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Abstract 

Transportation Performance Management (TPM) has emerged as a critical framework for 

standardized performance measurement, target setting, and reporting for transportation agencies. 

Despite its importance, implementing TPM faces several challenges, including a lack of 

coordination among business units and difficulties achieving consensus on strategic directions. 

This study proposes a structured six-step framework for selecting performance measures, 

complemented by Lean Six Sigma (LSS) methodologies. The aim of this is to promote 

stakeholder collaboration and participation and to align selected performance measures with 

agency goals and objectives. An overview case study of how the proposed approach was used by 

the Louisiana Department of Transportation and Development (DOTD) is presented. The DOTD 

case study illustrates the applicability of the methodology and serves as an applied example of 

how LSS strategies can enhance the performance measurement selection process. The proposed 

methodology presented in this paper provides a practical approach for transportation agencies 

seeking to improve their TPM. 

 

Keywords: Transportation Performance Management (TPM), Lean Six Sigma (LSS), 

transportation system management and operations (TSMO), performance measures. 

 

1. Introduction 

1.1 Introduction of Problem 

The Moving Ahead for Progress in the 21st Century Act (MAP-21), signed in 2012, established 

federal performance management regulations that created a new framework for nationally 

coordinated performance measurement, target setting, and reporting through Transportation 
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Performance Management (TPM). The Fixing America's Surface Transportation (FAST) Act, 

signed in 2015, built on the MAP-21 requirements and provided long-term funding certainty for 

surface transportation infrastructure planning and investment (FHWA, 2021). The Transportation 

System Management and Operations (TSMO) program, implemented by federal, state, and 

metropolitan transportation agencies, also requires incorporating performance measurements into 

transportation system management (Clark et al., 2017). These requirements have made 

performance measurement a vital part of transportation system management. 

 

State Departments of Transportation (DOTs) and metropolitan planning organizations (MPOs) 

have responded to these requirements by prioritizing advancement in areas such as data 

collection, measurement calculation, target setting, coordination and communication, and 

performance-based planning. Organizations, including the Federal Highway Administration 

(FHWA), the American Association of Transportation Officials (AASHTO), and the 

Transportation Research Board (TRB), have worked extensively to assist agencies in 

implementation by fostering the dissemination and adoption of successful practices, promoting 

performance management concepts, and helping to develop improved tools and approaches. 

However, several challenges still need to be addressed (NCHRP, 2022). 

 

The challenges of TPM include the lack of available, high-quality data for national performance 

measures; challenges with using national measures to support regional and local agency 

decision-making; the inability to integrate TPM with agency business processes and practices; 

and the need for alignment of performance reporting and management responsibilities (FHWA & 

AASHTO, 2021). Other challenges include a lack of widespread understanding within agencies 

of the importance of data and performance measures (NCHRP, 2019) and challenges in 

developing agreements on common goals, objectives, performance measures, and targets when 

different transportation agencies and stakeholders are involved (FHWA, 2017a; FHWA, 2017b; 

FHWA, 2018; FHWA, 2019; Zgoda et al., 2021). 

 

To support TPM implementation efforts, this desk study develops a structured six-step 

performance measure selection framework, with suggested LSS concepts to address challenges 

in developing agreements on common goals, objectives, and performance measures. This 

structured framework and suggested LSS strategies can help improve communication and 

collaboration among stakeholders by providing a structured approach to selecting performance 

measures that are relevant and meaningful to all parties involved in setting the strategic direction 

of an agency or its programs. 

 

2. Background 

2.1 TPM Framework 

The TPM framework is based on over a decade of TPM research and practice and expands upon 

the FHWA's performance-based planning and programming (PBPP) (USDOT, 2022). PBPP 

guides the integration of performance management concepts into the planning and programming 
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of transportation systems and focuses on applying performance management principles toward 

desired system performance outcomes (National Academies of Sciences, Engineering, and 

Medicine, 2009; Worth et al., 2010; Grant et al., 2014; NCHRP, 2015). 

 

TPM, on the other hand, emphasizes the importance of Organization and Culture (Component 

A), External Collaboration and Coordination (Component B), Data Management (Component 

C), and Data Usability and Analysis (Component D). It also has Strategic Direction (Component 

01), Target Setting (Component 02), Performance-Based Planning (Component 03), 

Performance-Based Programming (Component 04), Monitoring and Adjustment (Component 

05), and Reporting and Communication (Component 06) as shown in Figure 1.  

 

 

 
 

Figure 1. Transportation Performance Management Framework: FHWA TPM Guidebook 

(USDOT, 2022) 
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Component A includes building leadership support, clarifying roles and responsibilities, 

integrating TPM into management practices, and providing workforce training to ensure 

sustainable implementation. This component significantly impacts all other processes and is 

crucial for the successful implementation of TPM. Component B emphasizes how external 

partnerships and involvement are integrated throughout TPM practices, including planning, 

programming, monitoring, and reporting, with internal collaboration as a fundamental element 

across all components. Components C and D emphasize the critical role of data in transportation 

performance management. 

 

Further, Component 01 focuses on establishing an agency's overarching goals, objectives, and 

performance measures, serving as the basis for the entire TPM framework. Components 02 

ensures that performance levels are determined collaboratively, aligning investment decisions 

with desired outcomes based on baseline data and resource constraints. Components 03 and 

Components 04 focus on using agency goals to inform long-term strategies and appropriate 

resource allocation, ensuring that investments are directly linked to performance expectations. 

Components 05 allow agencies to track performance data and refine strategies, while Component 

06 fosters accountability and transparency among stakeholders. Detailed definitions of each 

component and sub-component are in the respective chapters of the TPM Guidebook (USDOT, 

2022). As in PBPP, TPM activities do not necessarily occur in order. 

 

2.1.2 Gap to be Bridged 

Though advancements have been made in implementing TPM practices, challenges and issues 

still hinder its practical implementation (Worth et al., 2010; USDOT, 2022; National Academies 

of Sciences, Engineering, and Medicine, 2022).  

 

The challenges and issues relevant to this paper include the lack of coordination and 

collaboration across business units to identify common needs for transportation systems, limited 

understanding within agencies of the significance of performance measures, and difficulties in 

reaching consensus on agencies' goals and objectives. These challenges hamper the 

establishment of clear strategic directions for agencies and effective inter- and intra-agency 

coordination and collaboration, which are key elements of Components 02 and B of the TPM 

framework. To help address these challenges, Project 20-24(127) (NCHRP, 2022) recommends 

that agencies highlight and share successful examples of their collaboration and coordination 

efforts, along with related practical information, with other transportation agencies and partners. 

 

2.2 Objectives of Study 

In response to Project 20-24(127), this paper presents a structured six-step performance measure 

selection process, with suggested LSS strategies designed to facilitate collaboration and buy-in 

among internal and external stakeholders and to ensure alignment of performance measures with 

an agency's goals. This proposed approach is intended to help agencies effectively develop 
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metrics that enhance performance, drive continuous improvement, and improve stakeholder 

satisfaction—key elements of Components 02 and B of the TPM framework.  

 

3. Methodology 

A literature review was conducted to assess the current state of TPM, with a specific focus on the 

challenges and issues that impede its implementation. The study examined literature from 

sources such as the FHWA, USDOT, NCHRP, and various state DOTs over the past years. 

While some of the references date back more than a decade, which may indicate reliance on 

older sources, the cited literature remains pertinent to the arguments presented in this study and 

provides valuable context for current TPM discussions. 

 

The identified TPM challenges revolved around difficulties in establishing clear strategic 

directions for agencies and in effective inter- and intra-agency coordination and collaboration. 

To address these challenges, this paper proposes integrating LSS concepts and tools into a six-

step performance measurement selection process to enhance stakeholder collaboration and 

ensure alignment of performance measures with organizational goals. 

 

The identification of LSS tools and concepts was based on a literature review encompassing 

studies across various sectors, focusing on techniques that promote stakeholder participation, 

collaboration, and support for continuous improvement and process traceability. A few tools and 

concepts were identified across various sectors, though with limited application in transportation.  

Following insights from the literature review, a structured six-step process was formulated to 

select performance measures. Each step incorporates LSS tools that facilitate stakeholder 

engagement, ensure transparency, and align performance measures with organizational goals and 

objectives. The proposed six-step performance selection framework was employed in a study to 

develop performance measures for DOTD's ITS program. An overview of the study's approach is 

presented, along with its potential benefits and limitations. 

 

4. Discussion 

4.1 Lean Six-Sigma Application in Transportation Performance Management 

The potential of LSS for enhancing performance measurement in transportation has been 

acknowledged in studies, including TRB's second Strategic Highway Research Program Report 

S2-C02-RR (National Academies of Sciences, Engineering, and Medicine, 2009) and NCHRP 

20-24(97) report in 2015 (NCHRP, 2015). The latter generated problem statements to understand 

existing practices for using LSS and other continuous improvement methodologies to bolster 

performance management in transportation. Despite these efforts, a review of ongoing and 

completed research projects under the NCHRP and allied organizations yielded no substantial 

results, suggesting a scarcity of information on the application of LSS initiatives and other 

continuous improvement methodologies in transportation system management. This scarcity 

underscores the need for further exploration and research to fully harness the potential of LSS 

and related concepts to optimize performance measurement in transportation. 
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A literature review, conducted primarily outside transportation, examined various LSS tools and 

strategies with the potential to support the setting of strategic directions and the enhancement of 

stakeholder collaboration and engagement in transportation. Fourteen (14) strategies were 

identified and briefly summarized in Table 2, offering insights into their application and 

relevance to TPM. 

 

Table 1. Potential LSS Tools in TPM Implementation 

LSS Tools Overview 

Define, Measure, 

Analyze, Improve, and 

Control (DMAIC) 

(Mandal, 2012, pp. 231-

250) 

A systematic process improvement methodology that helps 

organizations identify issues, make data-driven decisions, 

implement effective solutions, and maintain improved processes.  

Process Mapping ( 

Kumar et al., 2021, pp. 

1964-1991 ) 

A visual representation of a sequence of process activities that 

provides understanding of steps, decisions, inputs, outputs, and 

interactions. Enhances efficiency, reduces errors, and achieves 

better outcomes for organizations. 

Responsible, 

Accountable, Consulted, 

and Informed (RACI) 

matrix (Jackson, 2020) 

A tool that outlines roles and responsibilities within a team or 

across stakeholders. Define who is responsible, who is 

accountable, and who needs to be consulted or informed about a 

task, decision, or activity. Establishes clarity and accountability 

and facilitates collaboration, efficient task execution, and 

successful process outcomes. 

Voice of the Customer 

(VOC) (Aggarwal, 

2021, pp. 65-90) 

A method of understanding customer preferences, needs, and 

feedback to improve product and service quality. Techniques 

include surveys, interviews, focus groups, social media 

monitoring, customer feedback forms, and direct customer 

interactions. 

Kano Analysis (Min et 

al., 2018) 

A method used in product development and customer satisfaction 

research to prioritize features based on customer preferences and 

satisfaction levels. Helps to prioritize resources, improve one-

dimensional qualities, and consider attractive qualities to prevent 

dissatisfaction. 

Suppliers, Inputs, 

Process, Outputs, and 

Customer (SIPOC) 

diagram (George et al., 

2005) 

A visual tool that provides a high-level view of process elements, 

focusing on interactions between suppliers, inputs, the process, 

outputs, and customers. Helps understand scope of process, 

identify key stakeholders, and facilitate communication among 

teams and stakeholders.  

Critical-to-quality 

(CTQ) requirements (He 

et al., 2009) 

Specific, measurable characteristics of a product or service that 

fulfil customer expectations and satisfaction. They are identified 

through surveys, focus groups, market research, and direct 



     International Journal of Advanced Engineering and Management Research  

Vol. 10, No. 06; 2025 

ISSN: 2456-3676 

www.ijaemr.com Page 568 

 

interactions. 

Brainstorming (Paulus 

& Nijstad, 2019) 

A collaborative method that generates numerous ideas within a 

group, helping with problem-solving, innovation, and decision-

making. 

Affinity Diagram 

(Widjaja & Takahashi, 

2016) 

A visual tool that organizes ideas into themes during 

brainstorming and project planning, helping teams understand 

complex information, identify patterns, and gain insights. 

Fishbone Diagram (Ilie 

& Ciocoiu, 2010, pp 

120) 

A visual tool that helps identify and organize potential causes of a 

problem, facilitating comprehensive analysis and collaborative 

problem-solving through a structured approach. 

Measurement Selection 

Matrix (Systems2win, 

2021a) 

A structured tool for evaluating and selecting metrics aligned 

with project goals, ensuring feasibility and value for decision-

making.  

Data Collection 

Planning (George et al., 

2005) 

A structured approach to designing and organizing methods for 

collecting data for projects or analyses, focusing on the data 

types, collection methods, and suitable tools and techniques. 

Strengths, Weaknesses, 

Opportunities, and 

Threats (SWOT) 

analysis (Hessing, 2021) 

A strategic planning tool used to assess internal and external 

factors impacting an organization, facilitating informed decision-

making and resource allocation. 

Multi-voting (He et al., 

2009) 

A decision-making technique that helps to prioritize options in 

group discussions by enabling participants to express their 

preferences through voting.  

 

The structured six-step performance measure selection process and the suggested application of 

LSS methodologies within it are briefly discussed below. 

 

4.2 Six-Step Systematic Approach to Selecting Performance Measures 

The precursor to the logical steps of the structured six-step framework shown in Figure 2 is the 

identification of all relevant stakeholders, including government agencies, local municipalities, 

transportation planners, and community representatives. This ensures that the perspectives and 

needs of all stakeholders are considered throughout the process.  
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Figure 2. Six-step process for selecting performance measures 
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The logical steps of the structured six-step framework are establishing organizational goals; 

developing objectives; developing an initial list of performance measures; developing a final list 

of performance measures; adopting the final list of performance measures; and periodic 

evaluation and screening of performance measures, as shown in Figure 2. The proposed structure 

ensures that each step builds on the previous one, enabling a logical progression that aligns with 

agencies' goals and facilitating a comprehensive approach.  

 

The proposed structure also includes a few suggested LSS tools and methodologies to support 

the selection of performance measures. These suggested tools and methodologies are aimed at 

maintaining a structured selection approach that emphasizes stakeholder engagement, data-

driven decision-making, consensus-building, and alignment. Additionally, to facilitate 

stakeholder involvement and secure common agreement and buy-in for proposals stemming from 

each step, a stakeholder consultation decision gate is proposed after each step.  

 

Employing LSS tools and methodologies to facilitate decision-making, stakeholders must decide 

at each decision gate, for instance, (Yes/No) if a proposal is to progress to the next step or an 

unsupported proposal (No) is outrightly discarded or recycled to step 1 or step 2 for re-

evaluation, as shown in Figure 2. The stakeholder consultations at the decision gates ensure that 

each proposal aligns with organizational goals and objectives.  

 

By following this logical six-step framework, transportation agencies can effectively select, 

adopt, and manage performance measures that align with their organizational goals and 

objectives. The following sections discuss each proposed step in detail, along with the LSS 

concepts that could be applied at each level. 

 

4.2.1 Establishment of Goals.  

The first step in the six-step selection process is establishing agency goals, which are usually 

derived from the strategic vision. Here, thoughts about using established goals are made, 

recognizing links between transportation and other societal goals (USDOT, 2022; Worth et al., 

2010). It is therefore important to involve all stakeholders at all levels, both internal and external. 

The Define phase of DMAIC is proposed as an LSS strategy.  

 

At the Define phase, a team is tasked with identifying an agency's stakeholders, defining what 

constitutes value to them, and establishing the key processes that deliver that value (Mandal, 

2012, pp. 231-250; Năstase et al., 2024). Primarily, here, a team must establish agency or system 

goals, prioritize areas for improvement, and assign responsibility to appropriate departments. 

Proposed LSS tools used in the Define phase to establish the agency goals are listed in Figure 2 

and include Process Mapping, RACI Matrix, and VOC. Some of these tools and concepts are 

briefly discussed in this step, while others are covered in subsequent steps. 

 

Process mapping (flowcharts) can be used to clearly show how various stakeholders contribute to 

achieving the goals and to provide a basis for evaluating how effectively they contribute to the 
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goals (Kumar et al., 2021, pp. 1964-1991). The primary benefit of this high-level visual aid at 

this stage is that it clarifies processes, aligns stakeholders, and helps identify areas for 

improvement (Akamavi, 2005, pp. 28-53). It can also help identify bottlenecks, streamline 

processes, and ensure compliance with requirements (Fülscher & Powell, 1999, pp. 208-238; 

Barbrow & Hartline, 2015, pp. 34-47; White, 2021, pp. 55-67). The SIPOC diagram is an 

example of a process flowchart that can be used (Murad et al., 2018, pp. 102-107; Kumar et al., 

2021, pp. 1964-1991; Hamta et al., 2023). 

 

The RACI matrix can be used to detail the roles and responsibilities of stakeholders associated 

with activities, describing how each stakeholder contributes to completing tasks, deliverables, or 

processes (Jackson, 2020). The RACI matrix can help effectively clarify roles and 

responsibilities throughout the performance management process, reducing confusion and 

ensuring that all stakeholders know their responsibilities. 

 

The VOC can be used to ascertain what matters to the stakeholders, establish priorities and goals 

consistent with stakeholder needs, and determine which stakeholder needs can be profitably met. 

This enables the identification of sublevels of stakeholders with distinct needs or requirements, 

which is useful when dealing with a moderate-to-large stakeholder base (Aggarwal, 2021, pp. 

65-90; Jach et al., 2022, pp. 448-475). 

 

Interviews, focus groups, and surveys can be used to collect VOC. By collecting and analyzing 

stakeholder feedback, a team can identify areas for improvement, prioritize and enhance 

services, and gain a competitive edge. Additionally, VOC can help an agency build stronger 

relationships with its stakeholders during the performance measurement process by 

demonstrating that their inputs are valued and that the agency is committed to meeting their 

needs. 

 

Further, CTQ requirements can be developed to define key measurable characteristics of 

processes or services that are critical to meeting agencies' needs and goals (He et al., 2009; 

Logan et al., 2019; Mcilroy, 2019, pp. 139-149). By developing the CTQ requirements, a team 

can transition from vague statements about goals and other information about an agency's 

performance measurement process to precise functional or service requirements that are most 

important to stakeholders. Kano analysis can then be used to determine the value or priority to be 

assigned to each of these requirements (Min et al., 2018). 

 

4.2.2 Developing Operations Objectives.  

Unlike goals, objectives are precise and tangible and often expressed in specific metrics or key 

performance indicators that can be tracked and evaluated over time (Market Business News, 

2023; Coleman, 2021). Overall, developing objectives would provide clear direction and focus 

for activities, establish priorities, and ensure that an agency's performance can be effectively 

monitored and evaluated. The target here is to develop measurable objectives aligned with the 

goals from Step 1. 



     International Journal of Advanced Engineering and Management Research  

Vol. 10, No. 06; 2025 

ISSN: 2456-3676 

www.ijaemr.com Page 572 

 

In addition to the VOC suggested in Step 1, brainstorming can be used at this step to resolve 

specific problems, to analyze data, stimulate creative thinking, and to develop new ideas through 

unrestricted, spontaneous discussion (Paulus & Nijstad, 2019; Systems2Win, 2021b). Using the 

brainstorming approach, a wide range of possible objectives for each goal can be developed, 

evaluated, and refined to determine the best course of action.  

 

The Affinity Diagram can facilitate communication and collaboration among stakeholders in 

defining the agency's objectives during brainstorming (Widjaja & Takahashi, 2016), while the 

Fishbone Diagram can help uncover potential root causes, provide a structure for cause 

identification, and ensure balanced lists of ideas are generated (George et al., 2005; Ilie & 

Ciocoiu, 2010, pp. 120). 

 

4.2.3 Developing Initial Performance Measures.  

Following the establishment of goals and operational objectives, the next step is to develop the 

initial performance measures based on the agency's requirements. It is not necessary to specify 

the minimum or maximum number of performance measures to be developed at this step; 

however, at least one performance measure should be established for each objective. These may 

be derived from literature reviews or directly from other agencies measuring similar goals.  

 

Besides VOC and brainstorming, multi-voting can be used to narrow the long list of initial 

performance measures (Hessing, 2023). The narrowing criteria may include how well an initial 

performance measure aligns with an agency's goals and objectives, whether the initial 

performance measure is understandable and straightforward, the availability of accurate and 

reliable data, or how the initial performance measures meet agency reporting responsibilities. 

 

4.2.4 Developing Final Performance Measures.  

It is important to limit the number of performance measures that make the final cut at the start of 

the performance management program, as too many for a given goal area may create conflicts, 

confusion, and unnecessary work, and may result in measures not being used for decision-

making (Oregon Department of Transportation, 2022). Here, the final performance measures can 

be shortlisted from the initial list based on agreed criteria. The shortlisting criteria that could be 

applied include ease and cost of data collection and reporting, time frame, sensitivity, and 

geographic location (Neudorff et al., 2003).  

 

A team may need to determine whether the time frame covered by a performance measure is 

sufficient to monitor policy plans effectively, provide consistent guidance on needed 

improvements, and determine whether objectives are being met or whether data can be compared 

over time. For sensitivity, the team may need to determine whether the measured change in 

magnitude corresponds to the expected magnitude of the implemented actions. The geographic 

appropriateness of the performance measure must also be determined for a proposed location or 

area (Neudorff et al., 2003). Measurement Selection Matrix, SWOT analysis, and Data 
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Collection Planning can be used, in addition to VOC and multi-voting, as LSS tools at this step 

to shortlist final performance measures from the previously developed initial list.  

 

The Measurement Selection Matrix can be used to validate and select key measures by assessing 

which measures are most closely linked to an agency's requirements (Systems2win, 2021a). The 

critical requirements identified in the previous steps should be prioritized, and an initial list of 

performance measures should be developed to build the matrix. A team can work through this 

matrix and discuss whether a strong, moderate, weak, or no relationship exists between a 

particular measure and a corresponding requirement (goal and objectives). Here, a team can 

record the consensus reached using numbers or symbols. 

 

The SWOT analysis can help a team evaluate each performance measure based on its strengths, 

weaknesses, opportunities, and threats, providing a high-level view (Hessing, 2021). It can also 

be used to evaluate the internal and external factors that affect each performance measure, as 

well as its current and future potential.  

 

A Data Collection Plan can then be developed to detail the exact steps and sequence to be 

followed in gathering data for performance management. The purpose of this plan is to ensure 

that the collected data are meaningful and valid, and that all relevant data are collected 

concurrently. It also ensures that stakeholders are on the same page regarding data requirements 

(George et al., 2005; Master of Project Academy, 2021). The output of the data collection 

planning may, at a minimum, include the measurement selection matrix, stratifications, 

operational definitions, and SWOT for each performance measure. 

 

4.2.5 Adopting Performance Measures.  

Adoption of performance measures may take different procedures; however, this paper 

recommends formal adoption through a public planning process or by designated management 

groups. The Minnesota Department of Transportation uses these approaches (MnDOT, 2021). A 

Measurement Selection Matrix, Brainstorming, Multi-voting, or any other method can be used 

depending on a team's needs. 

 

4.2.6 Maintenance of a List of Adopted Performance Measures and Periodic Evaluation and 

Screening. 

It is suggested that an agency maintain a formally adopted performance measures list, which 

must include, at a minimum, the name of the adopted performance measure, a description of the 

metric, the objective for the performance measure, the methodology for evaluating results; and a 

description of how and when the measure was adopted, last amended, and, if applicable, retired 

(MnDOT, 2021). Further, adopted performance measures must be evaluated and screened 

periodically to assess their relevance and ensure the accuracy of goal, objective, commitment, 

and priority assessments. It also indicates when to retire a performance measure or reevaluate it. 
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The evaluation could be annual, but a different duration may be chosen to suit an agency's 

schedule and needs. 

 

4.3 Case Study: Selection of Performance Measures for the DOTD ITS Program 

4.3.1 Background 

DOTD Intelligent Transportation Systems (ITS) programs, as of 2020, had no structured 

performance measurement approach to assess the benefits of implemented strategies. A research 

project commenced in the third quarter of 2020 by the Louisiana Transportation Research Center 

(LTRC) aimed at developing performance measures to assess the performance and benefits of 

these programs (LTRC, 2020). 

 

To facilitate the selection of appropriate performance measures and address related challenges 

that hamper the setting of clear strategic directions for agencies and effective coordination and 

collaboration, this project developed and employed the structured six-step performance 

measurement selection process. Due to COVID-19 and the need to maintain social distancing 

during the research project phase (August 2020 – July 2022), team meetings and stakeholder 

consultations were held remotely via email and online meetings.  

 

The following sections summarize a case study of how the structured six-step process was used 

to develop performance measures, with a focus on the adoption of the final list of performance 

measures for the ITS program areas. This summarized case study provides an introduction to the 

structured six-step process and describes how LSS concepts were applied. 

 

4.3.2 Identifying Stakeholders and Establishing Goals of Louisiana DOTD 

An eight-member project review committee (PRC) was appointed as a focus group to work with 

one principal investigator and two project research collaborators. The PRC was composed of 

DOTD ITS managers, transportation engineers, and representatives from DOTD, FHWA, 

Freight, and Transit organizations, hereinafter referred to as the project team. Their diverse 

backgrounds and expertise allowed for a comprehensive review of the ITS improvement 

initiatives and the identification of potential synergies. A detailed list of roles and 

responsibilities, describing each stakeholder's contribution, was created using the RACI matrix. 

This helped define and clarify stakeholders' roles and responsibilities and established vital 

processes under each stakeholder's control. 

 

Twenty-four (24) goals were identified for Louisiana's ITS program areas from various 

documents, including the latest versions of Louisiana ITS Strategic Plan (DOTD, 2018), the 

Louisiana Statewide ITS Architecture (DOTD, 2016), and the National ITS Architecture 

Reference for Cooperative and Intelligent Transportation (ARC-IT) (USDOT, 2020). These 

goals were assigned to appropriate departments and prioritized in accordance with the strategic 

vision of the implemented DOTD ITS programs.  
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A stakeholder consultation was used to discuss all 24 goals identified and to determine whether 

each goal met the DOTD's vision (Yes/No) or if it needed revision or had to be discarded. Three 

goals were discarded during the stakeholder consultation due to a lack of feasibility and 

alignment with the DOTD's strategic vision. The remaining goals were revised and refined to 

ensure they were realistic, achievable, and in line with the desired outcomes of the DOTD ITS 

programs.  

The process flow for establishing the goals is summarized in Figure 3. 

 

 
 

Figure 3. Establishing goals for agency 

 

4.3.3  Developing Operations Objectives 

One hundred eighty-eight (188) potential operational objectives that connected to each goal were 

gathered from the Louisiana ITS Strategic Business Plan, the Statewide ITS Architecture, ARC-

IT, and documents from other states' transportation agencies. Using the Affinity Diagram to 

organize opinions and issues, the brainstorming technique was used to map each goal to one or 

more operational objectives, ensuring balanced lists of ideas are generated, and major causes are 

not overlooked.  

 

Again, a stakeholder consultation was used to determine (Yes/No) whether each operation 

objective was adequately connected to a goal, and whether a particular operational objective 

needed to be revised or discarded. One hundred twenty (120) of the potential operations' 

objectives were discarded for reasons including insufficient support for goal assessment.  

The process flow of developing the operational objectives is summarized in Figure 4. 
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Figure 4. Establishing operational objectives 

 

4.3.4 Developing Initial Performance Measures 

Based on the understanding of the goals and objectives of the ITS program areas, at least one 

outcome performance measure was established and mapped to assess each operational objective 

using affinity diagrams. Two hundred eighteen (218) initial performance measures were gathered 

from ARC-IT, literature reviews, a nationwide qualitative survey (Abedi et al., 2023), and other 

agencies that measure similar organizational goals. 

 

Multi-voting was used to condense and prioritize the large number of initial performance 

measures into high, medium, and low priorities for each ITS program area, and to decide 

(Yes/No) which performance measure made it to the final selection and which (No) needed to be 

discarded or revised further. The criteria employed were based on how a performance measure 

aligned with the goals and objectives, its understandability and straightforwardness, the 

availability of accurate and reliable data, and its compliance with the reporting responsibilities 

for each program area.  

 

One hundred and forty-three (143) of the initial performance measures were discarded. A sample 

initial performance measure proposal sheet is attached in Appendix A, as Table A. The process 

flow of developing the initial performance measures is summarized in Figure 5.  
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Figure 5. Establishing initial performance measures 

 

4.3.5 Developing Final Performance Measures 

Data Collection Planning was used to detail the steps and sequence for gathering data for the 75 

shortlisted performance measures. The plan included operational definitions, a list of available 

data, the required data volume, the geographic location for data collection, and the responsible 

data collection agency. Using a stakeholder consultation, the measurement selection matrix was 

employed to shortlist the initial list (Yes/No) by assessing how each performance measure 

aligned with the agency's overall vision and goals. Fifty-two (52) of the initial performance 

measures were discarded during the stakeholder consultation for reasons including data 

unavailability, acquisition costs, and the effort required to process the data.  

 

The process flow of developing the final performance measures is summarized in Figure 6.  

 

 
Figure 6. Establishing final performance measures 
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4.3.6 Adoption of Performance Measures  

The final performance measures were adopted through an internal review by the PRC. In its 

review, the management group critically evaluated the alignment of proposed performance 

measures with the DOTD ITS program's strategic vision, Louisiana state and federal 

requirements, ITS department priorities, and public expectations. The group also considered data 

management requirements and the implications of each proposed performance measure and 

target for existing DOTD commitments. A data collection matrix, a measurement selection 

matrix, and brainstorming were employed as LSS strategies to facilitate the process.  

 

Twenty-one (21) performance measures were adopted, which corresponded to 20 specific goals 

and 16 operational objectives. The final selected performance measures were pilot-tested to 

evaluate the performance of DOTD's ITS program areas, along with a reporting framework that 

detailed how data would be collected, reported, and evaluated over time (Thapa et al., 2022). 

 

A copy of the performance measure screening and adoption form is attached in Appendix B, 

along with other associated forms. The process flow for adopting the final performance measures 

is summarized in Figure 7. 

 

 
 

Figure 7. Adopting final performance measures 

 

4.3.7  Lessons Learned from Case Study 

Key lessons from the case study included the following:  

 Importance of Stakeholder Engagement: Engaging stakeholders throughout the process is 

critical to ensuring performance measures are relevant to all stakeholders and that there is 

buy-in at all levels. Early involvement of all relevant stakeholders promotes commitment and 
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supports data sharing.  

 Flexibility and Adaptability: The framework needs to be adaptable to a transportation agency's 

specific context. For instance, the case study highlights the need to be flexible in revising 

measures as new data and stakeholder feedback become available.  

 Data Quality: The challenges faced in procuring high-quality data emphasized the need for 

agencies to invest in data management systems and capabilities. Reliable data is fundamental 

to effective performance monitoring and decision-making.  

 Continuous Improvement: The application of LSS principles reinforced the value of a 

continuous improvement mindset. Regularly revisiting performance measures and making 

necessary adjustments helps to ensure their ongoing relevance and effectiveness.  

By documenting these methodologies and outcomes, the Louisiana DOTD case study serves as a 

practical example of how a structured approach, combined with LSS principles, can enhance 

TPM. 

 

4.4 Practical Implications for Other Transportation Agencies  

The structured six-step framework for selecting performance measures offers the following 

significant practical implications for transportation agencies seeking to enhance their TPM 

efforts. 

 Improved Collaboration and Consensus Building: The structured framework emphasizes 

collaboration and communication, engaging stakeholders from the outset. By actively 

involving diverse groups—such as state DOTs, MPOs, and local agencies—transportation 

agencies can foster collective ownership of the performance measures. This collaboration 

helps develop measures that are relevant across different contexts, increases buy-in, and 

facilitates smoother implementation and adherence to performance management principles.  

 Culture of Continuous Improvement: Transportation agencies can utilize the iterative cycles 

characteristic of LSS methodologies to regularly review and refine their performance 

measures based on evolving data and feedback. Such ongoing assessments ensure that 

measures remain relevant and practical in driving continuous performance and improvement.  

These insights highlight the relevance and usefulness of the proposed methodology in addressing 

the ongoing challenges faced by transportation agencies. 

 

4.5 Expected Benefits of the Study 

The expected benefit of this paper is to provide a structured, six-step performance-measure 

selection framework, with suggested LSS concepts, to aid TPM implementation efforts. The 

framework and suggested LSS tools can help improve communication and collaboration among 

stakeholders by providing a structured approach to selecting performance measures that are 

relevant and meaningful to setting the strategic direction of an agency or its programs. The case 

study presented in the paper demonstrates that the proposed methodology can be successfully 

applied in practice, providing a valuable example for other transportation agencies seeking to 

improve their performance management efforts. 
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4.6 Limitations and Directions for Future Studies 

The study's execution during the COVID-19 lockdown led to remote stakeholder engagement, 

limiting the implementation of certain LSS tools and extending the case study timeline. This 

posed challenges, including diminished team engagement. It also prevented detailed, step-by-

step documentation of applying the LSS tools and the quantitative validation of the proposed 

methodology during the case study.  

 

These limitations, coupled with limited depth in exploring LSS methodologies, may result in 

varying effectiveness of the proposed framework across contexts. Given these limitations, 

additional case studies are therefore suggested to unearth and document the benefits of the 

proposed framework and to identify potential modifications. 

 

4.6.1 Boundaries of Applicability 

The findings and recommendations presented in this desk study are primarily applicable to state 

DOTs and MPOs engaged in TPM. While the proposed methodology demonstrates practical 

application in the context of the DOTD's ITS program, it does not account for unique regional 

challenges, regulatory environments, or institutional practices that vary across different states or 

municipalities. Transportation agencies should therefore consider adapting the framework to 

their specific contexts, resources, and stakeholder dynamics. 

 

Further, this study's reliance on desk research implies that its findings are heavily reliant on the 

analysis of existing literature and case studies rather than on empirical data collection. Agencies 

seeking to implement this framework should also conduct their investigations and stakeholder 

assessments to confirm the relevance and applicability of the recommended practices to their 

specific needs. 

 

5. Conclusion 

The successful implementation of TPM is essential for enhancing the effectiveness and 

accountability of transportation systems. This framework not only facilitates standardized 

performance measurement but also fosters a culture of data-driven decision-making among 

transportation agencies. Challenges in TPM often stem from a lack of coordination, poor data 

quality, and varying understandings of performance metrics among stakeholders.  

 

To address these issues, the proposed six-step framework for selecting performance measures, 

combined with Lean Six Sigma methodologies, serves as a strategic approach to promoting 

stakeholder engagement and aligning objectives across transportation agencies. The DOTD case 

study demonstrates the ability of this structured methodology, showing tangible improvements in 

collaboration and stakeholder buy-in. 

 

By focusing on clear communication and consensus-building around performance measures, this 

approach enhances managerial insights and ensures that selected metrics are meaningful and 
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relevant to an agency's goals. Ultimately, this strengthens the overall effectiveness of 

transportation performance management, paving the way for improved planning, operations, and 

service delivery within the transportation sector.  

 

This paper highlights a practical approach to overcoming TPM challenges and provides an 

example for other transportation agencies seeking to improve their TPM efforts. Future research 

should focus on additional case studies to validate the framework and refine its implementation 

strategies. 

 

Acknowledgments 

The funding support of the Louisiana Department of Transportation and Development (DOTD) 

is duly acknowledged. 

 

Author Contributions 

The authors confirm the paper's contribution: paper conception and design: K. Abedi, J. Lee, 

data collection: K. Abedi, J. Codjoe, analysis and interpretation of results: K. Abedi, J. Lee, J. 

Codjoe & V.J. Gopu; draft manuscript preparation: K. Abedi. All authors reviewed the results 

and approved the final version of the manuscript. 

 

References 

Abedi, K., Codjoe, J. & Thapa, R. (2023). A Nationwide Evaluation of the State of Practice of 

Performance Measurements for Intelligent Transportation Systems. Journal of 

Transportation Technologies, 13, 222-242. doi: 10.4236/jtts.2023.132011. 

Aggarwal, A. (2021). Recipe for a Great Customer Experience: The Three Voices – Voice of 

Customer (VoC), Voice of Employee (VoE) and Voice of Process (VoP). Crafting 

Customer Experience Strategy, Lessons from Asia, Sapna Popli, Bikramjit Rishi, pp. 65-

90. Emerald Publishing Limited. Retrieved from https://doi.org/10.1108/978-1-83909-

710-220211005. 

Akamavi, R. K. (2005). Re‐engineering service quality process mapping: e‐banking process. 

International Journal of Bank Marketing, Vol. 23 No. 1, pp. 28-53. Retrieved from 

https://doi.org/10.1108/02652320510577357  

Barbrow, S., & Hartline, M. (2015). Process mapping as organizational assessment in academic 

libraries. Performance Measurement and Metrics, Vol. 16 No. 1, pp. 34-47. Retrieved 

from https://doi.org/10.1108/PMM-11-2014-0040  

Clark, J., Neuner, M., Sethi, S., Bauer, J., Bedsole, L., & Cheema, A. (2017). Transportation 

Systems Management and Operations in Action. FHWA-HOP-17-025. FHWA. U.S. 

Department of Transportation, 2017. Retrieved from https://www.itsheartland.org/wp-

content/uploads/2019/08/TSMO-in-Action-Oct-2017-fhwahop17025.pdf   

Coleman, B. (2021). HubSpot. Goals vs Objectives: The Simple Breakdown. 2021 (updated: 

February 8, 2022). Retrieved from https://blog.hubspot.com/marketing/goals-vs-

objectives.  

https://doi.org/10.4236/jtts.2023.132011
https://doi.org/10.1108/978-1-83909-710-220211005
https://doi.org/10.1108/978-1-83909-710-220211005
https://doi.org/10.1108/02652320510577357
https://doi.org/10.1108/PMM-11-2014-0040
https://www.itsheartland.org/wp-content/uploads/2019/08/TSMO-in-Action-Oct-2017-fhwahop17025.pdf
https://www.itsheartland.org/wp-content/uploads/2019/08/TSMO-in-Action-Oct-2017-fhwahop17025.pdf
https://blog.hubspot.com/marketing/goals-vs-objectives
https://blog.hubspot.com/marketing/goals-vs-objectives


     International Journal of Advanced Engineering and Management Research  

Vol. 10, No. 06; 2025 

ISSN: 2456-3676 

www.ijaemr.com Page 582 

 

Federal Highway Administration (FHWA). (2017a). Performance-Based Planning: Minnesota 

Department of Transportation. Last Updated 6/28/2017. Retrieved from 

https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/minnesot

a/  

Federal Highway Administration (FHWA). (2017b). Performance-Based Planning: Florida 

Department of Transportation. Last Updated 6/28/2017. Retrieved from 

https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/florida/  

Federal Highway Administration (FHWA). (2018). Performance-Based Planning and 

Programming. Case Studies. Retrieved from 

https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/ 

Federal Highway Administration (FHWA). (2019). Performance-Based Planning. San Diego 

Association of Governments: Adapting Performance-Based Planning and Programming 

to Advance Regional Goals. Retrieved from 

https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/san_diego

/  

Federal Highway Administration (FHWA). (2021). Transportation Performance Management. 

How Is TPM Being Implemented? Updated: 11/23/2021. Retrieved from 

https://www.fhwa.dot.gov/tpm/about/how.cfm  

Federal Highway Administration (FHWA) & American Association of Transportation Officials 

(AASHTO) (2021). Transportation Performance Management Webinar Series. TPM 

Webinar 7. Retrieved from https://www.tpm-portal.com/wp-

content/uploads/sites/13/2021/07/tpmwebinar7.pdf  

Fülscher, J., & Powell, S. G. (1999). Anatomy of a process mapping workshop. Business Process 

Management Journal, Vol. 5 No. 3, pp. 208-238. Retrieved from 

https://doi.org/10.1108/14637159910283029  

George M. L., Rowlands D., Price M., and Maxey J. (2005). The Lean Six Sigma Pocket. 

McGraw-Hill. 

Grant, M., D’Ignazio, J., Bond, A., & McKeeman, A. (2013). Performance-Based Planning and 

Programming Guidebook. United States Department of Transportation, FHWA-HEP-13-

041. Retrieved from 

https://www.transit.dot.gov/sites/fta.dot.gov/files/Performance_Based_Planning_and_Pro

gramming_Guidebook.pdf.  

Grant, M., McKeeman, A., Bowen, B., Bond, A., Bauer, J., LaSut, L., & D'Ignazio, J. (2014). 

Model Long Range Transportation Plans: A Guide for Incorporating Performance-

Based. Retrieved from https://ssti.us/wp-

content/uploads/sites/1303/2014/10/fhwahep14046-1.pdf  

Hamta, N., Ehsanifar, M., & Biglar, A. (2023). Optimization in Supply Chain Design of 

Assembled Products: A Case Study of HEPCO Company. Interdisciplinary Journal of 

Management Studies, 16(1), 61-77. Retrieved from doi:doi: 

https://doi.org/10.22059/ijms.2022.318236.674424 

https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/minnesota/
https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/minnesota/
https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/florida/
https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/
https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/san_diego/
https://www.fhwa.dot.gov/planning/performance_based_planning/case_studies/san_diego/
https://www.fhwa.dot.gov/tpm/about/how.cfm
https://www.tpm-portal.com/wp-content/uploads/sites/13/2021/07/tpmwebinar7.pdf
https://www.tpm-portal.com/wp-content/uploads/sites/13/2021/07/tpmwebinar7.pdf
https://doi.org/10.1108/14637159910283029
https://www.transit.dot.gov/sites/fta.dot.gov/files/Performance_Based_Planning_and_Programming_Guidebook.pdf
https://www.transit.dot.gov/sites/fta.dot.gov/files/Performance_Based_Planning_and_Programming_Guidebook.pdf
https://ssti.us/wp-content/uploads/sites/1303/2014/10/fhwahep14046-1.pdf
https://ssti.us/wp-content/uploads/sites/1303/2014/10/fhwahep14046-1.pdf
https://doi.org/10.22059/ijms.2022.318236.674424


     International Journal of Advanced Engineering and Management Research  

Vol. 10, No. 06; 2025 

ISSN: 2456-3676 

www.ijaemr.com Page 583 

 

He, Y., Tang, X., & Chang, W. (2009). Technical decomposition approach of critical to quality 

characteristics for product design for Six Sigma. Retrieved from 

https://doi.org/10.1002/qre.1077  

Hessing, T. (2021). SWOT Analysis - Six-Sigma Study Guide. Retrieved from 

https://sixsigmastudyguide.com/swot-analysis/  

Hessing, T. (2023). Multivoting- Six Sigma Study Guide. Retrieved from 

https://sixsigmastudyguide.com/multivoting/  

Ilie, G., & Ciocoiu, C. N. (2010). Application of fishbone diagram to determine the risk of an 

event with multiple causes. Management Research and Practice. Vol. 2 Issue 1, pp: 120. 

Retrieved from 

https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=44d20bad2e442680c7

81c1ad1c3dd77736a389a3  

Jach, P., Antony, J., Thomson, S. P., Cudney, B., & Furterer, S. (2022). Voice of the customer as 

a tool for service quality analysis in public transport. The TQM Journal, Vol. 34 No. 3, 

pp. 448-475. Retrieved from https://doi.org/10.1108/TQM-05-2021-0134  

Jackson, K. (2020). DMAIC: How to Drive Accountability With RACI. Retrieved from 

https://goleansixsigma.com/dmaic-how-to-drive-accountability-with-raci/  

Kumar, P., Singh, D., & Bhamu, J. (2021). Development and validation of DMAIC-based 

framework for process improvement: a case study of Indian manufacturing organization. 

International Journal of Quality & Reliability Management, Vol. 38 No. 9, pp. 1964-

1991. Retrieved from https://doi.org/10.1108/IJQRM-10-2020-0332  

Logan, R., Nitta, C. & Chidester, S. (2006). Design for Six Sigma with Critical – To-Quality 

Metrics for Research Investments. SAE Technical Paper 2006-01-0995, 2006. Retrieved 

from https://doi.org/10.4271/2006-01-0995  

Louisiana Department of Transportation & Development (DOTD). (2016). Statewide ITS 

Architecture Final. State Project Number: 4400001465, P.O. No.: 2-1456 ITS 

Architecture. Retrieved from https://dotd.la.gov/media/lmomfvao/statewide-its-

architecture-2016.pdf  

Louisiana Department of Transportation & Development (DOTD). (2018). ITS Strategic 

Business Plan 2018-2022. LADOTD Project No. H. 013070.1 GS&P Project No. 

40310.09. 

Louisiana Transportation Research Center. (2020). Develop and Evaluate Performance 

Measures for Intelligent Transportation Systems (ITS) in Louisiana. Research Project 

Capsule 21-4SS. Retrieved from https://www.ltrc.lsu.edu/pdf/2020/capsule_21-4SS.pdf  

Mandal, P. (2012). Improving process improvement: executing the analyze and improve phases 

of DMAIC better. International Journal of Lean Six Sigma, Vol. 3 No. 3, pp. 231-250. 

Retrieved from https://doi.org/10.1108/20401461211282727  

Market Business News. (2023). What is and Objective? Definition and Meaning. Retrieved from 

https://marketbusinessnews.com/financial-glossary/objective/  

Master of Project Academy. (2021). Data Collection Plan: Learn to Create It In 8 Steps. 

Retrieved from https://blog.masterofproject.com/data-collection-plan-six-sigma/  

https://doi.org/10.1002/qre.1077
https://sixsigmastudyguide.com/swot-analysis/
https://sixsigmastudyguide.com/multivoting/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=44d20bad2e442680c781c1ad1c3dd77736a389a3
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=44d20bad2e442680c781c1ad1c3dd77736a389a3
https://doi.org/10.1108/TQM-05-2021-0134
https://goleansixsigma.com/dmaic-how-to-drive-accountability-with-raci/
https://doi.org/10.1108/IJQRM-10-2020-0332
https://doi.org/10.4271/2006-01-0995
https://dotd.la.gov/media/lmomfvao/statewide-its-architecture-2016.pdf
https://dotd.la.gov/media/lmomfvao/statewide-its-architecture-2016.pdf
https://www.ltrc.lsu.edu/pdf/2020/capsule_21-4SS.pdf
https://doi.org/10.1108/20401461211282727
https://marketbusinessnews.com/financial-glossary/objective/
https://blog.masterofproject.com/data-collection-plan-six-sigma/


     International Journal of Advanced Engineering and Management Research  

Vol. 10, No. 06; 2025 

ISSN: 2456-3676 

www.ijaemr.com Page 584 

 

Mcilroy, A.-M. (2019). Assessment, Curriculum and Literacy Practices to Develop and Support 

Social Relationships in a New Zealand Primary School. Promoting Social Inclusion: Co-

Creating Environments that Foster Equity and Belonging. International Perspectives on 

Inclusive Education, Vol. 13, pp. 139-149. Retrieved from https://doi.org/10.1108/S1479-

363620190000013011  

Min, H., Yun, J.; & Geum, Y J. (2018). Analyzing Dynamic Change in Customer Requirements: 

An Approach Using Review-Based Kano Analysis. Sustainability. Sustainability 2018, 10, 

746. Retrieved from https://doi.org/10.3390/su10030746  

Minnesota Department of Transportation (MnDOT) (2021). MnDOT transportation 

performance. Retrieved from http://www.dot.state.mn.us/measures/index.html  

Murad, D. F., Fernando, E., Irsan, M., Kosala, R. R., Ranti, B., & Supangkat, S. H. (2018 ). 

Implementation of COBIT 5 Framework for academic information system audit 

perspective: evaluate, direct, and monitor. 2018 International Conference on Applied 

Information Technology and Innovation (ICAITI), Padang, Indonesia, 2018, pp. 102-107. 

Retrieved from Doi: 10.1109/ICAITI.2018.8686700 

Năstase, I. A., Bucur, M., R. M., & Zgură, I. D. (2024). Implementation of Lean Six Sigma-

DMAIC Methodology in Logistics. A Case Study from Romania. BASIQ 2024 

International Conference on New Trends in Sustainable Business and Consumption, 

Almeria, Spain, 6–8 June 2024. Bucharest: Editura ASE, pp. 495–503. Retrieved from 

https://conference.ase.ro/papers/2024/24081.pdf  

National Academies of Sciences, Engineering, and Medicine. (2009). Performance Measurement 

Framework for Highway Capacity Decision Making. Washington, DC: The National 

Academies Press. Retrieved from https://doi.org/10.17226/14255  

National Academies of Sciences, Engineering, and Medicine. (2022). Guide to Effective Methods 

for Setting Transportation Performance Targets. NCHRP Research Report 1035. 

Washington, DC: The National Academies Press. Retrieved from 

https://doi.org/10.17226/26764  

National Cooperative Highway Research Program (NCHRP) (2015). Advancing Performance 

Management Under A National Framework. NCHRP 20-24(97) Retrieved from 

https://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-24(97)_FR.pdf  

National Cooperative Highway Research Program (NCHRP). (2019). Developing National 

Performance Management Data Strategies to Address Data Gaps, Standards, and 

Quality. NCHRP Project 08-108. Final Research Report Prepared for NCHRP 

Transportation Research Board. Retrieved from 

https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_920NPM.pdf 

National Cooperative Highway Research Program (NCHRP). (2022). Performance Management 

Implementation Concerns, Issues, and Challenges. Final Report NCHRP Project 20-

24(127). Retrieved from https://onlinepubs.trb.org/onlinepubs/nchrp/NCHRP20-24-

127FinalReport.pdf  

Neudorff, L. G., Randall, J. E., Reiss, R., & Gordon, R. (2003). Federal Highway Administration 

(FHWA), Siemens ITS. Freeway Management and Operations Handbook. FHWA-OP-

04-003. Updated June 2006. Retrieved from: 

https://doi.org/10.1108/S1479-363620190000013011
https://doi.org/10.1108/S1479-363620190000013011
https://doi.org/10.3390/su10030746
http://www.dot.state.mn.us/measures/index.html
https://doi.org/10.1109/ICAITI.2018.8686700
https://conference.ase.ro/papers/2024/24081.pdf
https://doi.org/10.17226/14255
https://doi.org/10.17226/26764
https://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP20-24(97)_FR.pdf
https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_920NPM.pdf
https://onlinepubs.trb.org/onlinepubs/nchrp/NCHRP20-24-127FinalReport.pdf
https://onlinepubs.trb.org/onlinepubs/nchrp/NCHRP20-24-127FinalReport.pdf


     International Journal of Advanced Engineering and Management Research  

Vol. 10, No. 06; 2025 

ISSN: 2456-3676 

www.ijaemr.com Page 585 

 

https://ops.fhwa.dot.gov/freewaymgmt/publications/frwy_mgmt_handbook/fmoh_comple

te_all.pdf  

Oregon Department of Transportation. (2022). Analysis Procedures Manual. Version 2. Last 

Update: November 2022. Retrieved from 

https://www.oregon.gov/odot/Planning/Documents/APMv2.pdf  

Paulus, & Nijstad. (2019). Effective brainstorming. The Oxford Handbook of Group Creativity 

and Innovation. Retrieved from 

https://books.google.com/books?hl=en&lr=&id=YiSQDwAAQBAJ&oi=fnd&pg=PA287

&dq=brainstorming&ots=h0eA2ztCN1&sig=-

sQ_tK3Bs8FbWQKmcUZ6q01b6l4#v=onepage&q=brainstorming&f=false. 

Systems2win (2021a). Measurement Selection. Retrieved from 

https://www.systems2win.com/c/measures.htm 

Systems2Win (2021b). Brainstorming Techniques. Retrieved from 

https://www.systems2win.com/c/instr_brainstorming.htm  

Thapa, R., Codjoe, J., & Abedi, K. (2022). Develop and Evaluate Performance Measures for 

Intelligent Transportation Systems (ITS) in Louisiana. Final Report. FHWA/LA.22/668. 

Retrieved from https://rosap.ntl.bts.gov/view/dot/65779  

United States Department of Transportation (USDOT). (2020). The National ITS Reference 

Architecture (ARC-IT Version 9.0). Retrieved from 

https://www.arcit.net/html/archuse/objectives.html  

United States Department of Transportation (USDOT) (2022). Transportation Performance 

Management (TPM) Guidebook. Retrieved from https://www.tpmtools.org/guidebook/  

White, K. (2021). Process Mapping and High-Performance Management in Technical Services. 

Hines, S.S. (Ed.) Technical Services in the 21st Century (Advances in Library 

Administration and Organization, Vol. 42), Emerald Publishing Limited, pp. 55-67. 

Retrieved from https://doi.org/10.1108/S0732-067120210000042006  

Widjaja, W., & Takahashi, M. (2016). Distributed interface for group affinity-diagram 

brainstorming. Concurrent Engineering. 2016;24(4):344-358. Retrieved from 

https://doi.org/10.1177/1063293X16657860  

Worth, P., Bauer, J., Grant, M., Josselyn, J., Plaskon, T., Candia-Martinez, M., Smith, B., 

Wemple, E., Wallis, A., Chavis, & Rue, H. (2010). Desk Reference: Advancing 

Metropolitan Planning for Operations. The Building Blocks of a Model Transportation 

Plan Incorporating Operations. USDOT. FHWA. FHWA-HOP-10-027. Retrieved from 

https://www.govinfo.gov/content/pkg/GOVPUB-TD2-PURL-gpo9280/pdf/GOVPUB-

TD2-PURL-gpo9280.pdf  

Zgoda, B., Duffy, C., Grant, M., Eggert, H., Heggedal, K., & Lettes, S. (2021). Assessment on 

the Effectiveness of Performance-Based Planning and Programming (PBPP) in 

Transportation Decision-Making for State Departments of Transportation (DOTs) and 

Metropolitan Planning Organizations (MPOs). FHWA-HEP-21-027. Retrieved from 

https://www.fhwa.dot.gov/planning/performance_based_planning/pbpp_assessment/effec

tiveness_of_pbpp/fhwahep21027.pdf  

https://ops.fhwa.dot.gov/freewaymgmt/publications/frwy_mgmt_handbook/fmoh_complete_all.pdf
https://ops.fhwa.dot.gov/freewaymgmt/publications/frwy_mgmt_handbook/fmoh_complete_all.pdf
https://www.oregon.gov/odot/Planning/Documents/APMv2.pdf
https://books.google.com/books?hl=en&lr=&id=YiSQDwAAQBAJ&oi=fnd&pg=PA287&dq=brainstorming&ots=h0eA2ztCN1&sig=-sQ_tK3Bs8FbWQKmcUZ6q01b6l4#v=onepage&q=brainstorming&f=false
https://books.google.com/books?hl=en&lr=&id=YiSQDwAAQBAJ&oi=fnd&pg=PA287&dq=brainstorming&ots=h0eA2ztCN1&sig=-sQ_tK3Bs8FbWQKmcUZ6q01b6l4#v=onepage&q=brainstorming&f=false
https://books.google.com/books?hl=en&lr=&id=YiSQDwAAQBAJ&oi=fnd&pg=PA287&dq=brainstorming&ots=h0eA2ztCN1&sig=-sQ_tK3Bs8FbWQKmcUZ6q01b6l4#v=onepage&q=brainstorming&f=false
https://www.systems2win.com/c/measures.htm
https://www.systems2win.com/c/instr_brainstorming.htm
https://rosap.ntl.bts.gov/view/dot/65779
https://www.arcit.net/html/archuse/objectives.html
https://www.tpmtools.org/guidebook/
https://doi.org/10.1108/S0732-067120210000042006
https://doi.org/10.1177/1063293X16657860
https://www.govinfo.gov/content/pkg/GOVPUB-TD2-PURL-gpo9280/pdf/GOVPUB-TD2-PURL-gpo9280.pdf
https://www.govinfo.gov/content/pkg/GOVPUB-TD2-PURL-gpo9280/pdf/GOVPUB-TD2-PURL-gpo9280.pdf
https://www.fhwa.dot.gov/planning/performance_based_planning/pbpp_assessment/effectiveness_of_pbpp/fhwahep21027.pdf
https://www.fhwa.dot.gov/planning/performance_based_planning/pbpp_assessment/effectiveness_of_pbpp/fhwahep21027.pdf


     International Journal of Advanced Engineering and Management Research  

Vol. 10, No. 06; 2025 

ISSN: 2456-3676 

www.ijaemr.com Page 586 

 

APPENDIX A 
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