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NATIONAL COOPERATIVE HIGHWAY  
RESEARCH PROGRAM

Systematic, well-designed, and implementable research is the most 
effective way to solve many problems facing state departments of 
transportation (DOTs) administrators and engineers. Often, highway 
problems are of local or regional interest and can best be studied by 
state DOTs individually or in cooperation with their state universities 
and others. However, the accelerating growth of highway transporta-
tion results in increasingly complex problems of wide interest to high-
way authorities. These problems are best studied through a coordinated 
program of cooperative research.

Recognizing this need, the leadership of the American Association 
of State Highway and Transportation Officials (AASHTO) in 1962 ini-
tiated an objective national highway research program using modern 
scientific techniques—the National Cooperative Highway Research 
Program (NCHRP). NCHRP is supported on a continuing basis by 
funds from participating member states of AASHTO and receives the 
full cooperation and support of the Federal Highway Administration 
(FHWA), United States Department of Transportation, under Agree-
ment No. 693JJ31950003.

The Transportation Research Board (TRB) of the National Academies 
of Sciences, Engineering, and Medicine was requested by AASHTO to 
administer the research program because of TRB’s recognized objectivity 
and understanding of modern research practices. TRB is uniquely suited 
for this purpose for many reasons: TRB maintains an extensive com-
mittee structure from which authorities on any highway transportation 
subject may be drawn; TRB possesses avenues of communications and 
cooperation with federal, state, and local governmental agencies, univer-
sities, and industry; TRB’s relationship to the National Academies is an 
insurance of objectivity; and TRB maintains a full-time staff of special-
ists in highway transportation matters to bring the findings of research 
directly to those in a position to use them.

The program is developed on the basis of research needs iden-
tified by chief administrators and other staff of the highway and 
transportation departments, by committees of AASHTO, and by 
the FHWA. Topics of the highest merit are selected by the AASHTO  
Special Committee on Research and Innovation (R&I), and each year 
R&I’s recommendations are proposed to the AASHTO Board of Direc-
tors and the National Academies. Research projects to address these 
topics are defined by NCHRP, and qualified research agencies are 
selected from submitted proposals. Administration and surveillance of 
research contracts are the responsibilities of the National Academies 
and TRB.

The needs for highway research are many, and NCHRP can make 
significant contributions to solving highway transportation problems 
of mutual concern to many responsible groups. The program, however, 
is intended to complement, rather than to substitute for or duplicate, 
other highway research programs.
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ABOUT THE NCHRP SYNTHESIS PROGRAM

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

There is information on nearly every subject of concern to highway administrators and engineers. 
Much of it derives from research or from the work of practitioners faced with problems in their day-
to-day work. To provide a systematic means for assembling and evalu ating such useful information 
and to make it available to the entire highway community, the American Association of State High-
way and Transportation Officials—through the mechanism of the National Cooperative Highway 
Research Program—authorized the Transportation Research Board to undertake a continuing study. 
This study, NCHRP Project 20-05, “Synthesis of Information Related to Highway Practices,” searches 
out and synthesizes useful knowledge from all available sources and prepares concise, documented 
reports on specific topics. Reports from this endeavor constitute an NCHRP report series, Synthesis 
of Highway Practice.

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

FOREWORD
By Jo Allen Gause

Staff Officer 
Transportation Research Board

The objective of this synthesis was to document current practices and methods used by state depart-
ments of transportation (DOTs) for visualizing highway performance measures and their use of visual-
ization techniques for communication and decision support.

Information for this study was gathered through a literature review, a survey of state DOTs, and 
follow-up interviews with selected agencies. Five case examples provide additional information on 
practices related to visualizing highway performance measures.

Appendix C, Visualization Examples, is not included in the published report. The appendix is a 
PowerPoint presentation that is accessible only online and available on the National Academies Press 
website (www.nap.edu) by searching for NCHRP Synthesis 584: Visualization of Highway Performance 
Measures.

Frank Broen, Metro Analytics, collected and synthesized the information and wrote the report. 
The members of the topic panel are acknowledged on page iv. This synthesis is an immediately useful 
document that records practices that were acceptable within the limitations of the knowledge avail-
able at the time of its preparation. As progress in research and practice continues, new knowledge 
will be added to that now at hand.

http://www.nap.edu
http://nap.nationalacademies.org/26651
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The objective of this synthesis is to document the current practices and methods used by 
state departments of transportation (DOTs) for visualizing highway performance measures 
and their use of visualization techniques for communication and decision support. This 
synthesis focused on how visualization supports Transportation Performance Management 
(TPM), a strategic approach that uses performance data to inform decision making and 
outcomes. When implemented effectively, TPM can improve project and program delivery, 
inform investment decisions, and provide greater transparency and accountability. Creating 
shareable visual representations of performance measure data (visualizations) improves 
accessibility and the understanding of the data and has become increasingly widespread as 
more DOTs have found visualizations to be effective tools.

The study methodology for this synthesis integrated a literature review, the results of a 
survey encompassing all 50 state DOTs and the District of Columbia’s DOT, and one-on-
one interviews with practitioners in five DOTs. Of the 50 state DOTs (plus the District of 
Columbia’s) surveyed, 44 responded to the survey—an 86% response rate. However, not 
every DOT answered every survey question, so statistics shown throughout this report reflect 
the percentage of the DOTs answering the question. For example, if 40 DOTs answered  
a particular question, then 75% of responses would signify 30 DOTs (30 out of 40). The 
literature review results, the survey, and the interviews are contained in Chapters 2, 3, and 4, 
respectively.

Based on information gathered from the literature review and the survey, the synthesis 
results show that agencies are using visualization to attempt to communicate, analyze, and 
report on system performance, and for synthesizing the data into presentations that can be 
easily understood by decision makers, analysts, and other system stakeholders. The DOTs 
reported that they seek to achieve one or more of the following objectives with their perfor-
mance measure visualizations:

•	 Document current status.
•	 Show trends over time.
•	 Communicate progress toward a target.
•	 Help tell a performance story.
•	 Support a policy.
•	 Inform long-term planning.
•	 Inform medium-term planning.
•	 Inform day-to-day operations.

In addition to meeting these objectives, DOTs report using visualizations that present 
information with different levels of granularity and complexity, depending upon the audi-
ences with which they are communicating. The results of the synthesis show that most 

S U M M A R Y
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agencies use different visualization techniques and reporting styles when communicating 
internally with engineers, planners, and operations staff compared to communicating with 
public officials and the media.

The survey results of the responding DOTs show that

•	 100% (44 of 44) create simple charts for internal leadership (decision makers) and 61% 
(27 of 44) for elected public officials and external audience,

•	 84% (27 of 32) responded that they create infographics for internal leadership and 69% 
(22 of 32) for elected public officials,

•	 97% (31 of 32) use complex charts for internal DOT analysts,
•	 95% (36 of 38) have created a dashboard that is used by internal DOT analysts,
•	 66% (25 of 38) have published a dashboard that is available to an external audience on 

the internet, and
•	 98% (43 of 44) report using Microsoft Excel for visualizing data.

A total of five state DOTs (Arkansas, Florida, Utah, Virginia, and Washington) were 
selected for case examples and interviewed to discuss which practices they have found to be 
effective for visualizing performance measures. The examples included a summary of each 
state DOT’s practice, as well as lessons learned.

The theme of audience in relation to success also emerged regarding intended internal 
or specific stakeholder audiences. One common DOT response stated that an information-
rich visualization allows person-to-person time to focus on explanation, analysis, and solu-
tion strategy planning. It serves as an educational tool for use within the agency and with 
external stakeholders.

This synthesis found that DOTs are grappling with a number of challenges in their efforts 
to use data visualization. These challenges include

•	 Managing the acquisition, storage, and access to the data that underpin the visualizations;
•	 Maintaining the timeliness of the visualizations;
•	 Maintaining focus on key information as opposed to trying to maintain an expanding 

kaleidoscope of visualizations that are more overwhelming than informative; and
•	 Developing visualizations that impact a behavior or encourage change.

To address the challenges identified, Suggestions for Future Research in Chapter 5 describes 
how a Dashboard and Visualization Toolkit that incorporates an audience evaluation pro-
cess could be helpful to practitioners. The guide would not only provide fundamental prin-
ciples that form the foundation for creating visualizations that serve today’s needs, but also 
create a platform that tomorrow’s technology could build on to answer even more complex 
questions. Beyond mobility and infrastructure challenges, the issues of resilience, equity, 
and sustainability are likely to become increasingly important to meet local, state, country, 
and international transportation needs for both people and freight.

http://nap.nationalacademies.org/26651
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Background

The objective of any data visualization is to impart information to the viewer clearly, succinctly, 
and in an easily digestible form. The absorption of the information does not have to be instanta-
neous; it can unfold for the viewer as they digest or absorb what is presented. In addition, it can 
provide context and, if desired, more granular detail. Take, for example, Figure 1, which has been 
used in countless presentations because of the immense amount of data that is easily and quickly 
communicated to the viewer. One can very quickly comprehend and absorb the scale and scope 
of what happened to Napoleon’s army when it invaded Russia. One can then begin to integrate 
the details below the graphic to draw more insights. This figure clearly shows the potential a well-
constructed visualization has to organize and display data to enhance the viewer’s understanding 
and absorption of information.

Visualizations are tools for analyzing, reporting, and communicating the complexities of a 
transportation system and for synthesizing these intricacies into presentations that can be easily 
understood. A large portion of the human brain is engaged in the function of vision. Visualiza-
tion presents information to the brain in a form that it is accustomed to processing and transfer-
ring to memory quickly. In the increasingly digitized world of screens, avatars, and icons, the 
proliferation of visualization to convey information has created an expanding expectation that 
it will be used. It is increasingly no longer a matter of if those seeking to tell their stories to the 
world will choose to use visualization; rather, it is becoming more a question of how to use it 
most effectively. This expansion of visualization extends to DOTs telling their system perfor-
mance stories. This synthesis documents how DOTs are telling their performance stories with 
visualizations.

Transportation Performance Management (TPM) is a strategic approach that uses perfor-
mance data to inform decision making and outcomes. When implemented effectively, perfor-
mance management can improve project and program delivery, inform investment decisions, 
and provide greater transparency and accountability. As shown below, performance measure 
reporting is now federally required by every state and is one of the foundational elements of 
TPM; its primary elements include

•	 An established set of measures,
•	 Performance data,
•	 Clearly defined targets/goals, and
•	 Regular reporting of performance relative to defined targets/goals.

Information in a transportation system can be defined in quite broad terms because of 
the complexity of system elements combined with the added complexity of outside elements 
that can directly or indirectly influence how the system performs. Therefore, information in 

C H A P T E R   1
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Figure 1.  Napoleon marched on Moscow in 1812 with 422,000 soldiers—only 10,000 returned. This multivariate visualization by Charles Joseph 
Minard tells that story (Source: Grandjean 2014).
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this context could be anything notable about transportation system conditions, agency inter-
ventions, or expected futures. Transportation system information could describe actual or 
anticipated performance outcomes, overall system functioning, the underlying cause of out-
comes, how much other elements contribute to outcomes, effectiveness of actions and deci-
sions, or, in effect, anything that leads to knowledge and understanding of the system’s complex 
web of cause-and-effect relationships.

In 2012, the federal government enacted the Moving Ahead for Progress in the 21st Century 
Act (MAP-21). A key feature of this act was the establishment of a performance- and outcome-
based program with the objective of having the DOTs direct resources toward the achievement 
of performance goals they set for their systems. The process of establishing how performance 
would be measured included input from all 50 state DOTs and the District of Columbia. The 
measures are divided into the following three performance measure (PM) categories:

•	 PM1 – Safety.
•	 PM2 – Pavement and Bridges on the NHS.
•	 PM3 – System Reliability, Freight, Congestion, and Air Quality.

While these measures provide a common set of performance measures for all DOTs, the intent 
is not to compare DOTs, but rather to provide a common foundation on which to evaluate the 
performance of the national transportation system. The PM1, PM2, and PM3 measures are high-
way focused. Many DOTs also now use their own performance measures, including multimodal 
measures, to evaluate how well they are meeting their own goals.

Implemented in 2015, the Fixing America’s Surface Transportation (FAST) Act modified 
some of the measurement elements of the federal-aid highway program established in MAP-21, 
as it reinforced the performance management approach that allowed DOTs to set their own 
goals, whether aspirational (e.g., zero fatalities), stretch (decrease fatalities x%), typical (decrease 
fatalities y%), or minimal (no change or not more than x% increase in fatalities). DOTs are free 
to use any method they choose to communicate their progress.

The practice of using a variety of technological tools to create shareable visual representations 
of performance measure data (visualizations), has become increasingly widespread as more 
and more DOTs have found them to be effective. This synthesis documents the way DOTs visu-
alize performance measures, what practices and methods are being used to create them, how  
the data visualizations are being used for communication and decision making, and how effec-
tive they are being found to be for those purposes.

As will be seen in a review of existing literature on the subject, many DOTs are collecting a 
broad range of performance data. The challenge for the DOTs is the transformation of that data 
into useful information that can be effectively communicated. DOT experiences documented 
in this synthesis speak to many themes and ideas reflected in the literature, particularly in 
regard to the complexity of challenges faced, such as governance of data at all stages of the life 
cycle, issues of quality and quantity of both data and visualization tools, how to integrate data 
appropriately and ask the appropriate questions to provide useful insights, and hiring and 
partnering with the people who have the necessary skills to make it all happen.

Synthesis Objectives and Methodology

The objective of this synthesis is to document the current practices and methods used by 
DOTs for visualizing highway performance measures and using visualization techniques for 
communication and decision support. The approach is built on (1) the results of a survey  
encompassing all state DOTs and the District of Columbia, (2) a review of the existing literature 

https://www.trpa.org/wp-content/uploads/PM1-Safety-2020.pdf
https://www.trpa.org/wp-content/uploads/PM2-Pavement-and-Bridge-2020.pdf
https://www.trpa.org/wp-content/uploads/PM3-System-Performance-of-NHS-2020.pdf
http://nap.nationalacademies.org/26651
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as well as visualizations currently available on DOT websites, along with (3) a series of interviews 
with current practitioners at select DOTs documenting their in-the-field processes, products, and 
self-identified successes and challenges. This synthesis is primarily focused on data visualiza-
tion of highway performance measures, referred to throughout the document as “performance 
measures.” However, complementary system performance measures (e.g., multimodal and eco-
nomic) are noted in the report as examples of where DOTs are utilizing other metrics to inform 
decision makers on factors that could affect system performance.

In the body of this synthesis, many responding DOTs have communicated that the goal they 
are trying to achieve is to tell their performance story with visualizations that resonate with 
their audience. They have expressed that when stories are accurate, the data are transparent, 
and the message is consistent, it can help build trust within and among the DOT, the planning 
partners, legislators, and the public. Responding DOTs provided examples of how effective 
visual storytelling has achieved success in facilitating communication and influencing decision 
making.

Transportation planning is based on missions, values, and goals. Data must be collected, 
analyzed, and communicated to evaluate how well an agency is fulfilling its mission and meeting 
its goals, and to measure its overall effectiveness. Clearly defined targets and accurate perfor-
mance data help define progress toward those goals. Performance measures are a foundational  
element to performance management. Visualizing performance measures, as demonstrated by 
the results of this synthesis, is a practice that is being used to one extent or another in agencies in 
DOTs in all 50 states and the District of Columbia. This synthesis allows practitioners, researchers, 
and other stakeholders in the transportation community to assess the current state of the prac-
tice from a variety of perspectives, thereby enabling a more informed decision-making process 
regarding the visualization of transportation performance data throughout the transportation 
system as a whole.

Organization of the Synthesis

After this Summary, Chapter 1 provides the background for the potential for performance 
measures to improve the transportation system and the importance of visualization in achieving 
that goal. It also explains the process used to develop this synthesis.

Chapter 2 is a Literature Review on the subject of visualization. It summarizes two trans-
portation research documents, NCHRP Project 20-24(93)B(02) Final Report, Communicating 
Performance Management—State DOTs Continuing to “Tell Their Story” and NCHRP Web-Only 
Document 226: Data Visualization Methods for Transportation Agencies (Vizguide) (Spy Pond 
Partners, LLC, and Sharp & Company 2015; Higgins et al. 2017). These documents provide the 
strongest foundation for reviewing how DOTs are applying these principles. Additional sources 
outside the transportation research field are summarized for additional context.

Chapter 3, Survey Results, provides a summary of the responses of state DOTs to the survey, 
along with some context from the case examples. The chapter highlights the visuals that are 
used most often, the purpose of the visuals, the performance measures visualized, and the types 
of tools used.

Chapter 4, Case Examples, is a summary of the interviews with five state DOTs. Washington 
State DOT pioneered performance journalism to tell the agency story, because they believed in 
the power and value of this information to improve the overall performance of the state trans-
portation system as a whole. Virginia’s dashboard was the key tool for change by publishing a 
dashboard that identified the current progress of planning and construction projects. Project 
on-time delivery improved dramatically after the dashboard was published. The most significant 
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innovation of Florida DOT’s efforts has been their vision of visualizing data both horizontally 
(showcasing multimodal mobility performance measures) and vertically (ranging from local to 
state level). The Utah dashboard serves as UDOT’s “face” to decision makers and other transpor-
tation system stakeholders. When questions are asked, not only regarding performance measure 
data, but also about UDOT, they can easily be answered by a referral to the Strategic Direction 
website. Arkansas DOT followed the lead of other state DOTs; it has already created a number 
of visualizations and is working toward the goal of creating its own centralized performance 
management dashboard similar to those presented in the other case examples.

Chapter 5, Summary of Findings, notes key success factors, challenges, and topics of future 
research that lead the way forward to broaden the findings to more DOTs and deepen the impact 
of visualization on decision making.

A Glossary and a bibliographic and references list precede Appendix A, which contains the 
survey. Appendix B presents the survey responses, and an online-only Appendix C showcases 
visualizations from the 44 DOTs responding to the survey.
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Summary of Published Works to Date

This chapter summarizes a review of the existing literature and guidance currently avail-
able about visualizing performance measures and the relevance of that material to the overall  
synthesis. Due to the current evolutionary nature of the topic, much of the most recent information 
is addressed in the literature primarily through websites, conference presentations, or other 
forms of presentations that address more retrospectively what is already being put into practice. 
While there is ample literature available on visualization in general and on the visualization of 
data in other fields, particularly in the realm of science education, there is a relatively limited 
body of technical methodological research, academic publications, and reports in technical  
journals specifically addressing the topic of visualizing transportation data. Most of the aca-
demic work regarding the visualization of transportation data has been on a micro level, in terms 
of seeking to apply visualization of data to location- or scenario-specific challenges, as opposed 
to how one might best apply the practice to a DOT system as a whole. As subsequent chapters  
will illustrate, much of what has been found in the current state of the practice has been derived 
from in-the-field innovation by individuals in DOTs throughout the nation. Therefore, although 
academic research is included in this review, it largely focuses on guidance that has been previ-
ously published by national transportation organizations and the publications by researchers 
outside of the field of transportation.

To explore complex visualizations not addressed in this synthesis, there are over one hundred 
video presentations from TRB Visualization in Transportation Symposia available on the TRBVIZ 
website about a wide variety of specialized topics surrounding data visualization (National 
Transportation Research Board Committee on Visualization in Transportation 2020). For 
example, the website includes “MAP-21 PM3 Deep-Dive Visual Analytics,” “Color Fundamentals 
for Visualization, Creation, and Exploration,” and “Visualizing Urban Freight Movement by 
Leveraging Mobility Data Portals” (Ayers 2019, Rhyne 2019, Yuksel 2019).

The publications can be divided into two main groups: generalized guidebooks produced by 
visualization experts and enthusiasts and industry-specific publications. Both of these groups 
have impacted and been impacted by the state of the practice over the last 20 years. This review 
will first address generalized publications and then move on to a more in-depth discussion of 
the industry-specific literature currently available.

Generalized Publications

There are a number of published books and blogs on visualizing data that have been written by 
private subject-matter experts and enthusiasts that speak to common issues of theory and prac-
tice in the visualization of data in general. The following review is not exhaustive but intended 

C H A P T E R   2
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to provide an overview of some recent publications. The review also elucidates the literary and 
theoretical context within which DOT practitioners and innovators have been working, pre-
sented in detail in the case examples in Chapter 4.

The referenced publications on the visualization of data go back to the 1983 publication 
by Yale professor Edward R. Tufte, The Visual Display of Quantitative Information, initially 
believed to be relevant only to those interested in the then-dawning field of computer graphics.  
In the publication, Tufte lays out the foundations of theory and practice for the design and display 
of data graphics, including charts, graphs, and tables, and how to use them most efficiently for  
quick data analysis. Tufte went on to expand this foundation into a set of more widely appli-
cable principles incorporating clarity of design in his next book, Envisioning Information (1990). 
He capped off his trilogy of contributions to the nascent field of data visualization with the 
1997 publication of Visual Explanations: Images and Quantities, Evidence and Narrative. In this 
final volume he presented a vast array of real-life examples of how the efficient visualization of 
statistical data significantly contributed to decision-making processes. It is in this volume that 
he introduced the concept of narrative, or what is called storytelling by later authors, and the 
significance of resonating with an intended audience, ideas that can be widely found in the state 
of the practice today. There is significant literature in the general area of data visualization, and 
what follows is a summary of selected literature.

Originally published in 2007, Garr Reynold’s book Presentation Zen: Simple Ideas on Pre-
sentation Design and Delivery just went into its third edition (2019). In this book, Reynolds 
emphasizes the themes of connecting with an audience and what he argues is the necessity of 
simplicity and clarity in doing so effectively. He discusses the framework of storytelling and 
narrative in making his recommendations for how to best accomplish these goals. There is a 
companion blog available online, also titled Presentation Zen, that carries on these discussions 
in terms of real-life examples.

One of Reynold’s most emphasized points is that design matters. He posits that visualiza-
tion of data is about making communication as easy and clear for the audience as possible. For 
example, he argues that empty space is not nothing. It is a powerful something. It is the area 
that helps guide the eye to the most important information. He also discusses the importance 
of the principle of flow in a design and how it helps guide the audience the from beginning 
to the “ah ha” moment. Reynolds goes on to name four principles as important guides in the 
design of effective visualizations: contrast, repetition, alignment, and proximity. He explains 
that sophisticated design may begin with a concept that is memorable “at-a-glance,” but to execute 
the design typically requires addressing many small adjustments that result in a good informa-
tion graphic.

For example, Reynolds emphasizes simplicity in terms of how the visual will look, asking 
questions like: “What elements (text, chart, map, icon, table, photo) are included?,” “How large 
is each element?,” and “What is the first thing the audience should see?” He also addressed the 
issue of audience expectations when it comes to simplicity, such as placing a title in the upper 
left-hand corner because it is the place audiences expect to see a title. Reynolds suggests that  
it is most effective to work with such audience expectations rather than against them, as this 
increases clarity and simplicity.

In his book The Back of the Napkin: Solving Problems and Selling Ideas with Pictures, pub-
lished in 2013, author Dan Roam argues that everyone is born with a talent for visual thinking, 
which makes communicating ideas visually a relatively intuitive process. More importantly, 
he puts forward his ideas about the power that even simple drawings (such as on the back of a 
napkin) can have in the ability to organize and analyze information, streamlining the problem-
solving process.
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In this book, Roam asserts that data visualization assists with problem solving and suggests 
that “the heart of business is the art of problem solving.” He goes on to ask, “What if there was 
a way to more quickly look at problems, more intuitively understand them, and more rapidly 
convey to others what we’ve discovered?” Roam then lays a foundation for making strategic 
choices in creating data visualizations by explaining that there are six ways we see, which relate 
to six ways we can then show what we see. Figure 2 is an example from a chart that Roam uses to  
simplify his theories on the relation between thinking about questions of who/what, how much, 
where, when, how, and why, and the different ways that information can be shown. For example, 
if we are seeing a who or a what, one of the simplest ways Roam says to visually represent that 
information is with a portrait of a person or photograph of an object or place. However, if we 
are seeing how much of various categories there are and how they relate to one another, Roam 
says one of the simplest ways to visually represent that is with a chart or graph.

Figure 3 shows another way Roam suggests further refining the best type of visual to use, for 
a particular type of data and for a specific level of an intended audience. The intention of the 
chart is to help the practitioner select first, on the left, which type of data they want to represent. 
For example, if the practitioner wanted to represent information about the question of who 
Roam’s previous chart identifies, the simplest way to represent that could be a portrait. This 
more complex chart then asks the practitioner to select the importance or necessity of certain 
visual qualities, based on the desired complexity of the data and/or visualization decided to be 
most appropriate for the intended audience. Roam labels the visualization/choice categories 
with the acronym “SQVID.” The filter is based on the following questions regarding the informa-
tion that the practitioner should ask to evaluate their data and desired visual:

•	 (S) Does the visual need to be simple or elaborate?
•	 (Q) Does the visual need to convey quality of design or quantity?
•	 (V) Does the visual represent vision or execution?
•	 (I) Does the visual communicate an individual element or a comparison of many items?
•	 (D) Does the visual communicate change or an as-is condition?

Figure 3.  Roam’s SQVID filter (Source: Roam 2013).

Figure 2.  An example referencing Roam’s six ways we can show what we see 
(Source: Roam 2013).
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Storytelling with Data: A Data Visualization Guide for Business Professionals by Cole  
Nussbaumer Knaflic, published in 2015, speaks to the increasing trend toward visualization 
that is occurring in the marketplace at-large and toward the demand that exists for increasingly 
more informed guidance on the subject. This book is organized around the theories of audience, 
clarity of design, and visual storytelling, all essential principles initially introduced by Edward 
Tufte’s seminal works. In 2019, Knaflic also published a companion volume more focused on 
practical application, titled Storytelling with Data: Let’s Practice!

Dona Wong was chosen as a keynote speaker for the 8th International Visualization in Trans-
portation Symposium held in Washington, DC in 2017. Her presentation “Telling Compelling 
Stories with Data” featured her book, The Wall Street Journal Guide to Information Graphics: 
The Dos and Don’ts of Presenting Data, Facts, and Figures (2013), distributed to all attendees. 
She presented on common pitfalls and how to avoid them. Her very practical guidance points 
out her suggestions for best practices and common pitfalls of the most-used visualizations, 
including tables and bar, line, and pie charts. Guide to Information Graphics provides many 
clear examples for designers to consider. Figure 4, concerning high impact visualizations, is 
just one example from the book that illustrates the significance Wong places on working with 
what an audience expects, similar to the point that Garr Reynolds makes in Presentation Zen.

Dr. Stephanie Evergreen has built her career on the critique and improvement of how pro-
fessionals communicate data. Her website, Evergreen Data, hosts a blog discussing her theories 
and their practical application. Her book, Effective Data Visualization (2019) includes a chapter 
on recommendations for dashboard design and construction, reflecting the rapid expansion 
of the use of online dashboards to communicate data in a wide variety of fields and industries. 
Both the book and the website provide detailed theory and practical real-world examples of 
Evergreen’s methods to create effective data visualizations based on her research.

Nancy Duarte’s book, DataStory: Explain Data and Inspire Action Through Story (2019), focuses 
on the singular concept of storytelling as an effective framework for the communication of data. 
She centers her guidance and employment of other principles, such as audience and clarity, 
around how to design and create visualizations that tell stories in a way that emotionally impact 
their audience and hence inspire and motivate direct action.

She characterizes her approach as taking a “data point of view.” This accentuates that without 
data, there is no story to tell; it is through analyzing data that one determines if there is a story 
to be told, what that story is, and what, if any, recommendations for action should be made 
based on that story. According to her perspective, it is the answers to these questions that pro-
vide the overall point of view and ultimately set the course for designing the most appropriate 
visual representation of that story in a manner that will resonate with the intended audience 
to inspire action.

Duarte’s previous book, Resonate: Present Visual Stories that Transform Audiences, asserts 
that facts alone fall short. She explains that there can be piles of facts and the story may still fail 
to make any impact on its intended audience, so it is not the information that is important, but 
more so the emotional impact of that information that creates an effect. In this book, Duarte  
identifies that reporting performance measures may include “just the facts,” but converting the 
facts into useful information, and information into sustained impact, is the crux of the challenge. 
Therefore, it is crucial, in her estimation, that one determine the most effective way to trans-
form the facts into a visual narrative that resonates with the intended audience (Duarte 2010).

There are a number of general publications dealing with specific design aspects of visual-
ization, such as the use of color. A representative example of this type of work can be found in 
Theresa-Marie Rhyne’s book Applying Color Theory to Digital Media and Visualization. In this 
book, Rhyne posits that color can be effectively used as the most impactful element to focus the 
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Figure 4.  An example from Wong’s The Wall Street Journal Guide to Information Graphics: The Dos and Don’ts of Presenting Data, Facts and 
Figures (Source: Wong 2013).
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attention of the audience on the area that tells the story. Using color well reinforces the message. 
Using color in visualizing a performance story is a marriage between art and science. One sees 
the entire picture, and all the colors at once. �e elements of color, shown in Figure 5, are used 
together to help tell the story (Rhyne 2017).

Rhyne elaborates on how e�ective design can be shown in black and white and still commu-
nicate the story. For example, if the primary distribution is expected to be a personal printer, 
black and white may be the best design choice. However, she points out that color has the bene�t 
of adding another dimension to focus attention on important information.

Rhyne, similar to many general knowledge sources on color theory, illustrates that there are 
multiple possible considerations when selecting colors in a data visualization. Some of these 
considerations can include, but are not limited to, the following:

• Psychological relationships to colors; for example, what does a reader think of when seeing red 
or orange? Not everyone will have the same reaction, but there are some common expectations.

• Contrast will have a profound e�ect on the legibility of a visual. Dark red text on black is dif-
�cult to read. Some audience members are color blind, and require strong contrasting values 
to distinguish between color pairs.

• Balance, or the relationship of major and minor elements, impacts where the eye is focused.
• Color theory studies the relationships between colors. Analogous colors that are close to each 

other can be both visually attractive and communicate e�ectively. Contrasting colors on oppo-
site sides of the color wheel will intensify the color of both. Adding white, black and/or gray 
can add sophistication and nuance to the overall impact (Adobe 2021).

�ere are a number of scienti�c studies into questions of how e�ective data visualization is 
for the communication and recall of information and why. An example of these studies and 
how they contribute to a deepening understanding of the practice is the 2015 Harvard study on 
visualization and memory, “Beyond Memorability: Visualization Recognition and Recall.” In 
this study, the authors argue that the most memorable visualizations are those that are memo-
rable “at-a-glance.” �ey explain the science behind this is that visualizations are memorable if 
they require less eye movement to recognize the visualization, hence they can be more quickly 
retrieved from memory. More signi�cantly, “when these visualizations are retrieved from memory, 
many details of the visualization are retrieved as well” (Borkin et al. 2015).

Theory Relationship between colorsTheory Relationship between colors

Psychological
   Relationship of color to
   our feelings

Psychological
   Relationship of color to
   our feelings

Contrast
Relationship of   

light to dark      

Contrast
Relationship of   

light to dark      

Balance
Relationship of Major

and Minor areas    

Balance
Relationship of Major

and Minor areas    

Figure 5.  Key concepts from Rhyne’s Applying Color Theory to Digital Media and Visualization (Source: Broen).
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The Harvard study also speaks to possibilities of why many of the initial principles identified 
by Tufte have endured in both theory and practice over the last several decades. These prin-
ciples again include simplicity, clarity, working with expectations of an intended audience, and 
use of narrative strategy. The study speaks quite specifically to a particular strategy of “perfor-
mance journalism,” developed by Washington State DOT (WSDOT). This strategy uses care-
fully crafted textual headlines in conjunction with data visualizations (addressed in detail in 
the WSDOT case example in Chapter 4 of this document). The authors of the study explain the 
effectiveness of such strategies in the following way:

Titles and text attract people’s attention, are dwelled upon during encoding, and correspondingly 
contribute to recognition and recall. People spend the most amount of time looking at the text in a 
visualization, and more specifically, the title. If a title is not present, or is in an unexpected location 
(i.e., not at the top of the visualization), other textual elements receive attention. As exhibited by these 
results, the content of a title has a significant impact on what a person will take away from, and later 
recall, about a visualization . . . Note that prior psychology studies have demonstrated that concrete, 
imageable words (those that can be easily imagined or visualized) are easier to remember than abstract 
ones. (Borkin et al. 2015)

Industry-Specific Literature

The article “Bridging the Gap between Agencies and Citizens: Performance Journalism as a 
Practical Solution to Communicate Performance Measures and Results,” published in a 2008 
issue of TRB’s journal, Transportation Research Record: Journal of the Transportation Research 
Board, explores WSDOT’s approach of what it calls “performance journalism” for communicating 
performance measure data to a broadly defined audience, including the public, the media, and 
policymakers. The author explains the concept in the following way: “Effective communication  
of performance information is more than just publishing data and text. It requires an agency to 
tell its story and apply analytical and journalistic methods” (Bremmer and Bryan 2008).

This concept is covered more thoroughly in Chapter 4, which provides an in-depth case  
example of WSDOT’s methods and practices. However, their conception of “performance jour-
nalism” is one example of a strategy that employs a variety of the theories that are found in both 
popular and industry-specific literature. It may be of particular educational merit to examine 
WSDOT’s practice of performance journalism in conjunction with Duarte’s theories regard-
ing the use of storytelling from a data point of view. Performance journalism is applying the 
journalistic principles of ethical responsibility for factual reporting and communicating infor-
mation in a manner that is clear, concise, and at a level suitable to the understanding of the gen-
eral public. This method combines the use of brief but informative headlines with visualizations 
that are strategically designed to achieve the maximum level of both simplicity and effectiveness.

In “Bridging the Gap between Agencies and Citizens: Performance Journalism as a Practical 
Solution to Communicate Performance Measures and Results,” Bremmer and Bryan make the 
following recommendations based on their examination of WSDOT’s practices:

Can the graph or table be clipped and pasted into another document, and would the information still 
be clear and transparent? Can the graph stand alone? Treat headings as headings describing text would 
be treated. Be succinct, yet clear. If the topic is complex, use multiple lines and subheadings to convey the 
information. Within seconds of viewing the page, the reader should understand the graph’s content and 
purpose. Use footnotes liberally to explain data sources and anything else the reader needs to know to 
draw the right conclusions and understand the analysis and data limitations. (Bremmer and Bryan 2008)

Figure 6 provides an example used by Bremmer and Bryan in their article to illustrate their 
argument regarding the impact that even the smallest decisions, such as labeling or choos-
ing whether or not to use a graphic effect, can have on simplicity and relative effectiveness.  
In the figure, the top chart is presented with a number of graphic embellishments and without 
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Figure 6.  A comparative example (Source: Bremmer and Bryan 2008).
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a “headline” that communicates the most salient point represented in the visualization. The 
bottom chart is presented without the graphic embellishments and with a relevant headline. 
The authors assert that the bottom chart, created using the general practices employed by 
WSDOT’s performance journalism, is clearer and simpler, and therefore more effective than 
the top chart.

In terms of industry-specific publications, there are three publications of import, all under-
taken as NCHRP- and/or AASHTO-related projects. Two of these projects (the Communicating 
Performance and Vizguide websites) have been incorporated into the AASHTO Transportation 
Performance Management Portal, shown in Figure 7. The website includes the latest documents, 
videos, tools, trainings, and events for the TPM community.

The earliest of these industry-specific studies was initialized in 2015 with support from the 
AASHTO Standing Committee on Performance Management and developed through NCHRP 
Project 20-24(93)B(02). The final results are a published report titled Communicating Perfor-
mance Management—State DOTs Continuing to “Tell Their Story” (Spy Pond Partners, LLC and 
Sharp & Company 2015).

The published report defines the overall purpose of the study and web application as follows:

One product of this research, conducted through NCHRP Project 20-24(93)B(02), is a website that 
collects examples of noteworthy communications products and provides tools to help you support your 
agency’s performance management communication and reporting. You can use the site to discover exam-
ples of noteworthy performance management communications and to access selected guidance for practi-
tioners. The site has three core functions. The functions are to

1. Nominate noteworthy examples.
2. Browse communications products.
3. Explore communications scenarios. (Spy Pond Partners, LLC and Sharp & Company 2015)

Figure 7.  An example from the AASHTO Transportation Performance Management Portal  
(Source: AASHTO n.d.).
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The Communicating Performance website provides a number of communications scenarios, 
also provided in outline form in the published report, for which they provide recommended 
guidance. The scenarios represented are

•	 Telling the story,
•	 Reporting progress,
•	 Putting performance in perspective,
•	 Educating the public,
•	 Facing extreme weather,
•	 Funding change, and
•	 Opening for business.

Clicking on any one of these scenarios then leads the user to a series of websites providing 
increasingly detailed recommended guidance based on the evaluation of existing practice as 
determined by the research conducted for the 2015 project. However, it is significant to note 
that the guidance provided for most of the scenarios is an identical six-step process, as shown in 
Figure 8. Step 1 is defined as “Learn,” and addresses the importance of collecting and evaluat-
ing data and determining the most important message being told by the data. Step 2 is labeled 
“Plan,” and includes subjects such as defining an intended audience and establishing a concept 
that will most resonate with that audience. Steps 3 through 6, “Sketch,” “Create,” “Share,” and  
“Evaluate,” all emphasize the creative process in brainstorming and creating a visualization that 

Figure 8.  Six steps shown from Communicating Performance (Source: AASHTO n.d.).
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best meets the vision established by the concept selected in Step 2 and then determining the 
methods by which the visualization will be shared with the intended audience. While most of 
this particular information is included in the published report, the extended value of the project 
rests in the ongoing collection of resources by the published website. Each scenario also provides 
a set of links to real-life examples of visualizations of that type of data.

The website provides the option to browse communications resources. This option allows 
users to search for real-life online examples of visualizations that match criteria that they select. 
These criteria are broken down, allowing the user to select which category best describes their 
intended audience, which category best describes the type of message they are trying to convey, 
and which category best describes the organization or individual that is the source of the message 
(or messenger). The search engine then provides a list of online resources, or examples, of the 
types of visualizations currently in use by transportation agencies that best align with the selected 
criteria. (The numbers in parentheses in Table 1 represent the number of examples in each 
category available through the website.)

While this report and website are useful for locating real-life examples of what is currently 
being done, they fall short of establishing anything like best practices or comprehensive guid-
ance on how to create the visualizations in terms of details of effective design process or strategy,  
on how to determine the intended audience, or on what tools are available to assist in the creation 
and dissemination of such visualizations.

The next significant industry-specific publication is NCHRP Project 08-36 Task 128, which 
resulted in the 2017 web-only document, Data Visualization Methods for Transportation Agencies 
and a companion website, commonly referred to as Vizguide (see Figure 9). The report and the 
website contain much of the same information in a much more comprehensive guidebook-
style publication. The report is only 36 pages, making it a quick and useful tool for practitioners  
who are looking for a simple overview of main concepts and perhaps an answer to the ques-
tion, “Where do I start?” This report addresses common chart types, how to select an intended 
audience, how to analyze data for visualization, strategy (what medium to use, how to determine 
a “story” and tailor it to desired audience level), and available tools and includes a style guide 
(design principles, color, and font).

For example, one of the questions the Vizguide publications assert as significant is “Are you 
and your data telling the same story?” The authors elaborate on the intent behind this question 
by explaining, “Your analytical and aesthetic decisions should reflect the nature of your data-
set. Explore how much data you have, how many ways it can vary, and your need to illustrate 
uncertainty” (Cambridge Systematics, Inc. 2015).

Audience
DOT Leadership (19) 
DOT Personnel (20) 
Elected Officials (28) 

Media (21) 
Peer-to-Peer (7) 

Planning Partners (4) 
Public (100) 

Technical (13) 
U.S. DOT (1) 

Message
Call to Action (15) 

Tough Choices (10) 
It’s complicated (9) 
I Can Explain (8) 

Case for Funding (32) 
We've Got This (30) 

Lessons Learned: Communicating 
Performance (2) 

Building Trust (15) 
We're Accountable (43) 

Messenger
Agency-Wide (37) 

DOT Communications (15) 
DOT Leadership (9) 

DOT Partner (7) 
DOT PR (15) 

DOT Program Manager (46) 
Elected Officials (8) 

Outside Partner/Independent 
Voice (11) 

Technical (1) 

Table 1.  Communicating Performance examples.
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Figure 9.  Vizguide (Source: Cambridge Systematics, Inc. 2015).
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The Vizguide publications assert the complexity of the need for determining a strategy in 
approaching the design of any data visualization. They posit that it is not just a matter of selecting 
the appropriate type of chart or graph, “but also how you customize your charts and illustrations 
to reflect your intent, your audience, and the elements of your data.” They go on to suggest that 
the essential tasks when choosing a strategy include

•	 Selecting a chart type or types,
•	 Selecting a medium,
•	 Differentiating your data points, and
•	 Ensuring that your visualization is useful, clear, and memorable for your audience.

These publications support the benefits of using a storytelling approach, particularly in terms of 
the frequent necessity of DOTs to communicate transportation-industry-specific data to those 
outside of the industry.

Transportation planning is a field and an industry built for visualization. Information of relevance 
to planners can be readily illustrated, be it the design alternatives for a project, traffic flow in the peak 
hour, bicycle mode share, or color-of-money. Transportation professionals must also frequently com-
municate plans, objectives, and justifications to lay stakeholders and a public in which “everyone who 
drives thinks they’re a traffic engineer.” (Higgins et al. 2017)

The Vizguide publications make recommendations on how to translate data into effective 
visualizations that tell a story that resonates with the intended audience. One of the integral 
elements of this guidance is a style guide that is organized based on what Vizguide asserts are 
three key design principles: Keep it simple, Make it clear; and Be consistent. The documents 
summarize these concepts as follows:

•	 Keep it simple: Visualizations should convey only the essential elements of the concept, keep 
text to a minimum, and be easily understood;

•	 Make it clear: To help guide the eye, establish anchors in the visual. Choose fonts that are easy 
to read. Choose a readable font size and increase it for key statements to make them stand out. 
Use overlays to continue building on a visual and create emphasis through differentiation of 
format (e.g., position, color, shape, size, and existence [ . . . ]) and font; and

•	 Be consistent: Once you decide on a style (color scheme, fonts, etc.), stick with it. The audience 
will know what to expect. (Higgins et al. 2017)
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The survey (Appendix A) was sent to 50 state DOTs and the District of Columbia. Forty-four 
DOTs responded to the survey—an 86% response rate. However, not every DOT answered every 
survey question, so statistics shown throughout this report reflect the percentage of the DOTs 
answering the question. For example, if 40 DOTs answered a particular question, then 75% of 
responses would signify 30 DOTs (30 out of 40).

The survey included 15 questions. Five of the questions were asked using a matrix question 
like that shown in Figure 10. The first two questions asked about the DOTs’ use of visualization 
and the intended audience.

Audience

The significance and differences between internal and external audiences were identified by 
responding DOTs as important. During the interviews, the responding DOTs shared their per-
spectives on the primary audience that they target to create the visualization, but the same data  
are also often used to tell the same performance story to broader audiences.

The responding DOTs were asked about four types of potential audiences, including

1. Internal DOT analysts,
2. Internal leadership,
3. Elected public officials, and
4. External audiences (the public).

The audience can fall anywhere on the spectrum of these four types. The survey responses 
shown below and in Appendix B reflect the perceived audience by either topic or visualiza-
tion type.

Results of the survey responding DOTs show that the internal DOT analysts are recognized 
by most DOTs as the audience that most uses the performance measure information.

The DOTs were asked the following questions from three different perspectives:

•	 What performance measures are visualized for your agency and who are the intended 
audiences?

•	 What visualizations have you created for performance measures and who are the intended 
audiences?

•	 Please provide a specific example of a performance measure visualization from your agency. 
Describe the purpose.

C H A P T E R   3

Survey Results
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PM1 (Safety Condition), PM2 (Infrastructure Condition), and PM3 (System Performance) 
measures were included in the survey because every state is required to report these three per-
formance measures. Additional measures were asked about to see what other measures were 
visualized by DOTs. As shown in Table 2, more than 90% of the DOTs responding to Question 2 
identi�ed internal DOT analysts as the intended audience. Internal leadership followed closely, 
with the external audiences (the public) and elected public o�cials reported as the intended 
audience by nearly 60% of responding DOTs. Additional highway performance measure audi-
ences are shown to have very similar patterns. Internal leadership (decision makers) were 
identi�ed as the primary audience by more DOTs for DOT highway performance measures. 
Environmental, resilience, and economic performance measures were not reported by as many 
DOTs, but approximately 27% of the DOTs are reporting these data internally.

Performance Measures and Intended Audiences

Question 2 of the survey is “What performance measures are visualized for your agency and 
who are the intended audiences?” �e results of the number of DOT respondents are shown in 
Table 2.

Highlighting two performance measures from Table 2 shows some similarities in responses. 
Figure 11, Speci�c examples from Question 2, shows the results of PM1 (Safety) and economic 

Figure 10.  Survey Question 2.
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Table 2.  Results of Question 2.

Figure 11.  Specific examples from Question 2.
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performance measures in a bar chart. Internal DOT analysts and internal leadership are the 
primary audiences. External audiences are somewhat less frequent, and elected public officials 
are reported as the audience approximately 65% as often as internal analysts. The economic 
measures are identified as applicable by about 33% of the DOTs in similar proportions.

In addition to the measures asked in the survey, DOTs also reported on multimodal perfor-
mance measures, including

•	 Vehicle Miles Traveled (VMT),
•	 Travel Time Reliability,
•	 Vehicle Hours of Delay,
•	 Average Travel Speed,
•	 Combination Truck Hours of Delay,
•	 Transit Passenger Trips,
•	 Number of Riders on Park and Ride,
•	 Percent of Airport Runways in Satisfactory or Better Condition,
•	 Transit Ridership,
•	 Rail Ridership,
•	 Bike and Pedestrian/Bikeways,
•	 Aviation Passenger Boardings, and
•	 Rail Passengers.

Additional safety measures include

•	 Number of Alcohol-Related Traffic Fatalities,
•	 Number of Non-Alcohol-Related Traffic Fatalities,
•	 Number of Occupants Not Wearing Seatbelts in Motor Vehicle Fatalities, and
•	 Number of Pedestrian Fatalities.

Beyond performance measures related to mobility, additional performance measures include 
topics such as

•	 Project Design and Construction,
•	 Highway Operations,
•	 Program Support,
•	 Construction Projects on Time and on Budget,
•	 Disadvantaged Business Enterprises Utilization,
•	 DMV Wait Times, and
•	 Customer Service.

Hundreds of other internal performance measures drive internal day-to-day operations and 
inform decisions regarding resource allocations and process improvement initiatives and prio r-
ities. The measures range from running security updates on IT equipment to delivering projects on 
time/on budget and within specified quality standards. DOTs are also assessing the response 
times to their customers as well as training classes delivered to staff.

Observations about Intended Audiences from the Interviews

As noted in the interviews, Florida DOT has a clear understanding of which audiences they 
are targeting with their visualization tools and how to prioritize them. Planners are their first 
priority, with significant consideration of the data needs of the larger transportation commu-
nity, and then the general public. Partnerships with districts and other localities within the state 
also allow for the consideration of specific audiences on local levels, such as metropolitan plan-
ning organizations (MPOs) and other transportation partners.
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Utah DOT has clearly de�ned their audiences and how they are prioritized. �e Governor’s 
O�ce and the legislature are their designated primary audience, while they have de�ned the 
general public (as investors in the system) and internal users as ancillary. �erefore, it was estab-
lished early that all visualization tools must be able to present relevant data in a form that clearly 
and simply communicates the most signi�cant point, or performance story, in the most e�ec-
tively direct manner possible.

Arkansas DOT has identi�ed that its intended audience includes two major types. �e pri-
mary audience is the decision makers, to inform them about the current performance of the 
department, and to communicate to them any gap between the current performance and targets. 
Secondly, there is the public, to improve the transparency of the DOT and be accountable for 
how they are spending taxpayers’ money. �eir current internal tools contain data and visual-
izations that require a certain level of familiarity with the subject matter to be understood, 
while their public tools re�ect an increased attention to clarity and simplicity.

Observations about the Types of Visualizations Created

Table 3 shows that the visualization types most reported by DOTs (90% or more) include 
simple charts, complex charts, dashboards, maps, and internal interactive visualizations. Dif-
ferent visualizations are targeted to di�erent audiences. For example, every DOT responding 
reported creating simple charts for internal leadership. Although fewer DOTs report using 
video, 91% of the DOTs who answered the question identified external audiences as the 
intended audience.

Visualization Types and Intended Audiences

Question 3 was “What visualizations have you created for performance measures and who 
are the intended audiences?” �e results are represented in Table 3, which shows the number of 
DOTs responding and the percentage of total respondents answering that question.

Table 3.  Results of Question 3.
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This question explored the types of visualizations that were created for the different audi-
ences. The Washington State DOT case example shows many instances of simple line, bar, and 
pie charts and tables, and explains the thinking about creating them for their audience. Their 
emphasis on simple tables is consistent with the results of the survey responses. Simple charts 
account for over 80% of the graphics provided as examples. The simplicity of these visualizations 
is discussed by all the DOTs interviewed. Simple bar, line, and pie charts and tables are used 
extensively as communication tools for decision makers to quickly understand challenges and 
provide information to inform their decisions.

Figure 12 shows that DOTs reported that simple charts are used for internal leadership slightly 
more than any other audience.

The case examples demonstrate how providing context by using simple charts can help tell 
the story, and how the visualizations can become more complex the deeper the audience drills 
down to find more specific details.

Complex charts are reportedly used more by analysts to understand large data sets and 
explore what factors may be impacting mobility, safety, maintenance, environmental, and eco-
nomic issues. Very few complex charts were submitted as answers to this survey, except at 
the deepest levels of some dashboards. Figure 13 shows a few complex chart examples from 
those shared by the DOTs in this survey, as well as some examples from the Vizguide website 
referenced in the literature review. These types of charts are often used to provide detailed 
visualization of performance measures in the deepest level of dashboards. When working with 
other analysts with deep understanding of the data, there are many complex visualizations that 
are covered in the Vizguide. More than 80 videos shared on the TRBVIZ website explore this 
topic in depth; however, an in-depth discussion of this specific topic is beyond the scope of 
the current synthesis (National Transportation Research Board Committee on Visualization 
in Transportation 2020).

Figure 12.  Highlights of survey results from Question 3.
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Figure 13.  Examples of complex charts.
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Performance Measure Visualization Examples 
and Purpose

Questions 7–12 asked the DOTs to share examples about the purpose of performance mea-
sure visualizations. �e categories progressed from simply documenting the current status to 
showing a trend over time, to communicating progress toward a target, to helping to tell a perfor-
mance story. It also asked whether the visualization was intended to inform day-to-day opera-
tions, inform medium-term planning, inform long-term planning, or support a policy, as shown 
in Figure 14.

�e survey responses included speci�c images and the intended purpose of the image. All 
the visualizations can be seen in Appendix C (online), but representative examples are shown 
to demonstrate the varieties of and approaches to visualizing performance measures among 
DOTs. �e icons depicted in Figure 15 are used to label the images. Most visualizations were 
identi�ed with more than one purpose, so each of the icons is highlighted to show the selec-
tions. If the purpose does not apply to a given image, it is greyed out.

�e following examples in Figures 16–23 show the variety of responses to the purpose of the 
visualization. �ese purposes are not mutually exclusive; visualizations o�en inform multiple 
categories. �ey are o�en used together to address a wide range of performance stories. 

Is a Dashboard Used by Analysts Only Available 
Inside Your Agency?

Figure 24 shows the number of DOTs that responded that an internal dashboard was avail-
able to DOT sta� inside the agency. Of the 35 DOTs that responded to this question, 20 reported 
using a dashboard to show a trend over time. �irteen DOTs reported they used an internal 
dashboard for medium-term programming.

Figure 14.  Question 8, “Please provide a speci�c example of a performance measure visualization from your 
agency.”

Document
current status

Show trend
over time

Communicate
progress

toward a target

Help tell a
performance

story

Support a
policy

Inform

long-term
planning

Inform
medium-term

planning

Inform

day-to-day
operations

Figure 15.  Purposes of visualizations.
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Figure 16.  Document current status.
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Figure 17.  Show trend over time.

Show trend over time

Line chart, heat map Bar chart, pie chart

Line chart Bar chart, line chart
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Figure 18.  Communicate progress toward a target.

Communicate progress toward a target
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Figure 19.  Help tell a performance story.

Help tell a performance story

Pie chart, bar chart, line chart Table, spark line, icons
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Figure 20.  Support a policy.

Support a policy
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Figure 21.  Inform long-term planning.

Inform long-term planning

Bar charts, line charts, photos Pie charts

Pie chart, dials Map, infographic
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Figure 22.  Inform medium-term planning.
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Figure 24.  Survey results for 
Question 12: Is a dashboard used by 
analysts only available inside your 
agency?

Figure 23.  Inform day-to-day operations.
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Software Tools Used

So far, this chapter has shown examples from DOTs that range from the simplest charts to 
sophisticated dashboards. This section examines the choice of tools used by DOTs to create these 
visualizations.

As shown by responses to the survey question, “What software tools does your agency use, 
and approximately how many users in your office create visualizations of performance measures 
that use that software?,” there are a wide range of visualizations designed for specific audiences 
that have different purposes. No DOT reported using just one tool. Every DOT creates a toolkit  
including many different software tools to meet their needs. Different tools are combined, 
depending on the DOT’s selected audience, what performance measure is being visualized, and 
whether the data are being visualized to simply “document current status” or if the informa-
tion is presented as a performance story that shows “progress towards a target.” Many DOTs  
use both Tableau and Power BI, and the choice of the tool may depend on whether the message 
is delivered to external audiences or internal analysts. It may also depend on the skill set of the 
analyst tasked with creation.

The broad categories of tools used are shown in Figure 25. This synthesis does not attempt to 
quantify or qualify the data sources for the data being visualized. Having a “central warehouse” 
of data is a foundational requirement for the creation of dashboards and finding the “data point 
of view.” How those data are gathered, stored, vetted, cleaned, and quality checked is beyond 
the scope of this synthesis.

Most Used Tools

Excel is the most universal tool reported as being used by 41 DOTs. Excel is designed to visu-
alize simple charts.

Maps created by the Environmental Systems Research Institute (ESRI) are the second most 
reported tool, used by 37 DOTs.

Acrobat is a common distribution method for documents on the internet, reported by 30 DOTs. 
No matter what kind of software is used for creation, Acrobat provides the PDF format to view 
the information on almost all digital devices.

Transportation Visualization Tools

The Regional Integrated Transportation Information System (RITIS) is a tool actively used 
by 26 DOTs to view performance data collected by the FHWA for all DOTs. RITIS is a data-
driven platform for transportation analysis, monitoring, and data visualization. It allows DOTs 
to visualize PM3 data among a set of other data. They can select specific topics and customize 
the information to be visualized.

iPeMS is a tool created by Iteris used by five DOTs. It is part of a suite of software that includes 
platforms to monitor the performance of arterials, freeways, and intersections with visualization 
data that can predict mobility and in turn be used to improve mobility.

Dashboards

The three most-used dashboard tools as reported by survey recipients are Microsoft Power BI, 
Tableau, and ESRI StoryMaps. Many DOTs use all three tools. The ability of this software to 
read multiple sources of data from databases and Excel spreadsheets at the same time has trans-
formed how data are being communicated as information. They provide a framework to group 
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information together in logical paths that can be used to guide the audience through a perfor-
mance story or allow them to choose their own path to view the data that provides the answer 
to their question.

Eighteen DOTs reported using Oracle.

One DOT reported using Primavera P6 Site Manager (a project, program, and portfolio manage-
ment tool that is used for planning, managing, and executing projects) as well as Agile Assets 
Maintenance and Pavement Management System [which has comprehensive geographic infor-
mation system (GIS) functionality to display any asset, event location, work history, and current 
work orders on a map].

IBM® SPSS® Statistics software is used by at least three DOTs to deliver a set of statistical fea-
tures to analyze data. Other dashboard tools reported by survey recipients include SAS, SAP, 
Workday, Qlik, Lookr, Dundas, and ThoughtSpot.

Figure 25.  Tools used by DOTs.
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Graphics Tools

Nineteen DOTs reported using Adobe Creative Suite. It provides a number of tools that create 
graphics that help tell performance stories. The suite of tools is designed to create bitmap images 
made of pixels (photos), vector-based images that create graphics by drawing lines, reports that 
can be shared as Adobe PDF files, and videos to tell stories combining sound and moving images.

Programming Tools

R is reportedly used by 12 responding DOTs to create visualizations with a lot of data. R is a 
language and environment for statistical computing and graphics. It is a free, opensource platform 
that is an integrated suite of software facilities for data manipulation, calculation, and graphical 
display.

Nine responding DOTs report using Java, which is often used to build a small application 
module or applet (a simply designed, small application) for use as part of a web page.

DOTs also reported using APL, .NET, and Python to program visualizations.

Evaluating the Effectiveness of Performance 
Measure Visualizations

To ascertain whether DOTs are evaluating the effectiveness of their visualizations, Question 4  
of the survey asked, “Does your agency have processes for developing visualizations that ensure 
consistent and repeatable guidance for communication? (Either internal to your agency, or 
external outside your agency).” The results are shown in Figure 26.

The first question asked about data management and the second question about internal review 
of the visualizations. The responses were very close between these two.

Twelve DOTs reported no review process for data management. Twenty-seven DOTs reported 
having either a formal or informal process of review. Eight DOTs reported a formal written 
process, and 19 DOTs reported using an informal process of peer review for data management.

Twelve DOTs reported no review process for visualizations that are created. Twenty-seven 
DOTs reported having either a formal or informal process of review (data management). 
Seven DOTs reported a formal written process of peer review; 17 DOTs reported using an 
informal process of peer review.

Figure 26.  Question 4, “Does your agency have processes that ensure consistent 
and repeatable guidance for communication?”
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Question 6 of the survey asked agencies if, once a visualization has been created, “you have a 
method for evaluating the effectiveness of your performance measure visualizations?”

As shown in Figure 27, seven DOTs responded that they had a method for evaluating the 
effectiveness, and 38 DOTs responded that they did not have a formal method for evaluat-
ing the effectiveness of their performance measure visualizations. Two evaluation systems were 
reported typically employed: an internal review process and external feedback

Washington State DOT has developed standards for consistent evaluation, following Tufte 
types of principles. Nebraska DOT formed an internal performance management group that 
works with various owners on effectiveness of dashboards. Georgia DOT has a team of internal 
reviewers who are responsible for maintaining and editing internal visuals. The process varies 
slightly depending on visual needs, but follows consistent branding and formatting for a smooth 
user experience. It is noted that the Communication Office in a few DOTs reviews the visualiza-
tions before publication.

DOTs reported that they monitor web analytics to see the number of views and how deep the 
audience “explores the story.” DOTs reported monitoring public response and reactions (media, 
press, public officials, number of web hits, and printed distributions). One DOT reported the 
DOT intends to survey internal customers to evaluate the effectiveness of their dashboard.

The primary evaluation tool used by DOTs is seeking feedback from data consumers and 
incorporating that information to improve understanding. DOTs reported they gather feedback 
through internal and external stakeholders, as well as feedback from leadership.

Responding DOTs expressed that the more involved the executive management is in identify-
ing the audiences and defining the broad stories that are communicated using the visualizations, 
the more effective the performance management is at improving the transportation systems.

Does Your Agency Have a Compelling Story 
Featuring Visualizations?

As shown in the responses from Question 14, “Does your agency have a compelling story 
featuring visualizations?,” DOTs showcase examples of perceived successes and lessons learned 
from visualization of performance measures. The visualizations are shown, in Figures 28–34, 
with performance highlights that briefly describe the DOTs’ experiences.

Figure 27.  Question 6, “Do you have a method for 
evaluating the effectiveness of your performance measure 
visualizations?”
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Figure 28.  Performance highlight from Pennsylvania.

Performance Highlight: Pennsylvania Performance Report Data Show Gap 
Between Goal and Operations

In our first performance report, there was a graph showing the number of heavy 
congestion crashes by time of day in the coverage area for each of our traffic 
management centers. The graph demonstrated that one of the District TMC’s 
operating hours meant that it was standing down prior to the heaviest period 
for crashes in the PM peak. The TMCs operating hours were expanded to cover 
that time period.

Pennsylvania Department of Transportation
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Figure 29.  Performance highlight from Washington, DC.

Performance Highlight: PaveDC Helps Teams Complete Record-High Number 
of Repairs and Pleases Public

Our PaveDC site allows residents to track the construction progress of the annual 
paving plan and it was well accepted by residents, community organizations, and 
utility companies. Internally it serves as a performance management dashboard 
and pushes teams to collaborate and complete a record-high number of miles of 
asset repairing. The PaveDC site has a very high visitor volume.

District Department of Transportation

https://ddot.dc.gov/pavedc
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Figure 30.  Performance highlight from Idaho.

Performance Highlight: Idaho Learns to Manage Expectations  
from Well Received Corridor Plan

One of our district offices created an ArcGIS Story Map to ‘tell a story’ about a 
corridor plan that was well received. It illustrated a multidisciplinary swath of data 
that showed stakeholders and the public the desirability of the proposed planned 
improvements. However, it created a false sense of hope that our agency would 
actually be in a position to carry through with the proposed improvements. So in 
the end, we learned how to better cast the message to manage expectations.

Idaho Transportation Department
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Figure 31.  Performance highlight from Rhode Island.

Performance Highlight: Rhode Island Visualizes Risk Data Using Maps  
and Tables to Impact Spending Priorities

Sea level rise and other climate considerations have been included in transportation 
planning project selection criteria and incorporated into local Capital Improvement 
Programs in Rhode Island. By setting spending priorities to include awareness of 
sea level rise and storm surge issues, transportation decision makers took action 
to better plan for the future in the face of sea level rise and storm surge events. 
(Rhode Island Statewide Planning Program 2016)

Rhode Island Department of Transportation
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Figure 32.  Performance highlight from Virginia.

Performance Highlight: Dashboard Provides Transparency and Builds 
Confidence in Agency

VDOT’s creditability was rebuilt around our ability to develop and deliver projects 
on-time and on-budget. In 2002 only 20% of projects were completed on-time. 
VDOT has consistently met its performance target of 77% for most of the last ten 
years. VDOT’s performance has been critical to instilling confidence in the agency 
and the success of several funding initiatives. Because of the transparency that 
the Dashboard provides, VDOT’s ability to deliver has not been questioned in 
almost 20 years.

Virginia Department of Transportation

https://dashboard.virginiadot.org/
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Figure 33.  Performance highlight from Ohio.

Performance Highlight: Ohio’s Successful Crash Visualization Improved 
Maintenance Project Traffic

There was a crash a few years back that closed the Brent Spence Bridge. We were 
able to use this visualization to determine where vehicles re-routed during the 
crash closure. A medium to long-term maintenance project with expected lane 
restrictions and closures was planned for a few months later. We were able to  
use the trend map (a moving visual of traffic congestion in a map video format) 
to see how traffic was impacted and build these detour routes into our plans.  
We were also able to complete some needed widening and repair projects to 
those routes which were going to see an increase in traffic.

Ohio Department of Transportation
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Figure 34.  Performance highlight from Iowa.

Performance Highlight: Useful Information on Iowa “Track A Plow” Map

Iowa’s “Track a plow” map was one of the first to show real-time snowplow 
locations. “Plow cam” imagery allowed people to see the road conditions that 
plow drivers were seeing. This hugely popular app is frequently used by local news 
stations during their weather forecasts. I would say it improved our reputation.

Iowa Department of Transportation
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Survey Summary

The survey reported that visualization is used for the following purposes:

To tell a DOT’s performance story by

•	 Documenting current status,
•	 Showing trends over time,
•	 Showing progress toward a target,
•	 Helping to tell a performance story,
•	 Supporting a policy,
•	 Informing long-term planning,
•	 Informing medium-term planning, and
•	 Informing day-to-day operations.

To communicate the message of the story, using

•	 Simple charts,
•	 Infographics,
•	 Maps, and
•	 Dashboards.

To ensure the story resonates with the intended audiences, including

•	 Internal analysts,
•	 Internal decision makers,
•	 External stakeholders, and
•	 External audiences.

Figure 35 summarizes the results of the survey in a simple infographic.

Figure 35.  Telling the performance story with 
visualizations that resonate with the intended 
audiences.

http://nap.nationalacademies.org/26651


Visualization of Highway Performance Measures

Copyright National Academy of Sciences. All rights reserved.

49   

This chapter will discuss five case examples selected to provide a deeper dive into the visualiza-
tion of performance measures. Case examples come from interviews with state DOT representa-
tives and represent current practices from the DOTs listed in Table 4. Case example projects were 
selected from DOT survey respondents according to the following criteria:

•	 A cross-section of state DOTs across the country by geography and size.
•	 Experience reporting performance measures.
•	 Success in developing strong programs.
•	 Current visualization approaches.

Table 4 summarizes the five case examples with a short summary statement and notes the 
primary visualization tool the state DOT discussed.

The case examples reflect the responding state DOTs’ experiences. Washington State DOT and 
Virginia DOT both addressed a pressing problem that was negatively impacting their agencies by 
defining performance measures and using visualizations to communicate them to their target  
audiences. WSDOT faced a lack of trust in their agency. The perception of Virginia DOT (VDOT) 
was their projects were not delivered on time and cost more than expected. Because so many per-
formance measures were reported on highway congestion, transportation solutions tended to be 
highway centric. Florida DOT helped the planning community adopt multimodal performance 
measures to communicate how people and goods are moved using all modes, including on high-
ways. Utah DOT is rapidly growing, and, applying the lessons learned from the successes of other 
state DOTs, chose to build a comprehensive dashboard that tells the performance story of their 
efforts. Arkansas DOT closely observed the progress of other state DOTs, and seeing the benefits 
they gained from their visualization efforts, followed their lead to emulate the successful outcomes 
in the areas of most concern to their state.

C H A P T E R   4

Case Examples

State Experience Summary Visualization Tool  
WA Using performance journalism to tell agency story Gray Notebook 
VA Dashboard makes an impact Dashboard 
UT Telling the Utah performance story  Dashboard 
FL Defining multimodal mobility performance measures Source Book 
AR Following the leader to lead by example Dashboard 

Table 4.  Summary of state interview experience and primary 
visualization tools.
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Washington State DOT: Using Performance Journalism  
to Tell the Agency Story

Washington State DOT has pioneered accomplishments in the visualization and communica-
tion of performance measures; some examples are shown in Figure 36. Nearly two decades ago, 
WSDOT faced a problem of credibility and accountability that was affecting the ability to attract 
the investment of necessary support and resources to accomplish desired goals as effectively as 
possible. The idea of performance management originated from the top-down as a commitment to 
the people of Washington State, and their legislative representatives, to restoring transparency, 
accountability, and credibility in their ability to meet performance expectations. Through their 
extensive efforts, they have been able to create and maintain a growing system of award-winning 
data visualization tools.

When this effort began, it was pure innovation. No one had been professionally trained in 
visualizing performance measures, so it was necessary to envision and create the tools from 
scratch. One of the first and most important lessons learned in this process was the central 
importance of audience in directing that process. One WSDOT representative who has been 
involved with this program from the beginning emphasized how they learned this lesson through 
trial and error. Several years into this visualization project, the fledgling division was asked to 
present some of their visualizations to communicate performance measure data to the governor 
and other state-level decision-making officials. Confidence and excitement were high because 
the WSDOT team had up to that point created many data visualizations that had been greeted 
with positive feedback within the transportation community. They were excited to showcase 
one visualization tool in particular, a heat map that shows where particular types of activity are 
occurring at a given location. However, despite the success of their other visualization tools at 
communicating performance data successfully at this meeting, the heat map was received with 
confusion as to how to read it and what information it was trying to convey. WSDOT was able 
to benefit from this by identifying the significance of using the most appropriate visualization 
to effectively communicate with a clearly defined audience.

It was also at this early stage of development that a WSDOT practitioner conceptualized the 
visualization of performance measures as “performance journalism.” This concept defines the 
practice by conveying that the goal and intent of it is to communicate distinct stories, in the jour-
nalistic sense of explaining the who, what, when, and where of what is most currently happen-
ing in the transportation system. This conceptualization of their work as a form of journalism 
led them to two important decisions that have contributed to their stated goals of transparency, 
accountability, and credibility. One was the decision to design their visualizations at the audi-
ence level of the general public. This set the standard, going forward, for clarity and simplicity 
of design at the highest possible effective level. Another was the decision to not create a firewall 
between what types of data or visualizations would be available publicly versus internally. The 
concept of journalism invokes an ethical standard of accuracy and transparency to tell stories 
based on facts, regardless of whether those facts reveal roaring successes or areas in need of 
significant improvement.

From the beginning, WSDOT believed in the power and value of this information to improve 
the overall performance of the state transportation system as a whole (multimodal), as well as 
the ways in which the state transportation system intersects with both national and inter-
national systems. Therefore, the intent and purpose from the earliest years was to speak to 
those who could most use this information to inform decisions, particularly in terms of where to  
best allocate efforts and resources, and what efforts and resources would be most effective. 
These audiences were defined as the general public, elected officials, and other stakeholders in 
the transportation community. While that definition is broad, the definition is still important 
because it identifies that multiple tools with varying levels of specificity would be required to 
achieve success with each group within the overall intended audience.
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Figure 36.  Washington DOT visualization examples (Source: WSDOT).
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The initial culmination of WSDOT’s efforts was the quarterly PDF publication of a docu-
ment they titled the Gray Notebook. As of this writing, WSDOT has issued around 80 editions 
of the notebook. The amount of performance data visualization that is represented in this body 
of work is enormous, particularly when one considers that it has all been created on a learn-as-
you-go basis. This is notable when considering the accomplishments of WSDOT as it invites 
one to consider what is possible in this field moving forward, when, perhaps, even more support 
and resources could be made available for innovation. While the initial support for mobiliz-
ing a performance management approach through data visualization came from the top-down, 
once the Gray Notebook project was launched, additional support began to come from end 
users of the report. More and more stakeholders began requesting more stories be told, both 
in terms of performance measures they wanted to see visualized and of their own data stories 
that they also wanted to be told to the wider community. At one point, the publication grew to 
over 100 pages, which is when WSDOT decided to re-emphasize the concept of “performance  
journalism” by strictly limiting inclusion in the report to stories that could be told entirely by 
visualizing the data. In 2007, Washington State passed a law establishing specific policy goals 
for transportation agencies. This allowed WSDOT to even further streamline their publica-
tions to speak to progress toward the state’s specific policy goals. The Gray Notebook currently 
reports on progress toward six of these statewide goals: Safety, Preservation, Mobility, Environ-
ment, Economic Vitality, and Stewardship.

Performance Journalism

WSDOT showcased how they apply performance journalism using the different visualization 
tools discussed in this synthesis.

Simple Charts

Simple charts as shown in Figure 37 are the most dominant data visualization tool used to 
share data. When WSDOT is designing these visualizations, the title and subheading of each of 
these examples is carefully crafted to tell the story.

Infographics

Like the headline of a newspaper, the first page of each edition of the Gray Notebook is titled 
“Performance Highlights.” This page is presented as an infographic, as shown in Figure 38, that 
contains brief text headlines, incorporated within relevant graphics, to communicate to the 
reader the most significant stories contained within the document.

For example, one publication uses a stylized graphic of a suspension bridge that incorporates 
the headline: “292 Bridges owned by WSDOT are currently over 80 years old.” The economical  
use of text in a headline format accompanying visualizations can be described as a standard prac-
tice that is used throughout WSDOT’s visual reporting of performance measures. This practice 
allows for the clear and easy identification of the most important story or message that a par-
ticular visualization is intended to communicate, therefore immediately alleviating the need  
of the user to try to “figure out what they’re looking at.” It also allows those who may not need  
the specifics of the data in each visualization to still get the essence of the story at a glance, again, sim-
ilar to how headlines function in traditional media journalism. Another benefit of this practice that 
WSDOT representatives emphasized as a standard is that the use of such headlines contributes 
to the goal of creating visualizations that can be extracted from the document and used without 
the necessity of referring to the original document for clarity or explanation. The visualizations 
are intentionally designed to communicate the performance story by standing alone.

A strong example of how all these principles come together in the Gray Notebook is a visual-
ization comparing crash rates during the pandemic and the percentage of crashes that resulted 

http://nap.nationalacademies.org/26651


Visualization of Highway Performance Measures

Copyright National Academy of Sciences. All rights reserved.

Simple Charts

Bar charts were used in 83% of Appendix C visualizations. Pie charts were used in 29% of Appendix C visualizations.

Line charts were used in 46% of Appendix C visualizations. Tables were used in 35% of Appendix C visualizations.

Bar Chart Pie Chart

Line Chart Table

Figure 37.  Simple chart examples (Source: WSDOT).

Figure 38. Infographics examples (Source: WSDOT).
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in serious injury or fatality to pre-pandemic rates (see Figure 39). The headline accompanying 
this visualization reads: “Total crashes involving active transportation users decline during pan-
demic, but a higher percentage resulted in a fatality or serious injury compared to pre-pandemic 
average.” The message is simply conveyed to the casual reader immediately. For those readers 
who desire more detailed information, who want to see the data that support that story, it is 
clearly and simply presented in a chart. A simple key is provided at the top that labels the three 
different color-coded elements visualized in the chart and what they represent: (1) a bar graph 
showing total crashes over time, (2) a dotted line on the timeline that represents the beginning 
of the pandemic, and (3) a line chart that represents percentage of serious injury or fatality. 
In describing this example, WSDOT representatives explained the necessity of avoiding busy 
graphics whenever possible, because they have found that their audiences find them to be con-
siderably more confusing. Simplicity leads to increased clarity across a wider-ranging audience.

Another tool that WSDOT has found to be effective in creating visualizations for the Gray 
Notebook that can often be overlooked because of its simplicity and obviousness is the photo-
graph. For example, in visualizing information about what is being done by WSDOT to keep its 
workers safe throughout the pandemic, a simple photograph of a transportation system worker 
on the job properly wearing personal protective equipment and practicing social distancing, 

Figure 39.  Example of performance journalism (Source: WSDOT).
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along with a brief caption, does the job. A particularly impressive visualization created to com-
municate the performance of pavement maintenance incorporates the use of photographs into 
a larger infographic. The headline for this visualization is: “Percent of pavement in very poor 
condition decreases between 2015–2019,” as seen in Figure 40. Again, the overall story can be 
easily understood from the headline. The infographic that follows the headline then contains a 
chart formatted in several rows and columns. The first column is titled “What Drivers See,” and 
contains a column of photographs. The rows represent different stages of pavement deteriora-
tion. Anyone not already familiar with stages of pavement condition, but familiar with what they 
see when they are driving, can immediately connect their experience with the rest of the data 
being presented. The next column contains graphics that illustrate what is happening at each level  
of the pavement (road surface, pavement base, and dirt/gravel base) at each corresponding level of  
deterioration. Another column then provides line graphs about lane miles and VMT, followed 
by another column with a brief text entry explaining simple facts about each level of condition. 
Finally, there are two columns representing the desired trend versus the current trend with the 
simple use of up or down arrows. This infographic, strategically incorporating the use of photos, 
allows for the presentation of data about a relatively specialized topic in a manner that most  
people can easily understand. WSDOT has also made use of aerial photography, which is particu-
larly useful for monitoring the performance of environmental mitigation measures.

Figure 40.  Infographic using photography, graphics, and line charts in a table (Source: WSDOT).
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Maps, as seen in Figure 41, are yet another visualization tool that WSDOT has found to be 
effective through the Gray Notebook. In addition to aerial photography, maps have been used to 
tell other stories of relative progress toward statewide environmental policy goals. For example, 
one Gray Notebook visualization uses a map of Washington State and its counties to commu-
nicate information about the total number of registered plug-in electric vehicles by county. 
Counties are represented in deepening shades of green to visually communicate higher and 
lower numbers, with exact figures for each county displayed within their section on the map. 
This visualization tells the stories of each individual county’s performance in this area in a manner 
that is clean, simple, and concise.

One question is whether the Gray Notebook project has created tools for data communica-
tion that have been influential in making real-time decisions. One of the challenges of being a 
pioneering institution is that by the time what that institution has been doing gains traction, that 
institution has already been doing it for two decades. Progress, therefore, can tend to feel slow 
or appear relatively ineffective. However, it is important to include here that any time innova-
tion is involved, there is a relative learning curve that corresponds to the introduction of that 
innovation. As a result, WSDOT identifies among its goals what can effectively be described as 
education. It is not enough to simply present or make available these tools; it is also required 
to educate stakeholders in the system about the value of the tools and practical ways in which 

Figure 41.  Map example (Source: WSDOT).
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they can be applied. Like any educational endeavor, over time, an increasing number of stake-
holders are being exposed to the value and applicability of these tools.

The Gray Notebook has produced a number of success stories in terms of its usefulness as  
a tool for guiding decision making. For example, there is the story of a simple, color-coded, 
stacked line chart designed to communicate the percentage of concrete bridge decks that were 
due or past due for repair between 2016 and 2020, as shown in Figure 42. This visualization makes  
it easy to compare available funding to the amount of maintenance work that actually needs  
to be completed. Through use of this visualization, it was discovered that an inappropriate 
amount of money was being allocated for maintenance. The visualization also allowed this dis-
covery to be effectively communicated to the state legislature strictly in terms of data, allowing 
them to use that data in reconsidering more efficient allocation of funds.

Another story is of one Gray Notebook visualization, seen in Table 5, created to communicate 
mobility performance that carries the headline “Incident Response teams provides an estimated 
$20.5 million in economic benefit.” The visualization uses a chart to represent change over time 

Figure 42.  Line chart example (Source: WSDOT).

Table 5.  Table example from WSDOT.
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in total number of incidents, percent blocking, average incident clearing time, cost of incident 
induced delay, economic benefits of Incident Response, and percentage of change from the 
previous year of 2019. This visualization was able to present a very clear data story, in which the 
data showed the economic benefit of investment in the Incident Response Team program in 
terms of dollars and cents. Again, this visualization was able to communicate this performance 
story simply and effectively to the state legislature, which, in turn, decided to invest additional 
resources into the Incident Response Team program.

Complex Chart Types

If an analyst is looking at big data, and trying to see what the data are saying, then a very com-
plex visualization can be the most effective tool to find the “needle in the haystack.” Figure 43, 
from WSDOT’s COVID interactive dashboard, shows how even a more complex graphic with lots 
of data continues to follow the principles of simplicity. The audience has control over the extent of 
the data shown by geography, time scale, and category of crash trend.

Video

As an ultimate storytelling device, including a video in a webpage or dashboard, as seen in Fig-
ure 44, can be a powerful tool for communicating performance stories. Responding state DOTs 
reported that typically, the shorter the video, the more likes and views it receives. A 2-minute 
video that is shared by many people has far more impact than a 20-minute video that is only 
shared by a few.

WSDOT Multimodal Mobility Dashboard

Built on the success of the Gray Notebook, this dashboard is designed to provide specific infor-
mation about eight measures in five different regions. Starting from an executive summary,  
the individual data sheets are shown for each measure. The information can be viewed at a cor-
ridor level, all the way down to the data at a specific mile point. The deeper down one goes on 
the pyramid, the more sophisticated the visualizations become. As shown in Figure 45, the 
dashboard starts with showing a summary of information (like seeing the whole forest) and 
then allows the user to drill down to the deepest level required to find information to answer 
their question (like seeing the leaf). This process allows WSDOT an opportunity to educate the 
audience as they explore the data freely.

Figure 46 shows how the content from the dashboard fits into this structure.

The Executive Summary shown in Figure 47 visualizes the “forest”, summarizing information 
about the eight modes reported in the dashboard. The total values and trending directions are 
simply presented in a graphical table.

By providing increasing levels of detail as the user drills down into deeper levels of the dashboard, 
the user is given more context. The heat map shown in Figure 48 represents the kind of “leaf” 
data visualized at the bottom of the pyramid. This more complex visualization from the Wash-
ington Multimodal Mobility Dashboard shows congestion in morning and afternoon hours, by 
location shown on an interactive color-coded map. A user can highlight a specific road segment 
and view specific information in context.

WSDOT visualizations use simple language. WSDOT verifies the data are accurate and that 
information is visualized through charts, graphs, and infographics to inform their audience. This 
dashboard is a valuable companion to the Gray Notebook. The performance visualizations facilitate 
communication that helps to break the silos between various divisions or agencies and in so doing 
demonstrates the potential power of visualizing performance stories, whether they be positive or 
negative. Regardless of the nature of the story, the data are reported accurately and transparently.
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Figure 43.  Example of more complex visualization from dashboard (Source: WSDOT).
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Figure 44.  Video example (Source: WSDOT).
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Figure 45.  Generic dashboard structure.

EXECUTIVE SUMMARY

INDIVIDUAL MEASURE SUMMARY

REGION EXECUTIVE SUMMARY

DETAILED ANALYSIS

8  M eas u res  +  5  regions  

V iew dat a s heet s  for each meas u re

D et ail ed info for corridors

Heat  map s  and s p ot  dat a

Figure 46.  Multimodal mobility dashboard (Source: WSDOT).
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Figure 47.  Executive summary begins dashboard (Source: WSDOT n.d.).
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Figure 48.  Heat map detail from dashboard (Source: WSDOT).
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Virginia DOT: Dashboard Makes an Impact

Virginia DOT has had success in using Power BI and SharePoint software to create visual-
ization tools to communicate performance measures in transportation construction projects, 
safety, and road conditions to the general public. Internally, they have used the same tools to  
create a myriad of dashboards, as shown in Figure 49, capable of delivering visualizations of 
increasingly specified data tailored to the needs of individual divisions and agencies. The signifi-
cance of VDOT’s success is that it has shown that the more successful visualization tools that are 
created, the more individuals, businesses, and government agencies are finding them useful for 
decision making and building greater overall trust in the system through data transparency. One 
VDOT practitioner noted that there are now so many visualization tools available within the 
VDOT system that one of their next challenges is establishing governance for creating reports 
using these tools to prevent the creation of seemingly conflicting reports due to the lack of uni-
form standards.

VDOT began its efforts at visualizing performance measures in 2003. In 2002, only 20% of 
projects were completed on time. The decision was made to publish a dashboard that identified  
current progress of planning and construction projects. With a belief that “what gets measured, 
gets done,” VDOT created a performance dashboard that included performance, safety, condition, 
finance, management, projects, and citizen survey results. Project on-time delivery improved 
dramatically after the dashboard was published.

The opening screen, seen in Figure 50, shows seven performance measures composed of four 
highway measures and three VDOT performance measures, as seen in Figure 51. Each of those 
measures provides more detailed data visualizations, many of which can be shown for the specific 
area or category desired.

The appearance of this website is intentionally designed to visually engage at the level of the 
general public. It is designed to look like a vehicle dashboard, with needles indicating status of 
a particular measure, reinforced by green and red color-coded sections of each gauge that 
communicate performance “at-a-glance.” This simple design presents two sets of gauges, one 
for highway performance measures and one for VDOT management performance measures. 
The highway performance categories represented include traffic performance, safety in terms 
of year-to-date highway deaths, road condition, and finance. As shown in Figure 52, the VDOT 
management measures represented include management, citizen survey results, and project 
development and delivery. All of the information previously available via their previous SMART 
SCALE dashboard is now folded into the larger VDOT Dashboard, allowing for the phasing out 
of the SMART SCALE dashboard in the immediate future.

The user can click any of the gauges to be taken to more detailed information with additional 
visualization tools communicating more specific data. Each category provides its own specified 
gauges for relevant measures, as well as pie charts, graphs, and tables that can be individualized 
through the use of filters. For example, clicking the Safety tab will take the user to a site that 
presents gauges visualizing crashes injuries, year-to-date deaths, and Work Zone crashes. The 
site also contains a chart showing data for type of crash, such as deer collision or sideswipe, and 
figures for the most recent 12 months and 3-year average. These data can be filtered by easily 
checking boxes on a drop-down menu, selecting for county, district, or statewide. Those inter-
viewed expressed that because of the transparency that the dashboard provides, VDOT’s ability 
to deliver has not been questioned in almost 20 years.

That effort was expanded about 4 or 5 years ago with the SMART SCALE dashboard project, 
illustrated in Figure 53. At the time, effective data visualization software such as Power BI and 
SharePoint was not available. Therefore, support of time and resources for the approximately 
$600,000 project was crucial. A significant part of the cost of the project was paying for the 
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Figure 49.  Virginia DOT dashboard opening screen and projects detail (Source: VDOT).
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Figure 50.  Opening screen Virginia dashboard (updated in 2021) (Source: VDOT 2022).
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7 PERFORMANCE MEASURES

3 PERFORMANCE MEASURES

4 HIGHWAY MEASURES

MORE DETAILED 

4 Highway and 3 Performance

Management | Citizen Survey | Projects

Performance | Safety  
      Condition | Finance

Make selection

Figure 51.  Structure of Virginia dashboard performance reporting 
system (Source: VDOT).

Java coding expertise to create the dashboard. �e SMART SCALE dashboard was created speci�-
cally for the purpose of tracking construction projects that would be funded using VDOT’s 
new SMART SCALE program. �is program initiated a process of prioritizing funding of 
certain new construction projects. �e dashboard was designed to track and visualize the per-
formance of each project in terms of progress toward completion milestones and remaining 
within budget. Projects are then given a color code of green, yellow, or red to indicate their 
performance status. �ese data are visualized in several ways. �ere are circular gauges that 
visualize the percentage of overall projects that are on time and projects that are on budget. 
�ere is also an interactive map that visualizes project locations, which can be clicked to lead to 
more detailed information about each project and its progress toward budget and completion. 
At the same time that VDOT introduced the SMART SCALE program and dashboard, VDOT 
also implemented new business rules to coincide with the scoring and performance metrics.

VDOT’s approach to audience emphasizes what VDOT believes is a major factor in its success. 
Regardless of the intended use of the visualization tool, the targeted audience always remains the 
general public. �e reasoning given for this approach can be said to be one of the guiding prin-
ciples of VDOT’s perspective on visualization: the primary goal is simplicity. If a visualization 
is designed to communicate data in a manner simple enough to be understood by the general 
public, then it is an e�ective informational tool for anyone who may need to use it. �is does not 
mean that they do not create more complex and speci�c visualizations for internal audiences; 
however, they adhere to the overall goal of simplicity as the gold standard. �e SMART SCALE
dashboard proved to be useful and productive in raising the awareness of construction project 
managers of their status regarding key performance measures, improving management of both 
time and budget on some projects, and building trust within the system and with the public 
through providing transparency with real-time data.

�e success of the SMART SCALE dashboard was built on the design and implementation of a 
much larger scale visualization project, the VDOT Performance Reporting System for Projects 
and Programs. �e success of this visualization project cannot be overstated. VDOT’s credit-
ability was rebuilt around their ability to develop and deliver projects on time and on budget. 
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Figure 52.  Detail on on-time, on-budget performance from the Virginia dashboard (Source: VDOT).
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In 2002, only 20% of projects were completed on time. In 2003, VDOT created a dashboard 
that reported on the on-time, on-budget progress of projects. VDOT has consistently met its 
performance target of 77% for most of the last 10 years. VDOT representatives expressed that 
performance has been critical to instilling confidence in the DOT and the success of several 
funding initiatives. Again, those interviewed from VDOT emphasized their perception that it 
is because of the transparency that the dashboard provides that VDOT’s ability to deliver has 
not been questioned in almost 20 years.

VDOT has been able to use data tracked through these projects to identify inefficiencies and 
design targeted solutions. For example, VDOT was able to track the performance of VDOT-
administered construction projects compared to projects they had permitted to be locally admin-
istered. They discovered that locally administered projects performed lower in on-time and 
on-budget metrics than VDOT-administered projects. In response, they implemented an internal 
visualization tool of dashboards designed to target locally administered project performance 

Figure 53.  SMART SCALE dashboard (Source: VDOT).
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measures. Most significantly, these local dashboards visualize the current status of active projects, 
showing at what point in the development and implementation stages of a project it runs into 
trouble and why. Visualization of this performance measure has allowed VDOT to pursue one of 
its next visualization projects, which is attempting to identify which indicators may be predictive 
of project failure, but more importantly, which indicators are predictive of troubled projects that 
may be able to be successfully recovered, and how. VDOT is also able to use the performance 
data tracked and visualized on local dashboards to determine which localities are most likely to 
complete an administered project successfully and assign responsibility for future construction 
projects in each locality accordingly, based on overall performance.

VDOT attributes their success not only to their dedication to simplicity, but also to their 
determination to assure that they hire the appropriately qualified people. VDOT representatives 
responded that it is essential to have the resources to hire people who understand the transpor-
tation industry, understand the data, and understand the technological tools being used. It was 
found that outsourcing technological work to those who do not understand the transportation 
industry or the data was not productive, nor was attempting to train data experts on the work-
ings of the transportation industry. Understandably, identifying and retaining the people with 
the appropriate skills for the work is a challenge; however, with the apparent rising demand for 
transportation data visualization tools and number of projects underway within VDOT alone, 
there is reason to anticipate that the number of qualified and experienced personnel in this field  
may be on the rise. VDOT’s experience is strong evidence of how the creation of successful 
visualization tools for performance measures can translate to the identification of real-world 
problems and lead to further innovation of visualization to assist in solving them.

Florida DOT: Defining Multimodal Mobility  
Performance Measures

Another DOT that has been a pioneer in the visualization of transportation data is Florida. 
FDOT has been exploring ways to better communicate performance measures since the late 
1990’s, when they began working with about a dozen roadway measures. However, the most sig-
nificant innovation of FDOT’s efforts has been their vision of visualizing data both horizontally  
(showcasing multiple modes) and vertically (ranging from local to state level). They have built 
partnerships within the transportation system to make decisions using the visualization of multi-
modal data. More importantly, these visualization tools are currently being used to increase 
safety and efficiency in all modes of mobility. FDOT’s extensive efforts have produced the digi-
tally accessible FDOT Source Book, a sample of which is shown in Figure 54. This website is 
an excellent example of what is possible with data visualization. It provides visualization of 
multimodal data in easily navigable categories such as mobility, factors affecting mobility, infra-
structure, safety, and accountability. Users can select the data they need and access it in an easy-
to-understand visualized format. This allows previously inaccessible data collected by various 
agencies and localities to now be used to increase efficiency, safety, and resource allocation 
horizontally across multiple modes as well as vertically, from the local to the state level.

FDOT has a clear understanding of which audiences they are targeting with their visualiza-
tion tools and how to prioritize them. Planners are their first priority, with significant consid-
eration of the data needs of the larger transportation community, and then the general public. 
Partner ships with districts and other localities within the state also allow for consideration of 
specific audiences on local levels, such as MPOs and other transportation partners. A district-
level Senior Policy Planning Analyst in the state commented that the question is always “How 
do you broaden the constituency of those who can benefit from the availability of this informa-
tion?” The primary audience must be clear to create the most effective visualization tools, while 
also keeping in mind ways that the tools could and may be used by a wider audience.
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Figure 54.  Example of multimodal mobility performance measures from The FDOT Source Book (Source: FDOT).
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It is important to note that responding state DOTs emphasize the significance of both demand 
from organizations in the transportation community, as well as considerable support from 
executive and government agencies to their success. The current FDOT Emerging Transporta-
tion Coordinator in Forecasting and Trends states that the initial impetus for the Source Book 
project came from requests from customers for the availability of this type of data in an easily 
accessible and usable form. It was the constructive communication of this demand to executive 
teams that helped to bolster support in terms of providing the appropriate allocation of time 
and resources necessary to complete a project of this size effectively. Due to visualization tools 
relying on both complete and accurate data collection and organization, the Source Book was 
not a project that could be done in pieces. It was essential to have the support and resources 
available to ensure that the project could be effectively sustained to completion and regularly 
maintained.

Due to the sustained support FDOT and other local agencies received, they have been able 
to form productive working partnerships to assist with both data collection and organization. 
Districts and localities have been proving to be a fertile testing ground for visualization projects 
that can then be translated to implementation at higher levels. They have also been able to form 
similar partnerships between the agencies governing the various modes of mobility within the 
state. This level of cooperation and communication has now created the potential for a fully inte-
grated transportation system in which data can be shared across modalities, allowing for multi-
modal solutions to a broad spectrum of challenges to mobility throughout the state. Finally, 
the success of the Source Book has created an increasing demand from an ever-wider audience 
of users for more and more data visualization tools, indicating a growing need for continued 
innovation in the field.

Utah DOT: Telling the Utah Performance Story

Similar to other DOTs that were interviewed, Utah DOT (UDOT) was originally reporting 
its performance data and visualizations in an annually published Strategic Direction Report. The 
impetus for innovation into the use of visualization to report performance data came from 
the top down, in the sense that leadership agreed that it needed to be done and were willing 
and able to provide the necessary support for it to be done. However, how to do so began 
to proliferate from the bottom up, as more and more agencies and divisions began hiring 
their own GIS personnel to do it. This ultimately resulted in a relatively happy marriage in 
the middle, where UDOT has been able to establish certain criteria of governance over pro-
cess and procedure, as well as a method for centralizing data collection in the areas they are  
currently monitoring on a statewide basis. Regional information is also available through UDOT’s 
reporting tools, but it is important to note that there are many regional and local visualization 
tools that are being created and used solely by those localities internally that are not currently 
linked into the visualization tools that are accessible publicly or system wide. This partnership 
between regional and central personnel as well as a strong partnership between the UDOT 
Division of Transportation and Performance Management and the relatively newly created 
UDOT Division of Data, Technology, and Analytics has allowed for this formerly static docu-
ment to be converted to a dynamic “living document” that is capable of providing visualiza-
tions of real-time performance metrics, allowing decision makers to make more informed and  
productive decisions.

The Strategic Direction website, shown in Figure 55, serves as UDOT’s “face” to decision makers 
and other transportation system stakeholders. When questions are asked, not only regarding 
performance measure data, but also about UDOT as a whole, they can easily be answered by a 
referral to the Strategic Direction website. The site reflects this perspective in its design.
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Figure 55.  Utah dashboard (Source: UDOT).
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Figure 56.  UDOT dashboard splash screen (Source: UDOT).

From a simple splash screen that says “KEEPING UTAH MOVING,” as seen in Figure 56, 
the page scrolls to a high-level summary of strategic goals. These are three strategically selected 
measures of safety, mobility, and infrastructure, as well as funding and projects. As indicated in 
Figure 57, each of those categories leads to additional detail, more dashboards, and finally to a 
data-rich mobility dashboard that can visualize mobility data from statewide down to a single 
bottleneck (from the forest to the leaf).

UDOT has clearly defined their audiences and how the DOT prioritizes audiences. The Gov-
ernor’s Office and the legislature are their designated primary audience, while they have defined 
the general public (as investors in the system) and internal users as ancillary. Therefore, it was 
established early on that all visualization tools must be able to present relevant data in a form 
that clearly and simply communicated the most significant point, or performance story, in the 
most effectively direct manner possible.

Figure 57.  Structure of Utah strategic direction dashboard  
(Source: UDOT).
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The public-facing homepage for the site, shown in Figure 58, emphasizes the mission of UDOT 
in a logical, general-to-specific way. The first links available provide information about their over-
all mission, vision, values, and strategic goals, often presented in an infographic format.

There is also a link that takes the user to a sleekly designed document titled “Getting to Know 
UDOT,” shown in Figure 59. Using text, photographs, and graphics, as a traditionally designed 
document, it walks through all of the different functions UDOT serves throughout the state and 
is updated periodically as the system evolves.

Figure 60 shows that the left side of the homepage is an interactive menu presenting the 
general categories of information contained throughout the site, represented in both text and 
graphic forms.

Figure 58.  UDOT dashboard road map (Source: UDOT).

Figure 59.  UDOT overview 
brochure (Source: UDOT).
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Figure 60.  UDOT dashboard high-level overview (Source: UDOT).
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For example, the section on Funding is labeled with both the word and a clickable graphic of 
stacks of coins. The general categories available are Funding, Projects, and Tactical Measures.  
Each of these categories serves as a gateway to increasingly granular data, all of which are visual-
ized and, in many cases, also downloadable for practical application. Figure 61 shows an example, 
with visualizations and data related to revenue. One of the most significant characteristics of 
UDOT’s experience is the number of examples the DOT can provide of ways visualizing data has 
had an impact on decision-making processes legislatively and at the level of individual human 
behavior.

The Mobility Dashboard, shown in Figure 62, provides detailed information that provides 
multiple tabs and user options for many different elements to provide a detailed visualization of 
mobility from the statewide forest view to the leaf view of a single bottleneck.

One richly complex example is UDOT’s Zero Fatality section under its category of Strategic 
Goals, as shown in Figure 63. The phrase “Zero Fatalities” can be used as an umbrella that rep-
resents an overall safety goal that nearly all people can agree on; everyone understands the goal 
of no fatalities. The use of safety data in a wide variety of visualized formats has helped develop 
an approach of using data visualization to inform a wider program of action. It allows for the 
use of data to help identify specific problems and innovate targeted solution strategies with an 
increased likelihood of effectiveness. Under Strategic Goals, the various safety measures are  
represented as bar graphs reflecting how close UDOT is to meeting 100% of all safety targets, and 
the overall goal is to have all indices rise to 100. A line chart showing change over time shows a 
significant decrease in the overall index since 2019. This visualization tells the performance story 
that overall system safety is decreasing, identifying clearly that a problem exists and allowing 
energy to be directed next to answering the question of why this is happening.

Clicking on the Zero Fatalities section of this category takes the user to visualizations of 
more detailed data. A combined bar graph and line chart representing fatality rate per 100 miles 
VMT between 2015 and 2021 shows that VMT decreased during the pandemic, but fatalities 
increased. They are now seeing VMT increase while the higher fatality rate is remaining the 
same. The next question then becomes “What data metrics are available to help further illumi-
nate what is actually happening on the ground?” While the tools to overlay the necessary metrics 
to potentially visualize a more targeted answer do not yet exist among respondents, UDOT has 
already developed an impressive array of tools that can help to narrow down the areas in which 
time, energy, and other resources have an increased likelihood for effectiveness.

While one must still spend a good deal of time exploring various sections of the website to find 
all the data necessary to attempt to make these determinations, it is an accomplishment to have 
streamlined the data analysis and communication function to simply navigating a user-friendly, 
interactive website. UDOT specifically identifies the streamlining of communication as a notice-
able benefit of having this site. It allows person-to-person time to be more focused on explana-
tion, analysis, and solution strategy planning as opposed to how to locate data and build necessary 
reports. There is a section on strategies that provides data visualizations in the categories of Infra-
structure Improvement, Partnerships with Public Safety, Employee Safety, and Public Outreach 
and Education. Line charts are available representing six major safety performance measures: 
Traffic Fatalities, Internal Fatalities, Suspected Serious Traffic Injuries, Internal Injury Rate, 
Traffic Crashes, and Equipment Damage Rate. Monitoring of these visualizations has allowed 
for more compelling data-based discussions for including improved safety features in projects.

However, even more granular data are available on the level of both regions and MPOs. The 
Strategic Direction website has a section dedicated specifically to reporting on Federal Perfor-
mance Measures, and in this section, there are tools provided to help MPOs and regions track 
their relative progress toward federal targets and therefore add an additional level of focus to the 
flow of appropriate resources to the appropriate places on the localized level.
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Figure 61.  UDOT dashboard revenue summary (Source: UDOT).

http://nap.nationalacademies.org/26651


V
isualization of H

ighw
ay P

erform
ance M

easures

C
opyright N

ational A
cadem

y of S
ciences. A

ll rights reserved.

Figure 62.  UDOT mobility dashboard for Region 2 (Source: UDOT).
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Figure 63.  Zero fatalities performance measure (Source: UDOT).
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What can be determined by UDOT’s available data is that the roads within UDOT’s jurisdic-
tion did not suffer any comparable drop in condition or other safety measure that would explain 
the continued higher fatality rate they are currently experiencing. This identification serves to 
help guide the direction for further innovation in how to create more complex tools that allow 
for the telling of even more detailed data stories. It also helps to allow for a more informed level 
of theorizing. For example, if there does not seem to be any corresponding trend in the available 
data, it becomes more reasonable to invest time and other resources into looking for answers in 
areas that are not currently measured, such as human behavior. It is possible that the cause could 
lie in human behaviors such as increased numbers of people speeding or engaging in distracted 
driving behaviors like texting.

If a problem, such as sustained increased fatality rate despite rising VMT, could be reasonably 
deduced to possibly being an issue of human behavior, UDOT already has experience in tackling 
the complex question of how to attempt to impact dangerous human behavior. When it was 
identified that drivers were 23 times more likely to die in a crash while texting, UDOT turned to 
a creative but controversial method of visually communicating that data to the public. In 2018, 
they invested in a Super Bowl advertisement that dramatized a family in a vehicle, with parents 
sitting in the front seat and their young daughter in the backseat, as the vehicle is impacted in 
slow motion. The view is of the family inside the car. As glass begins to shatter and the parents 
lurch sideways with the force of the impact, focus zooms in on the child in the backseat who sits 
up straight, in the midst of it all, and speaks directly to the camera as she assertively says: “This 
is your fault.” The data about the danger of texting and driving are then presented, leaving a  
dramatic impact on the viewer. UDOT has partially credited the discussion and awareness of 
crash safety generated by this advertisement to the passage of a primary seatbelt law in recent 
years and reports that there are some positive indicators that compliance may be rising, particu-
larly in rural areas.

While the Zero Fatalities data are not yet capable of providing an entirely data-based answer 
to why the fatality rate is currently still so high throughout the system, it has provided signifi-
cant insight into where best to direct valuable resources toward more specifically identifying the 
problem, as well as narrower direction and potential strategy options for their efforts to address  
the problem in the meantime. More importantly, having the data visualization tools easily avail-
able allows for the spread of communication and an awareness of the issue throughout the 
stakeholder community.

The area in which UDOT identifies the largest number of practical applications is in that of 
budgeting. Many of their tools for visualization performance in this area are internally facing. 
This decision is attributed to the complexity of the data involved. There is a set of available 
tools for Maintenance and Facility Management that allows the user to access a wide variety of 
budgetary information. For example, for their overall Maintenance budget they have both dials 
and bar charts that represent Current Fiscal Year Budget, Projected Expenditures, and percentage 
of budget left. Detailed tables are also provided for each project. Just having these simple visu-
alizations available makes it much easier to keep everyone on the same page in terms of under-
standing what money is being spent, and how close they are to maintaining their budgets. Most 
significantly, these visualizations provide the basis for much more meaningful and productive 
conversations between stakeholders than they have found to be possible using spreadsheets.

UDOT identifies others of its visualization tools as also being particularly useful for budgeting 
purposes, such as in internal project management. For example, one tool visualizes expenditures 
against project value. It measures the number of projects that are at less than 95% of project 
value, the number within 5% of project value, and the number of projects over project value. This 
visual currently communicates that they currently have zero projects over project value; how-
ever, any change in this indicator can allow for an expedient examination into possible causes, 
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and appropriate remedial strategies can more quickly be identified and implemented. An even 
simpler and practically useful visualization that they have found helpful in budget forecasting 
is a set of tools designed as dials that communicate the total amount of the annual UDOT snow  
budget for the year, the amount used, and the amount remaining. UDOT policy is to divide any 
remaining funds allocated for responding to snow events among the regions to be used for main-
tenance needs. This tool allows regions to monitor the use of the snow budget funds throughout 
the year and can therefore more accurately anticipate whether they may have any additional 
funding from this source, and if so, how much it is likely to be.

UDOT also provides productive insight to the evolutionary nature of collecting, governing, 
and designing visualization tools that function as intended. They found it is important that for 
data and subsequent visualizations to be useful, the appropriate question should be asked in the 
appropriate manner. For example, in their section on preserving infrastructure, they created  
a visualization tool that was intended to measure the overall status of the roadways toward meet-
ing performance targets. The performance story that the data were telling over the course of  
several years was that the roadways were meeting 100% of their targets, implying that no addi-
tional money was needed and that the roadways were all in good condition. This did not accu-
rately reflect the reality of the situation. The problem was then identified that the metric that 
was being used to collect data from throughout the system was formulated as a simple yes or 
no metric: “Did you meet your target?” As a result, in 2019 the DOT changed the formula used 
to compute the metric to include pavement conditions more accurately, therefore making the 
data significantly more useful in determining and predicting when and how much more funding 
will be required to reach specified targets. UDOT has created a dynamic site that allows them to 
represent their goals, work, and needs accurately and transparently in an easy-to-navigate and 
easy-to-understand format that they have found makes it easier to identify and solve problems as 
well as to communicate with and influence the decision-making community to make the system 
safer and more efficient overall.

Arkansas DOT: Following the Leader  
to Lead by Example

It is appropriate to conclude the case examples with Arkansas DOT (ARDOT), because their 
experience illustrates the benefits that can now be gained by learning from the successes and 
pitfalls of others. Initial support for increasing the visualization of performance data came from 
the ARDOT leadership down. However, as has been seen in other DOTs, the how to do so 
has come from innovating thinkers, particularly in the Planning and Maintenance Divisions 
across ARDOT. ARDOT respondents were forthcoming about their reliance on building on 
the successes of what other DOTs, such as UDOT, were beginning to produce. It is significant 
to emphasize that one of the early steps ARDOT took in their development process was to 
form a data governance team, an issue that has been seen to be a challenge in the previous case  
examples. Around 2014, they really began to turn their focus toward using digital and online 
tools and platforms. Continued support from leadership has manifested in many ways, includ-
ing open channels of communication, in which leadership is interested in seeing the products 
that are being created, as well as offering advice. Another challenge identified by other DOTs is 
the issue of sustained support and maintenance in order for these tools to remain useful. This is an  
issue that ARDOT respondents spoke frequently on, and they reported that it is an ongoing priority 
of the supporting leadership of the department. ARDOT’s experience reflects a department  
that is appropriately concerned with proceeding in the most effective and efficient manner and 
is eager to make use of all available lessons learned to do so.

ARDOT has already created a number of visualization tools available on public websites and 
internally and is working toward the goal of creating its own centralized performance manage-
ment dashboard, as illustrated in Figure 64, similar to those presented in the other case examples. 
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Figure 64.  Arkansas DOT bridges dashboard (Source: ARDOT 2022).
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ARDOT respondents currently working on performance visualization within ARDOT all com-
mented extensively on the deliberateness with which they are thinking about what types of data to 
visualize, in what specific manner, differences between internal and external usage and audiences, 
and the need for governance of data collection, storage, and usage. A learning process is begin-
ning to take place as different DOTs are publishing more and more of their work in this area, and 
these are the important considerations that those at ARDOT are talking most about as they look 
toward creating their own centralized performance management dashboard.

ARDOT identifies that their intended audience includes two major types. The primary audi-
ence is the decision makers, in order to inform them about the current performance of the  
department, and to communicate to them any gap between current performance and targets.  
Secondly, there is the public, in order to improve the transparency of the DOT and to be account-
able for how they are spending taxpayers’ money. However, they also acknowledge there is a 
significant difference in designing visualization tools for the public versus for internal use, and 
a large determining factor in that design is relative complexity. Their current internal tools con-
tain data and visualizations that require a certain level of familiarity with the subject matter to 
be understood, while their public tools reflect an increased attention to clarity and simplicity.

Two general areas of performance data visualization that are emphasized by ARDOT are traffic/
safety and bridge maintenance. Additionally, a large amount of information is available through 
ARDOT’s website that feature Virtual Public Involvement Meetings. These were an ideal way to 
reach Arkansans during the COVID-19 pandemic. The site contains public surveys for collecting 
data about public opinion, videos, interactive maps, photographs, and other information about 
upcoming projects.

An ARDOT practitioner explained their Crash Analytics Dashboard, shown in Figure 65, in 
detail. This publicly facing dashboard allows a very large amount of data to be filtered and visual-
ized in a variety of ways, from the general to the increasingly specific. The user can easily select 
from a number of performance categories on tabs at the top of the page, including Roadway 
Departure Crashes, Impaired Driver Crashes, Speed Related Crashes, Young Driver Related 
Crashes, Intersection Related Crashes, Work Zone Related Crashes and others. The page on 
Fatal and Suspected Serious Injury Crashes contains an interactive map showing crash locations, 
while next to it, in the upper right-hand corner, numbers are given for total crashes, fatal crashes, 
and suspected serious injury crashes. Bar graphs are also shown representing Fatal Crashes by 
Emphasis and Suspected Serious Injury Crashes by Emphasis.

The goal for the Crash Analytics Dashboard project is to ultimately show the location and 
severity of every crash throughout Arkansas; however, one of the challenges that ARDOT says 
they are facing toward this goal is that not all agencies have adopted the eCrash system that is 
being used to collect and govern this data. They were, however, able to successfully navigate the 
challenge of creating the necessary data partnership and memorandum of understanding with 
the Arkansas State Police that allows them access to the necessary databases to create and main-
tain this tool, and to do so while protecting sensitive personal and legal information that should 
not be shared publicly. ARDOT also expressed that they are finding that as increasing numbers 
of agencies are using the eCrash system and making use of the performance data available on 
the site, it has been encouraging other agencies and stakeholders to also begin using it as well, 
increasing the accuracy and effectiveness of the data visualized on the site.

Another way in which various types of traffic performance data are being visualized by 
ARDOT is through the traveler information website IDrive Arkansas, which was first launched 
in 2013 (Arkansas Department of Transportation n.d.). Originally, the site just contained infor-
mation about the locations of current construction projects. However, today the site provides 
an interactive map with an array of filters to select for which types of information the user 
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Figure 65.  ACT (Arkansas Crash Analysis Tool) (Source: ARDOT).
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would like to visualize. Construction project locations can still be represented as well as weight-
restricted routes, rest areas, and feeds from live traffic cameras throughout the ARDOT system. 
IDrive also provides a link for user feedback, through which ARDOT can identify priorities 
of the members of the public, such as where to add new traffic cameras or information on the 
adopt-a-highway program. An application was also used through this site after a particularly 
damaging winter storm that allowed for the public to identify the locations of potholes, helping 
the department better target road maintenance efforts.

The other area that ARDOT reports significant progress in is through their Bridge Data Dash-
board, which currently has both internally and externally facing tools. The publicly facing site 
contains information about the total number of bridges, an interactive map of bridge locations 
that allows the user to click on the location and get more detailed information about it as 
well as a photograph, and the number of bridges that in are in good, fair, and poor condition. 
ARDOT comments that it is through sites like this that they feel they are able to communicate 
to the public that ARDOT is aware of their concerns, such as aging infrastructure, and that 
ARDOT is actively working to address them. These tools are currently reported to be having 
the most impact internally. The internally facing tools contain a markedly more complex level  
of data and available filters. One tool in particular is emphasized that visualizes program bridge 
data with inspection data. An ARDOT Heavy Bridge Maintenance Engineer estimates that 
this visualization has made it exponentially faster for the department to identify where and 
when specific bridges need to be replaced and better manage necessary resources in the appro-
priate manner.

ARDOT is now currently working toward the development of its own centralized performance 
management dashboard, with an emphasis placed by them on centralization. While they are 
actively experimenting with what types of data to visualize outside federally established perfor-
mance measures and how best to visualize that data, the challenge that is expressed emphati-
cally is the need to develop universal governance policies surrounding the collection of data 
and how data are used to create visualizations throughout the ARDOT system. They are excited 
to report that they know their applications are being used, particularly their daily traffic tools 
and their bridge information tools, because they receive considerable feedback whenever  
there happens to be a glitch in the system. However, this also communicates that these tools are 
increasingly being relied on by stakeholders in the transportation system, which emphasizes to 
them the need to proceed carefully and ensure that the tools that are being created are as accurate, 
transparent, and consistently maintained as possible from the beginning.

Observations about the Target Audiences  
from the Interviews

During the interviews, the DOTs responded about who their primary and secondary audience 
is for the performance measures that they visualize. Table 6 summarizes the different perspec-
tives for each state interviewed as described in the text below. The explanations provide insight 
into these state DOT approaches to visualizing performance measures.

WSDOT’s intent and purpose from the earliest years is to speak to those who could most use 
this information to inform decisions, particularly in terms of where to best allocate efforts and 
resources, and which efforts and resources would be most effective. This audience is defined as 
the general public, elected officials, and other stakeholders in the transportation community.

VDOT’s approach to audience emphasizes a factor they have identified as key to their success. 
Regardless of the intended use of the visualization tool, the targeted audience always remains 
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the general public. The reasoning given for this approach can be said to be one of the guiding 
principles of VDOT’s perspective on visualization; the primary goal is simplicity. If a visual-
ization is designed to communicate data in a manner simple enough to be understood by the 
general public, then it is an effective informational tool for anyone who may need to use it. This 
does not mean that VDOT does not create more complex and specified visualizations for internal 
audiences, rather that the DOT adheres to the overall goal of simplicity as the gold standard.

Internal DOT Internal Leadership Elected Public Official External Audience
WS General Public
VA General Public
FL Planners MPOs
UT Governor/Legislature
AR Decision Makers

legend Primary Audience Primary Secondary Audience Secondary Additional Audience

Table 6.  Explanation of primary and secondary audience from state 
interviews.
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This chapter includes a summary of the reported key success factors and challenges identified 
in the synthesis. Areas suggested for future research based on the findings are also presented.

Reported Key Success Factors

DOTs are developing methods to visually communicate the stories that their performance 
data tell in ways that work. They are finding ways to tell their performance stories with effective 
visualizations that resonate with their audience. The key success factors identified by the DOTs 
that responded to the synthesis survey and participated in the follow-up interviews include the 
following:

•	 Simplicity in the design of the visualizations. This was one of the strongest associations made 
with perceived success according to survey and interview responses. Simple charts account 
for more than 80% of the visualization examples shared by responding DOTs. The phrase 
“keep it simple” was repeated by representatives from all five state DOTs in the interviews. 
Success was often reported by those interviewed when they felt a simple visualization effec-
tively communicated a clear story that brought the significance of the raw data to life for its 
intended audience.

•	 A strong foundation of performance measure data. Survey and interview responses indicated 
that this foundation is necessary to enable analysts to analyze and share information accu-
rately and effectively. Complementary to the data is a foundation in the software tools for col-
lecting, managing, and creating visualizations. These tools are becoming more sophisticated, 
easier to use, and more powerful.

•	 Connecting to the intended audience. DOTs report a key success factor is the significance 
of identifying and connecting to the intended audience. The DOT dashboards examined 
in detail for this synthesis all deliver dashboard information in a structured system, which 
the case example interviews expressed were designed intentionally to communicate with 
multiple levels of clearly defined audiences. The structure begins with the more general-
ized big picture (forest) and leads users to more specific measures (trees) and ultimately 
far more detailed facets, usually only of interest to specialized analysts (leaves). State DOTs 
interviewed for case examples claimed that sharing the same data, information, and stories 
with both internal and external partners helped interested parties work better together to 
accomplish common goals.

•	 Recognizing intended internal or specific stakeholder audiences for success. For example, one 
common DOT response stated that an information-rich dashboard is an educational tool that 
allows person-to-person time both within the agency and with external stakeholders to focus 
on explanation, analysis, and solution strategy planning instead of locating data and find-
ing reports. This maximizes increasingly limited face-to-face meeting time in the workplace. 

C H A P T E R   5

Summary of Findings
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Several respondents indicated that a story-rich dashboard that supports the executive leader-
ship’s message can help focus the organization’s work in meeting their stated objectives.

•	 An emphasis on the role of executive leadership. Nearly all of the case examples reflect that a 
top-down and bottom-up approach more often results in a dashboard that resonates with the 
intended audiences and drives both the desire for more information and the willingness for 
more participation.

Reported Challenges

The synthesis revealed commonly reported challenges DOTs identified in their efforts to 
create and maintain effective tools for visualizing performance measure data.

DOTs indicated that simplicity is a key success factor, and they also indicated that achieving 
simplicity is hard. Survey respondents indicated that achieving the desired level of clarity and 
simplicity they identified as their goal required considering many factors such as the text that 
describes the data story, the clarity of the message, and the effectiveness of the visualization.

A strong foundation of performance measure data was identified as a key success factor. The 
challenge to that success factor is in establishing the data governance. Survey and interview 
results reflect that many DOTs consider the lack of guidance on best practices regarding the 
gathering, storage, maintenance, linkage, and usage of the data that underlie the accuracy and 
effectiveness of all visualizations to be one of the most significant challenges they see.

Telling meaningful data-based performance stories is more than just reporting data. Visual-
izations that address the broad spectrum of challenges to mobility throughout the state and 
inform multimodal solutions involve building partnerships within DOTs and between inter-
ested stakeholders that enable collaboration. The challenge DOTs acknowledge is that increas-
ing amounts of data make it difficult to deliver performance measures effectively to all intended 
audiences.

A key success factor is the role of executive leadership. Engaging their input in shaping the 
DOT stories that incorporate performance accurately and tell the performance story was com-
mented on during the interviews with the state DOTs. Those interviews noted the significance 
and importance of having executive leadership’s support and engagement, particularly within the 
DOT. Given the significant demands on the time and resources managed by executive leader-
ship, it is a challenge to ensure that essential engagement.

A visualization is not effective if it is not seen or remembered. Given the competition for time 
everyone faces, just because a visualization exists does not mean it is seen. Even when accurate 
factual data are presented in a compelling story, it still may not be acted upon. For example, even  
with clear visualizations providing insight to solutions that could solve problems (e.g., visual-
izations that show the effectiveness of wearing seat belts or not texting), there are still a sig-
nificant number of people who ignore or are unaware of that data and experience fatal crashes 
they may have survived if they chose to buckle up or not text while they drove. A challenge to 
determining the effectiveness of visualizations is acquiring feedback on their effectiveness. The 
survey and interview results reflect that the guidance for evaluating a visualization is not often 
applied in a systematic review process and that audience feedback that evaluates the effective-
ness of a visualization is rarely gathered.

DOTs noted the increased transparency resulting from the reporting on performance mea-
sures. Most interview responses posited that this increased transparency was an overall positive 
that they feel contributes to increased trust in the system and its measures. This is particularly 
the case when the performance story told by the data is not positive. DOTs are having to adapt 
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and become more resilient and responsive to the increased transparency that accurate perfor-
mance measure reporting creates.

Suggestions for Future Research

A clear need identified by this synthesis is a set of principles that can be used to evaluate visual-
izations internally and externally.

A Dashboard and Visualization Toolkit that provides best practices for creating visualizations 
would better enable evaluations of visualizations internally to a DOT.

Future research could provide guidance for gathering survey data that could inform the effec-
tiveness of visualizations in reaching their intended audiences and either informing them or 
helping to influence behavior. It could potentially develop methodologies to calculate a return 
on investment of visualizations. This would better enable evaluations of visualizations after 
they’ve been produced and serve as a feedback loop to improve the effectiveness of the visual-
izations that could be periodically integrated into the Toolkit noted above.

These two research efforts would help DOTs that have been leading visualization efforts and 
DOTs just beginning to expand visualization capabilities.
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Chart—Simple: Bar, line, pie, table.

Chart—Complex: Heat map, candlestick, chord, spiral, and Sankey.

508 Compliance: A law requiring federal government websites to be safe and acces-
sible for people with disabilities.

Dashboard: An online visualization of measures accessible from a web browser.

Geospatial  
Representations  
(maps):

An image showing physical features, cities, or roads.

Infographic: A collection of imagery, charts, and minimal text that gives an 
easy-to-understand overview of a topic.

Interactive Visualization: An online visualization of multiple performance measures acces-
sible from a web page that allow users to customize the view of data.

Interactive Map 
Visualization:

An information management tool that shows maps that display 
data and allows users to customize the view of the data or identify 
data for specific locations.

PM1 Performance  
Measure Rule 1: 

(Safety) https://www.fhwa.dot.gov/tpm/, https://www.fhwa.dot. 
gov/tpm/guidance/safety_performance.pdf.

PM2 Performance  
Measure Rule 2:

(Pavement and Bridge Condition) https://www.fhwa.dot.gov/
tpm/guidance/hif18022.pdf.

PM3 Performance  
Measure Rule 3:

(System Performance, Freight, and CMAQ) https://www.fhwa.
dot.gov/tpm/guidance/hif18040.pdf.

Performance Measure: The use of statistical evidence to determine progress toward specific 
defined organizational objectives.

Performance Story: The arrangement of all a DOT does to improve performance into 
a narrative using classic story elements.

Publication: A pdf, book, flyer, or poster.

Story Map: A strategy that uses a map/graphical organization to help com-
municate a series of visualizations and text descriptions.

Video: Moving visual images.

Visualization: A chart or other image created as a visual representation of an 
object, situation, or set of information.

Glossary
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A P P E N D I X  B

Survey Responses

Question 1 - States who Completed the Survey

DOTs Responding to the Survey:
AK, AR, AZ, CA, CO, DC, DE, FL, GA, HI, IA, ID, IL, IN, KS, KY, MA, MD, ME, MI, MN, MO, MS, 

NC, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, WA, WI, WV, WY

Question 2 - What performance measures are visualized for your agency and who are the
intended audiences?
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PM1 (Safety) - Internal Leadership (decision makers): AK, AR, AZ, CA, CO, DE, HI, IA, IN, KS, 
KY, MA, MD, MO, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, WA, 
WI, WV, WY 

PM1 (Safety) - Elected Public Officials: AR, DE, IN, KS, KY, MD, MO, NE, NH, NJ, NM, OK, OR, 
PA, RI, SD, TN, TX, UT, WA, WI, WV, WY 

PM1 (Safety) - External Audience: AR, CA, DE, FL, IA, IN, KS, KY, MA, MD, MO, ND, NE, NH, 
NJ, NM, NY, OH, OR, PA, RI, SD, TN, TX, UT, VA, WA, WI, WV, WY 

PM1 (Safety) - N/A: DC 

PM2 (Infrastructure Condition) 
PM2 (Infrastructure Condition) - Internal DOT Analysts: AR, CA, CO, DC, DE, HI, IA, ID, IN, KS, 

KY, MA, MD, ME, MO, MS, ND, NE, NH, NM, NY, OH, OK, OR, RI, SD, TN, TX, UT, WA, WI, 
WV, WY 

PM2 (Infrastructure Condition) - Internal Leadership (decision makers): AK, AR, CA, CO, DE, HI, 
IA, ID, IN, KS, KY, MA, MD, ME, MO, MS, ND, NE, NH, NM, NY, OH, OK, OR, RI, SD, TN, TX, 
UT, WA, WI, WV, WY 

PM2 (Infrastructure Condition) - Elected Public Officials: CO, DE, HI, IN, KS, KY, MO, MS, NM,  
OK, OR, RI, SD, TN, TX, UT, WA, WI, WV, WY 

PM2 (Infrastructure Condition) - External Audience: CA, CO, DE, FL, HI, IA, ID, IN, KS, KY, MA, 
MD, MO, MS, ND, NH, NM, NY, OH, OK, OR, RI, SD, TN, TX, UT, WA, WI, WV, WY 

PM2 (Infrastructure Condition) - N/A: AZ 

PM3 (System Performance) 
PM3 (System Performance) - Internal DOT Analysts: AR, AZ, CA, CO, DC, DE, HI, IA, IN, KS, KY, 

MA, MD, MI, MO, MS, NC, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, 
WA, WI, WV, WY 

PM3 (System Performance) - Internal Leadership (decision makers): AK, AR, AZ, CA, CO, DE, HI, 
IA, IN, KS, KY, MA, MD, MI, MO, ND, NE, NH, NJ, NM, OH, OK, OR, PA, RI, SD, TN, TX, UT, 
WA, WI, WV, WY 

PM3 (System Performance) - Elected Public Officials: DE, HI, IN, KS, KY, MO, NM, OK, OR, PA, 
RI, SD, TN, TX, UT, WA, WI, WV, WY 

PM3 (System Performance) - External Audience: CA, DE, FL, HI, IA, ID, IN, KS, KY, MA, MO, ND, 
NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, WA, WI, WV, WY 

PM3 (System Performance) - N/A: none 

DOT highway performance measures 
DOT highway performance measures - Internal DOT Analysts: AR, AZ, CA, CO, DE, FL, GA, HI, 

IN, KS, KY, MA, MD, ME, MN, MO, MS, NC, ND, NE, NH, NM, OH, OK, OR, PA, RI, SD, TN, 
TX, UT, WA, WI, WY 

DOT highway performance measures - Internal Leadership (decision makers): AK, AR, AZ, CA, 
CO, DE, FL, GA, HI, IA, ID, IN, KS, KY, MA, MD, ME, MN, MO, MS, NC, ND, NE, NH, NM, OH, 
OK, OR, PA, RI, SD, TN, TX, UT, WA, WI, WY 

DOT highway performance measures - Elected Public Officials: AK, CA, DE, FL, GA, HI, IA, IN, 
KS, KY, MD, ME, MN, MO, MS, ND, NE, NH, NM, OK, OR, PA, RI, SD, TN, TX, UT, WA, WI 

DOT highway performance measures - External Audience: AK, CA, CO, DC, DE, FL, GA, IA, ID, 
IL, IN, KS, KY, MA, MD, ME, MN, MO, MS, ND, NE, NM, OH, OR, PA, RI, SD, TX, UT, VA, 
WA, WI 

DOT highway performance measures - N/A: none 

PM1 (Safety) 
PM1 (Safety) - Internal DOT Analysts: AR, AZ, CA, CO, DE, HI, IA, ID, IN, KS, KY, MA, MD, ME, 

MO, MS, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, WA, WI, WV, WY
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Highway network reliability measures - Internal DOT Analysts: AR, AZ, CA, CO, FL, GA, HI, IA, 
ID, IN, KS, KY, MA, MD, ME, MN, MO, MS, NC, ND, NH, NM, NY, OH, OK, OR, PA, RI, SD, 
TN, TX, UT, VA, WA, WI, WY 

Highway network reliability measures - Internal Leadership (decision makers): AZ, CA, CO, FL, 
GA, HI, IA, IN, KS, KY, MA, MD, ME, MN, MO, NC, ND, NH, NM, OH, OK, OR, PA, RI, SD, TN, 
TX, UT, VA, WA, WI, WY 

Highway network reliability measures - Elected Public Officials: DE, FL, GA, KS, KY, ME, MN, 
MO, ND, NM, OR, PA, RI, SD, TN, UT, WA, WI, WY 

Highway network reliability measures - External Audience: CA, DC, DE, FL, GA, IA, KS, KY, MA, 
ME, MN, MO, ND, OH, OR, PA, RI, SD, UT, WA, WI, WY 

Highway network reliability measures - N/A: none 

Safety (not included in PM1) 
Safety (not included in PM1) - Internal DOT Analysts: AR, AZ, CA, CO, DC, DE, FL, GA, HI, IA, 

ID, IN, KS, MD, ME, MN, MO, ND, NH, NJ, NM, NY, OH, OR, PA, RI, TN, TX, UT, VA, WA, WI, 
WY 

Safety (not included in PM1) - Internal Leadership (decision makers): AR, AZ, CA, CO, DC, DE, 
FL, GA, IA, IN, KS, MD, ME, MN, MO, ND, NH, NJ, NM, NY, OH, OR, PA, RI, TN, TX, UT, VA, 
WA, WI, WY 

Safety (not included in PM1) - Elected Public Officials: AR, DC, GA, IA, IN, KS, MD, MN, MO, ND, 
NH, NJ, NM, OR, PA, RI, TX, UT, WA, WI, WY  

Safety (not included in PM1) - External Audience: AR, CA, DC, GA, IA, IL, IN, KS, MD, MN, MO, 
ND, NH, NJ, OH, OR, PA, RI, TX, UT, VA, WA, WI, WY 

Safety (not included in PM1) - N/A: KY, MS, OK, SD 

Winter Ops (Snow and Ice) 
Winter Ops (Snow and Ice) - Internal DOT Analysts: AR, AZ, DC, IA, ID, IN, KS, KY, MD, ME, 

MN, MO, ND, NH, NM, OH, OK, OR, PA, RI, TN, TX, UT, VA, WA, WI, WY 
Winter Ops (Snow and Ice) - Internal Leadership (decision makers): AR, AZ, IA, ID, IN, KS, KY, 

MD, ME, MN, MO, ND, NH, NM, OH, OK, OR, PA, RI, TN, TX, UT, VA, WA, WI, WY 
Winter Ops (Snow and Ice) - Elected Public Officials: AR, DE, IN, KS, KY, MN, MO, ND, NH, NM, 

OK, PA, RI, UT, WA, WI, WY 
Winter Ops (Snow and Ice) - External Audience: AR, DC, DE, IA, IL, IN, KS, KY, MD, MN, MO, 

ND, NH, OH, OK, PA, RI, UT, WA, WI, WY 
Winter Ops (Snow and Ice) - N/A: CO, FL, HI, MS, SD  

Maintenance (not included in PM2) 
Maintenance (not included in PM2) - Internal DOT Analysts: AZ, CA, DE, GA, HI, IA, IN, KS, MD, 

ME, MO, ND, NH, NM, OH, OK, OR, PA, RI, TN, TX, UT, VA, WA, WI, WY 
Maintenance (not included in PM2) - Internal Leadership (decision makers):  AZ, CA, DC, GA, HI, 

IN, KS, MA, MD, ME, MO, ND, NH, NM, OH, OK, OR, PA, RI, TN, TX, UT, VA, WA, WI, WY 
Maintenance (not included in PM2) - Elected Public Officials: IN, KS, MO, ND, NM, OK, OR, PA, 

RI, UT, WA, WI  
Maintenance (not included in PM2) - External Audience: AR, CA, DC, IN, KS, MO, ND, OK, OR, 

PA, RI, UT, VA, WA, WI  
Maintenance (not included in PM2) - N/A: CO, KY, MS, SD 

Environment 
Environment 

Highway network reliability measures  

- Internal DOT Analysts: DE, FL, GA, HI, IA, IN, KS, MD, MN, NM, OH, OR, VA, 
WA, WI, WY 
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Environment - Internal Leadership (decision makers): FL, GA, HI, IA, IN, KS, MD, MN, NM, OH, 
OR, VA, WA, WI 

Environment - Elected Public Officials: KS, MN, OR, WA, WI 
Environment - External Audience: KS, MD, MN, OR, WA, WI 
Environment - N/A: AZ, CA, CO, DC, KY, MO, MS, OK, RI, SD, TX, UT 

Resilience/Sustainability/Livability 
Resilience/Sustainability/Livability - Internal DOT Analysts: DC, DE, FL, HI, IA, IN, KS, MD, MN, 

NM, OR, UT, WA, WI, WY 
Resilience/Sustainability/Livability - Internal Leadership (decision makers): DC, FL, HI, IA, IN, KS, 

MD, MN, NM, OR, UT, WA, WI, WY  
Resilience/Sustainability/Livability - Elected Public Officials: KS, MN, OR, WA, WI, WY 
Resilience/Sustainability/Livability - External Audience: DC, KS, MD, MN, OR, WA, WI, WY 
Resilience/Sustainability/Livability - N/A: AZ, CA, CO, KY, MO, MS, OK, RI, SD, TX, VA 

Economic 
Economic - Internal DOT Analysts: DE, FL, HI, IA, IN, KS, MD, MO, NH, NM, OH, OK, OR, SD, 

TX, WA, WI, WY 
Economic - Internal Leadership (decision makers): FL, IN, KS, MD, MO, NH, NM, OH, OR, SD, TX, 

WA, WI, WY 
Economic - Elected Public Officials: IN, KS, MO, OR, SD, TX, WA, WI, WY 
Economic - External Audience: DE, IN, KS, MO, OH, OR, SD, TX, WA, WI, WY 
Economic - N/A: AZ, CA, CO, DC, KY, MA, MS, RI, VA 

Other Performance Measures included in survey shown by  
DOT: Audience: Other Performance Measure(s) 
AK: Leadership, Elected, External: https://omb.alaska.gov/html/performance/program-

indicators.html?p=157&r=1  
DC: External: Multimodal 
FL: Analysts, Leadership: Freight/commodity flow 
GA: Analysts, Leadership: GDOT has around 300 internal performance measures that drive its internal 

day-to-day operations as well as inform decisions regarding resource allocations and process   
improvement initiatives/priorities. The measures range from running security updates on IT equipment 
to delivering projects on time/on budget and within specified quality standards.  GDOT is also 
assessing the response  times to its customers as well as training classes delivered to its staff. 

IA: Leadership, Elected: % of "eligible" shoulders paved; number of oversize/overweight permits issued; 
Disposal of excess Right-of-Way 

IL: [audience not identified]: Crash dashboard (current & historical), Getting Around Illinois website 
(winter road conditions, road  construction), TAMP performance (IDOT website) 

KS: Analysts, Leadership, Elected, External: Other performance measure reporting is available at the 
below sites. All is publicly available.  https://www.ksdot.org/publications.asp    
https://www.ksdot.org/projects.asp    

MN: Analysts, Leadership, Elected, External: https://performance.minnesotago.org/    
https://www.dot.state.mn.us/sustainability/docs/2019-sustainability-report.pdf    
https://www.dot.state.mn.us/measures/  

MO: [audience not identified]: https://www.modot.org/tracker-measures-departmental-performance 
Various other items are not listed, such as customer service, employee metrics, ADA compliance, etc. 

NC: [audience not identified]: I am only involved with mobility and TSMO related measures so I am only 
answering from that perspective. There are others in NCDOT that deal with infrastructure health and 
safety metrics.     Incident Management:  # of service patrol stops  Traveler Info: # of customers served 

ND: Analysts, Leadership, Elected, External: Multimodal, Drivers License, Vehicle Registration 

https://omb.alaska.gov/html/performance/program-indicators.html?p=157&r=1
https://omb.alaska.gov/html/performance/program-indicators.html?p=157&r=1
https://www.ksdot.org/publications.asp
https://www.ksdot.org/projects.asp
https://www.dot.state.mn.us/sustainability/docs/2019-sustainability-report.pdf
https://www.dot.state.mn.us/measures/
https://www.modot.org/tracker-measures-departmental-performance
https://performance.minnesotago.org/
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NM: PROJECT DESIGN & CONSTRUCTION  Percent of projects in production let to bid as scheduled  
Percent of final cost-over-bid amount on highway construction projects  Percent of projects completed 
according to schedule  HIGHWAY OPERATIONS  Number of statewide pavement lane miles 
preserved  Number of combined system wide lane miles in poor condition   Percent of non-national 
highway system lane miles rated fair or better   PROGRAM SUPPORT  Number of external audit 
findings  Percent of invoices paid within thirty days   Vacancy rate in all programs   Number of 
employee injuries  Number of employee injuries occurring in work zones   MODAL  Number of riders 
on park and ride   Percent of airport runways in satisfactory or better condition   Number of riders on 
the rail runner   Number of alcohol-related traffic fatalities   Number of non-alcohol-related traffic 
fatalities   Number of occupants not wearing seatbelts in motor vehicle fatalities  Number of pedestrian 
fatalities    

NY: [audience not identified]: We have many internal viewers that show location and condition of assets 
from consistent, approved data sources. These are useful for analysis, design and situational awareness 
but they are not performance measures, per se. 

OH: Analysts, Leadership, External: Traffic/Operations – COVID-19 Mobility performance monitoring/ 
return to normal congestion – Traffic Monitoring Covid dashboard with traffic count patterns 
WorkZone Metrics: crashes, mobility, & speed – Internal DOT analysts & leadership  

OR: Analysts, Leadership, Elected, External: Transit Ridership  Rail Ridership  Bike and Pedestrian 
Walkway/Bikeways  Construction Projects on Time and on Budget  Disadvantaged Business 
Enterprises Utilization  DMV wait times  Customer Service     

RI: Analysts, Leadership, Elected, External: Multimodal/Transit-related measure data are visualized for 
various audiences/communications  

SD: [audience not identified]: My responses are as of my knowledge at this time.  There likely are other 
visualizations used within the department and for external communication that I am not involved with 
or aware of at this time. 

WI: [audience not identified]: For PM1-3 we have  a federal PM page on our performance site that directs 
people to FHWA's TPM dashboards. Other visualizations are available via our external-facing 
website.  
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Question 3 - What visualizations have you created for performance measures and who 
are the intended audiences? 

Charts - Simple 
Charts - Simple - Internal DOT Analysts: AR, AZ, CA, CO, DC, DE, FL, GA, HI, IA, ID, IL, IN, KS, 

KY, MA, MD, ME, MI, MN, MO, MS, NC, ND, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, 
TX, UT, VA, WA, WI, WV, WY 

Charts - Simple - Internal Leadership (decision makers): AK, AR, AZ, CA, DC, DE, FL, GA, HI, IA, 
ID, IL, IN, KS, KY, MA, MD, ME, MI, MN, MO, MS, NC, ND, NE, NH, NJ, NM, NY, OH, OK, OR, 
PA, RI, SD, TN, TX, UT, VA, WA, WI, WV, WY  

Charts - Simple - Elected Public Officials: AK, CA, DC, HI, IA, IN, KS, KY, MA, ME, MN, MO, MS, 
ND, NH, NM, OK, OR, PA, RI, SD, TN, TX, UT, WA, WI, WY 

Charts - Simple - External Audience: AK, CA, DC, FL, GA, HI, IA, KS, MA, MN, MO, MS, ND, NH, 
NJ, NY, OH, OK, OR, PA, RI, SD, TX, UT, VA, WI, WY 

Charts - Complex 
Charts - Complex - Internal DOT Analysts: AZ, CA, CO, DC, DE, FL, GA, HI, IA, IL, IN, KS, KY, 

MA, MD, ME, NC, NE, NY, OH, OK, OR, PA, RI, TN, TX, UT, VA, WA, WV, WY 
Charts - Complex - Internal Leadership (decision makers): AZ, CA, DC, DE, FL, GA, HI, IA, IN, 

KS, KY, MA, ME, NY, OH, OK, OR, PA, RI, TN, TX, UT, VA, WA, WV, WY 
Charts - Complex - Elected Public Officials: CA, DC, KS, MA, ME, OK, OR, PA, RI, WA 
Charts - Complex - External Audience: CA, FL, IA, KS, MA, OH, OK, OR, PA, RI 
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Infographics 
Infographics - Internal DOT Analysts: AZ, CA, DE, FL, HI, KS, MA, MD, ME, MN, MS, NC, NY, 

OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, WA, WY 
Infographics - Internal Leadership (decision makers): AZ, CA, CO, DC, DE, FL, HI, KS, MA, MD, ME, 

MN, MS, NC, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, WA, WY 
Infographics - Elected Public Officials: CA, CO, DC, IA, KS, MA, MD, ME, MN, MO, MS, NE, OK, 

OR, PA, RI, SD, TN, TX, UT, WA, WY 
Infographics - External Audience: AR, CA, CO, DC, FL, IA, KS, MA, MD, MN, MO, MS, NE, OK, OR, 

PA, RI, SD, TX, VA, WY  

Dashboards 
Dashboards - Internal DOT Analysts: AZ, CA, CO, DC, FL, GA, HI, IA, ID, KS, KY, MA, MD, ME, 

MN, MO, MS, NC, ND, NE, NH, NJ, NY, OH, OK, OR, PA, RI, SD, TX, UT, VA, WA, WV, WY  
Dashboards - Internal Leadership (decision makers): AZ, CA, CO, DC, FL, GA, HI, IA, ID, KS, KY, 

MA, MD, ME, MN, MO, MS, NC, ND, NE, NH, NJ, OH, OK, OR, PA, RI, SD, TX, UT, VA, WA, 
WV 

Dashboards - Elected Public Officials: CA, DC, DE, HI, KS, KY, MA, ME, MN, MO, MS, ND, NE, 
NJ, OK, OR, UT, WA, WV 

Dashboards - External Audience: AR, CO, DC, DE, HI, IA, ID, KS, KY, MA, MD, MN, MO, MS, ND, 
NE, NH, NJ, OH, OK, OR, UT, VA, WV  

Story Maps 
Story Maps - Internal DOT Analysts: AZ, DC, FL, HI, KY, MA, MD, ME, OK, OR, TX, UT, WA 
Story Maps - Internal Leadership (decision makers): AZ, DC, FL, HI, IA, KY, MA, MD, ME, NE, 

OK, OR, TX, UT, WA 
Story Maps - Elected Public Officials: DC, DE, IA, KY, MA, NE, OK, OR, WA 
Story Maps - External Audience: DC, DE, FL, KY, MA, MD, NE, OK, OR, WY  

Videos 
Videos - Internal DOT Analysts: DC, HI, MD, TX, WY 
Videos - Internal Leadership (decision makers): HI, IA, MD, TX, WY 
Videos - Elected Public Officials: DE, IA, NE, OR, TX, WY 
Videos - External Audience: DC, DE, IA, KS, MD, NE, OK, OR, TX, WY 

Maps 
Geospatial Representations (maps) - Internal DOT Analysts: AK, AZ, CA, CO, DC, DE, FL, HI, IA, 

ID, IN, KS, KY, MA, MD, ME, MI, MN, MO, MS, NC, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, 
SD, TN, TX, UT, VA, WA, WY 

Geospatial Representations (maps) - Internal Leadership (decision makers): AK, AZ, CA, CO, DC, 
DE, FL, HI, IA, ID, IN, KS, KY, MD, ME, MI, MN, MO, MS, NC, NE, NH, NJ, NM, OH, OK, OR, 
PA, RI, SD, TN, TX, UT, VA, WA, WY 

Geospatial Representations (maps) - Elected Public Officials: CA, CO, DC, DE, HI, IN, KS, KY, MA, 
MD, ME, MN, MO, MS, NE, OK, OR, PA, RI, SD, TN, TX, UT, WA, WY 

Geospatial Representations (maps) - External Audience: AR, CA, CO, DC, DE, HI, IA, ID, IL, IN, 
KS, KY, MA, MD, ME, MN, MO, MS, NE, NJ, OH, OK, OR, PA, RI, SD, TX, UT, VA, WY 

Publications 
Publications - Internal DOT Analysts: CA, DE, FL, GA, HI, IA, ID, IN, KS, MA, MD, MN, MO, MS, 

ND, NM, OH, OK, OR, RI, SD, TN, TX, UT, WA, WI, WY 
Publications - Internal Leadership (decision makers): CA, DE, FL, GA, HI, IA, ID, IN, KS, MA, MD, 

MN, MO, MS, ND, NM, NY, OH, OK, OR, RI, SD, TN, TX, UT, WA, WI, WY 
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Publications - Elected Public Officials: CA, DE, HI, IA, KS, MA, ME, MN, MO, MS, ND, NE, NH, 
NM, OK, OR, RI, SD, TN, TX, WA, WI, WY 

Publications - External Audience: CO, DC, DE, FL, GA, HI, IA, ID, KS, MA, MD, ME, MN, MO, MS, 
ND, NE, NH, NM, NY, OH, OK, OR, RI, SD, TX, WI, WY 

External Interactive visualizations 
External Interactive visualizations - Internal DOT Analysts: CA, IA, MD, MN, MS, ND, OK, OR, 

PA, TX, VA, WA, WI, WY 
External Interactive visualizations - Internal Leadership (decision makers): CA, MD, MN, MS, ND, 

OK, OR, PA, TX, VA, WA, WI, WY 
External Interactive visualizations - Elected Public Officials: CA, DE, MN, MO, MS, ND, NE, NH, 

OK, OR, TX, WA, WI, WY 
External Interactive visualizations - External Audience: CA, DC, DE, FL, IA, IL, MD, MN, MO, MS, 

ND, NE, NH, OK, OR, PA, TX, VA, WI, WY 

Internal Interactive visualizations 
Internal Interactive visualizations - Internal DOT Analysts: AZ, CA, DE, FL, GA, IA, MD, MN, MO, 

MS, ND, NE, NJ, NY, OH, OK, OR, PA, TX, VA, WY 
Internal Interactive visualizations - Internal Leadership (decision makers): AZ, CA, DC, DE, FL, 

GA, IA, MD, MN, MO, MS, ND, NH, NJ, NY, OH, OK, OR, PA, TX, VA, WY 
Internal Interactive visualizations - Elected Public Officials: CA, MN, MS, OK, WY 
Internal Interactive visualizations - External Audience: CA, MD, MN, MS, NJ, OK, WY 
 

Other 
AK: https://omb.alaska.gov/html/performance/program-indicators.html?p=157&r=1 
GA: Milepost performance measures  
IL: Charts - Safety, PM2 & PM3  Maps - IROADS (PM2), TAMP downloadable shapefile, Safety 

Dashboard  External Interactive Visualizations - Safety 
NJ: PM1 are shared through the Annual Safety Report in a tabular form 
NY: Fact sheets for PM1, PM2 and PM3 federal measures are shared with the MPOs and federal partners  
RI: Heat-map visualizations made for internal audiences  
 

https://omb.alaska.gov/html/performance/program-indicators.html?p=157&r=1
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Data
Management

Internal
Review

508
Compliance

Other

None
Internal
External
Formal
Informal

None
Internal
External
Formal
Informal

None
Internal

External
Formal

Informal

None
Internal
External

Formal
Informal

Question 4 - Does your agency have processes for developing visualizations that ensure 
consistent and repeatable guidance for communication? 
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Data Management 
Data management – None: AK, AR, CA, CO, FL, HI, IL, KY, ND, NH, WV, WY  
Data management - Applies to internal visuals: DC, IA, IN, KS, MD, MO, NE, NJ, NM, OK, PA, SD, 

TN, VA, WA, WI 
Data management - Applies to external visuals: DC, IA, IN, KS, MD, MO, NE, NM, NY, OK, PA, 

SD, TN, TX, VA, WA, WI 
Data management - Formal (written): DC, KS, NE, NJ, NH, TN, WI 
Data management - Informal (e.g., peer review): AZ, DC, DE, IA, ID, IN, MA, MD, ME, MO, NC, 

NJ, OH, OK, OR, PA, RI, WA, WI 

Internal Review 
Internal review – None: AK, AR, CA, CO, FL, HI, IL, KY, ND, NH, WV, WY 
Internal review - Applies to internal visuals: DC, GA, IN, NH, MD, MO, MS, NE, NJ, NM, OH, OK, 

PA, TN, TX, WA, WI 
Internal review - Applies to external visuals:  DC, IA, IN, KS, MO, MS, NE, NH, NJ, NM, OH, OK, 

PA, TN, TX, VA, WA, WI 
Internal review - Formal (written):  DC, KS, MO, NJ, NM, TX, WI 
Internal review - Informal (e.g., peer review): AZ, DC, DE, GA, IA, ID, IN, MA, ME, NC, NH, OH, 

OK, PA, RI, WA, WI 

508 Compliance 
508 Compliance – None: AK, AR, AZ, CO, FL, HI, IA, IL, IN, MO, NH, NE, NH, NY, OH, PA, RI, 

WV, WY 
508 Compliance - Applies to internal visuals: KS, OK, TX 
508 Compliance - Applies to external visuals: DC, KS, MA, ND, NH, OK, OR, TX, VA, WI 
508 Compliance - Formal (written): CA, KS, NH, OK, OR, TX, WI 
508 Compliance - Informal (e.g., peer review): ID, KY, MA, NH, OR, WI 

Other (please specify) 
CO: presentation, memo, and letter design standards 
DC: DDOT has branding guidelines. 
GA: GDOT has a team of internal reviewers who are responsible for maintaining and editing internal 

visuals. The process varies slightly depending on visual needs but follows consistent branding and 
formatting for a smooth user experience. 

IN: We are developing data governance rules and process and asset business rules will be done this FY. 
MN: We do have requirements/process to assure 508 compliance. There is definitely an internal peer 

review within our unit before anything is published. 
MS: There could be formal written processes within Information Systems that I am not aware of. 
RI: No formal documented processes, though public communications materials undergo Communications 

and/or Leadership review, which includes informal evaluation of content for accuracy and ease-of-
understanding. 

WA: We have high standards for consistent and external reporting, following Tufte type of principles. 
WSDOT created the Performance Journalism concept and methods and we were regarded as leader in 
performance management and visualization. 
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Question 5 - What software tools does your agency use, and approximately how many 
users in your office create visualizations of performance measures that use that 
software? 

Adobe Acrobat:
Adobe Creative Suite: CO, DC, FL, IA, KS, MA, ME, MN, MO, NH, NM, OK, RI, UT, VA, WA 

 AK (6-15), AR (16+), CA (16+), CO (16+), DC (16+), DE (16+), FL (16+), IA (16+), 
ID (1-5), IN (6-15), KS (6-15), KY (16+), MA (1-5), MO (16+), ND (1-5), NH (16+), NJ (16+), NM 
(16+), OH (1-5), OK (16+), PA (1-5), RI (16+), SD (1-5), TN (1-5), TX (16+), UT (16+), VA (16+), 
WA (1-5), WY (6-15) 

Domo: none 
Dundas: IA (1-5) 
ESRI: AK (1-5), AR (16+), AZ (16+), CA (1-5), CO (16+), DC (16+), DE (16+), FL (16+), HI (16+), IA 

(6-15), ID (16+), IL (6-15), IN (16+), KS (6-15), KY (16+), MA (16+), MD (16+), ME (6-15), MO (1
-

5), NC (1-5), NE (1-5), NH (16+), NJ (1-5), NM (1-5), NY (16+), OH (6-15), OK (16+), OR (16+), 
PA (1-5), RI (1-5), SD (1-5), TN (6-15), TX (16+), UT (16+), VA (16+), WA (1-5), WV (1-5) 

IBM: none 
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iPeMS: FL (1-5), GA (6-15), NC (1-5), OR (1-5), UT (6-15) 
Java: DE (16+), HI (1-5), ID (1-5), KY (6-15), MA (1-5), NM (16+), OK (6-15), UT (16+), WA (1-5)  
Microsoft Excel: AK (6-15), AR (16+), AZ (16+), CA (16+), CO (16+), DC (16+), DE (16+), FL (16+), 

HI (16+), IA (16+), ID (6-15), IL (16+), IN (16+), KS (16+), KY (16+), MA (1-5), MD (16+), ME 
(16+), MI (16+), MO (16+), MS (1-5), NC (1-5), ND (1-5), NE (16+), NH (16+), NJ (16+), NM (16+), 
NY (6-15), OH (16+), OK (16+), OR (16+), PA (6-15), RI (16+), SD (16+), TN (16+), TX (16+), UT 
(16+), VA (16+), WA (1-5), WY (6-15) 

Microsoft Power BI: AR (1-5), CO (16+), DC (1-5), FL (6-15), IA (1-5), IL (1-5), IN (16+), KY (6-15), 
MA (1-5), MD (6-15), MO (1-5), MS (1-5), ND (1-5), NE (16+), OH (6-15), OK (6-15), OR (16+), 
PA (1-5), RI (6-15), SD (1-5), TN (6-15), UT (16+), VA (16+) 

Tableau: AR (1-5), AZ (16+), CA (16+), CO (6-15), DC (16+), DE (16+), FL (16+), IN (16+), KY (6-
15), MA (6-15), MD (6-15), MN (1-5), MO (1-5), NH (1-5), NJ (1-5), OR (16+), RI (1-5), TN (1-5), 
TX (16+), VA (16+), WA (1-5), WI (1-5) 

Oracle: CO (16+), DE (6-15), GA (6-15), HI (16+), ID (1-5), KY (6-15), MD (16+), ME (16+), MS (1-
5), ND (1-5), NH (16+), OK (16+), OR (6-15), TN (1-5), UT (16+), VA (16+), WA (1-5), WY (6-15) 

Qlik: MD (16+) 
RITIS: AR (1-5), CO (1-5), DC (6-15), DE (1-5), FL (16+), GA (16+), HI (1-5), IA (1-5), IL (1-5), MA 

(16+), MD (16+), MI (16+), MO (16+), MS (1-5), NC (1-5), NH (1-5), NJ (1-5), NM (1-5), OH (6-
15), OK (6-15), OR (6-15), PA (6-15), RI (6-15), TN (16+), VA (6-15)  

SPSS Statistics: DC (1-5), MD (1-5), WA (1-5) 
SAS: IA (1-5), ID (1-5), KS (1-5), MD (6-15), OR (6-15), VA (6-15) 
Lookr: OK (1-5) 
R: AZ (1-5), DC (1-5), FL (1-5), HI (1-5), IA (1-5), ID (1-5), MA (1-5), MD (1-5), NY (1-5), OK (6-15), 

TN (1-5), VA (16+) 
Workday: IA (1-5), OR (16+) 
Other Off the Shelf App: MD (16+), NM (16+), UT (16+) 
Custom Apps: CA (16+), DC (16+), GA (16+), MA (16+), MD (16+), NJ (1-5), NM (16+), OH (1-5), 

SD (1-5) 
Other (please specify):  
AZ: Google Analytics 
GA: ATSPM (16+), MARK 1 (16+) 
IA: Our university partners use Tableau  
IL: I know we have some of the other software, but this says specifically to create visualizations for 

performance measures  
IN: Thoughtspot  
KY: VAMIS (Deighton Cloud BA) 
MA: .NET and JavaScript 
MS: There could be others behind the scenes that I am unaware of
NC: SAP  
NJ: New Jersey Congestion Management System (a.k.a. CMS-21), Big Data analysis using a 

programming language APL, w/ Excel for visualization of results 
NM: CUSTOM - EGIS Viewer eSTIP; OFF THE SHELF Primavera P6 Site Manager BrMS Agile Assets 

Maintenance and Pavement Management System 
OH: GIS Software (1-5); R, Python to prepare data for visualization (1-5)  
RI: Arcgis on-line, Adobe In-Design, Inrix 
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Question 6 - Do you have a method for evaluating the effectiveness of your performance 
measure visualizations? 

NO: AK, AR, AZ, CA, CO, DC, DE, FL, HI, IA, ID, IL, IN, KS, KY, MA, MD, ME, MI, MN, MO, MS, 
NC, ND, NH, NJ, NM, NY, OH, OK, OR, PA, SD, TN, TX, UT, WV, WY 

YES: GA, NE, RI, VA, WA, WI 
 
DC: We seek feedback from our internal and external stakeholders. Some visualizations we have our 

Communication Team review and feedback towards their approval.  
GA: We intend to survey our internal customers to evaluate the effectiveness of our dashboard. We are 

also considering evaluating the number of dashboard page views. 
NE: Internal Performance Management group that works with various owners on effectiveness of 

dashboards.  
RI: Internal feedback channels with data consumers. Leadership, Communications Office, etc. Feedback 

provided by advisory committees and working groups. 
VA: General feedback on the effectiveness from agency leadership. 
WA: Public response and reactions (media, press, public officials), number of web hits, printed 

distributions, etc. 
WI: We do internal reviews and work with our web and Business Intelligence teams. We also monitor 

web analytics. 

http://nap.nationalacademies.org/26651
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Question 7 - What are the purposes of performance measure visualizations?

Internal - Document current status: AK, AR, AZ, CA, CO, DC, DE, FL, GA, HI, IA, ID, IL, IN, KS,
KY, MA, MD, ME, MI, MN, MO, MS, NC, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, 
TN, TX, UT, VA, WI, WV, WY

Internal - Show trend over time: AK, AR, AZ, CA, CO, DC, DE, FL, GA, HI, IA, ID, IL, IN, KS, KY,
MA, MD, ME, MI, MN, MO, MS, NC, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, 
TX, UT, VA, WA, WI, WY

Internal - Communicate progress towards a target: AK, AR, AZ, CA, CO, DC, DE, FL, GA, HI, IA,
ID, IL, IN, KS, KY, MA, MD, ME, MI, MN, MO, MS, NC, ND, NE, NH, NJ, NM, NY, OH, OK, OR, 
PA, RI, SD, TN, TX, UT, VA, WA, WI, WV, WY

Internal - Help tell a performance story: AK, AR, AZ, CA, CO, DC, DE, FL, GA, ID, IN, MD, ME,
MI, MN, MO, MS, NC, ND, NE, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, WA, WI, 
WV, WY
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Internal - Support a policy: CA, CO, DC, DE, GA, IA, ID, IN, KS, KY, MD, ME, MN, MO, MS, NE, 
NM, OH, OK, OR, PA, RI, SD, TN, TX, UT, WA, WY 

Internal – Other: GA, WA 
 
External - Document current status: AK, AR, CA, CO, DC, DE, GA, HI, ID, IL, IN, KS, KY, MA, 

MD, ME, MN, MO, MS, ND, NH, NJ, NM, OK, OR, PA, RI, SD, TN, TX, UT, VA, WI, WY 
External - Show trend over time: AK, AR, CA, CO, DC, DE, FL, GA, HI, IA, ID, IL, IN, KS, KY, MA, 

MD, ME, MN, MO, MS, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, 
WA, WI, WY 

External - Communicate progress towards a target: AK, AR, CA, CO, DC, DE, FL, GA, HI, IA, ID, 
IN, KS, MA, MD, ME, MN, MO, MS, ND, NE, NH, NJ, NM, NY, OH, OK, OR, PA, RI, SD, TN, 
TX, UT, VA, WA, WI, WY 

External - Help tell a performance story: AK, AR, CA, CO, DC, DE, GA, IA, ID, IN, MD, ME, MN, 
MO, MS, ND, NE, NJ, NM, OH, OK, OR, PA, RI, SD, TN, TX, UT, VA, WA, WI, WV, WY 

External - Support a policy: CA, CO, DC, DE, GA, IA, IN, KS, MD, ME, MN, MO, MS, NE, NM, OK, 
OR, PA, RI, TN, TX, WA, WY 

Other (please specify): FL, GA, IL, WA 

The Other specific performance measures included in survey: 
 
IA: % of "eligible" shoulders paved; number of oversize/overweight permits issued; Disposal of excess 

Right-of-Way 
IL: Crash dashboard (current & historical),  Getting Around Illinois website (winter road conditions, road 

construction), TAMP performance (IDOT website) 
WI : For PM1-3 we have  a federal PM page on our performance site that directs people to FHWA's TPM 

dashboards. Other visualizations are available via our external facing website  
FL: Freight/commodity flow 
GA: GDOT has around 300 internal performance measures that drive its internal day-to-day   operations 

as well as inform decisions regarding resource allocations and process improvement 
initiatives/priorities. The measures range from running security updates on IT equipment to delivering 
projects on time/on budget and within specified quality standards. GDOT is also assessing the 
response times to its customers as well as training classes delivered to its staff

AK: https://omb.alaska.gov/html/performance/program-indicators.html?p=157&r=1 
MN: https://performance.minnesotago.org/   

https://www.dot.state.mn.us/sustainability/docs/2019-sustainability-report.pdf  
https://www.dot.state.mn.us/measures/ 

MO: https://www.modot.org/tracker-measures-departmental-performance     
Various other items are not listed, such as customer service, employee metrics, ADA compliance, etc. 

NC: I am only involved with mobility and TSMO-related measures so I am only answering from that 
perspective.  There are others in NCDOT that deal with infrastructure health and safety metrics.     
Incident Management:  # of service patrol stops; Traveler Info; # of customers served 

DC: Multimodal 
ND: Multimodal, Drivers License, Vehicle Registration 
RI:  Multimodal/Transit-related measure data are visualized for various audiences/communications
KS : Other performance measure reporting is available at the below sites. All is publicly available.    

https://www.ksdot.org/publications.asp  https://www.ksdot.org/projects.asp   
NM: PROJECT DESIGN & CONSTRUCTION  Percent of projects in production let to bid as scheduled  

Percent of final cost-over-bid amount on highway construction projects  Percent of projects completed 
according to schedule   

https://omb.alaska.gov/html/performance/program-indicators.html?p=157&r=1
https://performance.minnesotago.org/
https://www.dot.state.mn.us/sustainability/docs/2019-sustainability-report.pdf
https://www.dot.state.mn.us/measures/
https://www.modot.org/tracker-measures-departmental-performance
https://www.ksdot.org/publications.asp
https://www.ksdot.org/projects.asp
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• HIGHWAY OPERATIONS  Number of statewide pavement lane miles preserved  Number of 
combined system wide lane miles in poor condition   Percent of non-national highway system 
lane miles rated fair or better    

• PROGRAM SUPPORT  Number of external audit findings  Percent of invoices paid within thirty 
days   Vacancy rate in all programs   Number of employee injuries  Number of employee injuries 
occurring in work zones    

• MODAL  Number of riders on park and ride   Percent of airport runways in satisfactory or better 
condition   Number of riders on the rail runner   Number of alcohol-related traffic fatalities   
Number of non-alcohol-related traffic fatalities   Number of occupants not wearing seatbelts in 
motor vehicle fatalities  Number of pedestrian fatalities    

OH: Traffic/Operations: COVID-19 Mobility performance monitoring/ return to normal congestion – 
Traffic Monitoring Covid dashboard with traffic count patterns;  WorkZone Metrics: crashes, 
mobility, & speed – Internal DOT analysts & leadership   

OR: Transit Ridership; Rail Ridership;  Bike and Pedestrian Walkway/Bikeways;  Construction Projects 
on Time and on Budget;  Disadvantaged Business Enterprises;  Utilization:  DMV wait times;  
Customer Service     

NY: We have many internal viewers that show location and condition of assets from consistent, approved 
data sources. These are useful for analysis, design and situational awareness but they are not 
performance measures, per se
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Questions 8–11 - Please provide a specific example of a performance measure 
visualization from your agency.  

See Appendix C for visual examples from each state DOT. Appendix C is available on the National 
Academies Press website (www.nap.edu) by searching for NCHRP Synthesis 584: Visualization of 
Highway Performance Measures. 

0 10 20 30 40 50

Document current status

Show trend over time

Communicate progress towards a target

Help tell a performance story

Support a policy

Long-Term Planning

Medium-Term Programming

Day-to-Day Operations

https://www.ksdot.org/projects.asp
https://www.nap.edu
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Question 12 - Is a dashboard used by analysts only available inside your agency? What
purpose(s) does the dashboard serve?

Not Applicable

Show trend over time

Communicate progress towards a target

Help tell a performance story

Support a policy

Long-Term Planning

Medium-Term Programming

Day-to-Day Operations
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Internal Dashboard Purpose(s) - Not Applicable: AK, CO, FL, IL, MD, MI, MN, MO, ND, NM, NY, 
WA, WI, WY 

Dashboard Purpose(s) - Show trend over time: AZ, CA, DC, DE, GA, HI, IN, MA, MD, MS, NC, NE, 
NJ, OR, SD, TX, UT, VA, WA, WV 

Dashboard Purpose(s) - Communicate progress towards a target: AZ, CA, DC, DE, GA, IN, MD, 
MS, NC, NE, NJ, OR, RI, TX, UT, VA, WA, WV  

Dashboard Purpose(s) - Help tell a performance story: AZ, CA, DC, DE, GA, IN, MD, MS, NJ, OR, 
PA, UT, VA, WA, WV  

Dashboard Purpose(s) - Support a policy: CA, GA, IN, MD, OR, RI, SD, UT, WA  
Dashboard Purpose(s) - Long-Term Planning: DE, GA, IN, MS, OR, PA, RI, SD, WA 
Dashboard Purpose(s) - Medium-Term Programming: AZ, CA, DE, GA, IN, NE, NJ, OR, RI, SD, 

TX, VA, WA 
Dashboard Purpose(s) - Day-to-Day Operations: AZ, DC, GA, MD, NE, NH, TX, VA, WA 

Dashboard Description 
CA: Basic Tableau BI tool used for Budgeting and Performance visualization. 
CO: In development 
DC: Multiple Tableau dashboards on DDOT’s 311 service request closure.  
GA: Yes, the dashboard is used internally only. Besides for all of the above indicated purposes, the 

dashboard is also used every quarter to assess each office/district's performance against set targets with 
the members of executive leadership. 

HI: MAP21 pavement report card, Plan for every Section (PFES), Safety in Numetric 
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IN: We are rebuilding our website and adding more of these items right now we are using this data for 
work in; I can send files of examples we are working on at the end. 

MD: MDOT SHA CHART Incident Reporting Tool 
MS: It is called the Planning for Performance tool which was developed by our LRTP consultant. The 

platform is Excel.  
NC: Will send images from NCDOT internal performance dashboard.  
NJ: www.saferoadsforallNJ.com  
OH: Will send an email with Excel chart for all Ohio Examples and include links/attachments 
OR: Oregon Transportation Commission Legislative Key Performance Measure Update 
PA: PennDOT’s congestion pie chart tool is used for internal partners to get an understanding of the 

causes of congestion on PennDOT’s core roadway network.  It can break down congestion causes by 
region/district/route/county. 

RI: Dashboard currently under development relating to travel time reliability, which will allow users to 
evaluate the level of travel time reliability and per-person delay on specific roadway segments.    

SD: A custom web application is used to determine trade-offs of funding distribution between assets. 
VA: We have an internal performance report with multiple dashboards connected together in a cascaded 

manner.      
WA: We use our external dashboards internally too, there are a few internal only types associated with 

our strategic plan progress but we generally focus/rely mostly on those on externally reported ones. 
WI: We will begin working on developing dashboards for our internal performance measures soon.  
 

Question 14 - Does your agency have a compelling story featuring visualizations? 

Compelling Story 
Yes: AZ, CA, DC, OH, OR, PA, RI, TN, VA, WA, WI 
Partial: IA, ID, MN  
No: AK, AR, CO, DE, FL, GA, HI, IN, KS, KY, MA, MI, MO, MS, NC, ND, NE, NH, NJ, NM, OK, SD, 

TX, WV, WY 

Comments 
AZ: Pre-pandemic adaptive ramp meter implementation Winter storm operations after action review 
CA: Caltrans is very large, and each district (12) and HQ division has done this many, many times for 

many, many purposes over several decades. 
DC: Our PaveDC site allows residents to track the construction progress of the annual paving plan and it 

was well accepted by residents, community organizations, and utility companies. Internally it serves 
as a performance management dashboard and pushes teams to collaborate and complete a record-high 
number of miles of asset repairing. The PaveDC site has a very high visitor volume. 

IA: Our "track a plow" map was one of the first to show real-time snowplow locations, and we also added 
"plow cam" imagery to allow people to see the road conditions that plow drivers were seeing. This 
was hugely popular and is frequently used by local news stations in their weather forecasts. I would 
say it improved our reputation. 

ID: Memorable visualization experience occurred a few years ago when one of our district offices used an 
ArcGIS Story Map to 'tell a story' about a corridor plan. It was well received and even though it was 
very manually created, it illustrated a multidisciplinary swath of data that hitherto was never really 
collected all in one spot. It helps show stakeholders and the public the desirability of the proposed 
planned improvements. However, it created a false sense of hope that our agency would actually be in 
a position to carry through with the proposed improvements. So, in the end, we learned how to better 
cast the message to manage expectations. 

https://www.saferoadsforallNJ.com
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MN: We have been doing the basic visualizations for years, so I'm not sure there is a compelling story 
other than supporting performance-based planning for a very long time. We are relatively new to more 
complex visualizations and infographics. Time will tell if these more advanced visualizations are 
compelling. 

OH: In the past, Ohio DOT has had success using the RITIS "Trend Map" feature to determine 
unexpected congestion and use this to plan for maintenance work which might require detours. For 
example, there was a crash a few years back that closed the Brent Spense Bridge, which carries NB/SB 
traffic across the Ohio River between the KY and OH state lines along I-71 and I-75. We were able to 
use this visualization to determine where vehicles re-routed during the crash closure. A medium to 
long-term maintenance project with expected lane restrictions and closures was planned for a few 
months later. We were able to use the trend map (a moving visual of traffic congestion - kind of in a 
map video format) to see how traffic was impacted and build these detour routes into our plans. We 
were also able to complete some needed widening and repair projects to those routes which were 
going to see an increase in traffic. 

OR: We used congestion data to show the impact of interstate bridge lift wait times. The short answer is 
that the US Coast Guard did not use the data to alter the bridge lift restriction times and therefore 
congestion during bridge lifts did not improve. The primary reason was because businesses that transit 
up and down the river expressed their concern with any changes (despite historical data that showed 
any changes would have a negligible impact)…and elected officials became involved. In my very 
personal opinion, this was a classic case of being informed by the data not using the data. The glass 
half full version of this is that the decision was a data informed decision, but not a data driven. As you 
know frequently businesses and most especially governments make decisions that preclude operations 
that are the most efficient or effective (overall) and they know this because they have the data, but 
these less-than-optimal decision mollify the loudest voices, or those most affected.  I cannot prove that 
moving a bridge restriction 30 minutes will be the difference of whether a business will not make it, 
but I can show historically would have only affected one or two trip in the last 12 months, or a tenth of 
a percent of the trips. 

PA: In our first performance report, there was a graph showing the number of heavy congestion crashes 
by time of day in the coverage area for each of our traffic management centers. The graph 
demonstrated that one of District TMC’s operating hours meant that it was standing down prior to the 
heaviest period for crashes in the PM peak. The TMC’s operating hours were expanded to cover that 
time period. 

RI: Vulnerability of Municipal Transportation Assets to Sea Level Rise and Storm Surge Report has 
driven investment decisions: http://www.planning.ri.gov/documents/sea_level/2016/TP167.pdf  

TN: Our COVID-19 Daily Report currently goes to State Government Leadership and has help us 
reconnect to the purpose and need of our Radar Detection System.   

VA: VDOT's creditability was rebuilt around our ability to develop and deliver projects on time and on 
budget. In 2002, only 20% of projects were completed on time. VDOT has consistently met its 
performance target of 77% for most of the last ten years. VDOT's performance has been critical to 
instilling confidence in the agency and the success of several funding initiatives. Because of the 
transparency that the Dashboard provides, VDOT's ability to deliver has not been questioned in almost 
20 years.  

WA: Yes, quarterly Gray Notebook; annual Corridor Capacity-Congestion Report and other web-based 
tools, like Dashboards; Story Boards etc. most current Gray Notebook. 

WI: We publish a quarterly report available below: https://wisconsindot.gov/Documents/about-
wisdot/performance/mapss/perf-report.pdf  

Question 15 - Would your agency be interested in participating in a case example? 

Yes: AR, AZ, CA, DC, FL, GA, IA, IL, IN, KY, MD, MN, NC, ND, NH, NJ, OH, OR, PA, SD, TN, VA, WA
 No: AK, CO, DE, HI, ID, KS, MA, ME, MO, MS, NE, NM, NY, OK, RI, TX, WI, WV 

No Response: MI, UT, WY 

http://www.planning.ri.gov/documents/sea_level/2016/TP167.pdf
https://wisconsindot.gov/Documents/about-wisdot/performance/mapss/perf-report.pdf
https://wisconsindot.gov/Documents/about-wisdot/performance/mapss/perf-report.pdf
http://nap.nationalacademies.org/26651
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Abbreviations and acronyms used without de�nitions in TRB publications:

A4A Airlines for America
AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FAST Fixing America’s Surface Transportation Act (2015)
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
GHSA Governors Highway Safety Association
HMCRP Hazardous Materials Cooperative Research Program
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
MAP-21 Moving Ahead for Progress in the 21st Century Act (2012)
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
PHMSA Pipeline and Hazardous Materials Safety Administration
RITA Research and Innovative Technology Administration
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TDC Transit Development Corporation
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S. DOT United States Department of Transportation
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