent with capabilities supporting performance-based 
budgeting.
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get the idea across. Also, these outcomes must be viewed in 
the context of typical agency stewardship of a highway system 
and the technological limits of maintenance itself. Thus, in the 
M&O program outcomes, maintenance work can extend the 
lives of highway assets and enable them to perform accept-
ably for longer periods of time, but it cannot do so indefinitely. 
Eventually, the ravages of time, weather, continuous traf-
fic loading, structural fatigue, and catastrophic events, among 
other factors, take their toll, and assets must be rehabilitated, 
reconstructed, or replaced. In the transportation system out-
comes, both capital construction and M&O actions determine 
the overall performance of the transportation network. There-
fore, with both types of performance implications, it is impor-
tant that the values of outcomes discussed be interpreted in 
relative rather than absolute terms.

The outcomes related to the M&O program include not 
only matters of quality, coverage, and frequency discussed 
previously, but also the character of the maintenance that can 
be systematically performed (whether preventive/proactive 
or corrective/reactive), the relative cost-effectiveness of the 
M&O actions and services, and the range of priorities that can 
be addressed. For example, a level of investment gauged to 
LOS A enables an agency to address a fuller range of priori-
ties encompassing critical work such as safety or maintenance 
of critical infrastructure, as well as less critical priorities such 
as roadside appearance. By contrast, lower LOS values and 
lower levels of annual investment imply budget constraints 
that limit the scope of work priorities to critical repairs, 
actions, and services.

Similarly, in the transportation performance implications, 
M&O investments and LOS influence a number of basic  
outcomes:

•	 Safety, which is promoted through properly function-
ing signals, signs, pavement markings, roadway light-
ing, advance warning devices, Intelligent Transportation 
System (ITS) devices, roadway and roadside safety hard-
ware, and effective response to roadway incidents.

•	 State of highway assets, which corresponds directly to the 
frequency, coverage, and quality of needed preventive 
maintenance; and corrective repairs, which can extend 
the lives of assets and enable more reliable operation.

•	 Reliability of system mobility, which is promoted through 
well-maintained equipment that facilitates safe and 
efficient traffic movement.

•	 Road and roadside appearance, which can increase road 
user comfort and pleasure.

•	 Total life-cycle costs of highway transportation, which 
includes road user costs as well as agency expenditures 
for highway construction, rehabilitation, and M&O. 
Higher M&O LOS and related expenditures can help 
minimize overall life-cycle costs through reductions in 
road user costs (leading to better mobility and safety), 
and reductions in agency costs (leading to life-extension 
of highway assets).

•	 In a similar vein, desired characteristics that respondents 
associated with a new system included links to perfor-
mance measures (13 of 29 respondents, the second- 
highest response overall), outcome-based measures (12), 
integration within an agency’s decision process (12), 
and customer-oriented measure (6).

•	 The study also asked participants their views on specific 
features that could be associated with an MMS. Perfor-
mance targets, or target LOS, constituted one of these 
features. Because such targets could be determined in 
several ways, the questionnaire asked what method 
each state DOT used (more than one method could be 
selected). The top choice was experienced maintenance 
personnel (17 responses). This selection was followed by 
historical trends (16), customer surveys or focus groups 
(8), and other data sources (6), which included the pave-
ment International Roughness Index, funding levels, the 
legislature or transportation commission, management, 
existing management systems (e.g., pavement manage-
ment), and daily work accomplishments. Several agen-
cies reported using more than one method in combination. 
(The emphasis on experienced maintenance personnel is 
consistent with the results of interviews conducted for 
this synthesis as reported in chapter three.)

Performance implications of Levels of Service

Agencies with mature performance-based approaches have 
developed methods to illustrate the relationships among M&O 
LOS, annual M&O investment levels, and performance-based 
implications. WSDOT and WisDOT, both of which employ 
graded LOS approaches in their M&O programs, have each pro-
duced a graphic showing these relationships. The two agency 
graphics are similar but include different performance-based 
implications or outcomes. For purposes of this study, the two 
graphics have been consolidated into a single, unified diagram 
as shown in Figure 1.

The upper part of Figure 1 relates the level of annual M&O 
investment to LOS. LOS A is the superior level of main-
tenance and entails a greater annual investment to achieve 
superior quality, coverage (e.g., percent of the total highway 
network assets), and frequency of maintenance. LOS F is 
the minimal level of maintenance, funded at a lower annual 
investment, with LOS B, C, and D as intermediate values.

The lower part of Figure 1 illustrates performance impli-
cations or outcomes resulting from the level of annual M&O 
investment and the resulting delivered LOS. Two sets of out-
comes are shown: those relating to the M&O program itself 
and those related to impacts on the transportation system. A 
line is used to represent each type of outcome, representing a 
spectrum or continuum of possible values of that outcome. On 
each such line, moving to the left entails outcomes of greater 
investment and better quality M&O; moving to the right incurs 
outcomes of lesser investment and poorer quality M&O. The 
set of outcomes shown is not exhaustive, but is sufficient to 
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Interstate Highway System (Cambridge Systematics Inc.  
et al. 2009) and NCHRP Report 677: Development of Levels of 
Service for the Interstate Highway System (Dye Management 
Group, Inc. et al. 2010). These studies were not focused solely 
on maintenance; rather, they encompassed a range of capital 
construction and maintenance programs. They are relevant to 
this synthesis in their structuring of the LOS measures, which 
is similar to that of graded LOS measures used in maintenance 
management. NCHRP Report 677 provides a seven-tiered 
template for these measures encompassing Agency Goal/
Outcome, Asset Class, Asset Element, Definition, Indicator, 
Measure, and LOS Thresholds. The report further proposes 

This graphic summarizes the kind of framework employed by 
M&O managers when considering current highway conditions, 
proposed budgets, and LOS targets as part of PBM planning. It 
may help to interpret findings of the survey that follow in this 
chapter, and the case examples in chapter three.

Levels of Service for interstate Highways

Two NCHRP studies address development of performance-
based LOS for the Interstate Highway System: NCHRP 
Report 632: An Asset-Management Framework for the 

Level of 
Annual 
Investment 

Greater Investment 

Lesser Investment 

Levels of M&O ServiceA 

B 

C 

D 

F 

Level of Delivery and Performance Outcomes: 

Maintenance and Operations Program Outcomes

Character of Routine Maintenance 

Proactive; Preventive Reactive; Corrective

Quality of Maintenance and Operations Performance

Higher Quality, Frequency, or Coverage Lower Quality, Frequency, or Coverage 

Cost-Effectiveness

More Cost-Effective Less Cost-Effective 

Priorities Addressed in Program 

Full Range of Priorities Limited/Selected Range of Priorities 

Highway Asset State of Repair 

State of Good Repair Across Assets At Best, Limited Examples of Good Repair 

Transportation System Outcomes 

Safety 

Greater Promotion of Safety Greater Possibility of Hazards 

Reliability of System Mobility 

More Predictable Drive Times More Unexpected Delays 

Road and Roadside Appearance 

Attractive Unappealing

Total Life-Cycle Costs (Agency Costs + Road User Costs) 

Lower Higher 

FIGURE 1 Maintenance LOS, level of investment, and performance impacts [adapted from  
WSDOT’s Maintenance Accountability Process Manual (2008) and WisDOT’s Highway  
Operations (2005)].
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LOS threshold values appropriate to the high-standard inter-
state system, drawn from a composite of state DOT systems 
and judgments by members of the research team.

SurvEy of nationwidE PracticE

As the preceding sections show, much of the research since 
the publication of NCHRP Report 422 has centered on 
performance-based elements—measurement of condition, 
formulation of performance measures, different approaches 
to LOS, definitions of targets and thresholds, and the like—
and their comparison among North American transportation 
agencies. The focus has been, as it were, on the tools in the  
performance-based toolbox and how they are manufactured. 
This synthesis looks instead at how the skilled craftsmen within 
highway M&O organizations apply these tools. This synthesis 
adopts as a premise that the “tools” used by state DOTs differ 
in their “materials and manufacture”—varying field data col-
lection procedures and conventions, different constructions of 
performance measures, pass–fail versus graded measures of 
LOS, different thresholds and target values, and so forth. The 
synthesis acknowledges these differences, which are appar-
ent in the four state DOT case examples in chapter three, 
but otherwise does not address them in any detail. Rather,  
the purpose of this synthesis is to understand how these 
tools are applied to build, operate, and sustain a successful 
performance-based M&O program to the benefit and satisfac-
tion of both the agency and the customer.

The research that was described in preceding sections 
also addressed to some degree management concepts and 
techniques. Although these efforts developed useful informa-
tion, findings, and insights, the results are either highly distilled 
and somewhat difficult to compare (as with the information in 
the Directory of State Program Information) or are adjuncts 
to broader topics that were the primary focus and motivation 
of the research projects (e.g., the studies of condition assess-
ment systems and MMSs). This synthesis builds on this earlier 
work, but moves beyond it by dealing with performance-based 
M&O management as the primary topic of interest in its own 
right. Presentations are of two types:

•	 Subsequent sections of this chapter cover nationwide 
practice in performance-based M&O management as 
established through a synthesis survey of state DOT 
M&O managers. The survey questionnaire was designed 
to address the scope of work as described in chapter one, 
plus additional items suggested by panel members fol-
lowing review and trial use of draft questionnaires.

•	 Chapter three presents four case examples of current 
state DOT practice in performance-based M&O manage-
ment. Criteria that guided selection of the four cases are 
discussed more thoroughly at the beginning of chapter 
three; but all the cases involve agencies that have either 
a preliminary or a mature performance-based approach 
based in LOS allowing them to provide meaningful 

descriptions and results. Candidates were initially iden-
tified through interviews with the synthesis topic panel 
members, recruiting discussions following presenta-
tions on this synthesis at the 2011 meeting of the TRB 
Maintenance and Operations Management Commit-
tee (AHD10), reviews of incoming survey responses, 
and initial discussions with potential contacts in can-
didate agencies. The topics of each case were initially 
proposed by the respective agency contact, identified 
in the acknowledgements at the beginning of this 
report. The validity of each case for meeting synthe-
sis objectives was reviewed based on literature and 
descriptions provided by the agency representatives, 
supplemented by telephone interviews. The introduc-
tory section in chapter three describes the agreed on 
subject of each case.

ovErviEw of QuEStionnairE and rESPonSES

The survey conducted for this synthesis yielded 41 responses. 
Of these, 31 state DOTs reported using a performance-based 
approach for managing M&O; 10 reported not using a  
performance-based approach, as depicted in Figure 2. During 
the design of the survey questionnaire, a pre-test involving 
state DOT representatives on the topic panel had indicated 
that performance management might actually encompass a 
number of variants on performance-based approaches and 
different stages of development. These multiple possibilities 
were built into the survey questionnaire. For those agencies 
reporting that they did not use a performance-based approach 
for managing M&O, two questions addressed the method 
that was being used instead and the reasons for not currently 
adopting performance management.

Those agencies using a performance-based approach 
were categorized by the seven applications listed in Table 1. 
All of the survey respondents reported their current situa-
tion in terms of one of the first six choices. None selected 

DOTs Using A 
Performance-

Based Approach 
(31 of 41)

DOTs Not Using 
A Performance-

Based Approach 
(10 of 41)

FIGURE 2 Breakdown of survey responses regarding 
use of a performance-based approach.
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the option to describe the application in his or her own 
words. The categories in Table 1 were designed to indicate 
the degree to which the state DOT had organized and devel-
oped a  performance-based process on a programmatic basis 
to address a range of business procedures and management 
decisions. The responses received from the 31 agencies using 
a performance-based approach are distributed among these 
choices as indicated in Table 1 (the “Agency Responses” 
 column) and illustrated in Figure 3.

The responding agencies that use performance-based 
approaches are organized within groups because, even with 
most state DOTs responding to the survey, the results are 
diluted when distributed among the several possibilities in 
Figures 2 and 3; seeing the results in groups helps to provide 
a better perspective. As an example, there is no significant 
concentration of questionnaire responses in any single cat-
egory. However, when categories 4 through 6 in Table 1 are 
viewed collectively, one perceives a critical mass of support 
for, and use of, a performance-based approach. This group 
represents agencies that already have a program of perfor-
mance measures or LOS oriented specifically toward M&O. 
The perspective on this group is strengthened by adding those 
agencies that are just beginning a performance-based process 
(category 3 in Table 1). Figure 3 helps to visualize the impact 
of this grouping graphically. Moving between detailed and 
aggregate views of the survey results, wider implications of 
the categories of performance-based usage in Table 1 can be 
explored, based on the total of 31 agencies reporting the use 
of some type of performance-based approach.

•	 Category 1—Primarily Condition and Performance 
Data Tracking: The five agencies in this category collect 
performance-based information regarding M&O assets 
or actions. This information is used primarily to track 
conditions and performance and to inform various man-
agement decisions. However, these agencies have not 
implemented other performance-based elements (such as 
performance targets) required for a more  comprehensive 

Category  Description  Agency   
Responses 

1. Primarily Condition  
and Performance Data  
Trackin g 

M&O-related condition or performance measures provide data to   
track performance trends, identify critical needs, and support tasks   
such as budget requests, but otherwise are not used in da y- to-day  
management.   

5 

2. Strategic or  
Generalized Program  
Performance Measures  

Our agency uses several generalized or strategic perform ance  
m easures (capturing facility condition, congestion, crash data, etc.)  
to assess multiple highway investment programs:  maintenance and  
operations as well as capital preservation, mobility, safety, and so   
forth. 

3 

3. Performance-Based  
Process Just Beginning  

This agency has just begun investigating performance-based  
concepts, and is formulating its approach to  M&O-related   
performance measures or levels of service.   

3 

4. Performance-Based 
Performance Measures  

Performance measures have been defined for maintenance and  
operations specifically, and are used in M&O management tasks   
such as planning, budgeting, prioritization, regional allocations of  
funding, and accountability for results.  

6 

5. Preliminary M&O  
Levels of Service  

The agency has defined M&O levels of service (including any  
underlying performance measures) for some or all activities/assets,  
but these are preliminary and likely to be revised in the near future.  

6 

6. Mature M&O Levels   
of Service  

The agency has a mature program of M&O levels of service   
(including any underlying performance measures) that is well  
integrated in management procedures, assessments, decisions, and  
systems, and is used in reporting and communication.   

8 

7. Not Well Described  
Here   

The performance-based, LOS, or performance-based practices used   
by this agency are not well described by any of the above statements . 

0 

TABLE 1
CATEGORIES OF PERFORMANCE-BASED USE DEFINED IN THE SyNTHESIS SURvEy

Category 1. Primarily
Condition & 

Performance Data 
Tracking

Category 2. Strategic
or Generalized 

Program 
Performance 

Measures

Category 3. 
Performance-Based

Process Just 
Beginning

Category 4. M&O 
Performance 

Measures

Category 5.
Preliminary M&O 
Levels of Service

Category 6. Mature 
M&O Levels of 

Service

FIGURE 3 Stages of performance-based development among 
reporting agencies.
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and formalized management treatment of problems across 
a broad M&O program. Accordingly, the survey ques-
tions regarding this approach were not extensive; they 
addressed such topics as the types of assets and activities 
managed and the methods of field inspection.

•	 Category 2—Strategic or Generalized Program Per-
formance Measures: The three agencies in this category 
subscribe to performance management at a broad level. 
Performance measures are strategic, applying to a range 
of agency programs and investments. For example, pave-
ment and bridge conditions may be expressed by a gen-
eralized pavement-surface condition and bridge health 
index; safety by frequency of fatal and serious-injury col-
lisions; and mobility by cumulative hours of passenger 
and freight delay. Although these performance measures 
may reflect the consequences of certain M&O actions 
and services, they are also affected by capital projects 
(e.g., for asset rehabilitation and operational improve-
ments) as well as initiatives and investments by other 
transportation agencies and programs (for example, for 
law enforcement, driver education, etc.). The survey 
questions regarding this approach were likewise not 
extensive.

•	 Category 3—Performance-Based Approach Just 
Beginning: It could not be assumed that the three agen-
cies in this category would yet have developed the infor-
mation needed to complete the substance of the ques-
tionnaire. Accordingly, these respondents were asked 
instead for a brief description of their proposed effort.

•	 Categories 4 through 6: The 20 agencies in these three 
categories have an in-service performance-based program 
addressing a range of assets, activities, and services. These 
three categories are examined with the same set of ques-
tions in the survey, and receive the most detailed coverage. 
They are, however, distinct in the following ways:
– Category 4—Maintenance and Operations Perfor-

mance Measures (six agencies) refers to the reliance 
on performance measures rather than LOS as the basis 
for the performance element of performance-based 
management.

– Categories 5 and 6—Preliminary or Mature Main-
tenance and Operations Levels of Service (six and 
eight agencies, respectively) have LOS as the per-
formance element of performance-based. Category 5 
describes those agencies whose LOS are preliminary 
and may be revised. Category 6 describes those agen-
cies with a mature LOS program, implying more stable 
elements and values and potentially a greater tendency 
to explore more far-reaching research, more refined or 
sophisticated management capabilities, and a wider 
range of applications.

Some state DOTs in categories 4 through 6 submitted 
comments highlighting state-specific variations:

•	 Caltrans reported that its performance-based-capable 
IMMS has a budgeting model with advanced capabilities:

– It gathers all maintenance-related expenditures, 
including those tracked by pavement management 
and bridge management systems.

– It employs a diminishing-returns-on-efficiency cost 
model, rather than a more common linear model.

– The budgeting procedure is able to perform what-if 
analyses regarding funding scenarios.

These remarks are excerpts; Caltrans’ full comments to 
this question and Question 6 are substantive and detailed; 
they are recorded in their entirety at the end of Appendix 
D. State DOTs that were the subjects of case examples 
also had views on current practices in cost estimation, and 
described methods they had recently instituted in their 
own performance-based systems (refer to chapter three).

•	 Iowa DOT has a maintenance performance measurement 
process in addition to data measures from other systems, 
including the pavement management system and bridge 
management system. The department’s maintenance 
performance measures have defined LOS for nearly 
10 years, but are not widely integrated into manage-
ment, mostly because the data have not traditionally been 
timely to management decision making.

•	 Texas DOT (TxDOT) noted that although it applies 
performance measures that are specific to M&O in its 
Texas Maintenance Assessment Program (TxMAP), it 
also tracks data from its pavement management system 
and bridge inspection information. These measures and 
data influence district prioritization, but do not control 
the budget.

BaSic cHaractEriSticS  
of PrograMS SurvEyEd

The survey questions addressed by the largest pool of 
respondents concerned basic characteristics of M&O pro-
grams: their composition, method of delivery, and method 
of inspection. Twenty-eight agencies had the opportunity to 
answer these questions, representing all categories in Table 1 
except categories 3 and 7. Responses are summarized in the 
following sections. Because respondents were for the most 
part allowed to select as many multiple-choice items as were 
applicable, the total number of responses may total more 
than 100%. (Note: This qualification applies to all technical 
questions in the questionnaire.)

Program composition

Program composition is described in terms of maintained 
assets or related actions, activities, or services. A check-box 
list was provided; respondents indicated those elements that 
were included in their respective programs. Assets and 
activities were not described in detail; for instance, the gen-
eral description “Roadside and Median vegetation” might 
apply to mowing, brush and tree care, noxious weed control, 
and landscaping. Similarly, “Drainage” included open ele-
ments (i.e., ditches) and closed elements (culvert pipes, man-
holes, inlets). Several respondents provided additional work 
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items in comments. The purpose of this question was not to 
describe every asset or activity in detail, because state DOTs 
differ considerably in the numbers of such elements in their 
management systems, but rather to get a sense of the general 
scope of the M&O program that is managed by the respond-
ing M&O organizations. The reported data are presented in 
Figure 4 in descending number of selected responses.

Several state agencies submitted “Other Assets/Activities” 
not listed in the questionnaire: safety investments and mobility/ 
congestion improvements (California); mowing and crash 
attenuators (Tennessee); right-of-way fencing (Wisconsin); 
and noxious weeds, fencing, and cattle guards (Wyoming). The 
Wyoming DOT respondent also mentioned that some assets 
and activities that were not checked off in the questionnaire 
may currently be under development. Minnesota DOT (Mn/
DOT) noted that the maturity of the performance measures for 
its activities varies. TxDOT reported that the assets included in 

its response are only those managed by TxMAP; bridges and 
operations-related assets are managed by other divisions.

Program delivery

Program delivery results are shown in Table 2. In most cases the 
state DOT conducts the delivery of performance-based-related 
work under its own auspices through a variety of mechanisms, 
including force-account (or employee) labor and contracted 
M&O services. In three of the four instances in which other 
governmental agencies are involved in work delivery, they 
operate in concert with the state DOT. For example, a county 
or municipality may have responsibility for performing signal 
or roadway lighting maintenance on state highways within its 
boundary, whereas the state DOT handles other asset mainte-
nance. The exception is Wisconsin, where WisDOT contracts 
all of its  maintenance with county government (refer to the 
WisDOT case example in chapter three).

0 5 10 15 20 25 30

No Response

Other Assets / Activities

ITS Devices

Other Structures (e.g., walls, noise barriers, tunnels)

Roadway Lighting

Incident / Emergency Response

Median Barriers

Traffic Signals

Slopes

Road-edge and Ramp Delineators

Rest Areas

Winter Maintenance

Cleaning, Brooming, Debris Removal

Litter Pickup

Bridges

Roadside and Median Vegetation

Guardrail

Signs

Drainage

Pavement Markings

Road Surface (pavements, shoulders)

Number of Responding Agencies

FIGURE 4 Program assets and activities addressed in performance-based programs.
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Other variations in practice were described. Maryland 
State Highway Administration reported that in cases where 
other jurisdictions deliver maintenance work for the state, 
those jurisdictions have responsibility for monitoring the LOS 
provided. The Colorado DOT uses Sponsor-A-Highway 
to support litter control in heavily-trafficked areas that are 
unsuitable for use of Adopt-A-Highway.

field inspection

Field inspections to support performance-based programs  
are conducted in most instances using a combination of meth-
ods that may involve headquarters, district, and third-party 
teams, as noted in Table 3. Some state DOTs use only one of 
these methods, as shown in the first four entries in this table. 
Data gathered by others for agency-wide use refers to groups 
such as those performing pavement management and bridge 
management, who conduct their own data collection efforts 
and share results with M&O. “Other” methods and optional 
comments contributed by survey respondents include:

•	 Indiana DOT uses headquarters-based teams to gather 
data statewide, whereas the Iowa and Montana DOTs 
each use district-level teams to inspect their own state 

highways. Kansas DOT’s districts are divided into areas, 
and inspections are conducted at the area level. Some 
areas inspect their own features, others do not, at the dis-
cretion of the district; however, all inspections are done 
by DOT personnel.

•	 The Iowa DOT described its data collection that supports 
performance measurement for its maintained assets. The 
process is based on a random sampling of 6,000 one-tenth-
mile road segments from the state highway network. This 
method is designed to provide a statistically valid random 
sample of the overall network as well as to give signifi-
cant information about the relative performance of Iowa’s 
six districts. State highways in each district are inspected 
by personnel from that district. This approach applies to 
all of the assets listed in its response except rest areas, 
which have a different MQA process.

•	 TxDOT’s central office team of four inspectors for 
TxMAP takes volunteers from districts on inspections 
of other districts. Pavement management inspections 
are conducted primarily by contractors.

•	 Performance data in Wisconsin are gathered by the 
WisDOT regional maintenance coordinator and the 
county patrol superintendent (refer also to the case exam-
ple in chapter three).

Method of Delivery 
No. of

Responses

Delivery under the auspices of the state DOT, whether using employees, 
   contractors, volunteers, or prison labor 

25

Delivery by other governmental levels (municipalities, counties, etc.), but 
   the state DOT retains responsibility for monitoring LOS provided 

3

Delivery by other governmental levels, with these other jurisdictions 
   having responsibility for monitoring LOS provided 

1

Other method(s) 1 

No response 2 

Note:  Respondents could select more than one choice above.

TABLE 2
SURvEy RESULTS: PROGRAM DELIvERy

Method of Field Inspection 
No. of 

Responses

Headquarters-based teams gather data statewide 4 

District-level teams inspect other districts 1 

District-level teams inspect own district 5 

Independent third parties conduct inspections 1 

Combination of above 14 

Data are gathered for general agency-wide use (not limited to M&O) and  
   are collected by a variety of efforts. 

3

Other method(s) 3 

No response 2 

Note:  Respondents could select more than one choice above.

TABLE 3
SURvEy RESULTS: FIELD INSPECTION
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A follow-up question inquired about QC mechanisms to 
validate field inspection results. More than two-thirds of the 
responding agencies indicated that they do perform QC checks, 
using a variety of techniques. These methods include applica-
tion of measurement technology (such as retroreflectometer 
readings of pavement markings) to validate visual inspections 
on a sample of sites, use of headquarters-based teams or inde-
pendent reviewers to verify findings of district-based teams, 
and use of teams from one district or region of a state to 
check a sampling of results from another region. Specific 
state practices were reported as follows:

•	 Arizona DOT noted that QC inspections are performed 
by headquarters staff on a random sample of the original 
sample segments.

•	 Caltrans reported that the district inspection is performed 
on a 20% random sample; a headquarters QA team 
reviews10% of district inspections.

•	 Indiana DOT has two teams, covering the north and 
south halves of the state. They occasionally survey each 
other’s roads, with their supervisors, to ensure consis-
tent measurement.

•	 Iowa DOT has annual training meetings to “calibrate” 
the teams. It also has a specialist in central maintenance 
who does spot re-reviews of segments for each team, 
conducts continuing education, and develops and refines 
the measurement process and tools.

•	 Kansas DOT reported that a fraction of the sample sites 
is re-inspected by experienced teams.

•	 New york DOT has clearly defined scoring criteria. It 
uses local scoring supplemented with regional and/or 
statewide scoring to verify results.

•	 North Carolina DOT has an independent team that does 
QA checks on the segments initially inspected by the 
MQA teams.

•	 South Carolina DOT has a management team conduct 
follow-up inspections on a random sample of segments 
to ensure that performance is being measured to set 
standards.

•	 Tennessee DOT uses third-party rating teams to con-
duct QA inspections on 10% of those initial inspections 
performed by in-house staff.

•	 TxDOT’s QC efforts correspond to its two components 
of maintenance inspections visual and automated. The 
TxMAP inspection process is primarily visual. The four 
central office-based inspectors from time to time conduct 
inspections together to ensure consistent application. 
Regarding pavement management, all surveyors receive 
annual training and the automated pavement inspection 
equipment used to collect data is calibrated each year.

•	 Utah DOT reports that a headquarters-based team does 
a random follow-up on data collected by each district.

•	 virginia DOT (vDOT) uses a third party to conduct 
automated measurements of pavement condition data. 
Extensive QC procedures are used by vDOT to check 
data values, including reference to historical information 
and data from comparable locations.

•	 In Washington State, region-level teams inspect other 
regions. Duplicate surveys are conducted on a percent-
age of locations in each region by personnel from head-
quarters as a quality check.

•	 Among Wisconsin’s 72 counties, annual QA is performed 
in ten counties (two counties in each of five regions); six 
roadway segments are reviewed per county. These QA 
reviews provide the region and county rating teams with 
information on areas to emphasize in training and could 
suggest modifications to deficiency thresholds and/or 
measurement techniques. (Refer also to the WisDOT case 
example in chapter three.)

•	 Wyoming DOT reported that districts do the actual data 
gathering for their own state highways. Headquarters-
based teams gather data statewide, which are used as 
a QA check to ensure that performance measures are 
being assessed consistently.

attriButES of PErforMancE-BaSEd  
ManagEMEnt addrESSing HigHway  
MaintEnancE and oPErationS

The majority of survey questions addressed PBM that employs 
performance measures and/or LOS for M&O explicitly. In 
other words, these programs are not limited solely to tracking 
performance data, and they go beyond the use of strategic or 
generalized performance measures that are applied to capital 
as well as M&O programs. Even those approaches that agen-
cies had identified as using “preliminary LOS” qualify for this 
section, because they often include elements, such as target 
LOS values, that also characterize more mature programs. 
For purposes of this survey, a preliminary performance-based 
program simply means that program elements such as perfor-
mance measures, LOS thresholds, grading or scoring proce-
dures, and targets are tentative in their definition and valuation. 
Revisions may be expected in the near future and these may 
be broadly based. It has been observed in the case examples, 
however, that even those performance-based programs that 
are considered to be mature are still evolving in their details, 
adjustments in M&O activity scope, and advances in analytic 
techniques. Twenty responding agencies had the opportunity 
to answer the set of questions associated with these more fully 
developed performance-based programs, with the option of 
skipping individual questions. Results are summarized in the 
following sections.

geographic application of  
Performance-Based Measures

All of the responding agencies begin with a base of uniform 
LOS or performance measure values statewide. A few impose 
regional variations on a subset of these measures. These results 
are tabulated in Table 4.

As an example of an “Other” method, Caltrans added 
that in addition to its districts and regions, it had defined 

http://www.nap.edu/22780


Performance-Based Highway Maintenance and Operations Management

Copyright National Academy of Sciences. All rights reserved.

20 

28 zones based on traffic volume and terrain, which allowed 
an  additional dimension of variation in LOS values.

Several comments by state DOT respondents focused on the 
nature of statewide variability in performance-based measures:

•	 Missouri DOT remarked that while measures were for the 
most part uniform statewide, some M&O activities might 
be susceptible to variation between urban and rural areas.

•	 Tennessee DOT mentioned that only snow and ice 
removal activities have received a variation from the 
statewide standard values.

•	 In the county-oriented M&O program managed by  
WisDOT, measures are defined statewide, but with 
regional variations. However, the existing MQA program 
does not have an adequate sample size to be statistically 
valid at the county level.

•	 Wyoming DOT commented that it is considering regional 
variations in threshold values, but not in the overall per-
formance measures.

goals and targets

Seventeen of the 20 state DOTs that responded to this ques-
tion indicated that they define targets for their LOS or perfor-
mance measures. Agencies considered one or a combination 

of factors (with four being the maximum) in setting the val-
ues of these targets. The factors are listed with corresponding 
numbers of responses in Table 5. Additional comments by 
survey participants follow:

•	 Caltrans reported that its budget model for field mainte-
nance (excluding operations work) was capable of esti-
mating a budget-constrained LOS target as a function 
of the particular assets or features involved the existing 
LOS, the asset inventory, and the average cost per inven-
tory item to perform maintenance work. Unconstrained 
targets could also be estimated. Caltrans’ full comments 
are reproduced at the end of Appendix D.

•	 At the Colorado DOT, the M&O branch manager makes 
recommendations to the transportation commission, 
which then sets the target LOS for M&O, as well as a 
budget to reach that target.

•	 Iowa DOT reported that a few selected measures are part 
of a “performance plan” that is submitted to the state’s 
department of management. This plan process was estab-
lished under the Iowa Accountable Government Act.

•	 Mn/DOT commented that its targets are generally needs-
based; that is, they are set or based on market research or 
engineering judgment.

•	 TxDOT sets “realistic” targets on the basis of internal 
management or engineering analysis. TxDOT’s goal is 
to keep 90% of pavements within a condition range of 

LOS or Performance Measures Are Defined: No. of 
Responses

With uniform values statewide 19 
With regional variations in values 4 
Other ways 1 
No response 1 

Note:  Respondents could select more than one choice above. 

TABLE 4
SURvEy RESULTS: GEOGRAPHIC DEFINITION OF MEASURES

Factors Considered by State DOTs in Setting Targets 
No. of 

Responses

As a function of projected M&O budget 9 

As a legislatively mandated agency commitment 2 

As an agency commitment under a state government accountability  
   initiative 

2

Solely as a commitment to meet an agency-established objective or goal 7 

As a result of internal management or engineering analysis indicating a 
   realistic target for accomplishment 

6

By another method 6 

No response 1 

Note:  Respondents could select more than one choice above.

TABLE 5
SURvEy RESULTS: SETTING TARGETS
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good to excellent. Although there has not been enough 
funding to achieve this goal, the department has come 
close to attaining it.

•	 WisDOT sets its targets (1) as a result of  internal man-
agement or engineering analysis, (2) as a function of pro-
jected M&O budget, and (3) as a commitment to meet an 
agency-established objective or goal. WisDOT also per-
forms a gap analysis between conditions and targets to 
track whether the targets are realistic given the existing 
conditions, priorities, and budget. (Refer to the WisDOT 
case example in chapter three.)

Management tasks Supported  
by Performance-Based approaches

From the list of management tasks in Table 6, most agencies 
selected from the first six options to describe their focus for 
applying performance-based techniques. Additional com-
ments related to management tasks included the following:

•	 To reiterate an earlier comment submitted by Iowa DOT 
that is relevant to this question as well: Although main-
tenance performance measures and LOS are defined 
within the agency, they are not widely integrated into 
management tasks because supporting data are not suf-
ficiently timely for decision making.

•	 TxDOT commented that managers are rated on the condi-
tion of their state highways in terms of both maintenance 
quality and pavement condition. These evaluations also 
identify where work is needed.

•	 Wyoming DOT is looking to use performance-based 
tools to prioritize M&O work; however, the efforts are in 
their infancy. Funding shortfalls limit the DOT’s ability 
to allocate resources based entirely on MQA results.

•	 In separate discussions, two other state agencies remarked 
that previously developed performance-based capa-

bilities were not used anymore. In one case this was 
the result of the difficulty of having a LOS-cost rela-
tionship work meaningfully given the uncertainties 
in funding. In the second case the shift was the result 
of an update in maintenance management software, 
where the new product would not be able to support 
the computational procedures that had previously been 
used to estimate a particular LOS-versus-cost analytic 
 relationship.

customer input

Twelve of 20 respondents to this question reported obtain-
ing customer input to inform their decisions on M&O per-
formance and priority. The mechanisms used are identified 
in Table 7, resulting in an average number of methods used 
per agency of more than two. (The actual numbers of sur-
vey methods used by individual agencies ranged from one 
to six.) “Other” methods that were identified included the 
following:

•	 Two agencies described using web-based resources 
to obtain feedback from customers. Caltrans mainte-
nance has a web-based “Maintenance Service Request” 
site for the public to identify service needs. Mn/DOT 
reported that given its strong market-research commit-
ment, the department has recently initiated an “on-line 
community” to hear from customers.

•	 In addition to using several of the methods listed in 
Table 7, Missouri DOT also hears feedback from cus-
tomers at road rallies.

WSDOT has instituted an online customer survey for 
highway maintenance, where the public is asked to “rate 
highway pavement conditions, emergency response to col-
lisions and bad weather, and how WSDOT should prioritize 

Tasks Supported by Performance-Based Methods as Reported by 
Agencies

No. of 
Responses

Tracking of condition, performance, or quality of M&O assets/activities 18 

Development of needs-based management estimates 13 

Maintenance and operations prioritization 15 

Budget development and justification 15 

Resource allocation among districts/divisions/regions 11 

Analytic relationships between LOS and cost 8 

Anticipation of future management requirements in reauthorization  
   Legislation 

1

Innovative communications techniques 2 

Other tasks 2 

No response 0 

Note:  Respondents could select more than one choice above.

TABLE 6
SURvEy RESULTS: PERFORMANCE-BASED-SUPPORTED TASKS
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Methods of Obtaining Industry Input 
No. of 

Responses

Surveys of industry firms 0 

General meetings, agency presentations 3 

By-invitation meetings, invited industry presentations 2 

Industry/association review and comment on relevant proposed policies 
   and practices 

4

Newsletter distribution 1 

Website, social media announcements and responses 2 

Focus groups, discussion groups on specific topics 1 

Formally organized industry advisory panels 2 

Other methods 0 

No response 1 

Note:  Respondents could select more than one choice above. 

TABLE 8
SURvEy RESULTS: METHODS TO OBTAIN INDUSTRy INPUT

•	 WisDOT has in the past surveyed riders concerning 
their relative priorities (i.e., asking how they would 
spend $1 on various maintenance activities); however, 
the department has not done this recently, and did not 
respond affirmatively to this question.

•	 The respondent from Wyoming DOT did respond affir-
matively, but noted that the few surveys conducted 
by the agency are brief and very general, covering the 
entire span of interest of the DOT. Responses provide 
little foundation to prioritize efforts at a detailed level.

industry input

Most state DOTs do not solicit industry input to their per-
formance-based M&O programs, although such input is 
actively sought in other contexts (for example, regarding 
design, contracting, and warranty practices). Some agencies 
automatically submit proposed changes in relevant policies 
and practices to local industry groups for review. Requests for 
such reviews are reflected in the results in Table 8.

future maintenance spending” (“WSDOT Launches . . .” 
Oct. 7, 2010). Additional comments by state DOTs were 
as follows:

•	 Iowa DOT has done a few large road-user surveys over 
the past 10 years; the last was completed in 2006.

•	 Although Ohio DOT does not obtain customer input 
directly, the department has four quality inspectors who 
drive all 43,000 lane-miles of state-maintained Inter-
states and roadways each year, recording maintenance 
deficiencies from a user’s standpoint.

•	 TxDOT responds to customer concerns received mainly 
through trouble/complaint calls and written complaints. 
Many of these address litter, vegetation, and rest areas. 
Although TxDOT has in the past responded to as 
many of these complaints as possible as they have been 
received, under its current budget the department has 
had to cut back on these types of activities to concen-
trate more on promoting safety and maintaining the 
pavement.

Methods of Obtaining Customer Input 
No. of 

Responses

Telephone or mailed surveys 9 

Survey cards (e.g., at rest areas) 4 

Trouble and complaint calls 3 

Written complaints 2 

Focus groups, discussion groups 3 

Formally organized citizensí panels 1 

Website, social media announcements and responses 3 

Other methods 2 

No response 1 

Note:  Respondents could select more than one choice above.

TABLE 7
SURvEy RESULTS: METHODS TO OBTAIN CUSTOMER INPUT
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•	 Tennessee DOT reports performance information to the 
agency group that compiles information called for by 
Governmental Accounting Standards Board.

•	 Wyoming DOT observed that anyone with Internet access 
can access to the summaries of performance results.

Regarding the methods of communication listed in Table 11, 
“Other” measures used by agencies include internal memos 
(Arizona); presentations at the Transportation Commission 
and other meetings (Colorado); community meetings and 
industry meetings (virginia); and the “Compass” MQA 
website (Wisconsin). Further information was provided as 
follows:

•	 Iowa DOT added its newsletter to communicate results 
for rest areas, and a dashboard for results communi-
cated to the state’s Department of Management. The 
department is looking into development of a dashboard 
or some BI (business intelligence) tools for all of the 
performance-measures data.

•	 In addition to its accountability reports, newsletters, and 
website articles, Wyoming DOT is working on dash-
boards to post its performance-based results.

unique operations-related Measures

State DOTs were asked about innovative performance mea-
sures and LOS they may have defined specifically for opera-
tions activities: such as, winter maintenance, ITS devices, 
traffic signal systems, and incident response. Some of these 
examples of innovative features and characteristics that were 
reported include:

•	 Winter maintenance: for example, definitions of winter 
storm indexes or of “standard winter storms.”

•	 Traffic signal measures that go beyond consideration of 
individual signal heads or single intersections to encom-
pass link, corridor, and multijurisdictional effects. These 
could include measures of signal coordination that more 
closely relate to mobility improvements.

For Performance-Based Applications to Contracting, LOS or Performance 
Measure Values Are: 

No. of 
Responses

The same as those used for agency employee or force account work 7 

Defined specifically for contract work, completely separate from force  
   account performance or LOS values 

1

A combination of what is expected of force account performance and of 
   contractor performance 

4

Other approach 1 

No response 1 

Note:  Respondents could select more than one choice above.

TABLE 9
SURvEy RESULTS: APPLICATION OF PERFORMANCE-BASED MEASURES  
TO CONTRACTS

application of Performance-Based  
Principles to contracts

A slight majority of states responding to this question indi-
cated that they do apply performance-based principles to 
contract work. The methods used are shown in Table 9.

Responding agencies provided the following comments:

•	 Iowa DOT commented that the performance measures 
used depend on the M&O function (activity) being 
performed. Most functions are measured according to 
the same agency specs that are applied to work by the 
DOT’s own employees. However, sometimes there 
are additional requirements placed on contracting, and 
the performance measures or LOS values would be 
adjusted.

•	 Wyoming DOT’s major contract maintenance work is 
not assessed in its MQA process. The agency uses other 
management systems (pavement, bridge, and eventually 
safety) to assess those needs and the work being done.

communication of Performance-Based information

Communication of performance-based information was 
addressed in two questions in the survey: to whom is infor-
mation directed, and by what means. Results are presented 
in Tables 10 and 11. Regarding the intended audience for 
communications, several “Other” recipients were mentioned:

•	 Within the Iowa DOT, rest area results are reported in 
a rest area newsletter available to the general public.

•	 WisDOT provides this information to Wisconsin county 
agencies, the state’s “contractors” for M&O work.

Other comments received for this question are as follows:

•	 Iowa DOT transmits a few specific performance mea-
sures to the Iowa Department of Management as part of 
the DOT’s performance plan.
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•	 ITS device maintenance that reflects performance and 
reliability; consideration of IntelliDrive devices.

•	 Performance measures for electronic and environmen-
tal sensing systems (as in tunnels) that capture system 
compatibility of component replacement or that gauge 
overall system reliability.

•	 Measures of incident or emergency response that cap-
ture safety, mobility, and preservation considerations.

Nine state DOTs responded affirmatively to this question, 
with responses tabulated in Table 12. Iowa DOT described 
current work to develop a winter performance measure using 
traffic speed and post-storm speed recovery time to evaluate 
maintenance performance. Washington State reported perfor-
mance measures in two areas other than those listed previously: 
traveler information (“511” calls), and work zone and highway 

safety. Other agencies commented that existing performance 
measures were associated more with maintenance repair rather 
than operations.

agEnciES JuSt BEginning  
PErforMancE-ManagEMEnt dEvELoPMEnt

Three agencies are just beginning to implement a performance- 
based approach for their M&O programs.

•	 One state has just begun field data collection. Its  
performance-based approach will deal with contracts 
as well as state-performed work.

•	 A second state has selected software to support its  
performance-based M&O management system, and is 
now working with the software vendor and a technical 

Method of Communicating Performance-Based Information No. of 
Responses

Performance-accomplishment reports 15 
Newsletters 6 
Agency website articles 7 
Dashboards, summaries of performance indicators or LOS values 11 
Social media announcements 2 
Emails, listserv distributions 3 
Postal mailings 1 
Other method. 4 
No response 1 

Note:  Respondents could select more than one choice above.

TABLE 11
SURvEy RESULTS: METHODS OF COMMUNICATION

To Whom Performance-Based Information Is Communicated   
No. of   

Responses 

Internally within the DOT organization, including bureaus or branches  
   (e.g., motor vehicles)  

19 

State transportation commission or equivalent  11  

Legislature, legislative staff  12  

Governor’s office, executive staff 9  

Other state executive agencies (e.g., financial management, attorney    
   general)   

2 

State-level task forces or groups (e.g., safety commissions, governmental   
   public protection groups)  

2 

Other state DOTs, FHWA  5  

Professional and industry groups  4  

Non-governmental public advocacy groups  1  

General public, including via news outlets, Internet postings, social media  8  

Others   4 

No response  1  

Note:  Respondents could select more than one choice above. 

TABLE 10
SURvEy RESULTS: COMMUNICATION OF PERFORMANCE-BASED INFORMATION
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consultant to formulate a performance-based approach 
and its elements, and to configure and customize the 
software.

•	 The third state has engaged a local university to recom-
mend a performance-based approach to managing its 
M&O program. The project is still in its early stages.

agEnciES tHat do not now uSE  
PErforMancE-BaSEd MEtHodS

Ten state DOTs responded in the survey that they do not now 
use performance-based methods to manage their maintenance 
and programs. Eight of these provided explanations of alter-
nate management approaches they now use, selected from a 
list of possibilities provided in the questionnaire. These results 
are presented in Table 13. Responding agencies cited up to 
three methods used to manage their M&O programs; fund-
ing availability was included most often in the responses. 
The same eight agencies also listed what they perceive as 
reasons for not moving to a performance-based approach; 
these reasons are tallied in Table 14. Most agencies cited 
two or three reasons in combination for not having moved 
to performance-based M&O management, with an evolving 
management approach and insufficient resources being the 

most prevalent. The one agency that cited a single reason 
selected Insufficient Resources. No additional comments or 
other factors were provided by these respondents.

SuPPorting docuMEntS

The survey questionnaire provided multiple opportunities for 
respondents to cite documents describing their M&O per-
formance management process (or conversely, describing 
other management philosophies in lieu of a performance-
based approach). In all, 19 of 41 agencies did so. More than 
one-third of these references were to existing documents 
already in MRUTC’s the online MQA Document Library 
[www.mrutc.org/outreach/MQA/library/]. These documents 
were used as background during the process of identifying 
case example candidates. However, the great majority of 
these reports and papers did not directly address the facets of 
performance-based management applications that were the 
focus of this synthesis.

Several documents were submitted electronically. These 
provided a good sense of current agency activity in perfor-
mance management for M&O, and most of these (with the 
respective agency’s assent) will be forwarded to the Document 

Innovative Operations Measures  
No. of 

Responses 

Winter maintenance indexes or measures  4  

Traffic signal system measures  3  

ITS device and other “intelligent” technology measures 1  

Electronic system and environmental sensing system measures  1  

Incident or emergency response measures  2  

Other measures  3  

Optional comments  2  

No response  11  

Note:  Respondents could select more than one choice above. 

TABLE 12
SURvEy RESULTS: INNOvATIvE OPERATIONS MEASURES

Other Methods Used by Agencies 
in Lieu of Performance Management: 

No. of 
Responses

Annual programs are based upon previous year plus specific adjustments 5 

Annual programs are based primarily upon inventory quantities and  
   percentage inventory maintained each year 

2

Annual programs are tailored to funding availability, irrespective of
   inventory, condition, or performance 

6

M&O work is being deferred, with a focus on critical items only 4 

M&O needs are being met through other programs (e.g., capital repairs or 
   replacement) 

0

Other methods 0 

Note:  Respondents could select more than one choice above.

TABLE 13
SURvEy RESULTS: OTHER MANAGEMENT APPROACHES USED

http://www.nap.edu/22780


Performance-Based Highway Maintenance and Operations Management

Copyright National Academy of Sciences. All rights reserved.

26 

customer input, and integration within agency business pro-
cesses, to name a few. While adopting a nationwide perspec-
tive, however, these past studies have been limited in scope 
and detail, conducted at a very general level or as adjuncts to 
other research objectives.

This chapter has approached the review of nationwide 
practice in terms of performance-based M&O management 
on its own merits. The primary source of data has been a 
survey of 51 state DOTs plus the District of Columbia, from 
which 41 responses were received. The responses indicate 
that at least three-fourths of participating agencies are using 
or actively developing performance-based M&O manage-
ment in some way. Practices vary in terms of:

•	 The highway assets or features that are addressed by 
performance-based M&O management;

•	 The types of performance information used (for instance, 
strategic performance measures reflecting accomplish-
ments of highway capital construction as well as M&O 
programs versus performance measures oriented specifi-
cally to M&O);

•	 The general purposes to which performance information 
and management functions are applied, whether solely 
to track current performance data, determine historical 
trends, and infer future needs; or to apply to a fuller com-
plement of management needs and tasks; and

•	 The level of agency maturity/experience in applying and 
sustaining the systems that underlie performance-based 
management.

Adding to this overarching variability, past research has 
demonstrated differences in practice at a detailed level: for 
example, in the definitions of specific performance mea-
sures and LOS, and the quantification of LOS thresholds. 
Nonetheless, despite the diversity in management prac-

Library to be made available to the highway maintenance com-
munity. To a large degree, these documents represented field 
data collection and entry manuals, performance measurement 
and accountability reports, and tables defining or describing 
elements used in highway maintenance-oriented performance 
management (condition measures, performance measures, 
measurable or recordable conditions, LOS, etc.).

As a practical matter, references needed to document 
applications of M&O performance management for the case 
examples in chapter three were obtained directly from the 
respective agency. The information in these documents was 
supplemented by interviews with agency managers cited in the 
author’s acknowledgements. These state DOT representatives 
were extremely helpful in filling in the blanks, describing con-
nections among data in various documents, and explaining the 
rationale behind agency business and decision processes.

SuMMary of findingS: nationwidE PracticE

Performance-based highway M&O management has been the 
subject of active research, peer exchanges, and workshops for 
more than 10 years. The focus of these efforts has been on the 
“tools of the trade”: for example, condition assessment, mea-
sures of performance, definitions of LOS, establishment of 
LOS thresholds, and incorporation of these elements within 
existing, modified, or new MMSs. Studies of the concepts, 
methods, and applications of performance-based M&O man-
agement have also been performed and have yielded useful 
understandings of basic trends in management practices. It 
is also apparent from previous work that state DOTs under-
stand the importance of such key elements in performance-
based thinking as the roles of condition assessment data and 
inventory, establishment of performance standards, the set-
ting of outcome-based performance targets, incorporating 

Reasons for Not Adopting a Performance-Based Approach to 
Maintenance and Operations

No. of
Responses

Our state government has not yet adopted a performance-based
philosophy

3

Our agency is satisfied with our current management approach, and does 
not see a need for a performance-based approach

1

Performance measures and LOS values are inconclusive and difficult to 
define now

0

Our M&O management approach is evolving, but final decisions have not
yet been made

6

We do not have the resources (funding, staffing, equipment) to support a
performance-based approach

6

Our current M&O management systems do not support performance
measures or performance-based procedures

4

Other reasons 0

Note:  Respondents could select more than one choice above.

TABLE 14
SURvEy RESULTS: REASONS FOR NOT ADOPTING  
A PERFORMANCE-BASED APPROACH
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goal or objective, and analytic estimates of LOS values 
that are realistic to attain and sustain.

•	 State DOTs tend to look to several management tasks in 
common to be supported by performance-based methods. 
These tasks include tracking of condition, performance, 
and quality; M&O prioritization; budget development 
and justification; development of needs-based manage-
ment estimates; resource allocation among field offices; 
and an understanding of the relationship between LOS 
and cost. These findings were generally consistent with 
those of past research.

Survey results provide other examples of commonality in 
practice. The following chapter will consider another dimen-
sion of this, focusing on more in-depth investigations of 
PBM methods and applications within four state DOTs that 
have adopted a LOS-based approach.

tices, survey results indicate general agreement on key 
aspects of management technique and supporting activi-
ties, among them:

•	 Performance measures and LOS thresholds currently tend 
to be defined on a uniform statewide basis. Some variabil-
ity is allowed for in activities influenced by weather (e.g., 
winter maintenance) or by traffic volume and degree of 
urbanization. A unique approach has been adopted by 
Caltrans in defining zones within the state to account 
for varying traffic volumes and terrain combined. State 
DOTs may be willing to consider introducing additional 
variability in thresholds when the pool of accumulated 
performance data is deeper.

•	 The majority of respondents selected a cluster of factors 
that are important in setting LOS targets: the projected 
M&O budget, commitments to an agency-established 
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Overview Of Case examples

To add depth and detail to the synthesis of national practice 
in chapter two, this chapter describes four case examples of 
highway M&O performance management by state DOTs. 
The cases were selected to illustrate different aspects of 
performance-based approaches, and to represent different 
geographic regions to the extent possible. Apart from this 
desire to reflect diversity in practice, a key consideration in 
the selection of state DOT cases was the willingness of state 
DOT personnel to assist in case development and review, 
and the availability of supporting data and documentation to 
enable building the case.

The cases are developed in two broad groups: the first, 
comprising two cases for MDOT and WisDOT, focuses on 
process issues; the second, comprising FDOT and WSDOT, 
examines applications of M&O service levels to specific 
management tasks. Because the process-oriented cases deal 
with the various components of each performance-based sys-
tem, they are lengthier than the management-oriented cases, 
which are focused on the particular issue at hand and which 
introduce only those aspects of each performance-based 
approach that are pertinent to the issue.

•	 MDOT has recently instituted a performance-based M&O 
management approach based on preliminary definitions 
of highway maintenance LOS. This work coincides with 
recent implementation of a new MMS. The case illus-
trates how the DOT went about defining the components 
of its performance-based system and strengthened orga-
nizational capability to undertake the new approach.

•	 WisDOT has employed its Compass system for  
performance-based M&O for almost ten years. WisDOT’s 
approach to M&O is unique nationwide in that it con-
tracts for all of its highway M&O services with the 
state’s 72 counties, placing a premium on the strength 
of departmental management, communication, and coor-
dination. The state and counties collaborate in updating 
and applying performance management techniques that 
meet departmental goals and priorities. Although Com-
pass is considered a mature application, WisDOT sys-
tematically pursues business processes that maintain the 
currency of the system and ensure a high level of work 
quality. The case describes these business and decision 
processes with reference to key components of the 
Compass system.

•	 FDOT has applied its MRP to highway M&O since  
the 1980s, qualifying it as a mature performance- 
management approach employing quantitative LOS. The  
MRP provides a uniform and consistent method for eval-
uating the conditions of maintained features on Florida’s 
highway system. This case illustrates the application of 
MRP data to the prioritization of maintenance work.

•	 WSDOT has applied its Maintenance Accountability 
Process (MAP) since the late 1990s, a process also con-
sidered to be a mature application of M&O service levels. 
WSDOT has found MAP to be an important tool in plan-
ning and managing its M&O program; communicating 
accomplishments and potential issues to the legislature, 
governor, and the public; and establishing credibility and 
accountability for its program. This case illustrates the 
application of MAP data to evaluating the implications 
of an updated WSDOT municipal stormwater permit that 
affects maintenance service levels for drainage features, 
a change that has required additional funding.

Although each case is different in its subject, organiza-
tional setting, and performance management system used, 
the descriptions and findings of the cases collectively suggest 
common themes in performance management practices that 
relate to specific items of the scope of work. Interviews were 
held with managers from the subject departments (identified 
in the author’s acknowledgements) to obtain additional infor-
mation related to these themes. This material is presented in a 
concluding section entitled “Cross-Cutting Themes.”

mississippi Department Of transpOrtatiOn

introduction

MDOT has recently instituted a performance-based mainte-
nance management approach based on preliminary definitions 
of LOS. This development coincides with implementation of 
a new MMS in 2010. This new way of managing maintenance 
is expected to serve a number of performance-related tasks; for 
example, to track highway system condition and performance; 
develop needs-based estimates; help prioritize M&O needs 
and actions; develop and support budget requests; allocate 
resources among districts; quantify relationships between LOS 
and cost; and support communication. The case illustrates an 
early stage of performance-management implementation for 
M&O. It also illustrates a method of relating LOS values to 
costs, as for budgeting.

chapter three

Case examples

http://www.nap.edu/22780


Performance-Based Highway Maintenance and Operations Management

Copyright National Academy of Sciences. All rights reserved.

 29

•	 MDOT took advantage of AMMO software custom-
ization provided by its vendor to preserve the agency’s 
current field data collection form and the familiarity of 
its staff with existing data recording conventions and 
procedures.

•	 The AMMO software was reviewed in stages: an ini-
tial software QA review; acceptance testing; and “live” 
pilot testing within a single district through a two-month 
period. This pilot-testing district received early train-
ing in the uses of AMMO modules as appropriate to 
various management, supervisory, and staff levels. For 
example, district management personnel were trained 
in the application of the performance-based elements 
important to this synthesis: work planning based on 
LOS values and targets. Other staff levels were trained 
in other functions such as maintenance scheduling and 
data gathering and recording.

•	 The benefits of pilot testing were assessed in three areas 
before full-scale implementation: (1) a check on the accu-
racy of information processed and produced by AMMO; 
(2) consistency of AMMO use with intended business 
processes and decisions; and (3) identification of further 
changes needed in the formal, agency-wide training. 
Once the pilot tests were completed, MDOT proceeded to 
department-wide implementation, which was completed 
by September 1, 2010.

•	 MDOT has employed a “Train the Trainers” approach 
in which selected agency employees, who are familiar 
with computer use and who have received training in 
AMMO, provide training to each district. This approach 
is believed by MDOT to ensure consistency in under-
standing AMMO methodology and its use among main-
tenance staff statewide.

•	 The implementation of performance-based concepts 
within the new AMMO management system will result 
in an annual work planning cycle based on performance-
oriented levels of M&O service. This new approach is 
expected to help in standardizing business processes 
and improving MDOT’s ability to develop, support, and 
influence budget requests.

AMMO Data Structure and Procedures

The initial version of the AMMO data structure and pro-
cedures is outlined in the AMMO Data Collection Manual 
(AMMO: Accountability in MDOT Maintenance Operations 
Aug. 2009). The Manual covers introductory material; spe-
cific data collection procedures for roadways, bridges, and 
rest areas; data management issues; and several appendi-
ces discussing data collection criteria for each maintained 
feature or deficiency, the field data sampling methodol-
ogy, and specialized information (e.g., noxious weed data), 
among other topics. Pertinent information for this synthesis 
includes the high-level data structure shown in Table 15, and 
examples of the data collection criteria. Because almost 60 
individual data collection criteria are defined in the Manual, 
only four have been selected as illustrations (see Exhibits 1 
through 4).

Case Description

New Management System

Through the mid-2000s, MDOT employed a legacy manage-
ment system based on pass–fail ratings for managing M&O 
needs. Threshold values of conditions had been defined for 
assets or deficiencies among several categories of maintained 
items: pavements, bridges, roadside, traffic services, drain-
age, and vegetation and aesthetics. Toward the latter part of 
the decade, MDOT looked to a more performance-based 
approach to coincide with adoption of a new management sys-
tem. MDOT purchased the new management system software 
in 2008, referred to by the agency as Accountability in MDOT 
Maintenance Operations or AMMO.

AMMO comprises several modules: Work Planning, 
Work Order Management, Roadway Features, Inspections, 
Contract Management, Remote Processing, and a GIS capa-
bility. The Work Planning module is relevant to this synthe-
sis: It compiles information to estimate needs and budgeted 
costs based on meeting LOS targets, as described in the fol-
lowing section. Other modules will support additional man-
agement tasks; for example, better M&O resource allocation, 
sharing, and use through the Work Scheduling module; 
greater standardization and consistency of data-gathering 
using the Inspections module; and integration of input data 
from several other departmental management systems, plus 
communication of output data and results to other agency 
management functions such as financial accounting (“User 
Spotlight/Case Study: Mississippi D.O.T.” 2010).

System Implementation and Business  
Process Improvement

MDOT followed a multi-staged trial and evaluation process in 
acquiring the software and building in desired performance- 
based capabilities. (The information reported through the 
remainder of this section has been obtained from “User  
Spotlight/Case Study: Mississippi D.O.T.” 2010, discussions 
with the MDOT staff member listed in the acknowledge-
ments, and other references as cited here.)

•	 MDOT senior staff participated in sessions with repre-
sentatives of the software vendor and technical consul-
tants to review how matters of data, analytic capabilities, 
internal work-flow, operational decision making, and 
reporting could best be served by the new performance-
based process and AMMO system software.

•	 A business process review was conducted to identify 
areas where the agency could improve on its internal 
business and decision processes with appropriate support 
from the AMMO modules. Business processes were dis-
cussed as existing or “as is” procedures, and desired future 
or “to be” procedures. As many MDOT needs and expec-
tations as possible were included within these proposed 
improvements. Interactions with other systems (for exam-
ple, input from pavement management and bridge manage-
ment) were also discussed and included in the results.
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Source: AMMO: Accountability… (Aug. 2009).  Notes: UOM = unit of measure; Div. = Division; No. = number of…; Sh Mi = shoulder-mile.  (Other units of 

measure employ commonly used abbreviations.  “Line Mi” refers to the length of the pavement stripe in miles, and is not a typographical error for “Lane Mile.”)

UOM Exists Source UOM Exists Source

Asphalt 1.  Potholes No./Ln Mi Yes PMS Ln Mi Yes Research Div.
Pavement 2.  Rutting Lin Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.

3.  Stripping Sq Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.
4.  Alligator Cracking Sq Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.
5.  Area Cracking Sq Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.
6.  Linear Cracking Lin Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.
7.  Edge Raveling Lin Ft/Sh Mi Yes PMS Sh Mi Yes Research Div.
8.  Shoving Sq Ft/Ln Mi No Field Data Ln Mi Yes Research Div.
9.  Sweeping Lin Ft/Sh Mi No Field Data Sh Mi No Maint. Div.

Concrete 1.  Spalling No./Ln Yes PMS Ln Mi Yes Research Div.
Pavement 2.  Faulting Lin Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.

3.  Joint Sealing Lin Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.
4.  Crack Sealing Lin Ft/Ln Mi Yes PMS Ln Mi Yes Research Div.
5.  Punchouts No./Ln Mi Yes PMS Ln Mi Yes Research Div.
6.  Pumping No. Slabs/Ln Mi No Field Data Ln Mi Yes Research Div.
7.  Sweeping Lin Ft/Sh Mi No Field Data Sh Mi No Maint. Div.

Paved 1.  Potholes No./Sh Mi No Field Data Sh Mi Yes Research Div.
Shoulders 2.  Edge Raveling Lin Ft/Sh Mi No Field Data Sh Mi Yes Research Div.
Non-Paved 1.  Drop Off Lin Ft/Sh Mi No Field Data Sh Mi Yes Research Div.
Shoulder 2.  High Shoulder Lin Ft/Sh Mi No Field Data Sh Mi Yes Research Div.
Drainage 1.  Side Drains Percent No Field Data Number No Maint. Div.

2.  Cross Drains Percent No Field Data Number No Maint. Div.
3.  Edge Drains Percent No Field Data Number No Maint. Div.
4.  Unpaved Ditches Lin Ft/Di Mi No Field Data Di Mi No Maint. Div.
5.  Paved Ditches Lin Ft/Di Mi No Field Data Di Mi No Maint. Div.
(blank)
7.  Drop Inlets Percent No Field Data Number No Maint. Div.

Roadside 1.  Erosion Control - Front Slopes Lin Ft/Sh Mi No Field Data Sh Mi No Maint. Div.
2.  Erosion Control - Back Slopes Lin Ft/Sh Mi No Field Data Sh Mi No Maint. Div.
3.  Unpaved Driveway & Street/Road Connection Percent No Field Data Number No Maint. Div.
4.  Mowing Height (in.) No Field Data Acres No Maint. Div.
5.  Brush Control Lin Ft/Sh Mi No Field Data Sh Mi No Maint. Div.
6.  Dead/Diseased/Hazardous Tree Removal Number/Sh Mi No Field Data Sh Mi No Maint. Div.
7.  Undesirable Vegetation Lin Ft/Sh Mi No Field Data Sh Mi No Maint. Div.
8.  MDOT Fences Percent No Field Data Lin Ft No Maint. Div.
9.  Litter Control Objects/Sh Mi No Field Data Sh Mi No Maint. Div.

Traffic 1.  Signals Percent No Field Data Number Yes Maint. Div.
2.  Signs - Warning & Regulatory Percent No Field Data No. Faces Yes Traffic Div.
3.  Signs - Other Percent No Field Data No. Faces Yes Traffic Div.
4.  Delineators Percent No Field Data Number No Maint. Div.
5.  Raised Pavement Markers Percent Yes Maint. Div. Number Yes Maint. Div.
6.  Pavement Striping Lin Ft/Line Mi No Field Data Line Mi No Maint. Div.
7.  Pavement Symbols & Legends Percent No Field Data Sq Ft No Maint. Div.
8.  Guardrails Percent No Field Data Lin Ft Yes Traffic Div.
9.  Barrier Walls Percent No Lin Ft No Maint. Div.
10. Impact Attenuators Percent Yes Maint. Div. Number Yes Maint. Div.
11. Highway Lighting Percent No Field Data No. Lamps No Maint. Div.

Bridges 1.  Painting Percent Yes PONTIS Lin Ft Yes Bridge Div.
2.  Approaches Percent No Bridge Div. No. Appr. Yes Bridge Div.
3.  Deck Holes & Spalls No./Br Ln Mi Yes PONTIS Br Ln Mi Yes Bridge Div.
4.  Deck Cracking Lin Ft/Br Ln Mi Yes PONTIS Br Ln Mi Yes Bridge Div.
5.  Deck Joints No./Br Ln Mi Yes PONTIS Lin Ft Yes Bridge Div.
6.  Drain Holes Percent No Bridge Div. Number No Bridge Div.
7.  Railings & Wheel Guards Percent Yes PONTIS Lin Ft Yes Bridge Div.
8.  Sweeping Lin Ft/Br Mi No Bridge Div. No. Br Yes Bridge Div.
9.  Undesirable Vegetation Lin Ft/Br Mi No Bridge Div. No. Br Yes Bridge Div.

Rest 1.  Janitorial Services Condition Rating No Field Data Number Yes Maint. Div.
Areas 2.  Buildings and Appurtenances Condition Rating No Field Data Number Yes Maint. Div.

3.  Landscaping Condition Rating No Field Data Number Yes Maint. Div.

Asset

Group
Rated Asset Features

Condition Assessment Inventory

TABLE 15
DATA SOURCES By MDOT RATED-ASSET FEATURE
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Asset Group: Asphalt Pavement  Date: June 2007  

Maintenance Feature: Alligator Cracking 

Definition: 
Alligator cracking is the type of cracking that makes the surface look somewhat like an alligator’s hide, with a mostly  
rectangular pattern of cracks. This type of cracking is usually  associated with base failure.  

Measurement Unit: 
Inventory: Asphalt lane-miles  
Condition: Surface area with alligator cracking, expressed as square feet per asphalt lane-mile  

Inspection Procedure: 

The average square feet of alligator cr acking per asphalt lane-mile will be ob tained from PMS data from the MDOT  
Research Division, for each district and road class.    

Should PMS data not be available, the data will be collected at the sample sites in the field. For each sample on  
asphalt-surfaced pavements, inspect the  paved surface for alligator cracking. Measure the total length and average  
width of each distressed ar ea. Record the total square feet  of alligator cracking for all lanes. It will be helpful to have a  
clipboard and notepad to jot down the size of each distressed area and calculate the total distressed area in the sample   
section. 

Sourc e : AMMO: Accountability  in MDOT Maintenance Operations Aug. 2009, Appendix A.  

ExhIBIT 1
ASPhALT PAvEMEnT, ALLIGATOR CRACkInG

Asset Group: Roadside Date: June 2007 

Maintenance Feature: Litter Control

Definition:
Litter and debris consists of any unwanted objects on the highway right-of-way that are fist-size or larger, including 
trash, materials that have fallen off vehicles, and dead animals. (Note that rocks and tree limbs are not counted here, 
unless they are on the travel lanes or shoulders, but are included in the Erosion Control and Tree Removal  
categories.)

Measurement Unit: 
Inventory: N/A 
Condition: Number of fist-size objects, as expressed in objects per shoulder-mile

Inspection Procedure: 

Inspect the right-of-way in the sample area for litter and debris.  

Count and record the total number of fist-size or larger objects.

Source: AMMO: Accountability in MDOT Maintenance Operations Aug. 2009, Appendix A. 

ExhIBIT 2
ROADSIDE, LITTER COnTROL
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Asset Group: Traffic Services   Date: June 2007  

Maintenance Feature: Signals 

Definition: 
Traffic signals include all electronic devices that control or wa rn traffic, except variable message signs. Traffic signals  
include traffic control signals (stop lights), flashing beacons, and lane-use control signals . 

Measurement Unit: 
Inventory: Number of traffic signals  
Condition: Number of traffic signals not fully functional 

Inspection Procedure: 

Signal condition data will be collected at the sample sites in the field. For each sa mple with one or more traffic signals,  
inspect all signals within the sample ar ea for proper functioning. A signal is considered to be nonfunctional when any  
of the following conditions exist:  

1. Any one or a combination of lamps in the signal head are not lit during several cycles.   

2. Signal missing or damaged to the extent that traffic is not being effectively controlled.   

3. Signal phasing is not cycling properly (e.g., locked into one phase or displaying conflicting phases).  

4. Controller cabinet is damaged to the extent that it affects signal functions.  

Record the total number of signals and the total numb er of nonfunctioning signals in the sample area.  
In the case of an intersection on a divided highway, count and rate all signals facing the sample area . 

Source: AMMO: Accountability in MDOT Maintenance Operations Aug. 2009, Appendix A.  

ExhIBIT 3
TRAFFIC SERvICES, SIGnALS

Source: AMMO: Accountability in MDOT Maintenance Operations Aug. 2009, Appendix A.  

Asset Group: Traffic Services   Date: June 2007  

Maintenance Feature: Pavement Striping 

Definition: 
Pavement striping includes all linear markings on the travel lanes, including centerlines, lane stripes, no-passing  
stripes, and pavement edge lines. Materials may include paint and hot and cold tape applications.  

Measurement Unit: 
Inventory: Linear feet of pavement striping  
Condition: Linear feet of deficient striping 

Inspection Procedure: 

Striping data will be collected at the sample sites in the field. Inspect the pave ment stripes within the sample area for  
deficiencies. Any length of stripe that is faded, worn, or mi ssing is considered to be deficient. Measure and record the  
total length of all pavement stripes and the total length of deficient stripes in the sample area.    

If a retroreflectometer is available, take two measurements on each of the two edge lines and two measurements on  
the centerline or the left line of the right  lane, if more than two lanes are present.  It is ok to take a reading on a dew  
covered stripe, but not if it is rea lly wet such as after a rain storm.  

Note that the sample area is 528 feet in length. In most two-lane samples,  there will be two edge lines and one  
centerline, or a total inventory length of 1,584 feet (skip lines are considered to be continuous for condition rating   
purposes). 

ExhIBIT 4
TRAFFIC SERvICES, PAvEMEnT STRIPInG
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definitions for the four maintenance asset elements discussed 
earlier. (As before, analogous LOS definitions have been 
stated in preliminary form for all maintenance features or defi-
ciencies listed in Table 15.) Since the AMMO system is new 
and still evolving, these values may be revised as the depart-
ment gains experience with their use. Furthermore, because 
historical information is lacking on the application of the 
system and its LOS values to various management tasks, the 
topic that was discussed with the MDOT managerial contact 
concerned the relationship of LOS to cost, as would be used 
in budgeting, cost tracking, and estimates of remaining work 
realistically possible with remaining funds.

Central to this relationship between LOS and cost is the 
quantitative nature of the LOS values themselves: they all 
can be related to a numerically measureable amount of work 
accomplishment. MMSs can, in turn, relate work accom-
plishment to cost, using methods that have been understood 
and applied by maintenance managers for more than 40 years 
through legacy MMSs. The nature of these computations is 
summarized here. Associated management steps needed to 
fulfill these computations are as follows, as currently envi-
sioned by MDOT:

•	 Each fiscal year, headquarters M&O management 
sets LOS target values and inserts them in AMMO. 
These targets are set statewide by letter-grade rating 
shown in Table 16; the targets may also account for the 
relative priority of a maintenance element (Table 16, 
column 1) or asset group (Table 15, column 1; e.g., 
pavements may have higher priority than roadside  
elements), as well as any extraordinary needs that may 
exist (e.g., owing to disasters and emergency repairs). 
In addition to these influences, target-setting is a func-
tion of internal management and engineering analy-
ses that indicate what is realistic to accomplish given 
anticipated budget.

•	 Actual LOS values are determined from the condi-
tion ratings obtained through maintenance inspections 

•	 The data structure in Table 15 illustrates several points 
about the information base that will be used by the new 
management approach:
– The table lists asset features and conditions to be 

encompassed by AMMO, with respective units of 
measure for condition and for inventory.

– notations indicate whether or not the information 
currently exists, suggesting future efforts to gather 
and build a new body of information on condition 
(and, ultimately, historical trends in condition) and 
inventory. (Since AMMO implementation is ongoing, 
some items labeled “no data currently existing” in 
Table 15 may now have such data.)

– The table identifies sources of information on con-
dition and inventory, including several systems and 
divisions outside of maintenance proper. AMMO has 
been designed to accommodate exchanges of infor-
mation with other systems on both input and output. 
This point also indicates that data collection is a shared 
responsibility within MDOT as the result of system 
integration.

•	 The criteria in Exhibits 1 through 4 describe the proce-
dures to be used to obtain quantitative information on 
feature condition or level of deficiency. The four exhibits 
illustrate different types of features and deficiencies: alli-
gator cracking in asphalt pavements, pavement striping, 
traffic signals, and litter control. Analogous criteria have 
been defined for each of the rated asset features listed in 
Table 15, and are included in Appendix A of the AMMO 
Data Collection Manual. The LOS values that are obtained 
based on these criteria will be applied directly in the LOS 
procedures discussed in the next section.

performance-Based application

Relating LOS to Cost

MDOT has defined preliminary values of LOS to launch its 
performance-based approach to M&O: see Table 16 for LOS 

Maintenance
Element LOS Measure

Levels of Service
A B C D F

Asphalt Pavement

Alligator 
cracking

% of surface area distressed 0 0–10 10–20 20–30 >30

Roadside

Litter control Number of fist-size objects per 
shoulder mile

0–50 50–100 100–300 300–500 >500

Traffic Services

Signals % of signals defective 0–1 1–5 5–10 10-15 >15

Striping % of total length defective 0–2 2–5 5–15 15–30 >30

Source:  Mississippi DOT.

TABLE 16
ExAMPLES OF MDOT PRELIMInARy LOS DEFInITIOnS
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each fiscal year. Processing of inspection data, which 
are drawn from a sample of highway segments, is 
as described in the criteria illustrated in Exhibits 1 
through 4. Condition data can be compared with the 
threshold criteria in Table 16 to determine actual LOS 
for each feature or deficiency at the district and state-
wide levels. Where actual LOS values are below tar-
get, the respective district will be responsible for meet-
ing the target.

•	 The gap between target and actual LOS reflects  
a quantitative amount of work that is needed to  
be accomplished. For the four illustrative examples 
used in this case, work needs would be measured as 
follows:
– Alligator cracking: the area of alligator cracking in 

square feet per asphalt lane-mile is obtained from 
the pavement management system (Exhibit 1), 
which can be converted to percent of surface area 
distressed for use with data in Table 16.

– Litter control: number of fist-size objects per 
shoulder-mile. (MDOT assumes a shoulder at each  
pavement edge; a two-lane road would therefore 
have two shoulders, implying two-shoulder-miles 
per centerline mile. A divided highway with median 
would have four-shoulder-miles per centerline 
mile.)

– Traffic signals: percent of signals that are defective.
– Pavement striping: lineal feet of stripe per line-mile 

that is defective, which is easily converted to percent 
of stripe length defective.

– For brevity, the remainder of the example is described 
for only the first work example, asphalt pavement 
alligator cracking.

•	 The percent area distressed enables LOS to be deter - 
mined as A, B, C, D, or F, using the criteria in  
Table 16.

•	 MDOT applies performance standards (which are differ-
ent from performance measures) to calculate resources 
needed to perform the work to bring asphalt pavements 
up to the LOS target for alligator cracking. Performance 
standards identify the resource usage or inputs needed to 
repair (fill or patch) one square foot of alligator cracking 
in terms of total labor-hours or labor-days, equipment 
hours, and materials consumed; and (2) the hourly or 
daily production rate (e.g., square feet per day), which 
enables a calculation of total hours onsite. Performance 
standards are defined on an average statewide basis 
based on historical data, and are assumed to hold across 
all LOS.

•	 Unit prices of each class of labor, equipment, and 
materials are applied to the respective resource usages 
to calculate total cost of the maintenance action. Unit 
prices are determined based on average statewide price 
data, and are assumed to hold across all LOS. The total 
cost of this work identifies the cost of bringing the 
asphalt pavement up to the LOS target.

•	 The LOS–cost relationship will be helpful in the future  
in developing and defending the proposed M&O bud-
get. Given the newness of AMMO, MDOT is in a tran-
sition period in which budget discussions with upper 
management are based on a combination of planned 
maintenance work production (lane-miles to be paved, 
grass to be mowed, etc.), and target LOS to indicate 
the directions and priorities toward which the mainte-
nance program is headed. Discussions are held with the 
MDOT budget director, chief engineer, and the execu-
tive office, as well as the transporta-tion commission and 
the legislature. Currently, high -way revenues are flat, so 
the budget director is constrained in his or her latitude in 
addressing LOS targets; to date, however, communication 
has worked well.

Additional Performance-Based Aspects

In its survey responses, MDOT reported other aspects of its 
operations that contribute to an effective performance-based 
program:

•	 MDOT identified a number of tasks that it anticipates 
will be served by AMMO when fully implemented. 
These tasks include tracking condition and performance, 
developing needs-based estimates, prioritizing M&O 
actions, developing and justifying budget proposals, 
allocating resources among districts, relating LOS to the 
cost of M&O, and anticipating performance-oriented 
business procedures that may be included in future fed-
eral transportation reauthorization.

•	 MDOT surveys its customers on their perceptions of 
how well Mississippi highways are being maintained. 
Customer information is gathered through telephone or 
mailed surveys and in focus groups or discussion groups. 
A copy of MDOT’s customer survey form for telephone 
use is included in Appendix C.

•	 Reporting of performance accountability is still in the 
early stages with respect to the new AMMO system. 
Performance-related communications are planned both 
within the agency and from the agency to the trans-
portation commission. Performance-accomplishment 
reports and MDOT website articles are two proposed 
mechanisms.

•	 Communications to agency district and field staff 
regarding implementation and use of AMMO have been 
on going, using quick reference guides, and additional 
booklets are planned.

Concluding remarks

•	 MDOT has made the decision to incorporate perfor-
mance management and performance-based elements 
directly and immediately within its M&O business 
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its customers on the quality of maintenance services 
that it provides.

wisCOnsin Department Of transpOrtatiOn

introduction

WisDOT’s performance-based approach is called Com-
pass. Work on Compass began in 2001 based on the find-
ings and recommendations in NCHRP Report 422 (Stivers 
et al. 1999). The Compass effort was put through a pilot 
program for six months, and the system has been opera-
tional since 2002 (Lebwohl 2003). The WisDOT managers 
of Compass have continually sought to improve its ana-
lytic features and its application to a number of manage-
ment topics in evaluating system performance, establishing 
maintenance policy (in terms of targets) and budget, and 
program monitoring and accountability. Several of these 
business applications are covered here, particularly with 
respect to target-setting, communication and use of targets, 
reflection of maintenance priority within LOS, and rela-
tionship of LOS to cost. This case illustrates a mature 
application of LOS concepts and methods that continues 
to evolve toward more sophisticated implementation of  
performance-management principles. The case is unique 
also because WisDOT contracts with Wisconsin’s 72 coun-
ties for 100% of its highway maintenance—the only state 
DOT with such a contracting arrangement.

The Compass features and capabilities described in 
the following sections are the products of primarily the 
WisDOT staff from central and field offices. This culture, 
which values internal leadership and accomplishment 
extends back to the initiation of Compass, when WisDOT 
decided to dedicate a full-time manager to the program 
in lieu of contracting with a consultant. Internal leader-
ship increased program credibility, improved relationships 
with field managers, and promoted greater organizational 
knowledge (given the large number of players involved) 
among central office staff. (WisDOT also worked to 
avoid pitfalls in this approach, including inflated expec-
tations resulting from early successes.) Consultants have 
been brought in to address specific tasks within the over-
all Compass framework; for example, training design and 
data modeling (Lebwohl 2003).

Case Description

Compass Ratings Overview

The Compass program addresses 27 maintainable features 
related to shoulders, drainage, roadsides, and traffic con-
trol and safety devices. Condition data on these features are 
obtained annually on a sample of 1,200 randomly selected, 
one-tenth mile road segments. Guidelines on field data col-

process redevelopment and its adoption of AMMO, 
a modern, enhanced MMS. It is now beginning to use 
these new elements as part of its updated business and 
decision processes.

•	 MDOT employed an implementation process involv-
ing planning, testing, and verification steps for merging 
business and software requirements.
– It balanced business process needs against software 

functionality, focusing on both what is needed imme-
diately and what enhancements might be possible in 
the future.

– It preserved existing capabilities that worked well, 
customizing AMMO’s features accordingly.

– It explicitly considered opportunities to improve the 
existing business process, with ideas from perfor-
mance management contributing to an expanded view 
of what new approaches were possible.

– From the business side, a number of issues were iden-
tified ahead of time that could be incorporated directly 
into the new AMMO architecture such as desired 
performance-based elements, highway asset features, 
deficiencies, data needs, LOS criteria, and system 
functionality.

– From the systems side, a step-by-step process of 
system review, pilot testing, and implementation 
ensured a reliable product that was responsive to 
the updated business cycle and MDOT’s decision-
making needs.

– Other activities were integrated into the AMMO and 
performance-management development cycle: early 
training prior to pilot testing, a more formal full train-
ing program based on a “Train the Trainer” concept, 
and employee-developed quick reference guides to aid 
in AMMO implementation.

•	 The pilot-testing approach helped in ensuring that 
AMMO operation was consistent with MDOT’s busi-
ness processes, verifying data handling and compu-
tations, and validating and improving the training 
curriculum.

•	 As implementation of performance management and 
AMMO proceeds, LOS are beginning to become part 
of the conversations regarding the M&O budget. how-
ever, given the current level funding environment, 
MDOT is constrained in the degree to which it can 
adjust funding amounts to achieve desired improve-
ments in LOS.

•	 MDOT has recognized the importance of good com-
munication internally and externally, in both send-
ing and receiving information. During the transition 
period to the new AMMO system and performance-
based business process, it has targeted the need for 
effective performance reporting and management 
accountability, and the need to transmit accurate, 
helpful, and consistent guidance on implementing the 
new AMMO system and performance-based capabili-
ties. It has also continued to solicit information from 
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lection are contained in the Compass Rating Manual (Rating 
Manual—Compass Sum. 2010); the associated Rating Sheet 
is displayed in Figure 5. The Rating Manual and Rating 
Sheet together identify the measurement techniques and defi-
ciency thresholds that drive the ratings process. To provide a 
sense of this guidance, Table 17 shows selected information 
from the Rating Manual and Sheet for four of the 27 Com-
pass features. The Rating Manual also describes methods of 
measurement, which are not shown in this table.

The rating guidelines in Table 17 provide the basis for 
identifying deficient segments backlogged for maintenance. 
These guidelines are reviewed and updated periodically by 
a WisDOT ratings team drawn from two departmental units: 
the Division of Transportation System Development and the 
Bureau of highway Maintenance (formerly the Bureau of 
Operations), and spearheaded by the compass program man-
ager. Before proceeding to the analytic aspects of LOS valua-
tion, however, it is helpful to review the concepts and guidelines 
underlying M&O service levels as perceived by WisDOT.

LOS Concepts

WisDOT M&O LOS are ultimately expressed in letter 
grades A-B-C-D-F. Conceptual interpretations have been 
assigned to each of these grades to assist in applying them 
across a diverse set of highway features, conditions, and 
M&O actions. These qualitative descriptions, which express 
several general characteristics of each LOS letter grade, can 
then be translated into quantitative representations of LOS 
for each road feature that build on the field data in Table 17. 
For brevity, three such sets of characteristics are presented 
here, for LOS A, C, and F respectively. The complete list 
for all LOS values, as well as photographs that illustrate dif-
ferent LOS grades for several road features, are contained 
in WisDOT’s “highway maintenance and operations story” 
document (Highway Operations 2005).

•	 Service level A is the highest service level in which 
the roadway and associated features are in excellent 
condition.
– Systems are operational and users experience almost 

no unexpected delays.
– At this maintenance service level, very few deficien-

cies are present and the overall appearance is pleasing.
– Preventive and routine maintenance is practiced  

on a regular basis, requiring minimal corrective 
maintenance.

•	 Service level C is a medium service level in which the 
roadway and associated features are in fair condition.
– highway features may occasionally be inoperable or 

unavailable to users.
– Short, unexpected delays are more frequent, result-

ing in minor safety impacts.
– Some deficiencies are present in safety-related activi-

ties, moderate deficiencies for investment protection 

activities, and significant deficiencies in highway 
appearance and roadside aesthetics.

– Preventive maintenance is deferred for most activities, 
except safety-critical work.

– More emphasis is placed on routine maintenance 
activities, with corrective maintenance as necessary.

– A backlog of deficiencies begins to build.
– Some structural problems begin to appear as a result 

of long-term deterioration of the system.
•	 Service level F is the lowest maintenance service level 

in which the roadway and associated features are in poor 
and failing condition.
– Unexpected delays occur regularly.
– Significant deficiencies are present in all maintenance 

activities.
– The overall appearance is extremely poor.
– Preventive maintenance is not practiced for any main-

tenance activities.
– Maintenance is reactive, correcting problems after 

they occur.
– Excessive safety problems persist.
– Road conditions have deteriorated until maintenance 

treatments are not enough to correct deficiencies, 
necessitating high-cost remedial construction pres-
ervation projects in the future.

Defining LOS Thresholds and Grading Curves

LOS threshold values and grading curves depend on how 
critical a feature is judged to be, particularly regarding con-
sequences to road users and preservation of investment, an 
issue important to both the agency and road users. WisDOT 
has defined five levels of criticality, referred to as contribu-
tion categories:

•	 Critical Safety: Features that would necessitate imme-
diate action—with overtime pay if necessary—to rem-
edy if not properly functioning.

•	 Safety/Mobility: highway features and characteristics 
that protect users against—and provide them with a clear 
sense of freedom from—danger, injury, or damage.

•	 Ride/Comfort: highway features and characteristics, 
such as ride quality, proper signing, or lack of obstruc-
tions, that provide a state of ease and quiet enjoyment 
for highway users.

•	 Stewardship: Actions taken to help a highway element 
reach its full potential service life.

•	 Aesthetics: The beautification of a highway corridor, 
including landscaping or decorative structures; the 
absence of things such as litter and graffiti or other ele-
ments that detract from the sightlines of the road.

Each road element and feature is assigned to a single 
contribution category as shown in Table 18. Based on this 
assignment, and considering the LOS information discussed 
previously, WisDOT managers have developed LOS threshold 
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The five percentages in each curve correspond to the upper 
value of the threshold interval for each LOS grade A, B, C, D, 
or F. (These numerical values will be explained further.)

•	 Critical Safety: 2%, 5%, 9%, 15%, and >15%.
•	 Safety/Mobility: 4%, 9%, 18%, 30%, >30%; also 5%, 

12%, 23%, 40%, >40%.
•	 Ride/Comfort: 6%, 15%, 29%, 50%, >50%; also 7%, 

18%, 35%, 60%, >60%.

values and grading curves that reflect the consequences of a 
level of deficiency in a road feature, the relative importance 
of the feature to the driving public, and the contribution of the 
feature to the roadway network (i.e., the contribution category 
in Table 18).

The grading curves have numerical values. The curves are 
presented in descending order of importance: Critical Safety, 
Safety/Mobility, Ride/Comfort, Stewardship, and Aesthetics. 

FIGURE 5 Compass rating form (page 1 of 2). Source: Wisconsin DOT.
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•	 Stewardship: 7%, 18%, 35%, 60%, and >60%; also 9%, 
22%, 41%, 70%, >70%.

•	 Aesthetics: 10%, 25%, 47%, 80%, >80%.

For example, consider the Critical Safety category. The 
thresholds defining the intervals of each LOS grade would 
be as follows, using the information cited previously: A = 
0% to 2%; B ≥ 2% to 5%; C ≥ 5% to 9%; D ≥ 9% to 15%; 
and F ≥ 15%. Again, a grading curve provides the percent-
ages that are at the top of the interval covered by each letter 
grade A, B, C, D, and F. Several contribution categories 
have two grading curves, allowing additional latitude in 
distinguishing between more and less critical items within 
those categories. The most important features—those related 
to Critical Safety—have a stricter grading curve than the 
other four categories.

Bringing all the concepts in this section together yields the 
threshold values and grade ranges for Compass road features 
shown in Table 19. This table guides the Compass system in 
determining the current LOS of highway features, the calcu-
lation of which will be illustrated shortly. The term “percent 
backlogged” used in the table header refers to the relative 
number of one-tenth-mile segments that require maintenance 
work on a feature. The setting of target values is described 
in the next section.

Target Setting

WisDOT develops maintenance targets annually based on 
existing conditions, department policies and priorities, and 
available funding. The Compass program manager develops 

FIGURE 5 Compass rating form (page 2 of 2). Source: Wisconsin DOT.
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tion each fall, to help the WisDOT region offices negotiate 
the annual work plans and Routine Maintenance Agreements 
with counties for the following year (recall that WisDOT 
contracts all winter and non-winter maintenance with the  
72 counties in the state).

The spreadsheet with the 5-year historical information has 
helped the maintenance supervisors develop more reasonable 
target levels, given current highway condition and funding 
availability. The inclusion of previous targets together with 
historical condition data have helped create an objective 
picture of the implications of past target settings. Breakouts 
of existing conditions by region have also helped manag-
ers and supervisors to assess more accurately what is can be 
accomplished in the next year. WisDOT’s experience is that 
targets have become more realistic and therefore more attain-
able because of the information distributed by means of the 
spreadsheet.

The maintenance priorities in the targets memo provide a 
further context to the target-setting exercise by assessing the 

draft targets with the maintenance supervisors in the WisDOT 
regions; the operations managers (who supervise the main-
tenance supervisors) finalize the targets. To help develop 
realistic targets, managers and supervisors review the exist-
ing maintenance budget, conditions over the past 5 years, 
existing conditions across the five WisDOT regions, and 
targets from the past 5 years. A “targets history” spread-
sheet is prepared that compiles this information for this 
review. Entries in the targets history spreadsheet are of the 
form “nn = g” where nn is the percent backlogged and g is 
the feature grade on the A through F scale. Thus, “30 = C” 
would translate to 30% backlogged on a feature that is 
rated C. This type of information is entered in the matrix 
for every feature and for both target and actual results for 
the past 5 years. The target values for the coming year 
are also shown. For example, the matrix prepared in 2010 
shows target and actual entries for 2005 through 2009, 
plus the targets for 2011. A “targets memo” supplements 
the quantitative targets with qualitative information on the 
department’s maintenance priorities. The central office  
distributes the target information with the budget informa-

Feature:
Condition

Definition of
Condition

Compass
Standard

Reporting
Measure

Comments

Shoulders:
Cracking

A stress fracture in rigid 
or flexible pavement.  
Includes alligator 
cracking

All unsealed 
cracking greater 
than ¼ inch in 
width

Linear feet of 
cracking

Use for paved shoulders only.  
Helpful tools include ruler 
and measuring wheel.

Roadsides:
Litter

Any objects that should
not be there, including 
illegal signs.  This 
includes litter on the 
shoulder that is not a 
safety threat.  It also 
includes dead animals on 
the roadside.

Visible at posted 
speed

Number of 
instances (up to 
15) of litter

“Visible at posted speed” is 
used as the standard to 
accurately reflect the 
experience of drivers.  So 
something you can see 
walking, but not driving, 
should not be counted.

Drainage:
Ditches

Channels that are 
parallel to the roadway 
for the purpose of 
carrying runoff and that 
have an inslope and a 
back slope on the right-
of-way.

Greater than 
minimal erosion 
of ditch line or
Obstructions to 
the flow of water 
that require 
action.

-Total linear feet 
of ditches.
-Linear feet of 
deficient ditches.
-Deficient ditches 
needing “Repair,” 
“Clean,” or both.

Private entrance culverts 
should be evaluated while 
rating this element. They may 
be the obstruction requiring 
action. Helpful tools include: 
measuring wheel.

Traffic:
Centerline 
and
Edge Line
Markings

Centerline—Yellow 
lines, solid or dashed, 
dividing opposing travel 
directions on roads.  
Also includes white 
dashed lines on multi-
lane roads used to divide 
lanes traveling in the 
same direction.
Edge line—White solid 
lines used to indicate the 
edge of the traveled 
roadway.  On multi-lane 
roadways, yellow solid 
line on left of traveled 
roadway is included.

>20% of total 
material missing.

Absence of >20% 
of total material 
(yes/no)

Roads with curb and gutter 
may not have edge line.
Roads without curb and gutter 
should have edge line.  A 
road without curb and gutter 
and without edge line on
either side would have 
deficient edge line.
Check “None”:  For edge line,
only if curb and gutter are 
present and there is no edge 
line.

Source:  Compass Rating Manual.

TABLE 17
RATInGS InFORMATIOn FOR FOUR COMPASS hIGhWAy FEATURES
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This Feature Contributes Primarily To:

Element Feature
Critical 

Safety

Safety/ 

Mobility

Ride/ 

Comfort
Stewardship Aesthetics

Traffic and 

Safety
Centerline markings

Delineators 

Edge line markings

Detour/object 

marker/

recreation/guide 

signs (emergency

repair)

Detour/ object 

marker/recreation/

guide signs (routine 

repair)

Protective barriers

Reg./warning signs 

(emergency)

Reg./warning signs 

(routine)

Special pavement 

markings

Shoulders Hazardous debris

Cracking (paved)

Potholes/raveling 

(paved)

Cross-slope 

(unpaved) 

Drop-off/build-up

(unpaved)

Erosion (unpaved)

Drainage Culverts

Curb and gutter

Ditches

Flumes

Storm sewer 

system

Underdrains/edge-

drains

Roadside Fences

Litter

Mowing * ‘---*

Mowing for 

vision

Noxious weeds

Woody vegetation

Woody vegetation

control for vision

Source:  Wisconsin DOT. 

*Note: A Safety contribution category is shown for mowing. If a mowed area does not present a safety hazard, the 

grading curve for aesthetics is used.

TABLE 18
COMPASS FEATURE COnTRIBUTIOn CATEGORIES
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TABLE 19
COMPASS ThREShOLDS AnD GRADE RAnGES By FEATURE

Element Feature Threshold

Ranges for System Grades
Grade determined by percent 

backlogged
Shown: top of range

A B C D F

Traffic 
Control 
and Safety 
Devices 
(selected)

Centerline markings Line with >20% paint missing (by 
mile)

2% 5% 9% 15% >15%

Edge line markings Line with >20% paint missing (by 
mile)

4% 9% 18% 30% >30%

Delineators Missing or not visible at posted speed 
or damaged (by delineator)

5% 12% 23% 40% >40%

Detour/object 
marker/recreation/guide 
signs (emergency 
repair)

Missing or not visible at posted speed 
(by sign)

4% 9% 18% 30% >30%

Detour/object 
marker/recreation/guide 
signs (routine)

7% 18% 35% 60% >60%

Protective barriers Not functioning as intended (linear 
feet of barrier)

4% 9% 18% 30% >30%

Regulatory/warning 
signs (emergency 
repair)

Missing or not visible at posted speed 
(by sign)

2% 5% 9% 15% >15%

Regulatory/warning 
signs (routine)

Beyond recommended service life 
(by sign)

5% 12% 23% 40% >40%

Special pavement 
markings

Missing or not functioning as 
intended (by marking)

5% 12% 23% 40% >40%

Shoulders Hazardous debris Any items large enough to cause a 
safety hazard (by mile)

2% 5% 9% 15% >15%

Cracking on paved 
shoulder

200 linear feet or more of unsealed 
cracks > ¼ inch (by mile)

7% 18% 35% 60% >60%

Potholes/raveling on 
paved shoulder

Any potholes or raveling > 1 square 
foot by 1 inch deep (by mile)

6% 15% 29% 50% >50%

Cross-slope on unpaved 
shoulder

200 linear feet or more of cross-slope 
at least 2x planned slope with the 
maximum cross slope of 8% (by 
mile)

7% 18% 35% 60% >60%

Drop-off/build-up on 
unpaved shoulder

200 linear feet or more with drop-off 
or build-up > 1.5 inches (by mile)

2% 5% 9% 15% >15%

Erosion on unpaved 
shoulder

200 linear feet or more with erosion 
>2 inches deep (by mile)

7% 18% 35% 60% >60%

Drainage Culverts Culverts that are >25% obstructed or
where a sharp object—e.g., a shovel
can be pushed through the bottom of 
the pipe or pipe is collapsed or 
separated (by culvert)

7% 18% 35% 60% >60%

Curb and gutter Curb and gutter with severe structural 
distress or >1 inch structural 
misalignment or >1 inch of debris 
build-up in the curb line (by linear 
feet of curb and gutter)

9% 22% 41% 70% >70%

Ditches Ditch with greater than minimal 
erosion of ditch line or obstructions 
to flow of water requiring action (by 
linear feet of ditch)

7% 18% 35% 60% >60%

Flumes Not functioning as intended or
deteriorated to the point that they are 
causing erosion (by flume)

7% 18% 35% 60% >60%

(continued on next page)
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implications of budget constraints on the M&O program in 
the following ways (applicable to 2011):

•	 Focus areas: These are areas that will receive priority 
in continuing to promote safety on the highway system. 
Shoulder patching, removal of hazardous debris, repair 
of damaged safety appurtenances, correction of paved 
shoulder drop-off and unpaved shoulder cross-slope 
problems, and correction of problems with delineators 
and protective barriers are some of the priority activities.

•	 Reduced activities: Activities such as mowing and 
litter pickup will be reduced in scope or frequency to 
save costs.

•	 Suspended activities: Certain activities such as pave-
ment preventive maintenance will not be performed 
as routine maintenance, but rather through other pro-
grams such as improvements to leverage that source 
of funding.

Communication of Targets

In Wisconsin, counties maintain the state highway system 
under contract with WisDOT through routine maintenance 
agreements. With 72 county highway departments and five 
WisDOT region offices, effective communication of main-
tenance targets throughout county and state organizations is 
critical. The information must reach and be understood not 
only at the managerial level, but also the front-line main-
tenance coordinators. Targets distributed to the WisDOT 
region offices are accompanied by budget information for the 
same year, to underscore the relationship between the targets 
and the development of the routine maintenance agreements 
and work plans with counties.

The Compass program manager observed that WisDOT, 
perhaps like other state DOTs, sets targets year to year with 
a relatively short-term perspective. It is an annual, iterative 

Element Feature Threshold

Ranges for System Grades
Grade determined by percent 

backlogged
Shown: top of range

A B C D F

Storm sewer system Inlets, catch basins, and outlet pipes 
with ?50% capacity obstructed or
<80% structurally sound or >1 inch 
vertical displacement or heaving or
not functioning as intended (by inlet, 
catch basin and outlet pipes)

7% 18% 35% 60% >60%

Underdrains/edge-
drains

Under- and edge-drains with outlets, 
endwalls or end protection closed or 
crushed or water flow or end 
protection is obstructed (by drain)

9% 22% 41% 70% >70%

Roadsides Fences Fence missing or not functioning as 
intended (by LF of fence)

4% 9% 18% 30% >30%

Litter Any pieces of litter on shoulders and 
roadside visible at posted speed, but 
not causing a safety threat (by mile)

10% 25% 47% 80% >80%

Mowing Any roadside has mowed grass that is 
too short, too wide or is mowed in a 
no-mow zone (by mile)

10% 25% 47% 80% >80%

Mowing for vision Any instances in which grass is too 
high or blocks a vision triangle (by 
mile)

4% 9% 18% 30% >30%

Noxious weeds Any visible clumps (by mile) 7% 18% 35% 60% >60%

Woody vegetation 
control

Any instances in which a tree is 
present in the clear zone or trees 
and/or branches overhang the 
roadway or shoulder creating a 
clearance problem (by mile) 

4% 9% 18% 30% >30%

Woody vegetation 
control for vision

Any instances in which woody 
vegetation blocks a vision triangle 
(by mile)

4% 9% 18% 30% >30%

Source:  Wisconsin DOT.

TABLE 19
(continued)
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Relating LOS to Cost

The Compass program manager has developed unit costs to 
maintain each roadway feature based on the direct and indi-
rect costs of performing M&O (labor, equipment, material and 
administrative fees paid by WisDOT to the counties). These 
unit costs are applied at the state level to the following purposes:

•	 The unit costs are applied to expenditures by activity 
as reported by each county to estimate each county’s 
activity-based M&O productivity.

•	 Unit costs have been applied to the several Compass 
grading curves for the various roadway features to esti-
mate the costs of reducing maintenance backlogs and 
improving LOS to higher levels for each feature.

•	 These cost relationships are used to support budget pro-
posals, various M&O initiatives, long-range plans, and 
other purposes requiring projected cost data.

The unit costs are referred to as “price tags” in the context of 
their use by counties. These unit costs help counties to under-
stand in a quantitative way the magnitude of their mainte-
nance programs and to “size” proposed initiatives.

Cost relationships are now in draft form for statewide-
average unit costs. Future work may seek to quantify regional 
unit cost differences and cost differentials based on road class. 
Also, the current method of cost calculation is a “one-way” 
analysis assuming additional dollars to increase the level of 
M&O service. Lacking good deterioration curves for road fea-
tures other than pavements and bridges, Compass does not yet 
calculate increased maintenance backlogs resulting from less 
funding. Furthermore, counties do not now report either the 
quantities of work accomplished or the locations where work 
was performed on each activity. Such data would improve pro-
gram monitoring and reporting, the analysis of M&O produc-
tivity, and identification of potential highway network “trouble 
spots” having recurring maintenance problems. These gaps in 
knowledge suggest potential analytic improvements that are 
currently being explored by the Compass program manager.

Tabulations of M&O expenditures are included in annual 
reports distributed to the regions. These expenditures are 
aggregated at the road element level (corresponding to the 
first column in Table 19).

Organizational support and partnership

WisDOT supports and reinforces the Compass program 
through ongoing systematic actions to maintain a level of skill 
and consistency in the performance of Compass tasks. Some of 
these actions, such as annual coordination by state and county 
personnel to review and set program targets for the coming 
maintenance year, are discussed in previous sections. Other 
examples of important support activities include the following 
(interview with the Compass program manager; Adams and 
Bush 2007).

process based primarily on the current fiscal environment. 
There tends to be no long-range vision or goal for these tar-
gets. The process could perhaps be strengthened by a road 
map indicating the long-term goal that an agency would like 
the M&O program ultimately to meet.

performance-Based application

Computing Current LOS

The current LOS regarding one of the features identified in 
Table 19 is computed as follows:

•	 The condition of the feature in each one-tenth-mile seg-
ment is rated according to the criteria shown on the rat-
ing form (Figure 5), applying the guidance illustrated 
in Table 17. The rating may be a numerical quantity 
(e.g., number of objects or linear feet of cracking) or a 
pass–fail assessment against a standard.

•	 The field data are processed according to the thresholds 
and grading curves in Table 19. If a segment exceeds 
the threshold, it is considered a backlog segment. The 
percent of backlog segments (within a region or state-
wide) is evaluated using the grading curve to determine 
the LOS for that road feature.

•	 A report card on existing highway condition is produced 
each year from these processed field data, showing grades 
A through F for 27 highway features at a statewide and 
regional level.

•	 A peer group analysis is also produced to compare 
condition levels across the five regions for similar road 
classes. Maintenance expenditures are also presented 
for each region at the aggregate road element level (i.e., 
corresponding to the first column in Table 19).

Gap Analysis

For each roadway feature, actual conditions are compared 
with maintenance targets annually. A feature is “on target” 
if the existing condition is within ±5 percentage points of 
the target. (The gap analysis is done in both a positive and a 
negative direction, showing the percentage of sections above 
target as well as the percentage below target.) The gap analy-
sis is performed at both the statewide and region levels. The 
analysis highlights the level of compliance with the main-
tenance priorities and also is an indication of how realistic 
the targets were based on existing conditions and available 
maintenance funds.

The Compass program manager is proposing to add a 
trend analysis of these annually computed gaps to the his-
torical spreadsheet. These gap-related data would comple-
ment the trends in existing conditions and targets for each 
year in the historical tracking, providing managers with an 
additional set of data by which to assess forward-looking 
strategies.
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•	 Although other DOTs no doubt engage these same issues 
in their M&O performance management programs, the 
attributes of this case study include the detailed, sys-
tematic methods by which Compass business processes 
address particular elements of performance manage-
ment; and the relative transparency of these processes, 
including the availability of internal documents that help 
explain various policy and business issues within a uni-
fied framework.

•	 A further advantage is that Compass is continuing to 
evolve, looking at more sophisticated ways of treating 
costs, for example, which may yield new ways of look-
ing at the LOS–cost relationship and point the way to 
research explorations by other agencies.

•	 Compass assists a number of departmental business areas:
– Evaluating system performance; for example, field 

inspections leading to calculations of current condi-
tion for 27 highway features, and an annual report 
card on existing conditions.

– Supporting policy and budget development: setting 
annual targets for M&O LOS attainment based on 
existing conditions, historical trends, available fund-
ing, and agency priorities; conducting a gap analysis 
comparing stated targets with actual conditions for 
each roadway feature; and application of M&O unit 
costs to support cost-based tasks and analyses, as in 
budget preparation and analysis of the estimated cost 
to reduce existing work backlogs.

– Program monitoring and accountability, including a 
time-trend analysis showing a 5-year history of high-
way conditions and LOS targets (which also assists in 
target-setting for the coming year), and compliance 
with departmental policies and directives regarding 
M&O work priorities to respond to limited budgets.

flOriDa Department Of transpOrtatiOn

introduction

The previous two case examples illustrated some of the steps 
involved in launching a new performance management effort 
and in defining the components of an agency performance-
based approach. This case and the next illustrate the appli-
cation of a performance-based methodology to management 
tasks that arise in M&O. This case concerns the use of per-
formance information for maintenance prioritization. It uses 
data in reports from FDOT’s MRP to illustrate how informa-
tion on projected versus actual condition of highway features 
can set the stage for an assessment of the priority for further 
maintenance investment.

Case Description

Only a brief overview of the MRP is provided here for con-
text. Information on MRP and copies of relevant documents, 
including the MRP Handbook and the MRP Procedure 

•	 Training. Training is conducted annually for all state 
and county personnel involved in Compass field data col-
lection: a two-day introductory course for new personnel 
and a one-day refresher course for experienced staff. The 
training is conducted by state and county instructors, and 
includes both classroom and field work. Seventy-two 
two-person teams are involved, consisting of one state 
DOT employee, the regional maintenance coordinator; 
and a county employee, the county patrol superintendent.

•	 QA. Each year the Compass program manager works 
with selected rating teams to ensure consistency in rat-
ings and to review changes in the ratings procedures in 
a response to, for example, revised deficiency thresholds 
(refer to Table 19), or adjustments in the features to be 
rated. QA reviews are conducted for two counties in each 
region, and on six highway segments in each county. 
Both state and county raters participate in the review 
with the Compass program manager. The success of the 
QA program is indicated because the variations in field 
ratings observed during these reviews has declined over 
time. Also, the Compass program manager has adopted a 
practice of sharing his own ratings with the rating teams, 
so that they understand better how their practices can be 
improved toward the statewide guidelines.

•	 Organizational Buy-In. WisDOT has the unique task of 
establishing and maintaining internal and external sup-
port among the DOT central office Compass staff, five 
DOT regions, and 72 counties that perform its M&O ser-
vices. It has done this through consistent, deliberate, and 
positive outreach to its partners within each component 
of the Compass program. Coordination and engagement 
of all partners in Compass have been described in the 
earlier examples. A more broadly based illustration is the 
formation of standards teams that involve the WisDOT 
central and regional offices, counties, and the local 
University of Wisconsin–Madison. These teams review 
technical standards within the full scope of Compass 
highway assets—not only those subject to field evalu-
ation that have been described in the previous sections. 
That is, in addition to the four highway features that are 
subject to field inspections and ratings (shoulders, road-
sides, traffic, and drainage—refer to Table 17), Compass 
includes ratings from other data systems on pavements, 
bridges, signs, and winter maintenance. An annual report 
on condition of all these assets is issued by Compass to 
promote better data-driven decision making. As a final 
example, the guidance of the Compass program is also a 
shared responsibility among representatives of the coun-
ties, the WisDOT regions, and the central office.

Concluding remarks

•	 This section has described WisDOT’s Compass program 
for performance-based M&O management, with a focus 
on setting targets and integrating condition measures, 
LOS, LOS targets, maintenance priority, and available 
funding.
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within the computation of the MRP ratings across all 
facility types, elements, and characteristics. The MRP 
ratings are used to judge whether a state highway meets 
the accepted maintenance standard.

•	 The accepted maintenance standard is defined in terms of 
the MRP ratings as an overall district score of at least 80; 
an element score of at least 75; and a characteristic score 
of at least 70. FDOT’s goal is to achieve the accepted 
maintenance standard for 100% of state highways.

Additional information can be found in FDOT’s MRP Hand-
book (Maintenance Rating Program Handbook 2011).

performance-Based application

Prioritization of maintenance activities by FDOT needs to be 
understood in the context of its highway budgeting process. 
As required by statute, the maintenance program is funded 
first by the legislature when considering highway programs. 
It is funded to the level needed for 100% of state highways 
to meet the accepted maintenance standard; as noted in the 
previous section, this standard requires that MRP equal or 
exceed a threshold of 80 for roadways statewide. Mainte-
nance funding to this level is therefore not subject to compe-
tition with other highway programs. Prioritization decisions 
by district and field managers using MRP focus on options 
and decisions within the maintenance program itself, par-
ticularly on those facility types, elements, and characteris-
tics that do not meet the threshold criteria for satisfying the 
accepted statewide maintenance standard.

Ratings are conducted and reported in each of three rating 
periods per year, with each rating period having a four-month 
duration. FDOT produces a report showing MRP ratings for 
each characteristic, for the element, and for the facility. Reports 
are available by geographic area and statewide. Managers may 
review these reports to identify where characteristic scores are 
low. Maintenance work will need to be directed to these charac-
teristics to raise their scores before the next MRP rating period.

In assessing maintenance priorities, managers also have 
access to an MRP planned versus completed report that 
shows total planned workload for each maintenance activity 
that year, the total completed to date (as of each period), the 
difference (which is essentially budgeted workload remain-
ing and available for use), and the percentage completed. 
Managers may use this information to see if work to date 
reflects the objective of performing those maintenance activ-
ities that would be expected to improve scores that had been 
low in the previous period; and to help plan the assignment 
of activities needed to improve MRP scores that are currently 
low before the next MRP reporting period.

If total district scores fall short of district goals, the dis-
trict would be regarded as noncompliant during the MRP QA 
review. A report of this would be sent to the district secretary. 
It is therefore important that managers within the district try 

memorandum, are available on FDOT’s MRP website: 
http://www.dot.state.fl.us/statemaintenanceoffice/Maint 
RatingProgram.shtm. Another source of information used 
in the MRP description has been provided by FDOT in a 
webinar on asset management and performance-based main-
tenance (Sprayberry 2008).

Florida’s MRP provides a uniform and consistent method 
for evaluating conditions of maintained features on Florida’s 
highway system. This evaluation may be used to schedule  
and prioritize routine maintenance activities. It also helps 
ensure that resulting maintained highway conditions meet 
departmental objectives.

The MRP breaks the highway system down and processes 
condition rating data in the following way:

•	 Roadway classifications or facility types (e.g., urban 
limited access, urban arterial, rural limited access, and 
rural arterial).

•	 Each roadway classification is made up of five catego-
ries or elements, with each element comprising a num-
ber of characteristics.
– The five elements are Roadway, Roadside, Traffic 

Services, Drainage, and vegetation and Aesthetics.
– The Roadway element has nine characteristics, 

which essentially define different possible conditions.
For example, for flexible pavements the characteris-
tics are: pothole, edge raveling, shoving, depression/
bump, and paved shoulder/turnout; and for rigid pave-
ments: pothole, depression/bump, joint cracking, and 
paved shoulder/turnout.

– Regarding the other elements, Roadside has five 
characteristics; Traffic Services, nine; Drainage, six; 
and vegetation and Aesthetics, seven.

•	 For MRP ratings, each characteristic is evaluated against 
a performance standard contained in the MRP Handbook 
(Maintenance Rating Program Handbook 2011). For 
example, for a flexible pothole, no defect may be larger 
than ½ ft2 in area; no measurement may exceed 1.5 in. 
in depth; and no pervious base may be exposed in any 
hole. (Observe that this comparison parallels the com-
parison of highway features to defined thresholds in the 
Compass case example.)

•	 If the characteristic passes the performance standard, it 
is rated yes. Otherwise, it is rated no (does not meet the 
desired maintenance conditions). The total number of 
yes-rated characteristics within a facility and element 
is then compared with the total number of that charac-
teristic, yielding a raw percentage. For example, if there 
are 79 characteristics in a facility and element, and 66 of 
them are rated yes, the raw percentage is 84.

•	 The MRP analytic framework also includes two sets of 
priority factors: the relative importance of each char-
acteristic by facility type, and the LOS- weight of each 
element by facility type. These factors are incorporated, 
together with the raw percentages discussed earlier, 
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to increase the MRP score before the next MRP reporting 
period by increasing the priority of work on currently defi-
cient elements and characteristics.

Concluding remarks

It is important to bear in mind that while the FDOT example 
concerned a single characteristic and a single maintenance 
activity to correct defects and increase the characteristic rating, 
agency managers might need to deal with competing demands 
for available budgeted workload, and would need to balance 
the assignment of maintenance resources against the relative 
importance of the demands throughout the road network for 
those resources. For this reason, it is important that both types 
of reports discussed previously (the report of MRP ratings and 
the planned versus completed report) are available for man-
agement use in reaching these judgments. It is also important 
that the analytic aspect of performance, represented by the 
MRP rating, be understood as working in combination with 
the business process aspect—the managerial review of MRP 
ratings, the identification of maintenance needs, the meeting 
of those needs through work assignments, and the checks and 
balances provided by the QA review. The MRP ratings indi-
cate where additional funds could enable deficient elements/
characteristics to meet the accepted maintenance standard, but 
the QA review seeks to ensure that the funding is actually redi-
rected with positive performance results.

The FDOT maintenance office also considers the larger bud-
geting context and the standing of maintenance with respect to 
MRP-rated performance and funding needs. For example, in 
the current economic climate, bids for maintenance work have 
been coming in below estimate, and the current MRP rating is 
about 87, exceeding the statewide threshold. The maintenance 
office did therefore reduce program funding in Fy 2012 and 
2013 as part of its due diligence in program management. In 
FDOT’s view, this reduction demonstrates departmental cred-
ibility and accountability.

washingtOn state Department 
Of transpOrtatiOn

introduction

WSDOT’s Maintenance Accountability Process (MAP) has 
been in place since the late 1990s. Through its easily under-
standable letter grades, its successful use of photographs to 
communicate the meaning of different LOS A through F, and 
its success in gaining credibility for the maintenance program 
in the state legislature, MAP has continued to be an influ-
ential example of a performance-based application. As now 
configured, MAP encompasses 31 M&O activities organized 
within seven groups: Roadway Maintenance and Operations, 
Drainage Maintenance and Slope Repair, Roadside and veg-
etation Management, Bridge and Urban Tunnel Maintenance 
and Operations, Snow and Ice Control Operations, Traffic 
Control Maintenance and Operations, and Rest Area Opera-

tions. This case example will focus on two aspects of MAP: 
the addition of a second performance-based metric to char-
acterize the current status of the M&O program; and the use 
of MAP data in connection with WSDOT’s Phase II munici-
pal stormwater permit, with implications for maintenance of 
stormwater drainage structures.

performance metric

Through 2009, MAP employed LOS defined on a letter grad-
ing scale A-B-C-D-F as its performance-based metric. The 
LOS are determined through field inspections in which data 
collectors compare the condition of a feature with technical 
threshold values. For example, for drainage catch basins and 
inlets, the applicable threshold measure is the percent of inlets 
blocked or of catch basins with silt build-up greater than 50% 
of depth (Maintenance Accountability Process Manual 2008, 
pp. 4–5). When data gathering is completed, the LOS can 
be determined according to the grading curve for the main-
tenance activity to maintain catch basins and inlets. In this 
case, LOS A would be assigned if 0% to 3% of catch basins 
had the indicated depth of silt; LOS B for 3.1% to 7%; and so 
forth. These LOS are referred to as asset condition metrics.

Asset condition measures are lagging indicators; they report 
annually what has already happened. Because of a recent issue 
involving a growing backlog of essential maintenance work on 
its highway system, WSDOT has decided to add a second type 
of metric, task completion. Task completion is a leading indica-
tor in that it measures the percentage of needed tasks completed 
each year, pointing to what work remains to be done. The dif-
ference between work that should have been done and work 
that actually was done is the maintenance backlog. Depending 
on context, “task completion” can refer to maintenance work or 
a list of existing deficiencies. In both cases, the goal over time 
is to have all items on the list crossed off. A task completion 
perspective is particularly well suited to managing backlogged 
work and to demonstrating the performance of preventive 
maintenance (The Gray Notebook Feb. 18, 2011).

WSDOT is increasingly using the two types of metrics in 
concert, because they tell a more complete story from two 
different perspectives:

Task completion measures will be the primary tool used to 
measure program performance and develop performance-
based budgets. Asset condition performance measures will 
serve as a quality assurance tool used to verify or support 
changes in the task completion measures. (Source: The Gray 
Notebook Feb. 19, 2010.)

stormwater permit implications

Overview of Permit Requirements

WSDOT’s Phase II national Pollutant Discharge Elimina-
tion System stormwater drainage permit imposes greater 
maintenance requirements on WSDOT’s drainage structures 
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tures. In other words, the system-wide performance of 
catch basins and drainage inlets would improve from an 
average of 92% to almost 95%. Activity 2A4 has recently 
been expanded in scope to address a wider set of facilities 
described previously that are also important to managing 
the quality of stormwater discharge. The information for 
this activity in Exhibit 5 is therefore illustrative and due 
to be revised.

MAP Accountability Reporting A major component of 
accountability reporting for WSDOT M&O is the compari-
son of service-level targets to LOS actually achieved in the 
field. The format of this report is illustrated schematically 
in Table 20 for three hypothetical activities. The five-point 
letter grade scale is converted to a 15-point scale to allow 
finer distinctions in both LOS reporting (using intermediate 
values such as B- or C+) and in the underlying performance 
metrics (subdividing numerical ranges shown in Exhibit 5 
into three subsidiary ranges). MAP targets are reviewed 
and updated, if needed, in each legislative biennium (“MAP 
Activity Service Level Targets 2009–2011” n.d.). LOS lev-
els achieved in the field are developed from the most recent 
field inspections in each calendar year.

•	 Activity Example 1 shows actual performance exceed-
ing the target LOS: in this case, an achieved service 
level of C+ versus a LOS target of D+.

•	 Activity Example 2 shows that actual performance has 
met the target of C, likewise a successful outcome.

•	 Activity Example 3 shows attained performance 
(LOS D+) missing the target (LOS B). In this case, a 
different symbol [o] is used to denote the missed target.

Performance History WSDOT provides annual reports for 
all M&O activities by region and statewide, which conform 
to the presentation in Table 20. Statewide data for Activities 
2A3 and 2A4 have been compiled from these reports for cal-
endar years (Cy) 2005–2010 and are displayed in Table 21. 
These data provide historical context for the impact of the 
increased service levels specified in the Phase II stormwater 
permit. The proposed LOS targets through the end of fiscal 
year 2011 (June 30, 2011) are also given in Table 21.

Delivered service levels for Activity 2A3 declined from 
their relatively high (B+) grades in 2005–2006 to LOS D in 
2007 and D+ in 2008. This decline was part of a pattern that 
reflected missed targets for almost half of the reported LOS 
values in 2008, owing to several causes: increased inventory 
of assets requiring M&O resulting from system expansion, 
impacts of inflation on M&O costs, and increased backlog of 
needed work as a result of asset deterioration and greater regu-
latory requirements (The Gray Notebook Feb. 27, 2009). Since 
2008, attained performance has regained lost ground, in part 
as a result of anticipation of the Phase II permit requirements. 
Targets for years 2009–2011 were adjusted to reflect more 
realistic expectations each year, with the 2011 value of LOS B 
again reflecting the anticipated impact of the Phase II permit. 

(Washington State . . . Feb. 2009). The permit notes that 
the legislature currently funds drainage maintenance to 
an LOS of C+. The permit requires annual inspections of 
catch basins and other stormwater facilities such as detention 
and retention ponds or basins, grassy bio-swales, and under-
ground stormwater vaults. (The permit refers to these facilities 
as best management practices, or BMPs.) It also specifies the 
required maintenance of these facilities. In essence, the permit 
has imposed a new LOS target on these drainage structures 
within affected jurisdictions. From a performance-based per-
spective, a higher LOS target implies a need for additional 
funding to cover costs that are above and beyond current 
operations. MAP was therefore used to assist WSDOT in 
preparing a budget request to the legislature to finance this 
additional work. MAP will also be used in monitoring and 
reporting the delivery of inspections and maintenance work 
required by the Phase II permit.

Application of MAP Data

The application of MAP data is illustrated for the two drainage 
maintenance activities with LOS targets affected by require-
ments of the stormwater permit:

•	 Activity 2A3—Maintain Catch Basins and Inlets, which 
under the updated permit will be inspected annually, with 
maintenance to be performed on inlets that are blocked 
and catch basins that have a silt build-up greater than 
50% of depth (measured from the bottom of the basin 
to the invert of the outflow pipe).

•	 Activity 2A4—Stormwater Facility Maintenance, which 
encompasses the silt ponds, grassy swales, tanks, under-
ground vaults, and other facilities mentioned earlier. 
These facilities will be inspected annually, with mainte-
nance to be performed on those that can no longer per-
form according to design.

Pertinent MAP information used in this case includes 
performance measures and outcome thresholds that relate 
observed condition to service levels, current performance 
data obtained through field inspections, and comparisons of 
current performance with target LOS values.

Performance Measures key information contained in 
performance measures for activities 2A3 and 2A4 is pre-
sented in Exhibit 5. For each activity the exhibit includes 
the definition of the performance measure, the threshold 
performance values that define each service level A through 
F, and the source of information used to quantify the per-
formance measure. Performance measures are the basis for 
the asset condition metric discussed earlier. They enable 
the outcomes of different LOS to be expressed and under-
stood quantitatively. For example, the current LOS = C+ 
implies that 7.1% to 9.7% of catch basins and inlets require 
maintenance. Improving the service level to B would reduce 
the deficiency range to 4.5% to 5.7% of these drainage fea-
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Activity 2A3—Maintain Catch Basins and Inlets 

Indicator Catch basins and inlets that are blocked or have sediment build-up. 

Outcome Measure Percent of inlets blocked or catch basins with silt build-up greater than 50%. 

Outcome Thresholds Service Level 

 A B C D F 

 0 to 3.0% 3.1 to 7.0% 7.1 to 15.0% 15.1 to 30.0% >30% 

Data Source Field surveys 

Activity 2A4—Stormwater Facility Maintenance (formerly Maintain Detention/Retention Basins) 

Indicator Facilities unable to perform to design capacity. 

Outcome Measure Percent of silt basins that are more than 25% filled with sediment.* 

Outcome Thresholds Service Level* 

 A B C D F 

 0 to 1.0% 1.1 to 5.0% 5.1 to 10.0% 10.1 to 15.0% >15% 

Data Source: Remarks Service level is estimated.  Performance measure development is in progress, in 
conjunction with implementation of the municipal stormwater permit. 

Source: WSDOT MAP Manual (2008), Section 5. 
*Illustrative information is provided for silt basins, the former focus of this activity.  Updated information to be  
developed will reflect (1) a broadened activity scope that also includes grassy swales, open concrete tanks, and 
underground storage vaults; and (2) potential revisions to the numerical thresholds shown above, reflecting changed 
practice as a result of stormwater permit requirements. 

ExhIBIT 5
PERFORMAnCE MEASURES FOR PERMIT-RELATED DRAInAGE ACTIvITIES

Activity Maintenance LOS Targets and LOS Delivered

+ A − + B − + C − + D − + F −

Example Activity Group

Activity Example 1

Activity Example 2

Activity Example 3

Notes: = LOS target achieved; = LOS target missed; = LOS delivered.

TABLE 20
ExAMPLE WSDOT REPORT FOR MAInTEnAnCE ACCOUnTABILITy
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age features as a check on the effectiveness of the completed 
work tasks. WSDOT anticipates that with the greater, more 
frequent attention given to these drainage features, LOS may 
increase from the current C+ for inlets and catch basins to a 
grade approaching LOS B or A. If this turns out not to be the 
case, the unexpectedly low LOS will alert WSDOT to review 
the effectiveness of its work plan and identify any potential 
weaknesses. It is also possible that the drainage structures may 
be worn and deteriorated to a degree that they can no longer be 
maintained effectively, in which case, a capital project would 
be needed to rehabilitate or replace the drainage structures.

Concluding remarks

The credibility of MAP in support of WSDOT’s implemen-
tation of the Phase II permit is demonstrated in several ways. 

By comparison, Activity 2A4 targets and service levels have 
remained stable at LOS C throughout this period.

Working with the Phase II Permit Requirements

The new task completion component of MAP was used to iden-
tify the additional cost of the stormwater maintenance program 
under the Phase II permit. A formal request for additional fund-
ing (referred to as a decision package) was submitted to the 
Washington State legislature; to date a $4.5 million additional 
budget has been approved. Task completion capability will 
also be used to monitor and communicate program delivery. 
Measures to be used will be the percentage of catch basins and 
other stormwater facilities inspected annually and maintained 
to standards. The asset condition component of MAP will serve 
as a QA tool to measure the overall condition of these drain-

Activity by Calendar Year Maintenance  LOS Targets and LOS Delivered 

+ A  − + B − + C  − + D  − + F  − 

Group 2 Drainage Maintenance Affected   
by Stormwater Permit 

2A3 Maintain Catch Basins and Inlets 

CY 2005 

CY 2006 

CY 2007 

CY 2008 

CY 2009 

CY 2010 

Target: 2009–2011 Biennium

2A4 Stormwater Facility Maintenance* 

CY 2005 

CY 2006 

CY 2007 

CY 2008 

CY 2009 

CY 2010 

Target: 2009–2011 Biennium 

Source :   WSDOT  MAP reports.    
Note s : = LOS target achieved;    = LOS target missed;    = LOS delivered . 
*Facilities addressed by Activity 2A4 include detention and retention ponds or basins, grassy bio-swales, and underground 

stormwater vaults . 

TABLE 21
RECEnT hISTORy OF LOS TARGETS AnD LOS DELIvERED FOR DRAInAGE ACTIvITIES COvERED 
By STORMWATER PERMIT
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Data from MAP are incorporated directly within the per-
mit descriptions that cite current drainage LOS levels and 
associated allowable percentage ranges of deficient drain-
age features (these data correspond to entries in Exhibit 5 
and Table 21). The permit also explicitly acknowledges 
the maintenance training received by WSDOT employees 
regarding water quality protection and proper maintenance 
of drainage facilities relevant to permit requirements. With 
its task completion capability, MAP has been or will be used 
for several purposes in analyzing the implications of the new 
stormwater permit requirements: identification of the cost of 
a new target LOS, communication to the legislature of the 
need for additional funding (a portion of which has already 
been approved), monitoring of program delivery, and pro-
duction of reports for accountability purposes. The perfor-
mance data will also support legal compliance reporting to 
the state’s Department of Ecology, which issued the permit.

Apart from the stormwater drainage aspect, the devel-
opment of the task completion capability within MAP adds 
another dimension to the subject of cost estimation and calcu-
lation within performance-based analyses. The dual approach 
used by WSDOT, combining asset condition and task com-
pletion, may have applications to other areas of maintenance 
expenditure.

In a broader context, WSDOT has seen the credibility of 
MAP continue to be sustained in the eyes of the legislature and 
the public, and has taken steps to maintain its currency, cred-
ibility, and usefulness. The adoption of the task completion 
capability is one example. Another is the continuing improve-
ment process and response to new management needs that has 
led to the redefinition of Activity 2A4 addressing a broader 
range of drainage facilities. A third is the initiation of an online 
customer survey for highway maintenance, as mentioned in 
chapter two. The public is asked to rate highway pavement 
conditions and response to road emergencies, and offer opin-
ion on priorities for future maintenance spending (“WSDOT 
Launches . . .” Oct. 7, 2010).

In addition to the references cited earlier, information on 
the application of MAP data to WSDOT’s implementation of 
its Phase II stormwater permit can be found on the WSDOT 
website (www.wsdot.wa.gov/Environment/WaterQuality/
StormwaterPermitQandA.htm) and in a separate analysis 
of options for permit implementation (Stormwater Permit 
Requirements . . . Jan. 5, 2011).

CrOss-Cutting themes

Each of the case examples has focused on a particular topic 
appropriate to M&O management in that agency. The descrip-
tions and findings of the cases, however, collectively suggest 
common themes that characterize effective performance 
management practices. Follow-up interviews were held with 
managers from the case example agencies to obtain their per-

spectives on these themes, in particular to expand on two 
items in the scope of work in greater depth than was possible 
in the synthesis survey. These items concern methods used 
by state DOTs to prioritize their M&O activities, and meth-
ods used to determine the numerical threshold values and 
LOS ranges that constitute guidance for rating and reporting 
M&O performance and targets.

prioritization of maintenance  
and Operations activities

The survey identified factors that were considered in setting 
M&O priorities, and the case example for FDOT illustrated 
how the results of the MRP process are applied to prioritiza-
tion of needed work. Maintenance prioritization in FDOT takes 
place in the context of full funding for 100% of state highways 
to meet the accepted maintenance standard of MRP = 80 or 
above. As a general principle, funds are allocated to ensure 
that the target MRP level can be sustained across all state high-
way elements and characteristics. In more immediate or short-
term time frames, decisions on the priority of work focus on 
those highway elements and characteristics that are not meet-
ing the statewide standard. These features and conditions need 
maintenance work to bring them up to the acceptable MRP 
threshold. Moreover, the MRP score itself is influenced by 
priority considerations. Within the MRP analytic frame-
work are factors that express the relative importance of each 
characteristic by facility type, and the LOS weight of each 
element by facility type. These factors influence the compu-
tation of the MRP ratings among all facility types, elements, 
and characteristics.

MDOT is pursuing a similar principle, although its LOS 
are defined and quantified differently from the MRP score. 
MDOT communicates guidance for prioritization through its 
LOS targets for each asset feature. Targets are set by the assis-
tant chief engineer and used by districts during maintenance 
planning to set priorities for the coming year. variations in 
target values can be considered; for example, the target LOS 
for warning or regulatory signs could be set higher than that 
for other signs. Issues regarding target values can be taken up 
with the assistant chief on a case-by-case basis.

WisDOT and WSDOT have formally defined prioritiza-
tion tables. The WisDOT table is organized by road feature 
and indicates to which of five policy-related attributes each 
feature contributes (refer to Table 18). Recall from the case 
example that the contribution category associated with a road 
feature determines its LOS grading curve. WisDOT can also 
perform sensitivity analyses by adjusting the grading curve 
applied to a feature. (note that in the case example, several 
contribution categories have two grading curves that can be 
used.) As another example, the Mowing activity may take on 
one of two contribution categories: Safety (shown in Table 
18) or Aesthetics (if the mowed area presents no Safety 
hazards). A choice between these two options based on the 
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This priority matrix generated by WSDOT provides higher-
level guidance when strategic decisions need to be made across 
competing activities, such as funding, or for high-priority activ-
ity performance following an emergency. It also communi-
cates WSDOT’s perspective on maintenance priorities to the 
legislature and other stakeholders. For example, in the face of 
a proposed budget reduction, the matrix provides a rationale, 
together with other input, for considering and communicating 
which group of activities can be protected versus which group 
may be vulnerable to reductions. With respect to the continual, 
cyclic process of performance-based planning and budget-
ing, WSDOT applies the MAP-generated LOS-target-versus- 
delivered reports, together with the priority matrix and other rel-
evant information, to identify what work needs to be done and 
how much it will cost. When the biennial budget is approved, 
it balances estimates of needs, priorities, and available funding 
to implement the maintenance program. The reporting cycle is 
undertaken for the new biennium. As the next biennial budget 
process approaches, WSDOT begins the planning and budget-
ing processes again. In more near-term or tactical situations 
where a nimble response may be needed to a particular needs-
based or financial situation, WSDOT can also turn to its data 
on task completion to compare the accumulated work backlog 
across activities, and make decisions on the basis of reducing 
the work backlog.

Defining numerical service-level values

The case example agencies were asked about their process 
for establishing numerical thresholds (e.g., for pass–fail) and 
ranges that define performance-measure and service-level val-
ues (for example, grading curves). The state DOT managers 
all mentioned relying on the experienced judgment of their 
M&O staff in arriving at these values. In general, the values 
were determined in meetings between central office and field 
personnel. Data from other state DOTs were not used by any 
of the agencies interviewed WisDOT uses standards teams 
comprising WisDOT staff from its regions and central office, 
county representatives, and university staff to meet annually 
on this type of matter. Separate teams are organized by selected 
Compass elements: Pavement, Drainage, Roadsides, Traffic 
Control and Safety, Bridge, and Winter Maintenance.

specific site conditions directly affects the selection of the 
grading curve for this activity, which influences the relative 
priority that it will receive. Also note that the separate activ-
ity of vision Mowing is always assumed to have a Safety 
contribution category.

The current WSDOT priority matrix can be obtained on 
its maintenance performance measures website (“2009–2011 
Maintenance Activities Priority and Level of Service Matrix” 
n.d.). WSDOT also takes into account the contribution (in 
this case, of each maintenance activity) to policy objectives, 
but does so quantitatively and allows an activity to have an 
impact on more than one policy objective.

The quantification occurs in two steps. The first step is 
associated with the policy objectives themselves, in a way 
that can be regarded as weights. The policy objectives and 
their respective weights (in square brackets) are:

•	 Safety of Travelling Public and Employees [10].
•	 Operate the highway System and keep the Road 

Open [9].
•	 Meet Environmental Responsibilities [7].
•	 Maintaining the Infrastructure [7].
•	 Address Legal Mandates Other than Environmental 

(including torts) [7].
•	 Contribute to Comfort, Aesthetics, or Convenience [2].

The second step in quantification is associated with each 
maintenance activity. Each activity is assigned a weight indi-
cating its relative contribution to each policy objective. Activ-
ity weights are assigned values on the following scale:

•	 9: Critical impact on a policy objective
•	 6: Significant impact on a policy objective
•	 3: A contributing impact on a policy objective
•	 0: no impact on a policy objective.

For each activity and policy objective, the two weights are 
multiplied; the resulting values across all objectives are tallied 
to estimate a total priority score of each activity. In contrast 
with WisDOT’s contribution table, the WSDOT activities are 
rank-ordered as the result of the prioritization.
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Background and context

Performance-based highway maintenance and operations 
(M&O) management has been the subject of active research 
and industry exchanges for more than 10 years. The focus of 
these efforts has tended to emphasize peformance-based ele-
ments, or the “tools of the trade”: for example, condition assess-
ment, measures of performance, definitions of levels of service 
(LOS), establishment of LOS thresholds, and incorporation 
of these elements within existing, modified, or new mainte-
nance management systems (MMSs). Studies of performance- 
based management (PBM) itself—its concepts, methods, and 
applications—have also been performed, but to a lesser degree 
than the element-oriented studies. Nonetheless, the work that 
has been done has yielded better understandings of basic 
trends in management practices. For example, performance-
based concepts and methods have been credited with changing 
agencies’ thinking about how highway M&O programs are 
planned and managed, promoting the following attributes:

•	 More objective information on highway condition
•	 Greater emphasis on outcome-based performance mea-

sures rather than output measures
•	 Performance measures that are more customer-oriented, 

reflecting road-user expectations
•	 A shift toward more proactive maintenance planning
•	 A greater influence of performance-based measures in 

prioritization and budgeting

Previous work has also shown that state departments of 
transportation (DOTs) understand the importance of key ele-
ments in performance-based thinking: the roles of condition 
assessment data and inventory data, establishment of perfor-
mance standards, the setting of outcome-based performance 
targets, incorporating customer input, and integration within 
agency business processes, to name a few. While adopting 
a nationwide perspective, however, these past studies have 
been limited in scope and detail, conducted at a very general 
level or as adjuncts to other research objectives. It is there-
fore difficult to infer from them a comprehensive description 
of current nationwide practice in performance-based M&O 
management techniques and applications.

oBjective and Framework oF Study

The objective of this synthesis has been to compile current 
practices in PBM as applied to highway M&O, and supple-
ment this nationwide profile with four examples of specific 

applications. The scope of work identified several specific 
items to address, which were reflected in responses to the sur-
vey questions and findings of the case examples: for example, 
the use of performance measures within M&O management, 
the ways in which state DOTs quantify LOS threshold val-
ues and grading curves, the consequences of not meeting (or 
of exceeding) targeted M&O service levels, and other tasks 
listed in chapter one. With previous research, conferences, 
peer exchanges, and other sources having already focused on 
the elements of a performance-based M&O approach that are 
used by state DOTs, this study would look at how these ele-
ments are combined and applied in management techniques, 
processes, and decisions. Also, because significant work had 
recently been conducted by NCHRP on performance-based 
maintenance contracting, that topic would not be a major 
component of this synthesis.

Performance-based maintenance management has been 
influenced throughout the past decade by maintenance quality 
assurance (MQA). MQA has provided an overarching frame-
work for a number of management implementations by state 
DOTs that continue to refer to their LOS-based programs as 
MQA programs. MQA has also been the subject of M&O 
peer exchanges, the online document library organized by 
the Midwest Regional University Transportation Center, and  
research efforts. The MQA implementation process anti-
cipated many program management features and procedures 
that are still in use. This synthesis, however, has adopted the 
concepts, methods, and nomenclature of performance-based  
management as its organizing framework. PBM is a more 
current usage that incorporates the elements and procedures 
envisioned in MQA, but emphasizes additional capabili-
ties as well (listed later). A performance-based approach 
provides a more recognizable fit to the considerable work 
now underway at the federal, national, and state levels 
regarding performance measurement and accountability. A 
performance-based approach anticipates provisions in the 
future reauthorization of the federal surface transportation 
act. Beyond consistency with these other developments, a 
performance-based approach to highway M&O gives more  
explicit recognition and emphasis to several capabilities 
that state DOTs are applying: for example, management (or 
performance) accountability reporting, a renewed focus on  
customer-satisfaction input to M&O priorities and assess-
ments, more comprehensive processes for updating the 
com ponents of a performance-based approach, inclusion of 
mobility and operations-related features and activities, and 

chapter four

concluSionS
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most cases where other jurisdictions are involved, overall 
program delivery is performed by a combination of state 
and local forces, and the state retains the responsibility 
for monitoring the level of service that is delivered. The 
Wisconsin DOT (WisDOT) is unique in contracting all 
of its M&O activities with Wisconsin counties, although 
WisDOT monitors the LOS delivered.

•	 Performance measures and LOS thresholds currently 
tend to be defined on a uniform statewide basis. Some 
variability is allowed for in activities influenced by 
weather (e.g., winter maintenance) or by traffic volume 
and degree of urbanization. A unique approach has been 
adopted by the California DOT in defining zones within 
the state to account for varying traffic volumes and ter-
rain combined. State DOTs may be willing to consider 
introducing additional variability in thresholds when the 
pool of accumulated performance data is deeper.

•	 Inspections to determine field conditions that support the 
performance-based approach are conducted in various 
ways with no particular method predominating. Most 
state DOTs use a combination of central office, district, 
and third-party teams to accomplish data gathering.

•	 Setting performance-based targets is accomplished as 
a matter of professional judgment considering several 
factors. In order of decreasing number of responses, 
these factors include the projected M&O budget, a com-
mitment to meet an agency-established objective, and 
an internal management or engineering analysis indi-
cating a realistic target for accomplishment. In some 
cases other factors may drive goal-setting, for example, 
legislative mandates and agency commitments under a 
state government accountability initiative.

•	 State DOTs tend to look to several management tasks in 
common to be supported by performance-based meth-
ods. These tasks include tracking of condition, perfor-
mance, and quality; M&O prioritization; budget devel-
opment and justification; development of needs-based 
management estimates; resource allocation among field 
offices; and an understanding of the relationship between 
LOS and cost. These findings were generally consistent 
with those of past research.

•	 Twelve of 20 responding agencies solicit feedback from 
customers through a variety of ways, with telephone or 
mailed surveys being the primary methods. Although 
some survey efforts are relatively broad and infrequent, 
others are directed specifically to M&O issues, and 
agencies on average employ more than a single method 
to obtain this information. Several agencies report solic-
iting customer assessments and opinions online. Only a 
few agencies solicit input from industry groups.

•	 Just over half of the responding agencies apply 
performance-based measures to contracts, often using 
the same LOS or performance measures as those applied 
to in-house forces doing comparable work.

•	 Agencies view communication of performance-based 
information as important, whether it concerns informa-
tion prior to a decision or the consequences that may 

more comprehensive accounting of highway performance 
and cost. As a counterpoint to the previous observation, the 
study activities on this synthesis have identified several state 
DOTs that refer to their M&O management in terms of per-
formance and accountability rather than MQA, signaling at 
least a blend of usages and perhaps a transition in manage-
ment perspective that is underway.

FindingS

nationwide Practice

Current nationwide practice in performance-based M&O 
management was developed through a survey of DOTs in  
50 states and the District of Columbia. The survey yielded 41 
responses. Of these, 31 DOTs, or 76%, reported that they use 
some form of PBM. The specifics of any particular manage-
ment approach can vary; for example, whether performance 
measures or LOS are used, whether performance measures 
are strategic or tactical, whether LOS are value-based or pass– 
fail, and whether the performance-based approach is prelimi-
nary or mature. Despite these differences, all of the various 
approaches developed by state DOTs to date tend to share 
a common set of practices, perceptions, or characteristics at 
an overall level. It is important that these commonalities be 
understood as agency agreement on a cluster of factors, rather 
than on a single, paramount consideration. This is not a sur-
prising result. Participants in the survey were allowed to select 
more than one choice on most multiple-choice questions. That 
they often did so indicated a perception of having to deal with 
multiple, sometimes conflicting, factors influencing a process 
or decision. Examples of topics in which this agreement on 
groups of factors occurred are given in the following bulleted 
list. (Refer to chapter two to see the overall tally of responses to 
each survey question, and to Appendix D to see the responses 
by state DOT across multiple-choice selections.)

The synthesis survey has highlighted the following charac-
teristics of performance-based highway M&O management 
among state DOTs:

•	 A performance-based approach is used to address a wide 
range of highway features. Prevalent among these are 
road surfaces, bridges, pavement markings, drainage 
features, road signs, guardrails, and roadside and median 
vegetation. Other items are represented to a lesser degree: 
Intelligent Transportation System (ITS) devices, struc-
tures other than bridges, and roadway lighting, among 
others. In addition to highway features or assets, M&O 
services— for example, incident or emergency response 
and winter maintenance—may also be addressed through 
a performance-based approach.

•	 In most cases M&O services are delivered under the 
auspices of the state DOT using its own employee work 
forces, contractors, volunteers, or prison labor. In only 
a few instances are other governmental levels (e.g., 
municipalities or counties) used for service delivery. In 
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result following a decision. Most respondents identified 
five entities most often involved in communications of 
performance-based accomplishments or accountabil-
ity: personnel within the DOT itself, the transportation 
commission or equivalent, the legislature, the governor, 
and the general public. Other recipients are involved 
less often; for example, other state agencies, industry 
groups, the FHWA, and so forth. Several mechanisms 
are used for communication, but the two reportedly 
used the most are performance accomplishment reports 
and dashboards presenting conveniently summarized 
information.

•	 To a question regarding development of innovative per-
formance measures for operations activities specifically, 
fewer than half of the state DOTs responded affirma-
tively. Most responses identified winter maintenance 
and traffic signal systems as the subjects of innova-
tive performance measure development. Other opera-
tions activities received one or two responses each: ITS 
devices, electronic/environmental sensing systems, and 
incident/emergency response.

agency case examples

The case examples reinforced and built on the findings of the 
survey to illustrate how the individual performance-based 
elements come together and are applied by different agencies 
to management needs and tasks. Four cases were studied: 
two dealing with processes and procedures to build and sus-
tain the performance-based approach itself, and two dealing 
with the application of the approach to M&O program man-
agement. Mississippi DOT (MDOT) and WisDOT were the 
subjects of the process-oriented cases; Florida DOT (FDOT) 
and Washington State DOT (WSDOT), the subjects of the 
program-oriented tasks.

The MDOT case illustrated the process used to imple-
ment a new performance-based approach including use of 
a new MMS, Accountability in MDOT Maintenance Opera-
tions (AMMO). Since data were also available on WisDOT’s 
implementation of its performance-based approach, Com-
pass, the two examples showed how agencies followed dif-
ferent implementation paths each tailored to the respective 
agency’s needs and circumstances and the nature of their 
M&O program.

•	 MDOT employed consultants and vendors to guide the 
two prongs of its new performance-based approach: 
identifying and instituting new business processes, and 
customizing, developing, testing, and implementing new 
AMMO software. Pilot testing was useful in merging 
these two efforts correctly, verifying AMMO accuracy, 
familiarizing MDOT personnel with the system, and 
identifying training needs. This approach to implemen-
tation represented a process that was thought out ahead 
of time to ensure that all pieces fit together properly.

•	 WisDOT faced a situation in which Compass would 
need to work successfully among department central 
office and region staff plus 72 performing counties. Ini-
tial development of the system relied on strong internal 
leadership in lieu of consultant engagement; relationship-
building among all parties; and a six-month pilot pro-
gram to ensure proper coordination, communication, 
and use of Compass among state and county personnel.  
This approach was felt to be important to demonstrat-
ing Compass credibility early on, encouraging all par-
ties to work together, improving central office knowl-
edge of the highly decentralized work performance, 
and properly managing expectations following early 
successes.

The cases for WisDOT, FDOT, and WSDOT all represent 
agencies with mature LOS-based management systems for 
M&O.

•	 The WisDOT case focused on processes and procedures 
undertaken to keep Compass current and prepared to 
address program-management tasks. The case covered 
an overview of field rating procedures, LOS concepts, 
the method of assigning internal priorities to high-
way features, quantifying LOS thresholds and grading 
curves, target setting and communication of targets, 
preparation of annual “report cards” and conduct of a 
gap analysis to compare actual conditions with target 
values, relating LOS to cost through “price tags,” and 
other support activities. In part because WisDOT and 
its five regions deal with 72 counties who are the per-
forming organizations for state highway maintenance 
in Wisconsin, WisDOT places a premium on good 
communication, coordination, effective data to support 
decisions, and shared responsibilities between the state 
and county participants.

•	 The FDOT case looked at how maintenance activities 
are prioritized for accomplishment throughout the year 
to ensure that the statewide maintenance standard is 
met on all state highways. FDOT applies its mainte-
nance rating program (MRP) to determine condition-
based scores for each characteristic of its highway 
elements. MRP reports for each period assist field man-
agers in prioritizing work through the following period 
to improve any MRP scores that are currently low. The 
department combines this objective, analytic basis for 
determining the status of planned versus actual condi-
tion with a managerial check, the QA review, which 
seeks to ensure that funding is actually redirected to 
those activities that will produce positive performance 
results in the following period.

•	 The WSDOT case illustrated the application of its Main-
tenance Accountability Process (MAP) data to support 
meeting the requirements of WSDOT’s Phase II storm-
water permit. This permit essentially elevated the LOS 
targets for two drainage maintenance activities. MAP  
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data were incorporated directly within the permit’s 
language to discuss the performance and maintenance 
level-of-effort implications of the permit requirements, 
to indicate how compliance with the permit would be 
monitored through MAP inspections and reports, and 
to establish the basis for a request to the legislature for 
additional funding to comply with permit requirements.

•	 Two items identified in the scope of work were also 
addressed in more detail through cross-cutting themes 
among the findings for the case example states: a more 
broad-based review of prioritization of maintenance 
activities (going beyond the FDOT example), and pro-
cedures agencies use to quantify factors such as LOS 
threshold values and grading curves. The results showed 
that agencies use a variety of methods to communi-
cate priorities and incorporate them within the analytic 
processes of their MMSs; and that quantification of 
performance-based elements by all the agencies inter-
viewed relied primarily on the professional judgments 
of their experienced M&O personnel.

Barriers to more widespread implementation

The synthesis findings also revealed barriers to more wide-
spread use of performance-based M&O management. Sources 
of information included survey responses by the ten agencies 
that do not currently use performance-based methods; com-
ments on the survey questionnaire from agency managers 
who do use performance-based methods, but who also identi-
fied impediments that could occur; and discussions with state 
DOT personnel.

The primary reasons cited for non-use of performance-
based methods by ten agencies were the following, in order 
of decreasing numbers of responses:

•	 The agency was evolving in its management approach, 
but no decisions had been made yet.

•	 The agency does not have the resources to support a 
performance-based approach.

•	 The agency’s current management systems do not sup-
port a performance-based approach.

•	 The state government has not yet adopted a performance- 
based philosophy.

•	 One other respondent noted that his or her agency was 
satisfied with their current management approach and 
did not see a need to consider moving to performance-
based methods.

Among agencies that currently do use performance-based 
methods, a theme that was voiced by agency personnel was 
that uncertainty in funding could impede the effective use of 
performance-based methods. Two agencies also mentioned 
limitations of MMS to deal with insufficient or unpredictable 
levels of funding, and loss of specific analytic capabilities 
caused by upgrades to new products, which could limit the 
use of formerly used performance-based computations.

recommendationS For Further reSearch

Work on this synthesis has identified several gaps in current 
knowledge that could be addressed by the following recom-
mended research.

comparative descriptions of Performance-Based 
maintenance and operations management

Gaps in Current Knowledge

Past research has developed fairly detailed, nationwide compi-
lations of basic elements of performance-based M&O manage-
ment (refer to sections at the start of chapter two). Comparable 
information has not been developed for the management prac-
tices, communication of information, and decision-making that 
drive M&O programs. The case studies in this synthesis pro-
vide a point of departure for understanding the types of infor-
mation and descriptions of business processes, organizational 
relationships, and decision support that the proposed research 
could capture. However, each of the four cases had as its objec-
tive the investigation of a particular management function or 
task, not the comprehensive description of the performance-
based process in its entirety. The directory of program infor-
mation compiled by the University of Wisconsin–Madison 
(Directory of State Program Information July 2009) illustrates 
more broadly based categories of information, but greater 
detail, comparisons among different methods, and explana-
tions of the inner workings of key management functions and 
tasks would be helpful. Two related research projects are pro-
posed: one focusing on a comparative analysis of performance-
based M&O management approaches in different agencies; the 
second, focusing on factors important to successful implemen-
tations. Note that the treatment of cost within PBM is a separate 
effort discussed in the next project recommendation.

Research Recommendations

•	 Comparative studies of performance-based M&O man-
agement. This research would obtain detailed information 
and assessments from state DOTs on what they perceive 
as strengths in their performance-based approaches, and 
areas where they believe improvements could result in 
more effective applications. (They might also be asked 
to comment on preferred ways to exchange informa-
tion on current management approaches and proposed 
improvements; for example, through peer exchanges, 
domestic scans, workshops or webinars, conference 
sessions, further research projects, or state-DOT user-
group or cooperative-arrangement research efforts.) 
Key questions for each state DOT to address regarding 
its own PBM could be defined and distributed before 
the research is conducted. With limited time and bud-
get, this synthesis surveyed only the highway main-
tenance units represented on AASHTO’s Subcommit-
tee on Maintenance. A broader research program could 
engage operations units as well. Examples suggested 
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by findings of this current synthesis include the follow-
ing, although this list is by no means exhaustive: How 
would one describe the current PBM approach? How 
are field data that are currently collected used in sup-
porting PBM functions or tasks? How are performance 
measures defined to represent the needs, interests, and 
concerns of the state highway agency and its customers? 
How are current performance measures used to inform 
business processes and decisions? How are maintenance 
priorities represented within the performance-based 
approach, and how are they used in business processes 
and decision support? What mechanisms of internal and 
external communication are most effective for different 
situations? What mechanisms of customer input appear 
to work the best? If resources were available to improve 
the current performance-based approach and supporting 
procedures/systems, what would be the top three priori-
ties in descending order? What factors currently impede, 
or threaten to impede, proper operation of perfor-
mance-based M&O management? It is recommended 
that this research be completed before undertaking the 
proposed project on cost-effectiveness of performance-
based approaches described in a later section.

•	 Success factors in effective performance-based M&O 
management. The findings of this project could provide 
a better understanding of the effectiveness of various 
performance-based methods, and of the circumstances 
under which the different available approaches are best 
used. This research could either be a separate effort or a 
component of the previously described project. Success 
factors encompass those forces associated with organiza-
tional change generally (e.g., importance of champions, 
good communication, and stakeholder involvement), 
and with performance-based M&O management spe-
cifically.  The latter topic could consider for example the 
importance of the professional judgments of experienced 
maintenance personnel in quantifying elements of PBM 
and the process by which changes in agency policies, pri-
orities, inspection methods, and performance measures 
are translated into updates to existing  performance-based 
approaches. Past research and this synthesis have sug-
gested candidate success factors. What is needed is a 
larger sample size of existing approaches, a more broad-
based understanding of each state DOT’s approach, and 
more in-depth discussions with agency personnel to 
explain the value-added contributions of different suc-
cess factors within the context of their own agency’s pro-
grams, priorities, management culture, and expectations 
of the M&O program.

relating maintenance and operations level of 
Service to cost

Gaps in Current Knowledge

The analytic relationship between LOS and cost is beset by 
a lack of clear agreement on practice and use. Past research 

discussed at the beginning of chapter two has indicated that 
few states now employ such a relationship. The one example 
cited there was of the form of an asset condition relationship 
developed by the North Carolina DOT (refer to the WSDOT 
case in chapter three for an explanation of this nomenclature). 
In the past few years, WSDOT itself has transitioned from an 
asset condition approach to a task completion approach for 
its backlog and cost calculations. Comments submitted as 
part of synthesis survey responses indicated that the Califor-
nia DOT has developed a budget model with nonlinear cost 
curves and automated what-if scenarios of LOS versus cost; 
Colorado DOT has a procedure to translate LOS targets to a 
proposed budget. In its recently developed system, MDOT 
has analytically defined its performance measures and M&O 
resource requirements for each asset/activity such that pro-
posed changes in LOS can be related directly to positive or 
negative changes in work required, which in turn can be 
related to increases or decreases in cost. Within WisDOT’s 
Compass system, unit costs have been applied to the several 
Compass grading curves for the various roadway features to 
estimate the statewide average costs to reduce maintenance 
backlogs and improve LOS. The Compass program manager 
sees research needs to quantify regional unit cost differences 
and cost differentials based on road class. Also, the current 
method of cost calculation is a one-way analysis assuming 
additional dollars to increase the level of M&O service. 
Lacking good deterioration curves for road features other 
than pavements and bridges, Compass does not yet calculate 
increased maintenance backlogs (therefore, reduced service 
levels) owing to less funding. A two-way analysis would 
address both increased and decreased LOS, corresponding to 
reduced and increased backlog. The LOS–cost relationship 
is important to several tasks; for example, scenario-testing 
of alternative maintenance program targets, budget prepara-
tion and revision, and—as the WSDOT case in chapter three 
has shown—addressing M&O responses to requirements 
imposed by external events such as state or federal mandates. 
Greater knowledge of practical, feasible cost models could 
assist agencies in building the analytic capability to perform 
these tasks more efficiently and effectively.

Research Suggestions

Research on LOS–cost relationships could be structured as 
a synthesis or a technical report. The bulk of the research 
might focus on those state DOTs that use LOS–cost relation-
ships or that have conducted substantial research on them. 
Several objectives could be addressed in describing each 
state DOT’s method:

•	 To document analytic assumptions, formulas, data 
requirements, and outputs related to the method;

•	 To describe the derivation of the method (e.g., the 
pool of data and the mathematical procedures used to 
develop and test the relationships), and the length of 
time the method has been in use;
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•	 To obtain available information, if any, on the initial 
cost savings of deferring maintenance work versus the  
costs to get the deferred work caught up at a later date. 
(This issue of deferred maintenance could also be framed 
in terms of backlog calculations—refer to the research 
ideas discussed by the WisDOT program manager);

•	 To identify unique or innovative features and capabilities 
within the method;

•	 To document further research or development work 
anticipated by each state DOT regarding its method; and

•	 To identify particular characteristics or requirements 
inherent in the method; for example, specialized data 
within MMSs or links to other agency data (e.g., in finan-
cial management or accounting systems and payroll sys-
tems), or specific definitions of performance measures, 
service levels, or other factors needed for the method’s 
calculations to work correctly.

Paths to implementation

Gaps in Current Knowledge

At least ten agencies that do not now use performance-based 
methods for highway M&O could benefit from past lessons 
learned in how to install such a system in their agencies. 
Additional candidates for these insights would include agen-
cies that now use performance-based methods, but wish to 
move toward a more broader approach or one designed spe-
cifically for highway M&O. The experience of both MDOT 
in implementing AMMO and WisDOT in implementing 
Compass is that the installation of a new performance-based 
approach could encompass two major developments simul-
taneously: agreement on the new business processes and 
management capabilities needed immediately and a vision 
of longer-term possibilities; and the design, development, 
pilot testing, and implementation of supporting software. A 
lesson of the AMMO and Compass installations, however, 
is the need to tailor development and implementation to the 
objectives, characteristics, and culture of the agency, and to 
the type of M&O program envisioned and its intended oper-
ation. Some individual implementation efforts have been 
documented (e.g., Lebwohl 2003 for Compass); however, 
information for several different cases has not been brought 
together in a single guide to illustrate tried-and-tested meth-
ods appropriate to different circumstances. Two separate 
research projects are proposed: one focusing on processes of 

development and implementation; the second, focusing on 
how to demonstrate the cost-effectiveness of implementing 
a performance-based M&O approach.

Research Recommendations

•	 Implementation paths to a performance-based M&O 
approach. Although Mississippi’s and Wisconsin’s 
efforts have both been successful, each followed a dif-
ferent path as described earlier. It is recommended that 
up to three additional state DOTs be studied, select-
ing case example subjects from those agencies that 
have recently implemented new performance-based 
business processes and/or software. These could be 
combined with updated versions of the AMMO and 
Compass cases.

•	 Cost-effectiveness of performance-based M&O 
manage ment. Demonstrating the cost-effectiveness of 
performance-based M&O management could help an 
M&O business unit justify the resources required for 
initial develop ment. Longer term, cost-effectiveness 
could be used to buttress requests for continuing opera-
tional expenditures (e.g., for data collection and man-
agement system operation) or significant updates and 
upgrades. Access to supporting data on cost-effectiveness 
is important in light of comments by several survey 
respondents citing the lack of resources and the lack of 
MMS capabilities as reasons for not moving ahead on 
a performance-based M&O capability. Development of 
cost-effectiveness findings requires collaboration with 
state DOTs that already have operational performance- 
based M&O management programs. Agencies with 
a track record and historical information on their 
respective performance-based systems could provide 
more accurate estimates of the costs of system devel-
opment, implementation, and operation, and more 
accurate assessment of the benefits and other impacts 
of performance-based system use. Some benefits and 
other impacts may be nonmonetary (or not easily mon-
etized) and even qualitative. A cost-effectiveness anal-
ysis, which could include a benefit–cost component, is 
therefore recommended to capture the widest possible 
set of all benefits and impacts. It is recommended that 
this research be started after the completion of the com-
parative studies of performance-based M&O manage-
ment described earlier.
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AMMO Accountability in MDOT Maintenance Operations

BI business intelligence

Caltrans California Department of Transportation

FDOT Florida Department of Transportation

LOS level(s) of service; service level(s)

M&O maintenance and operations

MAP Maintenance Accountability Process (WSDOT)

MDOT Mississippi Department of Transportation

Mn/DOT Minnesota Department of Transportation

MQA maintenance quality assurance

MRP Maintenance Rating Program (FDOT)

MRUTC Midwest Regional University Transportation Center

PBM performance-based management

QA quality assurance

QC quality control

TxDOT Texas Department of Transportation

TxMAP Texas Maintenance Assessment Program

WisDOT Wisconsin Department of Transportation

WSDOT Washington State Department of Transportation

Acronyms And AbbreviAtions
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Appendix A

Survey Questionnaire

SYNTHESIS 42-06 WEB-BASED   
SURVEY QUESTIONNAIRE  

NCHRP 42-06: PERFORMANCE-BASED HIGHWAY MAINTENANCE AND OPERATIONS MANAGEMENT   
DISTRIBUTED JAN 2011   

Co ve r Letter  

Dear State Highway Maintenance Manager:  

The Transportation Research Board (TRB) through its National Cooperative Highway Research Program  (NCHRP) is   
preparing a synthesis on Performance-Based Highway Maintenance and Operations Management. This is being done  
under the sponsorship of the American Association of State Highway and Transportation Officials (AASHTO), in  
cooperation with the Federal Highway Ad mi nistration (FHWA).  

The objectives of this synthesis are two-fold: (1) co mp ile and synthesize current inform ation on perform ance  me asures,  
levels of service (LOS), and related work as applied to highway  ma intenance a nd operations (M&O), and (2) develop state  
DOT case studies of perform ance-based techniques in highway M&O  ma nagement.  By m eeting these objectives, the  
synthesis can contribute to im proved inform ation and practices available to state DOTs for managing highway  
ma intenance and operations.  The results of the synthesi s will be distributed through AASHTO, TRB, and FHW A.    

This survey is being sent to state DOT representatives on the AASHTO Subcommittee on Maintenance (SCOM). Your   
cooperation in co mp leting the questionnaire will ensure the succes s of this effort.  If you are not the appropriate person at  
your agency to complete this survey, please forward it to the correct person by following the guidelines below.  

Please complete and submit this survey by Friday, February 11th. We  estimate that it should take no more than 
30 minutes, and in many cases less than 20 minutes, to complete. Most questions are multiple-choice or selection-of-closest-
description, and can be completed relatively quickly.  “Text boxes” are provided throughout the questionnaire if you  
need to provide additional information or examples.  If you have questions, please contact our principal investigator, Mike 
Markow,  mj ma rkow@comcast.net  (508) 540-5966. Any supporting documents, spreadsheets, slide presentations, etc. can  
be uploaded directly into the questionnaire response.  Or,  yo u ma y send the m  by e-m ail to Mike Markow or provide him 
the appropriate document links in the text boxes.    

Thank you very  mu ch for participating in this research.    

DEFINITIONS  

For purposes of this synthesis, “perform ance-based management”  me ans the use of perform ance measures or levels of   
service (LOS) as an integral part of  ma naging the  ma inte nance and operations program . Maintenance Quality Assurance  
(MQA) is described “as the planned and systematic actions needed to provide adequate confidence that highway facilities  
me et specified requirements. Such requirements are usually defined by the highway agency but are intended to reflect the  
needs and expectations of the [road] user”  [ NCHRP Synthesis Report 422,  p. 9]  

Contact Information  

Please enter your contact information.    

First Name: ______________________________________________________________   

Last Name: ______________________________________________________________   

Title: ___________________________________________________________________   

Agency/Organization: ______________________________________________________  
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City:____________________________________________________________________  

State:____________________________________________________________________ 

Zip Code:________________________________________________________________  

Country:_________________________________________________________________ 

E-mail Address:___________________________________________________________  

Phone Number:____________________________________________________________  

Q1 and Branch to Appropriate Part of Surv ey   

1.  Does your  ma intenance and operations (M&O) management approach rely on perform ance-based or Maintenance  
Quality Assurance concepts?  

  (  ) Yes (proceed to Question 2 and the remainder of the survey)  

  (  ) No (proceed to Question 16 and the remainder of the survey)  

Q2 

2.  Select the statement that best describes your agency’s use of perform ance-based or maintenance-quality-assurance  
concepts.  (You will be auto ma tically redirected to other parts of the survey based upon your response.)   

  (  ) M&O-related condition or perform ance measures provide data to track performance trends, identify critical needs,  
and support tasks such as budget requests, but othe rwise are not used in day-to-day  ma nage ment.  

  (  ) Our agency uses several generalized or strategic perfor ma nce measures (capturing facility condition, congestion,  
crash data, etc.) to assess multiple highway investment  programs:   ma intenance and operations as well as capital  
preservation, mobility, safety, and so forth.  

  (  ) This agency has just begun investigating MQA conc epts, and is form ulating its approach to M&O-related   
perfor ma nce measures or levels of service.   

  (  ) Perform ance  me asures have been defined for  ma in tenance and operations specifically, and are used in M&O  
ma nagement tasks such as planning, budgeting, prioritization, regional allocations of funding, and accountability for  
results 

  (  ) The agency has defined M&O levels of service (including any underlying perform ance measures) for some or all  
activities/assets, but these are preli mi nary and likely to be revised in the near future.  

  (  ) The agency has a mature program  of M&O levels of service (including any underlying performance measures)  
that is well integrated in  ma nage ment procedur es, assessm ents, decisions, and system s, and is used in reporting and  
communication.  

  (  ) The MQA, LOS, or performance-based practices used by this agency are not well described by any of the above  
statements.  

Optional comment : 

Street Address:____________________________________________________________  

Suite:____________________________________________________________________ 
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(  ) Bridges  

(  ) Other Structures (e.g., retaining walls, noise barriers, tunnels, reinforced earth)  

(  ) Drainage (ditches, culverts, inlets, box culverts, etc.)  

(  ) Roadside and Median Vegetation  

(  ) Slopes  

(  ) Pave me nt Markings   

(  ) Traffic Signals  

(  ) Roadway Lighting  

(  ) Signs  

(  ) Guardrail  

(  ) ITS Devices  

(  ) Cleaning, Broo mi ng, Debris Re mo val   

(  ) Litter Pickup  

(  ) Incident/Emergency Response (e.g., regarding crashes, hazardous spills, emergency highway repairs) 

(  ) Rest Areas 

(  ) Winter Maintenance 

(  ) Median barriers 

(  ) Road-edge and ramp delineators 

(  ) Other significant assets/activities: please identify in text box below. 

Other assets/activities:  _____________________________________________________ 

Considering only the assets/activities you have selected above, how is this work delivered? (Check all that apply.) 

 (  ) It is delivered under the auspices of the state DOT, whether using agency employees, contractors, volunteers, or 
prison labor. 

 (  ) It is delivered by other governmental levels (e.g., municipalities, counties, etc.), but the state DOT retains 
responsibility for monitoring level of service provided. 

 (  ) It is delivered by other governmental levels, with these other jurisdictions having responsibility for monitoring the 
levels of service provided. 

 (  ) Other:  please describe in text box below. 

Other method of delivery:  _________________________________________________________________ 

Optional comment: ________________________________________________________________________ 

 ____________________________________________________________________________________ 

Q3 (Branch 1)  

3.  To which assets or activities listed below do you apply the perform ance-based  or MQA concepts described in   
Question 2? (Check all that apply.)  

(  ) Road Surface (pavement or other travel way surface, shoulders)  
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Q4 (= Q3 Branch 2)  

4.  To which assets or activities listed below do you apply the perform ance-based  or MQA concepts described in   
Question 2? (Check all that apply.)  

(  ) Road Surface (pavement or other travel way surface, shoulders)  

(  ) Bridges  

(  ) Other Structures (e.g., retaining walls, noise barriers, tunnels, reinforced earth)  

(  ) Drainage (ditches, culverts, inlets, box culverts, etc.)  

(  ) Roadside and Median Vegetation  

(  ) Slopes  

(  ) Pave me nt Markings   

(  ) Traffic Signals  

(  ) Roadway Lighting  

(  ) Signs  

(  ) Guardrail  

(  ) ITS Devices  

(  ) Cleaning, Broo mi ng, Debris Re mo val   

(  ) Litter Pickup  

(  ) Incident/Emergency Response (e.g., regarding crashes, hazardous spills, emergency highway repairs)   

(  ) Rest Areas 

(  ) Winter Maintenance 

(  ) Median barriers 

(  ) Road-edge and ramp delineators 

(  ) Other significant assets/activities:  please identify in text box below. 

Other assets/activities:  ____________________________________________ 

Considering only the assets/activities you have selected above, how is this work delivered?  (Check all that apply.) 

 (  ) It is delivered under the auspices of the state DOT, whether using agency employees, contractors, volunteers, or 
prison labor. 

 (  ) It is delivered by other governmental levels (e.g., municipalities, counties, etc.), but the state DOT retains 
responsibility for monitoring level of service provided. 

 (  ) It is delivered by other governmental levels, with these other jurisdictions having responsibility for monitoring the 
levels of service provided. 

 (  ) Other method of delivery:  please identify in text box below. 

Other method of delivery:   ________________________________________________________________

Optional comment: _______________________________________________________________________ 

 ____________________________________________________________________________________
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Q5 

5.  Perfor ma nce measures and/or levels of service are defined: (Check all that apply.)   

  (  )  Wi th uniform values statewide  

  (  )  Wi th regional variations in values  

  (  ) Other:  please describe briefly in text box below.  

Other  me thod of defining perfor ma nce measures or LOS: ______________________________  

Optional comment: ____________________________________________________________  

  ________________________________________________________________________ 

Q6 

6.  Do you set goals or targets for anticipated levels of future perfor ma nce? —e.g., a target LOS value or a target  
perfor ma nce level that you intend to achieve within a certain ti me ?  

  (  ) Yes   

  (  ) No  

If Yes, please indicate how these targets are determ ined: (Check all that apply.)  

  (  ) As a function of projected M&O budget   

  (  ) As a legislatively mandated agency commitment   

  (  ) As an agency commi tm ent under a state government accountability initiative  

  (  ) Solely as a commi tm ent to meet an agency -established objective or goal  

  (  ) As a result of internal  ma nagement or engineering analysis indicating a realistic target for accomplishment  

  (  ) By another method:  please describe in text box below.  

Other  me thod: ____________________________________________   

Q7 

7.  Please indicate whether your agency uses a performance-ba sed or MQA approach for the following tasks: (Check all 
that apply.)   

  (  ) Tracking of condition, perfor ma nce, or quality of M&O assets/activities  

  (  ) Development of needs-based  ma nagement estimates  

  (  ) Maintenance and operations prioritization  

  (  ) Budget development and justification  

  (  ) Resource allocation among districts/divisions/regions  

  (  ) Analytic relationships between LOS and cost   

  (  ) Anticipation of future  ma nage ment require me nts in reauthorization legislation  

(  ) Innovative communications techniques  
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  (  ) Other task(s):  please describe in text box below.  

Other task(s): __________________________________________________  

Optional comment: _____________________________________________  

  __________________________________________________________

Q8 

8.  Do you use customer (road user) input in your perfor ma nce-based or MQA approach; e.g., to assess current or   
planned M&O services, priorities, or quality of work?  

  (  ) Yes   

  (  ) No  

If Yes, how is this information obtained?  (Check all that apply.)   

  (  ) Telephone or mailed surveys  

  (  ) Survey cards (e.g., at rest areas)   

  (  ) Trouble and co mp laint calls  

  (  ) Written complaints  

  (  ) Focus groups, discussion groups  

  (  ) Formally organized citizens’ panels  

  (  )  We bsite, social media announcements and responses  

  (  ) Other method(s):  please describe in text box below.  

Other method(s): _______________________________________________ ___ 

Optional comment: ______________________________________________  

  __________________________________________________________

Q9 

9.  Does your agency solicit input fro m  industry (e.g., shippe rs, truckers, engineering and construction firms, vendors and  
suppliers, professional and trade associations) in your performance-based or MQA approach; e.g., to assess current or   
planned M&O services, priorities, or quality of work?  

  (  ) Yes   

  (  ) No  

If Yes, how is that inform ation obtained?  (Check all that apply.)   

  (  ) Surveys of industry firms  

  (  ) General  me etings, agency presentations   

  (  ) By-invitation m eetings, invited industry presentations  

  (  ) Industry/association review and comment on relevant proposed policies and practices  

(  ) Newsletter distribution 
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 (  ) Website, social media announcements and responses 

 (  ) Focus groups, discussion groups on specific topics 

 (  ) Formally organized industry advisory panels 

 (  ) Other method(s):  please describe in text box below. 

Other method(s):  __________________________________________________________ 

Optional comment: _________________________________________________________ 

 _____________________________________________________________________ 

Q10

10. If you contract for maintenance and operations services, are levels of service or performance thresholds applied to 
contractor performance? 

 (  ) Yes 

 (  ) No 

If Yes, these performance or LOS values are: (Check all that apply to the contracted work.) 

 (  ) The same as those used for agency employee or force account work 

 (  ) Defined specifically for contract work, completely separate from force account performance or LOS values 

 (  ) A combination of what is expected of force account performance and of contractor performance 

 (  ) Other approach:  please describe in text box below. 

Other approach: _____________________________________________________________ 

Optional comment: ___________________________________________________________ 

 _______________________________________________________________________ 

Q11

11. This synthesis seeks to identify innovative performance measures and levels of service that are defined for operations 
activities/assets; e.g., winter maintenance, ITS devices, traffic signal systems, and incident response.  Please select the 
examples below where you feel your agency has taken innovative approaches. 

 (  ) Winter maintenance; e.g., definitions of winter storm indexes, or of “standard winter storms.” 

 (  ) Traffic signal measures that go beyond consideration of individual signal heads or single intersections to 
encompass link, corridor, and multijurisdictional effects.  These could include measures of signal coordination that more 
closely relate to mobility improvements. 

 (  ) ITS device maintenance that reflects performance and reliability; consideration of IntelliDrive devices. 

 (  ) Performance measures for electronic and environmental sensing systems (in tunnels) that capture system 
compatibility of component replacement, or that gauge overall system reliability. 

 (  ) Measures of incident or emergency response that capture safety, mobility, and preservation considerations. 

 (  ) Other example(s):  please describe in text box below. 

Other example(s):  _____________________________________________________________ 
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Optional comment: _____________________________________________________________ 

 _________________________________________________________________________ 

Q12

12. To whom do you communicate performance-based results (e.g., LOS target vs. attained; M&O accomplishments and 
resulting outcomes)? (Check all that apply.) 

 (  ) Internally within the DOT organization, including bureaus or branches (e.g., motor vehicles) 

 (  ) State transportation commission or equivalent 

 (  ) Legislature, legislative staff 

 (  ) Governor’s office, executive staff 

 (  ) Other state executive agencies (e.g., financial management, attorney general) 

 (  ) State-level task forces or groups (e.g., safety commissions, governmental public protection groups) 

 (  ) Other state DOTs, FHWA 

 (  ) Professional and industry groups 

 (  ) Non-governmental public advocacy groups 

 (  ) General public, including via news outlets, Internet postings, social media 

 (  ) Others:  please describe in the text box below. 

Others: ______________________________________________________________________ 

Optional comment: _____________________________________________________________ 

 _________________________________________________________________________ 

Q13

13. How is the communication in Question 12 accomplished—what media are used by your agency? 

 (  ) Performance-accomplishment reports 

 (  ) Newsletters 

 (  ) Agency website articles 

 (  ) Dashboards, summaries of performance indicators or LOS values 

 (  ) Social media announcements 

 (  ) E-mails, list-serve distributions 

 (  ) Postal mailings 

 (  ) Other methods:  please describe in the text box below. 

Other methods: _________________________________________________________________

Optional comment: ______________________________________________________________

__________________________________________________________________________ 
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Q14 

14.  In your periodic field inspections of road conditions rela ted to M&O, how are the data that are used in quantifying  
current performance measures or LOS obtained ?  (Check all that apply.)   

  (  ) Headquarters-based teams gather data statewide   

  (  ) District-level teams inspect other districts  

  (  ) District-level teams inspect own district  

  (  ) Independent third parties conduct inspections   

  (  ) Com bination of above  

  (  ) Data are gathered for general agency-wide use (not li mi ted to M&O) and are collected by a variety of effo rts  

  (  ) Other method(s):  please describe in text box below.  

Other  me thod(s):   __________________________________________________________   

Does your agency use a quality control  me thod to ensure consistency and repeatability in these field inspections?  

  (  ) Yes   

  (  ) No  

  (  ) Inspections are handled by other agency offices and multiple efforts  ma y be involved—cannot provide a definite  
answer 

If Yes, please describe briefly:___________________________________________________________  

Optional comment: ____________________________________________________________________  

  ________________________________________________________________________________  

Q15 

15.  The synthesis would benefit greatly fro m  documents describing your  ma nagement approach and list of LOS  
definitions and/or performance measures. Reports, papers, slide  presentations, and other descriptions are welcome.  If you  
are willing, please indicate below the way in which you will refer or transmit documents to the Principal Investigator, M.J. 
Markow (contact inform ation at end of survey).  

  (  ) Current documents are already in the MQA database maintained by the Midwest Research University   
Transportation Consortiu m  (MRUTC) at the University of  Wi sconsin  (P.I. can access these directly)  

  (  ) Documents are available at the link(s) given in the text box below   

  (  ) Up to 2 documents may be uploaded as part of th is questionnaire response (use the Browse buttons below)  

  (  ) Documents will be sent as e- ma il attachments to  mj markow@comcast.net   

  (  ) A CD with document files will be  ma iled to M.J. Markow at the address at end of questionnaire  

  (  ) Hard-copy reports will be mailed to M.J. Markow at the address at end of questionnaire  

  (  ) Documents to be posted on FTP site; logon and password instructions will be sent to  mj ma rkow@comcast.net  

  (  ) Sorry, no documents are able to be provided  

(  ) Other method(s):  please describe in the text box below 
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Other method(s):  ____________________________________________________ 

Document link(s) as follows:________________________________________________________   

It would benefit other state DOTs and transportation professionals to have access to these documents. May a copy of  
uploaded documents be provided for posting in the public domain on the MRUTC MQA database established at the 
University of Wisconsin? 

 (  ) Yes 

 (  ) No 

Q16

16. You have indicated that your agency does not use performance-based methods for maintenance and operations. The 
method that your agency does use is based upon the following: (Check all that apply.) 

 (  ) Annual programs are based upon previous year plus specific adjustments 

 (  ) Annual programs are based primarily upon inventory quantities and percentage inventory maintained each year 

 (  ) Annual programs are tailored to funding availability, irrespective of inventory, condition, or performance 

 (  ) M&O work is being deferred, with a focus on critical items only 

 (  ) M&O needs are being met through other programs (e.g., capital repairs or replacement) 

 (  ) Other method(s):  please describe in the text box below. 

Other method(s):  ___________________________________________________________ 

If you have a report, paper, or other document that describes your current management approach and would be willing to 
provide it, please transmit it by one of the following:  (1) provide a link in the textbox following this question, (2) attach it
to an e-mail to M.J. Markow at the address given at the end of the survey, or (3) upload it directly to this questionnaire 
using the Browse button at the bottom of the page.  

 _______________________________________________________________________ 

Q17

17. The reasons that your agency has not adopted a performance-based approach include the following: (Check all 
that apply.) 

 (  ) Our state government has not yet adopted a performance-based philosophy 

 (  ) Our agency is satisfied with our current management approach, and does not see a need for an MQA or  
performance-based approach 

 (  ) Performance measures and LOS values are inconclusive and difficult to define now 

 (  ) Our M&O management approach is evolving, but final decisions have not yet been made 

 (  ) We do not have the resources (funding, staffing, equipment) to support a performance-based or MQA approach 

 (  ) Our current M&O management systems do not support performance measures or MQA procedures 

 (  ) Other reasons:  please describe in the text box below. 

Other reasons: __________________________________________________________________
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Q18

18. Please describe briefly your performance-based or MQA-related approach to maintenance and operations 
management, even if its development is still in preliminary stages.  Please include reference documents if possible.  You 
can enter a link in the text box with your description.  You can also upload a document to this questionnaire using the 
Browse button below, or take advantage of other transmittal options using the contact information for the Principal 
Investigator, M.J. Markow, at the end of this questionnaire. 

 ____________________________________________ 

 ____________________________________________ 

Thank You! 

Thank you for taking our survey. Your response is very important to us. If you have any questions or comments, please 
feel free to contact our principal investigator, Mike Markow, at: 

 E-mail: mjmarkow@comcast.net   

 Post: 43 Rivers End Rd, Teaticket, MA 02536-5858  

 Phone:  (508) 540-5966 
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Appendix B

Survey participants

Alabama DOT Montana DOT
Alaska DOT&PF Nebraska DOT
Arizona DOT Nevada DOT
Arkansas H&TD New Hampshire DOT
California DOT New Mexico DOT
Colorado DOT New York DOT
Connecticut DOT North Carolina DOT
Delaware DOT Ohio DOT
District of Columbia DOT Rhode Island DOT
Florida DOT South Carolina DOT
Idaho Transportation Department South Dakota DOT
Indiana DOT Tennessee DOT
Iowa DOT Texas DOT
Kansas DOT Utah DOT
Kentucky Transportation Cabinet Vermont AOT
Louisiana DOTD Virginia DOT
Maryland SHA Washington State DOT
Michigan DOT West Virginia DOT
Minnesota DOT Wisconsin DOT
Missouri DOT Wyoming DOT
Mississippi DOT
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Appendix C

Mississippi department of Transportation Customer Survey Form

Mississippi Department of Transportation 
Maintenance Survey 

Hello, my name is          and I am calling on behalf of the Mississippi Department of Transportation. We are 
conducting a study to learn more about public attitudes on how well the Mississippi highways are being 
maintained. 

A. Do you travel at least 20 miles a week in motor vehicles on the state highways in Mississippi? State highways 
include the interstate, U.S. and state routes but not the arterials and streets maintained by cities and counties. 

IF YES CONTINUE IF NO --- ASK TO SPEAK WITH 
OTHER PERSON IN 
HOUSEHOLD WHO DOES; IF 
NOT AVAILABLE, ARRANGE 
CALLBACK; IF NONE, THANK 
& TERMINATE 

1. To begin, roadway maintenance involves activities such 
as patching potholes, mowing and picking up litter along 
the roadway. Thinking about Mississippi highways in 
general, how would you rate the level of maintenance of 
the highways on a scale of 1 to 5, where 1 means very 
poorly maintained and 5 means very well maintained? 

1
2
3
4
5

(DON’T READ) Not sure   6 

2. Now I am going to read through a list of categories 
concerning the level of maintenance on the highways.  For each 
category, I would like you to rank the current level of 
maintenance as you see it from a 1, which is very poorly 
maintained to a 5, which is very well maintained.  Then, I would 
like you to tell me the level of maintenance that you believe is 
appropriate using this same scale, recognizing that higher levels 
of maintenance are more costly. 
First, on a scale of 1 to 5, how would you rate the level of 
maintenance for paved roadway surfaces where 5 means the ride 
quality is smooth and the roadway is nearly free of potholes and 
other flaws? 

2a.. And recognizing that higher levels of maintenance are 
more costly, what do you believe the level of maintenance for 
paved roadway surfaces should be on a 1 to 5 scale?

Question 2 
1
2
3
4
5

(DON’T READ)  
Not sure   6 

Question 2a
1
2
3
4
5

(DON’T READ) 
Not sure   6 
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3. Next, on a scale of 1 to 5, how would you rate the level of 
maintenance for shoulders, where a 5 means shoulders are 
smooth with no potholes and are level with the roadway without a 
dropoff from the road to the shoulder so that it is totally safe for 
pulling off the highway? 

3a. And what do you believe the level of maintenance for 
shoulders should be on a 1 to 5 scale? 

Question 3
1
2
3
4
5

(DON’T READ)  
Not sure   6 

Question 3a
1
2
3
4
5

(DON’T READ) 
Not sure   6 

4. On a 1 to 5 scale, how would you rate the level of maintenance 
for drainage where 5 means that water is efficiently drained off 
the highway so that no puddles form? 

4a. And what do you believe the level of maintenance for 
drainage should be on a 1 to 5 scale? 

Question 4
1
2
3
4
5

(DON’T READ)  
Not sure   6 

Question 4a
1
2
3
4
5

(DON’T READ) 
Not sure   6 

5. On a 1 to 5 scale, how would you rate the level of maintenance 
for mowing where 5 means the grass is consistently neat and 
trimmed? 

5a. And what do you believe the level of maintenance for 
mowing should be on a 1 to 5 scale? 

Question 5
1
2
3
4
5

(DON’T READ)  
Not sure   6 

Question 5a
1
2
3
4
5

(DON’T READ) 
Not sure   6 

6. On a 1 to 5 scale, how would you rate the level of maintenance 
for litter pick-up where 5 means the roadside is free of litter and 
other debris? 

6a. And what do you believe the level of maintenance for 
litter pick-up should be on a 1 to 5 scale?

Question 6
1
2
3
4
5

(DON’T READ)  
Not sure   6 

Question 6a
1
2
3
4
5

(DON’T READ) 
Not sure   6 
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7. On a 1 to 5 scale, how would you rate the level of maintenance 
for signs where 5 means that signs are highly visible and easily 
read? 

7a. And what do you believe the level of maintenance for 
signs should be on a 1 to 5 scale? 

Question 7

1

2

3

4

5

(DON’T READ)  

Not sure   6 

Question 7a

1

2

3

4

5

(DON’T READ) 

Not sure   6 

8. On a 1 to 5 scale, how would you rate the level of maintenance 
for pavement center lines and edge lines where 5 means these 
markings are present and highly reflective? 

8a. And what do you believe the level of maintenance for 
pavement center lines and edge lines should be on a 1 to 5 scale? 

Question 8

1

2

3

4

5

(DON’T READ)  

Not sure   6 

Question 8a

1

2

3

4

5

(DON’T READ) 

Not sure   6 

9. On a 1 to 5 scale, how would you rate the level of maintenance 
for bridges where 5 means bridges are in excellent condition with 
no bumps or dips as they are approached and no cracks can be 
seen? 

9a. And what do you believe the level of maintenance for 
bridges should be on a 1 to 5 scale?  

Question 9

1

2

3

4

5

(DON’T READ)  

Not sure   6 

Question 9a

1

2

3

4

5

(DON’T READ) 

Not sure   6 

Not sure   6 Not sure   6 

10. On a 1 to 5 scale, how would you rate the level of 
maintenance for rest areas where 5 means that they are clean and 
well-kept? 

10a. And what do you believe the level of maintenance for 
rest areas should be on a 1 to 5 scale? 

Question 10

1

2

3

4

5

(DON’T READ)  

Question 10a

1

2

3

4

5

(DON’T READ) 
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LOOKING AT THE LIST OF NINE ITEMS, NOTE THE TWO WHICH HAVE THE LOWEST RATINGS.  
IF MORE THAN TWO, SELECT THE FIRST TWO, THEN ROTATE EACH TIME THIS OCCURS.  IF 
EVERYTHING IS RANKED 5, SKIP TO QUESTION 13 

11. I notice you gave (SELECTED ITEM) one of the lower 
ratings.  What needs to be improved? 

Paved roadway surfaces...1
Shoulders...2
Drainage...3
Mowing...4

Litter pick-up...5
Signs...6

Pavement center lines and edge lines...7
Bridges...8

Rest Areas…9

__________________________________________________________________________________________________
__________________________________________________________________________________________________
___________________________________________________________________ 

12. And what about (SELECTED ITEM)?  What needs to be 
improved? 

Paved roadway surfaces...1 
Shoulders...2 
Drainage...3
Mowing...4 

Litter pick-up...5
Signs...6

Pavement center lines and edge lines...7
Bridges...8

Rest Areas…9

__________________________________________________________________________________________________
______________________________________________________________________________________________ 

13. Compared to the maintenance of city or county roads in 
Mississippi, would you say the maintenance of the Mississippi 
state highways is... (READ EACH)

Considerably better...1
Somewhat better...2
About the same...3

Not quite as good...4
Much worse...5

 (DO NOT READ)  Not sure...6 

14. How would you rate the level of highway maintenance for 
Mississippi in comparison to highways in other states in which 
you have traveled?  Would you say the Mississippi highways 
are...(READ EACH)

Considerably better...1
Somewhat better...2
About the same...3

Not quite as good...4
Much worse...5

 (DO NOT READ)  Not sure...6 

15. Next, I would like your opinion on spending priorities. For each of the following maintenance services I read, please 
tell me if you feel it warrants a high priority, medium priority, or low priority when planning expenditures of the 
Mississippi Department of Transportation?  (READ EACH; ROTATE) 
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A. Paved roadway surfaces
B. Shoulders
C. Drainage
D. Mowing
E. Litter pick-up
F Signs
G Pavement center lines and edge lines
H Bridges

 I Rest areas

4
4
4
4
4
4
4
4
4

3
3
3
3
3
3
3
3
3

2
2
2
2
2
2
2
2
2

1
Not SureLowMediumHigh

1
1
1
1
1
1
1
1

16. Now I am going to read several goals for the highway maintenance program.  As I read each one, please just tell me 
how important this should be on a 5-point scale where 1 is the lowest level of importance and 5 is the highest level?  
(READ LIST, ROTATE - CODE NOT SURE 6). 

Rating

A. Safety                                                                                                                                         /       / 
                    /       / B. Preservation, protecting our investment in the roadway and facility assets

C. Comfort, a smooth ride                                                                                                            /       / 
D. Lowest cost                                                                                                                                /       / 
E. Visually pleasing experience                                             /       / 

17. And finally, how many miles do you drive on the 
Mississippi highways in a typical week? 

Under 20...1
20–49…2
50–99...3

100 or over...4

Thank you very much, that completes this interview.  Your input will be critical in helping the Mississippi Department of 
Transportation to establish priorities for its roadway and facilities maintenance function. My supervisor may want to call 
you to verify that I conducted this interview so may I have your first name so that they may do so?  (VERIFY PHONE 
NUMBER) 

NAME:  PHONE #:  

FROM SAMPLE: 
 COUNTY:
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Appendix d

StAte depArtment of trAnSportAtion Survey reSponSeS

tabulated responses to Questions

Responses by state departments of transportation (DOTs) to each 
of the survey questions are recorded in Tables D1–D8. Concise 
descriptions of each numbered question and choices for selec-
tion are stated in the column headers. State DOTs are identi-
fied in the row headers. It is strongly recommended that these 
results be reviewed in conjunction with the full questionnaire 
in Appendix A, so that the context and exact wording of each 
question can be fully understood.

In most cases survey responses are indicated by the digit “1.” 
In some cases zero (“0”) is used for the following purposes:

•	 To indicate a negative response (as in a Yes/No part of 
Question 15).

•	 To indicate a response that had been made on the question-
naire, but subsequently revised or vacated based on review 
of other responses or receipt of additional information. For 
example, a respondent may have checked an option to pro-
vide “Other” information in a Comment field, but then left 
the Comment field blank.

California DOT (Caltrans) submitted substantive and rela-
tively lengthy comments to Questions 2 and 6. These comments 
are reproduced in their entirety following the tabulated results.

Survey Comments by California 
department of transportation

Caltrans’ responses and optional comments to Questions 2 and 
6 on the synthesis survey are reproduced fully below.

2. Select the statement that best describes your agency’s 
use of performance-based or maintenance-quality-
assurance concepts. (You will be automatically redi-
rected to other parts of the survey based upon your 
response.)

The agency has defined M&O levels of service (including any 
underlying performance measures) for some or all activities/
assets, but these are preliminary and likely to be revised in the 
near future.

optional comment:

•	 Operations uses general production units compared to 
expenditures to determine a workload standard in a spread-
sheet summary for each of the 12 districts statewide.

•	 Field maintenance has a more defined asset management. 
The asset management system called Integrated Maintenance 
Management System (IMMS) captures detailed inventory, 
expenditures, workload, and utilizes work orders for our 
crews and is more than 10 years old. The current  version is 

a Hansen product that runs with an Oracle database. Field 
maintenance also utilizes a performance measurement 
system called Level of Services (LOS). LOS measures field 
maintenance elements using a criteria survey to determine 
performance on a random sample throughout the state. The 
LOS measures the percent of performance and compares 
that to the target or goal. The maintenance budget deter-
mines the available funding level based on asset manage-
ment data from IMMS and LOS to determine funding to 
zones across the state. Zones are determined by 5 aver-
age daily traffic and 6 terrain levels for a total of 28 zones 
across California that allows Caltrans to measure beyond 
general areas or urban versus rural. The zones are used 
by Caltrans to determine performance, allocations, and 
goals. Note that the budget model also captures all main-
tenance allocations including field maintenance, bridge 
maintenance, pavement maintenance, and other various 
activities in maintenance. The budget model also captures 
field maintenance allocations using diminishing-return 
efficiency curves instead of previous straight line projec-
tions. One more feature added to the budget model is the 
ability to address what-if scenarios for modeling additional 
or reduced funding.

•	 Bridge Maintenance: The Bridge Preservation Program in 
California consists of three main components: state opera-
tions (maintenance crews), major maintenance contract 
projects, and State Highway Operation and Protection Plan 
(SHOPP) projects. The bridge needs are identified through 
inspection, structural analysis, safety standards, and goods 
movement plans. All three [program] components are 
managed utilizing an established bridge management 
system based on the AASHTO Pontis software. Together 
these three main components provide for the majority of 
all preservation work being performed on bridges in Cali-
fornia. Funding targets are established based on projec-
tions of deterioration and expected accomplishments over 
a defined time period.

•	 Pavement Maintenance: Currently, the Pavement Pro-
gram provides an annual district target allocation for the 
pavement maintenance projects based on the districts’ 
pavement condition survey for inventory and perfor-
mance. The district maintenance engineers update their 
Five-Year Pavement Maintenance Plan, prioritize their 
annual district candidate pavement projects, and sub-
mit their pavement maintenance projects based on their  
target allocation using spreadsheets. The goal of the 
Pavement Maintenance Program is to accomplish 2,700 
lane-miles of pavement maintenance work annually 
based on our current budget. The majority of the Pave-
ment Maintenance budget is focused on pavement preser-
vation that will keep the good roads in good to excellent 
condition. These are preventive maintenance treatments 
such as thin lift overlays, seal coats, and concrete profile 
grinding. The remaining budget focuses on base main-
tenance repairs such as a digout and replacing the pave-
ment and pavement recycling. Caltrans does not have an 
asset management program for pavement. However, the 
Pavement Program is in the process of procuring a state-
of-the-art Pavement Management System (PaveM). The 
data needed to implement the PaveM are already being  

http://www.nap.edu/22780


Performance-Based Highway Maintenance and Operations Management

Copyright National Academy of Sciences. All rights reserved.

 79

*”Performance measures” was changed to “M&O LOS—Mature” based on state DOT literature.

 S
T

A
T

E
 H

IG
H

W
A

Y
 A

G
E

N
C

Y

 R
E

S
P

O
N

S
E

 R
E

C
E

IV
E

D
?

 U
S

E
 A

 P
E

R
F
O

R
M

A
N

C
E

 B
A

S
E

D
 A

P
P

R
O

A
C

H
 ?

 1
=

Y

 1
=
N

O

 T
R

A
C

K
 D

A
T

A
 O

N
L
Y

 S
T

R
A

T
E

G
IC

 P
E

R
F
O

R
M

A
N

C
E

 M
E

A
S

U
R

E
S

 J
U

S
T

 B
E

G
U

N
 M

Q
A

 E
F

F
O

R
T

 M
&

O
 P

E
R

F
O

R
M

A
N

C
E

 M
E

A
S

U
R

E
S

 U
S

E
D

 M
&

O
 L

O
S

 =
 P

R
E

L
IM

IN
A

R
Y

 M
&

O
 L

O
S

 =
 M

A
T

U
R

E

 M
Q

A
 N

O
T

 W
E

L
L
 D

E
S

C
R

IB
E

D
 I

N
 S

T
A

T
E

M
E

N
T

S

 O
P

T
IO

N
A

L
 C

O
M

M
E

N
T

AL 1 1 1
AK 1 1 1
AZ 1 1 1
AR 1 1
CA 1 1 1 1
CO 1 1 ---* 1
CT 1 1
DE 1 1
DC 1 1 1
FL 1 1 1
GA
HI
ID 1 1 1
IL
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KY 1 1
LA 1 1 1
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NV 1 1 1
NH 1 1
NJ
NM 1 1
NY 1 1 1
NC 1 1 1
ND
OH 1 1 1
OK
OR
PA
RI 1 1 1
SC 1 1 1
SD 1 1
TN 1 1 1
TX 1 1 1 1
UT 1 1 1
VT 1 1 1
VA 1 1 1
WA 1 1 1
WV 1 1
WI 1 1 1
WY 1 1 1

TOTAL 41 31 10 5 3 3 6 6 8 0 4

1. PB? 2. MGMT USE

TABLe D1
ReSPONSeS TO SuRveY QueSTIONS 1 AND 2
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DC 1 1
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MN 1 1 1 1 1 1 1 1
MS 1 1 1 1 1 1 1 1
MO 1 1 1 1 1 1 1 1 1 1 1
MT 1 1 1 1 1 1 1 1 1
NE
NV
NH
NJ
NM
NY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
NC 1 1 1 1 1 1 1 1 1 1 1 1
ND
OH 1 1 1 1 1 1 1 1 1 1 1 1 1
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PA
RI
SC 1 1 1 1 1 1 1 1 1 1
SD
TN 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
TX 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
UT 1 1 1 1 1 1 1 1 1 1 1 1 1
VT 1 1 1 1 1 1 1 1 1
VA 1 1 1 1 1 1 1 1 1 1 1 1 1 1
WA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
WV
WI 1 1 1 1 1 1 1 1 1 1 1 1 1 1
WY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

TOTAL 26 20 6 24 22 13 26 13 7 24 23 5 16 17 8 15 16 12 14 6 2 25 3 1 1 3 2

3 AND 4.  ASSETS AND ACTIVITIES 3 AND 4. DELIVERY

TABLe D2
ReSPONSeS TO SuRveY QueSTIONS 3 AND 4

http://www.nap.edu/22780


Performance-Based Highway Maintenance and Operations Management

Copyright National Academy of Sciences. All rights reserved.

 81

 S
T

A
T

E
 H

IG
H

W
A

Y
 A

G
E

N
C

Y
 

 U
N

IF
O

R
M

 V
A

L
U

E
S

 S
T

A
T

E
W

ID
 E

 

 R
E

G
IO

N
A

L
 V

A
R

IA
T

IO
N

S
 I

N
 V

A
L

U
E

 S
 

 O
T

H
E

 R
 

 O
P

T
IO

N
A

L
 C

O
M

M
E

N
T

 N
O

 R
E

S
P

O
N

S
E

 

 S
E

T
 G

O
A

L
S

 O
R

 T
A

R
G

E
T

S
? 

 1
=
 Y

 

 1
=
N

O
 

 A
S

 F
C

N
 O

F
 P

R
O

J
E

C
T

E
D

 M
&

O
 B

U
D

G
E

T
 

 A
S

 L
E

G
IS

L
A

T
IV

E
L
Y

 M
A

N
D

A
T

E
D

 C
O

M
M

IT
M

E
N

T
 

 C
O

M
M

IT
M

E
N

T
 T

O
 S

T
 A

C
C

O
U

N
T

A
B

IL
IT

Y
 P

G
M

 A
G

E
N

C
Y

 E
S

T
A

B
L

IS
H

E
D

 G
O

A
L

 O
R

 O
B

J
E

C
T

IV
E

 

 I
N

T
E

R
N

A
L
 A

N
A

L
Y

S
IS

 =
 R

E
A

L
IS

T
IC

 T
A

R
G

E
T

 

 O
T

H
E

 R
 

 N
O

 R
E

S
P

O
N

S
E

 

 T
R

A
C

K
IN

G
 C

O
N

D
 &

 P
E

R
F

 

 N
E

E
D

S
-B

A
S

E
D

 E
S

T
IM

A
T

E
 S

 

 M
&

O
 P

R
IO

R
IT

IZ
A

T
IO

N
 

 B
U

D
G

E
T

 D
E

V
E

L
 &

 J
U

S
T

IF
IC

A
T

IO
 N

 

 R
E

S
O

U
R

C
E

 A
L
L
O

C
A

T
IO

 N
 

 L
O

S
 -

 C
O

S
T

 R
E

L
A

T
IO

N
S

H
IP

S
 

 R
E

A
U

T
H

O
R

IZ
A

T
IO

N
 L

E
G

IS
L

A
T

IO
N

 

 I
N

N
O

V
A

T
IV

E
 C

O
M

M
U

N
IC

A
T

IO
N

S
 

 O
T

H
E

 R
 

 O
P

T
IO

N
A

L
 C

O
M

M
E

N
 T

 

 N
O

 R
E

S
P

O
N

S
E

 

AL 
AK 
AZ 1 1  1 1  1 1 1  
AR 
CA 1 1  1 1  1 1  1 1  1 1 1 1 1 1  
CO 1 1  1 1  1 1  1 
CT 
DE 
DC 
FL 1 1  1 1  1 1  
GA 
HI 
ID 
IL 
IN 1 1  1 
IA 1 1  1 1  1 1  1 
KS 
KY 
LA 1 1  1 
ME 
MD 
MA 
MI 
MN 1 1  1 1  1 1 1  1 1 1  1 
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7.  MQ A- SUPPOR TE D  TA SK S 5. PM s A ND LO S 6  . GOA LS A ND  TA RGET S 

TABLe D3
ReSPONSeS TO SuRveY QueSTIONS 5, 6, AND 7
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VA 1 1 1 1 1 1
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WV
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WY 1 1 1 1

TOTAL 12 7 9 4 3 2 3 1 3 2 6 1 4 15 0 3 2 4 1 2 1 2 0 1 1

9. INDUSTRY INPUT8. CUSTOMER INPUT

TABLe D4
ReSPONSeS TO SuRveY QueSTIONS 8 AND 9
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TOTAL 11 6 7 1 4 1 6 1 4 3 1 1 2 3 2 11

10. MQA APPLIED TO 
CONTRACTS?

11. INNOVATIVE OPS?
==> RESEARCH NEED

TABLe D5
ReSPONSeS TO SuRveY QueSTIONS 10 AND 11
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TOTAL 19 11 12 9 2 2 5 4 1 8 4 3 1 15 6 7 11 2 3 1 4 2 1

13. METHODS OF COMMUNICATION12. TO WHOM COMMUNICATE?

TABLe D6
ReSPONSeS TO SuRveY QueSTIONS 12 AND 13
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AK 1 1 0 1 1 FIELD DATA COLL MANUAL
AZ 1 1 1 1
AR
CA 1 0 1 1 1 1 --- LINK TO LEGISLATIVE REPORTS
CO 1 1 1 1 RECEIVED LOS MANUAL
CT
DE
DC 1
FL 1 1 0 1 1 LINK TO MRP SITE
GA
HI
ID 1 1 1 0
IL
IN 1 1 1 1
IA 1 1 1 1 1 1 PERF MEAS SURVEYOR MANUAL
KS 1 1 1 1 1 1
KY
LA 1
ME
MD 0 1 1 1 1 0 1
MA
MI
MN 1 1 1 0 1
MS 1 1 1 1 1 0 AMMO MANUAL NOT FOR POSTING
MO 1 1 1 1 1 MODOT WEBSITE - ORG RESULTS
MT 1 1 1 0 1
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NV
NH
NJ
NM
NY 1 1 1 --- 0
NC 1 1 1 1
ND
OH 1 1 0 1 1 LINK TO RECORDABLE COND SHEET
OK
OR
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RI
SC 1 1 1 1 1
SD
TN 1 1 1 1 1
TX 1 1 1 1 1 1 PVMT CONDITION (PMIS) MANUAL
UT 1 1 1 1 1 MMQA+ MANUAL
VT 1
VA 1 1 1 1 1 1 RCA 2 DATA COLL MANUAL
WA 1 1 1 1 DOCS RECD FOR CASE EXAMPLE
WV
WI 1 1 1 1 1 1 DOCS RECD FOR CASE EXAMPLE
WY 1 1 1 1 0

TOTAL 4 1 5 1 14 3 3 20 3 1 17 1 2 12 12 2 17

14  DATA COLLECTION TEAMS 15. DOCS

TABLe D7
ReSPONSeS TO SuRveY QueSTIONS 14 AND 15
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ND
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TOTAL 5 2 6 4 0 0 0 3 1 0 6 6 4 0 3 0

18.
17. REASONS DON'T USE 

MQA
16. DON'T USE MQA - OTHER 

APPROACH?

TABLe D8
ReSPONSeS TO SuRveY QueSTIONS 16 THROugH 18
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If Yes, please indicate how these targets are determined: (Check 
all that apply.)

– As a result of internal management or engineering anal-
ysis indicating a realistic target for accomplishment

– As a function of projected M&O budget
– Solely as a commitment to meet an agency-established 

objective or goal
– By another method; please describe in text box below.

other method:

•	 Maintenance Budget Model evaluates field maintenance 
assets, LOS, inventory, and average cost per inventory 
unit in 28 zones to determine allocations, constrained-
target LOS, or unconstrained targets.

•	 Pavement Management System also measures the same 
elements of performance inventory and cost to identify 
project selection, priority, and type of funding, and major 
maintenance of the SHOPP.

•	 Bridge Maintenance System also does the same as the 
Pavement Management System.

collected through the use of ground Penetrating Radar 
(gPR) and Automated Pavement Condition Survey (APCS). 
The gPR will take an x-ray of what is under the pavement 
surface and create a pavement structure inventory. The 
APCS uses lasers to collect pavement data as the van 
drives along at highway speeds and takes a picture of  
the pavement surface to map pavement cracks. PaveM 
will capture inventory, use both the gPR and APCS 
data to predict pavement performance, and optimize and  
prioritize funding and workload options. This tool will 
lead to better decision making and pavement asset man-
agement throughout the state and will be implemented 
in 2013.

•	 Report to the Legislature: Our current report to the state 
legislature on California’s 2011 Five Year Maintenance 
Plan highlighting pavement, bridge, and culverts is at 
http://www.dot.ca.gov/reports-legislature.htm.

6. Do you set goals or targets for anticipated levels of 
future performance?—e.g., a target LOS value or a 
target performance level that you intend to achieve 
within a certain time? Yes
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Abbreviations used without definitions in TRB publications:

AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
HMCRP Hazardous Materials Cooperative Research Program 
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
PHMSA Pipeline and Hazardous Materials Safety Administration
RITA Research and Innovative Technology Administration
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation

http://www.nap.edu/22780

	Front Matter
	Summary
	Chapter One - Introduction
	Chapter Two - Synthesis of Nationwide Practice
	Chapter Three - Case Examples
	Chapter Four - Conclusions
	Acronyms and Abbreviations
	References
	Appendix A - Survey Questionnaire
	Appendix B - Survey Participants
	Appendix C - Mississippi Department of Transportation Customer Survey Form
	Appendix D - State Department of Transportation Survey Responses



