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SUMMARY

The history of national policy development for th@ermal management of
transportation assets in the U.S. has shown thatessful policy implementation for
program sustainment is not easily achieved. In220dgislation reauthorizing national
surface transportation programs introduced a reqment for formal transportation asset
management (TAM) in state and local agencies. |despecifically requires agencies to
develop TAM plans and implement TAM programs initltecision-making processes.
Policy implementation and organizational theoryeessh have shown that often,
agencies can respond to this kind of legislativendiaée with ineffective efforts to
achieve legitimacy that reduce the likelihood toe program to be sustained in the long-
term. This presents a challenge because withostaisunent, the benefits of TAM,
which are mostly long-term, may not be fully reatiz The objective of this work was to
develop a conceptual framework and tool to guidagportation agencies to review their
TAM implementation approaches and identify oppattas to enhance long-term
program sustainment.

The conceptual basis for the framework comes frasynghesis of transportation,
policy and program implementation, and change mamagt literature, supported by
insight from a panel of practitioner and academipegts working on TAM and its
implementation. The literature synthesis and expanel results led to seven categories
of factors that can influence the success of TANplementation in terms of sustaining
the program in the long-term. These categorieshasipe the social and organizational
aspects of implementation over the technical. Bdrassing the factors during the

implementation phase, the likelihood of TAM progsato be sustained in the long-term
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can be enhanced. This formed the foundation of TA& Implementation Review
Framework (TIRF), which incorporates the evideneseda principle of a systematic
approach to documentation of experiences to generatlence for specific actions. The
TIRF was applied in case studies to review the Tilkiyplementation processes of three
Departments of Transportation (DOTS) resultingiffedent kinds of information on how
implementation activities address factors relateggrogram sustainment. These results
can steer future implementation activities in DQdwards increased probabilities of
achieving long-term program sustainment. The TIRREpot is being proposed as a
foundational element in the development of an ewedebased catalog of TAM
implementation strategies that can serve as alusedwledge base to guide agencies as
they implement the legislative requirements for TAM

The primary contributions of this work lie in thewklopment of a conceptual
framework and review approach to enhance TAM impletation by emphasizing the
people and organizational elements of agencieagalde with the technical. In practice,
the TIRF offers agencies a review and planning toosupport TAM implementation
decision making and to promote program sustainmefiie tool can facilitate inter-
agency knowledge sharing by providing a platformdgstematic information gathering.
This can be used to build a catalog of implememagxperiences with practitioner-
documented evidence to support broader adoptiostrategies that can contribute to

increased program sustainment.
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CHAPTER 1: INTRODUCTION

1.1 Research Topic: Transportation Asset Management (TK)

Transportation asset management (TAM) has becommarasingly popular
concept in the transportation industry, growing authe practice of bridge and pavement
management in the 1960s and 1970s. With growingnatels on transportation
infrastructure in the face of deterioration and dretdshortfalls, there is a greater need for
strategies to more efficiently allocate resourcemaintain infrastructure performance at
or above acceptable levels for longer periods wfeti Over the years, many state
Departments of Transportation (DOTs) and other llcrad regional transportation
organizations have continued to adopt the prinsiplieperformance-based TAM in their
business processes. In particular, the use oéstrficture condition data in making
performance-based investment decisions has greatlyed, resulting in the emergence
of performance measurement and asset managemembpas of interest in the
transportation community. In July 2012, these epits of TAM and performance-based
planning were formally elevated to national polisyues when the surface transportation
legislation, Moving Ahead for Progress in the 2Csntury (MAP-21), was passed.
MAP-21 introduced a formal shift to performancedmhslecision making in the industry,
as well as a formal mandate for transportation eigsrnto develop and implement TAM
plans.

Transportation Asset Management is “a strategic aystematic process of

operating, maintaining, and improving physical &sseith a focus on both engineering



and economic analysis based upon quality informatio identify a structured sequence
of maintenance, preservation, repair, rehabililgtiand replacement actions that will
achieve and sustain a desired state of good repair the lifecycle of the assets at
minimum practicable cost” (U.S. Congress 2012). isTdefinition, much like many
others developed by different organizations ardinedvorld, applies the concept of asset
management to physical assets, highlighting itacbpgenciples which include: (i) a
systematic evaluation of asset needs and avail&@sieurces; (ii) consideration of the
entire asset lifecycle; (iii) the combination ofgameering and economic principles; (iv)
investment decisions based on data; and (v) primpparformance outcomes of efficiency
and cost-effectiveness (Cambridge Systematics,e2G02).

In recent years, TAM has become more popular witieases in the use of the
term in describing agencies’ efforts to distribthteir limited financial resources towards
infrastructure needs more efficiently and effedtiydowever, TAM principles have been
used in the transportation industry for many yearke origination of asset management
in transportation can be traced back to the Amaridasociation of State Highway
Officials’ (AASHO) Road Tests conducted in the 1a850s to determine the relationship
between structural designs and expected loadingpaxeement life (FHWA 2011a). The
experimental activity led to the introduction ofrfeemance measurement and prediction
and, ultimately, pavement management systems (PM8)the 1960s, the scope of
infrastructure management extended to include bada@fter the collapse of the Silver
Bridge between Ohio and West Virginia (LeRose 2001his led to a number of federal
mandates requiring that bridge infrastructure be nitnced and maintained

systematically, resulting in the genesis of bridggnagement systems (BMS).



Unlike pavement and bridge management, TAM is ca@mg@nsive, encompassing
all classes or categories of infrastructure withm agency’s jurisdiction. With the
objective of upgrading, preserving and maintaininffastructure over the lifecycle,
TAM systems and the process of managing infrasiracassets can guide an agency in
efficiently and effectively allocating resourcef@ne of the most important components
of a TAM system is the ongoing evaluation of pregréowards an agency’s performance
goals with monitoring and feedback processes. rEidul shows the components of a
generic asset management system, including thibé&exk element.

Since MAP-21 was passed, transportation agencies imatiated (but in many
cases, continued) the process of implementing TANheir agencies focusing primarily
on the TAM plan. In fact, the FHWA conducted aopiproject with three states to
develop TAM plans in order to set a precedent tbeostates. Essentially, it can be said
that the TAM plan has been identified as the fingjor step in implementing a TAM
program. According to the FHWA, the TAM plan isdocument that describes how a
State DOT will carry out asset management....malkeh@sed decisions...as it relates to
managing its physical assets and laying out a fsetvestment strategies to address the
condition and system performance gaps” (FHWA 2018249). It is important to note
that while the language in MAP-21 suggests thatniamdate is simply for a plan, the
proposed rulemaking emphasizes not only creatingalso implementing the plan. All
in all, while the industry is in the throes of imapienting this policy to formally adopt
TAM by developing and implementing TAM plans, itimportant to note that TAM

programs require more than the development ofa pla



A GENERIC ASSET MANAGEMENT SYSTEM

SYSTEM COMPONENTS

l

Program Implementation

|

Performance Monitoring

{Feedback]

KEY QUESTIONS

S— [Goals and Policies
[Reflect Customer Input) What is our mission? What are our goals and policies?
l What is included in our inventory of assets?
What is the value of our assets? What are their func-
; i ida?
Asset i tions? What services do they provide?
What was the past condition and performance of our as-
l sets? What is the current and predicted future condition
and performance of our assets?
Cn;'::'lm::o";gm How can we preserve, maintain, or improve our assets
Modeling to ensure the maximum useful life and provide accept-
able service to the public?
l What resources are available? What is the budget level?
M gl Bkt What is the projected level of future funding?
— and Program Allccabas
Optimization What investmment options may be identified within and
among asset component classes? What are their assock-
l ated costs and benefits?
Short- and Long- Which option, or combination of options, is “optimal 7
Range Flans
{Project Selection] What are the consequences of not maintaining our as-

sets? How can we communicate the impact of the con-
dition and performance of our assets on the system and
end user?

How do we monitor the impact of our decisions? How
do we adjust our decisionmaking frammework when in-
dicated?

How can we best manage our assets in order to least
inconvenience the motoring public when we repair or re-
place these facilities?

Figure 1.1 Generic asset management components (FHV2007)

This study addresses TAM implementation with a pmnfocus on three
essential components of the implementation procé$sthe TAM plan and other

guidance documents; (ii) the TAM governing struetand actors; and (iii) methods for



incorporating TAM into decision-making processehisTdefined scope emerged based
on the frequency of questions on these compondnt&\bl implementation, at various
industry conferences and other forums, from trartaion professionals involved in the

process of TAM implementation in their respectigercies.

1.1.1Benefits of TAM

There are several benefits to applying TAM prinegplin agencies although,
generally, the most important ones are only redlinehe long-term. One of the primary
benefits of TAM is the ability to devise well-infoed, rational, data-driven, investment
and resource allocation decisions (Haas and HerZ)0§; Kraus 2004). Especially in
light of the ongoing transportation funding crisis,is important to be able to justify
investment decisions, applying an unprecedenteel le¥ transparency and agency
accountability particularly for external stakehakldike the general public. TAM also
provides the ability to understand the implicatiaofsdifferent investment strategies
based on the modeling and forecasting tools thatacentral component (Kraus 2004;
Mizusawa and McNeil 2009).

The management systems that support TAM progranablenan agency to
determine how available funding can be allocatethéonecessary investments or, on the
other hand, to assess the funding needed to maimtacertain minimum level of
performance. Where TAM programs incorporate deferassets in integrated systems,
trade-off analyses between investments in assetatacan be used to determine the most
appropriate, and effective action at a given timgulting in increased agency efficiency

and effectiveness (Haas and Hensing 2005; MizusagadVcNeil 2009).



In the long run, TAM implemented and used corsecthn lead to appropriate
maintenance and management of infrastructure winigiioves asset performance over
time while simultaneously reducing financial expémeé (Haas and Hensing 2005;
Mizusawa and McNeil 2009). Overall, “more timelgakions and other efficiency
improvements combine to reduce the costs of ad@nsimaintenance, upgrade, and
replacement of assets” (Haas and Hensing 2005 p. 3)

While these benefits are clear, it has been arghuad‘upper-level managers are
interested in benefits that can be translatednmtoetary values” (Mizusawa and McNeill
2009 p. 232) indicating the importance of data gtadws the quantitative benefits of
TAM. There are challenges associated with quantjfigfhe benefits of TAM and even
the Federal Highway Administration (FHWA) admitsniied data on the economic
benefits (FHWA 2015). Nonetheless, internatiorrad ather industry experiences show
that TAM is an effective solution to the challenggsnadequate financial resources and
the need for increases in funding to address itrfretsire deterioration, as is evident in

the incorporation of a related mandate in MAP-21.

1.2 Motivation
MAP-21 formally introduced a significant shift iheé way business has been done
in the transportation industry since the beginrohgoad building. As previously stated,
the legislation mandates the use of performanceebpkanning and decision making in
working towards specific national goals. It regsithat transportation agencies develop
and implement risk-based asset management progasms tool for improving the
performance of the transportation system. Althosgdmingly progressive, MAP-21 has

been described as a five-year plan with only twargef funding, raising concerns about



the sustainability of performance-based principtethe transportation industry, beyond
the lifetime of the legislation.

In order for the long-term TAM program benefitsiie realized, implementation
must be handled carefully to ensure that the prograre effectively applied to
accomplish the goals they are established to m&hile formal, federal, legislative
mandates can be useful in ensuring the effectigeoESAM implementation, a historical
policy analysis of asset management principlegdefal transportation legislation, and a
study of institutional theories from the field ofganizational theory and public policy
(DiMaggio and Powell 1983; Edelman 1992; Meyer &wvan 1977; Westphal et al.
1997) reveal a number of risks associated withslaive mandates of this nature. The
motivation for this research is the risk of perfamme-based TAM becoming
institutionalized as a legitimacy tool instead efvéng its purpose as an innovative tool
to increase efficiency and effectiveness and torawg infrastructure performance.
Without careful implementation, state DOTs cantsiarview TAM as another tedious
requirement to meet in order to remain in complkawnith the law, increasing the risk of
a short-lived existence of TAM programs. The faflenandate for TAM introduces a
public policy perspective which brings in a unicgget of challenges that have not been
considered in the context of TAM or even in stratggrogram implementation in the
transportation industry as a whole. This reseadtdresses the concept of TAM program
sustainment by examining the implementation of TAMgrams in state DOTSs, with a
particular focus on those elements that are clitiwgprogram sustainment in the long

term.



1.3 Objective

While MAP-21 encourages the relatively rapid adaptof TAM principles, care
must be taken to ensure that TAM practices areemphted effectively and sustained in
the long-term. A clear distinction must be madeehketween the effectiveness (or
success) of TAM implementation and the effectiven@s success) of TAM practices.
Implementation has been defined as “a specifiedob¢actions] designed to put into
practice an activity or program of known dimensioffSxsen et al. 2005). This means
that implementing TAM refers to the process of ipgtthe necessary components (plans,
people, management systems, etc.) in place to thakapplication of TAM principles in
agency decisions possible (i.e. to make “doing” TAdgssible). In contrast, “doing”
TAM (the application of TAM principles) refers tbe process of applying engineering
and economic factors to information gathered omtassrformance, financial resources,
etc. to inform decisions to systematically maintafrastructure assets at a minimum
condition over their lifecycle. While these ard patirely separate processes at all times,
the primary focus of implementation is to put iaqe the necessary resources (technical,
organizational, etc.) to make doing TAM on a roetibasis possible. Proctor et al.
(2011) suggest that implementation effectiveness,ingplementation success is a
necessary precondition for realizing the expectedebts of a program or policy. In
other words, effective implementation is a prersgeifor positive program outcomes.

Proctor's ideas of this relationship between immamtion effectiveness and
program effectiveness inform the illustration irglie 1.2 which defines four regions in
which the outcomes of an implementation effort fadh labeled A through D. Region A

is where a program'’s greatest benefits are realizdén the program itself is effective,



and implementation is success In change management literature, Parry e(2014)
support this idea, suggesting that the best outcofma change effort is where t
intended benefits of the effort are realiz(implementation is successful) wh
improving business performancpositive outcomes are realized)in region B, the
program is deployed as expected but is not effeditivresolving the problem it wi
meant to addressyhich could indicate that the ggram isnot fully appropriat for the

setting or problem.

Program Success

3
L
L
a1
n E
b}
-
Not Achieved [mplementation
Achieved | Success

Not
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L

Figure 1.2lllustration of a Conceptual Relationship between Fogram and
Implementation Success



There are at least two possibilities for the pragtfailure occurring in region C: either
the wrong program is deployed incorrectly or thghtiprogram is deployed incorrectly
leading to a failure to achieve program successad fnally, in region D, the program
achieves success although implementation doesrnoeg@d as expected - this arguably
rare instance could occur as a result of a numbdaators such as an implementer’s
rescue efforts to address areas of implementataoluré. While this conceptual
relationship requires empirical testing, this waksumes that the outcome of TAM
implementation in state DOTs can only fall in rewoA, C (where the right program is
deployed incorrectly), or D because the effectigsner benefits of TAM programs are
not under investigation. The history of TAM deyaieent and its organic evolution
through the years have informed (and ultimatelsergithened) existing TAM programs
and the MAP-21 requirements; therefore, it is assithat the current design of TAM
programs and the policy that supports them willieod the desired benefits. While this
may be arguable in practice, for this study, thssumption is made to introduce
appropriate constraints and a scope for the resdarcsupport program sustainment.
With this assumption, the chances of achieving beeefits of TAM are higher if
programs are implemented successfully.

Based on the understanding that the most impokeaneéfit of TAM (improved
infrastructure condition) is a long-term benefibhplementation effectiveness or success
in this dissertation refers to the ability of thAM program to be sustained because that
is where the greatest benefit will be realized.isTbility of a program to be sustained is
captured in the implementation research outcomevknas sustainment. Sustainment,

also referred to as sustainability or longevitythe extent to which an innovation is
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maintained within stable operations of an orgampatattaining long-term viability after
the initial activity around implementation and pragming has reached a steady state
(Proctor et al. 2011). Sustainment can also bénel@fas the degree to which the
intended benefits of a program are delivered overeatended period of time after
external implementation support diminishes or ishdiawn (Rabin et al. 2008), or a
measure of how the program at a single point iretireflects what it was initially
intended to look like (Wiltsey Stirman et al. 2012)

The objective of this research study is to dgvedoconceptual framework and
approach to guide a review of an agency’s TAM imp@atation practices to identify
opportunities for enhancing implementation towdaodgy-term program sustainment and
institutionalization. Similar to sustainment, thenplementation outcome of
institutionalization is also common in the multsdiplinary field of implementation
research, although different terms are sometimed.u#nstitutionalization, also referred
to as penetration or reach, is a measure of tlegration of a program within the service
setting and within the culture of an organizati@iasgow 2007; Proctor et al. 2011,
Rabin et al. 2008). Sustainment and institutiaaion may actually be related
conceptually because higher institutionalization cantribute to long-term sustainment;
Rabin et al. (2008) actually define institutionaibn as an operational indicator of
sustainability, although Proctor et al. (2011) sagjghat the specific relationships require
further empirical testing. Finding clarity on thafationship is outside the scope of this
work; however, this study focuses on sustainmenth wthe assumption that it

encompasses institutionalization.
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While risk- and performance-based TAM implementatimvolves several
elements, the scope of this study is limited to &M plan and other guidance
documents, the governing structure and actorsnagttiods for incorporating TAM into
decision-making processes related mainly to highiménastructure. These three topics
are areas with prominent knowledge gaps and litilaxo peer-reviewed literature as
evident in general forums on TAM implementation wvehe@uestions continue to be

raised.

1.4 Methodology

This work falls in the continuum between gquantit@tand qualitative research,
leaning more towards a qualitative approach. Ho& bf studies or published literature
on implementing programs like TAM in state DOTs twidn emphasis on program
sustainment adds to the vagueness and nonexistér@eguiding framework for this
study. This led to the need for an exploratoryeaesh design. While exploratory
research design typically involves a qualitativeag followed by a quantitative phase
(Creswell and Plano Clark 2007), the nascent natfifEAM program implementation
and the concept of sustainment would not allow domeaningful quantitative data
collection process, resulting in the use of a nuuaelitative second phase. Thus, this
research is heavily qualitative and includes vétiglquantitative data.

In qualitative research, more emphasis is placedhencontributions, opinions
and perspectives of study participants, which otflehe idea of exploring the non-
guantitative aspects of TAM implementation fromaganizational perspective, that is,
the people, strategies, and organizational andranmgatic structures involved, instead

of the analytical and technical tools. Qualitativesearch involves questions and
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procedures that emerge as opposed to a pre-dedfinedure, strategies of inquiry such as
case studies, and narrative research (Creswell)200%8is research methodology has
characteristics that include the researcher akdahelata collection instrument (instead of
an inanimate object), data gathering from multigpdeirces but with some selectivity in
determining subjects (or sites) and participantsl methods that include observations,
interviews, document reviews, and the use of autioal materials usually guided by
some protocol (Creswell 2009). Data analysis @&uative, involving data coding,
identification of themes, or drawing patterns aedeayalizations, possibly guided by the
use of a theoretical lens or perspective (Cresib).

Figure 1.3 shows an illustration of the overall essh design and the
methodology used to address the stated objectivile Wirigure 1.4 shows the steps
involved. As shown in Figure 1.4, the work invalvevo phases punctuated by the
development of the framework for enhancing TAM iemkntation for program
sustainment. In the first phase, a taxonomy ferapbproach was established based on an
exploratory review of the literature on the follogitopics that formed the foundation of
the approach: TAM implementation, policy and programplementation research, and
change management. In the second step of phaseaqguemel of TAM experts were
consulted for their thoughts on factors or critetteir experience has shown to be
important for successful TAM implementation, pastarly for program sustainment.
This TAM Implementation Expert Panel contributedthe refinement of the taxonomy
first developed from a synthesis of the literatte@ew findings, which eventually led to

the development of the TAM Implementation ReviewrRework (TIRF).
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Figure 1.3 Overall Research Design
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Cansylt sunart nanal an framework Earilitata DOT ranrasantative

criteria interviews and case study review

Figure 1.4 Steps Involved in the Methodology

The TIRF was testen the second phase of the reseanat its applicability an
usefulness in agenciesew demonstrated using qualitative case studies froagetDOT<
at various levels of TAM program maturity. The e€astudy an review results wer
validated by representatives of each agency, wém @mlovided their general thoughts
the use of the review approactThe final steps of this studywvolved the use ¢
evidencebased concepts to compile findings for a compagatnalysis, and a secot
panel of practitionerso assesshe applicability and usefulness of the review apph
and the overall validity of the framework. Altobet, this work applied triangulatio
member checking and external auditing as qualgataidation strategiesTriangulation
of datain qualitative or mixed methods research involvediadcollection from sever.
sources or several individuals find convergence t@onfirm the findings. Similarly

member checking is a frequently used quave data validation approach where
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researcher provides summarized findings back to paayicipants to determine if the
findings accurately reflect their experiences.external auditing, individuals outside the
research study are brought in to examine the samdlyits findings to provide a review

and feedback on validity.

1.5 Organization of the Dissertation

This dissertation is organized into seven chapt@isapter 2 presents the findings
from the exploratory literature review, culminating a discussion on the factors that
influence TAM implementation especially where pmgr sustainment is concerned.
Chapter 3 presents a description of the review éwark development including a
summary of the implementation expert panel. Ingiéa4 the case study applications of
the review approach are presented and the finagmes presented in Chapter 5. A
discussion of the major findings of this researtidyg is offered in Chapter 6, and
Chapter 7 concludes the dissertation with a summéaithe work and discussion of the

contributions and potential applications as welpassible future work.
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CHAPTER 2: LITERATURE REVIEW

The exploratory literature review began with a detalook at the evolution of
TAM and its existence in transportation policy tigbout the history of federal
legislative participation in transportation. Tipiocess concluded with an understanding
of the established standards for TAM implementatieith particular focus on the
components of guidance documents, governing steietnd decision-making processes.
In reviewing this literature, it became clear thaM implementation has faced a number
of challenges particularly when local or federdi@oelements have been included. This
created an interest in exploring the policy andgpan implementation research body of
knowledge to uncover policy-related theories thatuld inform strategies for
implementing a program like TAM for enhanced sustent. Insights from policy and
program implementation theories, and research araduaion methods provided a
context for the framing of this TAM implementatistudy in the policy space.

While much of the TAM implementation literature egfed to the process as one
of organizational change, policy and program impatation literature also highlighted
the importance of considering implementation preessfrom the perspective of the
organization. This pointed to the need to explonange management literature to
identify drivers and factors that can lead to sescand sustainment in program
implementation. Change management definitionsraadels were explored in an effort
to build an understanding of what it means to vied&M implementation as a process of
change. The synthesis of findings from these thredies of knowledge revealed a

number of implementation factors that can influem@eM implementation success and
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program sustainmentThese factorsormed the foundation fatevelopingthe conceptual
frameworkand approach for enhancing TAM implementation fostained progran.

The exploratory literature review is summarized Figure 2.1 illustrating the
unprecedented intersections of the three bodiési@iviedge that this work is ground

in.

/= lmpiementatioi U1eories

* Studying and evaluating

Change-related
opportunities and challenges

1 INSOUILNE W Drograms

in public agencies

Figure 2.1 Exploratory Literature Map

2.1 TAM Development & Transportation Policy
The concept of trategic infrastructure maintenance wiirst raised in
transportation legislatioin a 1981 New Jersey lawhere the state provided funding

county road improegments requiring townships to “adopt a systemdéin for improving
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the highways” (FHWA 1977; Weingroff 1996a). Thegislation inspired a number of
developments in state and federal actions in t@msion, including the formation of a
federal office (in 1893) dedicated to issues reldteroad transportation, which would
eventually lead the first national road inventaryiB04 (FHWA 1977).

From the first Federal Aid Road Act in 1916 untietlate 28 century, federal
transportation policies were primarily focused @ad building, authorizing funding to
States according to an apportionment formula basetbtal state area, population and
road mileage (Weingroff 1996a). During these yetre government allowed states to
set their own standards of condition and perforraahcough the American Association
of State Highway Officials (AASHO) which was formad 1914 (FHWA 1977,
Weingroff 1996a). As highway construction contidue grow, especially in light of the
Federal-Aid Highway Act of 1956 which introducecetNational System of Interstate
and Defense Highways, the condition of older rdaelgan to fall to unacceptable levels.
This increased the need for innovative ways to manand maintain transportation

infrastructure.

2.1.1Pavement and Bridge Management

Towards the end of 1956, AASHO with sponsorshipnfithe Highway Research
Board (HRB) conducted a series of tests to studyfdbtors that influence pavement and
bridge performance (FHWA, 1977). The test ressitswed the importance of certain
variables (like structural design) in pavement ¢bowl, leading to the development of a
method to predict pavement performance from deflactand strain measurements

(FHWA 1977, 2011a). The models developed basethese tests were able to link
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pavement serviceability to distress data, one & fhist elements of pavement
management systems (PMS).

A PMS is defined in the American Association of t8taHighway and
Transportation Officials (AASHTO) Pavement Managem@uide as “a set of tools or
methods that assist decision-makers in finding noptn strategies for providing,
evaluating, and maintaining pavements in a serbieeeondition over a period of time”
(AASHTO 2001 p. 9). Pavement management incre@spdpularity over the years and,
in many states, without any formal requirement &oeha PMS. Throughout the 1970s
and 1980s, workshops, research and experimentatioouraged more interest in PMS;
however, there was cynicism due to a natural i@st&t to change, doubts about the
reliability of prediction models, cost and time tlas and the need for uniquely trained
staff, among others (Finn 1998). Nonetheless,ethveas also increasing support for
pavement management from organizations such a3rdmesportation Research Board
(TRB), AASHTO, the World Bank, the National Highwdgstitute (NHI) and the
American Society of Civil Engineers (ASCE) throughblished work or sponsored
conferences (Finn 1998).

While pavement management was growing in the t@mson industry, there
was less emphasis on safety inspections and mamtenof bridges throughout the
country (Ryan et al. 2006). This all changed irc&eaber 1967, when a two-lane, 1760-
foot bridge across the Ohio River between West iWiagand Ohio, the Silver Bridge,
collapsed during rush hour taking down 31 vehieleg killing 46 people (LeRose 2001).
This infrastructure failure raised concerns aboutlde condition and sparked a

movement in bridge condition monitoring beginningmast immediately with the
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Federal-Aid Highway Act of 1968 which created thestf national bridge inspection
program in U.S. history (Markow and Hyman 2009; Ry al. 2006; U.S. Congress
1968). This legislation mandated National Bridgsplection Standards (NBIS) to set
“national standards for the proper safety inspectamd evaluation of all highway
bridges” (FHWA 2013a), establishing a standard etbf bridge data collection. The
re-authorization of this legislation in 1970 wemteastep further, providing funding for
bridge replacement based on priorities establidhedhe Secretary of Transportation
(USGAO 1975). This period marked the beginningbafige management systems
(BMS); however, a major concern was the lack ofdfog available for bridge and
infrastructure repair and replacement.

During the twenty-year highway construction perfozim 1956 to the late 1970s,
advances in PMSs and BMSs began to change the @iciie transportation industry
from construction to maintenance, rehabilitatiod agpair (MR&R). While BMSs grew
out of the 1968 legislation, the growth of pavenmaanagement and PMSs is noteworthy
because there was no legislation or formal requergrand therefore no financial support
(Schrag Lauver 1985). Between the 1970s and 1980sral reauthorizations allocated
funding specifically for resurfacing and rehabiiig the Interstate System, and for
bridge repairs (Civic Impulse n.d.). In particyldre Federal-Aid Highway Act of 1976
established the Interstate 3R (I-3R) Program, piiagi funding for resurfacing,
restoration, and rehabilitation of non-toll segnsenf the Interstate Highway System
(FHWA n.d.; Weingroff 1996b), while the Surface sportation Assistance Act of 1978
authorized funding for the maintenance of publicdes with a span of over 20 feet

(Ryan et al. 2006).
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Over the years, federal legislation continued tpaexl and encourage pavement
and bridge infrastructure maintenance as the fédéere for these activities increased.
Standards to extend highway service life, and mimmguidelines for the maintenance of
the federal-aid highways were established in théaSe Transportation Assistance Act
of 1982 (U.S. Congress 1983), and the Surface paatetion and Uniform Relocation
Assistance Act of 1987 (U.S. Congress 1987), rasdy. Nonetheless, it was not until
the Intermodal Surface Transportation Efficiencyt ASTEA) of 1991 that pavement

and bridge management systems became formal pregraupart of federal legislation.

2.1.2From Infrastructure Construction to Preservation

ISTEA broke significant new ground with explicib&l funding authorizations for
the construction of the highway system, in an éfforshift focus from expansion of the
highway system to maintenance and preservationw&abe 2001). While previous
legislation had introduced indicators for evalugtioridge condition, ISTEA identified
pavement condition indicators for evaluating redgié® maintenance funds and required
states to implement a PMS within two years. Stgencies were also required to
implement five other management systems for bridgaghway safety, traffic
congestion, public transportation facilities andiipgent, and intermodal transportation
facilities and systems (Lindquist 1999; Nemmers7199.S. Congress 1991). Following
the trend of BMSs and PMSs which were in use bdfurelegislation, the goal of these
management systems was to help states make investi@eisions driven primarily by
technical information as opposed to politics (Sabpee 2001). According to a 1997
National Cooperative Highway Research Program (NEH8urvey, these management

systems, and ISTEA in general, succeeded in irt8iga “more dynamic decision-
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making environment” (Markow and Hyman 2009 p. dkjstrated by increased interest
in performance and accountability measures and asiphon system preservation,
among other factors.

According to a 10-year review of this “landmark isgtion”, ISTEA drove
organizational restructuring in transportation ages by introducing programs like the
Interstate Maintenance program, which establisledihg for maintenance projects on
components of existing Interstate routes (U.S. Gesy) 1991). Even with this new
programming specifically for maintenance and pnrest@on, the policy lacked a clear
national goal to direct investment decisions, anthe words of Shoup and Lang, “gave
states and regions virtual carte blanche for ush@imoney” (Shoup and Lang 2011 p.
22). ISTEA also faced opposition from state goweents because the management
system mandate was unfunded and was not well @igiih systems that existed before
1991, which introduced the need to overhaul exgssgstems with the newly required
ones (Schweppe 2001). At the same time, the spegifdelines which would translate a
seemingly ambiguous legislation into specific rulesre slow to be released, due to
unfamiliarity and inexperience with the conceptaset management even among the
federal staff writing the regulations (Lindquist 99). In addition, many states
complained that the mandate was too rigid to alfow customization - without this
flexibility, states were faced with issues relateml data collection requirements,
organizational capacity in terms of employee expertand even issues related to their
organizational structure (Lindquist 1999).

After about four years, the mandates for thesens&#nagement systems were

removed with the National Highway System Desigmatiact (NHSDA) in 1995
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(Lindquist 1999; Markow and Hyman 2009; U.S. Cosgr&995); however many states
continued to use the systems they had developed@ridmented (Markow and Hyman
2009; Ryan et al. 2006). An NCHRP survey found &wen after BMSs and PMSs were
made voluntary, 55 to 75 percent of agenciessild them to develop goals for desired
system condition or service levels and for projabritization, while 15 to 45 percent
used them to establish funding levels (Markow angniin 2009). In removing the
mandates for these management systems, the 199D AHgislation still maintained
some aspect of the management system concept, égifyspg that preventative
maintenance would be eligible for federal assistaidhe activity was shown to be a
cost-effective means of preserving a federal-aghway and extending its useful life
(U.S. Congress 1995). Some reports have claimatdnthile ISTEA presented a timely
shift in focus for the U.S. transportation systeinwas considerably underfunded

(Kassoff 1998).

2.1.3Asset and Performance Management
ISTEA has been characterized as a milestone Iéigisldue to the initial shift it

provided towards a transition to a performance-thdsgnsportation industry. In 1993,
further encouragement was provided in this directithnrough the Government
Performance and Results Act (GPRA) which introducsglirements for performance
plans and reports (U.S. Congress 1993). Thesdreegents and many similar to this
before 1995 were mainly driven by a desire to askldeemands for accountability in the
government. Until this period, performance measinad been introduced haphazardly,

to address specific concerns mainly related toastfucture preservation like the
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measures introduced in the NBIS (Amekudzi et alZ2@Bremmer et al. 2005; Reed et al.
1993).

While ISTEA required states to implement six sefam@anagement systems,
asset management as a concept had already beersuargssful in private industry,
which interested some transportation professiorflsmmers 1997). In 1996, the
FHWA and AASHTO jointly sponsored the first ExeaatiSeminar to explore asset
management and its applications in the transportatndustry - the 1st National
Conference on Asset Management (Cambridge Systesrettial. 2002; Nemmers 1997).
Following the discussions held at this meeting, AA® created a Task Force on TAM
that developed a 10-year Strategic Plan, outligogls, strategies and tasks needed for
effective implementation of TAM (Cambridge Systeitsaet al. 2002).

In 1997, surface transportation legislation wasitlearized in the Transportation
Equity Act of the 21st Century (TEA-21) which keptd extended all the major concepts
and programs from ISTEA, providing funding at abautO percent increase, for the first
time matching the financial need estimated to askirthe transportation system’s
declining service levels (Kassoff 1998). In partar, TEA-21 maintained the voluntary
status of management system development institugeitie 1995 NHSDA but provided
funding to support states in these efforts, if tldypse to continue with establishing
management systems. TEA-21 introduced additioeglirements for an infrastructure
investment needs report to estimate future highveand bridge needs, and a
recommendation for life-cycle cost analyses (FHWA o), which are both components
of asset management programs. The new law fustingoorted the general shift towards

performance management encouraging a processtttaporated performance measures
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that addressed an agency’s strategic goal arelas.reBults of a Washington State DOT
survey informed the characterization of this tineeigd from 1995 to 2000 as the second
generation of performance management with meadurksd to strategic goals and
business plans but often very complex and diffitalicommunicate (Amekudzi et al.
2012; Bremmer et al. 2005; Cambridge Systematies €010).

After TEA-21 was enacted, a one-year anniversarglysshowed improvements
in bridge and pavement condition, specifically,nasre funding was made available to
the states (FHWA 2011b). From this report, thecpetage of deficient bridges on the
National Highway System had declined by 2.6 pemgatpoints, the percentage of
deficient bridges on all roads had declined by ge9centage points, and pavement
smoothness on the National Highway System had asect with the percentage with
acceptable ride quality increasing by 1.2 percenfagnts. In 1999, the FHWA created
an Office of Asset Management to provide leaderghifhe emerging field and to serve
as an advocate and resource for TAM (Bloom 199%ni@@alge Systematics et al. 2002).
By the end of that year, they released an Assetaglament Primer (FHWA 1999)
establishing a formal and clear definition of TAM.

Throughout the 2000s, TAM continued to grow fuesdthe recurring National
Conferences on TAM and other activities such aBl@rRP project to develop an Asset
Management Guide (Cambridge Systematics et al. )2068veral research and
implementation projects like the domestic and ma¢ional scans on TAM (Cambridge
Systematics and Meyer 2007; Geiger et al. 2005),samme continuing higher education
courses. In the same vein, performance measuremstdate DOTs continued to evolve

in the industry with increased interest from thejanglayers. A national survey
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conducted by Washington State DOT determined tyaP@03, a third generation of
performance-based practices had emerged (CambBgstematics et al. 2010). During
these years a more holistic approach to this padaoce management concept began to
surface building on previous performance measuréepractices (Amekudzi et al. 2012).

The Safe, Accountable, Flexible, Efficient Trangption Equity Act — A Legacy
for Users (SAFETEA-LU) was passed in 2005, refinthg programs introduced in
previous legislation, and expanding their scopeinicdude systematic, preventative
maintenance (Civic Impulse n.d.; FHWA n.d.; Shoupd d.ang 2011). Although
performance was becoming more important for investndecisions, SAFETEA-LU
continued the use of funding formulas. A Governméccounting Office (GAO)
analysis in 2008 revealed that these funding foasihlad only an indirect relationship to
real funding needs, and in many cases, no reldtipn® performance or outcomes
(Shoup and Lang 2011). In 2009, as SAFETEA-LU westo expire, the American
Society of Civil Engineers (ASCE) released an istinacture report card estimating a
$3.6 trillion shortfall on infrastructure spendindhSCE 2013). The report card
contributed to an increased awareness of the ggsiteteriorating infrastructure and the
significant financial investment needed to solve pinoblem.

Over time, the importance of performance measures @erformance
management, and the practice of asset managemeaimbe increasingly evident
throughout the industry. Amekudzi et al. (2012)pwsed a post-2007 emerging era (or a
fourth generation) of performance measurement/mamagt, driven by the need to make
performance-based decisions, based on the redut<Georgia DOT survey conducted

from 2009-2010. Ultimately, the transportation ustty has welcomed performance
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management as a concept much broader than perfoemareasurement and asset
management, incorporating the linking of the lattesictices to more general strategic
management. The growth of asset and performanoageanent in the industry has been
endorsed by the government, first through the chtobion of an Office of Transportation
Performance Management in the FHWA (FHWA n.d.)|lolwked by the passing of the
2012 federal surface transportation legislation,viig Ahead for Progress in the 21
Century (MAP-21), which has a heavy focus on pentmce-based principles and

processes.

2.1.4State of the Practice/Existing Standards

From the beginning of federal government involvemerransportation planning
and operations, infrastructure maintenance and gement has existed in some form,
whether formally or informally. The first officialvorkshop on asset management in
1996 is arguably the beginning of the formalizatadrtransportation asset management.
Since then, a number of guiding documents have lmFawn up with the goal of
establishing an understanding of the concept andiging assistance to agencies who
wish to incorporate TAM principles in their busisepractices. These include the
AASHTO 10-year Strategic Plan for TAM, the NCHRPmEstic and international scans
on TAM, and the FHWA Asset Management Primer. Qberyears, the state of TAM
practice has come to be particularly informed kg tiho volumes of the AASHTO TAM
Guides, and more recently by MAP-21. This sectimtusses the standards presented in

these three resources and the implementation meses frameworks they recommend.
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2.1.4.1AASHTO TAM Guide Volume |

In 2002, AASHTO released a Transportation Asset d@ment Guide designed
to assist transportation agencies in adopting timeept of systematically managing their
physical transportation infrastructure for improyaelformance. This first TAM Guide
has a significant emphasis on explaining asset geamant and identifying the concepts
and elements that constitute TAM in an agency.addition, it presents some guidance
on strategies for implementing TAM, albeit with ately limited detail. A resource
allocation and utilization process in asset managens defined to include the following
elements: (i) identifying policy goals, objectivasd performance measures; (ii) planning
and programming with alternative tradeoff analys@s; program delivery; and (iv)
systems monitoring and performance results. Theegproposes strategies for building
the foundation of asset management in an agendytha discussion of these concepts
that ultimately contribute to the agency’s plan &sset management. In each of the four
areas, the guide describes where TAM principles lmanapplied in existing agency
processes. While there is little emphasis on ategy for making the transition to
incorporate TAM principles in these processes,gtae some general recommendations
that can be useful.

One of the first ideas presented is the use ofgen@/’s existing resources — the
people, tools and data that already exists. V&gnpTAM is viewed as a daunting task
requiring significant investments; however, the dguisuggests beginning with the
existing resources and then conducting a self-ass=# to investigate where the need
for additional investment is. The recommended -ae#fessment process is very

specifically explained in the guide even down te tjuestions to consider, with the
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objectives of enhancing agency-wide understandihghe status of TAM, assessing
agency asset management readiness, and identifigggagency’s priority areas for
management. This diagnostic tool is very useful pooviding the agency with a
foundation for beginning the asset management psoce

In establishing a foundation for practicing TAM, ethguide presents
recommendations for developing an asset managdmsittess approach which includes
defining the scope, establishing roles and respdits and developing an
implementation strategy and plan. Defining thepscaeans identifying which assets
will be included, which actions (preservation, ¢abimprovement, etc.) and business
processes (planning, budgeting, etc.) will be idelly and which asset management
concepts will be emphasized. In establishing rotkte TAM Guide | recommends
assigning the lead responsibility for asset managénto one person to allow for
continuity and clear accountability. This leaderalan then be supported by cross-
disciplinary teams such as an executive steeringittee to guide and oversee program
development, a technical committee of experts inafid in the major asset classes
included, and individual “owners” of each implenetidan task or activity who will be
responsible for ensuring that the activity is costgdl. The final step in setting the
foundation for TAM as recommended by this guidbugding the implementation/action
plan which requires identifying areas of improvem@msed on the self-assessment),
formulating the necessary tasks to close the ghgis)ing a timeframe for each task, and
documenting the findings in an implementation plarAn example provided for

illustrative purposes is shown in Figure 2.2.
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An important element of TAM implementation discu$se this guide is the
development of a data strategy and data improvenmeatlel to support asset
management. While data plays an important rolesupporting the asset management
processes, many agencies view data itself as @&t @sbe included in TAM processes
(Akofio-Sowah et al. 2014). TAM cannot exist witlidhe presence of good data. The
data improvement model recommended centers on inmgoasset inventories and

condition data, data quality, data integration agency-wide data accessibility.

Objective Activity Intended Benefits Timing
1. ESTABLISH ASSET 1.1 Assign lead for asset management ¢ Clear accountability for asset Mear Term
MANAGEMENT coordination management
OWNERSHIP

+ Ensure that activities that are
related to each one another are
performed in a logical sequence

1.2 Form asset management steering o Cross-disciplinary support Mear Term
committee with representatives

- i i 5 -
from across the agency Coordination of asset manage

ment activities throughout

agency
2. CLEARLY DEFINE 2.1 Define which assets and activities & Clear focus for the effort Mear Term
SCOPE OF ASSET to be included (e.g., all capital and . .
MANAGEMENT maintenance activities on state- + An effort that is appropriately
owned pavements and bridges) scaled
2.2 Agree on the types of investments  » Clear focus for the effort Near Term
(e.g., preservation, capital, opera-
tional, etc.) to be considered in the
asset management plan
23 Agree 0N COmmon princip]es and » Basic direction for both process Mear Term
approaches to be applied to infra- and information systems
structure decisions {e.g,., life-cycle initiatives
investment strategies, program-
level tradeoffs, asset valuation
methods, ete.)

3. IMPROVE PUBLIC 3.1 Hold periodic departmental work-  « More informed and committed  Near to
AND INTERNAL shops to discuss asset management staff Mid Term
UNDERSTANDING and its implications for department
OF ASSET activities
MANAGEMENT

3.2 Develop and distribute public ¢ Increased public awarenessand  Mid Term
information describing asset man- support

agement and its importance

Figure 2.2 Screenshot of Sample Implementation Rigporovided in TAM Guide |
(Cambridge Systematics 2002)
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Another key insight provided in this guide is theample first steps for
transitioning an agency to a TAM way of thinkinghe entry mechanisms suggested in
this guide include:

Internal vision workshops to initiate discussionjildh knowledge and

promote TAM team-building

TAM marketing package to educate employees andreadtstakeholders

of the benefits of TAM

Supporting legislative proposals to institutionalizTAM in state

transportation agencies

Project-level TAM prototypes

Comprehensive TAM project or plan to review thd fahge of assets and

document steps for TAM

National Highway Institute (NHI) Training Course TAM
While these are recommendations for an agency tetgeed in TAM, the guide also
presents some ideas for maintaining TAM practicéhm long term, briefly discussing
change management principles with a particular esighon communication plans as a
major tool for enhancing sustainment. Overall, Woé | of the AASHTO TAM Guide
presents a useful, albeit general, foundation ¢mmnaies to begin thinking about TAM
and the implementation of TAM programs. The guidielresses program sustainment
briefly, discussing ideas of how to “look to thend¢pterm” with TAM, but in an

unstructured way.
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2.1.4.2AASHTO TAM Guide Volume lI: A Focus on Implementati

The second AASHTO TAM Guide (also referred to as TAM Implementation

Guide) was released in January 2011 in an efformtive the thinking beyond the

foundational nature of the first guide. This raseuwas developed to add to the first

guide by providing guidelines to help agencies ‘@rde and integrate TAM thinking and

culture within their organizations” (AASHTO, 201p. 1-5).

With the view of

implementation as a policy-driven process of cardurs improvement, the guide details a

recommended approach to TAM implementation centerefour main implementation

steps: (i) set the direction; (ii) align the orgaation; (iii) develop the TAM plan; (iv)

strengthen information systems and data. The streiadbf the guide follows 14 key

management steps within these four broader categas shown in Figure 2.3.

Chapter 2:
Set the direction D

Set agency goals 1
and objectives
Define scope of

TAM in the agency
I

Self-assessment
and gap analysis

N

Chapter 3:
Align the
organization

Develop the
change strate

Integrate TAM into )
agency cullure

y

Integrate TAM into )
business process

Establish asset ]
management roles

Y

™
|

] TAMP: )
) Transportation

Asset Management

Plan J m Life cycle ]

Performance mgm
standards )

/..

.

T
! Chapters 5-8: )
Processes,
tools, systems

Service
lanning

Chapter 4:
Develop the TAMP
ooo D

management

‘ El TAM imegratirﬂ
Information
systoms
Data collection}
& management)

AN /
—

\, L/

Figure 2.3 TAM Guide 2 Key Management Steps for Imgmentation (AASHTO

2011)
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The first implementation task, setting the directior TAM, draws from the
foundation in the AASHTO TAM Guide | to meet somendlamental needs of TAM
implementation. This step first involves settingaly and objectives to provide the
agency with a sense of purpose and direction. filgstask is an opportunity to link
TAM to the agency’s organizational planning, stggteand policy, and is also an
opportunity to improve communication between manag® and staff especially to
obtain organizational commitment with respect toM.A The TAM Implementation
Guide provides a number of enterprise managemanmieworks to facilitate the goal
setting process, which must be accompanied by eaioce measurement in order to be
effective.

Once the direction for TAM in the agency is seg tiext task is a self-assessment
and a gap analysis. The self-assessment heresed ban the tool described in the
AASHTO TAM Guide | which gives the agency a highdépicture of the current status
of TAM. The Implementation Guide then introducke gap analysis, which is meant to
help agencies move “from a general action planatads-on implementation” (AASHTO
2011 pp. 2-25). The results of the gap analysmsvahgencies to place themselves on an
AASHTO TAM Maturity Scale (Table 2.1) that descisbBve levels of achievement,
which then helps the agency determine what spesiéips are necessary to move from
one level of maturity to another. The self-assesgfgap-analysis task helps agencies
identify strengths, weaknesses, constraints, ambriynities and identify critical areas
and priorities to build a foundation for developiaig improvement strategy for the TAM

program.
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Table 2.1 AASHTO TAM Maturity Scale (AASHTO 2011)

TAM Maturity Scale Level Generalized Description

Initial No effective support from strategy, processespoist There
can be lack of motivation to improve.

Awakening Recognition of a need and basic datacttin. There is often
reliance on heroic effort of individuals.

Structured Shared understanding, motivation, and coordination.
Development of processes and tools.

Proficient Expectations and accountability drawamnirasset management
strategy, processes, and tools.

Best Practice Asset management strategies, processes, and teaisusinely
evaluated and improved.

The final task in the first implementation stepasiefine the scope of TAM in the
agency to be able to identify the boundaries ofroupment actions. This involves
answering questions of which assets, which deasiamd which business processes
should be affected by TAM programming. In additi@dnis important to also determine
which asset management capabilities are feasibhlethi® agency, and what data is
necessary to achieve the goals.

The second implementation step in the frameworlsgreed by the AASHTO
TAM Implementation Guide is aligning the organimatiwhich involves five specific
tasks to ensure that the entire agency moves tewheddirection established in the first
step. The first task in this step is developirchange strategy that identifies what needs
to be done and how it can be done. Here, the itapoe of change management in TAM
implementation is emphasized with the understandive TAM alignment requires
leadership, communication, collaboration, and astamt awareness of the relationship
between goals, policies and procedures. To that, e¢he guide describes the

characteristics of successful change and changeagearent towards transformational

35



change which “implies a greater intrusion into deyday activities and a significant shift
in culture or behavior” (AASHTO, 2011, p. 3—-3). t&f developing the change strategy,
the next tasks are integrating TAM into agency weltand into business processes.
Integrating TAM into agency culture requires contihh honest communication, efforts to
gain buy-in throughout the agency, and monitorimggpess and rewarding success.
Similarly, integrating TAM into business processefers to efforts to embed TAM into
the agency’s day-to-day practice by linking operaai objectives on all levels and
building mechanisms for formal and informal comnuoation and review. Tasks seven
and eight in the framework provided by this guitieg(re 2.3) are establishing TAM
roles within the agency and establishing perforreamanagement standards. The guide
recommends initial dependence on one person wdmbeilding (managerial) skills
which can lead into a mature team as the agendyM programming matures. Given
that performance-based decision making is a comecipte of TAM, the step of
establishing performance management standards akilud enable the agency to
demonstrate progress towards achieving the godl®hjectives established in the earlier
steps. The guide recommends a performance managemaroach that can be applied
across multiple asset categories, levels of oparaéind stages of asset management.
The third implementation step, and task nine in twerall framework, is
developing the asset management plan. AccordinthéoAASHTO Implementation
Guide, the TAM plan should be viewed as a planmmgl communication tool that
formalizes and documents key information on the TAWkbgram. The process of
developing the plan is cyclic with the expectatitiat the plan will be continuously

updated and refined on a two- to four-year schedutirthermore, the plan can be
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developed with a top-down approach (beginning vgtials and objectives, based on
existing data) or a bottom-up approach (beginniritly \@ata collection to improve the

comprehensiveness of the plan). Either way, th6& AAO TAM Implementation Guide

recommends that the plan includes information ovelte of service (performance
measures and metrics), life-cycle management ¢lfde and risk analyses), growth and
demand information (forecasting models), a finansi@ammary, a description of the
current TAM practices, and an improvement or impatation plan.

The fourth and final implementation step is streeging information systems
and data by using processes and tools related\veaglanning, life-cycle management,
and data collection and management. These fisstaeem to go toward improving a
TAM program’s maturity by considering the speciftols and processes that take asset
management beyond data collection and monitoringvatds actually making
performance-based decisions. These processesdencistablishing performance
measures and linking them to levels of serviceedasting growth and demand needs,
risk assessment and management, selecting andipimgy assets, and life-cycle analysis
and modeling. Finally, the guide emphasizes thgontance of TAM system integration
and data management towards improvements in prejgiuation and prioritization,
trade-off analyses, resource allocation, budgegmation, and program delivery. These
final tasks are more specific steps in moving TANlementation forward but are just as
important as building the foundation. Generalhge TAM Implementation Guide refines
and builds on the standards for implementing TAMalesshed in the first volume

towards improved and effective TAM programming.
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2.1.4.3MAP-21 TAM Legqislation & Proposed Rules

In 2012, federal surface transportation legislgtidnAP-21, introduced a
momentous change in the way transportation autiboizs were previously made by
creating explicit, streamlined, performance-based aultimodal funding programs
(FHWA n.d.). With respect to transportation infrasture condition and performance in
particular, MAP-21 presents three new componenjssgven national goals that all
agencies must work towards; (ii) a performance mitag and reporting process to track
progress towards those goals; and (iii) a risk-Bassset management plan. Together,
these additions to transportation legislation htnee potential to improve infrastructure
performance while increasing the effectiveness p¥estments in infrastructure
performance.

Whereas previous legislation may have lacked dieect clear goals, MAP-21
specifies seven national surface transportationsgibat agencies are to work towards,
increasing accountability and transparency, and imgakvay for more efficient
investments and decision making through performdmased planning and programming
(FHWA n.d.; Shoup and Lang 2011). The nationalgjaee summarized in Table 2.2.

After enactment of the legislation, the U.S. Semnetof Transportation was
required to establish performance measures aligitbcthe national goals, and all public
transportation agencies (state and local) werengiae allotted amount of time to
determine targets for each performance measurehvgives a quantifiable aim to work
towards. MAP-21 requires a number of transpomagitans to be developed by agencies

with the intent to meet the targets set and themnalt goals.
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Table 2.2 Seven National Goals Defined in MAP-2EHWA n.d.; U.S. Congress

2012)

National Goal Area

Description

Safety

To achieve a significant reduction in traffic fatials
and serious injuries on all public roads

Infrastructure Condition

To maintain the highwafrastructure asset system ir
a state of good repair

Congestion Reduction

To achieve a significant reduction in congestiortan
NHS

System Reliability

To improve the efficiency of therface transportation
system

Freight Movement and
Economic Vitality

To improve the national freight network, strengthies
ability of rural communities to access national and
international trade markets, and support regional
economic development

Environmental
Sustainability

To enhance the performance of the transportation
system while protecting and enhancing the natural
environment

Reduced Project Delivery
Delays

To reduce project costs, promote jobs and the engn(
and expedite the movement of people and goods by
accelerating project completion through eliminating

delays in the project development and delivery gss¢
including reducing regulatory burdens and improving

A =4

agencies’ work practices

These include the Metropolitan Transportation Pl&tatewide Transportation Plan,

Strategic Highway Safety Plan, Congestion Mitigatiand Air Quality (CMAQ)

Performance Plan, State Freight Plan, Transpontdtigprovement Program and a Risk-

Based Asset Management Plan. Together, these gtarts link investment priorities to

system performance by describing how program amgegr selection will help states

achieve their transportation performance goalstargets.

Performance monitoring, reporting, and feedback cuitecal elements of asset

and performance management programs, demonstratogyess towards the program

goals (AASHTO 2006; Cambridge Systematics and Hitteet Consulting Group 2010).

MAP-21 also required the U.S. Department of Trangpion (USDOT) to determine
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criteria to evaluate the effectiveness of the pemémc-based planning processat
states establish, based on a number of factorsidimg the appropriateness of &
progress towards their targets. The legislaticiaited a timeline for states to report «
their progress through the plans listed previouslyan average of two tdve years.
Furthermore, the USDOwas required to submit a number of reports to theddhBtate:
Congress within five years on the effectivenesstt@ peformance-based planning

process, illustrated iRigure2.4.
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Figure 2.4 Performance-based planning process outlined in MA-21

40



If a state or metropolitan planning organizationP®) fails to develop a performance-
based program, using asset management and perfcEmaeasurement principles,
according to the provisions in MAP-21, the conseqges include a reduction in federal
funding for transportation projects (Civic Impulsel.; FHWA n.d.).

MAP-21 is the first legislation to specifically m@n and require the
development of a risk- and performance-based asapagement plan for all aspects of
transportation, including public transportation d@neight. With funding provided for
implementing asset management programs, the regants in MAP-21 are very clear,
even down to the specific contents of a TAM plaihhe plan is required to include
“strategies leading to a program of projects thatud make progress toward
achievement of the State targets for asset conditnal performance...and supporting the
progress toward the achievement of the nationdsgjfld.S. Congress, 2012).

For the National Highway System, the legislatiosa@mages states to include all
assets within the right of way and to develop tla pn consultation with the USDOT.
As specified in the law, these plans must includeement and bridge inventory and
condition data, objectives and measures, identpedormance gaps, life-cycle cost and
risk management analyses, a financial plan, anglstnvent strategies. On its own, MAP-
21 does not specify a process for implementing TAM agencies beyond the
development of an asset management plan; howédneproposed rulemaking issued by
the FHWA provides more specific details, definingramework for developing and
implementing TAM plans.

The rulemaking serves five distinct purposes: diestablish a process for state

DOTs to develop their risk-based TAM plans; (ii)establish the minimum requirements
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for the development of a TAM plan; (iii) to set nmmum standards for states to use in
developing and operating asset management sysfenis) describe penalties for failure
to comply; and (v) to establish requirements foriquc evaluations to determine if
reasonable alternatives exist for infrastructurat trepeatedly requires maintenance
(FHWA 2015). To develop the TAM plan, the proposete establishes a three-step
process that includes defining processes to devbmpequired contents of the plan (gap
analysis, life-cycle cost analysis, risk managemantlysis, financial plan, and
investment  strategies), using management systems d&velop treatment
recommendations, and obtaining approval from thedhaf the agency. The proposed
rules provide general details on the expectationséch of these stages in the process
without being fully prescriptive, presumably tocall for some flexibility. In addition,
the proposed rule establishes a process to phate-idevelopment of the TAM plan
(that is, phase in TAM implementation) particulafty those agencies that are much
lower on the TAM program maturity scale to avoidife the penalties associated with
non-compliance in the allowable timeframes esthblisin the original legislation.
According to the rulemaking, the FHWA will certifgach state DOT's TAM plan
development process, before applying penaltiesdfvahen necessary.

One section of the proposed rulemaking describ@sdstate DOT can integrate
TAM into its organizational culture, by establispistrategic goals with explanations of
how TAM can assist in achieving the goals, and daydeicting periodic self-assessments
of the agency’'s TAM readiness with some emphasishenimplementation efforts. In
general, the proposed rulemaking provides muchildetasupplement the mandate

established in MAP-21, and provides a clearer fraamnk for implementing this policy.
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2.1.5Discussion

With transportation asset management now a forraa @f the transportation
planning and maintenance processes, there is ategresed for guidance on
implementing and operating asset management pregeard on making the necessary
changes towards performance-based planning. The AASHTO TAM Guides
demonstrate the industry’s growing interest and re@dment to doing business more
efficiently with asset and performance-based pples; in the same way, MAP-21
demonstrates policy-makers’ commitment to bettewatdship of resources especially
where transportation assets are concerned — intieeel is some linkage between these
two efforts. These resources provide useful gudamn asset management programs,
and generally complement each other; however, tyersome differences.

Ultimately, the AASHTO Guides are more useful thiha federal legislation in
terms of laying out steps for TAM implementatioMAP-21 places more emphasis on
performance-based planning and decision-making WAM required as a tool to help
achieve the established goals. The legislatiomires a risk- and performance-based
asset management plan and infers its use in tmmiplg process, but does not include a
clear requirement for an actual asset managemengrgm or any detailed
recommendations on how to implement and operate ayrogram. Here, the proposed
rulemaking provides some recommendations that a@emmgly pulled from the
AASHTO TAM Guides. On the other hand, AASHTO’s TABuide | provides an
introduction to TAM and recommended steps for disthing a foundation for TAM in
transportation agencies, and the TAM Implementatnde builds on this foundation

with a stronger focus on some actual implementatsteps. These two guides
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complement each other in discussions on determiningre to start with TAM in the
agency, determining the scope of TAM in agency fmac assigning roles and
responsibilities for the governance of the TAM parg, and considerations of TAM
through a change management lens; however, thegr dih their usefulness for
incorporating TAM in an agency’s business processsgecially where the sustainment
of TAM programs is concerned. To establish théestd the practice and the standards
that exist for TAM implementation, this discusswwiil focus on the three components of
guidance documents, governing structure, and aecisiaking processes that define the

scope of this work.

2.1.5.1Guidance Documents: The TAM Plan

One key thing the existing resources have in comma@tressing the importance
of a plan to guide TAM development in the agendy the TAM Guide I, the plan
proposed is a basic action plan (Figure 2.2) tledinds what needs to be done and by
whom in building the asset management foundatibne plan is based on the results of
the self-assessment, which identifies areas thed maprovement, and defines the steps
to take to make those improvements within a givereframe. In contrast, the TAM
Implementation Guide and MAP-21 propose a TAM glaat is more comprehensive and
embeds the type of action plan found in the TAM d&uil. Even so, the TAM
Implementation Guide and MAP-21 differ slightly the proposed contents of their
respective plans. On one hand, the TAM ImplementaGuide recommends that the
TAM plan should include information on levels ofngee (performance measures and
metrics), life-cycle management (life-cycle andkrignalyses), growth and demand

information (forecasting models), a financial sunyna description of the current TAM
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practices, and an improvement or implementatiom.pl®©n the other hand, MAP-21
requires that these plans must include pavemenbadde inventory and condition data,
objectives and measures, performance gap idertiifica life-cycle cost and risk

management analyses, a financial plan, and invesgtsisategies. Ultimately, MAP-21
which was undoubtedly informed by TAM practicesttleaisted prior to 2012 which
includes the two guides. Between these three ressuthere is ample information
available to transportation agencies on how to ldgvea TAM plan towards

implementing an asset management program in tgeim@es’ business practices.

2.1.5.2Governing Structure & Actors

Establishing the governing structure and respolits#isi for implementing and
operating a TAM program is an essential step inpiteeess; however, less guidance is
provided on this element compared to the TAM plalwhile MAP-21 makes no
recommendations or requirements for establishingsr@and responsibilities, the two
AASHTO guides present discussions and recommendativat are somewhat similar.
The TAM Guide | recommends assigning the lead nesipdity for asset management to
one person to allow for continuity and clear acdability, supported by cross-
disciplinary teams such as an executive steeringittee to guide and oversee program
development, a technical committee of experts i@ in divisions with responsibility
for the different asset classes, and individual rfer” of each implementation task or
activity who will be responsible for ensuring th#te task/activity is completed.
Similarly, the TAM Implementation Guide recommengisial dependence on one person
with a background in engineering, economics, onmilag, but most importantly with

teambuilding and managerial skills who can brindpeot together to govern the
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implementation process. Although it is clearlytetha that the specific roles and
relationships of the TAM governance team will dgpesn each individual agency’s
organizational chart, this guide is more detailadrecommendations for a steering
committee of senior managers to oversee the ing@&/idAM leader and other teams to
provide support in different areas. But even witis level of detail, the available
guidance on developing a governing structure artdrehéning the necessary actors for
TAM implementation pushes the caveat that theneoisone way to achieve success in

this area. Ultimately, it depends on each indivicagency and its particular context.

2.1.5.3Decision-Making Processes

With a TAM plan developed and a governing structeséablished, an agency
cannot claim success in implementing TAM withouidence of asset management
principles incorporated into its business processést still, the guidance provided in
this area is relatively vague. Here again, MAPH#&rs the use and consideration of
TAM principles in planning and investment decisiovithout clear and specific guidance
on how to accomplish this; the subsequent rulengakin the TAM implementation
aspect of MAP-21 also provides minimal guidance hmw to implement TAM in
decision-making processes. With the diverse natdiréransportation agencies, it is
understandable that the guidance provided in fédegsslation does not go into such
details. In the same way, the TAM Guide | doesprovide recommendations or much
detail on how to “do” TAM, although there is somesalission on processes such as
tradeoff analyses that are related to applying TAMnciples. In enhancing
understanding of how to implement TAM principlesdacision-making processes, the

TAM Implementation Guide is superior, presentingaded discussions on the processes
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and tools for actually doing TAM. There are foupesific steps in the TAM
Implementation Guide framework for implementatiofiglre 2.3) that are directly
related to incorporating TAM in decision-making ¢tiees: (i) develop the change
strategy; (ii) integrate TAM into agency cultureii)(integrate TAM into business
process; and (iv) develop performance managemeantatds. Each of these steps is
important for embedding TAM into the agency’s daydy practice and the guide
provides somewhat detailed recommendations formptishing them. Even with this
guidance, it is evident that there are growth oppuoties for the industry, to improve

standards of doing asset management in terms afelsao the way we do business.

2.1.5.4Summary

In general, the existing resources for TAM develepmmand implementation
provide very useful guidance on planning and ojpegalAM programs. Each resource
builds on what existed before resulting in MAP-2ldieh, in many ways, is a culmination
of the historical development of TAM informed bytadished standards and the
continuously evolving practice. Ultimately, thasean inherent assumption that once
TAM plans are developed and roles are assigneg, whlebe adopted by agencies and
fully utilized towards improved infrastructure peamnance with cost-effective
maintenance and management. With a financiallypsupd federal mandate with a
performance reporting structure, and with what seembe an increased general industry
interest in TAM principles, it is certainly probabthat TAM and performance-based
planning and decision making is here to stay. Nuwless, the history of TAM in the
transportation industry since the very beginnings ta tale of caution with respect to

sustaining asset and performance management pregra@ formal way in the long-
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term. Furthermore, MAP-21 has turned this intaohacy implementation process which
carries a unique set of challenges. Ultimately dhestion is, will the implementation

processes adopted by agencies and the resulting gralyfam structure translate into the
actual and sustained use of asset managementpbtesman the long term? To help
answer this question, the next two sections digsupslicy and program implementation
and what it means to study TAM implementation tigtowan implementation research
lens, as well as concepts of change managementwhatit means to consider TAM

implementation as a process of change.

2.2 Policy and Program Implementation
With the introduction of a TAM mandate in federabislation, studying TAM
implementation has evolved from a largely and mdmsic study of program
implementation in state DOTs into a slightly moremplicated study of policy
implementation. One key difference here is thiilare to implement a program driven
by policy has the potential for more significanpeecussions. Implementation that is not
driven by policy (whether governmental or organmaal) can and probably will develop
and progress in a way that is different from policiven implementation. Policy and
program implementation is a very important stageh@ policy process because the
success of any particular program can depend g&gnify on the success of the

implementation process.

2.2.1Characterizing Implementation: Theories & Models

Public policy can be defined as a purposive cowfkeaction taken by the
government to address societal problems througle suthoritative decision (Anderson
1997). These actions are usually communicatechénform of legislation, statutes,
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regulations, judicial rulings or administrative iact The policy process involves a
number of different stages from the formulatiordesign of the policy to implementation
and finally, evaluation. In the medical field, Ralet al. (2008) define implementation as
“the process of putting to use or integrating emmbebased interventions within a
setting” (Rabin et al. 2008 p. 118), while Petersale (2014) further explain it to be
simply the act of carrying an intention into effe¢tnplementation is important because it
is the process through which the goals and parasett are brought to realization by
putting in place the tools and resources needexthieve those goals. It is during the
implementation process that the characteristics pdlicy or program are tested for their
strength; challenges faced during implementati@gmhlight the weaker areas of program
design and can shed light on potential opportunitce improvement. Studies of policy
implementation and administration contribute to fulseunderstanding of the
implementation process, and ultimately promote ephglization and application of
policy implementation theories.

“Any major policy innovation is an experiment” (8ef 2014 p. 1). While this
statement and idea could provoke strong sentimgh&se policy processes affect real
lives, there is much truth to the idea that mampirative programs are designed with the
simple hope (as opposed to strong confidence)thiegt will result in a certain solution.
When this form of pioneering legislation is enactagdnificant uncertainty remains in the
planning and processes, and as such, many in-cadjgstments may occur. The
Affordable Care Act (ACA) is one example of innavatpolicy that can be viewed as an
experiment. In the words of Roosevelt et al., libgislation was “designed to be a

flexible instrument that allows learning from aresponding to experience” (Roosevelt
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Jr. et al. 2014 p. 14). Brian Rosman (2014) disesishe idea that states are laboratories
of democracy where many programs have been implieerobserved and later
translated to the national level. In the same wiag,ACA takes its inspiration from the
Massachusetts healthcare legislation, Chapter $#¢chwhas reportedly seen positive
results (Bigby 2014). This view of policy implemation as an experiment and the
inability to confidently predict results is undeloiya a contributing factor to the resistance
to novel policy implementation because while chaitgelf is scary, change with an
uncertain outcome is even scarier.

A second theory of policy implementation is thag fbrocess can take different
forms based on the particular policy being impletedrbecause different requirements
call for different processes. Even for the samdicpo different scenarios and
environments can call for a variety of implememtatstrategies. Church and Nakamura
(1993) illustrate this difference using the Supedipolicy as an example, where the
environment, scenario, and major actors and decisiakers in different Environmental
Protection Agency (EPA) regions influenced the e/ policy was implemented. Their
observations support a theory of policy implemaatatvhich subjects the achievement
of the goals of any policy to the “constraints” thfe environment and the specific
scenarios in which the policy is to be implementékhis also speaks to the necessary
versatility of the policy implementation processdahe theory that one size does not
automatically fit all, supporting the need for pualpolicies to be flexible enough to allow
the tailoring of implementation strategies to spedcenarios.

In addition to influences from the internal and ezrtal environments, policy

implementation is also dependent on the specifitiggainvolved in the process. In
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particular, implementation can be influenced by ttisciplinary background and
approaches of relevant actors. In the same exmerief the Superfund, changes in the
EPA leadership were reflected in the most promiragyroaches to implementing the
Superfund cleanup policy. For example, AdministraAnne Burford pushed a more
lenient approach dubbed “accommodation” by Churath ldakamura (1993) during her
term, promoting settlements between the EPA RegimfAces and the parties
responsible for cleaning up the sites. In comtrasr successor William Ruckelshaus
emphasized a more prosecutorial approach with ase referrals to the Department of
Justice. In the late 1980s, EPA Administrator \ibnsPorter, with an engineering
background, had an implementation approach thaeglanore emphasis on getting sites
cleaned up before resolving liability disputes. némlly, the actors that have the most
significant role and control over a policy implentegion process, whether at the top of
the implementing organization or at the frontlineaye the most potential to fine-tune
the policy along the way at their discretion. Aidst of welfare reform policy, the
Personal Responsibility and Work Opportunity Redatmn Act (PRWORA) of 1996,
shows this theory in action; case workers implem@rthe policy in different ways as
illustrated in their interactions with clients whivaried depending on the investigation
site (Lennon and Corbett 2003). Policies like PR¥that allow for discretion at the
frontlines can result in much variety in the impkmation process which can then
complicate evaluation of successful implementation.

While theories of implementation can establish anftation for looking more
closely at implementation research, implementatrmdels that can further explain the

process of implementation tend to be more usefukf@luating implementation success
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and for knowing how to identify opportunities fanprovement. Roger’s Innovation-
Decision process model, designed to illustrateviddial adoption of an innovation,
identifies the stages of knowledge, persuasion,isoet; implementation, and
confirmation (Rogers 2003). While this model isamito focus on the individual, it has
been widely used as a theoretical framework forleémgntation research in various
disciplines. Glasgow’s RE-AIM model was designedbroaden the criteria used to
evaluate health programs and guide the developménadequate multistage and
multilevel indicators when evaluating implementatefforts (Glasgow 2007; Rabin et al.
2008). He identifies the stages in program impletaigon processes as reach, adoption,
implementation, and maintenance. In consolidatieglth implementation research,
Rabin et al. (2008) identify the stages of progrdifiusion and implementation as
dissemination, adoption, implementation, and soafality. Similarly, Maurer et al.
identify four stages in a DOT’s process for impletigg an initiative, for sustainability
in transportation planning as branding, integragtiocommunication and
maintenance/monitoring (Maurer et al. 2013). Omalfimplementation stage model
also developed to guide the conceptualization ctiofa that influence implementation is
the Exploration, Preparation, Implementation, Snatant (EPIS) framework by Aarons
et al. (2014). Although these and other implentgriamodels vary in the number of
stages and the terminology used, it is clear thatprocess of integrating an innovation,
program or policy extends beyond the initial admptphase to include some level of
monitoring, maintenance, confirmation, or sustainthemphasizing the importance of

efforts to ensure that long-term program existearge viability is achieved.
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2.2.2Implementation Research

A study of the Affordable Care Act (ACA) promulgat¢he idea of a policy
implementation study as a snapshot in time (Sethet Wasser 2014). The study,
published only a few years after the legislatiors \wassed, provides an early snapshot of
the implementation process, which results in a udision that is relatively heavily
focused on the policymaking process and the fadioas came into play during that
developmental process that can influence the sulkes¢gmplementation. Studying the
ACA at that stage of implementation revealed thataarly snapshot can provide lessons
on barriers or sources of resistance to progranteim@ntation to proactively determine
how those challenges may be addressed (HolcombNagidingale 2003). Similarly,
policy implementation studies at later times durthg process can have a variety of
emphasis areas and outcomes. For example, stodrefucted after a program has
reached a steady-state level of operations candeauuch more insight on whether or
not a program has been implemented as intendedcgkidd and Nightingale 2003).
Ultimately, the policy implementation process candescribed as a dynamic continuum
with valuable insights to be discovered at whiclgyant the implementation research
and analysis study is conducted.

Implementation research and analysis refers braadtyudies that aim to build an
understanding of whether and, if so, how prograntaadly reflect what was originally
intended in their conception. According to Rabirale (2008) “implementation research
assesses whether the core components of the drigitexvention were faithfully
transported to the real-world setting” (Rabin et26l08 p. 119). The goal is to describe

how these policies and programs are translated aperation by developing or
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characterizing typologies, generalizing conditiomsd experiences, and pulling out
strategies that could be considered “best practitteg can have influences on future
iterations or versions of the program (Holcomb aightingale 2003). In general,
implementation research is mostly dependent on cimnkl reasoning, creating a
generalized theory based on observations of a safygnnon and Corbett 2003) by
investigating key aspects of the program and itglementation process. Accordingly,
Church and Nakamura (1993) propose that studyingpus implementation strategies
can lead to characterizations of implementatiorr@gghes, with the “hope that detailed,
analytical case studies of the use of differentre@ghes to implementation would
advance understanding of how the program operatebda real world” (Church and
Nakamura 1993 p. 8).

There is often confusion between implementationlysea and impact studies;
however, there are some fundamental differencesipatt studies are designed to
examine whether or not a policy or program has itsgjoal and achieved the results it
set out to achieve while implementation analysegeshgate if the program was
implemented as intended (Corbett and Lennon 200&)pact studies are similar to
effectiveness research in healthcare defined byinRab al. (2008) as research that
“determines the impact of an intervention with destoated efficacy when it is delivered
under ‘real-world’ conditions” (Rabin et al. 2008 p19). It is said that policymakers
prefer impact analyses because it provides themm avitdlear understanding of whether or
not the policy works, while program managers prai@plementation analyses because
they are concerned with those issues of processldtarmine how well they are doing

their jobs. Nonetheless, implementation reseascimportant in the context of impact
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research because whether or not an impact is dxsean depend on whether or not the
implementation has been carried out successfuljhen a program or policy fails to
achieve the expected outcome, the performance cbealdattributed to either the
ineffectiveness of the program or policy itself,irincorrect deployment (Proctor et al.
2011). In this way, it is important to conductdigas of both the intervention and its
implementation process.

Implementation research has evolved through thexeergtions defined by the
guestions being asked and the research methodg bsed (Kaplan and Corbett 2003;
Paudel 2009). Generally, no single disciplinargrapch dominates the field; conceptual
frameworks are developed from combinations of gisees (Holcomb and Nightingale
2003). Nonetheless, most well-designed implemiemtadtudies have common features
that frame the methodology and provide added straect In general, the goal is to
improve the industry’s understanding of the progsaexistence in practice (as opposed
to as a policy on paper), identifying similaritiesd differences across the various
settings in which the program exists (Holcomb andhhngale 2003). Furthermore,
implementation studies are dynamic, with a conbtacttanging theoretical foundation
based on accumulated findings. Implementationaresecan employ a combination of
gualitative and quantitative analysis methods wiHrious data collection strategies
typically (but not always) with an institutional rgpective (Holcomb and Nightingale
2003). Finally, due to the nature of these typestadies, conscious efforts must be
made to ensure that quality research, in termsjctivity and validity for example, is
conducted. Guiding questions for implementatiseagch are commonly focused on: (i)

the major goals and assumptions of the policy aggmm; (ii) the organizational and
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service delivery structure and context in which phegram is implemented,; (iii) how key
management functions are carried out; and (iv) bomtextual factors affect the program
and its implementation (Holcomb and Nightingale 200

Implementation research is multidisciplinary; thesy methodologies, and
concepts are built from a variety of experiencesdifferent fields (Holcomb and
Nightingale 2003). As a result, literature is psiéd in journals scattered across
different disciplines and consequently is rarelyssrreferenced (Proctor et al. 2011). In
transportation specifically, literature on policy program implementation research is
relatively limited; however ideas around studyingligy implementation from other
fields are very much applicable. Two formal methad implementation research that
are applicable to transportation and to TAM arddfieetwork studies and street-level
research. While field network studies focus ongtracture of a program resulting from
a policy directive, street-level research providegew of the program’s actual delivery.
These present two different perspectives that ath lbmportant for evaluating the

success of a program’s implementation.

2.2.2.1Field Network Studies (Lurie 2003)

Field network studies are comparative case studlasse purpose is to gain a
comprehensive understanding of the responses tfuliens that are responsible for
implementing large, non-incremental federal poletyanges. Essentially, the goal is to
uncover how those institutions undergo a processclidnge to account for the
requirements of the policy and to execute the @nog: Field network studies adopt a
top-down view of policy implementation, focusing ramn the structure of the program

than the actual delivery of the service, or thertliprocessing — the unit of analysis is the
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institution. With this focus on institutional respses, multiple comparative case studies
are designed and analyzed to develop a comprelgemsport that answers specific
research questions.

There are two groups of personnel involved in fieddearch studies: the field
researchers (observers/investigators) and the atef&dministrative) staff. Field
researchers are knowledgeable observers chosemetdlyd investigate the institutions
and their response to policy reform. They aredsity academics physically located
close to the institution and with some familiaripf the institution’s processes.
Researchers are equipped with a report form witrilgtive and analytical questions
constituting a standard protocol to examine théituieon and develop the case study.
These documented observations are then sent teettieal staff personnel who analyze
reports from the various institutions to produceomparative analysis that generalizes
the responses of institutions in an inductive manriéhe interpretation of data collected
is found to be biased towards the discipline okijemund of the personnel (whether field
researcher or central staff) conducting the ansiyshile political scientists may view
and interpret some information in a theoretical warygineers would probably view the
scenario through a more technical lens. In fiedtimork studies, the use of a common
protocol in data collection allows for constructiddy (i.e. the ability to show why and
how the operational measures of the analysis tethecconcept) and easier replication of

the implementation research process.

2.2.2.25Street-Level Research (Brodkin 2003)

When policy processes are left flexible enough tfee frontline implementing

staff to be able to use their discretion in addrgsspecific cases, more differences can
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arise in the way the policy is implemented makingplementation studies at a more
disaggregate level important. Street-level redearnvestigates this frontline
policymaking to explore how the program is actualtyministered, combining theory and
interviewing to study the relationship between #teucture of the program at the
institutional level and the actual delivery of fhalicy. Referred to by Brodkin as “deep-
dish analysis” (Brodkin 2003 p. 145), this policyplementation research method uses an
iterative process of interviews and observationexplore the possibilities of how a
program is actually administered on a day to dagisba As described, street-level
research provides a strategy for “separating pdiant [what actually happens] from
policy fiction [the intent of the policy]” (Brodkir2003 p. 151) and enables analysts to
describe agency practice using data collected fassessments of work conditions and
the content of practice, as well as observationagancy representatives in their work
environment. This method of implementation analyisi most valuable when policy
implementation requires significant changes in pizgtion practice, complex decision
making in a context of policy ambiguity and uncerty and discretion at the point of
service delivery especially when the activitiestiobse frontline staff cannot be fully
monitored.

Similar to field network studies, street-level arsid also uses case studies to
search for patterns in implementation and to ingatt construct explanations for why
implementation processes occur as they do. The sasly method provides in-depth
explanations of the complexities associated withg@am implementation while allowing
for exploration of other factors that may not hanigially been considered and would

therefore not show up in a structured survey. tieet-level research, cases are selected
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based on the particular question under considergfiar example, selecting an urban
agency to investigate implementation in an urbameod) and data is collected using a
combination of interviews and ethnographic obséowmat Since the unit of analysis in
this method of implementation study is the fromglistaff person delivering the service,
comparisons can be made across individuals andrtdegas to gain more insight on
service delivery patterns and to expose more detail the policy implementation
process. This method of in-depth research intséneice delivery at the street-level has
the advantage of creating a more accurate pictutieeoactual operation of policy since
there may be discrepancies between the goals dietleral legislation and the service
delivery. A disadvantage of street-level implena¢ion research is that it is labor
intensive, requiring significant time investmentstoi the data collection process.
Furthermore, this method adopts many of the linaitet of the case study method such as
observer bias. With such a close view on the implatation of a policy or program,
street-level research allows analysts to make wpgcific discoveries related to the

successes and challenges of the policy for thécpéat situation being investigated.

2.2.3Evaluating Implementation

Regardless of the method in use, an important asplestudying policy or
program implementation is assessing the results. p#viously stated, achieving the
desired impact of a program or policy can, and ntbaa likely, will depend on whether
or not the implementation has been carried outessfally; effective implementation,
ultimately, is a necessary precondition for realigzihe expected benefits of a program or
policy (Proctor et al. 2011). This is not to sayatt effective (or successful)

implementation is the only condition for positivéogram outcomes. Nonetheless,
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efforts to conceptualize and evaluate implementatiaccess are still in development
even in the field of medicine, where implementati@search is comparatively well

established.

2.2.3.1Implementation Research Outcomes

As previously discussed, Church and Nakamura (1908yest that public policy
implementation and the successes or challengedvatvare very dependent on the
specific environment and scenario in which the qols being implemented and on the
actors involved in implementation. EffectivelyetlBuccess or failure of any policy or
program and its implementation can be viewed fronumber of different, but possibly
equally important perspectives based on the ingumtid the particular scenario. In
medical research, implementation success has bderred by measuring treatment
outcomes at the client or patient level leaningtlo& assumption that the intervention
impact is correlated with implementation impact,ileehothers measure more direct
implementation targets such as desired provideaweh that is, how the program is
implemented at the frontlines (Proctor et al. 201A¥ shown in Figure 2.5, a distinction
can be made between implementation outcomes, wdanhbe intermediate, short-term
wins, and service and client outcomes, which areemspecifically related to the
intervention, and are directly impacted by the iempéntation outcomes.

In the environmental policy example of the Supedfuit is suggested that
implementation evaluation can be simplified by diefy measures of success that are
based on the goals of the policy; however, givet fgolicy goals are often not specific
and measurable (Church and Nakamura 1993), thisadetf evaluation faces its own set

of challenges.
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Figure 2.5 Types of Outcomes in Implementation Rearch (Proctor et al. 2011)

In either scenario, it is clear that establishimplementation assessment measures and
criteria is important especially because measusipgcific outcomes can help identify
causal relationships within implementation procedseidentify strategies that are more
likely to lead to success or effectiveness of tlegmam or policy.

When it comes to identifying implementation resbaoutcomes, few studies
outside the medical field, have established speaifid proven outcome measures. Rabin
et al. (2008) define three components in measusingvaluating the implementation
process: (ioutcome variablesre measures of the impact of a program or inteiwe;

(i) mediatorsare process variables - factors that lie in thesahpathway between an
independent variable (e.g. exposure to the intéimefprogram) and a dependent
variable (e.g. the organizational change that tesulnd (iii) moderatorsare those

factors that can alter the previously mentionedsaheffect to influence the speed or

extent of implementation. Rabin et al.’s outconaeiables are essentially what Proctor
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refers to as service outcomes — measuring the eswltror impact of the program.
Similarly, Proctor’s implementation outcomes canrélated to measuring Rabin et al.’s
mediators and moderators which can help identigyftctors and processes that lead to
the success or failure of implementation. Witloeus on the process of implementing
TAM as opposed to “doing” TAM as discussed in Settil.3, this work is only
concerned with those outcomes associated withntipdementation process, which will

be referred to as implementation outcomes.

2.2.3.2Sustainment/Sustainability as an ImplementatioreReh Outcome

When specifying implementation outcomes, it is im@ot to note that some can
be more important at certain phases of the impléatien process versus others, and
similarly, some may be more important to certaaksholders versus others, depending
on their roles (Proctor et al. 2011). Three speatitcome measures that are applicable
to sustaining TAM programs in state DOTSs are figelpenetration (institutionalization),
and sustainment (sustainability). Fidelity candeéined as the degree or extent to which
a program is implemented as prescribed (Proct@l.e2011; Rabin et al. 2008), while
penetration, or institutionalization, is a measof¢he integration of the program within
the service setting, similar to Glasgow’s elemehtReach in the RE-AIM model
(Glasgow 2007; Proctor et al. 2011; Rabin et al&0 Sustainment, the most important
of these three outcomes for this work, is the extenwhich a program is maintained
within stable operations or the degree to whichithended benefits of the program are
delivered over an extended period of time afteremd implementation support
diminishes or is withdrawn (Proctor et al. 2011pReet al. 2008). Wiltsey Stirman et al.

(2012) define program sustainability as a meastiow the program at any single point
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in time reflects what it was initially intended took like. This definition closely
associates program sustainment with high fidetitya{ity of implementation).

To further understand sustainment as an implementatitcome measure, Rabin
et al. (2008) highlight three operational indicatomaintenance, capacity building, and
institutionalization. Maintenance refers to thaligbof the implementing agency to
continuously observe the benefits at a relativelgstant level. Capacity building refers
to activities that build durable resources to eeatuntinued implementation and use of
an intervention after support from the initial irapientation drivers is removed.
Institutionalization describes the extent to whibk implemented program is integrated
in the culture through policies and practice. Radt al. (2008) further describe three
stages that determine the extent of institutioa#ilin: (i) passage — a single event causes
a significant change in structure and proceduréy;cycle or routine — repetitive
reinforcement through inclusion in procedures; @ngniche saturation — the extent of
integration into all sub-systems of the organizati&vidently, there is some relationship
between institutionalization and sustainment sirfugher institutionalization can
contribute to longer-term sustainment. HowevegcRrr et al. (2011) suggest that the
specific relationship requires further empiricatieg.

Ultimately, this study focuses primarily on the imeentation outcome of
sustainment with the understanding that it encosgméidelity and institutionalization.
According to Peterson et al. (2014), sustainabi@gearch is the study of a program’s
continuation beyond the implementation phase. ®Vbktudies specific to program or
innovation sustainment are not very well develope@ny single field (Aarons et al.

2014; Wiltsey Stirman et al. 2012), research trdntifies factors across system,
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organization, and at individual levels that caduefhce or lead to a program’s survival
after implementation is needed (Aarons et al. 2@kterson et al. 2014). In many fields,
even when initial implementation is successfulre¢he a risk of programs not continuing
as originally implemented or becoming institutionatl as legitimacy tools especially
where formal policy is involved (DiMaggio and Pow&983; Edelman 1992; Meyer and
Rowan 1977; Westphal et al. 1997; Wiltsey Stirmiaale2012). Furthermore, Aarons et
al. (2014) suggest that for some programs, theflhemeay not be fully realized unless
the program is sustained and without sustainmengstments may be diminished or
wasted with a failure to realize cost-effectivenassl/or return on investment. The
literature suggests that studying those factors kbad to program sustainment and
planning for sustainability during the implementati phase can promote program
longevity to eventually avoid falling from the stirds of practice that will be associated
with positive program outcomes (Aarons et al. 2(A&terson et al. 2014).

Common methods of measuring the sustainment outceperted in literature
include self-reporting measures, individual and ugrointerviews (structured or
otherwise), observation, document and record reviewr assessment of program
integrity (Aarons et al. 2014; Proctor et al. 20filtsey Stirman et al. 2012). In a study
protocol, Aarons et al. (2014) propose quantitatista analyses based on survey data. In
addition, there are a few models developed towandasuring sustainment. (Wiltsey
Stirman et al. 2012). One of the most common isegel of Institutionalization Scale
(Goodman et al. 1993) developed to address hesadtingition program implementation.
This model assigns scores based on answers tooyasthLikert scale questions in four

sub-systems of organizations - production (progrsetup), managerial (leadership),
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maintenance (long-term implementation staff), angpsrt (financial and non-financial
resources). Mancini and Marek (2004) developedogm®m Sustainability Index which
measures the sustainability of community-based rarag for families based on seven
elements that include leadership competence, eféecbllaboration, understanding the
community, demonstrating program results, stratdgmding, staff involvement and
integration, and program responsivity. Glasgowls-AM model for conceptualizing
implementation can also be applied to evaluate emphtation, with “maintenance”
being the element most applicable to program susiant. Maintenance is defined as the
extent of discontinuation, modification or sustéigy of the program (Glasgow 2007).
In all these cases, measuring program sustainnfeartimplementation is viewed as a
retrospective process that occurs after implemientdtas progressed for a considerable
amount of time.

However, there is one final model which, unlike mnafsthe others, was designed
to be used prospectively in the planning and estdges of implementation. This is the
National Health Service Institute for Innovationdatmprovements Health Service
Sustainability Model. This model measures progsustainability based on ten factors
categorized in three implementation domains thatcrgdase the likelihood of
sustainability and continuous improvement” (Doyteak 2013 p. 2). The measures are

shown in Figure 2.6 below.
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Domain Factor

Issues being explored

F 1: fi heloi
— actor 1: Benefits beyond helping

patient

Process Factor 2 Credibility of the benefits

Priaa Factor 3: Adaptability of improved
Pracess

- Fac:n:l:'r 4 El‘fecm.fgne'sf. of the systern to
moritor [.}[DQT-E'E\'_'.

Suaff Factor 5: Staff involvement and
training to sustain the process
Factor & Staff artitudes towards

Staff 2
sustaining the change

Staff Factor 7: Senior leadership
engagement

. Clinical ;

Staff Fa-::l:_l:br & Clinical leadership

engagement
L Factor 9 Fit with the organisation's
Organization strategic aims and culture
o Factor 1 Infrastructure far
Drganization

sustainability

Whether in addition to helping patients there are other benefits that will make a difference to
daily working lives or make things run more smoothly such as reduced waste or duplication,

Whether benefits to patients, staff and the crganisation are visible, are believed by staff and
can be described clearly,

Whether changed processes will continue to meet the need of the organisations and can be
rmaintained when an individual or group of pecple who initiated it are no longer there,

Whether clata are easily available to momnitar progress or assess improvernent and whether
there are systems to communicate this in the organisation.

Whether staff play a part in the implernentation of changes to processes and the extent of
training and development of staff to help sustain these changes

Whether staff ideas are taken on board, the opportunity they are given to test these ideas
and their belief that this is a better way of doing things that should be preserved,

Whether credible and respected senior leaders are seen as promaoting and investing their
own time in changes,

Whether crediple and respected clinical leaders are seen as promoting and investing their
own tirme in changes.

Whether the changes being made are seen as an imporant contribution to the overall
organisational aims.

Whether staff, facilities, equipment and policies and procedures zre adequate to sustain new
pracesses,

Figure 2.6 Screenshot of National Health Serviced€tors Proposed to Affect Likelihood of Program Susinability

(Doyle et al. 2013)
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2.2.4Studying TAM through an Implementation Research Lers

These findings from policy and program implemewiatiterature have much to
contribute to understanding TAM program implementatand the implications of the
legislative backing for TAM programs in MAP-21. &de findings have provided some
context for studying TAM through a policy and pragr implementation lens. First of
all, it is clear that the implementation processd dherefore studying this phase, is
necessary to ensure that TAM programs are suct¢asshe end. It is important to keep
in mind that in applying this implementation resdaperspective, the goal is typically to
investigate how agencies are responding to theytiiat supports TAM implementation
and how they are translating TAM programs from wisaéxpected in the established
guidelines into practice. In the context of thissertation, the goal of implementation
research is extended to include the identificatbways to leverage the implementation
process to ensure that TAM programs are sustainedn understanding of
implementation in terms of the theories and motes characterize the concept informs
how the results of this TAM implementation reseastbdy can be interpreted. In
particular, the models discussed establish the itapoe of a sustainment aspect to the
implementation process.

Between the two implementation research methodsusis®d, the characteristics
of this TAM implementation research study have moreommon with field network
studies than street-level research. While boththese methods use case studies of
implementation scenarios, they focus on differesgeats of implementation; the main

differences are summarized in Table 2.3.
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Table 2.3 Summary of the Differences between FieMetwork Studies and Street-
Level Research

Field Network Studies Street-Level Research
Understanding the response of institutiong Exploring how policy is actually
responsible for implementation implemented on a day to day basis
Can be accomplished in the short-term Longer-teuys
Focus on program structure Focus on frontline service delivery
Top-down view of policy implementation Bottom-upew of policy implementatiomn
Unit of analysis: institution Unit of analysis: frontline staff

There are several reasons why this TAM implememnagiudy has more in common with
field network studies. First of all, the increasadivity around TAM implementation
that has resulted from MAP-21 is still in the fgigarly stages of the implementation
process. This means that this research is moe stfort-term study, focusing on the
program structure instead of the application of TAMhe frontlines. With the objective
of enhancing TAM implementation in DOTSs, the unitamalysis of this study is the
institution responsible for implementing the prograthe DOT) and this work
investigates the implementation process with adoywn view.

Ultimately, achieving the objective of this studyllwely on an understanding of
the response of DOTs to the policy mandates for Tidlementation. All the same,
there is an important discrepancy between fieldvogk studies and this research study
because the former are said to be useful for shgdyion-incremental policy (Lurie
2003). Since MAP-21 essentially builds on past FAdated policy and the structure of
TAM programs outside of any policy mandates, itificult to argue that it is a non-

incremental policy. Based on all of this infornaaitj the methodology adopted for this
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research study adopts some of the features oflé rietwork study, particularly the
researcher-involved data collection, and the fraorkvior comparative data analysis, but
is certainly not a comprehensive field network gtud

As the literature shows, evaluating implementatisnan important aspect of
implementation research. The proactive nature ha$ twvork, investigating TAM
implementation at this relatively early stage Isnihe extent of evaluation particularly
where measuring outcomes are concerned. In the say the ability to measure the
sustainment of TAM programs, which as describegpgcally a retrospective process, is
limited due to the fact that formal TAM implemendat is in the relatively early stages in
most agencies. As such, the National Health Sermodel is most applicable to this
work of the sustainment evaluation models presentgimhce measuring TAM program
sustainment is a next step for this work, this maael these implementation research
ideas in general, will be used to inform the fastdhat can influence TAM

implementation for program sustainment.

2.3TAM Implementation as a Process of Change

For most of the past 50 years, transportation agemave managed infrastructure
assets on a worst first basis — the road thathesbst damage or the bridge that seems
to be worse off receives attention before any sthdie introduction of TAM principles
presents a new way of doing business and a newoivdlyinking about infrastructure
maintenance and other decision making. More gépeildAM implementation is about
changing the way agencies have made investmergidesj “improving the way certain
existing functions are carried out, in order thia¢ tvarious participating units of an

agency can work together more effectively to acdshpbroad agency goals of asset
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performance” (AASHTO 2011 pp. 3-13). A study déss risk management

implementation as an organizational innovation beeait involves a new way of

working and/or thinking which can present more nfaaganizational challenge than a
technical challenge (van Staveren 2014). SimiJarM is an organizational innovation

which involves greater intrusion into the day-tordactivities of agency employees,

promoting a significant shift in culture and belaAASHTO, 2011, p. 3-3). This type

of transformational change has not been widelyistuth transportation research at the
organizational level. In fact, the process of oigational change in public agencies, in
general, and the management of implementation psesehave received little attention
in academic research (van der Voet 2014).

Other studies in change management (of non-tratetpor fields and non-public
agencies) have shown that the majority of orgaiumat change initiatives eventually fail
or are not sustained as expected (Xerri et al. R0WAtimately, organizational change is
not a linear, straightforward process; it is “itera and complex, with unintended as well
as intended outcomes” (Whelan-Berry and Somerg20i#0 p. 188). As such, the ability
to manage any type of change has essentially becameore competency for
organizations and their leaders (Parry et al. 20¥elan-Berry and Somerville 2010).
In fact, Parry et al. (2014) suggest that appro@ifamanaging change will lead to
success in the change effort, but can also impaet dverall performance of the
organization; the best outcome is where the inte@rimEnefits of the change effort are
realized while improving business performance. @&baless, there seems to be a need

for “reliable, valid, robust, data-based informati¢Parry et al. 2014 p. 100) on change
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efforts to help determine the potential for sucamskilure, and to identify steps that can

be taken to ensure success (Parry et al. 2014).

2.3.1Defining Change & Change Management

Organizational change can simply be defined asptioeess of introducing an
innovation (something new that does not alreadgtexito the setting of an organization
whether in terms of structure, processes or resgurdodnem By (2005) presents three
ways to define change: (i) by the rate of occureertit) by the scale or scope of change;
and (iii) by how it comes about. Change defined rhyje of occurrence can be
discontinuous - involving rapid shifts or one-tieents followed by periods of stillness;
continuous — as an ongoing process; or incrementalith successive limited and
negotiated shifts that do not occur at a steadg ¢l@dnem By 2005). In looking at the
scale or scope, convergent change, also knownnastdhing, describes an ongoing
process to find alignment with an organization’satglgy, processes, people, and
structure, while incremental adjustment refers tstittt modifications to specific
management processes and strategies, withoutdeagion (Todnem By 2005). Two
other characterizations of change by scale or sempanodular transformation, which
involves major shifts in at least one division of @&rganization, and corporate
transformation which involves drastic agency-widéerations in business strategy
(Todnem By 2005). Arguably, the most common waghtaracterize change is by how it
comes about. Planned change occurs through ragoaisetting where “objectives are
formulated in advance and implemented in a top-déashion” (van der Voet 2014 p.
375), formally departing from the previous methdmgore adopting new approaches

(Todnem By 2005). On the other hand, emergentgd@na process of continuous and
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openended adaptation driven from the bottom up wherpleyees have active roles
the change process instead of passively receiti(Todnem By 2005; van der Vo
2014). Todnem BYy2005 also identifies a third characterization of charngeich
involves strategies varied according to the padicorganization— this is defined a
contingency or situational chan Figure 2.7shows a summary of these differ
characterizatiop of change found in literature, indicating a ramgepermutations ¢

ways in which change can occ

Change

By rate of
occurrence

By scale or
scope

By how it
comes about

md Continuous Qg Convergent Qg  Planned

ml Discontinuous §gd Incremental §ad Emergent

Modular
Transformation

= Incremental g ol Contingency

Corporate
Transformation

Figure 2.7 Characterizations of Change
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Parry et al. (2014) provide a definition of orgatianal change that ties it to its
management: “a complex, chaotic process that candse&ged on an ongoing basis as it
unfolds with interventions and actions based onctireent stage and state of the project
and aimed at providing ongoing course correctiagteering it towards a successful
outcome” (Parry et al. 2014 p. 101). Van der \Walefinition states that change
management involves “the planning, coordinatinggaaizing and directing of the
processes through which change is implemented” ¢emn/oet 2014 p. 375). Certainly,
this ability to adapt and coordinate an effort ngplement change in an organization is
important; however, there may not be one specifiy ¥ manage change - approaches
should consider aspects of the internal and exteenaironment (Parry et al. 2014;
Todnem By 2005). This idea that change requirgpioiy measurement, feedback and
renewing especially to identify factors that campa@ut the success of the change effort, is
supported by models of change that follow a genpratess of planning, launching,
implementing, and sustaining change (Parry etGl42Todnem By 2005; Whelan-Berry

and Somerville 2010).

2.3.20rganizational Change Models

For many years, researchers and experts have ddsagnl put forward a number
of change models that establish strategies or stefe followed in order to achieve
effective change. In general, the steps involvedhese models tend to include some
combination of the following five stages summarizgdWhelan-Berry and Somerville
(2010): (i) developing a clear, compelling visidn) moving the change vision to the
group level; (iii) individual employees’ adoptiorf ¢the change; (iv) sustaining the

momentum of the change implementation; and (v)tutginalizing the change. Elrod
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and Tippett (2002) observe that most change maalsts tend to follow Lewin’s 1952
three-phase model which involves three simple st@psnfreezing; (ii) moving; and (iii)
refreezing. Lewin’s model suggests that for chatogbe successful in an organization,
current behavior has to be unlearnt or “unfrozeafter which movement to the new
behavior can occur, followed by the final step eff@ezing to ensure institutionalization
(Brandt and Sommer 2013; Elrod and Tippett 200Parry et al. (2014) distinguish
between types of change models, differentiatingp¢pssual” models that outline the
steps involved in change processes from descriphieelels that outline factors and
variables that can lead to change implementationess.

In either case, organizational models should beedam reliable performance
indicators and relevant characteristics of charifyggte that can influence and be used to
assess the success or failure of a change implatientproject (Parry et al. 2014).
Table 2.4 presents a sample of commonly cited azgdanal change models in the
change management and organizational innovatienatitre developed from the mid-
1980s to the early 2000s. As shown in the tableilewthere are differences in the
number of stages presented in each model, thegliaiv a similar path which ends with
some effort to integrate, anchor, reinforce or iftog8bnalize the change similar to
Lewin’s refreezing stage. This bolsters the imgace of efforts to ensure that change

that is implemented in an organization will be aurstd.
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Table 2.4 Commonly cited organizational change modke

Bullock and
Batten’s 4-Phase
Model (1985}

Kanter et al.’s 10
Commandments for
Executing Change (199%)

Kotter's 8-Stage Process for
Successful Organizational
Transformation (1996)°

Mento’s 12-Step
Model (2002

Luecke’s 7 Steps (2003)

1. Exploration 1. Analyze the organizationy 1. Establish a sense of urgend 1. The idea and its 1. Mobilize energy and
and it's need for change context commitment through joint
identification of business
problems and their solutions
2. Planning 2. Create avision and a | 2. Create a guiding coalition 2. Define the clang 2. Develop a shared vision of how
common direction initiative to organize and manage for
competitiveness
3. Action 3. Separate from the past | 3. Develop a vision and 3. Evaluate the climat{ 3. Identify the leadership
strategy for change
4. Integration 4. Create a sense of urgency 4nr@onicate the vision 4. Develop a change¢ 4. Focus on results, not on

plan

activities

—

=)

5. Support a strong leader [ 5. Empower broad-based 5. Find and cultivate § 5. Start change at the periphery,
role action sponsor then let it spread to other units
without pushing it from the top
6. Line up political 6. Generate short-term wins 6. Prepare youeta[g6. Institutionalize success throug
sponsorship audience, the formal policies, systems, and
recipients of structures
change
7. Craft an implementation| 7. Consolidate gains and 7. Create a cultural fitf 7. Monitor and adjust strategies i
plan produce more change response to problems in the
change process
8. Develop enabling 8. Anchor new approaches in| 8. Develop and choose

structures

the culture (institutionalize)

a change leader
team

9. Communicate, involve
people and be honest

9. Create small wins
for motivation

10. Reinforce and
institutionalize change

10. Constantly and
strategically
communicate
change

11. Measure progress
of the change effor

12. Integrate lessons

learned
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2.3.3Implications of Applying Change Management Principés to TAM
Implementation

The impetus for applying change management priesifd TAM implementation
stems from understanding TAM as a process of changee different definitions and
characterizations of change, or the way that théTigplementation change process
occurs is important for understanding how impleraBah outcomes can be influenced.
For example, it may be relatively easier for annagés leadership to make real-time
adjustments to a change process that is plannedidhalter the way emergent change is
occurring. This implies that it may be easier &yency leadership to influence the
outcomes of TAM implementation if the change ocdara planned way in one agency,
versus in another agency where TAM has been evpiviran emergent way. Similarly,
different implementation factors affect can affeaplementation outcomes based on the
type of change. For example, continuous changéeaome routine in a way that makes
it expected which would result in less employeastaace, compared to frequent, but
discontinuous change efforts that could seem owelming and stir up resistance in
agencies. Ultimately, the type of change that atterizes TAM implementation in
different agencies is important for understandingwhto enhance programs for
sustainment.

The review of organizational change models has asipld the importance of
intentional efforts to institutionalize and sustahlmnge in transportation agencies as part
of the TAM implementation process. The existingdglines for TAM implementation
in the resources discussed in Section 2.1.4 seebe tiacking in their inclusion of a

“freezing” step (adopting Lewin’s terminology). @PAASHTO TAM Guide | makes
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mention of the need for a long-term focus and tASKHTO TAM Implementation Guide
offers added detail in discussing change managementiples. MAP-21 and the
associated proposed rulemaking do not emphasizggmosustainment beyond what is
already in the guides. Altogether, the guidanaided on the necessary sustainment or
integration step of TAM implementation is minimahda could benefit from added
discussion of specific factors to consider durihg implementation phase. While this
does not imply that state DOT efforts to implem&aM will not result in sustained
programs, there are several change drivers puitad the literature that agencies can
utilize to enhance the process for program sus@mm These change drivers are
synthesized with the challenges and opportunitiestified from the historical analysis
of TAM development as well as the implementatioctdes identified in the policy and

program implementation research to form the con@dasis for the work that follows.

2.4 Synthesis of Implementation Factors that Can Influace TAM Program
Sustainment

Since the very beginning of federal transportatmolicy development, asset
management principles have been embedded in therajeconcepts of infrastructure
maintenance, but with no explicit mandates unfifE3 in 1991. Throughout that time,
TAM was implemented in various forms and at différkevels, but it can be argued that
this way of doing business has not been sustameatst agencies. While MAP-21 is an
improvement on past TAM policy in several differemys, there are still a number of
factors that can hinder the sustainment of TAM g@gles in transportation agencies’
decision making. Viewing TAM implementation thrdughe combined lenses of

policy/program implementation and change managemecdurages a strategy that goes
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beyond recognizing historical implementation oppoities and challenges, to
identifying those factors that have been found tesent similar opportunities and
challenges in other contexts and relating them he transportation planning and
decision-making context in order to take preempéggon. In this section, a discussion
is presented on those factors that can influenc® Tikaplementation as it relates to
program sustainment, identified from the three bsdif literature in the exploratory
research phase. The factors identified have beemsrized into the ten themes shown

in Table 2.5.

Table 2.5 Summary of implementation factors that an influence TAM program
sustainment

Policy/Program
Factor Themes : TAM . Implementation Change
Practice/Experience Management
Research

Goals, Expectations, X X X
Guidance
General Resistance X X
to Change
Change
Implementation X X
Process
Characteristics of

. X X
the Innovation
Program Flexibility
and Customizability X A A
Leadership and

X X

Management
Other Agency
Characteristics X X X
Financial Resources X X
Human Capital &
Other Resources X X A
External Factors X X X
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As illustrated, each theme is supported by refezgno at least two of the three main
bodies of knowledge that have framed this exployaliterature review. Each factor is
discussed below with some inferences offered fav Hwey can be related to the TAM

implementation context.

2.4.1Goals, Expectations, & Guidance

One of the most important factors that can infleeM@&M implementation which
is crucial from the outset of a program is the texise of clear, specific goals (AASHTO
2011; Church and Nakamura 1993; Kaplan and Co#8b; Parry et al. 2014; van
Staveren 2014; Whelan-Berry and Somerville 20 RYpgram goals and a clear vision of
the way forward, at the national and agency leveds,the standard for what is to be
achieved with the implementation effort. A flawadderstanding of the goals of an
innovation will result in failure to address theoplem the innovation was established to
address. Church and Nakamura (1993) argue that rpablc policy programs have
unclear goals that are “too broad and amorphouzetof much help in guiding day-to-
day activity” (Church and Nakamura 1993 p. 36).

With the establishment of seven national goalsfopeance measures and
eventually targets, TAM policy at the national Ieigenot susceptible to the challenge of
unclear goals. However, the same generalizatiomatabe made at the agency level
where implementation is concerned. Without specifieasurable implementation goals,
there is no real standard for agencies to measwesticcess of their implementation
process and this leads to the frontline employespansible for using TAM having to
use their discretion in defining implementationess. While this flexibility in program

implementation could be beneficial (Maurer et &12; Wiltsey Stirman et al. 2012), a
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lack of understanding, knowledge or familiarity WitAM can cause the discretion in
implementation to be a challenge. Furthermore, gbals of the policy may not be
directly and completely met, if discretion is appliinsufficiently and inconsistently
across the board. As such, it is important thaarclgoals are reinforced with
accountability, role clarity, and clear targetotighout the process (Parry et al. 2014).
Beyond establishing the goals, clear and regulartnconication of the vision is
necessary to ensure that employees can see thiomayd (AASHTO 2011; Parry et al.
2014; Whelan-Berry and Somerville 2010). Implemaéinh success can often depend on
all (internal and external) stakeholders’ underdiag of the vision, and agreement that
the change is positive for the organization (Pagtyal. 2014; Whelan-Berry and
Somerville 2010) in order to encourage actions that consistent and meet the
expectations. For programs that give organizati@sponsibilities and authority that
they have not previously held, clear communicabbappropriate use of the program is
also necessary. This is in order to avoid incaestsimplementation among other

repercussions (Church and Nakamura 1993; LennoiCarigett 2003).

2.4.2General Resistance to Change

Without a clear understanding of the goals or n&te$or change, there can be
general resistance from employees particularlypfuicies and program implements that
attempt to create a shift in human attitude or beingLennon & Corbett, 2003; Selker &
Wasser, 2014). According to Hanna et al. (20@83, matural for employees to feel some
apprehension when the standard way of doing busiclesnges. TAM implementation
faces this challenge because it presents a new afayaking decisions that have

typically been made based on engineering judgmashiaa a result of political influences
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in the transportation industry. One of the commbarriers to implementing PMSs and
BMSs before they were mandated was a general amssstto changing the existing
decision-making structure by introducing some dedpece on data and other technical
details (Finn 1998; Markow and Hyman 2009). A $&amresistance was observed in
agencies when implementing design-build delivergtesyps on transportation projects
(Hanna et al. 2008). This challenge to an agenstgsdard operating procedures (SOPS)
can cause “cultural resistance in the form of bean opposition to mandates”
(McDonough 2014 p. 144).

At the end of the day, incentives towards changg nw always be successful
and usually require additional efforts to creat@eagal cultural change that go beyond
simply establishing a policy and expecting emplsyee clients (where applicable) to
comply. The difficulty of behavioral or attitudinehange can be further aggravated by
the experimental nature of innovative policy impéntation due to the fact that results
are not always guaranteed and are more than Iialynmediate (Selker 2014). Typical
of human nature, results that are not immediateof@m be viewed as no results, which
can reduce morale and the will to continue stedlgfas the implementation process.
Rabin et al. (2008) refer to this factor as thes&vability” of a change which is the
extent to which outcomes can be seen. Since chahgeently occurs at the individual
level in employees’ behaviors, values or framewofRéhelan-Berry and Somerville
2010), it is important to convince employees of bemefit of the change to gain their
support (AASHTO 2011; van der Voet 2014). Empleyeattitudes and behaviors
(Rabin et al. 2008) and their emotional energy motonal response to the change

process (Parry et al. 2014) influences their wgiiass to change, which has been defined
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as “a positive behavioral intention towards the lengentation of modifications in an
organization’s structure, or work and administratpyocesses, resulting in efforts from
the organization member’s side to support or enhdhe change process” (Metselaar

1997 p. 42 cited in van der Voet 2014 p. 375).

2.4.3The Change Implementation Process

One way to counteract a general resistance to ehamgin the actual
implementation process itself. On the individuahpdoyee level, allowing input,
participation, and self-definition or empowermenmnttihe change process, as opposed to
imposing in a top-down manner has been found tatipely impact the success of
implementation (AASHTO 2011; Maurer et al. 2013rrieet al. 2014; Whelan-Berry
and Somerville 2010). This seems to suggest thpfaaned implementation change
process can be less effective than an emergenégsoc

Other important factors related to the change implatation process are the ease
of integrating the change into existing processed)ether using incremental
enhancements or allowing for an organic evolutiérthe program (AASHTO 2011,
Maurer et al. 2013). When ISTEA was enacted in1198e requirements for the new
management systems did not align very well withrtt@nagement systems that already
existed (PMSs and BMSs) causing agencies to hawersider significant changes in
their existing practice (Lindquist 1999). PMS andM policy grew out of movements
that had been occurring for years, where theseemgstalready existed in different
agencies. Creating a mandate established a stafatathese systems which existed in
various form; however, completely ignoring the poesly existing practices in order to

create a uniform standard does not allow for effecimplementation as was observed.
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The requirements in MAP-21 are seemingly drawn frttva development of TAM
practice and understanding over the years, creatinge level of alignment with agencies
that already had TAM programs in place or in depmient prior to the legislation.
While this may minimize the type and amount of dernaking place, which is also
important for implementation success (Parry eR@l4), it can create a false belief about
the ease of implementation, which would be disathgaous to the process (Peterson et

al. 2014).

2.4.4Characteristics of the Innovation

During the implementation process, one factor tbat bolster success and
influence sustainment is the existence of shomiteuccesses, benefits, and effects that
are relatively easy to monitor (AASHTO 2011; vaav&tren 2014; Wiltsey Stirman et al.
2012). Unfortunately, although there is generatament on the benefits of TAM, most
of the benefits are only realized in the long-tgAkofio-Sowah and Amekudzi 2013),
reducing the “observability” (extent to which outees can be seen) of this change.

There are a number of other factors related to raragcharacteristics that are
important for the success of the implementatiorcess. First of all, the program must
be perceived to be compatible, or fit the agencg present an effective and cost-
efficient solution to the problem being addresdedhbin et al. 2008; Wiltsey Stirman et
al. 2012). If the effectiveness of the programna clear, its “trialability”, or the
possibility of running a trial before full implemetion, can be important (Rabin et al.
2008). TAM implementation has been shown to haraestrialability as evident in the
Oregon DOT pilot study where TAM principles werepkgd to preservation and

maintenance activity on a section of the highwasteay (Wipper 2007). Finally, the
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program’s complexity and the overall amount of g®naking place can affect the
implementation process, which can be countered bglear and comprehensive
presentation of the program in a way that leadsrtamproved understanding by all
parties involved (Glasgow 2007; Parry et al. 2(R4dbin et al. 2008). With the different
new tools (life-cycle cost analysis, risk managem#adeoff analysis, etc.) that are part
of TAM applications, the implementation process dan perceived to be complex;
however, the way the program is presented, andeheral understanding of TAM in the

workforce are factors that can help alleviate teee@ived complexity.

2.4.5Program Flexibility & Customizability

A factor related to program characteristics thgpasticularly common in places
like the United States (where federal policy impémtation in states is concerned) is
related to the idea that different environmentsinegdifferent implementation processes
(Church and Nakamura 1993; Selker and Wasser 2044hen the same program is to be
implemented in regions with different contexts (aighan versus rural), demographics,
economic features, or even governing structuresiniplementation process can become
complicated, requiring several different sets oatsigies as opposed to one that can be
streamlined. Mandating a process that does notvdibr flexibility may address those
issues related to having too many varied implentemtastrategies; however, it will
introduce other challenges of its own. In generatreased program flexibility,
customizability, and the general ability for a praxg to be modified, is a factor that can
promote implementation success (Glasgow 2007; Martral. 2013; Wiltsey Stirman et

al. 2012).
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An NCHRP report on bridge management practices KMarand Hyman 2009)
discovered that after the mandates in ISTEA wepeaked, the agencies that continued to
operate BMSs did so very differently. This wasven by differences in the operating
philosophies, approaches to planning programmimgbardgeting, the characteristics of
the agency, their total transportation system dedinfrastructure itself, and differences
in the political, financial, technical and institutal environments. This observation
points back to the long-standing argument thaessaencies, specifically state DOTS,
have innate differences that dictate the way thasrate. Contingency theory supports
this argument proposing that the best way to maaagerganization and its performance
is significantly dependent on the internal and mdkenvironment that the organization
and its subunits have to operate in (Burns ank&tdl994; Lawrence and Lorsch 1967).
Allowing for flexibility in the implementation pragss contributes to the success and
effectiveness of implementation; whether this i¢arms of the data collection methods,
software used or even performance thresholds, seweé of flexibility in the mandates
in order to address the various needs of each Istatdeen shown to be a useful strategy
for success (Bloom 1999; Lindquist 1999; Markow &hanan 2009). Although, MAP-
21 standardizes some aspects of TAM implementaf@ s are generally able to
customize their programs to some extent. While teduces the opportunity for this
factor to be a challenge to TAM implementationréhare still aspects that are mandated
(the contents of the plan, the performance measwets) that can work against

successful program implementation for sustainment.
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2.4.6Leadership and Management Support

One of the most common factors that can influeriee duccess of a change
implementation process is the concept of a champroohange leader, preferably at a
senior position in the organization who is ablenativate other employees (Aarons et al.
2014; Hanna et al. 2008; Maurer et al. 2013; Peteet al. 2014; Wiltsey Stirman et al.
2012). Dedicated leadership and commitment fronom@ganization’s management can
be crucial for programs that can easily become ldfeec exercises in the agency (van
Staveren 2014). It has been argued that whileos@nanagers often initiate the change
process, implementation relies on lower level lesigip (van der Voet 2014) and as such,
support from other leaders throughout the agengysisas, if not more critical than top
leadership support (Whelan-Berry and Somerville@01Either way, the strength and
manner of a leader's engagement at different lesfetise agency is important and leaders
should demonstrate the action they expect from eyegis in the implementation process
(Parry et al. 2014; Whelan-Berry and Somerville®@01

While most of the literature in both implementatioasearch and change
management support the importance of leadership magdagement support and
commitment to the success of the implementationgs®, a recent study by van der Voet
(2014) found that transformational leadership is a® important in situations of highly
planned change, but can be important in highly gerdrchange scenarios in agencies
with lower bureaucracy. Similarly, a study in Awadia found that employee attitudes
towards organizational change is influenced more thgir relationship with the
organization, than their relationship with supeovss if employees perceive that they are

well supported by the organization in generalsitikely they will contribute positively
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toward organizational change (Xerri et al. 201@n the other hand, another recent study
by Peterson et al. (2014) found that leadershipnower foreshadowed later
discontinuation of programs that were previouslplemented. All in all, it is clear that

leadership is an important factor in change impletaison.

2.4.70ther Agency Characteristics

One of the most important agency characteristias¢an influence the success of
an implementation program is the organizationalicttre. Van der Voet (2014)
highlights organizational structure as a determtiragnhow change occurs; while prior
research showed that classic, rigid, top-down 8ires benefit more from planned
change and decentralized, flexible management hemebre from emergent change, the
author found that both planned and emergent chapgeoaches can be successful in
agencies with high bureaucracy. Ultimately, itciear that organizational structure
should be aligned to the proposed change for aeased chance of success (Rabin et al.
2008; Whelan-Berry and Somerville 2010; Wiltseyri@tin et al. 2012). An example of
this in the transportation context is found in TAMplementation during the ISTEA
period, which introduced difficulties related toganizational structure in scenarios
where different divisions within an agency wereuieed to communicate with each
other, which had never occurred before (LindquB®9); this was an important factor
that contributed to the failure of that mandatenf@magement systems to last.

Besides organizational structure, other charattesishat have been found to be
important for change implementation success inclgkency size and an organizational
culture that is oriented towards the practice tatdgbute to an agency’s readiness for

change (Peterson et al. 2014; Rabin et al. 2008s&YiStirman et al. 2012). In addition,
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it is important that the agency does not have mdior regulations that oppose the
change, or existing practices that present a @indli are competing priorities to the
change that is being introduced (Glasgow 2007;3844tStirman et al. 2012). In general,
the organization should have a positive climaté shipports adoption of the change — in
school-based programs, implementation successouasli fto be a function of the climate
in terms of the quality of relationships of thevseg providers with the recipients, and
academic community partnerships (Aarons et al. 20i#tsey Stirman et al. 2012). This
is a potentially significant challenge for TAM ingwhentation since it introduces data-
informed decisions, which challenge the way thatigiens in most agencies have been

made previously, based on expert judgment or onratwirst basis.

2.4 .8Financial Resources

One of the most important factors relevant to thecess of implementation is the
availability of resources to support the progranmar@s et al. 2014; Glasgow 2007,
Hanna et al. 2008; Peterson et al. 2014; Wilts&ayn@h et al. 2012). Although federal
mandates like the TAM plan requirements in MAP-2& aot required to come with
funding, the lack of a clear financing structuren gagesent a major challenge making
implementation completely impossible. In the Séyma experience, Church and
Nakamura conclude that the “enormity of the statutgoal...was unforeseen by the
architects of the legislation” (Church & Nakamut893, p. 117) in terms of the costs of
implementing the program to clean up infected sit&milarly, implementing TAM
requires some significant financial investment fragencies for different components of
the implementation process, and to sustain thergnogoeyond implementation. The

limited success of the management systems manaat&d EA has in many cases been
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attributed to the lack of adequate funding to suppte development of those systems
(Schweppe 2001). Federal funding reduces the ymess a state or local agency to
divert funds from other agency business into a eptthat they may not necessarily have
completely bought into yet. One of the main bdeetf TAM is the cost savings
associated with preventive maintenance which ldadhe avoidance of infrastructure
failure and the avoidance of higher maintenancdsc@dizusawa and McNeil 2009);
however, this cost savings is a long-term benéfit is not immediately realized. In
some cases, agencies may simply not have the cesolarimplement a required mandate
without diverting resources from other aspectsheirtoperations. Financial assistance
offsets the gap between initial capital investmamd the return that will be realized in
the long-term as a result of strategic managemeattipes (Finn 1998). MAP-21
implementation should not be subject to this palgicchallenge since funding has been

made available to support the requirement to haMd Pplans and report on performance.

2.4.9Human Capital & Other Resources
While funding is arguably the most important factefated to availability of

resources to support a change implementation pgpc#iser internal resources such as
human capital and time demand are also essentibréa for successful program
implementation (Glasgow 2007; Parry et al. 2014eRen et al. 2014; Whelan-Berry
and Somerville 2010; Wiltsey Stirman et al. 2012ny uncertainty in the availability of
resources can cause much contention and delayeinmplementation process, which is
susceptible to these and other internal and eXtgmegsures that must be pacified at
different stages and to different extents. In galhdt is important to develop those new

processes and systems that are necessary to supporhnovation to achieve the
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objectives (Hanna et al. 2008; Parry et al. 2019nce resources are set in place,
however, it is also essential to ensure that huoagoital and organizational capital are
developed alongside the technical resources.

In the historical development of TAM, organizatibraapacity issues related
specifically to the level of expertise and familarwith asset management systems
emerged within the state and local agencies, andotoe extent, even the USDOT
(Lindquist 1999). The AASHO road tests in the 19%@lped to accomplish industry-
wide ownership of PMSs by contributing to the oYlenaderstanding of the underlying
concepts (FHWA 2011a). Without improved understagpcand ownership of TAM,
agency implementation incorporating these necesdagges in their standard operating
procedures (SOPs) and organizational processesutilbe effective. Implementation
and change management research supports thisighighd the importance of training
and education to increase understanding and enlttheceapabilities of employees to
perform with the change (Hanna et al. 2008; Patryale 2014; Whelan-Berry and

Somerville 2010; Wiltsey Stirman et al. 2012).

2.4.10External Factors

While change implementation occurs within the barres of an organization,
contextual factors such as the political, sociahd aorganizational setting, inter-
organizational networks and collaborations, andedtalder involvement have been
found to be important to the success of the impteat®on process (Aarons et al. 2014;
Peterson et al. 2014; Rabin et al. 2008; van Stave014; Wiltsey Stirman et al. 2012).
Generally, some level of cooperation between agsndan enhance effectiveness

especially for programs mandated at a nationaksc&urthermore, outside counsel can
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be used to overcome potential challenges like 8rel resistance to changing standard
operating procedures (Hanna et al. 2008). In feah, Staveren (2014) goes as far as
proposing that in change implementation, limitexzhgparency towards stakeholders can
be an indicator of ineffective and inefficient ireptentation.

Certain actions by external stakeholders also hhee potential to influence
implementation processes. During the highway boashroad maintenance started to
become a more important issue, a national Officélaintenance was formed (FHWA
1977). Similarly, the emergence of asset managemdhe 1990s led to the formation
of the FHWA Office of Asset Management even withautederal mandate to operate
asset management programs (Bloom 1999). More tlgcehe FHWA introduced an
Office of Transportation Performance Management r@sponse to advances in
performance-based planning even before MAP-21 vagsqu (this could also have been
in anticipation of the legislation). These indiibnal changes by the administrative arm
of the government reflect a commitment to perforoeamanagement and TAM,
encouraging states and local agencies in theireamghtation of management systems.
Besides setting an example, a specific office bexodirectly responsible for all things
related to the program and is able to provide suppoagencies, whether technical or
otherwise. In the same vein, industry organizaieach as TRB and AASHTO have
shown support for asset and performance managethenigh the Task Forces and
Committees they established to host conferencebjnass or training sessions or to
simply conduct research that advances the stattheofpractice. These offices and
committees contribute to the success of implememtdiy creating an environment to

facilitate discussion on the topic, providing res@s to guide operation and assist in

91



building expertise within the agencies. Essemntiallhese organizations become
advocates for TAM, communicating the importanceéhelse practices to the stakeholders
of the transportation industry, especially the pukdnd the legislative arm of the

government and in some cases, driving the poliegld@ment process.

2.4.11Summary

Throughout the historical development of TAM, thdial focus was on creating
the tools and methods to actually “do” asset mamege, with minimal focus on
adapting the organizations or their employees tdhitd A study of risk management
implementation (van Staveren 2014) identifies ailamprimary focus on the technical
aspects as opposed to comparable attention onagénvglthe organization and the users
of risk management processes. The study's autbeeldped a toolbox with a three-
dimensional implementation model that places thgawization and the frontline
employees who would actually use and “do” risk nggamaent at equal priority to the
actual risk management methods. According to tiinige-dimensional implementation
model, organizational conditions should motivaterssand should enable them to apply
the methods, and the methods and tools should Istienapplication instead of frustrating
users (van Staveren 2014). In a similar fashiba,tén factors discussed seem to place
more emphasis on the social and organizationakcéspé implementation, as opposed to
the technical aspects.

In the change management literature, the typesactofs discussed here are
referred to as change drivers — they facilitateithglementation of change and adoption
of new programs (Whelan-Berry and Somerville 201Generally, change drivers have

different influences at the different stages of thmlementation and change models
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previously presented (Aarons et al. 2014; Parrgl.€e2014), but it is important to have a
mix of factors at each stage that will leverage kbg aspects of each stage (Whelan-
Berry and Somerville 2010). In the same way, d#fifé organizational characteristics
(setting and maturity) and different types of chamgn be influenced by the factors in
different ways (Whelan-Berry and Somerville 201®ccording to Parry et al. (2014),
increases or decreases in implementation/changeessi@re not linear — improvement
(or decline) is more easily achieved in organizaiwvith initially low performance with
further improvements becoming increasingly challeggn more mature organizations
(Parry et al. 2014). This idea of diminishing ret essentially means that the
consideration of these factors should carefullyardghe stage of implementation that an
agency is at. Furthermore, a degree of thoughaidrshould be employed in building an
understanding of these factors because they arelat®d to a degree and even have
complex interrelationships between them (Parry.2Gi4).

Ultimately, this literature review has found that implementing any type of
change like TAM in a public agency there are sdviadors that should be considered in
order to enhance the chances of implementationesacand the potential for program
sustainment in the long-term. These findings h&wened the foundation for the
development of the conceptual framework to reviewl affer guidance to agencies’

TAM implementation practices for program sustaintnen
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CHAPTER 3: DESIGNING THE FRAMEWORK

In the foundational part of this research studyutioented in the previous chapter,
a number of factors that have been shown to (pesjtior negatively) contribute to
program implementation success in terms of sustmmere identified out of the three
bodies of knowledge of TAM development, implemeotatresearch and change
management. Based on the understanding that thiernmentation phase of a program
and the success of the implementation process ltamtely influence the effectiveness
of the program itself, addressing the factors ifiedt should be an important step during
implementation in order to enhance the likelihodgmgram sustainment. For DOTs
implementing TAM, one way to address these fad®te review what has already been
accomplished to identify where the general impletaggon approach or specific
implementation strategies address the various Mactdn that way, opportunities for
increasing the likelihood of program sustainmerit be revealed.

The ten factors presented in the previous chapteigeunded in the literature
offering the foundation of a conceptual basis fdramework to facilitate such a review
of agency TAM implementation strategies for thewotgmtial influence on program
sustainment. In order to strengthen the validityth@ review criteria that would be
developed from these factors for the transportafieid and for TAM itself, experts in
the field were invited to participate in a panelv&nds the refinement of a taxonomy that

the review framework would be based on.
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3.1 TAM Implementation Expert Panel

The TAM Implementation Expert Panel was conductechaseries of webinars
held in June 2014 to gather ideas from asset mamageexperts in the transportation
industry on criteria to use in reviewing State DOTAM implementation processes for
contributions to program sustainment. The goal t@asse insight from the panelists to
refine the factors identified from the literatuesview in order to advance the process of
developing a conceptual framework. There werdal td nine panelists representing the
federal government, private consulting firms, amddemic institutions, as well as the
FHWA Expert Task Group (ETG) on TAM, the TRB StamgliCommittee on TAM
(ABC40) and the International Road Federation (IRBjnmittee on Asset Management.
Each panelist has at least ten years of experienttansportation, transportation policy
or TAM. They were recruited based on this exp@&geas well as their prominence in
TAM forums such as those sponsored by TRB. Theesaand affiliations of the
panelists are listed in Table 3.1.

Representatives from state DOTs were purposefept bff the panel in order to
avoid any bias that could result from includingresgentatives from the primary audience
of the approach in the initial development. If DOWere involved in the initial
framework development process, they could unknolyirguiggest factors they are
already addressing in their agencies as critepaaally if they have confidence in their
implementation approach. This would decrease tledilality of the tool for use in
DOTs. Instead, the non-DOT affiliated expert petelwere expected to provide their

views on factors to address based on their persexgériences with TAM and its
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implementation in various agencies of the sameifferdnt type (for example, DOT

versus MPO, etc.).

Table 3.1 TAM Implementation Expert Panelists

NAME AFFILIATION POSITION CATEGORY
Cambridge . ABCA40;
Joe Guerre Systematics Principal Consultant Consultant
Cambridge o
Hugh Louch Systematics Principal Consultant Consultant
: Parsons .
Alan Lubliner Brinckerhoff Principal Consultant Consultant
. University of ABCA40;
Sue McNeil Delaware Professor Academic
. Parsons Vice President, Strategic
DEE [RosE Brinckerhoff Consulting I
Transportation Manager;
Francine . Policy & Guidance Team
Shaw- Fede_ra_ll nghway Lead, FHWA Office of ETG; Federal
: Administration .
Whitson Transportation Performance
Management
lowa State HES A
Omar Smadi . . Associate Professor Academic; ETG;
University IRE
Butch Federal Highway Associate Admlnlstrator, ABC40; ETG;
Wilaschin Administration FHWA Orfice of Federal
Infrastructure
Kathryn Applied Pavement . ABCA40;
Zimmerman | Technologies FIEEHE Consultant; ETG

The format for the webinar was a guided discusb@sed on four main questions
that led to follow-up questions based on how theveosation progressed. In order to
reduce external influence from the initial findingfsthe research, a brief introduction to
the webinar simply explained the purpose of theuwdision without revealing the factors
that were identified from the literature. The digss were designed to elicit panelists’

views on what state DOTs should incorporate in TAkplementation in order to

96



establish a successful and sustained program.ntabe the discussion questions were
centered on the general question which guided iteeatfure review: what factors are
important in TAM implementation to ensure succesgfiplementation and sustained
programming. The four questions posed are asvistlo
1. What are the characteristics of a successful TAMyam in a State DOT?
2. What needs to be done to ensure that performarssdbBAM will last and/or
become institutionalized in an agency’s businessgsses?
3. What are unique and/or important factors that cacoerage TAM longevity in
State DOTs? Provide one factor for each of thevalg:
a. Guidance documents - TAM plan or other documents
b. Governing structure - roles & responsibilities
c. Decision-making processes - how to incorporate TAND decision
making
4. How can agencies know that they are doing a golodvjth TAM implementation

in the short term?

Overall, the panelists expressed a number of @ifflerviews with some
consistency in their responses to these questidhs. responses and points raised in the
general discussion were distilled into seven thameategories of characteristics of
successful and sustainable TAM implementation aggres. The themes are listed
below and are described as they were discusseddan of popularity. Note that prior to
this discussion the panelists were not made awiatieecoten factors identified from the

literature review.
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3.1.1TAM Guidelines and Agency Guidance Documents
TAM implementation relies particularly on good damentation to show how

TAM should fit into an agency’s programming proassnd how TAM principles can
be incorporated into decision making. Agencies tnhave some minimum level and
guality of guidance documents from the very begigniPolicy that establishes TAM as
the basis for investment decision making, with otgeidance documents that include
explanations of forecasting, risk analysis, andepthkelatively newer concepts, can
promote buy-in at all levels of the agency by emivagnunderstanding of the broader goal
of TAM. Ultimately, the TAM plan should be a ligndocument, but other operating
guidance is needed, for example, short- to medemrm-improvement plans to further

manage the implementation process.

3.1.2Leadership and Executive-Level Support

It is important for upper management to support TAdplementation with
particular commitment from top-level executives; wawer, middle-management
supporting top leadership efforts is also essentigbr agencies that rely on a TAM
leadership committee structure, it is importanthve total cross-disciplinary agency
representation with accountability. Capacity-bmitdactivities for committee members
are particularly important to ensure that membémukl know what their role is on the

committee but also throughout the agency as a whole

3.1.3Employee Awareness and Understanding of TAM

Ultimately, TAM cannot simply be an agency leada~vay of doing business;
there must be buy-in from throughout the agencyplégees at all levels must have
some ownership and understanding of TAM, see whyptinciples work, and understand
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what the benefits are. Most importantly, employskeuld understand the long-term
effects of their decisions and how their rolesexpected to change to incorporate TAM.
Essentially, this means that agencies should crneat&force capacity for TAM and,

where possible, develop a succession plan.

3.1.4Applying TAM in Decision Making
Probably the most important aspect of TAM implemaéion is clarifying how

decision-making strategies and processes can bectexpto change. Implementation
should provide an explanation of how TAM principledl be integrated into investment
decisions (that is, how to “do” TAM), with clear mections to agency planning and
programming processes. Two ways of accomplishimg tre the use of good,
performance-based practices using performance mesasmetrics, and outcomes, and
using management systems that are connected tosialecnaking processes.
Nonetheless, it is important to consider the de$itom between data-driven decisions, and
data-informed decisions, where the former allowstricee to primarily dictate the
decision with little input from elsewhere. On thiher hand, data-informed decisions are
made based on a balance between expertise anthatfon, acknowledging the inherent

limitations of the data.

3.1.5Comprehensive Agency Alignment

Ultimately, if TAM principles are driving decisioomaking in an agency,
decisions at all stages should be aligned with T4déls, from the strategic-level to
program- and project-level applications. Generalthere tends to be TAM
implementation on capital-side programming withting same level on the maintenance-
side. Successful TAM implementation should inclstrategies that create clear links to
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outcomes and performance measures that matter @ogees’ day-to-day work.
Furthermore, TAM should be connected to customesic creating alignment from the

agency'’s strategic goals, through to service dglive

3.1.6Reflection on Agency Culture

One of the most accurate ways of knowing whetheagency has successfully
implemented TAM is by examining agency culture. plementation strategies that
address agency culture can be more effective thgrchanges to legislation or agency
policy. TAM implementation strategies should prdencclarity of communication
throughout the agency at all levels to ensure dhamployees speak the same language

and that the whole organization is “marching toghme beat” with respect to TAM.

3.1.7Committed Resources

There should be evidence of financial resourcesnaitted. It is important to
show commitment in other ways but if investmentbming made at the top level
financially, the gravity of the commitment to TAMue be felt throughout the agency and
employees will be able to appreciate that theinages moving towards a TAM way of

doing business.

3.1.8Expert Panel Summary

Throughout the discussion, the panelists expregsednportance of considering
how to sustain programs in agencies, acknowleddnaedimeliness of this research study.
The results and notes from the expert panel wenenrsrized and compared with the
factors identified from the literature review, raliag a number of intersections. The

factors at the intersection of the two overlappsegs (from the literature and from the
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panel) were combined to form the foundation of &M Implementation Review
Framework. The panel discussion summary and tkentany of (combined) factors
which formed the foundation of the framework werevided to panelists for review, to

ensure that their views had been captured apptefyia

3.2TAM Implementation Review Framework (TIRF)

The Transportation Asset Management (TAM) Impleragoh Review
Framework (TIRF) is a diagnostic tool that can guittansportation agencies in
conducting a systematic review of their TAM implertagion approach to produce
descriptive results on how the approach leans thplementation process toward
sustaining TAM programs in the long-term. The tisdbased on a conceptual framework
that can help identify where opportunities existamdress factors that can enhance
implementation for sustained programs. The mogbittant feature of the framework is
the criteria developed to guide the systematicengvbased on the factors that can
influence program implementation identified in thterature. The goal of the TIRF
design is to assist agencies in answering the igmeshow does our method of
implementation address those factors that caneanfla the likelihood of our TAM

program to be sustained by becoming ingrained iragancy culture?”

3.2.1Conceptual Framework Design

As previously stated, findings from the literatureview and expert panel
processes informed the initial design of the cohedpframework. Although panelists
were not exposed to the factors identified fromlifegature review, there was some clear
overlap between those results and the themes deduwduring the panel process. The
themes identified from the expert panel procesathigenerally reflected in the results of
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the literature review, dibugh the reverse is not truFigure 3.1shows an illustration ¢
these connections between the ten factors ideshtffiem the literature revie\(top and

bottom rows) and the seven themes from the exp@etlgiscussion (middle row

Goals, Change Program Other Agenc Human Capital
Expectations, Implementation Flexibility & Charac tegri stizs & Other
Guidance Process Customizability Resources
/! N Il o N "\

X

General Characteristics Leadership . .
. Financial External
Resistance to of the and Resources Factors
Change Innovation Management

Figure 3.1 Links betweenimplementation Factors from the Expert Pane! (Middle
Row) and Literature Review (Top and Bottom Rows

As shown,there are several links between mof the factors. Each theme from t
expert panel has at least one link to a factor ftbm literature review. The progre
flexibility and customizability factor from the étature review is the only one that d:
not have a corresponding theme discu in the expert panel. Based on these
connections, seven categories of criteria that lmanaddressed in order to influer
program implementation for sustainment are defineldote that while the specif
category names are pulled from the expert panemes, the criteria that

implementation approach can address are also iefbiyy literature
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To reiterate a point by Church and Nakamura (1998 way to evaluate
whether or not program implementation has achig¢liedlesired result is by establishing
a set of goals against which the implementatiorr@ggh or strategies can be assessed.
In this conceptual framework, the goal is prograrstginment which can be achieved by
addressing the criteria in each category. Thimméwaork proposes that if an agency’s
TAM implementation approach addresses the critesiiegory, the likelihood of their
program to be sustained is increased. The categaneé associated criteria are described
below.

Category I Guidance and Expectations

Guidance documents are important for creating arcéad streamlined perception of
TAM for each agency and for making sure that exqtemts are understood in the same
way throughout the agency. Implementation stratethat address this category should:
1.1 Ensure that TAM is reflected in major agencligyadocuments

1.2 Explain where TAM fits in agency programming

1.3 Provide clarity on how standard operating pdoces (SOPs) should change to
incorporate TAM

1.4 Provide clear guidelines on how decision maksigpuld change, including
explanations of risk analysis

Category 2 Leadership and Executive-Level Support

TAM leadership from the top has been found to bey effective in ensuring that the
agency as a whole prioritizes TAM. Implementatitrategies that address this category

should:
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2.1 lllustrate support and commitment from upp&eleemployees, management, and
executives

2.2 Ensure total agency representation in the TAMegiing structure

2.3 Promote accountability for the TAM governingusture

2.4 Reduce chances of diminishing support dueaddeship changes

Category 3 Applications in Decision Making

A common gap in TAM implementation is a lack ofrdkaon how asset management is
actually done, for example, what does it mean t&engood decisions based on asset
management? Implementation strategies that adtinsssategory should:

3.1 Introduce TAM into established decision-makjmgcesses

3.2 Incorporate clear metrics and expected outcqgues/targets)

3.3 Utilize decision-making questions that requéeference to data

3.4 Promote decisions based on management systems

Category 4: Reflection in Agency Culture and Language

Agency cultural change is, arguably, the clearestication of successful TAM
implementation. Implementation strategies thatesklthis category should:

4.1 Clearly communicate TAM goals and applicatitireughout the agency

4.2 Promote a uniform TAM language

4.3 Promote a long-term agency focus

Category 5 Employee Awareness and Understanding

In order for TAM principles to work and last in agency, employees must have an
understanding of what TAM is, how it works and witameans for their roles in the

agency. Implementation strategies that address#tegory should:
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5.1 Expand workforce capacity with respect to TAM

5.2 Promote employee understanding of their rolesing TAM or how their job changes
to incorporate TAM

5.3 Clarify expected outcomes or benefits of TAMetoployees

Category 6: Comprehensive Agency Alignment

This category emphasizes a comprehensive undens¢gaafiTAM throughout the whole
agency with alignment from the agency’s strategbalg down to customer service
delivery. Implementation strategies that addressdategory should:

6.1 Create clear links between TAM and agency on&sidgoals

6.2 Incorporate TAM into all aspects of programmfogpital-side, maintenance, etc.)
6.3 Create connections to customer service

Category 7. Resources Committed to TAM Development

Implementing TAM is a consuming process which reggiiresources of all kinds.
Implementation strategies that address this cayegoyuld:

7.1 Allocate financial resources to TAM developmandl implementation

7.2 Commit human resources efficiently towards TaMgramming

7.3 Prioritize and enhance data management

It is important to note that no weighting is apgli® the categories or criteria.
Weights could be assigned in a number of waysguskpert opinion and data (e.g. data
on the agency’s organizational and infrastructaeital); however, this framework will
be more useful for each agency, if the importarfagategories is considered in a context-

sensitive way. As has previously been emphaszaatjngency theory supports the idea
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that different agencies may need to approach thee sanovation in a different way
based on their internal and external environmehts|evel of maturity of their existing
TAM program, and possibly even based on the perddtime during which
implementation is taking place. As such, applyangeighting structure should not be
generalized, but should be specific to each agdmatyuses this framework, and based on

the particular scenario.

3.2.2Incorporating Evidence-Based Principles

The conceptual framework design and the systemesiew it is meant to guide
are pulled from theories on evidence-based priasithat are commonly used in the
fields of healthcare, education, and social polieyhile there is some use in
transportation this is relatively rarer and fairgcent (Bones et al. 2013; Smith-Colin et
al. 2014). Evidence-based approaches refer toadstthat use quality evidence of past
successes or failures to influence a decision torac There are various definitions for
evidence-based approaches in the different fieldshealthcare, evidence-based practice
iIs a “conscientious, explicit, judicious use of remt best evidence in making
decisions...integrating clinical expertise with thessbavailable external clinical evidence
from systematic research” (Sackett et al. 1996)p.The Institute of Education Sciences
defines evidence-based decision making (EBDM) astiinely seeking out best available
research and data before adopting programs origeacthat will affect significant
numbers of students” (Whitehurst 2004 p. 5). Evadebased management is defined as
“integrating managerial expertise with the delilberand prudent use of best evidence in
making decisions while taking into account the pecsive of those who may be affected

by them” (Collins et al. 2008 p. 2). From thesdindgons, it is clear that the main
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components of an evidence based approach are ttlenee itself and the systematic
review or evaluation of research or other studseiito identify that evidence.

A systematic review refers to the use of a rigorand well-defined approach to
select experiences as evidence towards a partiggar or outcome based on strict
criteria (Stetler 2001). In social policy, the ysatic review is the method by which
evidence is located, appraised, synthesized, gmattezl, guided by questions that serve
to identify the studies or experiences that wililmguded as evidence, the search strategy
for identifying those studies or experiences, dm@dpecific data to be extracted from the
study (Briner et al. 2009). The importance of eysitic reviews is also echoed in
evidence-based management, where Rowley deschbes &s “summaries of previous
research constructed according to a specific pobtoghich includes clear aims and
objectives and selection criteria....using an expaaialytic framework” (Rowley 2012 p.
527). This idea of a systematic review is appiiedhe TIRF to help agencies think
critically about their TAM implementation approadtientifying where strategies address
the criteria in the seven categories, to highligigas where opportunities may exist for
improvement.

In evidence-based design, the systematic reviewines)criteria that can lead to
documentation facilitated using specific decisiamestions. In medical science, the
PICO - Patient or Problem, Intervention, Comparjgdoatcomes - approach is common;
in social sciences, this is reformulated into CIMQontext, Intervention, Mechanisms,
Outcomes (Briner et al. 2009). Similarly, Smithh@oet al. (2014) formulated the
PICMO (Problem, Intervention, Context, Mechanismyté@me) framework to support

evidence-based decision making in TAM. For the HIfhe concept of a systematic
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review is adopted to facilitate the review of aremgy’s implementation approach, and
documented using the seven categories as the guyudinciples that can be abbreviated
into the acronym GLACEAR — Guidance, Leadershipplgations, Culture, Employees,
Alignment, and Resources. Using this frameworlecdr implementation strategies or
aspects of an agency’s implementation approachranewed based on the guiding
guestion “does this strategy address criteria@nXltategory?” where X refers to each of
the seven categories. To help trigger the detextioin of which criteria or categories are
addressed, the documentation framework also rexjarehort sentence describing the
primary observed or expected impact of the stratedyote that in this work, an
implementation “strategy” refers to a specific, kagtivity or action taken to adjust the
agency’s orientation towards TAM implementation jlefan implementation “approach”
refers to the compilation of all those activitiekigh would define the agency’s general
plan of action towards implementing TAM.

In applying evidence-based approaches, the seeopdriant component is how
evidence is defined, but more specifically how tetedmine evidence quality; the
different fields that apply evidence-based appreadiso define quality differently. In
healthcare, evidence is generated from researdfiesttand quality increases with
increased rigor of the study. Multiple experimérsaudies like randomized controlled
trials (RCT) with the same result indicate high lguaevidence, while descriptive
research, case studies, and other non-experimergtiods are ranked at the lowest
levels (Stetler 2001). In contrast, social polieypplications of evidence-based
approaches place a greater emphasis on quasi-egueal studies (Cooney et al. 2007).

In education, evidence quality is defined diffehlgntemphasizing the context
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(educational setting) of, and range of participgetg. diversity of students) involved in
the study, where the highest quality evidence destnates that a practice can be
generalized (Shanahan et al. 2010). Ultimatelgctices with low quality evidence have
simply not been tested in a large number of setfimgth accumulation of additional
implementation efforts with similar documented tesuevidence quality for the same
practice could improve over time (Smith-Colin et2014). Similarly, in evidence-based
management, high quality evidence refers to thosetiges with an accumulation of case
studies, with the caveat that the variables usedlidate case study experiences must be
carefully identified since different organizatioasist in different internal and external
contexts (Smith-Colin et al. 2014).

Amekudzi and Smith-Colin (2012) offer definitiond evidence levels (or
evidence quality) in TAM experiences based on @we\of the literature in other fields.
Strong evidence refers to consistently performinglence that can be translated to a
range of DOTs and settings. Moderate evidencerffdear demonstration of
improvement or strong proof of generalization bat both. Minimal evidence is based
on strong theories and findings with supportingeagsh, but without identified impacts.
Much like in education and in management, genegagvidence and defining evidence
quality for TAM implementation in DOTSs is a lesgarous process than in other fields
where controlled environments can be created meadily. This approach, therefore,
adopts the case study methodology, generating eeed®r whether or not practitioners
report that an implementation strategy addresdestar category. As individual DOT
TAM implementation experiences are documented udiegTIRF, trends will evolve,

revealing the program sustainment factors that empintation strategies are reported to
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address. With the TIRF, it is important to notatthvidence quality becomes important
when an agency is looking to learn from the expegs of others. While state DOTs
and other agencies have the history of learningn fome another through various forums,
the TIRF offers a basis for developing a structueadironment in which agencies can
progressively learn about program implementatiomfione another, and contribute to a

growing practitioner knowledge base.

3.3 Applying the TAM Implementation Review Framework (TIRF)

As previously stated, the TIRF is designed to ftat#é a systematic review of an
agency’'s TAM implementation approach, whether dpestrategies or more general
methods. Using the established criteria, this ggeaesults in an informative illustration
of how the implementation approach can contribat@rbgram sustainment. An Excel
worksheet has been developed to implement the ptueframework as described in
the previous sections; specific implementationtsti@s or aspects of the approach are
listed, the primary observed or expected impaaiudgcome is specified, and the criteria
category addressed is indicated with a simple synatashen a strategy addresses at least

one criteria in a category, the letter “Y” is emt@iinto the appropriate cell.

3.3.1 A Generic Example

Figure 3.2 shows a view of the TIRF applied tadexample DOT. The strategies
used in this example review are taken from implait@n activities suggested in the
FHWA TAM Expert Task Group report oA Strategic Framework to Support the
Implementation of TAM in State Transportation Ages¢FHWA TAM Expert Task

Group 2012).
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Figure 3.2 TAM Implementation Review Framework Exanple

As shown, this sample of implementation strategiasd therefore the approach
suggested by the sample) for Example DOT shows abment to TAM development
with resources, and an emphasis on addressing Tglications in decision making,
with less emphasis on Leadership and ExecutivedLl8upport. This presents a picture
of possible gaps in the agency’'s TAM implementaapproach which can be addressed
based on the agency’s priorities and/or abilitpdoress the gaps.

There are a number of things that are importamiote with respect to the output
of this framework. First, it is necessary thatleatrategy meets at least one criterion,
otherwise the benefit of the strategy for prograstainment is questionable. The output
from this tool shows how the implementation applo@ans with respect to the criteria
categories and where opportunities for improvenraay exist, if desired. Since the
TIRF does not provide an assessment of the ageapgoach to TAM implementation,
the number of categories addressed (that is, thauof cells filled with a ‘Y’) is not as
important as where cells are filled. The goal heneot to fill all the spaces, but rather to
demonstrate where opportunities may exist to makitianal improvements to increase
the prospect of sustaining TAM practice and prilegpin business processes and

decision-making.
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While the TIRF facilitates a systematic review oh agency’'s TAM
implementation approach, it can also be usefud@nonstrating how improvements to a
TAM implementation process can be made by one ageased on another’s experience.
Along the lines of evidence-based decision makihig, will be more apparent as more
agencies conduct their reviews and make their expers widely available for use. In
this situation, the number of categories that @tatyy addresses can be an indicator of the
strength or usefulness of the strategy to justdippion by another agency. For an
agency looking to invest in a different TAM implentation strategy, the experience of
Example DOT suggests that handbooks and guides beaynore useful than peer
exchanges, at least initially, because more benafitbe gained from that investment in
terms of contributions to the program sustainmexttdrs (or in simpler terms, the
number of categories addressed). In the sameifvayother agency sought specifically
to improve employee awareness and understandifig\bf, the experience of Example
DOT suggests that they should consider peer exdsaigH| training, expert technical
assistance or handbooks and guides as altern&i@ateges.

In this initial version of the TIRF, when an indica is made that a strategy
addresses a category, the format of the tool dagsmrake allowance for further
indication of how exactly or to what extent theastgy addresses the category. A
strategy addresses a category whether it addreaeene criterion in the category or all
the criteria in the category; this level of disaggation has been traded for increased
simplicity and ease of use of the tool. Even wheve strategies address the same
criteria within a category, their effectivenessadtressing the criteria is a more complex

relationship that can only be defined with empiristudy. Ultimately, a strategy that
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addresses only one category, but does so supetiediy, may be better than a strategy
that addresses three categories superficially. eitsihe nascent state of this conceptual
framework, understanding the relationships betwstestegies and categories and clear
definitions of levels to which strategies can addreategories requires additional
empirical studies that are outside the scope sfwhurk. As a first-order approximation
for this initial version of the TIRF, the number adtegories that each strategy addresses
can be treated, at the surface level, as an imaticz#t the strength of the strategy for

influencing program sustainment.

3.3.2Context-Sensitive Considerations

There are two important factors to consider whekingadecisions based on the
TIRF, either from an agency’s own experience omflearning from others’ experiences.
First of all, as discussed from the literatureeinal and external environments are
important determinants of whether or not an impletaton strategy will successfully
address a category. For example, it could be drthet since leadership and executive-
level support has been found to be a strongermeatant of the success of organizational
change in public agencies (van der Voet 2014)s iimportant that an agency adopts
implementation strategies that ensure that exessitiare visibly supportive of the
movement towards TAM or that the TAM governing stwre is held accountable in
clear ways. However, if the agency’s internal emvinent is such that tension between
frontline staff and management results in ineffectielationships, or if most successful
innovations have begun with the frontline employdRat is, the agency operates better
with a bottom-up structure, it may be less benafito address leadership and more

beneficial to address those factors can enhancdoge® action without involvement
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from leadership. Ultimately, while each categoay anfluence program sustainment, the
extent to which this is possible will depend on digency’s context.

Secondly, it is useful to consider implementatidrategies or improvement
actions in the context of an agency’s TAM programatumty; some criteria may be more
important at one level of maturity versus anoth€he AASHTO TAM Implementation
Guide (AASHTO 2011) defines five levels of programaturity on a scale that describes
where agencies stand in terms of their use of TAMcples. Agencies can place
themselves on this scale based on the resultsgapaanalysis and depending on where
the agency lies on this maturity scale, the implatatgon approach is likely to take a
different direction. Table 3.2 suggests the categan the TIRF that may be important

at each maturity level.

Table 3.2 Addressing TAM Implementation in the Comext of Program Maturity
(Adapted from AASHTO 2011)

AASHTO Generalized Description Recommended
TAM Focus
Maturity
Scale Level
Initial No effective support from strategy, processes| Employees
tools. There can be lack of motivation to Leadership
improve. Resources
Awakening Recognition of a need and basic data collectigrGuidance
There is often reliance on heroic effort of Alignment
individuals. Resources
Structured Shared understanding, motivation, and Applications
coordination. Development of processes, and| Resources
tools.
Proficient Expectations and accountability drawn from | Culture
asset management strategy, processes, and joRkssources
Best Practice | Asset management strategies, processes, an{ ALL
tools are routinely evaluated and improved
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At the initial level, it may be more important tocis on employee awareness and
understanding of TAM and leadership and execuwell support to build buy-in and
generate the motivation needed to develop the TAdMyram. At the awakening level,
developing clear guidance and expectations whilstefing comprehensive agency
alignment will be important to move from a stateacknowledging the use and need for
TAM towards actually applying TAM principles. Ahe structured level, the need to
improve clarity on how asset management is actukhe will be most important. At the
proficient level, efforts to improve TAM reflectioim agency culture and language will
solidify the progress made in implementing TAM aedhance the opportunity for
sustainment. Once an agency has achieved thedtbekt practice, the determination of
which category to focus on will be dependent oreptiactors besides maturity. This
should be at agency’s discretion based on selfHated opportunities for improvement.
Finally, efforts that address the Resources cayeg@ important at all stages of maturity

to demonstrate commitment to the concept.

3.4 Summary

This chapter has presented a description of theceminal framework and
approach developed for enhancing TAM implementatmnncrease the likelihood of
sustained programs in the long-term. The basighef framework is grounded in
literature from TAM development, program and policgplementation, and change
management research, further supported by insigith fa panel of experts in the
transportation field involved in TAM program devpioent and implementation. The
conceptual framework can be applied to review aenags TAM implementation
practices with the use of the TIRF tool developg@ &asic Microsoft Excel spreadsheet.
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The value and contribution of this work will be testappreciated with demonstrations of
its use which will illustrate the useful output thman be obtained from applying this

framework.
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CHAPTER 4: CASE STUDY APPLICATIONS

In the first phase of this research study, a comwetpramework for helping
transportation agencies review their TAM impleméntaprocess towards enhancing the
likelihood of program sustainment was designed dbaseinformation gathered through
an exploratory literature review and a panel ofestgin the field. The second phase
involves a proof of concept of the TAM ImplementatiReview Framework (TIRF)

using case studies of three Departments of Tratedpmor (DOTS).

4.1 Study Methods

From the beginning, this work was approached asobcyp and program
implementation study particularly since much of thetivation was strengthened by the
TAM implementation requirements in the 2012 MAP{2gislation. As discussed in the
literature review (Chapter 2), implementation reskeds an evolving, multidisciplinary
field with theories and methodologies built fromvariety of experiences in different
fields. This means that unlike strict scientifesearch, implementation research study
methods tend not to be standardized following eifipeprotocol, although there are
some common typologies. The design of the casly stamonstration of the TIRF was
influenced by an implementation research study ote#tnown as field network studies
in terms of the unit of analysis and the purposthefstudy.

As previously discussed (in Section 2.2.2.1), fietgttwork studies are
comparative case studies whose purpose is to geamarehensive understanding of the

responses of institutions that are responsibleirfigplementing large, non-incremental
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federal policy changes (Lurie 2003). In applyingist method to the TAM
implementation study, the implementing institutisrthe unit of analysis, which in this
case is the DOT, and the focus is on the strudlitke program, than the actual delivery
of the service. Multiple case studies are develoged analyzed, answering specific
guestions to generate a comprehensive report. cdbe studies are built based on data
collected by a researcher who has some familiaritly the institution, using a common
protocol to examine material and in some cases wxnobservations. Data from the
selected case study sites are then examined tougeo@ comparative analysis.
Generally, the interpretation of data collected t@nbiased towards the discipline or
background of the researcher. The use of a conaata collection protocol allows for
construct validity and easier replication of thelementation research process.

The case studies to demonstrate application ofTilRF also reflect general
gualitative strategies of inquiry, exploring prograin depth, but bounded by time (i.e.
limited to the current status of implementatio)ata collection is also bounded by the
scope of the research which includes those thremesits of guidance documents,
governing structure, and decision-making procesd@salitative data collection in the
form of case studies involves a small number oppsefully selected participant sites
with data gathered from multiple sources (Cresveeitl Plano Clark 2007; Creswell
2009). The three agencies selected for this siwetg chosen due to their record of TAM
development and implementation which increasedikieéhood of data availability for
this work, compared to an agency that either ha3 Al program or is very recently
beginning the process. In addition, the case stit were selected for differences in
their geographical location, size, and climate stnib not all, of these characteristics can
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have some influence on the practice of TAM. Thegeof agency characteristics is to
ensure usability of the tool in different settingsTable 4.1 provides some basic

information on the states selected.

Table 4.1 Case Study States’ Basic Information

Colorado New York Georgia
Census West/Mountain Northeast/Middlg South/South
Region/Division* Atlantic Atlantic
Climate** Cold/Very Cold Cold Hot-/Mixed-Humid
Total Population 5,029,196 19,378,102 9,687,653
(2010)*
Land Area (2010)* | 103,641.89 i 47,126.4 57,313.49 nfi
Population per 48.5 411.2 168.4
Square Mile
(2010)*
DOT-Owned 9061 miles 15034 miles 17926 miles
Centerline
Miles***
DOT-Owned 3444 7487 6652
Bridges***
Agency Head (per | 11-member Commissioner | 13-member
Org Chart) Transportation Transportation
Commission (& Board (&
Executive Director) Commissioner)
Formal TAM Start | 2001 — TAM Plan 1997 — Internal | 2009 — TAM
Task Force Director

*(U.S. Census Bureau n.d.)
**(Pacific Northwest National Laboratory 2013)
*** FHWA Highway Statistics (FHWA 2013b)

This method of sample selection, known as purpossanpling, is a
nonprobability sampling method that is based onjudgment of the researcher to focus
on particular units that will address the reseayabstion in the best way, without much

concern for proportionality but based on a variefycriteria such as which participants
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would be most likely to contribute relevant anddepth data (Lund Research Ltd 2012,
SAGE Publications and Oliver 2006; Trochim 2006)hile statistical generalizations
cannot be made with this sampling method, reasendbbical generalizations are
possible and acceptable.

The data collection protocol used in gathering rimfation from these states was a
three-step process that involved initial informatigathering with validation by state
DOT representatives. First, agency TAM implemaataprofiles were developed based
on data collected from multiple sources: agency Falated documents (including all
versions of TAM plans), agency websites, agencgteel public presentations on TAM
implementation (conference and webinar), and othesearch studies on TAM
implementation that involved the agencies undedystu Information to build this
“implementation story” was focused within the definscope of this work - the general
implementation approach, guidance documents, gowgrstructure, and decision-
making processes. After this initial data gathgsitep, interviews were conducted with
the person identified as the lead in TAM implem&atato fill any gaps. Based on the
implementation story, a list of implementation sgges was compiled and the initial
review using the TIRF was conducted. In ordereduce researcher bias in the initial
review output, all compiled information was prowid® the interviewee to review the
case study write-up for accuracy, and validatetit@al application of the TIRF. It was
requested that three to five people in the agenbyp ware familiar with the TAM
implementation process conduct an assessment of IRE review to determine if it
reflects their experience with the agency, makiraglifications as necessary. Responses
were then combined into the final review outputheTdata collection and case study
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methodology employed both triangulation (collectisigta from different sources) and
member checking (obtaining participant agreemerttjciv are qualitative validation

strategies.

4.2 Case Study 1: Colorado Department of Transportatio(CDOT)

The Colorado Department of Transportation (CDOT$ baen known to stay
ahead of the curve when it comes to TAM. The st&t€olorado covers about 104,100
square miles and has the highest average eleatiamy state at about 6800ft above sea
level (FHWA 2004). CDOT manages the state’s trartsgion system under the
direction of the State Transportation Commissio@)(Ta statutorily authorized board of
11 commissioners representing specific district® &te appointed by the Governor and
confirmed by the state Senate (CDOT 2014a; FHWA420arkow and Racosky 2001).
The TC formulates policy and provides guidance onstruction, maintenance and
management of the state’s highways and transpomtafystem in five defined
transportation regions (CDOT 2014b; FHWA 2004; Mavkand Racosky 2001).

CDOT’s vision, according to their website, is “tbhance the quality of life and
the environment of the citizens of Colorado by tirgpan integrated transportation
system that focuses on safely moving people andgyby offering convenient linkages
among modal choices” (CDOT 2014b). The departneméesponsible for about 9100
centerline-miles of highway and over 3000 bridg€aribridge Systematics and Redd
2013; FHWA 2004) and is led by an Executive Dire@s shown in the organizational

chart in Figure 4.1.
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Organizational Chart
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Figure 4.1 CDOT Organizational Chart (CDOT 2014b)

4.2.1TAM Implementation Approach

The practice of asset management at CDOT began hafgre the federal

mandate in MAP-21 existed. In fact, CDOT had sdaren of a TAM plan as early as

2001 (Markow and Racosky 2001). T@®OT Asset Management Implementation Plan

and Tiered Systemwas created as part of a study to review the 3geAAAM practice

and the use of TAM principles in other “leading’paetments of transportation. A major

accomplishment documented in this research repast thve development of investment

categories in the 1990s which organized progranestmaents within a policy-oriented

framework identifying performance measures andifating tradeoffs between different

priorities (FHWA 2004; Markow and Racosky 2001)heT2001 plan was important for
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communicating a vision for TAM and provided exansptd how to translate the vision
into specific recommendations for the differenteassategories. One key aspect of this
document was the detailed implementation plan faeaes of objectives and tasks
identified as “near-term” which referred to a periof one year after the plan was
developed. These objectives were categorizedunKey areas recognized as important
to the development of a TAM program: policy andtitnsional factors, planning and
program development, program delivery, and inforomaand analytical tools. As shown
in Figure 4.2, the TAM Implementation Plan even tvers far as identifying
implementation roles and assigning responsiblesdaiteach objective and task.

From the figure, one of the recommended tasks wa€DOT to create a task
force to guide the implementation of the asset mameent plan. In 2001, the Asset
Management Task Force was established, headedebyehuty Director and including
10 representatives from across the departmentydeide leadership and guide TAM
implementation in the agency (FHWA 2013c). Whike tasset management plan was
being developed, the agency implemented stand-aloramagement systems for
pavements, bridges, and maintenance.

Following the release of the AASHTO Asset Managentamde in 2002, CDOT
implemented a number of strategies towards devajpihieir asset management program.
This included a “book club” of employees to revidve guide chapter by chapter (Park
and Robert 2012), conducting of a self-assessnas#don the process recommended in
the guide (Park and Robert 2012), and the developofea draft asset management work

plan in 2003 (CDOT 2014c).
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Policy and Institutional Recommendations

Asset Management Objective Timing and
CDOT Unit Responsible Task Cast

A Designate a departmental task 1. Designate the task force, building upon the =~ Near-term
force under the Deputy Director  experience of the Project Panel for Asset

to guide implementation of the Management Plan development.

asset management plan.

Director
B. Complete and refine 1. Complete definition of statewide goals, Near-term
Investment Category goals, targets, and performance measures for all
targets, and performance programs.
measures

2. Discuss the completed approach with local Near-term
DTD and regional planning agencies.
C. Fold the performance 1. Apply established performance measures to  Near-term
measurement of all programs, identify impacts of all projects, including
including future strategic strategic projects.
(“7™ pot™) projects, within the
Mobility, Safety, and System 2. Implement procedures on a frial basis, assess Near-term
Quality Categories results, discuss with Transportation

Commmussion, and finalize.
DTD

Figure 4.2 Excerpt from CDOT TAM Implementation Plan (Markow and Racosky
2001)

CDOT also saw many advances in data collection, agement and eventually
integration for a number of assets (including higlantity, low-cost, ancillary assets)
strengthening the asset management program (AKufieah 2011; CDOT 2014c). An
NCHRP survey on the use of TAM principles in staighway agencies found that some
of CDOT’s advances in TAM, patrticularly for bridgemmay have been driven by
legislation in 2009 requiring the repair or recoastion of bridges in poor condition

through the Bridge Transportation Enterprise (Haskand Smadi 2013). This survey
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also found that CDOT had identified a TAM champisuapported by efforts led by mid-
level management (Hawkins and Smadi 2013). A 20&rado state mandate that all
state agencies use a performance-based budgetiogsgrboosted CDOT’s commitment
to asset management and moved the agency towaedgsating the management systems
(AASHTO 2011).

Since the release of the AASHTO TAM Implementati@uide and the
introduction of the TAM federal mandate in MAP-2ZDOT has continued to make
significant advances towards implementing assetagwment throughout the agency.
These steps toward implementation have includedisk Evaluation Workshop to
consider the risks for the agency in TAM, and NagioHighway Institute (NHI) Training
Sessions which both contributed to a gap assessmr@cess to uncover specific
enhancement opportunities in TAM (Cambridge Systermand Redd 2013). The gap
assessment identified 10 priority areas which weréher vetted in workshops with
CDOT staff, and eventually fed into the Risk-Bagexdet Management Plan (RBAMP).
The RBAMP is the current CDOT TAM guidance documeritich meets MAP-21
requirements, and prioritizes the gap assessmeammendations based on their
importance to the agency’s TAM mission, the urgetwyill the gap, and the ease of
implementing the steps to fill the gap (Cambridgst&matics and Redd 2013).

While CDOT did employ the services of consultantgtide the development of
the RBAMP, a unique strategy they used was to eynal®rogram Leader in change
management services who utilize the ADKAR modeldeange management. ADKAR
stands for Awareness, Desire, Knowledge, Abilitgd &Reinforcement and is a goal-
oriented tool that prioritizes the “people dimemsiof change (Prosci n.d.). This model
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for change management emphasizes communicationstath focusing on the people
aspect of the change process. The Program Leademgnicates with change agents,

change leads and sponsors spread throughout theyage

4.2.2TAM Governing Structure

CDOT's TAM implementation efforts are led by the mager of the
Transportation Performance Branch in the DivisioM@nsportation Development (see
Figure 4.1) who heads the TAM Working Committeegufe 4.3 shows the CDOT TAM
Governing Structure. The TAM Working Committeamade up of representatives from
all six transportation regions and from other agedovisions, with specific “asset
managers” assigned for the different asset cla@Sambridge Systematics and Redd
2013). CDOT’s asset managers synthesize informditamm the Working Committee to
deliver to change agents in applicable parts of d@gency, who then ensure that
communication reaches the front line staff. Whheés is an informal structure, it is
essential for making sure that communication iarcénd effective. The TAM Working
Committee meets monthly to ensure consistent andlyi input from the agency-wide
representatives and reports to a TAM Oversight Cdateenwhich consists of the Chief
Engineer, the Chief Financial Officer, and Divisiand Regional Directors (Cambridge
Systematics and Redd 2013). Out of the TAM Worktgmmittee, a number of Task
Forces lead the more specific TAM functions, lilkskrmanagement.

Generally, CDOT’'s employees are involved in thecpss implementation at
many levels. For example, the risk managementgsbegan with queries to staff to
develop an initial list of risks that would impe@®OT from fulfilling its mission. This

was followed by the Risk Task Force identifyinged af priority assets to develop a more
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comprehensive list of risks and a workshop withjectbmatter experts to score those
risks resulting in a risk register. Finally, thesults of the risk register were presented to

staff at a Risk Workshop to finalize the risks itiéed.

Communication Parners
.| FHWWA, Bridge Enterprise

Information Technology
IManagement Team
(TMT)

_| Operations Team, RTDs,
Knowledge Mgmt GOC

Figure 4.3 CDOT TAM Governing Structure (Cambridge Systematics and Redd
2013)

CDOT’'s TAM governing structure incorporates bothe titentralized and
decentralized model with asset managers throughibet agency, reporting to a
centralized committee that has final responsibiidy TAM and TAM implementation.
While specific asset managers have been hired, marnlye employees in these roles

were assigned based on their previously existitesro
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4.2.3 Guidance Documents

As previously stated, CDOT'’s first TAM plan (Markoand Racosky 2001) was
developed in 2001, long before the requirementaeehTAM plans in MAP-21 was
introduced. This plan, developed as part of aambe study on TAM, provides
information on the very general ways in which TAMngiples had been used in CDOT
business processes and also discusses other stgpesiences with asset management.
This document presented an initial vision for CD®&sset management program with
examples of how to translate the vision into spea&commendations for each asset
type. Arguably, the most important part of thiscdment, for asset management
implementation was the “Implementation Plan for N€arm Items” which detailed the
necessary steps for advancing the CDOT TAM program.

Twelve years later, CDOT has developed a new ReseB Asset Management
Plan (RBAMP), with assistance from consultants, ptelh to meet the requirements
detailed in MAP-21 (Cambridge Systematics and R2@t3). The development of the
RBAMP was coordinated by the Transportation Peréorce Branch within the Division
of Transportation Development with input from St&eérvices. The Transportation
Commission TAM Committee (see Figure 4.3) is theaemof this document, responsible
for ongoing efforts to maintain and update it evesyp years (Cambridge Systematics
and Redd 2013).

This current plan begins by clearly establishing purpose which is stated “to
provide a framework for staff to carry out the diten of the Transportation Commission
and Executive Director” (Cambridge Systematics Redd 2013 p. ES-3), with respect
to asset management. The plan also clearly pieseatgoal of the asset management
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program “to minimize life-cycle costs for managiagd maintaining the department’s
assets subject to acceptable levels of risks” (Calgeé Systematics and Redd 2013 pp.
1-2), and establishes clear links to the agency&yall goals (particularly safety and
maintenance). The RBAMP meets all MAP-21 guiddif@ assets to be included, and
adds maintenance (ancillary) assets, building®lligént transportation system (ITS)
equipment, fleet vehicles (road equipment), tunneldverts, and rock fall mitigation
sites. CDOT’'s RBAMP is presented in two parts viité first outlining the department’s
ten-year plan for managing assets, and the secoggbmging the intended steps for
improving the TAM program. Some unique featurestlé plan include a section
establishing why TAM is important for the stateildgntifying problem areas that can be
addressed by TAM (e.g. managing infrastructuredomommodate projected population
growth), measurable objectives with associatedopednce targets categorized into
aspirational and fiscally constrained targets, grenfince curves showing expected asset
performance based on projected funding scenamod(fdges and pavements), and a list
of specific budgeting processes relevant or relatedAM with the role of the asset
manager identified.

Part 1l of the RBAMP focuses on the advancemen€bBOT’'s TAM program,
identifying gaps between the current and desiredesof TAM at CDOT and the
proposed action to achieve the desired state. nsleimentation plan is presented with a
prioritized list of the ten project areas identffi'tom the gap assessment, detailing what
should be done to address the gaps, along witlgreessistaff responsibility and an
implementation schedule for these near-term actiofbe assigned project leads are
responsible for developing the approach the demantrahould take to address each of
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the gaps with the given timeline. Images of theGODIAM Implementation Plan for the

ten gaps identified are shown in Figure 4.4 and

Figure 4.5.
Gap Dependencies Begin Deliver
No. Gap (Prerequisites, etc.) Resources Required Project Lead Date Date
1 Budget Distribution This capability will be improved by~ Each asset manager is responsible for documenting how  Launie Freedle/Kevin Henry Aug 2014 Nov 2015
Process (FY 2017) each asset documenting their needs are assessed (incorporating risk) and funds are
process and fracking the status distributed for their asset.
2 Risk Analysis None Staff time to identify, understand and rank risks to CDOT,  John Vetterling Jan 2014 Oct2014
and identify mifigation sirategies
3 Project and Program This capability will support the Managing delivery risks. This is part of the project pipeline  Richard Zamora Jun 2014 Oct 2014
Delivery Risks Strategic Management Framework  and project portfolio management projects.
4 Establish Risk This capability will provide context  Staff time fo suggest alfematives and SMT time fo select  John Vetterling Ongoing Jun 2014
Framework for risk analysis and communicate chosen methodologies
5 Analyze Budget Follows life cycle; this capability will  CDOT is working towards cross-asset optimizaion, to Josnn Mattson/Laurie Freedie Apr 2014 Nov 2014
Tradeoffs support the asset budgeting better understand how to prioritize spending limited funds
process for the best overall ROI

6 Improve Project Scoping None — put this into place ASAP Staff time to digest asset mgmt. concepts and determine  Scott McDaniel/William Johnson Ongoing June 2014
and Optimization how to apply them at every level, in a holistic manner fo
programs and projects.

7 Incorporate Life-Cycle Mone — do ASAP, since this feeds  Each assef manager must incorporate life cycle analysis  Josnn Mattson Ongoing Aug 2014
Analysis other capabilities into their asset management system and improve their
understanding of how maintenance activities extend the
life cycle of their assets

8 Target-Seffing for RB Follows Tradeoff Analysis and DTD and Staff Branches will work to make sure they DTD Planning: TBD Oct 2014 Apr2015
AMP Update supports Budgeting; Adjusted understand direction from the TC and the SMT on this,
periodically and document accordingly.
9 Strategic Management  Naone — put this into place ASAP Staff time from asset managers, regions, DTD, OFMB and  Maria Sobota Aug 2013 June 2015
Framework Staff Branches, address the items listed in the Plan, Do,
Check and Act framework.
10 TAM Benefits None - plan to provide Staff time to communicate change; and on the receiving ~ William Johnson Aug 2013 Jun 2014
Communication communication regularly side staff time to understand and implement the changes.

Figure 4.4 Screenshot of CDOT Risk-Based TAM Implaentation Plan
(Cambridge Systematics and Redd 2013)

Evidently, this RBAMP is the primary guidance doamh for TAM
implementation at CDOT; however, one key questoodnsider is where the plan fits in
with other planning and guidance documents andifspely how it can be used to
leverage the business processes to ensure thati$Aldtually being done. A strategic
management framework dubbed “Plan, Do, Check, ABDCA) is established in the

RBAMP towards this purpose. The framework is desct in detail in the next section.
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14 2015

Task Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Jan-Feb Mar-Apr May-Jun

10. TAM Communications H

Life-Cycle Analysis

=1

3. Budget Tradeoffs
B, Target Setting
1.  Budget Allocation Process

6. Project Scoping and
Optimization

9. Strategic Management
4. FRisk Framework
2. FRisk Analysis

3.  Project Delivery Risks

.l; T Interdependency

Figure 4.5 CDOT Risk-Based TAM Implementation Schedule (Cambridge
Systematics and Redd 2013)

The Appendix of the RBAMP containsGDOT Guidance for Asset Management
which essentially is a summary of most of the keyads in the RBAMP providing
“direction regarding the risk-based asset managenmocess as formal asset
management structure, policies, and proceduredeareloped” (Cambridge Systematics
and Redd 2013 pp. C-1). This four-page documesitdies brief descriptions of the
governing structure for TAM, the assets and buggegrams that are included in the
TAM program, and explains the expected use of TAMGgiples in funding distribution
and project selection. This provided interim guickx mainly for the asset managers,

until the RBAMP was updated. After the releaseéhaf RBAMP, a workshop was held
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for all employees to discuss the development andetds of the plan in an effort to

increase the spread and understanding for theeedgpartment.

4.2.4TAM Decision Making

The CDOT RBAMP contains a section describing theetsmanagement
processes that were in place during the developofdhe plan. Here, the ways in which
TAM programming is expected to be incorporated itite business processes of the
department are clearly established beginning viighidlentification of existing processes
that are relevant to TAM. One important part ofMAmplementation at CDOT is the
establishment of an organizing framework for assahagement, the “Plan, Do, Check,
Act” (PDCA) strategic management framework (CamipeidSystematics and Redd
2013). This framework, shown in Figure 4.6, alsoves to align and incorporate all the
agency’'s planning processes, including long-rangianmng and Statewide
Transportation Improvement Plan (STIP) development.

While this is a cyclical process, the framework dgims” with the Plan phase
where budgeting and project selection based on TgMciples and the use of the
management systems occur. In the Do phase, pageetincorporated into the STIP,
designed and implemented. The Check phase is whergtoring and accountability
come into play to ensure that the process is wgrkimd proceeding as expected, and in
the Act phase, feedback from the Check phase isidered in the agency’s strategic and
long-range planning processes to restart the cycle.

This framework provides a high-level view of how WAs being implemented in
decision making in CDOT; however, the RBAMP alsoides additional details on the

specific processes that come together to formcyjute.
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Work Gets Done
- Projects Completed
* Conditions Monitored
= Plan versus Actual Results
= Feedback to Decision-Makers

Strategic Goals
» Long-Range Planning
» Balanced Scorecard
» Performance Targets

“Do”

e mi th:anSIOY
. V[anagement System Runs TiEEL ears
+ Program Tradeoffs J FISCII}Y Constﬂmed
* Project Optimization - Funding Uncertainties
* Regional Input e 6—Y'ear STIP
» Project and Program

Delivery Risk

Figure 4.6 CDOT TAM Strategic Management Framework(Cambridge
Systematics and Redd 2013)

Budgeting is achieved through the use of the Defpbcess in a workshop attended by
asset managers, budget staff, senior managemehtegional staff. To receive funding,
asset managers develop a 20-year performance basesl on budget scenarios and must
demonstrate that their TAM systems, analysis taold techniques have shown or are
showing improvements. Staff present at the worggsthate on funding distributions in
iterative rounds until consensus is achieved. Rmgendations from the workshop are
then presented to the Transportation Commissionwaikes the final budget decisions.
The RBAMP also provides guidance on project sedacin the Plan phase of the
PDCA framework for the asset managers and regi@if stho select projects
recommended to the Office of Financial ManagemadtBudget (OFMB) to be included
in the STIP. Investment strategies define the ,typeation, and timing of TAM

activities, providing general goals for processiiayements and guidelines for the types
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of activities to consider. CDOT employees whorasponsible for selecting projects are
given ample guidance based on the investment giestand the expectations for TAM

principles to consider recommended in the RBAMP.

4.2.5Systematic Review of CDOT’s Implementation Approach

As previously stated, the TIRF demonstration begéah the identification of
specific implementation strategies that charaaterihe approach used by CDOT.
Essentially, this meant compiling a list of spexiispects of the implementation process
that are either unique to CDOT or that can belatted to a specific outcome or impact.
About 24 strategies were identified and entered thé TIRF as shown in Figure 4.7. In
this figure, the strategies shown on the left amtesl vertically according to the number
of categories they address. At the same timecé#tegories across the top are sorted
horizontally according to the number of stratedgiest address each one. Filled cells
indicate where two or more contributors agreed thatrategy addresses the category.
The purpose of the figure is to illustrate the gahteedback from the output — the actual
table output is provided in the catalog in Appendljxvhere details are more visible.

From the output shown in Figure 4.7, it is cleaatt&DOT’s implementation
approach indicates a strong commitment to TAM dgwelent with significant
investments in financial and human resources anémaphasis on data management.
CDOT’s implementation approach addresses the atftegories in the following order:
Employee Awareness & Understanding of TAM, Leadgrshnd Executive-Level
Support, Guidance and Expectations, Reflection menky Culture and Language,
Comprehensive Agency Alignment, and ApplicationDiecision Making. Essentially,

the analysis shows that there may be opporturiti@sprove the change implementation
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process by focusing on strategies that can prosiaéty on how TAM is actually done
(Applications in Decision Making) and encourage arencomprehensive understanding
of TAM throughout the whole agency with alignmembrh the strategic goals to
customer service delivery (Comprehensive Agencygmhent). Since this framework
does not suggest that one criterion matters moae #my other for implementation
effectiveness and longevity of change, there isammmmendation that CDOT needs to
do more to address those last two criteria. HoweWwehe agency has the desire to
improve their TAM implementation, they might cormidfocusing on additional
strategies that target improvements in those theategories.

For an agency looking to learn from the CDOT exgrese, it appears that
assigning “asset managers” in all divisions andntifgng a point person or TAM
champion were the most useful for CDOT in termsargdroving TAM implementation in
the agency, for enhanced program sustainment. h@mother hand, according to the
CDOT experience, the 2001 implementation plan, esipy consultants and the 2003
draft AM work plan, while still useful in other ragds, did not address many of the

factors that are important for sustained chandgberagency.
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Figure 4.7 CDOT TIRF Output
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4.3 Case Study 2: New York State Department of Transpdation (NYSDOT)

The New York State Department of Transportation §IDOT) is one of the three
states that were selected to participate in an FHW®t project to develop TAM plans
before the federal rulemaking was released (FHWA420 NYSDOT is led by a
Commissioner of Transportation and an Executiveube@ommissioner with five main
divisions for statewide policy and program oversighAs shown in Figure 4.8, the

agency also has 11 regional offices that are resplenfor program delivery and

operations and 68 county maintenance facilities\Wi#h.d.).

/ NYSDOT Organization induding Relationships withk other Highway Owners and Stakeholders \
II;==== =========|:
§ Informatien Technokegy Services [
Cormissioner e — — — |: Transportation and Economic i:
b Devebnpment hister 5
h II ;
e == External Agermeg \‘
Executive Deputy
COmMiSSIONer (e S
x al tiorm " sy
Tolling Authorities ™
Communications
+  Thruway
[ I 1 + Brdge Authorities
— + PANY-NJ
M}:::;m Ergincering _Oo:’-a;nom & .Tfsel Lagal Affairs Sniicy & Planning . MTA
+ Others
MPD Plannirg
Regional Offices i s \ /
Region 1 Regon 2 Region 3 Region 4
Albany Uica Syracuge Rochester / Local Owners N\
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Figure 4.8 NYSDOT Organizational Chart(NYSDOT 2014)
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The department is organized by functional prografsisuctures, planning,
operations, etc.) in the central office as welllas regional offices (Clash and Delaney
2000). NYSDOT has about 8,000 employees statew@dmaging an inventory of over
38,000 pavement lane miles and about 7500 bridesSDOT 2014). While the
department’s inventory includes pavement markingsaderails, sidewalks, culverts,
traffic signals and traffic signs (Akofio-Sowah 201 the current TAM effort is only
concerned with bridges and pavements. Of all tRESMssets in New York State, only
about 73% is owned and managed by NYSDOT; the maheaiis owned and managed by
municipalities and authorities such as New YorkyGihd the New York State Thruway
Authority (NYSTA), with each owning approximatelp% of the NHS lane-miles. As
such, NYSDOT’'s TAM efforts must include some codadtion with these two

autonomous agencies.

4.3.1TAM Implementation Approach
NYSDOT was among the first agencies to createreleic highway information

systems (in the 1960s) and apply economic analgsisighway investments, putting
TAM principles to use well before the concept begarincrease in popularity in the
industry (Clash and Delaney 2000; FHWA n.d.; Shudad Adams 2003). These efforts
were very much tied to organizational structure dadsion making from the beginning,
clarifying regional and main office roles, implentieg goal-oriented programming, and
improving and integrating management informatiostays through the 1980s and 1990s
(FHWA n.d.). The Project and Program Managemefarination System (P/PMIS) was
developed in 1990 to link those individual informoat systems. During that time,

NYSDOT developed a formal, goal-driven businessicstre for decision making to
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establish program and project priorities to be adver a defined period of time,
known as the Program Update Process (Clash anch®el2000; FHWA n.d.). The

Program Update Process involves the following tlstegies: (i) establishing a statewide
strategic direction (statewide goals and annuaktations distributed to each region with
comprehensive instructions); (ii) regional progrdavelopment including a detailed 12-
year project selection; and (iii) program reviewd approval by the central office (Clash
and Delaney 2000). Thus it can be said that byatee1990s, NYSDOT had most of the
major components of a TAM program, illustrated tbge in the flowchart in Figure 4.9.

In 1997, an internal task force was created to grneea blueprint for advancing
TAM implementation within the agency (Clash and @&y 2000; FHWA n.d.). In the
final report released a year later, the task foecephasized the need to enhance
NYSDOT'’s approach to TAM by incorporating econonriadeoffs between individual
asset classes. This led to a 2002 prototype TAMIgoff Model that employs economic
tradeoff analysis, ranking candidate projects g od return on investment (FHWA n.d.;
Shufon and Adams 2003). Currently, the tradeoffdehois not used in program
development.

In a 2002 NCHRP document, it was reported that N®©$Dhad instituted a
Capital Program Management Team made up of thePaguty Commissioner, Chief of
Staff, Chief Engineer, managers from planning, camications, budget and finance and
the chief counsel for contracting and procurem@angbridge Systematics et al. 2002).
This executive-level body provided a review of tin@nsportation program including

forecasts, program targets, and recommendations.
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Figure 4.9 NYSDOT's early TAM system (Clash and Daney 2000; Shufon and
Adams 2003)

In May 2003, TAM program implementation was formatl with an
announcement and direction from executive managenmat TAM principles should
guide all infrastructure investment decisions (FHWWA.; Park and Robert 2012).

However, there was a drop in momentum between 20032010 due to the loss of key
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staff members in different parts of the organizatiGtalled TAM implementation during

this time has been attributed to failed effortsdorganize, the narrow focus of the TAM
program, and the decentralization of the agency&agement and decision-making
processes (Park and Robert 2012).

By 2011, NYSDOT had some asset management effortseiven asset classes:
earth retaining structures, traffic signs, guatdrairaffic signals, culverts, mitigation
features, and sidewalks and ADA ramps (Akofio-Sowatl Amekudzi 2013). While the
department had inventories for all these assetsettvas no consistent data integration.
The main use of this data was to estimate the aapifprovements needed to achieve a
state of good repair for those assets, based @astiment needs. Since then, the agency
has implemented a new asset management framewatkble a Capital Asset
Management-Capital Investment (CAM-CI) team to addra number of goals towards
improved implementation (Park and Robert 2012). shewn in Figure 4.10, the
framework considers action in two categories: preg@®n and beyond preservation.

By 2013, the NYSDOT implementation approach hadvetbto emphasize four main
aspects: an enterprise performance managementviaiea robust inventory system,
supported by comprehensive asset data collectrmhaal AMP developed in accordance
to MAP-21 (Park et al. 2013). Implementation isdgal by four principles known as the
“Forward Four” (Mcdonald 2014; Park et al. 2013pwh in Figure 4.11. NYSDOT's
approach has a focus on improving investment quadiveraging existing data and tools,
minimizing initial investment and implementatiom®, working collaboratively across
the agency, and employing TAM principles in a systeapproach, implementing the
Enterprise Asset Management Program (EAMP) fronledgssets (Park et al. 2013).
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Safety of the system is the key component
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ﬁ ¢ Corrective and preventive maintenance
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e System critical bridge replacements/major
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e Pavement rehabilitation/reconstructions
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Addition of lanes, rest areas, new or other facilities

Modernization

Figure 4.10 NYSDOT CAM-CI TAM Framework (adapted from Park and Robert
2012)

Figure 4.11 NYSDOT Forward Four Guiding Principles (NYSDOT 2014; Park et a
2013)
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4.3.2TAM Governing Structure

NYSDOT’s TAM governing structure has evolved ovend from the 1997
internal task force to the early 2000s Capital PangManagement Team, to the more
recent Comprehensive Asset Management-Capital timezg Team. In 2011,
recommendations from the CAM-CI Team led NYSDOT d®ate a new business
structure for TAM, with the goals of: (i) improvinge quality of investment decisions;
(i) leveraging existing data and tools; (iii) dgtahing collaborative relationships across
the department; (iv) employing AASHTO TAM guidana®d (v) adopting a systems
approach to TAM. The internal structure, showrrigure 4.12, is made up of groups of
staff across program areas in the main office andcegional offices and is built to be
functional, not organizational (Mcdonald 2014; Petlal. 2014). In this structure, TAM
efforts are led by the Comprehensive Program Te@mT] with oversight from the
Capital Program Delivery Committee (CPDC).

The CPDC is headed by the Commissioner of Tranapomnt and is made up of
other executive-level officials, as well as keyffssuch as the Director of Regional
Planning and Program Management. This high-lewvehroittee provides the strategic
vision and executive leadership for asset managemmggementation in NYSDOT and
provides oversight to the CPT. The CPT is co-@thly the TAM Champion and the
Program and Project Management Champion, providiatewide leadership on TAM
policies, practices, tools, and investments. Tham has some common membership
with the CPDC, including at least one Regional Bive and the co-chairs of the
Statewide Asset Management Teams (SAMT). TheomésSAMT for each asset class
and function considered to be of high priority.
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Figure 4.12 NYSDOT TAM Governing Structure/Internal TAM business structure
(Mcdonald 2014; Park et al. 2013)

Each SAMT comprises of managers and experts frdfereint functional areas (e.g.

planning, engineering, geographic information systesupport, etc.) and is responsible
for establishing how their asset class is managenh fa statewide perspective. The
Regional Asset Management Teams (RAMT) make progriag decisions to work

towards the achievement of targets within theietiskass or function area. While these
teams receive some goals and guidance from the SAMEY operate under a Regional
Program Committee for each region (Figure 4.13)cWlalso dictates the specific make-

up of each RAMT.
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Figure 4.13 Regional Program Committee and RegiondlAM Teams (Mcdonald
2014)

Outside of this structure, a Working Group was fedmwithin NYSDOT to
develop the TAMP, led by the TAM Executive Champianproject lead and a project
manager with representation from regions and wutess the agency (Park et al. 2013).
This team of technical experts also included extestakeholders such as a FHWA
Division liaison, and MPO representative, and cttasts hired to help in developing the

TAMP (AASHTO 2014).

4.3.3Guidance Documents

As previously stated NYSDOT is one of three staelected by the FHWA to
develop TAM plans as part of a pilot project cortédcprior to the release of the TAM
plan rulemaking. As such, NYSDOT'’s plan developtieéoked off in 2013 with the
work plan completion in June 2013, and a final draf November 2013 (Park et al.
2013). With a view of the TAMP as a link betwedmi-term programming and long-
term planning (Park et al. 2013), the DOT Commissiowas involved with the
development process from the beginning, making asiexr to bypass step-by-step

approvals (AASHTO 2014).
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As part of the pilot project, NYSDOT’'s TAMP WorkinGroup developed the
Work Plan at a workshop in collaboration with thedWA and consultants with clear
staff assignments and deadlines for specific stepgake in order to develop the TAMP
(AMEC Environment & Infrastructure and Cambridgestgynatics 2013). With a focus
on bridges and pavements, the TAMP is aligned tecetmdAP-21 requirements,
providing a link between strategic investment decis and program development
practices in the agency (Mcdonald 2014).

NYSDOT’s TAMP provides “a window into its asset nagement practices” and
“a forum to codify current practices...and identifgps” (NYSDOT 2014 p. ES-3) to be
addressed in the future. In ten chapters, the denot addresses the objectives of (i)
institutionalizing TAM practices; (ii) communicagnTAM policy and strategy; and (iii)
documenting and prioritizing opportunities for iropement of business practices
(NYSDOT 2014). The TAMP is designed to be a livadgcument updated on a biennial
cycle which is to be initiated by the CPT but cadrout by a Working Group following
the TAM policy development process which involvedernal and external reviews
before final approval (Mcdonald 2014). In terms gafiding TAM implementation,
NYSDOT’s TAMP clearly explains the processes thatimportant, including whole life
management strategies, risk management and creamidgupdating the risk register,
investment strategies, and performance targengett®ne unique feature of NYSDOT's
plan is the illustration of the connection betweesk management and asset
management, which clearly shows how both proceasesxpected to influence each

other (Figure 4.14).
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Figure 4.14 NYSDOT Risk & Asset Management (Mcdonal 2014)

In addition, the NYSDOT TAMP specifies performantaggets for pavements
and bridges, listing factors to consider in settagets, and lists the steps to be followed
in the iterative target-setting process. Furtheangerformance gaps are identified
based on scenario analysis to illustrate the agem®ed. The last part of NYSDOT's
TAMP identifies internal and external challenged apportunities that the agency faces
with respect to future revisions of the documertia@h state and national levels, and lays
out an agenda for improving TAM policy and the TAMBelf. After brief descriptions
of the next steps for improving the TAM programe tdocument also includes an
improvement plan listing major short-term (defiresl one- to three-year) improvement

initiatives with estimated timeframes and expectedcomes, shown in Figure 4.15.
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Program improvements are generated from a numbesoofces including external

regulatory audits, government policy, and intemeaiews and assessments.

madeling into a
cammon antarprise
TAM system that

(EAMP) with at least the fallowing modules
including necessary inventory and condition
assassmant capabilities by Decamber 2016,

Driver Response Timeframe Expected Outcome(s)
NYWoaorks - A Develop measures or methodologies to account < 2 years Better e transportation capital investment
comprehensive for economic benefits of a proposed capital sfrategies to NYWarks and Economic
strategy for all NYS transportation investment. Development Council|s) strategies.
Capital Infrastruciura
Imvestments
MAP-21 Performance | Work with MPOs to develop performance basad < 2 years A consistent set of peformance measuras that
Based Planning plans that complement the TAMP. allow NYSDOT and MPOs to understand each
stakeholder's responsibility and impact on
Statewide goals.
Establish a consistent set of perfformance 2 =4 years
measures for NYSDOT and MPOs.
Implement Portfolio Management Software to track | < 1 year An enterprise tool for planning and tracking
accomplishments and performance, project and program goals and
accomplishments.
Tie TAMP to Long- Re-affirm or change the existing DOT Mission and | < 1 year Ensure that CPDC, CPT, and all Departiment
Range Master Plan Key Result Areas program managers and staff clearly understand
and Strategic the overall mission and goals for the Agency.
Highway Safety Plan N B P
ahway ¥ Use CFU 2014 to expand the "systems not = 1 year Better integrate safety and optimization into our
projects” approach to include safety and mobility assel manageament principles (the Farward Four)
needs. and assel managamant business structure.
Expand CPU 2014 reporing to account far < 1 year Ensure funding stovepipes do not negatively
“pavement” and “bridge” funding that dealivers impact the nead 1o deliver safaty and mobility
accomplishments other than Improving core
infrastructure conditions.,
Integrate pragram Implement Enterprize Asset Management Program | < 3 years Integrate program maodeling into a commaon

enterprise TAM system that allows for objective
cross-program investment optimization

Figure 4.15 Screenshot of NYSDOT TAM Improvement Rn (NYSDOT 2014)

4.3.4TAM Decision Making

As clearly stated in the TAMP, the main focus of MAat NYSDOT is

preservation and safety of infrastructure assetlis thie approach to TAM guided by four

principles known as the “Forward Four” (Figure 4.1IThese principles prioritize the

preservation of existing infrastructure functiohaland safety (Preservation First), then

the consideration of investments in a larger can{8ystem Not Projects), followed by
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efforts to invest in a way that produces the gggtessible return (Maximize Return on
Investment), and finally programming that “consgléne relative and cumulative value
of assets as they benefit the public, economy, eandronment” (Make It Sustainable)
(Mcdonald 2014 pp. 1-5).

With these principles forming the foundation, NYSDGtill makes use of the
Comprehensive Program Update Process to select amatitize projects for
implementation. However, since the early developnud this process, a number of
other key processes have come to be involved tstdyothe applications of TAM in
decision making. For example, under the concefivbble life management”, windows
of opportunity have been defined as that time pewbere a particular treatment is most
effective or appropriate for a particular assea aertain age. Specific treatments have
been determined for specific windows of opportunitentifying the cost effectiveness
or relative costs of treatments in one stage vefsisiext. Computer models have been
developed to determine these windows of opportusiynmarized in a Comprehensive
Program Summary which includes all assets. Thea iof whole life management looks
at making program decisions for entire asset ctassistinguished from life-cycle cost
analysis which, at NYSDOT, refers to a process weithe project level for individual
assets.

Risk management is another process clearly defiaed explained in the
NYSDOT TAMP to improve understanding of applicagoosf TAM in decision making.
NYSDOT manages risk at the system level followinilva step process to establish the
context, identify, analyze, evaluate, and finathgat the risks. This process is adopted
from the International Organization for Standart@a (ISO) Risk Management

149



Framework (ISO 31000:2009). Group brainstormingreises that use facilitated
discussions in statewide business units estahbtishcontext for risk management and
identify the risks, which are then analyzed andnirzed by TAM business units before
being assembled into a risk register presentededCPT. After final approval from the
CPDC, evaluation and treatment of risks is thearsibility of the TAM business units.
The TAMP details this risk management process aresemts the risk register,
illustrating the connection between risk and assabhagement using the graphic shown
in Figure 4.14.

NYSDOT has established three TAM investment stiate¢p help in decision
making with a TAM perspective. As previously sthtthe agency considers preservation
first, prioritizing activities that extend or maxire service life over infrastructure
expansion. Projects for investment at this level selected on a regional basis, with
planning targets established from management sgstiwat are constant across the
regions. Investments for assets that are beyoaesepration, that is, those assets that
have deteriorated beyond a state in which theybesapreserved, are limited to projects
initiated by MPOs or regions, ranked by statewideéMTteams with recommendations
and a final project list developed by the CPT andDC respectively. The final
investment strategy, demand recovery, addressegctgowhere the window of
opportunity has been missed. These are then aesidas part of the preservation
priority lists. These investment strategies alsding funding categories where the
annual financial need is based on condition-baseshsores. Generally, while
preservation decisions are made at the local agobrral levels, the most important
renewal and strategic improvement decisions argaleed.
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An important aspect of the TAM process is targétirsg At NYSDOT, scenario
analysis is used employing in-house developed aizaBoftware: the Pavement Model
and the Bridge Needs Tool (NYSDOT 2014), which bkdlp identify performance gaps
based on the targets set. An additional measunelNYSDOT understand the gaps is
the Asset Sustainability Index which is a ratiovssn the amount of money budgeted
that directly impacts asset condition and the ddtualing need to improve the asset to a
given state.

One final process explained in the TAMP which igfukfor applying TAM to
agency decision making is the Policy Developmerdc®ss which is the established
process for development, review, and acceptanaé AM policy including the TAMP,
the comprehensive program, and STIP updates. Whighprocess, a policy proposal is
drafted by the initiating group which then undergagernal review by the CPT and any
other internal stakeholders deemed important byGR&. For policies with external
impacts, an external review and comment perioaesdl before resubmission to the CPT
and CPDC for final approval. Generally, detailitgse processes out in the TAMP is
important to achieve consistency throughout thenagén applying TAM principles to

make investment decisions.

4.3.5Systematic Review of NYSDOT’s Implementation Approah

For the NYSDOT demonstration, 24 implementatiomtstyies that characterize
the approach used were identified and enteredtih@d IRF, but after review by agency
representatives, 21 strategies emerged as showigume 4.16. Similar to the CDOT
output, the strategies shown on the left are soréxtically according to the number of

categories they address, while the categories @teds horizontally according to the
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number of strategies that address each one. Fdé#d indicate where a strategy
addresses the category.

From the output shown, it is clear that NYSDOT splamentation approach
indicates a strong commitment to setting clear guo@ and expectations by creating a
clear and streamlined perception of TAM throughibeet agency, and providing direction
on how TAM should actually be done. NYSDOT's impkentation approach addresses
the other categories in the following order: Leatigy and Executive-Level Support,
Resources Committed to TAM Development, Comprelenshgency Alignment,
Reflection in Agency Culture and Language, and Exygd Awareness & Understanding
of TAM. Generally, the analysis shows that ther@yrbe opportunities to improve the
change implementation process by focusing on sgfiegethat can promote cultural
change and increase employee awareness and undergtaf TAM. Here again, there
IS no suggestion that one criterion or categorytenstmore than any other for program
sustainment, however, the output gives NYSDOT &/ \é what could be addressed to
improve TAM implementation to enhance program sostant.

For an agency looking to learn from the NYSDOT ei@ee, it appears that
implementing regional performance targets in thenm@®hensive program update
guidance, which ensured a minimum investment irsgmeation work in the regions, in
addition to the use of the Forward Four principlegsre the most useful for NYSDOT in
terms of improving the state of TAM implementation the agency, for enhanced
program sustainment. On the other hand, accortinghe NYSDOT experience,
employing consultants and gaining the Commissi@napgproval of the TAMP Work
Plan, while still useful in other regards, did remtdress many of the factors that are
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important for sustained change in the agency. détails of NYSDOT's review are more

visible in the catalog in Appendix A.
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Figure 4.16 NYSDOT TIRF Output




4.4 Case Study 3: Georgia Department of TransportatiofGDOT)

The mission of the Georgia Department of Transpiorig GDOT) is to provide a
“safe, connected, and environmentally sensitivaspartation system that enhances
Georgia's economic competitiveness by working effity and communicating
effectively to create strong partnerships” (GDOT120 A 14-member State
Transportation Board, representing each of Gem®did congressional districts, oversees
the operations of the department through an appdi@tommissioner with a relatively
extensive organizational chart as shown in Figut& 4GDOT 2011, 2015). The agency
is made up of several divisions and offices, sedistricts that share responsibility for
field services throughout the state and 32 ardaesf(GDOT 2011). One unique aspect
of the GDOT organizational chart is that the Diersiof Planning reports directly to the
Governor instead of going through the Commissiongris essentially means that there
could be added challenges for GDOT in implemenéind applying TAM to investment
decisions due to the potential for added politiggdssure in developing transportation
plans.

GDOT’s TAM plan only includes pavements, bridgesd dighway sign assets.
There are 123,456 miles of roadway in the staté witly about 17,900 centerline miles
on the state highway system that are maintaineGb®T (GDOT 2014). In addition,
there are 14,700 bridges throughout the state, abthut 6,600 managed by GDOT and

approximately 3 million highway signs on state lities (GDOT 2014).
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Figure 4.17 GDOT Organizational Chart (GDOT 2015)
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4.4.1TAM Implementation Approach

Historically, investments at GDOT were made in asetl groups of asset
categories, before TAM principles were formally ead®d in the last few years. The
move towards TAM began in 2009 with the appointnard TAM Director to champion
efforts; however, prior information suggests thahdt towards TAM had already began
in GDOT’s maintenance division (GDOT 2014; Park &wabert 2012; Park et al. 2014).
TAM principles were formally adopted in 2010 witm aannouncement from the
Commissioner, providing an informal descriptionTéM (GDOT 2011, 2014). Around
that time, the Office of Organizational Performai@&nagement (OPM) was formed and
tasked with TAM, performance management, and gfi@gevelopment responsibilities;
communication to District Engineers with informaticabout TAM following the
Commissioner’s announcement came from OPM (GDOT12®awkins and Smadi
2013).

In 2011, a TAM Task Force was formed with repreatwes from each
department that was deemed important for TAM im@etation (GDOT 2011, 2014).
The Task Force conducted a self-assessment ofjfhrey's readiness for TAM using the
AASHTO TAM Guide with higher level assessments peried by the Deputy
Commissioner/Chief Engineer as well as the FHWAIigtaat Division Administrator.
As a result, a number of gaps were identified saghesource allocations that were not
guided by a performance-based approach using t¢ensisriteria, or data that was not
fully accessible or integrated (GDOT 2014). Ulttelg, the need for accurate data

emerged as the number one priority area and cangrnuork resulted in the TAM Task
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Force transitioning into an Executive Data Goveoga@ommittee with the purpose of
ensuring data integration and availability.

While a FY2011 Strategic Plan Update was develapedflect the agency’s new
focus on TAM principles, a Strategic Direction fBAM was also developed serving as
an initial TAM plan (GDOT 2011, 2014). A series“ainch and learns” were held after
the Strategic Direction was published to commueiCBAM objectives and concepts to
employees to increase their understanding of TAMl@mentation (Park et al. 2014). At
the same time, Asset Management Policy was foreland published by the agency in
order to adopt TAM as the “official, institutionalpproach in managing infrastructure
assets and making capital investment decisions"@GR012 p. 1).

Since then GDOT has developed two versions of a TRlsih with the most
recent in 2014, formed a TAM Steering Committegadde TAM implementation, and
developed a comparative tradeoff analysis tool (G[2014). In addition, two members
of leadership have attended a national TAM Scannifgyr, and a web-based
Performance Dashboard has been developed provigidgtes on maintenance, safety
investments and preservation projects (Park anceR@012). Furthermore, the agency
is in the process of developing a new Asset Managémand Reporting System to
integrate asset inventory data, and a geograpHmrnmation systems (GIS) Data

Visualization tool with Videolog technology for @atollection (GDOT 2014).

4.4.2TAM Governing Structure
As previously stated, the GDOT Office of Organieaatil Performance
Management (OPM) was created specifically for theppse of streamlining strategic

planning, performance management, and asset maeag¢ihawkins and Smadi 2013).
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This unit is directly responsible for implementiagd administering the TAM program
and developing the TAM plan, and facilitates impégation efforts across other
divisions (GDOT 2014; Park et al. 2014).

As previously stated, a TAM Task Force was forme@011 which eventually
transitioned into an Executive Data Governance Citeen(GDOT 2014). Other units
within the agency that have been highlighted asré&gd for TAM implementation are
the Office of Bridges and Structures (formed outaoherger between the bridge design
and maintenance units), the Office of TranspomatiData, which supports data
integration and management, and Information Tedwy! which provides technical
support.

More recently in 2012, a TAM Steering Committee vi@asned to guide direction
and implementation of TAM principles throughout thgency, as previously stated
(GDOT 2014). The TAM Steering Committee considtkey agency leaders such as the
Director of OPM, the Director of Field Servicese tBirector of Permits and Operations,
the Chief Engineer, and the Director of IT. The MASteering Committee meets
monthly to discuss past or current activities all agethe agency'’s future needs related to
TAM (GDOT 2014). While this Committee is the mal®M governing structure for

GDOT, its operations are managed through OPM.

4.4.3Guidance Documents
GDOT's first TAM-related guidance document was #@4.1 Strategic Direction
which presented an initial overview of the agenagfgproach to TAM and essentially

represents a first attempt at a TAM plan (GDOT 2@4rk et al. 2014). This document
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contained much of the same information that is tgutien the 2014 GDOT TAM Plan
and was the foundation for that plan.

Prior to MAP-21, GDOT was in the process of develgpa formal policy
statement that would adopt TAM as “the officialstitutional approach in managing
infrastructure assets and making capital investrdeanisions” (GDOT 2011, 2012). The
policy establishes two main components of the TAMgpam, a TAM plan and an
improvement strategy, and establishes OPM respiitsitor TAM implementation,
while also instituting the TAM Steering Committeer foversight (GDOT 2012).
Additional unique recommendations in this policg #8ie emphasis on a data governance
program, the requirement for all divisions to deyelTAM Plans for assets under their
jurisdiction to be included in the agency-wide TARIan, and a requirement for all
contracts related to physical assets to be revidwdtle TAM Steering Committee.

Arguably, the most important guidance documentG&OT’'s TAM program is
the current TAM Plan designed to comply with MAP-@lidelines. The plan describes
pavement, bridge, and highway sign management &G iscussing levels of service
based on the agency’s strategic goals, departmielet-pwerformance measures, and
customer feedback (GDOT 2014). In addition, trengrovides an overview of GDOT's
funding sources, identifies key issues and genamatovement strategies for each asset
class, and addresses asset risk and ways to mas&geFurthermore, the TAM plan
includes an implementation plan, a performance g@amant implementation plan, and a
communications plan for TAM.

The GDOT TAM Implementation Plan is based on a gark that consists of
four key TAM objectives: (i) a comprehensive dataentory; (ii) consistently managed
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data; (iii) data-driven investment decisions; and TAM institutionalized within the
agency (GDOT 2014). The implementation plan idexstiobjectives and strategies
based on this framework and developed from the fkedings of the AASHTO self-
assessment conducted by the TAM Task Force andws\wf other states’ approaches to
TAM implementation. After detailing the state dietpractice of TAM at GDOT and
identifying specific TAM tools in the agency, artian plan with specific proposed steps
towards TAM implementation is presented. The acfitan has three levels — objectives,
strategies, and action items — with a defined tramaé (near term, mid-term, long-term),
identified unit responsible, resources needed, exgected outcome/output for each
action item. In order to maintain some claritye tioles of different agency departments
for TAM implementation are described in this impkmation plan. Figure 4.18 shows

an excerpt from the implementation plan.

Objective 1: Develop a Comprehensive Asset Inventory

Strategy 1.1 Identify Critical Assets for Performance Measurement and Inventory

Action ltem Timeframe Unit Responsible Resources Needed Expected Output/Qutcome

1.1.1 Identify critical and supporting Ongoing Divisions/Offices responsible for o GDOT Strategic Plan *  Documentation of critical and

assets_ thgt are responsive to GDOT's individual asset typesin coordination . apOT Asset Management Plan supporting assets to support

organizational goals with Organizational Performance overall asset management
Management *  Georgia Tech CTAMS report approach

1.1.2 ldentify performance measures® Complete  Organizational Performance e GDOT Strategic Plan *  System performance measures

fo evaluatg cr.\tica\ assets that support Management e GDOT Asset Management Plan established by OPM in

GDOT's mission and goals conjunction with other offices

1.1.3 Determine roles, responsibilities,  Mid to Long  Multiple Divisions and Offices e Documentation from Action 1.1.1 e  Comprehensive list of assets that

and costs for maintenance and depending on asset owners support GDOT goals

improvement of these assets.

*GDOT's system performance measures are established by the Office of Organizational Performance Management in conjunction with all of GDOT's offices and
divisions fo support the evaluation of GDOT's goals. They can be found at httpyiwww.dot.ga.gov/statistics/performance/Pages/default.aspx

Figure 4.18 Screenshot of Excerpt from the GDOT TM Implementation Plan
(GDOT 2014)
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As previously stated, the GDOT TAM Plan also inédsda Performance
Management Implementation Plan to provide guidslirend outline performance
management procedures with respect to TAM impleatemt, and a Communications
Plan that identifies strategies for presenting TAM the department’s internal and
external audiences (GDOT 2014). The Performanceagament Implementation Plan
presents brief discussions on performance manademenciples, the roles and
responsibilities for performance management implaateon, and general steps for
establishing performance measures, the use ofole and a performance dashboard,
and methods of managing and reporting performancéhé agency. Similarly, the
Communications Plan identifies target audiences ianllides the key messages to be
communicated, methods of measuring communicati@ecess, and most importantly a
list of communication strategies for different aemtes, specifying the responsible party

and the expected timeframe for communication ag/sho Figure 4.19.

4.4.4TAM Decision Making

At GDOT, performance management, TAM and stratptacning form a three-
legged stool that supports the agency’s primargtion (GDOT 2014). In this way, the
GDOT Strategic Plan drives TAM decision making jgaifarly through the levels of
service (LOS) which are “a qualitative measureha& public’'s perception of an asset’s
condition or of the services provided by an agen&DOT 2014 p. 5). For each asset
category, LOS is measured using previously availatdols through a life-cycle

management approach to prolong assets’ remainigfgluge.
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Audience Strategies Timeframe

Internal State Transportation Board =  Communication with key Board Mear

Members —in contexts of
maintenance efforts, fiscal
responsibility and information we will
be sharing with legislators and local
government officials
@ Include information on TAM
in Board orientation
presentation
*  One-on-one meetings with some or all
Board members regarding TAM
priorities in their respective districts.

®*  Powerpoint presentations and talking

peints prepared on TAM for each
Board member to use in his/her

district community meetings.

Internal Senior Managers = Create TAM Steering Committee of Complete

key Champions (Director of

Organizational Performance

Management. Director of Engineerine.

Figure 4.19 Screenshot of the GDOT TAM Communicatin Plan (GDOT 2014)

For pavements, a Computerized Pavement Conditiomlugiion System
(COPACES) is used to determine condition with riskanaged on a project level
(GDOT 2014). Treatment and investment decisioesbaised on the COPACES rating
with risks incorporated by considering the functibrtlassification of the route, the
Annual average daily traffic (AADT), percent trudkaffic, and county population.
Bridge management and decision making is condufafidwing NBIS requirements
with a standard method for optimizing decisions foraintenance strategies in
development (GDOT 2014). A bridge prioritizaticanking formula based on structural
capacity and user demand is used to develop sawedat bridge rehabilitation and
replacement, assigning the greatest risk to thadgés that carry higher traffic volumes
and have the longest “detour length”. The bridgerfiization formula has been used in

the development of GDOT’'s STIP since 2011. Finathaffic sign management is
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conducted using the Sign Inventory Maintenancee®yst with inspections conducted as
part of the Highway Maintenance Management SysteRdT 2014). Sign levels of
service are determined based on the minimum refteetivity levels from the Manual
on Uniform Traffic Control Devices, with useful sere life defined as the length of time
a manufacturer will warrant the sign.

In order to make investment decisions, asset subjetter experts evaluate the
risks associated with each asset in order to estahinding scenarios for various assets
and programs; however, GDOT faces a significani@hge to TAM implementation and
use in the form of a Congressional District fundbajancing legislation which requires
the department to distribute a percentage of fédesasportation improvement funds
(minus earmarks) equally among congressional distover a five year period (GDOT
2014). Ultimately, this limits the agency's abhjlitto apply TAM principles

comprehensively.

4.4.5Systematic Review of GDOT’s Implementation Approach

For the GDOT demonstration, 27 implementation sgias that characterize the
approach used were identified and entered intdl'tR& as shown in Figure 4.20. Here
again, the strategies shown on the left are sargegtically according to the number of
categories they address, while the categories @teds horizontally according to the
number of strategies that address each one. Fdé#d indicate where a strategy
addresses the category.

From the output shown, it is clear that GDOT'’s iempkntation approach
indicates a strong commitment to TAM developmenthwsignificant investments in

financial and human resources and an emphasis t@anndanagement, with a similar
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emphasis on implementation strategies that prostodag leadership and effective TAM
governance. GDOT’s implementation approach addee$ise other categories in the
following order: Employee Awareness & Understandio TAM, Guidance and

Expectations, Applications in Decision Making, Refion in Agency Culture and
Language, and Comprehensive Agency Alignment. dheay be opportunities for
GDOT to improve the change implementation process an increased chance of
program sustainment by focusing on strategies ¢hat promote cultural change and
encourage a more comprehensive understanding of T#&bughout the whole agency
with alignment from the strategic goals to custosenwvice delivery. Again, there is no
suggestion that one category matters more thanao#imgr for program sustainment,
however, the output gives GDOT a view of what cooddaddressed to improve TAM
implementation, if desired.

For an agency looking to learn from the GDOT exgare, a formalized TAM
policy and a performance management implementgtlan that described employee
responsibilities with respect to performance manege and steps for establishing
performance measures, with the use of scorecardgereormance dashboard, and
methods of managing and reporting performance, wepertedly the most useful in
terms of TAM implementation for enhanced prograrstamment. Here, it can be argued
that breaking down the performance managementegiyaflD 24 in Figure 4.20 or
GDOT24 in Table A.3 in the Appendix for a clearéew) into a number of steps can
decrease the perceived usefulness of the strategyrdgram sustainment in terms of the
number of categories addressed. This speaks ttathehat it is important to consider
how aggregated or disaggregate the strategieseenieto the TIRF are. In terms of
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strategies least useful for program enhancemeswt, GBDOT experience shows that
merging the bridge design and maintenance unitd, .sing Levels of Service to tie
strategic goals, performance measures, and custeedack together, while still useful
in other regards, did not address many of the facioat are important for sustained

change in the agency.
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Figure 4.20 GDOT TIRF Output
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4.5Insights from the Case Study Data

While the information documented using the TIRRhese three case studies is
limited for drawing generalizations on the agencysneral response to TAM
implementation mandates, an analysis of the outputals some useful insights that
essentially provide a precursor to a larger dambafs implementation experiences
accumulated over time. There are two main ways tthe@information gathered can be
analyzed. First of all, there are trends with ee$go which criteria and categories are
well-represented by the TAM implementation appr@scand which ones are not that can
be distilled from the data. Secondly, the straggian be compared to see which ones
are common between the case studies, and of twbs¢her their perceived (and agency-
reported) usefulness is similar, and where thelyifaterms of usefulness for program
sustainment compared to each agency’s other sigated-urthermore, the expected or
observed outcome or impact of those common stegegan also be compared which
would illustrate some of the differences in the omgd effectiveness of strategies.
Possible differences could be due to different extst (internal and external
environments), how long the strategy has beenaneplor the maturity of the agency’s

program, among other variables.

4.5.1Implementation Approach-TIRF Category Trends

The primary output that the TIRF was designed twdpce was an idea of how
each agency’'s TAM implementation approach leank vaspect to program sustainment
in terms of the seven categories of criteria ttzat enhance program sustainment. The

framework also allows for the identification of saiesment-heavy strategies which hit at
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multiple categories and so offer agencies a patiytwider range of impacts that are

considered to influence program sustainment. Wiiécase study results show some
relatively different emphases from each of the agenstudied, it is possible to pull out

some specific trends.

Table 4.2 shows the ranking of each TIRF categbay émerged based on the
case studies. As shown, CDOT’s implementation @gugr has the greatest emphasis on
Resources and the least emphasis on Applicatiolms.the same way, NYSDOT's
approach has the greatest emphasis on Guidancthaneast emphasis on Employees.
Finally, GDOT’s analysis has the greatest emphaisiResources and the least emphasis
on Alignment. When these rankings are combineddmputing an average (mean), it is
clear that the TAM implementation approach takenthoy specific group of agencies
places a stronger emphasis on committing resoutoesTAM development and
establishing TAM program leadership with executieeel support. However, there is
less action towards creating comprehensive agelignyn@ent and ensuring that TAM is
reflected in agency culture. The rankings also/ wosely reflect the context-sensitive
considerations discussion presented in Sectiorn? 308. which categories are more
important at different levels of the AASHTO TAM Maity Scale. The last column in
Table 4.2 indicates the AASHTO maturity level tas aligned with each category in
Section 3.3.2. As shown, if the categories wereetoanked based on that discussion and
interpreted into a set of steps for implementaboreven to assign weighting, the only
differences with the observed average rank of tiles® agencies are that the Employee
category would rise above the Guidance categoryg, Aignment would rise above
Applications.
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Table 4.2 Ranking of TIRF Categories based on Cagtudy Implementation
Approaches

CDOT |NYSDOT | GpoT | AV9 | AASHTO
Rank | Maturity

Resources Committed to
TAM Development 1 4 1 2 1
Leadership and Executive- 3 3 2 267 1
Level Support
Guidance and Expectations 4 1 4 g 2
Employee Awareness &
Understanding of TAM 2 ! 3 4 1
Applllcatlons in Decision v 2 5 467 3
Making
Reflection in Agency 5 6 6 567 4
Culture and Language
Cqmprehen5|ve Agency 6 5 v 6 2
Alignment

These observations could be interpreted to medareift things. First of all,
committing resources towards a program is arguallg of the simplest and most
straightforward steps in implementation. Whether agency establishes a new
department, appoints a new position, or purchassistang technology, an investment is
made in the implementation of the program illustigaia basic level of commitment that
can send a message to employees that the organizatcommitted to the innovation.
At the same time, this emphasis on committing resssimeans that the resources are
available to be committed to TAM implementation w@hiis a positive factor for
enhancing program sustainment. Furthermore, itlear that many implementation
strategies will demonstrate resources committedn ef/that is not the initial intention.

Similarly, an emphasis on leadership and execuével support is no surprise since
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many agencies consider appointing governance positas one of the first steps to be
taken in implementing TAM. Again, implementatidnasegies that address this category
are arguably some of the relatively simpler andevstraightforward steps.

At the bottom of the list, strategies that will encage a reflection of TAM in
agency culture and language and create more coemsile agency alignment being
least emphasized by the three agencies could bbudtd to different factors. With
respect to institutionalizing TAM in agency cultuyene could argue that this is a long-
term goal, and thus, at this relatively early pamTAM implementation, most agencies
are not taking steps to invest in this area. Hemea counterargument is that it is
important to clearly communicate TAM goals and agtlons throughout the agency,
promote a uniform TAM language, and promote a ltarga agency focus right from the
very beginning (these are the three criteria whitdke up the Culture category — see
Section 3.1.6). Alternatively, having the Cultamed Alignment categories ranked at the
bottom could be an indication that there are gapbe industry’'s understanding of how
exactly to create comprehensive agency alignmetit wvaspect to TAM, and how to
ensure that the principles are engrained in ageultyre.

To an agency looking from the outside, the rankafighe categories shown in
Table 4.2 could very well illustrate or inform sorsert of weighting to assign to the
TIRF categories. The thinking here would be “ifeske agencies seem to have
emphasized leadership and executive-level suppartnay agency has not, it may be a
good idea for me to invest in that area.” Simylathe ranking could reflect an order of
steps for an agency that is just starting out infMTEnplementation to take, suggesting
that the first thing to do is ensure that finan@atl other resources are available (which
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includes data collection and management), befongoiapng some governance or
leadership for the effort. While this data is ofdy three agencies, it is clear that the
TIRF can enable a broader story of TAM implemenptatio emerge in terms of trends
and emphasis areas among agencies. As agencias\eluictheir experiences using the
TIRF and contribute it to a common knowledge baselAM implementation strategies,

the ability to generalize will increase, and théueaof the knowledge base for informing

others’ investment decisions will be higher.

4.5.2Common Implementation Strategies-TIRF Category Tremnls

In looking at the specific strategies that emerfyeth the case studies, it is clear
that each agency has a different approach to TAplamentation. All the same, some
strategies are common between the agencies and siompg/ follow the same theme.
There are a total of nine strategies that are @ejwsed by more than one agency. Out
of those, only two are common among all three aigsn¢i) implementing an integrated
software system to support TAM; and (ii) includiawg implementation plan with specific
time bound tasks and staff assigned to those tasks.

Figure 4.21 shows the combined systematic revietheintegrated TAM system
strategy by the three agencies. As shown, whileSN®T and GDOT's experiences
align in terms of perceived usefulness of thistegg for addressing the categories,
CDOT shows a different experience with many moréegaries addressed. This
difference is likely due to the type of systems lempented and their capabilities or the
maturity of the different programs (that is, howdothe systems have been in place).

Ultimately, this output begins to show that theegrated TAM system strategy is
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reported to address the Applications and Resowaeg)ories; additional documentation

of experiences will strengthen this.
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Figure 4.21 Screenshot of combined systematic reweof “integrated TAM system”
strategy

In the same way, Figure 4.22 shows the combinetksygic review of the strategy of
“having time bound implementation tasks with spectaff assigned to move the
implementation process forward.” Here, each agendicated similar contributions to
program sustainment; this would lead other agertcie®nsider this a potentially useful
strategy for addressing the three categories ofiérship, Employees, and Resources. In
Figure 4.22, NYSDOT has two rows that refer toghme general strategy of time bound
implementation tasks with staff assigned. They bsted as “TAMP Work Plan
developed with clear staff assignments & deadlireesd “TAM Improvement plan with
estimated timeframes and expected outcomes”. Jihiation results from the way in
which strategies are entered into the framework.
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Figure 4.22 Screenshot of combined systematic rew of “time-bound
implementation tasks with staff assigned” strategy

Ultimately, this further demonstrates that the tegg aggregation discussed
previously where the wording used to reflect anlenpentation strategy can affect the
interpretation of its contributions to enhanced goaon sustainment. This is also
illustrated in Figure 4.23 below which shows a camd systematic review of the multi-
level governing structure implemented at two ofdlgencies. As shown, one agency has
three items listed that relate to the same straggyly based on the specificity of
wording used. While CDOT lists “agency-wide migdé management representation on
TAM Working Committee”, “efforts supported by senievel management through the
Oversight Committee”, and “TAM program directed Byansportation Commission AM
Committee”, NYSDOT simply lists a “four-level inteal business structure” which is
also made up of an executive-level body (CPDC)iosdavel management (CPT), and

mid-level managers in the statewide and regiorsdtadgams.
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Figure 4.23 Screenshot of combined systematic rew of “multi-level governing
structure with executive, senior, and mid-level maagement representation”
strategy

This strategy aggregation issue can potentiall\atbdressed as the tool matures to the
point where a standard set of strategies can leeeoffto agencies as a departure point in
using the TIRF, allowing them to also add their ostrategies where none reflect their
activity. All the same, this strategy of a mutisel governing structure also has some
alignment between these two agencies in terms athMtategories are addressed, with

stronger evidence for some categories than oth&ssentially, this data shows that a

175



multi-level governing structure is more likely taicgessfully address Leadership,
Alignment, and Resources, than any of the othexgrates.

These observations of alignment in the TIRF categaaddressed are similar for
four other strategies with more distinct differender the last two. The complete list of
common implementation strategies reviewed in thRFTIs provided in Appendix B.
Where alignment occurs, practitioner report thatrategy addresses a category may be
distilled with accumulated documentation of expecEs in different agencies.
Implementation strategies reported by more agengi#s alignment in the categories
selected offer potentially more useful startingnp®ito other agencies than cases where

there is little or no alignment.
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CHAPTER 5: MODEL REVIEW & REFINEMENT

The TAM Implementation Review Framework was conbunsly refined from the
initial development stages through the case stwhyahstrations and analyses presented
in the previous chapter. When asked about theiege experience using the tool and
whether it would be useful as they continue in rthieAM implementation, the DOT
representatives who participated in the case stasgonded positively, saying that the
TIRF was straightforward, simple to use, and a gowethod to gauge their DOT’s
implementation of TAM. One practitioner mentiortad intent to have a wider range of
coworkers complete the survey as part of theiraysdysis for updating the TAMP. The
most important feedback for refinement came fropractitioner review panel which is
discussed below. While no substantive modificatiorere made to the tool itself, its
applications and the interpretation of its outpatvén evolved over time. This chapter
presents the final design of the TIRF with guidedinfor its implementation in
practitioner settings, enhancing the possible tytibf the tool in the transportation

industry.

5.1 Practitioner Review Panel
In order to strengthen the applicability of the IR practice, a practitioner
review panel was conducted in May 2015 in the fofra structured webinar discussion.
The objective of the TIRF Practitioner Review Pawels to obtain an evaluation and
useful feedback on the TIRF criteria categories tedpotential usefulness of the tool in

practice. The panel consisted of eight professsowho are currently involved in TAM
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implementation in state DOTs and other transpamatigencies — there were two DOT
representatives, five consultants from firms that lenown for their work in TAM and
TAM implementation, and one academic. The parglisted in Table 5.1, represent the
FHWA TAM Expert Task Group (ETG), the AASHTO Subcwmittee on Asset
Management, as well as the TRB Sections and Stgr@ammittees on TAM (ABC40),
Pavement Management (AFDO00), and Bridge Managerf/diD35).

Several of the

panelists have also participated in NCHRP projentsarious topics related to TAM.

Table 5.1 TIRF Practitioner Review Panelists

NAME AFFILIATION POSITION CATEGORY
Abhishek Agile Assets Product Manager Consultant
Bhargava
Jason Cambridge Senior Associate Consultant ABCA40;
Bittner Systematics Consultant
Jonathan Amec Foster Principal Consultant AFDOO;
Groeger Wheeler Consultant
Tim Henkel | Minnesota DOT Division Director, Modal AASHTO; DOT;

Planning and Program ETG
Management
Sam Labi Purdue University| Associate Professor ABCA40;
Academic;
AHD35
David Lee Florida DOT Administrator, Statewide DOT
Planning and Policy Analysis
J.P. O'Har Parsons Consultant ABCA40;
Brinckerhoff Consultant
Charles Agile Assets Senior Principal Consultant Consultant
Pilson

The online webinar began with a presentation on dherall research study
including a detailed explanation of the TIRF anck thesults of the case study

demonstrations. Following the presentation, patelihad the opportunity to ask
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guestions and provide comments on their initiactiea to the tool. In general, this
initial response was positive with comments offgrsuggestions for refining the TIRF
and enhancing its practicality; there were no m&sues raised regarding the criteria
categories or the usefulness of the tool. After webinar, a brief online survey was
distributed for the panelists to further corrobertite TIRF to capture their feedback in a
more accurate and permanent way. The four-questiorey began with a matrix of ten
statements that panelists were asked to indicae #greement with from “strongly
disagree” to “strongly agree”. Their ratings wassigned scores from one (1) to five (5)
with five being the highest (i.e. “strongly agree”Yhe survey, which was completed
anonymously, had a 75% response rate with no regpioom two of the panelists.

Table 5.2 shows the ten statements posed to ptneii this first matrix rating
guestion with the responses summarized. As shpamelists agreed and strongly agreed
that the TIRF isuitablefor DOTs and that the seven criteria categoriesnaportantfor
TAM implementation and areomprehensive In addition, panelists mostly agreed that
the TIRF isuseful for reviewing TAM implementation, that it will beffective for
improving TAM implementation, that it iapplicablein DOTs, and that it isomplete
Panelists were mostly neutral on whether oraautitional criteriacould be included, and
disagreed or strongly disagreed that dli¢put is misleading Statement nine on the use
of the TIRF in other transportation agencies wasdhly statement with some recorded
difference in opinion. While five of the six resmbng panelists (83%) agreed that the
TIRF could be used in other transportation agences panelist disagreed. The reason
for this disagreement is not evident from the piatislresponses to the last three survey
guestions; however, other panelists’ responsesgemome insight.
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Table 5.2 TIRF Practitioner Expert Panel Survey Qestion 1 (Matrix) Results

Strongly . Strongly .
, Disagree | Neutral Agree Weighted
Statement Disagree Agree
- Q) (2) 3 (4) 5) Average
. The TIRF is useful
for reviewing TAM 0 0 1 1 4 450
implementation (0%) (0%) | (16.67%)| (16.67%)| (66.67%) '
. The TIRFis 0 0 0 3 3
suitable for DOTs (0%) (0%) (0%) (50%) (50%) 4.50
. The TIRFis
effective for 0 0 1 2 3
improving TAM %) | ©% | @ | @w) | Gow | 33
implementation
. The seven criteria
categories are 0 0 0 1 5
!mportant for_ TAM (0%) (0%) (0%) (17%) (83%) 4.83
implementation.
. The seven criteria
categories are 0 0 0 4 2 4.33
comprehensive. (0%) (0%) (0%) (67%) | (33%)
. There are some
additional criteria 0 2 4 0 0
f[hat could be (0%) (33%) (67%) (0%) (0%) 2.67
included.
. The TIRF output
provides misleading 1 5 0 0 0 183
information (17%) (83%) (0%) (0%) (0%) '
. | can see the TIRF 0 0 1 4 1
in use in DOTs (0%) 0%) | a7%) | ©7%) | (17%) 4.00
. | can see the TIRF
in use in other 0 1 0 5 0
transpprtatlon (0%) (17%) (0%) (83%) (0%) 3.67
agencies
10.The TIRFis 0 0 2 3 1
complete (0%) o%) | (33%) | G0%) | (17%) 3.83
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The second survey question asked panelists: “wihgbd see as a strength of this
framework and tool?” Here, the general opinion Wasd the framework can be useful
for reviewing agency implementation progress andlwgp an agency determine how to

improve their TAM implementation. The commentdecied were as follows:

“Could potentially serve as an objective beacont thgencies can use to measure
the extent to which each different approach carmp tleém reach TAM maturity.
And therefore can help guide them on which onemntphasize for their unique
situations. By TAM maturity, | mean the situationene TAM actually becomes

applied in a manner that is meaningful and perpktua

“l really like your categories and the fact thatwyavent outside the immediate
area of TAM and looked at Change Management aner @teas like the medical

profession.”

“The framework touches on the main topics | sed WIOTs. It is useful to assess
overall TAM strategies, especially the "soft" simleTAM including dedicating

resources, changing culture, etc. This can be & useful tool”

“Snapshot look at judging implementation progres$ikelinood of success.”

“Useful in review DOT TAM implementation; DOT's adeveloping TAM's and

implementation processes. As DOT's update their '$Add implementation
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process they can critically assess the status aedds to enable focused

improvement in areas of need.”

“Appears to be very detailed.”

Similarly, the next survey question asked panelisighat do you see as a
weakness of this framework and tool?” Here, noomayeaknesses were identified;
however, panelists gave useful suggestions foramipg the use of the TIRF output to
enhance its applicability. The refinement issuassed included making a clear
distinction from the existing TAM-related tools, expfically the AASHTO Self-
Assessment and the Gap Analysis tool, identifyiagpmmended strategies to address
each of the TIRF criteria categories, and providsogne direction on how to prioritize
the category areas for improving TAM implementation

An important point raised in a comment was thatnages may be able to
successfully implement TAM (and presumably susth@&ir program) even if the factors
that form the foundation of the TIRF are not altebsed. Ultimately, the TIRF as it
currently exists is not meant to be evaluativea way that tells agencies to what extent
their implementation will be successful. Furtherejothe number of categories
addressed cannot be interpreted into a measurepbémentation success without further
research and development of the tool. As suchyrethe no suggestion that
implementation success will be hindered by a lomenber of categories addressed. The
TIRF simply highlights areas where improvements bammade, if desired. However,
based on the findings from the literature revietvjsi fairly unlikely that a change
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implementation process like TAM program implemeiotatwill be successful, in terms
of program sustainment, without addressing at lemst of the social capital factors
included in the conceptual framework.

Another substantive issue raised in response tgukstion on weaknesses had to
do with the applicability of the TIRF to other nbighway transportation assets. While
this comment was not made by the same panelistdiagreed with the use of the TIRF
in other transportation agencies in the matrix gaes this comment provides further
insight on the types of agencies that the framewoaly not apply to. Ultimately, since
the scope of this work was limited to DOT highwagets, this particular comment was
not incorporated in the refinement process. Howeed other issues raised were
addressed in the final design of the TIRF. Themamis collected on weaknesses of the

TIRF were as follows:

“No major weakness. One minor thing is that: | thithat this is actually a HIRF
not so much a TIRF. In other words, what you haag not be readily applicable
to the management of other transportation assessgit, marine, aviation, etc.)

... but might be applicable to TAM in those modés a few tweaks.”

“l think that you need to firmly distinguish it im0 the existing gap analysis and
self-assessment tools by emphasizing that it isskxt on sustainability within the
organization. | do think that based on your reséargou could probably really

contribute by giving specific recommendations facheof your categories so that
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when/if a state sees that they are lacking in antyhe categories, they can look to

your work to get concise recommendations abouttocaddress these areas.”

“The framework is solid. However, today's DOT TAMsét Managers are
usually new to their jobs and come from differegpaltments of the agency with
varying levels of knowledge WRT TAM. They are Wsualerwhelmed with
educating themselves on TAM as well as startingorganize the DOT to
implement TAM. Therefore, it would be very usdftihére were some strategies
to address the shortcomings that are identifiecbtigh the TIRF process. What

does the agency do next once presented with thég@s

“Variation in state DOTSs -- some will be able tdljumplement even if they don't

have all of the elements in place.”

“The research would be improved if it could studydadocument "the alignment
of TIRF strategies and the AASHTO Maturity Scakdso, the research could
benefit from a description of category "priorityt tranking" to aid DOT efforts

to plan for improvements in TAM implementation pss’

The final survey question simply asked panelistsptovide any additional
comments they may have. Here again, commentsgedwere mainly towards ways to
refine the TIRF, reiterating previous suggestiansnbike clear distinctions from existing
tools and to provide a list of recommended stra®ego address each category. Again,
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panelist feedback supported the usefulness andtappity of this work and the resulting

framework and tool. The comments collected wer®kbsws:

“Glad that you explained clearly the difference ween TAM and TAM

implementation, particularly with regard to AASHEGelf-assessment tool and
TIRF. Would be useful to identify any paralleldrconsistencies between the two
even though they serve different functions. Alsy, synergies between the two
could be identified and exploited in your framewaik that the agency would
avoid duplication of its self-evaluation effortstivregard to TAM elements and
TAM implementation. Keep up the good work. We lookard to seeing and

using your final product.”

“I like the idea of a publicly available list of iBtegies and information as to how

each does or does not contribute to the categofibat way a state can go and

look for strategies to address specific categoties.

“This is very good work and should be useful to BOT

“Thanks for your work to improve TAM implementation

“Great presentation in a short time period and alsly a significant work

effort.”

185



Overall, this feedback from professionals who h#we practical experience of
implementing TAM programs in state DOTs and in otin@ensportation agencies strongly
supports the conceptual basis of this researchysind the framework developed to
guide a review of strategies that can enhance TAfMgnam implementation for
sustainment in the business processes of state DOMis very relevant response from
practitioners corroborates the TIRF, while suggestsome useful opportunities for

refinement to improve its applicability and usefkss.

5.2Final TIRF Design & Guidelines for Use

5.2.1Summary of the TIRF Tool

The Transportation Asset Management Implementaft@view Framework
(TAM-IRF or TIRF) is a diagnostic tool that guidesate transportation agencies in
conducting a systematic review of their TAM implertagion approach to produce
descriptive results on how the approach leans thplementation process toward
sustaining TAM programs in the long-term. The fidasign of the tool is a Microsoft
Excel worksheet, shown in Figure 5.1, in which #jieeémplementation strategies are
identified with their observed or expected impaotd are then systematically reviewed
using the GLACEAR methodology. An implementatisgstrategy” refers to a specific
activity or action taken towards TAM implementatiowhile the implementation
“approach” is the compilation of all those actiegi which would define the agency’s
general plan of action towards implementing TAMheTGLACEAR methodology asks

the question “does the implementation strategy esfdthe criteria in the X category?”
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where X = Guidance,Leadership,Applications, Culture, Employees,Alignment, or

Resources.

Figure 5.1 Screenshot of TIRF Excel Tool

The primary observed or expected impact of eachtegy can help trigger the
determination of which criteria or categories adelrassed by each strategy. For a
strategy to address any single category, it musttnae least one of the criteria as
described in Figure 5.2. These criteria are codedthe spreadsheet as comment boxes,
as shown in the screenshot in Figure 5.1, whicleapphen the corresponding category
title is selected. To indicate a “yes” respongspondents enter the letter “Y” in the

appropriate box which then turns red.
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Strategies that
meet the
Guidance
cafegory..

ensure that TAM 1x reflected in major agency policy documents.
explainwhere TA LM fits 10 a Zency [rosranuing,
Lprovide darity on how gtandard operating procedure: (SOPg) should change toincorp orate TAM.

oprovide dear guidelines on how dedsion making should change, including explanations of risk
analyis,

Strategies that
meet the
Leadership
categorv...

cllusirate supponl and connniinrent Gom upper-lev el employ ees, wana gemnent, and exeounlives.
censuretotal agency reprezentation in the TAM governing structure.
Lpromote accountability far the TAD governing strncture.

reduee chances of diminizhing support due to leadershyy changes.

Strategies that
meel (he
Applications
category...

dntroduee TAR ito carablished decizion-making procesacs,
dncorporare clear metrics and expected outcomes {goalstargets).
_utilize decigion-making (uestions that require reference to data.

—promate decision = bazedon management sy stems

Strategies that

meet the Culture

category...

dearly communicate TAM goals and applications throughoutthe g cency.

promaote auniform TAM language.

opromote along-term agency foons.

Strategies that
meet the
FEmployee
category...

expandworldorce capacity with respect to TAM,

Lpromate emploveeunderstanding of their role in nging TAL or how their job changes: to
incorporate TAM.

_darify expected outcomes or benefirg of TALL to emplovees.

Strategies that
meet the
Alignment
categorv...

...create clear links between TANM andagency suteomes'goals

cdncorporare TAM into all agpects of progranuming (capital-side, maintenance, etc).

...create connectionsto customer zervice.

Strategies that
meet the
Resources
cafegory..

...allocate financial rezources to TAR development and implementation.
...commniit human resonrces efficently towar de TAM programming,

_.pricritize and enhance datamanagement.

Figure 5.2 TIRF Systematic Review Criteria
188



5.2.2Guidelines to Use the TIRF in an Agency

Prior to using the TIRF, the agency must deternwhether the purpose of the
review is to look back on the implementation apphlaor plan for future
implementation. In either case, the general postsps will remain the same but the
output should be interpreted in a forward- or bamtdalooking way (i.e. this is what our
implementation approach does, or this is whatntaa).

While the TIRF spreadsheet can be completed bypengon in the agency, it is
recommended that a group of employees that arelglas/olved in the management of
the TAM implementation process gather to complag review in order to reduce the
possibility of bias or over/under reporting. Ind&tn, some participants should have
had a relatively long tenure in the agency, wheossible, to be able to capture the
impacts of any earlier efforts of TAM implementatiparticularly for those agencies that
formally adopted TAM prior to 2010. The review slobbe conducted in the form of a
three-session workshop where methods are emplayembtain consensus on a valid
representation of the agency’s TAM implementatigpraach. The sessions can be
conducted at once on the same day, or broken opdifferent days. The flowchart in
Figure 5.3 below illustrates the workshop formad arocess.

The workshop facilitator should be well-versed e {TIRF and its use as they
will be responsible for leading the group to use tbol in the most effective way. Before
the workshop begins, its purpose should be explaized background information on the
TIRF similar to the summary in Section 5.2.1 shohéd provided to the participants.
After questions are clarified, the workshop shobégdjin with the initial group session

which involves three steps.
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Review
Session

Farmat 1

Identify strong and
weak emphasis
areas.

Final
— Group

: Session
Brainstorm

strategies that can
address weak
emphasis areas.

Figure 5.3 TIRF Workshop Format and Process Flov
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The first step is to brainstorm implementation tefgées (past or desired — depending on
the focus of the review) to be entered into thst fantry column in the Excel worksheet.
As these entries are made, an identification numlileébe automatically generated in the
tool and the TIRF category cells that corresponth whe strategy row should become
yellow. When the list is complete, the workshopdehould facilitate an open discussion
to determine the observed or expected impacts atmbimes for each strategy. Where
multiple impacts exist for a single strategy, tmenary outcome should be documented.
The third step in this initial group session isd&iermine how consensus will be defined
for the workshop. The minimum requirement for @rsis is 51% of the workshop
participants. However, agencies may decide toyaggiligher level of consensus either
by using a minimum number of people who find agreetnor by using a higher
percentage of the workshop participants who fincc@gent.

The second workshop session is the review sessmchvean take two formats.
In the first format, individual participants condube systematic review of the strategies
listed in the first session using the GLACEAR melblogy, and indicate their responses
for each strategy and each TIRF category usingtineect syntax. Anonymous results
are submitted to the workshop facilitator who themsolidates the reviews into one
worksheet, including all “yes” responses and intiincathose where consensus was not
achieved. Participants then use this consolidatedut to conduct a second iteration of
the individual, anonymous systematic review indigatif and how their initial review
changes. This process of iterations should beatedauntil consensus is maintained, that

is, until the consolidated output remains the séonéwo iterations.
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The second format for the review session involvegr@up-based systematic
review using the GLACEAR methodology but in an opgiscussion format. The
workshop facilitator leads this step, posing theew question to all participants for each
strategy and each TIRF category. Once the iniéalew is complete, each participant
conducts an individual review of the output, anooysly identifying areas of
disagreement and/or posing questions on the retoethe group. The workshop lead
then facilitates an open discussion of these pahtisagreement and questions, making
changes to the initial review output as necessargrbduce a new systematic review
output. Individual reviews are then repeated tentdy any further questions or
objections, and the cycle is repeated until consemsmaintained, that is, until the output
remains the same for two iterations, or until thare no disagreements or questions
raised. To manage group dynamics in this secomddt the workshop facilitator may
use a system of voting during the open discussamlsgroup reviews, where majority is
the level of consensus that was initially deterrdine

In the third and final workshop session, the systireview output should be
provided to all participants with strong and weakphasis areas identified. In viewing
the output, workshop participants should brainstammplementation strategies that can
address the weaker emphasis areas to generate mecml®ad areas to focus the
implementation effort. However, it is recommendledt this brainstorm session should
not include any prioritization of the strategies]ass additional insight is available from
a self-assessment or gap analysis of the TAM progoa from other evaluative methods.

Ultimately, the workshop will allow the agency taue a more comprehensive view of
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their TAM implementation approach, and provides thgportunity to enhance the

approach by considering strategies that can inflegmogram sustainment.

5.3 Evidence-Based Database or Catalog of ImplementaticStrategies

So far, the extent of incorporating the evidenceeba principles that were
discussed in Section 3.2.2 has been limited tausigeof the systematic review that is the
central concept behind the TIRF. As previously tizered, the second important
component of evidence-based design is evidenceityual Using the TIRF in
transportation agencies for the TAM implementatoocess, evidence of whether or not
an implementation strategy addresses a factor aates based on self-reported
descriptions of an agency’'s experience; the TIR&mbBwork and the GLACEAR
methodology facilitate the documentation of thig\pplying Amekudzi and Smith-
Colin’s (2012) definitions of strong, moderate, anthimal evidence to the TIRF, quality
evidence (or evidence level) is defined based enattcumulation of experiences from
different agencies. In other words, where multgdencies employ the same or a similar
implementation strategy and indicate similar outpat the review, evidence that
practitioners believe that the strategy addresbkescategories indicated is stronger.
Alternatively, if a strategy is used by multipleeagies with different results in the
review, evidence that practitioners believe tha $itrategy addresses the categories is
moderate. Finally, where an experience with anlemgentation strategy is documented
only by one agency or where multiple agencies predlifferent review output, evidence
that practitioners believe that the strategy casresb the categories indicated is lower.

In any of these cases, the experiences of diffexgahcies must be consolidated in order
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to understand how implementation strategies carreaddthe program sustainment
factors.

Compiling the experiences of different agenciesudoented in the TIRF will
result in a catalog or database that includes thigetse of TAM implementation
strategies that have been used in the transpartagjencies that apply the tool. This type
of repository will hold a significant wealth of mimation which will be highly valued
among transportation agencies. Generally, agetess from each other formally and
informally, for example, over informal conversatsobased on the catalog, or through a
formal peer exchange. A TIRF catalog of implemgaota strategies will provide a
central location for documented implementation elgmees that agencies can access to
facilitate effective knowledge sharing and posstielehnology transfer. Ultimately, the
catalog can be indexed by agency, by strategy keday@and by the TIRF categories
addressed. With this type of information and otiene as more experiences are
accumulated, clearer indications of which strategiee reported to address the specific
categories can be mined which can then assiseifirthl brainstorming step at the end of
the workshop recommended in the implementationedines (Section 5.2.2). While this
catalog requires further development of an intexfabe current study has provided a
foundation based on the three case studies corbuciiéis foundational catalog is

provided in Appendix A.
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CHAPTER 6: DISCUSSION OF RESEARCH FINDINGS

The previous three chapters described the corei®fésearch study which is the
design and development of the TAM Implementatiowi®e Framework (TIRF) based
on the findings from the exploratory literature ie»v and the results of a demonstration
of its use in three case studies. This sectieaudises the major findings of this research
project from the conceptual research, TIRF develamnand design, and the application

demonstrations.

6.1 Findings from the Exploratory Literature Review

In the exploratory literature review effort, the imagoal was to distill those
factors that can influence the likelihood of TAM pteamentation processes achieving
high penetration and program sustainment in an@geiihis was in order to develop a
taxonomy that would form the foundation of the feamork to guide the review of
implementation strategies. In reviewing the thioedies of literature, the following ten
factors were identified: (i) goals, expectationsd guidance; (ii) general resistance to
change; (iii) change implementation process; (ivaracteristics of the innovation; (v)
program flexibility and customizability; (vi) leadship and management; (vii) other
agency characteristics; (viii) financial resourc@s) human capital and other resources;
(x) external factors. These factors can be orgahinto three categories, according to
the domain of implementation that they addressdofain, adopted from Doyle’s work
in healthcare implementation research (Doyle et 2013) is an aspect of the

implementation process that will contribute to anpoehensive implementation of the
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program. The ten factors identified that can ieflce program sustainment mainly
address three implementation domains: the orgaoigahe people, and the program.

The organization domain includes everything that toado with the organization
as a whole, including its physical and non-physioflastructure, strategic goals, and
other corporate characteristics. The people donm@s to do with the individual
employees regardless of their level in the agebayespecially those at the frontlines of
TAM implementation. Finally, the program or inntiea domain considers aspects of
the implementation process specifically relatedT®M programs. For some of the
factors, it is difficult to make a clear-cut detenation of the applicable domain because
they touch on multiple aspects of the different dora. For example, while the “General
Resistance to Change” factor concerns the overgiianse of the organization, it also has
to do with individual employee response, which umsnation, makes up the overall
response. In the same way, while the “Change Im@lgation Process” factor sits
primarily in the program domain, it also has towlith employee participation in that
change process (i.e. the people domain). Figuteilbistrates the general groupings
determined, with intersections showing where factare applicable to more than one
implementation domain. Those factors that liehi intersection space are indicated with
an asterisk.

This domain concept makes it clear that the TAMadagm that has been applied
in transportation thus far can benefit from an esgoan to include and elevate the social
and organizational capital elements to the levahygdortance that has been accorded to

the physical and technical capital elements of TAM.
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Figure 6.1 Factors Categorized in Implementation Domain

While much attention h. been focused on the technical aspects of 1
implementation, that is, the management system daftware development an
applicationsand the technical methodor incorporating performaneegased TAM into
decision making, state DOTs can and should be¢ focus on developing the soc
capital that would contribute to TAM implementatiGuccessin terms o program
sustainment. Generally, social and organizaticagital should bformally considered
along with technical and physical capital in impétng TAM programs. The

AASHTO TAM guides sugge generalimplementation strategies related to social
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organizational capital with minimal detail; the THRpresents implementation factors that

are important for considering these concepts iroeemstructured way.

6.2 Findings from the TIRF development
The process of designing the TIRF combined the nakty developed in the
literature review with the results of the implensi@n expert panel. Ultimately, the
intersection of the results obtained from bothhefse steps provide mutually reinforcing
criteria that form the foundation for the TIRF; raitly does the literature propose those
factors that can influence program sustainmenhénimplementation process, experts in

practice identify them as well, based on their eigmees in the field.

6.2.1TIRF Category Weighting

What still requires clarification is an understargdof which factors are more or
less important, that is, a prioritization schemA&s previously discussed, an agency’s
context can significantly influence the implemeitiat process and can dictate what
implementation processes are likely to have morecessful outcomes in terms of
program sustainment. In the same way, an ageryisext may influence which of
these TIRF criteria categories may be more importdran others.  Different
organizational characteristics (size, structure.)etdifferent organizational settings
(political climate, external networks, etc.) angdcabifferent types of change (planned,
emergent, etc.) can influence how the factors dmut to more or less successful
outcomes with respect to TAM sustainment. Simylathe temporal context of the
agency will be important for determining the relatweighting for the TIRF categories:

factors that could be important at one time (foaraple, at the end of the fiscal year
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when agencies are tying loose ends) may not benperitant when the agency is at a
relatively “steady state” in its operations. A madistinct example of this temporal
influence on weighting relates to where the agesits/in terms of their TAM program
maturity. These context-sensitive consideratiores discussed in Section 3.3.2 with
recommendations on which categories are relativebre important at the different
stages of the AASHTO TAM Maturity Scale.

In light of these considerations, it is clear thia¢re is no generic formula for
weighting the TIRF criteria categories. To assiggights, agencies can consider what
would be most appropriate for their maturity andeithinternal and external
environments. Assigning importance to change dsiver specific implementation
factors has been explored in the literature with tise of broad surveys and statistical
regression or factor loading analyses. Xerri et(2014) examined the importance of
workplace relationships on attitudes toward orgatmnal change in engineering asset
management organizations in Australia. Their waskd an online survey and structural
equation modeling analysis to determine correlaticand significance of factor
relationships.  Similarly, van der Voet (2014) ledk at the extent to which
transformational leadership, organizational strieetand the type of change in question
can contribute to the effectiveness and specifiotychange management in public
organizations. This work studied an organizatiotlange that was occurring in the
Dutch public organization Urban Development Rotendalso using a survey but with
linear regression analyses to determine the relships between the factors and the

effectiveness of implementation for that particudantext.
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The concepts in these studies can be extende tOIRF categories and applied
in a broader way to determine weights. This cabdsed on an agency-wide survey with
data analyses to determine how important each @gtes for driving change or
influencing implementation success relative to pmog sustainment. The weighting
rationale should also involve the dynamics of therecy’s TAM maturity — conducting
additional case studies of agencies at differenMTAaturity levels (for the short-term)
or conducting a series of TIRF reviews, as in agiainal study, of agency
implementation approaches at different stagestfferlong term). Such an effort can
reveal trends related to which factors are empbdsa different stages of maturity to
inform weights assigned depending on an agency’® pAogram maturity. Ultimately,
the rationale used to assign weights should naidmeralized, but should be specific to

each agency based on their particular context ard

6.2.2Parallels and Synergies with Existing Tools
As described, the framework and tool provide soméctire for a state DOT to

conduct a systematic review of their TAM implemeiota process paying particular
attention to how their efforts can increase theliiflood for program sustainment in the
long-term. Ultimately, the TIRF output providessdaptive results that illustrate how
the agency’'s efforts lean with respect to progranstanment, in terms of the
implementation factors addressed. While this ckead systematic illustration of the
implementation approach can support future decss@mmimplementation investments, it
iS not meant to be prescriptive, in the sense tiatframework does not recommend
action in any one direction. In order to pull sfeadecommendations, the output from

the TIRF must be considered in addition to othesterg resources such as the AASHTO
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self-assessment and gap analysis tools. For erastphtegies that have been identified
in the literature and practice as influencing pawsgrsustainment that also have other
functions identified in the self-assessment and ayagdysis tools may fall out as priority
strategies for agencies that want to address thiiédd gaps while increasing the
likelihood of program sustainment.

The AASHTO Self-Assessment was first introducedthie 2002 TAM Guide
Volume | (Cambridge Systematics 2002) as a tool aredrcise to help an agency
characterize its TAM practices and identify speciipportunities for improvement.
Focusing on the actual TAM program, the exercises wasigned to help organize
thinking and develop consensus among top-level gemsaon how the agency can
structure an agenda for planning for TAM with theabof working towards “good asset
management” (Cambridge Systematics 2002 pp. 3#8)the 2011 TAM Guide Il - A
Focus on Implementation (AASHTO 2011), a Gap Analyeol is introduced which
goes one step beyond the Self-Assessment by pngvidi step-by-step method for
moving from a general action plan to hands-on immgletation. The purpose of the gap
analysis is to determine the areas of the agendyM program that require
improvement and how they should be prioritized. e Thain distinction between these
two tools and the TIRF is that the former addresprovements to doing TAM with a
focus on the processes involved in applying assatagement principles to decision
making, while the latter addresses the TAM impletagon process, that is the activities
that set the stage for TAM principles to be apptiediecision making. Furthermore, the

TIRF has a greater emphasis on the social and izajammal aspects of asset
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management, as opposed to the technical processasdad, which are emphasized by
the two AASHTO tools.

The Self-Assessment tool is organized around the fey areas of TAM
identified in the AASHTO TAM Guide [: (i) policy, @pls and objectives; (ii) planning
and programming; (iii) program delivery; (iv) infoation and analysis. A total of 55
declarative statements are categorized in these fimctions to which respondents
indicate whether they strongly disagree - assignedlue of one (1) - or strongly agree —
assigned a value of four (4) — and everything itwken. According to the TAM Guide,
top-level managers should complete the assessnaiaidually with responses compiled
and discussed. In this way, the results presemdication of how these managers view
the agency’s performance of each function.

Along the same lines, the Gap Analysis tool conswés scores for over 250
individual questions that can be aggregated bysassent area, category or element. The
six key assessment areas include the same four thhlenself-assessment in addition to
life-cycle management and TAM, and legislative ctanre. According to the TAM
Implementation Guide, the Gap Analysis can be cotailiby anyone with some level of
understanding of TAM. Results from this tool aceres of the actual performance of the
agency in the six assessment areas compared itgea peerformance that is also assigned
a score, using a scale of one (1) to ten (10) dgded with the TAM Maturity Scale
from initial to best practice. With a weightingopocol as an input to the tool, the Gap
Analysis allows for the prioritization of identifleareas of improvement.

Similar to the Self-Assessment, the TIRF illustsate view of the agency’'s
performance towards each implementation factorgecagethat is important for program
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sustainment, but with a different syntax for coniplg the exercise. Unlike the Gap
Assessment, however, the tool does not incorpaatesighting protocol. In contrast
with both AASHTO tools, the use of the TIRF needt me limited to top-level
management or even to one person, but can, anddshaciude all employees who have
played significant roles in the implementation @ss (for example, any who are part of
the governing structure). In this way, consensas ®e achieved based on a
consolidation of individual views.

Ultimately, all of these tools are diagnostic, gatiag an overall impression of
an aspect of an agency’'s TAM program and providangioundation for further
implementation of TAM by identifying priority aredsr improvement. However, while
the TIRF provides a snapshot of the agency’s TANdlementation process and how it
leans with respect to longer-term program sustammthe other two provide an
understanding of the agency’s TAM program. The &gsessment areas in the AASHTO
tools do not directly incorporate the social andamizational capital elements that are
reflected in the TIRF, however, many of the quesi@lso referred to as criteria) in the
Gap Analysis inherently reflect and ultimately,ongorate ratings of, the more social and
organizational aspects of TAM programming as thedgte to the processes and tools for

applying TAM principles in decision making.

6.3 Findings from the Case Studies
The case study reviews provided demonstrationsiefapplication of the TIRF and the
type of output that can be obtained from its uAdarief analysis comparing the results of
each case study was discussed in Section 4.5;séuson extends the discussion by

applying the concept of an evidence-based datatrasatalog of strategies presented in
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as discussed in Sectidn3. The findings discussed here are examples of the of
analysis that can be conducted when the TIRF id usenore agencie Altogether, the
three case studies compile2 strategies for the agencies; there were two sies
common to all threegencies ansevencommon to two agencies. Out of thcine,
there was alignment in the TIRF categories (thathis same categories were indid)
for five of those strategies (see Appendix Note that for this discussion, thc
common strategies we kept separate since they are entries from difteagencies
Nonetheless, from all 7&rategies, each of the TIRF categories was adeltdsgat leas
one strategy. The distribution shownFigure 6.2 illugrates that the lowest number

strategies addressing a category is 17 for thenflignt category

o
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Applications
Culture
Employees
Alignment
Resources

Figure 6.2 Number of strategies addressing each TIRF categofyom all case
studies
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Similarly, the highest number of strategies addngsa category is 45 for the Resources
category. The strong emphasis on committing ressuand establishing leadership with
the least emphasis on comprehensive alignment eftettion in culture illustrated here
is reflective of Table 4.2 where categories wenekeal. This information could be
interpreted to mean that these agencies have unkglywprioritized certain categories
above others in the implementation approachesatrttiey simply are better informed of
how to incorporate strategies for some categones others. In either case, this type of
data and analysis has the potential to illustrabev ithe industry is approaching
implementation, once a mass of similar data isectdld from all agencies.

Out of the 72 implementation strategies listedtiigrthree agencies studied, about
49% address more than two of the TIRF categoridse histogram in Figure 6.3 shows
the distribution of the number of categories adskdsby the strategies identified in the
case studies. As shown, while only one strategyrems$es all seven categories, the
greatest number of strategies (26) addresses tigga@es. This shows that many of the
implementation strategies employed by these agerdonewell to address those factors
that have been identified as important to ensuaettite TAM program is sustained in the
long-term.

As previously stated, the use of this databasenplamentation strategies can
assist in identifying specific strategies to addréise different TIRF categories if an
agency wishes to do so. That is to say, agenaiesincover additional strategies to use
in addressing any one category by exploring thermétion from other agencies

documented using the TIRF. It can also help agsna identifying strategies that hit at
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multiple categories, i.e., sustainm-heavy strategies in the implementation proce

This listing of strategies to address each caterg provided inAppendix C.
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Figure 6.3 Histogram of number of TIRF categories addressed bymplementation
strategies from case studies

If this relationship between agency implementastmategies ar categories addressed
taken a step further, it is possible to align tbgat from each agency with a certain le
of TAM program maturity according to the AASHTO TAMaturity Scale. For th
three agencies studied, conclusions can be drawingj treir maturity to their outpu
however, generalizing this information may be nadiag sincethe data is limite. In
addition, representatives indicated that they heatemeasured their maturity against
AASHTO scale. Once a significant number of ency experiences at different levels
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measured maturity are collected, this type of aislwill become meaningful, possibly

linking the levels on the AASHTO maturity scalethe@ implementation categories.

6.3.1Generalizability vs Transferability

At this point, it is important to address the geatieability and/or transferability
of this research study and particularly the casdystiemonstrations. Generalizability
refers to the ability to extend findings and cosaas from a sample to the entire
population (Barnes et al. 2012) or the externabhitgl of applying results to new settings,
people, or samples (Creswell 2009). Burchett.gR8l11) further define external validity
as the “potential for a study’s findings to be gafized from one sample or setting to
others” (Burchett et al. 2011 p. 238), or the “likeod that a study’s findings could be
generalized to other (unspecified or more genexamples or settings” (Burchett et al.
2011 p. 239). These definitions place emphasitherextension of research findings or
evidence to a generic population or sample. Tkisthe main distinction with
transferability, which emphasizes the extensionfinflings of a research study or
evidence generated to a specific population oingett Transferability is defined as the
“likelihood that the study’s findings could be reglted in a new, specific setting (i.e. that
its effectiveness would remain the same)” (Burchedttal. 2011 p. 239). Unlike
generalizability, transferability does not involbead claims, but invites the audience or
reader to make connections between the researckhaimdexperience in order to make
extensions (Barnes et al. 2012). In most litemgtiransferability is often linked with
applicability, which is the likelihood of succesbyumplementing research findings in a

new, specific setting (Burchett et al. 2011).
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Ultimately, while both generalizability and transdbility allow for comparisons
between different scenarios and situations, thaiplications are different. Burchett
(2011) argues that while policy decisions are comignanformed by looking at research
conducted in other settings, decision makers apécdily more concerned with the
applicability and transferability of a study to ihspecific population or setting, than
generalizability to a broader context or wider isgtt Transferability suggests that
individual, context-based practices can be develoijpe a new setting based on the
findings in the initial setting. For studies thavolve social components, transferability
may be more applicable due to the unique and ungtadde nature of social outcomes,
however the degree of generalizability or trandfgity is ultimately a direct function of
the similarities between contexts (Finfgeld-Con2€xt0).

Understanding a study’s generalizability or trarebdity is essential for
evidence-informed practice. While the foundatioeahcepts in this work may be
generalizable based on the extent of the prior atimg research, the application of the
TIRF and the case study demonstration outputsiangl\stransferable. The size of the
sample of DOTs studied does not allow for makingalr claims about TAM
implementation; however, the TIRF could be appliedother agencies which could
eventually inform valid generalizations - reseahnels proposed that case study results can
be generalized to some broader theory with thetiaddof more cases (Creswell 2009).
Outside of making those eventual generalizatidns,true that in some fields, qualitative
research is viewed as weak in terms of transfetal{iMisco 2007); however, there is
much to be said for allowing a reader to find ral@vpatterns and similarities that can
help explain their experiences.
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6.3.2Potential TIRF Applications in Practice

While this study began mainly on a theoretical ootithe conceptual framework
developed out of the findings of the literatureiegwv and the resulting tool have some
very important applications in the practice of ass@nagement in the transportation
industry.  With transportation agencies in the mid$é responding to the TAM
implementation requirements mandated in the MARe2leral legislation, it is important
for them to identify how to leverage and improve tmplementation process to increase
their likelihood of developing sustained TAM progrs, in order for many of the long-
term benefits to be realized. There are three reaisting platforms that have been
identified to facilitate the use of the TIRF to impe TAM implementation.

According to the FHWA Proposed Rules (FHWA 2015)at& agencies are
expected to update and resubmit their plan devedopnprocesses and statewide
infrastructure evaluation every four years from thaial submissions. Two of the
agencies studied in Chapter 4 indicated their eh¢ac update their TAM plans on a
biennial cycle. In either case, these schedulethi@és provide an opportunity to use the
TIRF tool to illustrate an agency’s implementatiapproach with respect to the social
and organizational aspects of implementation, iflehbw the program is leaning with
respect to long-term sustainment, and further ilenthere improvements can be made.
Viewed in context with any self-assessment or gegdyais efforts that are conducted and
updated regularly, this bundle of tools will progid more comprehensive illustration of
the state of an agency’'s TAM program, identifyingeas of strength, possible
weaknesses, and opportunities for improvement.this way, the TIRF is useful for
reviewing, but also for planning the progressiomfagency’s implementation approach.
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As previously stated, continued use of the TIRH mult in an accumulation of
experiences in TAM implementation as it relates pawgram sustainment. The
importance of such a database cannot be understatdétet AASHTO TAM Portal
(AASHTO 2015) is a similar catalog that organizeside range of resources related to
TAM in order to provide practitioners with easiarcass to information from multiple
sources. The Portal houses a wealth of informatiomesearch and literature, agencies
TAM plans from around the country, and even evegltsted to TAM that are all indexed
by type of resource, asset class, resource topicagency type. As a resource that exists
to enhance TAM implementation efforts, the TAM Rbmvill benefit from the type of
evidence-based database that can be developedcantinued use of the TIRF. The
database would house descriptions of agency steatelp implement TAM with
indications of how those strategies have addresisedfactors that are important to
program sustainment summarized in the TIRF categdisee Appendix A), increasing
the extensiveness of information shared betweettipomers on TAM implementation.

In the application of evidence-based practice, tiRF methodology applies the
use of a systematic review dubbed GLACEAR to distild document evidence that
practitioners believe that implementation strategised by an agency can enhance the
likelihood for TAM program sustainment by addregsthose factors that can influence
program sustainment. Accumulation of similar eigrares will begin to reveal strategies
that are believed to more likely enhance the implaetation process by addressing the
program sustainment factors captured in the TIREgmaies. In this way, agencies can
learn from the experiences of others and, in adezwde-based way, consider applications
of similar strategies in their own contexts. Ag#nd of the day, the documentation of all
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evidence regardless of how many agencies haveasimiperiences provides a platform
to facilitate an exchange of information betweerraiges. AASHTO- and FHWA-
sponsored Asset Management Peer Exchanges (PafRabeit 2012; Park et al. 2013,
2014) have provided an opportunity for agencieshare their practices in TAM, while
learning from others, allowing for feedback as vesllbrainstorming on future action. In
this setting, the TIRF has the ability to enhafeeknowledge-sharing process, providing

a standard structure and format to review an agemtyplementation process.

6.4 Findings related to the Research Goals and Scope

From the beginning, the goal of this exploratorgeach study was to examine
TAM implementation in state DOTSs, paying close rtiten to how specific actions in the
implementation phase could contribute to prograstasnoment in the long-term. The
scope was focused on implementation as it relateee TAM plan and other guidance
documents, the governing structure and actors,nagtthods of incorporating TAM into
decision-making processes, which are topics witdmmnent knowledge gaps and little to
no peer-reviewed literature as evident in genemalrhs on TAM implementation where
guestions continue to be raised. While the objeatif the dissertation was to develop an
approach to guide a review of strategies or int@ieas that can enhance TAM program
implementation for sustainment in the businessgsses of state DOTs (which has been
accomplished in the previous chapters), it is sBltessary to address those questions that
explain the knowledge gaps with respect to guidalo@ments, governing structure, and
decision-making processes. These findings are pbemmof the broader and more

generalizable conclusions that can be drawn whed IRF is used in more agencies.
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6.4.1Guidance Documents

The TAM mandate in MAP-21 is for the developmend amplementation of a
risk-based asset management plan which is a doduthetailing “strategies leading to a
program of projects” (U.S. Congress 2012 p. 30} wauld make progress toward the
national goals. The legislation specifies andslibie minimum contents of a TAM plan
which are further explained in the FHWA proposedemaking. Before MAP-21,
however, a number of agencies had already develdpdd plans based on guidance
from the published AASHTO TAM Guides (AASHTO 201Cambridge Systematics
2002). Although these resources for developing Tgllhs lay out similar guidelines, a
brief review of the plans from those agencies Wte pro-active in adopting TAM prior
to MAP-21 revealed several differences in theiigles

Even with MAP-21 as the rule of the land, agen@nplthat are currently being
developed or have been developed over the pasgdare maintain unique differences as
seen in the cases studied. One key observatitve @mbiguity between a TAM plan and
a TAM implementation plan. Agencies like the thretedied have TAM guidance
documents that have evolved over time, reflectingations of an implementation (or
action) plan and a distinct, comprehensive, foundat plan that may incorporate the
action plan. Some agencies also include additiagmauments like GDOT's TAM
communications plan or CDOT'’s Policy Directive 1dltimately, it is clear that there is
a distinction between these documents, and agea@ashoosing to use them in different
ways.

From the case study reviews, there were 26 stegegtlated to guidance
documents. As shown in Figure 6.4, most of thdasstegjies address the Employee
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Awareness and Understanding tegory, with the least number addressing

Comprehensive Agency Alignment category. This sstgthat for these agencies,
TAM implementation approach as it relates to gumadocuments leans more towa
addressing employee understanding of TANompared to comprehensive agel
alignment. The fact that the Guidance and Expectaicategory, which directly refers
documentation, is not the highest represented catdtere suggests that these ager
could perhapslo more with their guidance cuments to create a clear and streaml
perception of TAMclarifying that expectations related to standard operatinggghares
changes to decision making, and the other criiarthe category ardocumented in th

agency’s guidance docume.

Guidance
Leadership
Applications
Culture
Employcces
Alignment
Resources

Figure 6.4 Number of guidance documer-related strategies addressing each TIR
category from case studies
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From these reviews, additional observations canmaele on which specifi
strategies address theost factors related to program sustainmeFigure6.5 presents a
histogram of the number of TIRF categories addckdse guidanc-related strategie:
most of the strategie® (or 35%) address only two of the egories, while the lowe:

number (3 or 12%) address five categories, whi¢thasmaximum number address
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Figure 6.5 Histogram of number of TIRF categories addressed bguidance
document-related strategies from case studies

The three strategiethat address five categoricare: (i) aninterim TAM guidance
documentprepared while the final plan was in developmeiy;tile use of formalize
TAM policy; and (iii) the use of a performance mgementimplementation plal
describing steps for establishing performance nreasuAn agency looking to enhar
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their implementation process, especially where gquie documents are concerned, may
be better off considering one of these optionsp@sosed to other strategies that only

address one category in order to increase thegrano's likelihood for sustainment.

6.4.2Governing Structure

MAP-21 makes no recommendation or generalizatioha¥ an agency should
adapt its organizational characteristics or creategoverning structure for TAM
implementation. In fact, there is a general undeding that TAM programs and their
related structure should be adaptable and shouhdplement the characteristics of
individual agencies (AASHTO 2011; Cambridge Systirsa 2002). This is
understandable given the variety in the structerdiure and business processes of
different state DOTs. From the case studies, tiverre 22 strategies identified related to
the TAM governing structure. As shown in Figuré,@ll but one (95.5%) address the
Leadership category while only two (9%) address&pplications category.

This suggests that the strategies these agencresadapted towards establishing
a governing structure for TAM address those fact@iated to leadership that can
influence implementation for program sustainmenthsas executive-level support,
accountability for leadership, total agency repnéston, and reduced opportunities for
diminished support with changing leadership. Feg@r7 is a histogram depicting how
the implementation strategies related to goversingcture address the TIRF categories
and showing that nine of the 22 strategies (41%lrex$ only two of the categories.
About 40% of the strategies address three or mategories, and in fact, only one is

reported to address all five, six, or seven TIRfegaries.
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Figure 6.6 Number of governing structure-related strategies addressing each TIR
category from case studies
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Figure 6.7 Histogram of number of TIRF categories addressed bgoverning
structure-related strategies from case studies
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The one strategy that addresses all seven is CD@SE®f asset managers in all
pertinent agency divisions. This use of individaabject matter experts in all relevant
divisions is similar to a strategy also adopteddOT; however, their review identifies
only two categories as being addressed. While dlssrepancy seems to highlight a
limitation in the application of the TIRF related tifferences in interpretation of the
factors or simply human bias, there are a numbealkd reasons. First of all, the GDOT
strategy is listed as “asset ‘champions’ (subjeatten experts) evaluate risks to establish
funding scenarios” while the CDOT strategy is listas “use ‘asset managers’ in all
divisions”; if the GDOT use of champions is stiyclimited to their evaluation of risks,
the strategies are effectively not the same. S#gpif the strategies are determined to
generally be the same, there could be differencehair relative effectiveness in the
agency. In either case, this would present an plamf minimal evidence that
practitioners believe that this strategy addredfisedactor categories selected. This can
inform the adoption of this particular strategyainy other agency that does not already
use this governing structure.

There are two other governing structure formateatd in the TIRF application
that combine the guidance from the AASHTO guided BIAP-21. Both TAM guides
recommend assigning the overall lead responsimlitf AM program development and
implementation to one person to allow for contipueind clear accountability with
supporting group structures. The most prevalemosipe option to this is to assign a
group of employees with responsibility for implertiag TAM. While all three case
study agencies utilize some form of team leaderghimanaging the TAM program,
whether a Task Force, Working Group, or Committe®, of them also have champions
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appointed for TAM implementation. In addition, orsgency has a department
specifically established to facilitate TAM implentation and programming. For all
three, their TAM governing structure reflects a domation of these four formats — an
overall champion, a specifically appointed departiman inter-division team leadership
structure, or individual asset champions. With thmeémber of cases studied, no
generalizations can be made on which structure ahgseater influence on program
sustainment. Here again, with accumulation of @epees in using the different
strategies, the evidence that practitioners belids a strategy addresses particular

categories will begin to show.

6.4.3Decision-Making Processes

What is arguably the most important element of TAfplementation is the
actual incorporation of TAM into decision-makingopesses. Even with a TAM plan
developed and a governing structure establishedagamcy cannot claim success in
implementing TAM without evidence of TAM principleis its business processes.
Nevertheless, out of the three existing sourceguadiance for TAM, only the second
AASHTO guide provides detailed discussions on thec@sses and tools for “doing”
TAM. All the same, there were 26 strategies ideattifrom the case study reviews for
implementing TAM in the agencies’ decision-makinggesses. As shown in Figure 6.8,
the majority of these (21 or 81%) address the Agyapions in Decision Making category
of factors, as would be expected. This meansniust of the strategies implemented that
have to do with decision-making processes prometgsins based on management

systems, utilize decision-making questions thatuireqreference to data, incorporate
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clear metrics and expected outcomes (goals/targetsyomehow introduce TAM ini

established processes. These are the criterie iApplications categot
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Figure 6.8 Number of decisior-making implementation strategies addressing eac
TIRF category from case studies

Similar to the strategies related to guidance damismand governing structure, a clo
look at those implementation strategies ed to decisiormaking processes genera
the histogram presented Figure 6.9 showing that most of the strategies (10 or 3
address two categories, while eight of them (3186lress three categori  Altogether,
just over 50% of the strategies related to dec-making processes address three
more categories, but none address all seven cadsg The twostrategiesthat address
six categories (which is the maximum for this dettoategiesare: (i) MOT's integratec

TAM system; and (i)NYSDOT'’s use of regional performance tar. An agency
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looking to enhance their implementation processeesfly where decision-making
processesre concerned may be better off considering ortbesfe option However, as
previously discussedhe lack of alignment in categories addressed Ieyitbegratec
system strategy which is common to all three casgysagencies indicates a lower le
of evidence thapractitioners believe th the strategy addresses thasgegories. This
information should inform an outside agency’s decido make an investment into t

strategy.
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Figure 6.9 Histogram of number of TIRF categories addressed bgecisior-making
implementation strategies from case studies

6.4.4ASummary
In general, while these discussions have focusdti@iotal database of strateg

for all the case studies, similar analyses of tivee elements of implementation t
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make up this research study’s scope (guidance deatsmgoverning structure, and
decision-making processes) could be performed Herihdividual agencies. When a
critical mass of agency data is collected, the y@mmslcan be extended to uncover
strategies with stronger evidence of the factoregates practitioners believe they
address for any agencies whose experiences canrdagegl to draw significant

conclusions (e.g. for peer agencies, or agenciesnatar levels of program maturity).

This will provide further insight on how their stegies and overall implementation
approaches are able to address the factors thahita@nce program sustainment in the
long term, or alternatively, what strategies thag consider to address those factors.

All things considered, this discussion has dematesti that the TIRF is a useful
tool for uncovering trends related to agency TAMliementation, for understanding the
nature of strategies through the lens of the factdentified as influencing program
sustainment, and for understanding how implemeariatapproaches can address
implementation factors to enhance program sustaaihmall in all, there is value in the
transportation industry adopting this frameworkfagilitate the collection of data on
agency TAM implementation experiences which widdeo the generation of a valuable
repository of implementation strategies with agereported influences on TAM
program sustainment. The conceptual framework|ldped from the first phase of the
research and the resulting review approach have sleewn to be useful for informing
the future of TAM implementation to enhance thecess for increased chances of

program sustainment in the business processeatef30Ts.
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CHAPTER 7: RESEARCH CONTRIBUTIONS, LIMITATIONS,

AND FUTURE WORK

7.1 Contributions

This work makes three main contributions to theenirconceptual understanding
of, the research related to, and the industry pacf TAM implementation. First of all,
the research undertaken here extends the body oWwlekdge on TAM program
implementation specifically by applying program gralicy implementation research as
well as change management theories. While theraniple literature on asset
management in general and some limited resources asget management
implementation, the effort in this work to study WMAimplementation specifically
through the lenses of policy and program implentertaand change management
theories takes a less common angle. Ultimately ctivrent TAM driver (MAP-21) and
the resulting emphasis on changing the way trataon organizations make decisions
related to their physical infrastructure makes gitugl TAM implementation in this way
rational, and the useful results illustrate that. particular, the identification of specific
factors that can influence the implementation psscand contribute to an enhanced
likelihood of program sustainment, and the develepimof a taxonomy for those
influence factors is a major contribution of thisnk. These factors and taxonomy form
the basis of a conceptual framework for reviewimgl glanning for TAM program
development in a manner that increases the likethaf program sustainment. While the

AASHTO TAM Guides suggest general implementatiaatsgies related to social and
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organizational capital with minimal detail, the ceptual framework developed here
presents social and organizational implementatatofs in a more structured wayhis
provides a step into research on the less techaspEcts of TAM implementation, which
is essentially an atypical approach that emphasimesrganizational and social facets.
The second main contribution that this researctystnakes is that it provides a
tool for applying the conceptual contributions angmework previously described in
practice. The TAM Implementation Review Framew(@fkRF) can assist agencies in
understanding how their TAM implementation approaddresses factors that increase
the likelihood of sustained TAM programming. Efigely, it enables agencies to
determine how their approach formally considers anizational aspects of
implementation, which are critically important fgrogram sustainment. The TIRF
provides a tool that agencies can use to “take tdmaperature” of their TAM
implementation process as it relates to progranmtasusent in order to make more
informed decisions to improve the process, paiitylwhen they schedule updates to
their TAM plans and programs as required by théslation. Since the framework and
the tool only review implementation in the light pfogram sustainment, decisions on
how to improve should not be based solely on thpuiu- the output should inform those
decisions in addition to other existing sourcesfidrmation, such as the self-assessment
and gap analysis tools. The TIRF and the incotpdr&LACEAR review methodology
also contribute to TAM research by expanding andirayl on to the introduction of
evidence-based practice in TAM that was initiatgdBlones et al. (2013) and continued
by Smith-Colin et al. (2014). Evidence-based apphes have seen much success in the
medical and social science fields and hold muchmme for transportation especially
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since agencies value highly the ability to leaomnirothers’ experiences. This framework
with the resulting database of information dematsts how evidence-based practice can
benefit the transportation industry.

The third and final contribution that this work neskcomes out of the results of
applying the TIRF. Ultimately, the information frothe three case study agencies has
formed the foundation of a catalog of systematycedviewed implementation strategies
and approaches with additional information on hbase strategies address the different
factors related to program sustainment. In manyswthis catalog is an evidence-based
repository of information that can inform or supipthre decision of an agency looking to
learn from the experiences of others. When mollg fieveloped, or in other words,
when additional experiences have been recorded;atatog can facilitate industry-wide
learning in the form of peer exchanges, which autyeoccur around TAM and other
subjects. Using this framework, agencies could finrelatively easier to understand
how a specific practice at other agencies coulemgally affect their implementation
process. Even without the adoption of this fram@wor use during peer exchanges, at a
minimum, the dense information on TAM implementatihat agencies report through
the TIRF can be housed on the existing TAM Knowte&grtal for wider access. In this
way, knowledge-sharing is still possible but iread formal way.

Generally, this dissertation pushes forward theceph of TAM program
sustainment by uncovering those factors that arportant and can positively or
negatively influence program sustainment duringithplementation phase. This work
creates and introduces a pathway to address how pAddrams can be sustained in
DOTs which can be extended to other transportatgancies with further study.
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7.2 Limitations

There are a number of limitations to the reseandtgss and the framework
developed that should be addressed, even thougldtheot take away from the broader
impacts of this work. First, there are two mamitations related to the research process.
Although the agencies for the case study demorstratere purposefully selected, the
three agencies do not make up a sample size thatgisficant enough to draw
generalizations about the state of TAM implemeatatn the wider industry with respect
to program sustainment. Ultimately, the purposeéhef case studies was not to draw
these types of generalizations on the state of TiAldlementation, but to demonstrate
the use of the TIRF and show how that can eventledld to induced characterizations
of the implementation process once a representatweple of cases are studied. The
case study methodology and results can be traesdféorand applied in other agencies to
eventually build the representative sample thatallbw broad generalizations.

The second limitation of the research processss edlated to the case studies.
As described in Section 5.2.2, the actual appbecatf the TIRF should involve multiple
people in a workshop setting who can contributeataonsensus of the agency’s
implementation strategies and how they address TilieF categories. Resource
constraints prevented this full-scale simulationtlod review process in the case study
demonstrations. Instead, the data collection m®aeas similar to a qualitative field
network study, which is an existing policy implertegion research method, where the
researcher initiated the review process validatedh wieedback from agency
representatives. From two of the agencies, feddheas obtained from only one
representative increasing the possibility of braghie results and potentially reducing the
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accuracy of the review. At the end of the day, mihee TIRF is properly implemented, it
will produce the same type of output as was obthinere, making the same analysis
illustrated in this document possible.

For the TIRF itself, there are three main limitago First of all, the aggregation
of criteria into seven broad categories preseritmigation because when a strategy is
said to address a category, it may not necessadyess all the criteria in the category.
This means that if a single criterion is not adsgeelsby the implementation approach
there is no direct way to tell especially if otheiteria in that category are addressed.
Ultimately, this opportunity cost of having a lessmplex and more practical tool does
not present a substantial limitation, unless furtiesearch is able to show priority levels
for the criteria in a single category. The crieare simply different ways that a factor
category can be addressed, thus there is not metessneed to address each criterion in
order to address the factor category.

Similarly, the TIRF allows for an open-ended idéa#ition of implementation
strategies with no guidelines on how to phrase s$tmategies. The case study
demonstrations showed that similar strategies eareWiewed in different ways based on
the level of aggregation of the strategy for rejpgrt This limitation can potentially be
addressed as the tool matures to the point whet@naard set of strategies can be offered
to agencies as a departure point in using the TéR&wing them to also add their own
strategies where none reflect their activity.

Finally, this research did not study ways to measiow much or how effectively
a strategy addresses each factor. As discussedGIEACEAR review methodology
simply asks if a strategy addresses a factor witlgoantifying the level at which the
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factor is addressed. Defining a metric to meadhee extent to which a factor is
addressed, and linking it to program sustainmewotylév enhance the understanding of
which strategies are likely to be more effectivaddressing the implementation factors;
however, that would require more detailed studyhef individual factor categories and
the individual criteria as well as a deeper underding of how the strategies address the
factors, and how the factors in turn affect progtangevity. Developing such a measure
could involve quantitative models that define tledationships between strategies and
factors which would then have to be tested broatigugh for validation. While this
level of detail would enhance the TIRF, it is nesential for painting a general picture of
how an agency’s implementation approach leans waipect to program sustainment,
and is outside the scope of this research studyimately, interpretation of the output
should consider the fact that while the strategia@ge the ability to address the factors
they are reported to address, the extent to whielh do so could vary in ways that would
lead to different results in different contexts.

Generally, each of the limitations identified hendyether related to the research
approach or to the TIRF tool, uncovers several dppdies for future work all of which

are discussed in the next section of this dissernat

7.3 Future Work
Possibly the most significant topic for furtheritite concepts and applications
addressed in this dissertation is that of assigpmgyity weights to the implementation
factors that can influence program sustainment. il&Mbrior research has investigated
specific factors and their contribution to implertagion success, this recommendation is

to study how the combination of factors identifi@ this work can influence
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implementation success defined by program sustaihmeThis will also involve
developing an understanding of the interrelatiopsHtietween the implementation factor
categories themselves. As discussed in Sectiod,6a2method for assigning weights
should not be generalized but should be specifiatth agency based on their particular
context and needs. All the same, a research studyxplore different methods for
assigning weights could result in a flexible modelframework that provides guidance
for determining how the factors can be prioritizec context-sensitive way. This could
also then be extended to the criteria in each Td&Egory, to determine their importance
for concluding that the category has been addres8sdreviously discussed, a context-
sensitive factor/criteria prioritization processoshl consider the characteristics of the
agency, the maturity of its TAM program, and othessible temporal influences.

A second opportunity for future research to furteehance the accuracy of the
TIRF is to explore the options for measuring anddelimg the possible relationships
between implementation strategies or a generalemehtation approach and the factor
categories. This type of work will allow more detd and possibly quantitative
measurement of how an agency’'s implementation geods contributing or can
contribute to the sustainment of the TAM programdeyeloping quantitative measures
for the extent to which a strategy addresses thtorfacategories. The scope of this
research would have to be carefully defined to tlithe number of permutations of
strategy and factor combinations which could patdigtbe plentiful.

A longer-term opportunity for future work has to dath validating the factor
categories and their contributions to implementatsuccess in terms of program
sustainment. The state of these formally-mandatéd programs after being in
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operation for a number of years will be a cleaidation of whether or not the programs
have been sustained. At that point in time, maaaght-forward inferences can be made
on the factors addressed during the implementatroness and how the programs have
been sustained. While the TIRF factor categories grounded in literature where
validation in other fields has been illustratedy avhile the methods applied in this study
provided validation for the applicability of thectars in TAM, this future research
opportunity can further corroborate these conctpbmlster the findings presented here.

Besides research that would improve understandinigeoconcepts that form the
foundation of the TIRF, additional practice-oriahtenprovements can also be made to
improve the appearance of the current tool. Bifstl, while the current Excel format is
simple and practical with a user guide providedCihapter 5, a more user-friendly,
innovative interface can be designed. It is alsssfble to include a web-based version of
the TIRF that would increase its accessibility amake the transition of review output
from individual agencies into the evidence-basethlog of strategies easier. Future
research can also include the development of ti#opin for this evidence-based catalog
in order to make it widely accessible to realize ¢éixpected benefits. Finally, to continue
populating the database to be able to draw brozatelusions on TAM implementation
and accumulate that information that would leadhiggh qualities of evidence, the TIRF
should be applied to review the implementation apph of additional DOTSs in order to
achieve at least a statistically significant samplg ultimately, a complete review of all
DOTs.

Finally, to enhance the contribution of this diss&on to the wider transportation
industry, efforts can be considered to scale ttoskwdown to apply the TIRF to other
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types of highway transportation agencies such a®#MBut also to agencies that manage
other modes of transportation assets such as sgiltsansit or even air transportation

assets.

7.4 Summary

The transportation industry in the United Statesusrently riding a wave of
transportation asset management (TAM) program deweént and implementation as a
result of the inclusion of performance-based TAMnae&tes in the 2012 federal surface
transportation legislation, Moving Ahead for Pragen the 2% Century (MAP-21).
Historically, principles of TAM have been introducéento agency programming, but
never in a sustained way. But in order for somehef main benefits of TAM to be
realized fully, TAM programs must exist and be aggpleffectively for a long period of
time. The ability of a program to be sustainedthe long term is most effectively
addressed either during its design or its impleatert phase. This research study has
tackled the concept of TAM program sustainment tates DOTs by identifying key
categories of factors for program sustainment, @exkloping an approach to guide a
review of implementation strategies or intervensiasing a selection of factors that can
influence the ability of a program to be sustained.

A TAM Implementation Review Framework (TIRF) hasehedeveloped as a
result of the initial research conducted in thisdgt The TIRF is a diagnostic tool that
facilitates the review of an agency’s implementatepproach based on seven categories
of factors that can influence program sustainmemind the implementation phase. The
use of the TIRF has been demonstrated in caseestoflthree state DOTSs, revealing the

important types of useful information that can Heaged about the implementation
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approach that an agency or a group of agencies érapboyed, and how their approach
addresses those factors that can influence wheth@ot their program is sustained.
Furthermore, the output obtained from the demotistraof the use of the TIRF has
formed the foundation for an evidence-based da&bas a catalog of TAM
implementation strategies with reports of how the$mategies can inform program
sustainment by the implementation factors they esklr

Generally, the TIRF complements the two main tabigt exist for assessing
agency TAM programs: the AASHTO self-assessmentgapdanalysis tools. While the
existing tools allow agencies to see where theiMTgrograms stand relative to defined
best practices, the TIRF allows agencies to seethew TAM implementation process
can lead to a sustained program. Nonethelesgoimbination of these tools provides a
wealth of information that agencies can consideenvimaking plans to improve their
TAM implementation and programming. Ultimatelyethesults of this research study
cannot necessarily inform broad claims on the statufrAM implementation, but can be
applied in DOTSs to help develop an understandintpeir implementation approach as it
relates to program sustainment, and leverage tiderstanding in future TAM program

implementation and refinement.
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APPENDIX A.

TAM Implementation Review Framework Catalog
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Table A.1 Colorado DOT January 2015 TIRF Review

Implementation

Primary Observed/Expected Impact

ID Strategy (Short Sentence)
2001 Documentation of initial asset
CDOTO01 Implementation management effort and needs; staff
Plan awareness
CDOTO2 | 2001 TAM Task Staff awareness
Force
. Formed framework for CDOT RB AMP.
CDhOTO3 'IC':,lAI\éI Guide Book Staff gained knowledge of TAM; Staff
u education and discussion on next steps
Initial self- Support_ed_ strategy for foc_:using on certg
CDOTO4 | jccessment (based areas within TAM in bL_JlIdlng RB AMP._
on TAM Guide 1) Identify current vs desired state. Identify
gaps and next steps
CDOTO5 | 2003 Draft AM Staff awareness
Work Plan
Development of quantitative tool to
perform trade-off analysis and cross-as
Implemented optimization. Continues to provide
CDOTO06 integrated TAM informed decision making. Data driven
system (AIMS) decision making; providing tools for
budget setting to decision makers in
consistent manner.
Staff accountability. Vital to success to
- have one individual as recognized
CDOTO07 |dentified TAM authority for the department.

champion/point
person

Organizational change to elevate
Transportation Performance to its own

branch, and have the branch manager |
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

the primary contact for asset mgmt.

CDOTO08

Efforts supported
by senior-level
management via
Oversight
Committee

Facilitate staff-level decision making an
support Transportation Commission TA
Committee direction and decisions.
Important for Oversight Committee to
exert influence but more vital for
Executive Director and Transportation
Commission to demand monthly public
meetings on TAM. Alignment between
asset mgrs/planners/budget staff with
higher organizational concerns.

CDOTO09

Risk evaluation
workshop open to
interested staff

Document risk factors for TAM. Helped
provoke new thoughts and bring togethg
many varied ideas on Risk. Begin to
discuss what is risk and how does it
impact CDOT's operations.

CDOT10

NHI Training
sessions

Gain staff knowledge of TAM. Beneficia
from a standpoint of sharing best practig
from other DOTs and of locking a large
agency group in a room for two days to
focus on TAM. Awareness to staff at H(
and regions; education and sharing of
ideas.

CDOT11

Gap assessment
process identifying
10 priority areas

Identify priority action items for TAM
implementation. Keeps the RB AMP
dynamic and at the forefront of continug
progress. Surveys highlighted areas to
work on next.
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Implementation

Primary Observed/Expected Impact

D Strategy (Short Sentence)
Leverage industry professionals to
Employed accelerate c_le_v_elopment of plan and too|
CDOT12 Added credibility to RB AMP and
consultants to b ht insiaht f thei Kin oth
develop RBAMP rought insight from their work in other
DOTs. Staff worked with consultants an
benefitted from their perspective.
Leverage CM for TAM implementation
Employed and awareness. Helped streamline
Program Leader | communication and push new informati
CDOT13 | iy change to regions in a manner consistent with
management other agency initiatives. Asset
services Management highlighted as one of man
key changes within CDOT.
Use "asset Staff accountability for implementation.
CDOT14 managers" in all The term asset manager became part 0
related divisions | the culture
Provide organizational policy for
investment decisions. Generates a lot 0
Transportation additional staff work but stresses
CDOT15 | Commission AM importance of TAM to those that might
Committee heads | not otherwise feel compelled to
TAM program contribute. Policy makers drive the
change to CDOT's culture from capital
projects to maintaining what we have.
Agency-wide mid- | Staff accountability for implementation.
CDOTL6 level management | Maintains deadlines and prepares for

represented on
TAM Working
Committee

delivery of content to Commission.
Provide a forum for discussion and way
communicate change on a monthly bas
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Implementation

Primary Observed/Expected Impact

ID Strategy (Short Sentence)
CDOT17 Ssg\tmshcelsirgl}yency Doc_;umentaj[ion of goals. Documents thé
direction wrt as-is condltlon of asset mgmt at CDOT,
TAM and outlines a plan for improvement.
Description of benefits of TAM to
CDOT18 | RBAMP describes | customers. Emphasizes CDOT's role ag
value to citizens stewards of the system and the need fo
wise investment of limited dollars.
Aspirational and Describg and documgnt TAM.goaIs.' '
fiscally Helpful in un_dersta_ndlng funding deficits
CDOT19 | constrained Generates discussion of targets and
measures and measures for assets that_dl_d not have t
targets described prior 'Fo the RB AMP. This is still
evolving for smaller asset groups.
Implementation Describe action item where agency woy
plan includes _develop new methods to optimize
CDOT20 prioritized list of |nve§tment through quantltatlvg and
recommended gualitative data. Project sel_ectlon
projects processes and the generatlon of a 4 yeq
rolling program are in progress.
Implementation
CDOT21 | plan projects have | Staff accountability for implementation.
leads assigned Emphasizes the need for accountability
with deadlines
Use standard change management
CDOT22 | Plan, Do, Check, | techniques. Emphasizes the need to go

Act framework

back and check how we did and compa
it to what we planned to do
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

CDOT23

Delphi budgeting
workshop

Interim investment programming activity
that is in place until better analytical too
in the form of cross-asset optimization g
developed. This is the key link to TAM
and investment decisions. This turns
TAM from an academic exercise to a
practical one. Increase awareness amo
staff of how limited funds are and
improves communication related to
financial need

CDOT24

Guidance for AM
document

Interim instructions on AM process
pending completion of implementation
plan.
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Table A.2 New York State DOT March 2015 TIRF Review

Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

NYSDO1

Project and
Program
Management
Information
System (P/PMIS)

Provides consistent data and reporting
practices

NYSDO02

(Comprehensive)
Program Update
Process

A unified programming process to align
agency thinking, communications and Y
objectives.

NYSDO3

Created the 1997
TAM Internal
Task Force

NYSDO7

May 2003 formal
announcement of
TAM
implementation
from executive
management

Largely ceremonial Y

NYSDO08

CAM-CI TAM
Framework
(Preservation &
Beyond
Preservation)

NYSDO09

Institution of
"Forward Four"
principles
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

NYSD10

Implemented
Agile Assets
Enterprise Asset
Management
Program

NYSD11

Created four-level
internal business
structure (2011)

NYSD12

Formed TAMP
Working Group

NYSD13

TAMP Work Plan
developed with
clear staff
assignments &
deadlines

NYSD14

Consultants
employed to assist
with TAMP
development

NYSD15

Commissioner
approval of
TAMP Work Plan

NYSD16

TAMP illustrates
how risk
management and
TAM are
connected

The TAMP exists, but it is not widely
understood by employees in general.
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

NYSD17

TAMP specifies
performance
targets for
pavements and
bridges and lists
steps in target-
setting process

The TAMP exists, but it is not widely
understood by employees in general.

NYSD18

TAM
Improvement plan
with estimated
timeframes and
expected outcomes

The TAMP exists, but it is not widely
understood by employees in general.

NYSD19

Comprehensive
Program
Summary
highlights
treatment
windows of
opportunity

NYSD20

Five-step risk
management
process detailed in
TAMP

The TAMP exists, but it is not widely
understood by employees in general.

NYSD21

Three specific
investment
strategies outlined
in TAMP

The TAMP exists, but it is not widely
understood by employees in general.

NYSD22

Scenario analysis
using in-house
software for
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

performance gap
identification

NYSD23

Established Policy
Development
Process

NYSD24

Implemented
regional
performance
targets in
comprehensive
program update
guidance (2011,
2013, 2014)

Regions given "preservation targets" to
drive ensure at least a minimum
investment in preservation work
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Table A.3 Georgia DOT May 2015 TIRF Review

ID

Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

GDOTO01

Appointed TAM
Director

GDOTO02

Commissioner
announces
adoption of TAM
principles

GDOTO03

Formed Office of
Organizational
Performance
Management

GDOTO04

Initial OPM
communication to
District Engineers

GDOTO05

Formed TAM
Task Force

GDOTO06

Conducted TAM
self-assessment

GDOTO7

Higher-level self-
assessment
conducted by
Chief Engineer
and FHWA
Assistant Division
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

Administrator

GDOTO08

Formed Executive
Data Governance
Committee

GDOTO09

Developed 2011
Strategic Direction
for TAM

GDOT10

FY2011 Strategic
Plan Update
reflected new
focus on TAM

GDOT11

TAM "lunch and
learn"

GDOT12

Formalized Asset
Management
Policy

GDOT13

Formed TAM
Steering
Committee,
reporting to
Commissioner

GDOT14

Developed
comparative
tradeoff analysis
tool

GDOT15

Leadership
attended national
TAM Scanning
Tour
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

GDOT16

Developed web-
based
Performance
Dashboard

GDOT17

Developed and
implemented
enterprise-based
TAM system
(GAMS)

GDOT18

Developing GIS
Data Visualization
tool

GDOT19

Merged bridge
design and
maintenance units

GDOT20

Requirement for
all physical asset
contracts to be
reviewed by TAM
Steering
Committee

GDOT21

Levels of Service
tied to strategic
goals,
performance
measures and
customer feedback

GDOT22

TAM
Implementation
Plan has specific

Goals/objectives are clear and targets f
specific action items are met.
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

list of action items
with defined
timeframe, unit
responsible,
resources needed,
and expected
outcomes

GDOT23

TAM
Implementation
Plan defines
department roles
in implementation

Business Units will understand how thei
work fits into the bigger TAM frameworK

GDOT24

Performance
Management
Implementation
Plan describes
responsibilities
and steps for
establishing
performance
measures, use of
scorecards and
performance
dashboard, and
methods of
managing and
reporting
performance

Evaluating performance will help to mak
adjustments to goals/objectives and
targets.

GDOT25

Communications
Plan lists

Internal/external audiences will have a
basic understanding of the need and
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Implementation
Strategy

Primary Observed/Expected Impact
(Short Sentence)

strategies for
delivering key
messages to
internal and
external audiences
with expected
timeframe and
responsible party

purpose for asset management.

GDOT26

Asset
"champions”
(subject matter
experts) evaluate
risks to establish
funding scenarios

Prioritized risks will help to achieve
efficient funds allocation.

GDOT27

TAMP describes
how risk is
factored into
pavement and
bridge decision-
making tools

Understanding that factors other than as
condition are considered to make
decisions.
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APPENDIX B.

TIRF Reviews of Implementation Strategies Common td/ore than One Agency
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Table B.1 Combined systematic review of “employedonisultants to develop TAM plan” strategy

Implementation Primary Observed/Expected Impact
ID Strategy (Short Sentence)

Leverage industry professionals to
accelerate development of plan and too
Added credibility to RB AMP and
brought insight from their work in other
DOTs. Staff worked with consultants an
benefitted from their perspective.

Employed
CDOT12 | consultants to
develop RBAMP

Consultants
employed to assist

NYSD14 | \ith TAMP
development
Table B.2 Combined systematic review of “AASHTO sélassessment” strategy
Implementation Primary Observed/Expected Impact G L A c E
ID Strategy (Short Sentence)

Supported strategy for focusing on certa

Initial self- o . s
CDOTO04 | assessment (based ia(jreagfwﬂhm TAM 'g bl.“ldc;ng RB ﬁijP._f Y
on TAM Guide 1) entify current vs desired state. Identify
gaps and next steps
Conducted TAM Yy

GDOTO6 | self-assessment
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Table B.3 Combined systematic review of “time-boundmplementation tasks with staff assigned” strategy

Implementation Primary Observed/Expected Impact
ID Strategy (Short Sentence)

Implementation
plan projects have | Staff accountability for implementation.
leads assigned Emphasizes the need for accountability
with deadlines

CDOT21

TAMP Work Plan
developed with
NYSD13 | clear staff Y Y
assignments &
deadlines

TAM
Improvement plan
NYSD18 | with estimated
timeframes and
expected outcomes

The TAMP exists, but it is not widely
understood by employees in general.

TAM
Implementation
Plan has specific
list of action items
with defined Goals/objectives are clear and targets f
timeframe, unit specific action items are met.
responsible,
resources needed,
and expected
GDOT22 | outcomes

249




Table B.4 Combined systematic review of “TAM champn” strategy

Implementation Primary Observed/Expected Impact
ID Strategy (Short Sentence)

Staff accountability. Vital to success to
have one individual as recognized

Identified TAM authority for the department.
CDOTOQ7 | champion/point Organizational change to elevate Y Y Y Y
person Transportation Performance to its own

branch, and have the branch manager k
the primary contact for asset mgmt.

Appointed TAM
GDOTO1 | Director

Table B.5 Combined systematic review of “asset magars in all related divisions” strategy

Implementation Primary Observed/Expected Impact G L A C E

ID Strategy (Short Sentence)

Use "asset Staff accountability for implementation.
CDOT14 | managers" in all The term asset manager became partog Y Y Y Y Y

related divisions | the culture

Asset

"champions”

(subject matter Prioritized risks will help to achieve v

experts) evaluate | efficient funds allocation.

risks to establish
GDOT26 | funding scenarios
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Table B.6 Combined systematic review of “multi-leviegoverning structure with executive, senior, and na-level
management representation” strategy

Implementation

Primary Observed/Expected Impact

ID Strategy (Short Sentence)
Facilitate staff-level decision making an
support Transportation Commission TA
Committee direction and decisions.
Efforts supported : :
. Important for Oversight Committee to
by senior-level . .
: exert influence but more vital for
CDOTO08 | management via . . ,
- Executive Director and Transportation
Oversight . q d hl bli
Committee Commission to demand monthly public
meetings on TAM. Alignment between
asset mgrs/planners/budget staff with
higher organizational concerns.
Provide organizational policy for
investment decisions. Generates a lot 0
Transportation additional staff work but stresses
Commission AM importance of TAM to those that might
CDOT15 : :
Committee heads | not otherwise feel compelled to
TAM program contribute. Policy makers drive the
change to CDOT's culture from capital
projects to maintaining what we have.
Agency-wide mid- | Staff accountability for implementation.
level management | Maintains deadlines and prepares for
CDOT16 | represented on delivery of content to Commission.
TAM Working Provide a forum for discussion and way
Committee communicate change on a monthly bas
Created four-level
NYSD11 | internal business

structure (2011)

251




Table B.7 Combined systematic review of “integrated AM software system” strategy

Implementation Primary Observed/Expected Impact
ID Strategy (Short Sentence)

Development of quantitative tool to
perform trade-off analysis and cross-ass

Implemented optimization. Continues to provide
CDOTO6 | integrated TAM informed decision making. Data driven Y Y Y
system (AIMS) decision making; providing tools for

budget setting to decision makers in
consistent manner.

Implemented
Agile Assets
NYSD10 | Enterprise Asset Y
Management
Program

Developed and
implemented
enterprise-based Y
TAM system
GDOT17 | (GAMS)
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Table B.8 Combined systematic review of “Formal TAMannouncement” strategy

Implementation Primary Observed/Expected Impact
ID Strategy (Short Sentence)

May 2003 formal
announcement of
TAM
implementation
from executive
management

NYSDO7 Largely ceremonial Y

Commissioner
announces

adoption of TAM Y Y Y
GDOTO02 | principles

Initial OPM
communication to Y Y
GDOTO04 | District Engineers
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Table B.9 Combined systematic review of “risk managment explanation” strategy

Implementation Primary Observed/Expected Impact G L A C
ID Strategy (Short Sentence)
Five-step risk
NYSD20 management The TAMP exists, but it is not widely v v
process detailed in| understood by employees in general.
TAMP
TAMP describes
how risk is
factored into y v
pavement and Understanding that factors other than as
bridge decision- condition are considered to make
GDOT27 | making tools decisions.
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APPENDIX C.

Implementation Strategies That Address Each TIRF Ceegory
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Table C.1 Guidance & Expectations Implementation 8ategies

ID

Implementation Strategy

CDOTO04

Initial self-assessment (based on TAM Guide 1)

CDOTO7

Identified TAM champion/point person

CDOTO09

Risk evaluation workshop open to interested staff

CDOT10

NHI Training sessions

CDOT11

Gap assessment process identifying 10 prioritysarea

CDOT14

Use "asset managers" in all related divisions

CDOT16

Agency-wide mid-level management represented on Tdking
Committee

CDOT17

RBAMP clearly establishes agency direction wrt TAM

CDOT20

Implementation plan includes prioritized list oEocenmended projects

CDOT22

Plan, Do, Check, Act framework

CDOT23

Delphi budgeting workshop

CDOT24

Guidance for AM document

NYSDO02

(Comprehensive) Program Update Process

NYSDO08

CAM-CI TAM Framework (Preservation & Beyond Presaron)

NYSDO09

Institution of "Forward Four" principles

NYSD16

TAMP illustrates how risk management and TAM arercected

NYSD17

TAMP specifies performance targets for pavemendshaitges and lists
steps in target-setting process

NYSD19

Comprehensive Program Summary highlights treatwarmdows of
opportunity

NYSD20

Five-step risk management process detailed in TAMP

NYSD21

Three specific investment strategies outlined ilVIFA

NYSD22

Scenario analysis using in-house software for perémce gap identification

NYSD23

Established Policy Development Process

NYSD24

Implemented regional performance targets in comgareive program update
guidance (2011, 2013, 2014)

14

GDOT02

Commissioner announces adoption of TAM principles

GDOTO04

Initial OPM communication to District Engineers

GDOTO06

Conducted TAM self-assessment

GDOTO09

Developed 2011 Strategic Direction for TAM

GDOT10

FY2011 Strategic Plan Update reflected new focu$ A

GDOT12

Formalized Asset Management Policy

GDOT20

Requirement for all physical asset contracts toeeewed by TAM Steering
Committee

GDOT27

TAMP describes how risk is factored into pavemertt bridge decision-

making tools
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Table C.2 Leadership and Executive-Level Support Irplementation Strategies

ID

Implementation Strategy

CDOTO7

Identified TAM champion/point person

CDOTO09

Risk evaluation workshop open to interested staff

CDOT10

NHI Training sessions

CDOT11

Gap assessment process identifying 10 prioritysarea

CDOT14

Use "asset managers" in all related divisions

CDOT16

Agency-wide mid-level management represented on Tdking
Committee

NYSD23

Established Policy Development Process

NYSD24

Implemented regional performance targets in congnsive program update

guidance (2011, 2013, 2014)

14

GDOTO02

Commissioner announces adoption of TAM principles

GDOT12

Formalized Asset Management Policy

GDOT20

Requirement for all physical asset contracts toeeewed by TAM Steering
Committee

CDOT02

2001 TAM Task Force

CDOTO06

Implemented integrated TAM system (AIMS)

CDOTO08

Efforts supported by senior-level management viar€ght Committee

CDOT13

Employed Program Leader in change management ssrvic

CDOT15

Transportation Commission AM Committee heads TANgoam

CDOT19

Aspirational and fiscally constrained measurestangets described

CDOT21

Implementation plan projects have leads assignéddeadlines

NYSDO3

Created the 1997 TAM Internal Task Force

NYSDO7

May 2003 formal announcement of TAM implementatiicmm executive
management

NYSD11

Created four-level internal business structure 201

NYSD13

TAMP Work Plan developed with clear staff assigntaeédeadlines

NYSD15

Commissioner approval of TAMP Work Plan

NYSD18

TAM Improvement plan with estimated timeframes argected outcomes

GDOTO01

Appointed TAM Director

GDOTO03

Formed Office of Organizational Performance Managam

GDOTO05

Formed TAM Task Force

GDOTO7

Higher-level self-assessment conducted by Chiefrigsy and FHWA
Assistant Division Administrator

GDOTO08

Formed Executive Data Governance Committee

GDOT13

Formed TAM Steering Committee, reporting to Comioissr

GDOT15

Leadership attended national TAM Scanning Tour

GDOT22

TAM Implementation Plan has specific list of actibems with defined

timeframe, unit responsible, resources neededegpeécted outcomes
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Table C.2 (continued)

ID Implementation Strategy

GDOT23| TAM Implementation Plan defines department rolesriplementation

Performance Management Implementation Plan descrésponsibilities andl
GDOT24| steps for establishing performance measures, useooécards and
performance dashboard, and methods of managingepodting performance

GDOT25 Communications Plan lists strategies for delivekeg messages to interna
and external audiences with expected timeframeaasgubnsible party

GDOT26 Asset _champlons (subject matter experts) evaltisgks to establish funding
scenarios
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Table C.3 Applications in Decision Making Implemenétion Strategies

ID

Implementation Strategy

CDOT14

Use "asset managers" in all related divisions

CDOT22

Plan, Do, Check, Act framework

CDOT23

Delphi budgeting workshop

CDOT24

Guidance for AM document

NYSDO02

(Comprehensive) Program Update Process

NYSD16

TAMP illustrates how risk management and TAM arereected

NYSD17

TAMP specifies performance targets for pavemendstaidges and lists
steps in target-setting process

NYSD19

Comprehensive Program Summary highlights treatwarmdows of
opportunity

NYSD20

Five-step risk management process detailed in TAMP

NYSD21

Three specific investment strategies outlined ilVIFA

NYSD22

Scenario analysis using in-house software for perémce gap identification

NYSD24

14

Implemented regional performance targets in comgareive program update
guidance (2011, 2013, 2014)

GDOT20

Requirement for all physical asset contracts toeeewed by TAM Steering
Committee

GDOT27

TAMP describes how risk is factored into pavemenrtt bridge decision-
making tools

CDOTO6

Implemented integrated TAM system (AIMS)

CDOT19

Aspirational and fiscally constrained measurestangets described

NYSDO1

Project and Program Management Information Syst@iaNIIS)

NYSD10

Implemented Agile Assets Enterprise Asset Managesygram

GDOT14

Developed comparative tradeoff analysis tool

GDOT16

Developed web-based Performance Dashboard

GDOT17

Developed and implemented enterprise-based TAMBY$GAMS)

GDOT18

Developing GIS Data Visualization tool

GDOT24

steps for establishing performance measures, useooécards and

Performance Management Implementation Plan descrésponsibilities an
performance dashboard, and methods of managingeaodting performanc
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Table C.4 Reflection in Agency Culture and Languagémplementation Strategies

ID

Implementation Strategy

CDOTO7

Identified TAM champion/point person

CDOT10

NHI Training sessions

CDOT14

Use "asset managers" in all related divisions

CDOT16

Agency-wide mid-level management represented on T&dtking
Committee

CDOT17

RBAMP clearly establishes agency direction wrt TAM

CDOT24

Guidance for AM document

NYSDO08

CAM-CI TAM Framework (Preservation & Beyond Presaron)

NYSDO09

Institution of "Forward Four" principles

NYSD16

TAMP illustrates how risk management and TAM arercected

NYSD17

TAMP specifies performance targets for pavemendstaidges and lists
steps in target-setting process

NYSD24

Implemented regional performance targets in comgareive program update
guidance (2011, 2013, 2014)

14

GDOT02

Commissioner announces adoption of TAM principles

GDOTO04

Initial OPM communication to District Engineers

GDOTO09

Developed 2011 Strategic Direction for TAM

GDOT10

FY2011 Strategic Plan Update reflected new focusAM

GDOT12

Formalized Asset Management Policy

CDOTO06

Implemented integrated TAM system (AIMS)

CDOTO08

Efforts supported by senior-level management viar€ight Committee

CDOT13

Employed Program Leader in change management ssrvic

GDOT25

Communications Plan lists strategies for delivekag messages to interna

and external audiences with expected timeframeasubnsible party

260



Table C.5 Employee Awareness and Understanding Impimentation Strategies

ID

Implementation Strategy

CDOTO7

Identified TAM champion/point person

CDOT10

NHI Training sessions

CDOT14

Use "asset managers" in all related divisions

CDOT16

Agency-wide mid-level management represented on T&dtking
Committee

CDOT17

RBAMP clearly establishes agency direction wrt TAM

CDOT20

Implementation plan includes prioritized list oEocenmended projects

CDOT22

Plan, Do, Check, Act framework

CDOT23

Delphi budgeting workshop

CDOT24

Guidance for AM document

NYSDQ09

Institution of "Forward Four" principles

NYSD24

14

Implemented regional performance targets in congareive program update
guidance (2011, 2013, 2014)

GDOT02

Commissioner announces adoption of TAM principles

GDOTO04

Initial OPM communication to District Engineers

GDOTO09

Developed 2011 Strategic Direction for TAM

GDOT10

FY2011 Strategic Plan Update reflected new focu$AM

GDOT12

Formalized Asset Management Policy

CDOT02

2001 TAM Task Force

CDOTO03

TAM Guide Book Club

CDOTO06

Implemented integrated TAM system (AIMS)

CDOT13

Employed Program Leader in change management ssrvic

CDOT18

RBAMP describes value to citizens

CDOT21

Implementation plan projects have leads assignéddeadlines

NYSD13

TAMP Work Plan developed with clear staff assigntaeédeadlines

GDOT11

TAM "lunch and learn"

GDOT15

Leadership attended national TAM Scanning Tour

GDOT22

TAM Implementation Plan has specific list of actibems with defined
timeframe, unit responsible, resources neededegpeécted outcomes

GDOT23

TAM Implementation Plan defines department rolesriplementation

GDOT24

Performance Management Implementation Plan descrdsponsibilities and
steps for establishing performance measures, useooécards and
performance dashboard, and methods of managingepodting performance

GDOT25

Communications Plan lists strategies for delivekag messages to interna
and external audiences with expected timeframeasubnsible party
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Table C.6 Comprehensive Agency Alignment Implementan Strategies

ID

Implementation Strategy

CDOT14

Use "asset managers" in all related divisions

CDOT16

Agency-wide mid-level management represented on T&dtking
Committee

CDOT17

RBAMP clearly establishes agency direction wrt TAM

CDOT22

Plan, Do, Check, Act framework

NYSDO02

(Comprehensive) Program Update Process

NYSDO08

CAM-CI TAM Framework (Preservation & Beyond Presaron)

NYSDO09

Institution of "Forward Four" principles

NYSD24

14

Implemented regional performance targets in congnsive program update
guidance (2011, 2013, 2014)

GDOTO09

Developed 2011 Strategic Direction for TAM

GDOT10

FY2011 Strategic Plan Update reflected new focu$ A

GDOT12

Formalized Asset Management Policy

CDOTO06

Implemented integrated TAM system (AIMS)

CDOTO08

Efforts supported by senior-level management viar@ght Committee

CDOT18

RBAMP describes value to citizens

NYSD11

Created four-level internal business structure 201

GDOT21

Levels of Service tied to strategic goals, perfarogameasures and customger
feedback

GDOT24

steps for establishing performance measures, useooécards and

Performance Management Implementation Plan descrésponsibilities an
performance dashboard, and methods of managingepodting performanc
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Table C.7 Resources Committed to TAM Development Iplementation Strategies

ID Implementation Strategy
CDOTO04 | Initial self-assessment (based on TAM Guide 1)
CDOTO7 | Identified TAM champion/point person
CDOTO09 | Risk evaluation workshop open to interested staff
CDOT10 | NHI Training sessions
CDOTL11 | Gap assessment process identifying 10 prioritysarea
CDOT14 | Use "asset managers" in all related divisions
CDOT16 Agency-wide mid-level management represented on TMking
Committee
CDOT23 | Delphi budgeting workshop
CDOT24 | Guidance for AM document
NYSD22 | Scenario analysis using in-house software for perémce gap identification
NYSD23 | Established Policy Development Process
GDOTO06| Conducted TAM self-assessment
CDOTO1 | 2001 Implementation Plan
CDOTO02 | 2001 TAM Task Force
CDOTO03| TAM Guide Book Club
CDOTO5 | 2003 Draft AM Work Plan
CDOTO6 | Implemented integrated TAM system (AIMS)
CDOTO8 | Efforts supported by senior-level management viar€ight Committee
CDOT12 | Employed consultants to develop RBAMP
CDOT13| Employed Program Leader in change management ssrvic
CDOT15 | Transportation Commission AM Committee heads TAMgoam
CDOT21 | Implementation plan projects have leads assignéudeadlines
NYSD10 | Implemented Agile Assets Enterprise Asset Managémesgram
NYSD11 | Created four-level internal business structure {201
NYSD12 | Formed TAMP Working Group
NYSD13 | TAMP Work Plan developed with clear staff assigntaédeadlines
NYSD14 | Consultants employed to assist with TAMP developmen
NYSD18 | TAM Improvement plan with estimated timeframes argected outcomes
GDOTO01| Appointed TAM Director
GDOTO03| Formed Office of Organizational Performance Manag@m
GDOTO05| Formed TAM Task Force
GDOTO7 Higher-level self-assessment conducted by Chiefrigsy and FHWA
Assistant Division Administrator
GDOTO08| Formed Executive Data Governance Committee
GDOT11| TAM "lunch and learn"
GDOT13| Formed TAM Steering Committee, reporting to Comimnoissr
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Table C.7 (continued)

ID

Implementation Strategy

GDOT14

Developed comparative tradeoff analysis tool

GDOT15

Leadership attended national TAM Scanning Tour

GDOT16

Developed web-based Performance Dashboard

GDOT17

Developed and implemented enterprise-based TAMeBY$GAMS)

GDOT18

Developing GIS Data Visualization tool

GDOT19

Merged bridge design and maintenance units

GDOT22

TAM Implementation Plan has specific list of actibems with defined
timeframe, unit responsible, resources neededegpeécted outcomes

GDOT24

Performance Management Implementation Plan descrésponsibilities andl
steps for establishing performance measures, useooécards and
performance dashboard, and methods of managingegodting performance

GDOT25

Communications Plan lists strategies for delivekag messages to interna
and external audiences with expected timeframeasubnsible party

GDOT26

Asset "champions" (subject matter experts) evalusks to establish funding
scenarios
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Abhishek Bhargava

Abhishek Bhargava, Ph.D., is a Product Manager AgleAssets Inc. He has over five
years of experience in implementing asset managerseftware in transportation

agencies, providing project management and ovdrsifjimplementation projects and

working with clients to analyze existing and deyelonproved business processes,
policies, and procedures, and providing consulsegvices for the implementation of
asset management software applications. He hasheBr's degree and a Doctorate in
civil engineering from the Indian Institute of Tewhogy, Bombay, and Purdue

University, respectively.

Jason Bittner

Jason Bittner, MPA, is a Senior Associate/Senioan$portation Analyst-Asset
Management with Cambridge Systematics. He hascems&ve research background in
asset management, performance management, maio¢éegaality assurance, mobility,
and technology policy with over 17 years of tramtgoon analysis experience. Mr.
Bittner is managing and has previously contributied several state DOT asset
management plans including Florida, South Carolifdew Hampshire and
Massachusetts. He also played a key role in th& AiAsset Management Gap Analysis
and Outreach Support for evaluating gaps in asseiagement at the state level. He is
active with the TRB, serving as a member of the @atee on Transportation Asset
Management, co-Chair of the Committee on ConducRe$earch, and Chair of the
10th National Conference on Transportation Assehdgament Planning Committee.
Mr. Bittner has coordinated the TRB Committee aanBportation Asset Management
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paper review process for the last decade and hasdse®n multiple NCHRP project
panels. He received a Master’'s degree in PublimiAdtration, Energy Analysis and
Policy from the University of Wisconsin — Madisondaa Bachelor’'s degree in Political

Science from The American University.

Jonathan Groeger

Mr. Groeger is involved with asset management atmhring at all levels of
Government. For example, he was the project mareage lead technical analyst on a
project to develop the first three MAP-21 compliahAMPs for the New York,
Minnesota, and Louisiana Departments of TransportafDOT). He also has led the
development of TAMPs for the South Carolina and N¢amnpshire DOTs. He has led
the TAM Gap Analysis of ten states for the FHWAMe has over 25 years’ experience in
asset management and planning, pavement and ageagement system development,
as well as and extensive experience and direconsdplities managing programs for
FHWA, State and local DOTs. Mr. Groeger earnedBiiS. in Civil Engineering from
the University of Maryland at College Park, andeieed an MBA from the University of

Maryland University College.

Joe Guerre

Joseph A. Guerre, P.E., PMP has over 10 yearspdrence, including expertise in the
areas of asset management, investment analysisfipance measures, and maintenance
management. Since joining Cambridge Systemati@O00, Mr. Guerre has worked on
several pivotal NCHRP projects focused on assetag@ment, including development of
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the AASHTO Transportation Asset Management GuidesfdPmance Measures and
Targets for Transportation Asset Management, andlyical Tools for Transportation

Asset Management. Mr. Guerre is a member of thB WRnagement and Productivity
Committee. He is a licensed Professional Engiaeera certified Project Management

Professional.

Tim Henkel

Timothy A. Henkel is a MnDOT Assistant Commissioaed directs the Modal Planning
and Program Management Division at the Minnesotpailenent of Transportation
(MnDOT). Mr. Henkel's 30+ year transportation e@xréncludes working with local
government, the private sector and numerous MnD@3$pansibilities including
executive leadership of multimodal planning, progrananagement, and project
development & delivery. He currently Chairs the WA Transportation Asset
Management Expert Task Group, is a member of ttesportation Research Board
(TRB) Research and Technology Coordinating Committe a member of the Planning
Committee for the Eleventh National Conference oan$portation Asset Management
and is Vice Chair of the AASHTO Standing Committea Planning and the
Transportation Asset Management Subcommittee. ddeived a Bachelor of Science
degree from Bemidji State University and a Cerdifecin Civil Engineering and Land

Surveying from Dunwoody College.
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Sam Labi

Dr. Samuel Labi is an Associate Professor of trartaion and infrastructure systems
engineering at the School of Civil Engineering atdte University. He received a B.S.
from the Kwame Nkrumah University of Science anahrelogy, Ghana; and a M.S.
and Ph.D. from Purdue University. Dr. Labi’'s expa&tincludes transportation asset
management, infrastructure project appraisal astesys evaluation, and transportation
economics and finance. He has authored books emgineering systems, transportation
project evaluation and decision making, and highwaget management. Dr. Labi has
served as principal investigator for several rade@rojects related to asset management,
sponsored by the USDOT and the National Acadenyadénces. He is an editor of the
ASCE Journal of Risk and Uncertainty in Engineer8ystems, editorial board member
for the ASCE Journal of Infrastructure Systems, acfthirman of the ASCE
subcommittee on planning, finance, and economicsL&bi’s numerous research awards
include ASCE’s Frank Masters Award for outstandamgl innovative work in advancing
the area of transportation infrastructure assetagament systems, the Bryant Mather
Award for best paper in concrete materials awatmethe American Society of Testing
and Materials (ASTM), and the Transportation Rede@oard’s K.B. Woods prize for

outstanding journal paper in design/construction.

David Lee

David Lee is an administrator for Statewide Plagramd Policy Analysis in the Florida

DOT Office of Policy Planning.

269



Hugh Louch

Hugh Louch is a Senior Associate for Alta PlanniagDesign. Hugh has worked
extensively on performance management, asset mawesge and long range
transportation planning as a Principal Consultaot 13 years with Cambridge
Systematics. He helped the FHWA develop a framkviar performance management
that is being implemented through MAP-21 and haskea extensively on capacity

building, training, and technical analysis to suppmplementation.

Alan Lubliner

Alan Lubliner is a strategic management and orgditral development specialist in
Parsons Brinckerhoff's asset management consuftiagtice, in which capacity, his
knowledge bridges asset management and managitigitiogal change. As a project
manager, management consultant and advisor to, Istae and federal government
transportation agencies in the US and internatipnhe has led engagements in asset
management, strategic planning, management revéegsorganizational development,
business process improvement, governance and agg@mal structuring, and
performance management. Mr. Lubliner joined Pa®nmckerhoff following an earlier
successful career as chief of transportation ptajpand transportation and public utilities
assistant to two mayors of the City and County ah $rancisco. In the leadership
positions he has held in both the public and pevaectors, Mr. Lubliners
responsibilities have included management of nmagency transportation programs,
policy development, institutional development aagacity building, design of decision-
making frameworks, transportation funding, legishat regulatory compliance, fiscal
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oversight, information/technology transfer and rinag, stakeholder involvement and
public affairs. With a keen understanding of goveent processes and the political
environment, Mr. Lubliner's career has focused aentifying and overcoming

institutional and societal barriers to effectivepiementation and management.

Sue McNeill

Sue McNeil, Ph.D., P.E., is a professor of civil@nvironmental engineering and urban
affairs and public policy at the University of Deiare. Her research and teaching
interests focus on transportation infrastructurenagement with an emphasis on the
application of advanced technologies, economic yaigl analytical methods, and
computer applications. McNeil has been a membeahefExecutive Committee of the
Transportation Research Board (TRB) and the Boand Imfrastructure and the
Constructed Environment. She chairs the TRB Coremitin Asset Management. From
1988 to 1993 she was chair of the ASCE Urban Tmamapon Division Committee on
Transportation Facilities Management and is a foumassociate editor for the ASCE
Journal of Infrastructure Systems. McNeil was afgssor of civil and environmental
engineering, and engineering and public policyCatnegie Mellon University, where
she earned her doctorate. She then moved on ttnhersity of Illinois at Chicago
where she served as director of the Urban Transjiamt Center and was a professor in
the College of Urban Planning and Public Affairddahe Department of Civil and

Materials Engineering.
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John Patrick O’Har

Dr. O'Har is a consultant with Parsons Brinckerhatfio assists clients with asset

management analysis, strategy and implementatiepkdject experience includes the

development and implementation of strategic assahagement programs in the

roadway, transit, and aviation sectors, the idmatiion of best practices in the asset
management of ancillary transportation infrastreetassets, and the development of a
performance measurement framework for a regiorsdway agency in Canada. Prior to
joining Parsons Brinckerhoff, Dr. O’Har completdgtoretical and practical research on
asset management in transportation, namely inrdsaof risk management as it relates
to climate change, emerging technologies and tatesion infrastructure needs. He was
a Mirzayan Science and Technology Policy Fellowtl@r National Academy of Sciences

and is a published author and co-author of indulgtagling research supported by the
Transportation Research Board (TRB) as well as mivee of TRB’s Asset Management

Committee. He earned his B.S, M.S., and Ph.D. wl Engineering from the Georgia

Institute of Technology.

Charles Pilson

Charles has 25 years’ experience in transportaélated civil engineering. He graduated
from the University of Cape Town in South Africadagot his Masters and PhD at the
University of Texas in Austin. He is currently an8® Principal Consultant with

AgileAssets Inc.
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David Rose

David Rose, Ph.D., is the Vice President of PaBonckerhoff's Strategic Consulting
Services. His experience covers project developraad finance, asset management,
business improvement, policy, economics, clima@nge, among others. His specialties
include highway and transit asset management, goatagion finance, organizational
transformation, performance management and moeshdas over 20 years of experience
in the transportation field and is a nationallyamted industry expert. He received his
Bachelor's and Master's degrees in economics froenltondon School of Economics

and Political Science, and his Ph.D. in policy atahning from Rutgers University.

Francine Shaw-Whitson

Ms. Shaw-Whitson has worked as a Transportationdganwith the Federal Highway
Administration for several years, developing poliagd guidance for Transportation
Performance Management and most recently, execupegormance measures
rulemaking to implement federal legislation reqmsnts through the FHWA Office of
Transportation Performance Management. She is mb@e of the TRB Standing
Committee on Strategic Management and a membéedFiHWA Expert Task Group on
TAM. She has also participated on NCHRP projeclsted to asset management plan
development. She received her Bachelor of Scienc€ivil Engineering from the

University of Maryland at College Park.
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Omar Smadi

Dr. Smadi has over 20 years of experience in tlea af infrastructure and asset
management ranging from pavements, bridges, safatygment marking, signs and other
infrastructure assets. Dr. Smadi is an associatiegsor with the department of Civil,
Construction, and Environmental Engineering at Idstate University. He is also the
Director of RIMOS (Roadway Information Managememfiormation Systems) program
at InTrans. He is currently serving as Pl for salveesearch projects for the lowa
Department of Transportation, the lowa Highway Redse Board, the federally funded
Midwest Transportation Consortium (MTC), NCHRP, SMR, and FHWA. He is a
member of the TRB Committee on Pavement Monitoramgl Evaluation, Pavement
Management and Asset Management committees. DadiSearned his B.S. in Civil
Engineering from Jami'at Al-Yarmouk and his Ph.D Tiransportation Engineering from

lowa State University.

Butch Wlaschin

Mr. Butch Wlaschin, has several years of experiemoeking with the FHWA, most
recently as the Director, of the FHWA Office of AsdManagement, Pavements and
Construction. In that role, he led a team of eagia and transportation specialists in
developing policy, guidance and technical assigtdioc state and local transportation
officials in those areas. Mr. Wlaschin has morant2 years of service in the
transportation arena, having been the Deputy Doremtd Chief Engineer of the FHWA

Federal Lands Highway Program from 1997 to 200@. hbllds a MSCE in Geotechnical
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Engineering from Georgia Tech and a BSCE from Latdaiversity. He is a Life

Member of ASCE and a Registered Professional Eegine

Kathryn Zimmerman

Ms. Katie Zimmerman, President and founder of AggblPavement Technology, Inc.
(APTech), has earned a national reputation forwak in the use of asset management
programs for pavements, bridges, and ancillary tasse improve decisions in
transportation agencies. She led the developmiemtamsportation Asset Management
Plans (TAMPs) for the Minnesota, Nevada, and Ohgpd@tments of Transportation
(DOTs) and recently served as the Principal Ingesdr for National Cooperative
Highway Research Program (NCHRP) Project 08-90eteelbp a Gap Analysis Tool to
help agencies identify asset management enhanceareag. She also recently updated
the two National Highway Institute (NHI) trainingourses on asset management to
address the requirements outlined in Moving AheadPfogress in the 21st Century Act
(MAP-21) and serves as the lead instructor foreahmmurses. In addition, she facilitates
meetings of the Federal Highway Administration (FA)Asponsored Transportation
Asset Management (TAM) Expert Task Group (ETG) anthored the group’s strategic
plan to advance the use of asset management pescip state agencies. Ms.
Zimmerman serves as the Chair of the Transportdiesearch Board Committee on
Transportation Asset Management and participatessereral Technical Panels for
NCHRP projects. She earned her B.S. and M.S. degreCivil Engineering from the

University of lllinois.
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