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is expending public resources efficiently and effectively; and build evidence to shape and improve
policymaking. FHWA partners with State transportation departments, local agencies, industries, and
academia to conduct research on issues of national significance and accelerate adoption and
deployment of promising research products.

This report examines how FHWA'’s investment in innovative intersection research through the
Innovative Intersection Design program affected the availability and quality of such research;
adoption of innovative intersection designs (IIDs) in the United States; and impacts of those 1IDs on
road-user safety, traffic mobility, and construction costs of intersections on the U.S. transportation
system.@ The findings of this report should be of interest to engineers, practitioners, researchers,
and decisionmakers involved with the research, design, performance, and management of
intersections and interchanges.
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Executive Summary

Purpose of the Evaluation

The purpose of this evaluation is to assess the effects of FHWA’s investment in innovative
intersection design (1ID) research on the availability and quality of such research, adoption of 1IDs in
the United States, and impacts of those intersections on safety and the operational performance of
the U.S. transportation system.

Program Description

This report covers five types of intersections:

e A DDI, also referred to as a double crossover diamond interchange, reverses the directional
traffic movements on the crossing arterial roadway.®)

e An RCUT, also known as a superstreet (when signalized) and a J-turn (when unsignalized),
prevents both left turn and through movements from the minor road. Vehicles must first turn
right onto the major road, execute a U-turn downstream, and then return to the intersection
to complete their journey.®

e ADLT, also referred to as a continuous-flow intersection or a crossover displaced left-turn
intersection, displaces the left-turn traffic by having that traffic cross over the opposing
through movement at a location that is several hundred feet upstream of the major
intersection.®

e MUTs, also known as Michigan lefts or indirect lefts, have been used extensively in Michigan
for decades, and are similar to RCUTs. At an MUT, vehicles cannot turn left at the major
intersection but must instead continue through the intersection, make a U-turn several
hundred feet downstream, and travel back to the intersection to make a right on the
crossroad.®

e Mini-RAs are a smaller form of a roundabout where the central island is fully mountable.

FHWA began conducting IID research in the early 2000s through the Office of Safety Research and
Development (Safety R&D) team. Safety R&D staff explored the benefits of the various IIDs and
published a few papers on the topic of lIDs, culminating in the publication of the Alternative
Intersections/Interchanges: Informational Report (herein the 2010 All Report) in 2010.®) Following
the publication of the 2010 All Report, IID activities continued, and the program was chosen for
inclusion in Every Day Counts Round 2 (EDC-2).) As part of EDC-2, four intersection guides, which
were published in 2014, were developed for DDIs, RCUTs, DLTs, and MUTs.(6-9 FHWA has continued
to develop higher-quality informational material and refine the state of the practice for lIDs. FHWA
has also promoted IIDs through various activities and materials, including workshops and peer
exchanges.
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Methodology

The evaluation team created a logic model that identifies potential relationships between five
evaluation areas to effectively investigate the outcomes and impacts of FHWA 11D research. The
team developed hypotheses under each evaluation area and defined testable performance
measures for each evaluation. These evaluation areas are the following:

e Evaluation Area 1: FHWA decisionmaking processes regarding selection and promotion of
research.

e Evaluation Area 2: Availability and reliability of 1ID road-user safety, traffic mobility, and
construction-cost data.

e Evaluation Area 3: Change in awareness and knowledge of and attitudes toward IIDs.

e Evaluation Area 4: Deployment of lIDs.

o Evaluation Area 5: Safety, mobility, and construction-cost impacts of lIDs.

As described in the main body of this report, the evaluation team used a mix of qualitative and
quantitative methods, including a literature review, data analysis, and semistructured interviews, to
assess their hypotheses. The evaluation team conducted interviews with FHWA staff, intersection-
design researchers, State departments of transportation (DOTs), and intersection-design consultants
to gather information to enhance their understanding the scope and extent of FHWA activities,
complementing the other analyses within the evaluation. The evaluation team reviewed a range of
documents, including FHWA program documents (internal and published) and IID funding through
Federal programs, intersection-design and -evaluation research published by FHWA and non-FHWA
entities, State-level planning and informational materials, including State resources. The evaluation
team computed a return-on-investment (ROI) analysis for FHWA IID research based on the extent of
IID deployments and average safety, mobility, and construction-cost savings of 1IDs as documented
in safety and performance evaluations.

Findings

The findings for the evaluation of 11D research highlighting evidence from each evaluation area are
summarized as follows:

Evaluation Area 1: FHWA decisionmaking processes regarding selection and promotion of
research.

e Finding 1a: The program leveraged available inputs for identifying 1IDs for inclusion in the
program as well as inputs for research efforts. FHWA promotional activities, specifically EDC,
followed standards and procedures to identify the 1ID program for inclusion in the EDC-2
program.

e Finding 1b: FHWA R&T followed internal and informal procedures to identify intersection
safety as a critical area of research and to develop the IID program portfolio to respond to
that need.®

Evaluation Area 2: Availability and reliability of 1IDs safety, mobility and construction-cost data.
e Finding 2a: Initial FHWA contributions increased the availability of domestic IID information

by synthesizing the limited safety and design research that existed as well as partnering with
outside researchers to create new research papers on lID-related topics. In turn, these
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outputs clarified and focused the research questions for the domestic research community,
with which FHWA actively partnered and supported.

e Finding 2b: FHWA R&T’s research activities from the early 2000s and the 2010 All Report led
to a significant increase in published material on lIDs in the United States.®

Evaluation Area 3: Change in awareness and knowledge of and attitudes toward IIDs.

e Finding 3a: FHWA research, culminating in the 2010 All Report, increased the availability of
information on IIDs in the United States.®® These products increased awareness of 1IDs by
providing interested States and stakeholders with more information on how to utilize
innovative designs and an FHWA endorsement of the designs.

e Finding 3b: Safety R&D worked closely with the FHWA Office of Safety (herein the Office of
Safety) and the FHWA Resource Center (herein the Resource Center) to conduct sustained
outreach, including making recommendations within FHWA, such as adding certain IIDs as
Proven Safety Countermeasures.(10) FHWA’s outreach also included trainings, workshops, and
peer exchanges, all of which helped increase States’ awareness of 1IDs as viable intersection
options.

Evaluation Area 4: Deployment of lIDs.

e Finding 4a: FHWA activities and research increased the total number of 1IDs through
continued agency funding and activity, producing further research materials, promotion,
assistance, and funding. FHWA research aimed to increase the availability of design
specifications, and standards augmented the resources available for States to use in
creating their own design standards and implementing IIDs.

e Finding 4b: FHWA actively accelerated the early adoption of IIDs by leading the promotion of
IIDs, developing safety and performance research, and specifically addressing the needs of
the early adopters through workshops and technical assistance.

e Finding 4c¢c: FHWA contributed to an increase in the amount of funding spent on 1IDs relative
to other traditional intersections.

e Finding 4d: FHWA'’s outreach efforts improved the selection and application of 1IDs in the
United States.

Evaluation Area 5: Safety, mobility, and construction-cost impacts of IIDs.

e Finding 5a: IIDs led to a reduction in construction costs compared to conventional
intersection designs.

e Finding 5b: lIDs led to a reduction in the total number of crashes, the number of fatal and
injury crashes, and the severity of injury crashes at intersections and to a reduction in the
number of crashes downstream of IID intersections.

e Finding 5c: IIDs led to improved operational performance at intersections.

e Finding 5d: The impact of FHWA’s IID program was estimated using an ROI analysis based on
the extent of IID deployments, conservative assumptions about the role of FHWA in causing
these deployments, and information about the average benefits for each IID. The average
benefits of each IID were calculated using published evaluations of safety, mobility, and
construction-cost savings of lIDs relative to conventional intersection designs.
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Recommendations

FHWA 11D research and related activities took place from 2000 to 2019 and spanned the range of
the technology-adoption lifecycle. The number of 1ID deployments significantly increased over this
period. However, despite this significant growth, room for improvement remains. To further increase
the value of FHWA safety research to FHWA and its wider community of partners and stakeholders,
the evaluation team offers the following recommendations for FHWA'’s consideration:

e Recommendation 1: FHWA should consider working with State or private partners to develop
a more reliable, comprehensive national map of intersections that identifies the intersection
design and other key features of the intersection that are relevant for researchers and
practitioners.

e Recommendation 2: FHWA should promote consistency in nomenclature and definitions
whenever possible and carefully consider the marketability of various terms.

e Recommendation 3: Building on the existing FHWA Focused Approach to Safety, which is a
data-driven approach to selecting Intersection Focus States, FHWA should consider
developing an additional level of strategic targeting that considers qualitative aspects of
technology diffusion, such as information-sharing networks among States and technology
champions.

e Recommendation 4: FHWA should consider standardizing the development and timing of
intersection-design guidance for nonpassenger-vehicle road users or groups that may be
impacted by IIDs, such as pedestrians, bicyclists, and nonstandard vehicles.

Conclusion

This evaluation found strong evidence that FHWA research and outreach activities aided in State and
local agencies’ acceptance, adoption, and deployment of 1IDs, over and above what would have
occurred in the counterfactual of no FHWA research or outreach activities. FHWA substantially
increased the amount (and, in some cases, the quality) of IID research, demonstrating the safety,
mobility, and construction-cost benefits of IIDs relative to conventional intersection- and interchange-
design types. FHWA's outreach efforts in technical assistance and workshops increased awareness
of IIDs and increased the adoption of lIDs as safety countermeasures across a number of States.
FHWA's leadership in researching and promoting IID types through contributing to developing
national design standards for their implementation and identifying 1IDs as FHWA Safety
Countermeasures increased confidence in 1IDs among stakeholders.

FHWA successfully leveraged existing resources, such as research, and 11D deployments to produce
high-quality research products. FHWA R&T lID-research products were produced in coordination with
stakeholders across FHWA and State DOTs, especially across Safety R&D, the Office of Safety, and
the Resource Center. FHWA provided a consistent message about the benefits of IIDs by including
them in major initiatives and programs, including EDC-2 and the 2017 round of Proven Safety
Countermeasures.5:100 FHWA further enhanced its influence and reach on |IDs by actively
participating and exchanging with the research and stakeholder communities, which included
Transportation Research Board papers and presentations along with training and technical
assistance for transportation professionals. FHWA also provided materials, such as brochures and
videos, to help State and local agencies convince the public and other stakeholders that 1IDs were
worth deploying. These efforts helped change awareness and acceptance of [IDs across the United
States.
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[IDs have seen considerable growth in the total number deployed in the past 20 years. However,
areas of potential deployment growth remain for lIDs. The number of intersections and interchanges
that are constructed or reconstructed each year are expected to grow as aging infrastructure needs
to be replaced. lIDs like DDI and DLT can be used as a stopgap to provide safety and mobility
benefits in the short term while funding for larger intersection and interchange reconstructions is
unavailable. RCUTs, MUTs, and mini-RAs are low-cost solutions for intersections with safety issues
and can be used in thousands or potentially hundreds of thousands of locations across the United
States. To increase the number of IIDs and to ensure they are deployed only in contexts in which they
are the best alternative, FHWA should continue cooperating and partnering with researchers across
the safety discipline and the broader stakeholder community to ensure States are supported from
early research through awareness and implementation.

The evaluation team’s findings underscore how important FHWA national leadership on a specific
topic, foundational and ongoing research, and the dissemination of resources are to educating and
supporting internal and external stakeholders, leaders, and other decisionmakers.
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1. Introduction

1.1  Evaluation Purpose

The Federal Highway Administration (FHWA) initiated the Research and Technology (R&T) Evaluation
program to help FHWA leadership and program and project managers communicate the impacts of
their research, ensure resources are being expended effectively, and build evidence to inform future
projects and policymaking.

Since 2014, the R&T Evaluation program has worked with nine FHWA offices to identify and conduct
evaluations. The FHWA Safety Program managers identified specific innovative intersection design
(IID) research to include in the program, which included diverging diamond interchanges (DDIs),
restricted-crossing U-turns (RCUTSs), displaced left turns (DLTs), and median U-turns (MUTs). A related
effort is FHWA'’s roundabout research, which was covered in an earlier report from the R&T
Evaluation program.(21) Roundabouts will not be covered in this evaluation, but one of their
successors, mini-roundabouts (mini-RAs), will be covered in this evaluation along with the other four
[IDs.

The goal of the IID-research efforts was to reduce the number and severity of crashes at
intersections as well as improve the performance of intersections in the United States. These efforts
help FHWA advance the U.S. Department of Transportation’s (USDOT’s) goals and the FHWA
Strategic Plan Objectives of safety, infrastructure, and innovation.(2)

The purpose of this evaluation is to bring together information on the adoption and impacts of [IDs
with information on the timing, type, and levels of FHWA research results, data, and other resources.
The evaluation design emphasizes understanding FHWA'’s contribution to the availability of
[ID-research results and data, its influence on changing internal and external stakeholders’
awareness of 1IDs, and its contribution to increasing adoption of IIDs in the United States. The
evaluation ends with a return-on-investment (ROI) analysis of the IID program that compares the net
benefits of incremental deployment of |IDs as a result of FHWA'’s interventions, in terms of safety and
mobility benefits and construction-cost savings, against the total expenditures deployed by FHWA in
the 1ID program. For the purposes of the ROl measure, nonmarket impacts, such as time savings and
avoided injuries are converted to dollar terms using monetization factors found in USDOT guidance.

1.2 Program Background

This evaluation covers five types of intersections. As noted under Evaluation Purpose, roundabouts
are not a part of this evaluation given that an evaluation report on the topic has already been
published.(11) However, it is important to consider FHWA’s work on intersection design in the context
of roundabouts, which are arguably the lead alternative intersection design pioneered by FHWA.
Their work on roundabouts began earlier than their work on the designs on which this evaluation
focuses, and this earlier work on roundabouts may have laid the groundwork for easier acceptance
of other alternative designs. While the specifics of the roundabout research program will not be
discussed in this evaluation, except in the context of mini-RAs, the evaluation team acknowledges
that the roundabouts program likely had spillover effects for the IID program.



FHWA R&T Evaluation: Innovative Intersection Design August 2021

The five intersection designs that are covered in this evaluation are DDIs, RCUTs, DLTs, MUTs, and
mini-RAs. This section begins by describing the different 1IDs before detailing the specifics of FHWA's
[ID program.

DDls, also referred to as a double crossover diamond interchanges, reverse the directional traffic
movements on the crossing arterial roadway. The first DDI in the United States opened in Springfield,
MO, on June 22, 2009. Prior to this installation, the only known DDIs were in France.® Figure 1
shows a DDI in France.

© 2009 Google®.

Figure 1. Image. DDI in Perreux-sur-Marne, France.®

RCUTs, also known as superstreets (when signalized) or J-turns (when unsignalized), prevent both
left turns and through movements from the minor-road. A traffic engineer named Richard Kramer
published on the RCUT concept in the early 1980s; he is the first person known to have done so.®
Vehicles from the minor road must first turn right onto the major road, execute a U-turn downstream,
and then return to the intersection to complete their journey.® Figure 2 shows an RCUT.
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© 2021 Google®.
Figure 2. Image. RCUT intersection in Loris, SC.

DLTs, also referred to as continuous-flow intersections (CFls) or crossover displaced left-turn
intersections, displace the left-turn traffic by having that traffic cross over the opposing through
movement at a location that is several hundred feet upstream of the major intersection.® There
were only a few DLTs constructed in the United States prior to FHWA’s investment in 1IDs. The first
DLT intersection was constructed in Haddon Township, NJ, prior to 1995 (the exact year is
unknown).® Figure 3 shows a DLT.

Figure 3. Image. Four-legged DLT intersection in West Valley City, UT.®



FHWA R&T Evaluation: Innovative Intersection Design August 2021

MUTs, also known as Michigan lefts or indirect lefts, have been used extensively in Michigan for
decades; other early adopters include Florida, Maryland, New Jersey, and Louisiana.® At an MUT,
vehicles cannot turn left at the major intersection and must instead continue through the
intersection, make a U-turn several hundred feet downstream, and travel back to the intersection to
make a right on the crossroad.® The key difference between an MUT and an RCUT is that an MUT
allows the minor street through movement while the RCUT redirects the minor street through
movement. Figure 4 shows an MUT in Michigan.

"~ © 2021 Google®.
Figure 4. Image. MUT in Southfield, M.

Mini-RAs are a smaller form of a roundabout, where the central island is fully mountable.(® Mini-RAs
were invented by a U.K. engineer and researcher named Frank Blackmore in 1969, and the first
known mini-RA was installed in Peterborough in the United Kingdom in 1969.(13) Mini-RAs became
common in the United Kingdom and France before starting to appear in the United States in recent
years.(14) Mini-RAs have all the same operating principles of modern roundabouts in a smaller format.
Figure 5 shows a mini-RA.

Figure 5. Image. Mini-RA in Maryland.(13)

10
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FHWA began conducting IID research in the early 2000s through the Office of Safety Research and
Development (Safety R&D) team. Safety R&D staff explored the benefits of the various |IDs and
published a few papers on the topic of IIDs. In 2009, FHWA published TechBriefs on four of the 1IDs
of this evaluation, with DLTs receiving two TechBriefs—one for the interchange form and one for the
intersection form.(15-19) The first major milestone in IID work, however, was the publication of the
Alternative Intersections/Interchanges: Information Report (herein the 2010 All Report) in 2010.3)
The 2010 All Report mainly covered six alternative designs, although several other designs received
smaller mentions.

Following the publication of the 2010 All Report, IID activities continued and the program was
chosen for inclusion in Every Day Counts Round 2 (EDC-2).% As part of EDC-2, four intersection
guides, which were published in 2014, were developed for DDIs, RCUTs, DLTs, and MUTs.(6-9) Work
also continued on creating articles for Public Roads as well as papers for various research journals.
FHWA has continued to develop higher-quality informational material and refine the state of the
practice for 1IDs. FHWA has also promoted IIDs through various activities and materials, including
workshops and peer exchanges. Table 1 gives a timeline of IID activities, deployments, and FHWA
outputs.

11
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Table 1. Timeline of FHWA lID-related activities and outputs as well as major IID deployments.

Year FHWA Activities and Outputs Deployments and Milestones Outside FHWA

FHWA R&D staff begin research on roundabouts and mini-RAs RCUT: First deployment in Troy, Ml (in 1990s, exact
2000 year unknown)(?)

DLT: First deployment in Haddon Township, NJ
(pre-1995, exact year unknown)®

MUT: First deployments as early as the 1960s in

Michigan®)
Mini-RA: First deployment in Columbia, MO
(1995)0
2O Mini-RA: Roundabouts: An Informational Guide® —
“Advantages of the Split Intersection” (Public Roads)21)
2001 = —
ZAWWVAN FHWA R&D staff begin work on program for alternative intersection designs —
MUT: Median U-Turn Design as an Alternative Treatment for Left Turns at Signalized
Intersections, coauthored by staff of FHWA'’s Office of Safety(22)
PAWWEE DDI: Diverging Diamond Interchange and Double Crossover Intersection - Vehicle DDI: Concept introduced in the United States by
and Pedestrian Performance, coauthored by Bared(23) Gilbert Chlewicki; similar concepts have been

deployed in France since the 1970s(24)
PAAOZIN DLT: Design and Operational Performance of Crossover Displaced Left-Turn =

Intersections, coauthored by Bared(25)

All: Signalized Intersections: Informational Guide (26)

PAVMSE DDI: Design and Operational Performance of Double Crossover Intersection and —
Diverging Diamond Interchange, coauthored by Bared(27)

“Improving Signalized Intersections” (Public Roads)28)

2006 — _
YA/ DDI: Tech Brief: Drivers’ Evaluation of the Diverging Diamond Interchange(29 —
MUT: Synthesis of the Median U-turn Intersection Treatment(30)

ZAWSB Roundabouts added as a Proven Safety Countermeasure(19 —

-
=
D

12
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Year
2009

2010

2011

2012

2013

2014

DDI: Tech Brief: Diverging Diamond Interchange(1%)
RCUT: Tech Brief: Restricted Crossing U-Turn(16)

DLT: Tech Brief: Displaced Left-Turn; and Evaluation of Sign and Marking Alternatives

for Displaced Left-Turn Intersections(17.18.31)
MUT: Tech Brief: Median U-Turn(19)
“A New Left Turn” (Public Roads)32)

All: Alternative Intersections/Interchanges: Informational Report®)
Mini-RA: Roundabouts: An Informational Guide, 2nd Edition(33)
Mini-RA: Mini-Roundabouts Technical Summary14

“The Double Crossover Diamond” (Public Roads)®34

“Along the Road” (Public Roads)35)

“Doing More With Less” (Public Roads)(36)

“Transportation Operations Laboratory: Article | - Modeling Transportation Systems:

Past, Present, and Future” (Public Roads)3")
“Prizing Excellence” (Public Roads)38)

All: EDC-2 Promotion®)

RCUT: Field Evaluation of a Restricted Crossing U-turn Intersection(39)
“They’re Small But Powerful” (Public Roads)®“0)

“Along the Road” (Public Roads)“)

All: EDC-2 Promotion®)

All: Signalized Intersections: Informational Guide, 2nd Edition42)

“Why Drivers Do What They Do” (Public Roads)“3)

“Design at the Crossroads” (Public Roads)44)

“Every Day Counts: The Second Phase” (Public Roads)“5)

“North Carolina Steps Boldly Out of its Comfort Zone” (Public Roads)“é)

All: FHWA IID promotional videos, including case studies(”)

DDI: Field Evaluation of Double Crossover Diamond Interchanges8)
DDI, DLT, MUT, RCUT: Informational Guides(6-9)

“The ABCs of Designing RCUTs” (Public Roads)®“9)

“Guest Editorial: Spotlight on Safety Solutions” (Public Roads)(°)

August 2021

FHWA Activities and Outputs Deployments and Milestones Outside FHWA

DDI: First deployment in Springfield, MO®)

13
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FHWA Activities and Outputs Deployments and Milestones Outside FHWA

2015

2016
2017

DDI: Empirical Before-After Comparison of the Operational Performance of Diverging
and Conventional Diamond Interchanges, Analysis of data collected for FHWA project
DTFH61-10-C-00029(1)

“Internet Watch” (Public Roads)52)

“Targeting the Crosshairs” (Public Roads)®3)

“Along the Road” (Public Roads)®4

“Building a Culture of Innovation” (Public Roads)(%%)

“Guest Editorial: Building Safety into the Infrastructure” (Public Roads)®6)

“The Evolution of Geometric Design” (Public Roads)®7")

MUT, RCUT: Reduced Conflict Left-Turn Intersections (Proven Safety
Countermeasure)10)

RCUT: Safety Evaluation of Signalized Restricted Crossing U-Turn Intersections(58)
“Doubling Down on Safety Innovations” (Public Roads)®9)

“Roundabouts Coming Full Circle” (Public Roads)0)

—Not applicable.
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2. Evaluation Design

In 2018, the evaluation team met with key technical staff of FHWA’s Office of Safety Technologies,
Office of Safety R&D, the Intersections Research Program of the Safety R&D Roadway Team, and the
Resource Center’s Safety and Design team to define core evaluation hypotheses and the evaluation
scope of IID research-program activities. In particular, the evaluation team sought to understand
program goals, refine program activities and the timeframe assessed, gather available information,
and identify which key stakeholders to include. After gathering and reviewing this information, the
evaluation team selected evaluation methodologies most appropriate for the primary hypotheses.

2.1 Logic Model

A logic model is a logical series of statements that links program components (inputs, activities,
outputs, outcomes, and impacts) in a chain of causality. It is not intended to be a comprehensive or
linear description of all program processes and activities but rather to clearly show how program
stakeholders expect program activities to affect change. The logic model helps explain the theories
of change that drive the design of a program and provides hypotheses (i.e., if this is done, then that
will happen) that can be tested in an evaluation. The evaluation team built this evaluation’s logic
model based on discussions with key FHWA program staff, a review of a previous and related
evaluation (FHWA Research and Technology Evaluation: Roundabout Research Final Report), and a
review of program documents.*1) Figure 6 is the IID-research logic model.

The logic model was used as a first step to designing this evaluation; the team identified a primary
hypothesis, secondary hypotheses, and supporting performance measures within each evaluation
area to assess how program inputs and activities achieved their intended outcomes and impacts.
The discussion that follows in chapter 4 groups these associated secondary hypotheses around
related findings.

Table 2, following the logic model, summarizes the primary and secondary hypotheses and some of

the key performance measures. The evaluation-component column corresponds with the logic-model
categories of short-term outcomes, medium- and long-term outcomes, and impacts.
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Inputs

FHWA R&T funding

FHWA Office of Safety
R&D

FHWA Office of Technical
Services and FHWA
Resource Center

Existing innovative
intersection safety and
design research and
experience

NCHRP funding

Partnerships with
TRB/NCHRP and
academia

Contractor labor

= Activities =»

Conduct performance
research

Coordinate between the
Office of Safety, Safety
R&D, and Resource
Center

Coordinate with external
researchers

Conduct and fund safety
research

Collect and analyze data
on innovative intersection
designs

Conduct capacity studies

Conduct workshops and
ather trainings

Coordinate with potential
adopters

Short-Term

Outputs = Outcomes

Improved quality and
availability of innovative

Research products intersection safety data

Improved designs, design
specifications, or design
standards

Educational and
promotional material on
innovative intersections
Acceleration of
innovative intersection
design research by the
research community

EDC-2 promotion of
alternative intersection

designs Early demonstration

activities

Source: FHWA.

Medium-
and
Long-Term
Outcomes

=»

Increased knowledge and
awareness of innovative
intersection designs as a
safety countermeasure

Inclusion in Federal and
State design standards
and manuals

Inclusion in FHWA
guidance and cross-
cutting initiatives
(e.g.. EDC)

Increased appropriate
deployment of innovative
intersection designs

Figure 6. Graphic. FHWA R&T IID-research logic model.

August 2021

=» Impacts

Reduction of fatal, injury,
and PDO crashes

Reduction of crashes up-
and downstream of
intersections

Improved operational
efficiency and
environmental impacts

Reduction of intersection
construction costs

Economic benefits/
disbenefits due to
intersection access and
land-use improvements

Positive ROI for the IID
research program
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1: FHWA
decisionmaking
processes
regarding selection
and promotion of
research.

2: Availability and
reliability of 1IDs
safety, mobility,
and construction-
cost data.

3: Change in
awareness and
knowledge of and
attitudes toward
IIDs.

August 2021

Table 2. liD-evaluation hypotheses and performance measures.

Evaluation Area Key Hypotheses Key Performance Measures

FHWA has standards and procedures for selecting
research areas and products for promotion that
maximize ROI. They followed such procedures in
selecting 1IDs for promotion.

FHWA provided and leveraged inputs to IID research.
FHWA lID-research selection is based on State and
local agency needs, targeting designs that have wide
application or critical value.

FHWA improved the availability and quality of IID-
related safety and performance data for researchers
and State and local transportation agencies.

FHWA research advanced the development of design
standards for IIDs.

FHWA accelerated research among research
community on IIDs.

FHWA research was used by other researchers to
advance availability and quality of data.

FHWA 1ID-related research and outreach changed
the level of awareness of 1IDs as safety
countermeasures in the United States.

FHWA lID-related research influenced the
acceptance of 1IDs as safety countermeasures by
other FHWA programs.

FHWA 1ID-related research promoted acceptance of
1IDs as safety countermeasures by transportation
decisionmakers and practitioners.

FHWA 1ID-related outreach efforts influenced the

acceptance of IIDs as safety countermeasures by
transportation decisionmakers and practitioners.

Description of the resources FHWA used as inputs to produce
activities and outputs.

Description of FHWA standards and procedures for selecting
research areas.

Description of FHWA's selection of IIDs for research.
Description of FHWA'’s selection of IIDs for promotion.

Number of 1ID publications by FHWA staff or funded by FHWA.
Number of citations of FHWA IID publications.

Citations of FHWA IID publications in non-federally funded 11D
research.

Qualitative assessment from stakeholders.

Number of citations of FHWA IID publications in Federal and
State design manuals.

Number of citations of FHWA IID publications that extend IID
research (e.g., further design development).

Number of FHWA IID-research publications.

Citations of FHWA IID-research publications.

Number of page visits or downloads of FHWA IID-related
informational data and of FHWA IID related research.

Number of State and local agencies attending FHWA-supported
IID-deployment demonstrations.

Number of State and local agencies attending EDC IID events.
Number of FHWA programs adopting IIDs in policies or guidance.
Change in FHWA IlID-related policy or guidance.

Number of DOTs that FHWA IID-related outreach efforts helped
to overcome barriers to 11D acceptance.

Number of States with 1ID guidance in State Highway Design
Manuals, State Highway Safety Plans, and similar materials.
Number of States adopting IID in policies or guidance.
Changes in State IID-related policies or guidance.

Number of States where FHWA IID-related outreach efforts
helped transportation decisionmakers and practitioners to
overcome barriers to IID acceptance.
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Evaluation Area Key Hypotheses Key Performance Measures

4: Deployment of
IIDs.

5: Safety, mobility,
and construction-
cost impacts of
IIDs.

FHWA accelerated early deployment of 1IDs through
outreach activities (number of IIDs deployed in early-
adopter states that received early technical
assistance).

FHWA contributed to an increase in number of IIDs
deployed in the United States and an increase in the
number of State and local agencies deploying IIDs.
FHWA contributed to an increase in the amount of
funding spent on lIDs.

FHWA's outreach efforts have improved the selection
and application of IIDs in the United States.

IIDs led to a reduction in the total number of
crashes, the number of fatal crashes, and the
number and severity of injury crashes at
intersections and to a reduction in the number of
crashes downstream of IID intersections.

1IDs led to reduction in environmental impacts from
intersections.

1IDs led to improved operational performance at
intersections.

1IDs led to a reduction in construction costs
compared to conventional intersection designs.
IID research has a net positive ROL.

Number of FHWA-supported deployments of IIDs.

Number of State and local agencies deploying IIDs each year.
Annual number of State and local agencies receiving and
requesting IID resources and support.

Number of lIDs deployed each year.

Annual total of Federal grants awarded to IID projects.
Annual list of grant programs accepting IID-related project
applications.

Qualitative assessment of 1ID deployment in the United States.

Safety effectiveness of IIDs and IID alternatives.
Number and severity of crashes at IID intersections.
Number and severity of crashes at intersections up- and
downstream of IIDs.

Emissions and other environmental-impact (e.g., noise and
water runoff) reductions of 1IDs and 11D alternatives.
Travel-time performance of IIDs and IID alternatives.
Construction costs of 1IDs and IID alternatives.

Number of deployed IIDs.

Total cost of FHWA IID activities, outputs, and resources.
Average net benefits of 1ID deployment relative to I[ID
alternatives.
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3. Evaluation Methodology

The evaluation team used the following data-collection methodologies to inform this evaluation:
literature and document review; quantitative data analysis; and semistructured interviews.

3.1 Literature and Document Review

A substantial portion of this evaluation was conducted through a review of literature, documents,
and other sources regarding 1IDs from the early 2000s to the present. The evaluation team used
internet searches and citation mapping to identify all relevant FHWA-published literature and broader
[ID-related literature to help assess the influence of FHWA research and to understand the benefits
of 1ID installations. The following section, Document Review, uses the terms “literature” to refer to
scholarly publications and “document review” to refer to primary-source records, which are
documents that FHWA produced for public consumption or for internal uses. The evaluation team
collected archived information from the Transportation Research Board (TRB), documents and
records from the Office of Safety, and general media articles related to IIDs for review and analysis.
The evaluation team also conducted a State-by-State review of highway manuals, websites, and
documentation.

Document Review

The evaluation team collected a variety of documents related to 1IDs and used diverse methods to
analyze and understand them.

FHWA Document Review

The evaluation team reviewed a wide variety of lID-related FHWA outputs, including FHWA-funded
research, outreach documentation and materials, and program documents.

The evaluation team searched for FHWA-funded IID research through the evaluation team’s library,
consultation with FHWA'’s Office of Operations Research and Development (Operations R&D), and
other publicly available sources, such as Transportation Research International Documentation and
Google® Scholar™.(®1) Collected data included title, year published, author(s), journal, publisher, the
[ID(s) on which the paper focused, and document type (e.g., report, journal article, and conference

paper).
TRB Programs

To understand the growth of 1IDs as a research topic among the transportation community, the
evaluation team collected and reviewed the TRB Annual Meeting Final Programs from 1993 to 2019.
The evaluation team searched for keywords relating to IIDs, including, but not limited to, “alternative
intersections,” “intersection design,” “diverging diamond,” “restricted crossing,” “median U-turn,”
“displaced left turn,” “continuous flow,” “superstreet,” and “mini-roundabout.” Any session, poster,
or paper that contained at least one of these keywords was then further reviewed to determine
whether it was actually relevant to 1IDs. The evaluation team tracked whether the presenter(s) were
affiliated with FHWA. This method captured most of the presentations made by FHWA staff but may
have overlooked some work funded by FHWA and presented by independent researchers.

” ou

19



FHWA R&T Evaluation: Innovative Intersection Design August 2021

State SHSPs, SHDMs, and State DOT Websites

To assess the influence of FHWA research and outreach on State departments of transportation
(DQTs), the evaluation team reviewed State DOT websites, Strategic Highway Safety Plans (SHSPs),
and State Highway Design Manuals (SHDMs) for all 50 States plus Washington, DC. SHSPs were
gathered for all States and years available as of July 2019. The evaluation team studied the
documents for references to FHWA 11D publications.

All available SHDMs were collected for all States in July 2019. SHDMs were analyzed for content
related to 1IDs and references to FHWA 11D materials.

State DOT websites were reviewed for [ID materials and for references to FHWA IID materials in
July 2019.

3.2 Literature Review

The following subsections detail the different methods used in the literature review.
IID Impacts Literature

To understand the range of impacts of adopting IIDs, the evaluation team relied primarily on existing
literature. The evaluation team reviewed safety and performance evaluations of 1IDs to analyze the
benefits of IID deployment in the United States. The evaluation team did not directly correlate the
role FHWA research has had on the numbers of 1IDs to particular deployments in the United States.
The goal of this review was to understand the overall impact 1IDs have had on safety, mobility, and
construction costs of intersections.

Citation Analysis

In addition to research collected for the FHWA document review, the evaluation team used
qualitative analysis software to review the collected literature for citations to relevant FHWA
publications. The analysis software allows users to upload documents, code documents by user-
defined categories, and code spans of text in those documents using a user-defined coding scheme.
The evaluation team coded literature where those literature cited or referenced FHWA IID
publications, and produced analysis of the extent of citations of FHWA publications across the
literature.

To assess the impact of all FHWA-primary and -sponsored work, the evaluation team examined how
many lID-related research studies FHWA published and funded compared with the number of
[ID-research products focused on the United States. The 2010 All Report was FHWA's first major
publication on the topic of I1IDs, but a number of smaller works, which were also captured in this
analysis, were published before then.

3.3 Data Analysis

When available, the evaluation team used quantitative analysis to better understand funding,
counts, and impacts of 1IDs. The evaluation team intended to use website analytics and download
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statistics to supplement this evaluation, but the relevant FHWA data, while partially available, were
not formatted to allow ready analysis.

Federal Discretionary Grant-Funding Data

The evaluation team analyzed multiple FHWA funding programs under which IIDs are eligible,
including the Highway Safety Improvement Program (HSIP) (Office of Safety), Congestion Mitigation
and Air Quality Improvement Program (CMAQ) (Office of Planning, Environment, and Realty),
Transportation Investment Generating Economic Recovery (TIGER), Discretionary Grants, and Better
Utilizing Investments to Leverage Development (BUILD) Transportation Discretionary Grant
program.(62-64)

The evaluation team reviewed the HSIP database for lID-related content published between 2009
and 2017. HSIP data provide information on the number of projects and the cost, year, and location
(State) of projects. Information specific to the construction of IIDs is available only at the subcategory
level; however, no deployments were authorized under this funding program with 1IDs in the
subcategory level.

The evaluation team reviewed CMAQ data produced between 1992 and 2019 (all available years)
and considered three variables: State, funding amount, and year. Analyses examined the amount,
growth, and State-by-State distribution of funds for IID deployments. Connections to other FHWA
efforts are highlighted when appropriate and the number of IIDs funded through these programs (as
a total of 1IDs deployed in a year) is considered.

The evaluation team reviewed FHWA'’s discretionary funding programs for winning projects that
included an IID as part of the project components. The grants reviewed included TIGER, BUILD, the
Accelerating Innovation Deployment (AID) Demonstration Program, and FHWA Highways for Life
(HfL).(64-66) Within descriptions and reports, the evaluation team used the following search terms:
“mini,” “roundabout,” “diverging,” “DDI,” “RCUT,” “MUT,” “DLT,” “CFl,” “restricted crossing,”
“displaced,” and “U-turn” to identify projects with I1ID components.

IID Inventory Data

To analyze the growth of IID deployment in the United States, the evaluation team used existing
online databases of IID deployment for each of the five 1IDs considered in this evaluation. These
databases were supplemented by Google searches for lID-deployment announcements and other
resources, such as FHWA documents and literature reviews. Mini-RA-deployment data were collected
through the Kittelson & Associates Roundabouts Inventory Dataset because the data are collected
on an ongoing basis and because the dataset provides the most accurate information available on
mini-RA adoption.(20) DDI-deployment data were collected from two primary sources, which include
Diverging Diamond Interchange’s deployment database and IID-deployment data (available online)
maintained by the Institute for Transportation Research and Education (ITRE).(67.68) Diverging
Diamond Interchange’s deployment data are actively maintained by their team and were last
updated in June 2019. The ITRE Alternative Intersection and Interchanges database was last
updated in 2016. In addition to DDI deployments, the ITRE Alternative Intersection and Interchanges
database includes deployment data for RCUTs, MUTs, and DLTs (known as CFls in the database)
through 2016.

As there is no national register of IID deployment, lID-deployment data collection mostly relies on
review of deployment announcements made through local news articles. Data collection, therefore,
may not be completely representative of all deployment activities that have occurred in the United
States, where such activities are not publicized widely. Thus, the deployment data in this evaluation
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are likely underestimated. Deployment data in this evaluation were verified, when possible, using
Google Street View™, which captures pictures of roadways with time-stamp information. In many
cases, deployment of an IID could not be identified in a particular year but could be identified in a
given period. In those cases, the deployment was included in the analysis as occurring at the
midpoint of the years as indicated by the Google Street View evidence.

A recent National Cooperative Highway Research Program (NCHRP) report, Alternative Intersection
Design and Selection, was used to verify the evaluation-deployment scan, and the results of that
report are used throughout the detailed report findings.(®® This NCHRP report surveyed States to
identify the number of roundabouts, superstreets (RCUTs), MUTs, CFls, DDIs, and other IIDs they had
deployed; responses ranged from 0, 1-5, 6-10, 11-25, 26-50, and 51 or greater deployments. The
deployment scan of this evaluation was consistent with NCHRP’s reported number of IIDs deployed
for 33 States, meaning the deployment scan identified numbers of deployments of each IID in each
State that were consistent with the State-reported ranges of deployments. For the 17 States for
which the deployment scan did not identify a deployment figure within the reported range, this report
discusses the discrepancies and provides an estimate of the potential additional IIDs.

This analysis focuses on growth and timing of growth in the number of 1IDs deployed per year, and
the distribution of 1IDs by individual State. When available, deployment-data variables used in the
analysis included IID, design features, State, county, status (existing or removed), and year.

Safety, Mobility, and Construction-Cost Impact Analysis

The evaluation team reviewed publicly available safety evaluations of IIDs to collect safety-
performance data. Safety-performance results from these evaluations were converted into crash
modification factors (CMFs). The average CMF for each 1ID was applied to each IID deployment to
estimate the total injury and fatal crashes averted and societal cost savings in the United States
between 2000 and 2018. While simplified, this method of estimating crash reductions provides a
sense of scale for the safety impact of 1IDs.

A CMF is a multiplicative factor used to compute the number of crashes expected to occur at an
intersection after the adoption of a countermeasure. Eight before-and-after studies, covering 192 IID
deployments were used to develop an average CMF for each IID type for the purposes of this
calculation. Separate CMFs were created for injury or fatal crashes and property-damage-only rates.
The evaluation team calculated the total crashes prevented between 1990 and 2014 while
assuming that all 1IDs averaged the same CMF with identical before-and-after-installation crash
rates. Most IIDs in the United States were converted from traditional stop-controlled or signalized
intersections; thus, reported crash-reductions must be understood relative to traditional
intersections.(29 Three separate distributions of crashes by severity were used to more accurately
assess the safety impact of the crash reductions. These distributions were constructed from National
Highway Traffic Safety Administration crash data from 2014 and from a 2007 study, Pre-crash
Scenario Typology for Crash Avoidance Research.(79 USDOT inputs for value of statistical life (VSL)
were used to estimate dollar figures of social costs.(7V

To establish mobility benefits, the evaluation team reviewed mobility evaluations of IIDs to calculate
an average mobility benefit per IID. The results of the mobility evaluations that were used in this
calculate were those that were quantified in units that could be monetized. Mobility is best captured
in changes in travel time or changes in delay time as these values can be monetized using USDOT
standard values of travel time. While travel time is the appropriate measure to use for monetizing
mobility benefits, there are multiple ways to capture mobility benefits, and evaluations of mobility
impacts of 1IDs use a wide variety of these nonmonetizable performance measurements, including
the number of stops per vehicle, change in average speed, or change in capacity of the intersection.
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Because these alternative methods of measuring mobility performance are impossible or more
difficult to monetize, results of the literature scan that provided mobility results in those
measurements were not included. The analysis includes studies and evaluations of [ID mobility only
if the following criteria were met:

e The study results were provided in tabular, rather than graphical, form (e.g., results were
provided in a table with specific numerical values rather than in a graph, where the specific
values of the results are not given).

e The performance measure used in the study could be converted to seconds of travel time per
vehicle.

e The analysis provided a comparison against conventional intersection mobility and was not
an analysis of optimal signal phasing schemes.

e The performance measure captures the mobility impact for all users moving through the
intersection rather than for particular routes (or turns) through the intersection.

Sixty-four studies provided mobility benefit-analysis results or, at least, discussed mobility-benefit
claims. Of these studies, 17 provided results that met the criteria. Using the average travel-time
savings for each IID, the evaluation team computed the total travel-time savings for each IID
deployed using conservative assumptions about the IID’s annual average daily traffic (AADT) and
hours of peak travel. The value of travel time for personal-vehicle occupants was used to estimate
dollar figures of social costs.(7V

Construction-cost impacts similarly were gathered through a literature review. The evaluation team
compared the reported construction costs for lIDs against the construction costs of conventional or
grade-separated alternatives.

3.4 Semistructured Interviews

The evaluation team relied substantially on interviews. While resources are available in documents
and literature to evaluate the impacts of FHWA research activities, positive identification of FHWA
impacts on awareness, adoption, and deployment of l1IDs can be ascertained through interviews. In
addition, interviews were required to understand the decisionmaking processes of FHWA staff. In all
cases, the interviews provided both program staff and program stakeholders at the State-DOT level
an opportunity to reflect on FHWA’s IID program. The information obtained from these interviews has
been incorporated into the evaluation findings as well as its recommendations.

The evaluation team conducted seven indepth, semistructured interviews with current and former
FHWA staff active in IID research, outreach, and technical assistance as well as eight interviews with
State DOT engineers, researchers, and design consultants. Interviewees came from Safety R&D,
Operations R&D, the Office of Safety, and the Resource Center.

The evaluation team used the interviews to better understand the scope and extent of FHWA
activities. The interviews also provided contextual details complementing other analysis methods to
understand FHWA's role in contributing to the availability and reliability of 1ID safety and operational-
performance data; engagement with the IID research and practitioner community; perception of
stakeholders’ awareness, knowledge, and attitudes toward IIDs; and the eventual adoption of 1IDs as
safety, mobility, and cost solutions.
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4. Evaluation Findings

This chapter is divided into the five sections, one for each evaluation area the evaluation team
examined. Each section contains an overview that assesses the evaluation area at a high level. In
each section, there is also an indepth discussion of the findings. These specific findings address the
evaluation team’s key hypotheses. Findings are supported by evidence collected through the
evaluation methods described in section 3.

The IID program had significant impact on the awareness, attitudes, and deployment of |IDs for the
intersection safety community including Federal, State and local entities as well as for intersection
design and safety researchers.

e Section 4.1 details how FHWA R&T followed internal and informal procedures to first identify
intersection safety as a critical area of research, and how the program leveraged available
inputs for identifying IIDs for inclusion in the program.

e Section 4.2 details how initial FHWA contributions increased the availability of domestic IID
information which expanded the availability and quality of domestic IID research, and how
FHWA publications specifically led to increases in published material on IIDs in the United
States.

e Section 4.3 details how FWHA publications increased the availability of IID information in the
United States, raising awareness of and competency in deploying 1IDs, and how FHWA'’s
publications changed attitudes about IIDs within other federal agencies, leading to increased
promotion of IIDs through Federal partners.

e Section 4.4 details how FHWA activities and research increased the total number of 1IDs in
the United States, how FHWA activities accelerated the early adoption of IIDs by lead states,
and how FHWA efforts increased the amount of funding available for IID deployment.

e Finally, section 4.5 details how FHWA'’s contributions to deployment led to safety, mobility,
and construction cost benefits that likely exceeded the resources FHWA expended in the 11D
program, as demonstrated by an ROl analysis.

4.1 Evaluation Area One: FHWA Decisionmaking

The logic model developed for this evaluation suggests that FHWA research has standards and
procedures for selecting research areas that maximize ROI. The evaluation team found strong
evidence in support of most of the hypotheses within this evaluation area. The specific hypotheses
for this evaluation area were the following:

e FHWA has standards and procedures for selecting research areas and products for
promotion that maximize ROI. They followed such procedures in selecting IIDs for promotion.

e FHWA provided and leveraged inputs to IID research.

e FHWA lID-research selection is based on State and local agency needs, targeting designs
that have wide application or critical value.
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These hypotheses are laid out in Table 2 in section 2.1. These hypotheses are addressed collectively,
not addressed individually, in this evaluation area because they were evaluated as a group. The
findings laid out in this section collectively address these hypotheses.

In the next section, Overview of Findings, a summary of the findings for this overall evaluation area,
followed by more detailed analysis, is presented.

Overview of Findings

FHWA R&T did follow procedures to select the 1ID program as a research area and the particular [IDs
for the 1ID program portfolio, but the evaluation team was unable to establish whether FHWA uses
specific formal standards for such selection, and therefore the program did not explicitly make these
selections within a risk-and-reward-management framework. FHWA did follow decisionmaking
procedures that relied on coordination between staff and leadership with input from stakeholders.

FHWA R&T targeted research designs that would have wide applicability and address particular
needs of State and local agencies. Specifically, FHWA focused initial research efforts on IIDs that
were likely to provide safety benefits. These designs had wide applicability across roadway contexts,
such as urban and rural environments, and in terms of the number of States and metropolitan
planning organizations that would benefit from use of the designs. While some designs are better
suited to some contexts than others, FHWA selected an 11D portfolio for the program that was likely to
provide benefits for all States and most local agencies by including designs that were appropriate for
different contexts.

The FHWA R&T team provided and leveraged existing resources as inputs to produce high quality IID
research with the aim of maximizing the internal and external ROl. FHWA did not wholly create any of
the 1IDs within the program portfolio; rather, they leveraged the efforts of researchers in the United
States and abroad. FHWA research was aimed at closing critical gaps in designs for these IIDs and in
translating engineering designs into practical guidance for State and local practitioners.

FHWA followed standards and procedures for selecting the IID program as part of outreach efforts,
particularly through the inclusion of the IID program in EDC-2.

Detailed Findings Summary

Finding 1a: FHWA IID research followed procedures for selecting research areas that maximized
ROI, leveraged existing internal and external inputs, focused on needs of State and local agencies,
and targeted designs that have wide application or critical value.

FHWA staff recognized the need for research that could address intersection safety, and around
2002 to 2003, Office of Operations Research and Development staff approached the Office Director
of the Office of Safety HQ about a new research program that would address intersection safety.
Noting the high rates of fatal and injury crashes at intersection, FHWA staff and directors discussed
focusing on a number of design concepts that would address intersection crashes and form the
basis for the IID program. In some cases, the choice to pursue a design was mandated by
leadership.t FHWA researchers were given latitude within the program to begin new research
inquiries, select research staff, and end research inquiries when further results would not be
necessary. FHWA staff used engineering judgement to determine which designs were likely to

1FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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provide safety benefits. Funding was provided every year as the R&T program demonstrated its
continuing benefit. One FHWA researcher stated the following;:

“The funding was limited, and we came up with the four intersections to do a more thorough,
rigorous analysis. We determined from what was known, cost reasons and need of right-of-
I way, and so we determined based on these factors that these are likely to be more efficient.”2

FHWA often consulted and continues to consult with a variety of stakeholders. FHWA staff consult
with State and local agencies about their needs and select design research that will directly support
those needs. For IID research, FHWA staff consulted with State and local agencies directly and
through FHWA division offices; direct contact between the office of R&T staff and with State and local
agencies in the early years of the program mainly occurred through peer exchanges and workshops,
with an increasing amount of interaction through design project reviews, requests for technical
assistance, and other types of individualized assistance as the program continued through the
present. FHWA staff also regularly engaged with other researchers through conferences and other
research presentation settings both domestically and internationally.

FHWA identified intersection safety as a need in urban and rural contexts. Initially, FHWA researchers
relied on data-driven approaches to identify intersections as a critical need given the rate of crashes
at intersections relative to other parts of the roadway network. FHWA then relied on conceptual
aspects of intersection design, primarily conflict-point analysis, to identify designs that would likely
reduce crashes. The focus on safety as a critical identifier for 1ID selection for the program
demonstrates that FHWA did not arbitrarily select either the research focus on IIDs or the particular
[IDs. The internal procedures for selecting research areas and |IDs for this program involved an
informal process that relied on engineering judgment about the characteristics of 1IDs and their
potential applicability, as well as program objectives defined through deliberation with key Turner-
Fairbank Highway Research Center leadership, such as FHWA R&D’s Focused Approach and FHWA
R&D’s four technical focus areas of intersections, roadway departure, pedestrian/bicycle, local and
rural roads.(2 However, the evaluation team could not demonstrate that FHWA uses specific
standards by which research areas are selected or 1IDs were selected for inclusion in the
intersections program. Standards for selecting research areas are a critical component for research
program operations as they provide the ability to balance risk of various research areas. In the
context of the IID program, formal standards of inclusion would have provided the ability to balance
the risks and rewards of the portfolio as a whole. With this approach, the risk that FHWA would not
generate an ROI from research funds spent any particular 11D would be balanced by the potential
that any one of the other [IDs would successfully generate net social return for the program as a
whole.

In pursuing this research, FHWA actively leveraged existing IID research and resources, including
existing deployments and design research. FHWA was careful to select designs that would have wide
applicability and were likely to have considerable safety, mobility, and cost impacts. FHWA used
novel research methods, such as simulation software, to test the mobility capability of designs.

FHWA discovered DDIs through conference presentations. FHWA also met directly with the original
U.S. DDI researcher at a conference and leveraged their design work to further improve the
simulation analysis and geometrics of the DDI design. FHWA's research expanded on the existing
research by exploring a much wider range of scenarios with respect to volume and geometrics.
Unlike the other designs, there were no existing DDIs in North America, though they had been used

2FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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in France. An FHWA researcher noted that, after FHWA's research began, it did not take long for DDIs
to start appearing in the United States, saying the following;:

“We started the research in 2004, and the first one was built in 2009. So, it was a very
high-speed implementation of the research.”3

After the first DDI was deployed in Missouri, FHWA began field evaluations of the design to support
design research.

When the IID program began in the early 2000s, a number of RCUTs had already been deployed, and
many MUTs had been deployed (primarily in Michigan). FHWA leveraged these deployments for their
research efforts. MUTs were not formally researched in the program but were included in the various
summary reports that FHWA developed as part of the program. The inclusion of MUTs in the IID
research portfolio demonstrates the program’s ability to identify critical research questions and
designs that were appropriate for inclusion in FHWA'’s program materials and guidance documents.
Another researcher speaking of the early research climate described how and when RCUTs were
invented as follows:

“We did not have empirical evidence back then. The potential was really obvious. You can
also tell it’s a good idea when it is invented by different people in different places at different
times... As far as | know, RCUT was invented separately four times: in Alabama, Maryland,
Michigan, and finally the fourth time in North Carolina... That kind of indicates we might be on
to something here.”4

The DLT design was selected for the IID-research program due to the fact that it could service
roadways with higher volumes of traffic that were balanced in terms of directional flow and,
principally, because it addressed the critical safety need of reducing left-turn crashes.> FHWA
leveraged existing DLT deployments in Tijuana, Mexico, which were a four-approach version of the
DLT. FHWA also relied on early U.S. deployments in places like New Jersey, Maryland, and Louisiana.

FHWA similarly did not invent MUTSs, nor did they do specific field evaluations for this type of
intersection design. The inclusion of MUTs in the IID program was largely through outreach and
guidance efforts. Given the number of existing MUT deployments, there was little research effort
required to develop MUTs for promotion. FHWA selected MUTs to be part of the IID program due to
their success in early deployments and due to the fact they function well under conditions that other
IIDs do not. However, FHWA has recently begun pursuing new field evaluations of MUTs to support
existing research.6

FHWA similarly leveraged the existing mini-RA deployments and the wide range of modern
roundabout research to continue to research the safety, mobility, and cost impacts of mini-RAs. Mini-
RAs were widely used in the United Kingdom and Europe prior to their introduction in the United
States. FHWA leveraged the Dimondale design, expanding on it to provide capability of the design to

3FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

4State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

5FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

6FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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be deployed in higher volume settings.” One FWHA employee described the genesis of FHWA's
research efforts into mini-RAs as follows:

“What happened is | was collecting data in Michigan, [and] the county engineer told me he
had a two-lane roundabout about 2 mi from mini-roundabouts, and that roundabout has a lot
of safety problems. Then, | did some research after | came back, and | found this is not a
unique problem, and many other states had similar problems... We decided to initiate that
study because we know there are real problems in the field.”8

Finding 1b: FHWA followed EDC’s standards and procedures for selecting research products for
promotion to maximize ROI by focusing on State and local agency needs and designs with wide
applicability.

FHWA maximized ROI by focusing on State and local agency needs throughout the process of
selecting lIDs for promotion and outreach. The primary mechanism for FHWA to select research for
promotion both with the Office of Safety and through the Resource Center was through the EDC
program. 1IDs were highlighted during FHWA’s EDC-2 under the name “Intersection and Interchange
Geometrics.”®) The program focused on DDIs, RCUTs, DLTs, MUTs, and modern roundabouts
(although mini-RAs, a focus of this evaluation, were not specifically called out, they were
appropriately grouped under the general roundabouts category). FHWA'’s success with R&T's 2010
All Report created the demand that allowed IID outreach to begin.® One FHWA staffer said the
following:

“..by the time we got to EDC-2 and by the time we were going through the exercise to choose
what to include within the safety program, we had already been convinced of [IIDs’] value.
From the FHWA brand standpoint, [the question was] ‘is it worthy of inclusion in EDC?,” but
from a program level, | think what R&D brought to the table is that [2010 All Report] was, |
think, the single biggest step forward for our program. It documented the experience with
these different intersection [designs], it gave us something to share with AASHTO and the
practitioner community, and it gave us that springboard to a workshop to take this out into
the field and have these face-to-face conversations with people and work through their
acceptance of these ideas. It gave us the opportunity to identify state and local agencies that
wanted to pursue it. | think the report in 2010 was a huge step and that was all R&D making
that happen.”®

Although EDC is an FHWA program, it is still a State-based model that prioritizes the needs of States.
For every round of EDC, FHWA solicits input from State agencies, local governments, private industry,
and other stakeholders to determine the appropriate innovations for that round of EDC.(®) As one
FHWA interviewee noted, “EDC is a partnership effort between FHWA and State DOTs.”10 The
ultimate decision of what innovations to include is left to FHWA, but needs of State and local
agencies play a large role in decisionmaking.

"FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

8FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

9FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

10FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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For EDC-2, multiple States suggested various types of innovative intersections, including DDIs,
roundabouts, and RCUTs, among others. Instead of focusing on a single intersection design, FHWA
leadership decided to group the designs together into one larger initiative on intersection and
interchange geometrics. FHWA chose designs based on consideration of State input and FHWA
leadership objectives as demonstrated, for instance, by the inclusion of mini-RAs within EDC-2. One
FHWA employee noted the following;:

| “When it came time to decide whether or not to include roundabouts in the EDC-2 toolbox,
what we said was ‘we had already been doing so much on roundabouts, did we really need to
include them in EDC-2?’ So, in that back and forth with leadership, what we decided we
needed to promote were mini-roundabouts and roundabouts at interchanges, which were
underutilized.”11

4.2 Evaluation Area Two: Availability and Reliability
of Data

The logic model developed for this evaluation suggests that FHWA research advanced the availability
and quality of safety and performance data for lIDs and accelerated consideration of l1IDs by other
researchers. The evaluation team found strong evidence in support of the hypotheses within this
evaluation area. The specific hypotheses for this evaluation area were as follows:

e FHWA improved the availability and quality of IID-related safety and performance data for
researchers and State and local transportation agencies.

e FHWA research advanced the development of design standards for IIDs.

e FHWA accelerated research among the research community on IIDs.

e FHWA research was used by other researchers to advance availability and quality of data.

These hypotheses are laid out in Table 2 in section 2.1. These hypotheses are addressed collectively,
not addressed individually, in this evaluation area because they were evaluated as a group. The
findings laid out in this section collectively address these hypotheses.

In the next section, Overview of Findings, a summary of findings for this overall evaluation area,
followed by more detailed analysis, is presented.

Overview of Findings

FHWA R&T’s research activities, from the early 2000s onward, significantly increased the amount of
published material on IIDs in the United States. The results and outputs of FHWA’s research were
widely used in ongoing public and private IID research. The considerable impact of FHWA'’s research
is evidenced by the number of and breadth of citations to FHWA research and research influenced by
FHWA. IID research provided States with the information and resources necessary to develop their
own designh manuals and guides. Overall, FHWA developed materials for a variety of audiences,
including the research community, State DOTSs, local agencies, and the public. Interviews provided
information about the timing of research and other activities and their effect on the research

11FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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community and showed that FHWA played an important role in accelerating consideration of 1IDs as
a research topic and in developing safety and performance studies focused on the United States.

Detailed Findings Summary

Finding 2a: Early and continued FHWA research increased the quality and availability of domestic
[ID-related safety and performance data. The increase in data quality and availability benefited
researchers as well as State and local agencies.

FHWA was a key player in the community of researchers working to increase the quality and
availability of U.S. IID research and data. Prior to FHWA's involvement, information on 1IDs outside
the United States was limited, and the availability of such data differed by IID. Similarly, data on most
[IDs were limited within the United States pre-2000. In the 1990s, research on IIDs in the United
States was performed by just a handful of researchers, and 1IDs were deployed in only a few States.
Details on the timeline of FHWA activities are provided in section 1.2.

During the early days of the IID program, FHWA researchers became directly involved in the
community of researchers; they published and provided expertise to both researchers and adopters.
Staff from the Office of Operations Research and Development joined the IID-research community in
the early 2000s and published multiple research articles with the assistance of various graduate
students, and then, FHWA began publishing Public Roads articles and TechBriefs prior to the
publication of the 2010 All Report.® The fact FHWA joined the IID community helped validate IIDs in
a way that researchers alone could not. As one researcher said in an interview, “It wasn’t just a little
grad student that cared about it, it was FHWA that cared about it.” 12

This research conducted or funded by FHWA from the early 2000s through EDC-2 and even up to the
time of this evaluation in 2019 has greatly increased the quality and availability of data and
research. The 2010 All Report was important in demonstrating FHWA’s commitment to I[IDs and
helped provide a valuable springboard for FHWA to start outreach efforts, as described in

section 4.1.3)

Figure 7 shows the number of IID-research publications per year by FHWA and non-FHWA sources;
the included publications are specific to IIDs, rather than general intersection or safety research with
[IDs included. The growth of [ID-focused research increased dramatically in the late 2000s, which is
when FHWA began publishing lID-related materials in earnest. The FHWA publications in figure 7
include reports and articles published directly by FHWA, as well as articles published by other
sources that used FHWA funding or that have at least one FHWA author.

12practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.
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Figure 7. Graph. Number of IID publications focused on the United States per year.

One measure of the impact of a research program is how often other researchers used

program-related materials in its work. Figure 8 shows the number of IID publications focused on the
United States per year by non-FHWA sources. The publications are broken down by those that did not
reference an FHWA work and those that did. As the graph shows, the majority of studies (particularly
from 2007 on, once there were more FHWA publications available to cite) referenced various FHWA
publications related to 1IDs. Some of the studies that did not reference FHWA IID works may still have
referenced other FHWA materials, but only studies that reference an FHWA publication specifically
on the topic of IIDs were counted as referencing FHWA. This figure includes fewer research articles
than figure 7 as not every research article was able to be acquired and analyzed to determine

whether FHWA was cited.
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Figure 8. Graph. Number of research publications that reference FHWA versus those that do not
reference FHWA per year.

As figure 8 shows, FHWA is frequently cited in lID-research articles. It is not always cited, particularly
in articles published before the late-2000s, which is when the FHWA 1ID program truly took off in
terms of publications. In some years, however, every article analyzed by the evaluation team had
cited FHWA in some way. In the most recent years, the share of articles that referenced FHWA has
started to drop, which seems reasonable. As the field of literature on IIDs continues to grow, more
articles available for researchers to cite, and the need to rely on the same publications decreases.
FHWA works are valuable, but they are not the only resources available to researchers.

Another way of examining the citation data is to look at the popularity of specific FHWA publications.
Although most researchers are citing FHWA publications, not every article cites the same FHWA
publications. Additionally, not all FHWA publications could have been cited by every research article—
the evaluation team is looking at FHWA’s work on five IIDs, meaning research articles related to all
five lIDs are included in the general analyses. However, an FHWA publication on RCUTSs likely would
not have been cited in a paper on DLTs. Table 3 presents several FHWA publications on lIDs and
notes the number of research articles that the evaluation team found that cited each publication as
well as the number of articles that could have cited the publication based on year of publication and
general topic area.

It is important to note some caveats when interpreting table 3. First, this analysis does not
distinguish between why or how an article might cite one FHWA report rather than another. Second,
the analysis is not meant to indicate that FHWA publications are the gold-standard of research, with
the implication that their publications should always be cited; rather, the analysis is meant to show
only that FHWA works are frequently cited. If FHWA publications were never cited, the evaluation
team could conclude that either FHWA did no outreach or that the publications were generally
regarded as subpar research. As the table shows, each of the specific FHWA publications referenced
was cited frequently, indicating that researchers were, at least, aware of FHWA’s work. The citation
analysis serves ultimately as a proxy for FHWA's influence, but it is an imperfect measure that should
be considered in the broader context of other evaluation findings.
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Table 3. Citations of specific FHWA publications.

Number of
Research Number That

FHWA Publication Articles Citing | Could Have Cited Percent Citing

51
42 38
7 12 55
: 20 45

MUT Informational Guide (FHWA-SA-14-069)©) 6 11 55
TechBrief: Driver’s Evaluation of the DDI (FHWA- 17 68 25
HRT-07-048)(29

TechBrief: MUT Synthesis (FHWA-HRT-07- 10 20 50
033)@0)

TechBrief: DLT Intersection (FHWA-HRT-09- 9 28 32
055)18)

TechBrief: DCD Interchange (FHWA-HRT-09- 16 66 24
054)153)

TechBrief: Field Evaluation RCUT (FHWA-HRT- 13 25 52
11-067)R39)

As can be seen in table 3, FHWA references are fairly popular among domestic IID literature. The
2010 All Report is cited by just over half of all lID-related articles examined by the evaluation team
that have been published since the report came out.® Again, although this analysis is only a proxy
for FHWA'’s influence, it does appear to show that FHWA has had a large impact on IID research.

Finding 2b: FHWA research and activities were associated with accelerated research among the
research community on [IDs and advanced the development of design standards for IIDs.

Every year, the TRB hosts its Annual Meeting in Washington, DC. Starting in 1921, the TRB Annual
Meetings now boast nearly 5,000 presentations on 750 transportation topics and are attended by
over 12,000 transportation professionals from around the world. As one method of measuring the
growth of 1ID research in the United States, the evaluation team reviewed and analyzed the number
of IID presentations at annual TRB meetings.

Figure 9 shows the number of IID presentations at the TRB Annual Meeting. The number of 1ID
presentations clearly increases over time. The first IID presentation in this study period appears in
the 1993 Annual Meeting, and the focus was on MUTs. The number of I1ID presentations steadily
increases to a peak of 16 in 2016. In total, the evaluation team identified 103 1ID presentations.13
The data show that FHWA was among the first organizations to present lID-research findings at TRB
and made efforts to increase their presence at TRB around the time of EDC-2.

13These numbers may not be complete as the search specifications will not return presentations under
different session titles.
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Figure 9. Graph. TRB Annual Meeting IID activities (1993-2019).

Figure 9 shows that, while the trend in IID activities at TRB from year-to-year has not been consistent,
the overall trend is upward, with increases in FHWA presence around 2009 and 2010, when FHWA
was publishing multiple smaller TechBriefs and preparing for the publication of the 2010 All
Report.®) There were also several FHWA-affiliated presentations at TRB on 1IDs in 2013 and 2014,
during the time of EDC-2. Additionally, FHWA teamed up with TRB to host the Alternative
Intersections and Interchanges Symposium in Salt Lake City, UT, in 2014.(73

FHWA has clearly had a strong presence at TRB on the topic of lIDs, but the majority of IID
presentations at TRB have not been affiliated with FHWA. This fact indicates significant interest
among the broader research community on the topic of 1IDs, and the figure also shows that the
increasing interest corresponds, at least to a certain extent, with FHWA IID activities. In 2011, the
year after the 2010 All Report was published, there is a large jump in the number of IID activities at
TRB. Although there is not enough information here to necessarily imply causation, there is evidence
that the number of 1ID publications at TRB is correlated with increases in FHWA 11D activities.

Beyond just TRB, interviewees indicated that FHWA had a large role in accelerating research. One
interview stated the following:

“Fortunately, [staff] at FHWA thought [the DDI] was interesting and did some further research
on it. | thought his research was instrumental, not only because he confirmed my result... but
being able to validate my result plus show that ... it had even more widespread capabilities
than | thought initially.”14

The same interviewee went on to say that FHWA work gave the DDI, as well as other 1IDs, more
validity in the research community. Other interviewees concurred with this idea, stating that FHWA
had helped push these designs forward and stir further interest in the research community.

14Practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.
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The results from the interviews along with the TRB and other research findings indicate that FHWA
work was, at least, strongly associated with accelerated research and the development of standards.
Although it is highly likely that FHWA’s work caused at least some of the elevated interest in 1IDs, it is
difficult for the evaluation team to prove causation in this instance. At least one FHWA interviewee
stated their belief that FHWA caused the increased research as follows:

“Many people now are doing more research on refining signalization for the DLT, refining
signalization for the DDI, and you have conferences specific to different types of
intersection... [FHWA] was a major catalyst to have people give it more attention and more
research from faculty, students, institutes like ITE, AASHTO, TRB... Prior to having this
program area and conducted in house research and developed the [2010 All Report], not
much was going on.”15()

4.3 Evaluation Area Three: Change in Awareness,
Knowledge, and Attitudes

The logic model developed for this evaluation suggests that FHWA’s research increased awareness
of lIDs and changed attitudes toward 1IDs, increasing confidence in alternative designs as viable
options for intersection design. The evaluation team found strong evidence in support of the
hypotheses within this evaluation area. The hypotheses for this evaluation area were as follows:

o FHWA lID-related research and outreach efforts changed the level of awareness of lIDs as a
safety countermeasure in the United States.

o FHWA lID-related research and outreach efforts influenced the acceptance of 1IDs by other
FHWA programs as a safety countermeasure.

o FHWA lID-related research promoted acceptance of 1IDs as a safety countermeasure by
transportation decisionmakers and practitioners.

e FHWA lID-related outreach efforts influenced the acceptance of IIDs as a safety
countermeasure by transportation decisionmakers and practitioners.

These hypotheses are laid out in Table 2 in section 2.1. These hypotheses are addressed collectively,
not addressed individually, in this evaluation area because they were evaluated as a group. The
findings laid out in this section collectively address these hypotheses.

According to Toward Zero Deaths, transportation agencies should incorporate newer concepts and
methods with their existing processes, guidelines, and tools.("4 As positive results from research give
agencies the data and analytical tools (and, thus, the confidence) to deploy IIDs. Affirmative results
also encourage FHWA to prioritize IIDs for study and promotion. FHWA activities, such as oversight,
research, development, deployment, evaluation, technical assistance, outreach, and training,
provide partners and stakeholders the skKills and resources to understand and implement safety
improvements.

Section 4.2, focuses on changes within the research community. This evaluation area investigates to
what extent FHWA research products, resources, and activities were known about and used by
States and were effective in overcoming uncertainties that limit safety investment by articulating the
benefits of those investments. Section 4.3 investigates hypotheses that assess whether FHWA |ID

15FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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products and activities contributed to changes in awareness, knowledge, and attitudes among
transportation practitioners.

In the next section, Overview of Findings, a summary of findings for this overall evaluation area,
followed by more detailed analysis, is presented.

Overview of Findings

FHWA research and outreach increased awareness of 1IDs in the United States. FHWA products
provided interested States and stakeholders with more information on how to utilize 1IDs and gave
FHWA'’s stamp to the technology. Safety R&D worked closely with the Office of Safety and Resource
Center to conduct sustained outreach on IIDs, including creating training courses. In turn, this
sustained outreach has shaped State policies toward IIDs and influenced transportation
professionals’ attitudes toward IIDs as an alternative to conventional intersections. FHWA's research
and outreach efforts are ongoing and will likely continue to have positive impacts on awareness and
acceptance.

Detailed Findings Summary

Finding 3a: FHWA IID-related research and outreach efforts increased awareness and changed
attitudes toward 1IDs as viable options for intersection designs in the United States.

In the early 2000s, there were very few IIDs in the United States, and the ones that did exist were
concentrated in a select number of States, like the MUTs in Michigan. As FHWA research moved
forward, including the publication of the 2010 All Report and the beginnings of EDC-2, awareness of
[IDs increased across the United States.(®35) To understand the change in awareness and attitudes
that FHWA activities generated, the evaluation team examined the type of outreach activities in
which FHWA was engaged and then looked to State policies and publications for references to FHWA
materials to identify citations and references to those research and outreach materials.

Training, Outreach, and Technical Assistance

The National Highway Institute (NHI) is the training and education arm of FHWA. NHI has hundreds of
trainings in more than 18 transportation industry-related program areas. Courses are developed in
collaboration with FHWA staffers as well as State and local agencies and industry partners. These
courses are a key way for FHWA to reach out to transportation professionals and showcase new,
innovative technologies and ideas.

Beginning in 2011, the Innovative Intersections and Interchanges Course (FHWA-NHI-380109) was
introduced into the NHI catalogue.(7®) The course is typically a 1-d session that provides an overview
of innovative designs’ principal features, advantages and disadvantages, and general applicability.

From 2010 to 2019, the IID course (FHWA-NHI-380109) had been taken by 789 participants, the
vast majority of whom have been from State agencies. There have also been a fair number of private
industry participants as well as participants from other Federal agencies and from within FHWA itself.
Table 4 shows the total number of attendees by year and type for this NHI course. The year with the
highest attendance rates was 2013, which was during EDC-2. NHI has conducted this course

37 times.
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Table 4. Attendance, by year and attendee type, for Innovative Intersections and Interchanges
Course (FHWA-NHI-380109).

| Fiscal Year | FHWA | Federal | State | MPO | LTAP | Private | Academia | Other | Total |
0 114 0 0 0 119

2011 5 0 0

2012 4 0 73 0 0 0 0 0 77
2013 5 26 103 4 26 18 0 1 183
2014 4 0 54 0 0 0 0 0 58
2015 1 0 64 0 7 12 0 0 84
2016 0 0 23 0 12 32 0 1 68
2017 2 32 25 0 0 0 0 0 59
2018 0 0 27 0 0 0 0 0 27
2019 7 0 75 0 12 19 0 1 114
Total Attendance 28 58 558 4 57 81 0 3 789

MPO = metropolitan planning organization; LTAP = local technical-assistance program.

Information on mini-RAs is provided in the NHI course on roundabouts.(7® Since 2011, this course
has had 691 participants. Similar to the IID course, this course is mainly attended by participants
from State agencies, although there have also been a fair number of private industry participants.
NHI has conducted this course 30 times since 2011.

Table 5. Attendance, by year and attendee type, for Modern Roundabouts Course
(FHWA-NHI-380096).

| Fiscal Year | FHWA | Federal | State | MPO | LTAP | Private | Academia | Other | Total |
4 48 24 0 1 0 78

2011 0 1

2012 0 0 0 0 0 0 0 0 0
2013 4 0 109 2 62 36 1 1 215
2014 1 0 47 0 0 8 0 0 56
2017 3 0 92 0 14 54 0 2 165
2018 1 0 39 1 11 19 0 1 72
2019 30 0 67 0 8 0 0 0 105
Total Attendance 39 4 402 4 119 117 2 4 691

MPO = metropolitan planning organization; LTAP = local technical-assistance program.

In addition to the NHI courses, FHWA staff have conducted other courses and workshops on the
topics of IIDs. There were two courses conducted during the years of EDC-2, and FHWA has
conducted many other workshops that were not affiliated with either EDC-2 or NHI. The number of
these courses by year can be seen in table 6. As the table shows, FHWA conducted numerous
workshops during and right after EDC-2, even if the workshops were not formally affiliated with
EDC-2. Across just 2014 and 2015, FHWA conducted 58 workshops on IIDs.
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Table 6. FHWA's other intersection-design workshops.

EDC-2 Non-NHI, Non-EDC
1 2 3

2013

2014 1 27 28
2015 0 32 32
2016 0 19 19
2017 0 1 1
Total 2 81 83

General findings from the interviews have indicated the importance of all these workshops for
increasing awareness of 1IDs. One FHWA staffer said the following;:

“If | was a State DOT designer and | wasn’t plugged in to the TRB committee and | wasn’t in a
State that had one of the leading research groups on traffic engineering, how am | going to
know it’s out there? ... | think when we were doing the workshops for the [2010 All Report]
that was a big part of what we were doing; we were introducing people to research and work
that’s out there.”16(3)

Interviews with State agencies indicated that FHWA trainings and outreach had a role in helping
certain States become aware of lIDs. Multiple interviewees recalled attending at least one
FHWA-affiliated event or indicated that they spoke more informally with FHWA. One State employee
explicitly stated that they first learned about DDIs “through conversations with FHWA.”17 Another
practitioner said that “the workshops were a huge success.”18

Apart from formal courses, FHWA also helped set up peer exchanges. Unfortunately, the number of
peer exchanges and attendees were not tracked by FHWA, limiting the ability of the evaluation team
to assess their effect. However, qualitative findings from the interviews did indicate that multiple
interviewees could remember attending a peer exchange that had some degree of FHWA
involvement.

Some interviews indicated that States had been aware of certain designs, particularly the MUT,
before FHWA'’s involvement as that design has been deployed in Michigan for decades. However,
even when a State is aware of a design, they might not always be open to trying something new.
FHWA played a critical role in, not just increasing awareness, but also changing attitudes among
industry professionals and helping increase acceptance. One practitioner stated the following:

“FHWA helps very much in [overcoming resistance by our fellow professionals]. FHWA ...
[carries] a weight and an authority that cities and States don’t necessarily have. So FHWA
coming out publicly, loudly, in favor of this general concept of alternative designs and these
particular designs helped a great deal with fellow professionals for sure.”19

16FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

17State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley, Joshua Fowler, and Kendall Mahavier in July 2019.

18Practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.

19Practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.
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Outreach efforts exist beyond just convincing State DOTs. The workshops helped increase awareness
of IIDs among engineers, contractors, and State employees, but the general public and politicians
also need to be convinced of the benefits of a new intersection design. FHWA'’s outreach was largely
targeted toward the States themselves, however, FHWA also provided resources and guidance for
States that were looking to explain to the public and other stakeholders why these new designs
would be right for their community.

Multiple interviewees indicated some degree of public pushback against the designs. Sometimes,
interviewees named specific groups, such as businesses or farmers, and other times, interviewees
indicated more general public pushback. One State employee said the following:

“I think it’s been a fear of the unknown number one ... and, secondly, with all these
alternative designs, they are all doing something in common. They are usually [lengthening]
certain movements for the benefit of the entire intersection. ... We often don’t hear from the
general intersection users who are benefiting, we are hearing from the lower number who do
travel further out of the way.”20

There is a natural fear of the unknown and a fear of change associated with trying a new intersection
design. FHWA created numerous resources, including brochures and videos, to help agencies
showcase the benefits of the designs to convince reluctant stakeholders that the designs would be
improvements. However, FHWA provided materials that States were able to use to build more
confidence within their agencies and for the broader public. State websites were reviewed for links to
FHWA 1ID materials. This evaluation revealed that 36 States included at least some FHWA IID-related
materials. Of State websites, 25 included FHWA DDI materials, 25 included FHWA RCUT materials,
18 included FHWA DLT materials, 21 included FHWA MUT materials, and 21 included FHWA mini-RA
materials. A practitioner stated, “FHWA has also done a great service in providing materials to reach
the public. The website is terrific, the brochures, the videos... Those have been helpful when we go
out to the public.”21 Although FHWA was not the only resource used by agencies, FHWA training and
outreach had a marked effect on increasing awareness and improving attitudes toward IIDs.

State Policies and Publications

A shift in attitudes is demonstrated by the influence of FHWA products on State policies and
publications. To measure the influence of FHWA in State highway policy on 1IDs, the evaluation team
sought references to FHWA materials in SHDMs and State SHSPs as well as on State websites.

The evaluation team examined State DOT websites to determine whether there was IID information
on the website. All 50 States as well as Washington, DC, were included in this analysis.

Across all 51 agency websites, at least half had guidance on their websites for either DDIs, DLTs,
MUTs, or RCUTs, but States that had guidance for one of these IIDs did not necessarily have
guidance for all the others. The most commonly featured design was DDIs, which were included on
44 State DOT websites. Although most States had guidance for larger roundabouts, only 20 had
specific guidance on mini-RAs. Details on how many States offered guidance on their websites and
how many States referenced FHWA can be seen in figure 10.

20State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley, Joshua Fowler, and Kendall Mahavier in July 2019.

21Practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.
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Figure 10. Graph. State IID website information and FHWA references.

As figure 10 shows, many States referenced FHWA in their guidance. For mini-RAs, every State that
included design information on their website also referenced FHWA, with one State (Utah) linking to
FHWA information on roundabouts without specifically providing any of their own information on
mini-RAs. One interviewee indicated that their State had “relied heavily on FHWA” during the process
of creating a design guide.22 An FHWA staffer noted that FHWA assisted States, such as California
and Florida, with design guides and helped numerous other States more generally with specific [ID
projects. The interviewee said the following:

~

“For example, Alabama, we’ve helped them review their first DDI plan. For California, we
helped develop their State design bulletin. We’ve helped Connecticut with a plan review of a
proposed DDI. We helped Delaware. We’ve helped Florida with their guidance and
considerations for DDI. We’ve helped Georgia with their review of projects. We've provided
training to Idaho, lllinois, Indiana, Kentucky... It’d be a shorter list of States that we haven’t
worked with [than ones that we have worked with].”23

Finding 3b: FHWA IID research influenced the attitude of other FHWA programs toward IIDs as
safety countermeasures.

FHWA adopted certain 1IDs as Proven Safety Countermeasures to encourage State construction of
[IDs. This decision demonstrates FHWA'’s broader support for IIDs and shows that support extends
beyond just FHWA's research division.

Roundabouts have been included as a Proven Safety Countermeasure since 2008, when such
countermeasures were first designated.(20 A July 10, 2008, memorandum from the FHWA Associate
Administrator of Safety desighated nine highway safety-improvement techniques as “Proven Safety

22State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

23FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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Countermeasures” and included modern roundabouts as one of the nine.(29 Proven Safety
Countermeasures are underutilized techniques, and the memorandum directed FHWA Division
Offices and Federal Lands offices to meet with their States and tribal governments to promote the
use of the designated countermeasures.9 Although mini-RAs are not specifically mentioned as a
countermeasure, the general inclusion of roundabouts speaks to the support more generally for this
intersection design.

In 2012 and 2017, the list of Proven Safety Countermeasures was updated. In 2017, “reduced
left-turn conflict intersections” were added to the list of countermeasures.(10) These intersections are
noted specifically as referring to RCUTs and MUTs.

Proven Safety Countermeasures are chosen as a result of collaboration between a variety of experts
from the three FHWA safety disciplines. Staff considered potential as a countermeasure as well as
current levels of adoption. Inclusion on the list does not guarantee State adoption but does show the
commitment that FHWA has to IIDs and strongly encourages States to, at least, consider the
literature on their safety benefits.

The coordination involved in choosing these IIDs as safety countermeasures reflects the close
cooperation between Safety R&D, the Office of Safety, and the Resource Center. These offices have
collaborated closely for several years to help interested States, publish a wide variety of materials on
[IDs, and establish IIDs as a priority at FHWA. The approach has diminished skepticism of the
efficacy and usefulness of 1IDs among States and other stakeholders.

4.4  Evaluation Area Four: Contribution to Adoption
and Deployment

The logic model developed for this evaluation suggests that FHWA activities helped accelerate the
adoption of existing IIDs and contributed to the adoption of new IIDs in the United States. The
evaluation team found strong evidence supporting some of the hypotheses within this evaluation
area; however, demonstrating an empirical, causal link for IID deployments not funded directly by
FHWA programs was not possible. The specific hypotheses for this evaluation area were as follows:

e FHWA accelerated early deployment of IIDs through outreach activities (number of 1IDs
deployed in early states that received early technical assistance).

e FHWA contributed to an increase in number of [IDs deployed in the United States and in the
number of State and local agencies deploying IIDs.

e FHWA contributed to an increase in the amount of funding spent on IIDs.

e FHWA's outreach efforts improve the selection and application of lIDs in the United States.

These hypotheses are laid out in Table 2 in section 2.1. These hypotheses are addressed collectively,
not addressed individually, in this evaluation area because they were evaluated as a group. The
findings laid out in this section collectively address these hypotheses.

In addition to contributing to the awareness, availability, and quality of 1ID research, FHWA activities
influenced the adoption and deployment of 1IDs. To understand how FHWA contributed to the
increase in adoption and deployment of |IDs, the evaluation team developed a list of IID deployments
using existing databases of 1IDs supplemented with internet searches for DDIs, RCUTs, DLTs, and
MUTs and a comprehensive database of roundabouts that includes mini-RA deployments. The
comprehensive database developed by the evaluation team was analyzed against FHWA activities in
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early-adoption States compared to those who sought FHWA assistance later. Using information about
Federal funding, FHWA publications, and the comprehensive IID database, the evaluation team
analyzed the impact of FHWA activities across States.

This evaluation area explores the effect that FHWA research and other activities had on adoption of
[IDs by considering the timing and type of intervention in each State. Further building on the analyses
in sections 4.2 and 4.3, this evaluation also demonstrates how FHWA leadership in research and
promotion of lIDs as safety, mobility, and cost-saving solutions led to the consideration of 1IDs,
accelerated their adoption, and contributed to growing the number of [IDs deployed in the United
States.

For the purposes of this evaluation, adoption occurs when an agency decides to accept or be willing
to deploy an IID, whereas deployment is when an agency actually constructs an IID. Agencies may
adopt an 11D as an acceptable design and would consider using it where applicable but may not
actually select the IID for deployment due to a number of factors.

In the next section, Overview of Findings, a summary of findings for the overall evaluation area,
followed by a more detailed analysis of each related hypothesis, is presented. It is difficult to
determine empirically when State adoption of [IDs occurred apart from deployments, but in some
cases, such determination was possible and is hoted where appropriate.

Overview of Findings

FHWA's research and promotion of 1IDs led to an increase in the number of IIDs deployed in the
United States. FHWA accelerated early deployment of IIDs through outreach activities and early
technical assistance. In particular, early DDI deployments were supported through FHWA outreach
and early technical-assistance activities.

FHWA contributed to an increase in deployments and State and local agency deployers of 1IDs. FHWA
contributed significantly to the early deployment of DDIs and their subsequent deployments, and
FHWA activities continue to generate DDI deployments. There are more than 110 DDIs currently
deployed in the United States and nearly the same number planned. FHWA contributed significantly
to the deployment of RCUTs, which are being deployed increasingly frequently and in more States.
FHWA has had a limited impact on the deployment of DLTs, and these are not deployed as frequently
as DDIs. FHWA promotional activities contributed to the deployment of MUTs. However, MUT
deployment has not been as robust as deployments of other [IDs even though States continue to
consider these designs and to deploy them.

FHWA contributed to the number of [IDs deployed in the United States through directly funding IID
deployments. More than $71.7 million have been granted for projects with an lID-deployment
component since 2009 across four separate discretionary grants. This funding total is in addition to
any nondiscretionary Federal funding that was leveraged by States for IID deployments.

FHWA contributed to the appropriate deployment of 1IDs, meaning that lIDs are being deployed in
locations and under conditions in which they are best suited to provide benefits. FHWA contributed
to expanded deployment through outreach, such as IID workshops and technical assistance, and by
providing decision-support tools. In some cases, 1IDs have been removed, which usually occurs
because underlying traffic volumes have exceeded the thresholds that make the designs
appropriate. These removals should not be viewed as failures of the design. Instead they show the
designs are effective under limiting circumstances.
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Detailed Findings Summary

Finding 4a: FHWA contributed to an increase in deployments and number of State and local
agencies deploying 1IDs in the United States.

The total number of IIDs deployed in the United States has increased substantially since FHWA
began publishing research on and promoting IIDs. Figure 11 shows the number of existing IIDs
deployed and the cumulative number of 1IDs identified in the deployment scan by year.24 This figure
reflects the deployments identified and verified in the deployment scan conducted by the evaluation
team but may not reflect all existing deployments.
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Figure 11. Graph. New and cumulative IIDs by year.

Figure 12 shows the number of existing DDIs and the cumulative number of DDlIs identified in the
deployment scan by year. The graph shows that DDI deployments began in 2009 with increasing
annual deployments through to 2016, when the annual deployment peaks at around 20 DDIs per
year and then gradually declines to around 10 per year in 2019. There are more than 110 existing
DDI deployments in the United States today. DDIs continue to be selected for deployment across the
country. The deployment scan found that approximately 20 DDIs were currently under construction,
and over 120 have been proposed or planned for deployment.

24The deployment numbers in figure 11 through figure 16 do not include deployments that have since
been removed. IID deployments that have been removed are discussed later in this evaluation area. These
numbers are not adjusted for the Alternative Intersection Design and Selection State-reported ranges of
deployed lIDs because those figures do not detail the year in which the deployments occurred. The additional
deployments suggested in Alternative Intersection Design and Selection that were not identified in the
deployment scan are discussed for each 11D as appropriate.

44



FHWA R&T Evaluation: Innovative Intersection Design August 2021

140
120
100
80
60

Deployments

40
20

Year
New DDIs e Cumulative DDIs

Source: FHWA.
Figure 12. Graph. New and cumulative DDIs by year.

Figure 13 shows the number of existing RCUTs and the cumulative number of RCUTs identified in the
deployment scan by year. The reduction in deployment levels in recent years is likely more a
demonstration of declining reporting or difficultly in determining the number of RCUTs deployed. The
deployment scan likely underestimated the number of existing RCUTs in the United States. Table 17
shows the range of additional RCUT deployments reported in Alternative Intersection Design and
Selection compared to those identified in the deployment scan.®9 In total, there are at least 96 and
potentially more than 220 additional RCUTs that have been deployed that are not captured in

Figure 13, suggesting that the number of RCUTs deployed across the country has increased
dramatically in the past few years.
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Figure 13. Graph. New and cumulative RCUTs by year.
Figure 14 shows the number of existing DLTs and the cumulative number of DLTs identified in the
deployment scan by year. DLTs have experienced modest growth, and DLTs are concentrated in a

small number of States that have appreciated their value and have locations that are appropriate for
their deployment.
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Figure 14. Graph. New and cumulative DLTs by year.

While MUTs are well known and appreciated for their safety benefits, they are not widely deployed or
being adopted at rates comparable to the other designs. Figure 15 shows the number of existing
MUTs identified in the deployment scan and the cumulative number of MUTs deployed each year.
MUTs have not seen significant deployment since Michigan’s early deployments, many of which
occurred in the 1960s.(7") MUTs are used heavily in some States and have been for a number of
years. In Alternative Intersection Design and Selection, California, Minnesota, Florida, and New York
each reported having deployed as many as five MUTs that were not identified in the deployment
scan.(©9 Therefore, the total number of MUTs may be as high as 120 or greater.
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Figure 15. Graph. New and cumulative MUTs by year.

Figure 16 shows the number of existing mini-RAs identified in the deployment scan and the
cumulative number of mini-RAs deployed by year. The figure shows that new mini-RAs were steadily
around 10 deployments per year from 2012 through 2017 with some slowing in 2018 and 2019.
This slowing in the last few years is likely due to the difficulty of tracking mini-RA deployments, which
are, by design, smaller investments with smaller impacts on local communities in terms of right-of-
way (ROW). Mini-RAs are not typically deployed on State-owned roads as they are more appropriate
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for intersections with low AADT. These intersections are usually owned by local agencies, and local
agency activity is less transparent than State activity.
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Figure 16. Graph. New and cumulative mini-RAs by year.

Several States identified FHWA resources and outreach as integral to their level of deployment;
interviewees believed there would be fewer IID deployments today if FHWA had not started their
research program. As discussed in section 4.3, interviewees said that FHWA helped State DOTs
overcome barriers; FHWA’s authority and leadership position helped convince professionals that 1IDs
were worth considering, and the materials FHWA produced helped States reach out to the public and
convince stakeholders that the designs are safe. By helping to overcome these barriers, FHWA
clearly contributed to increased levels of IID deployment across the United States.

Interviews also covered FHWA'’s influence more generally, beyond just overcoming barriers to
deployment. One State interviewee stated that they “have looked at RCUTs now because of FHWA,”25
while a different interviewee stated the following:

“I want to reinforce the value that FHWA, the Resource Center, some of the research material
produced by FHWA... some of the one-on-one help, whether that’s the Resource Center or the
local division office. Perhaps we could have gotten to where we are, but it would have taken
several years longer, and I’'m not sure that we would have gotten to where we are.”26

25State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley, Joshua Fowler, and Kendall Mahavier in July 2019.

26State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley, Joshua Fowler, and Kendall Mahavier in July 2019.
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FHWA employees made similar statements, arguing that FHWA has been a leader in intersection
design for years. One interviewee stated the following:

“I think what’s exciting in the intersection area is that... FHWA has been a leader. It’s been a
leader since the 1990s, | would say, and of course, I've been involved in roundabouts for a
long time before coming to FHWA.... | really think that ... even though | wasn’t involved on the
FHWA side, | have already said that roundabouts wouldn’t be where they are today without
FHWA, and I think it is no different with a lot of these other innovative intersections, with DDI,
and with CFl, and with all the other [designs] included in that [2010 All Report].”27(3)

Two State employees appreciated the fact that FHWA respects the autonomy of States and does not
push for involvement where it is unwanted. It was noted that one of the ways FHWA has helped
States to deploy IIDs was simply by not stopping States from trying these new designs. One State
employee said the following:

“They have done a fantastic job of staying out of our way... FHWA has helped us to innovate
by being a good partner and by not stopping us.... We showed [a particular IID deployment
plan] to FHWA, and they asked useful questions... they never stood in our way in terms of
saying ‘no, you can’t do this because we’ve never seen it before.’”28

As described in the interviews, FHWA’s efforts were an important component to increased
deployment of 1IDs among State and local agencies. Figure 17 shows the yearly, cumulative number
of States that have deployed IIDs by IID type. At least 43 States have deployed an IID, and States are
continuing to explore deploying different IIDs as they gain confidence in the idea of deploying IIDs
compared to conventional designs. In addition to the increase in State deployments, the number of
local agencies that are deploying IIDs is increasing. The deployment identified more than

420 different local jurisdictions where 1IDs have been deployed.

27TFHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

28State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.
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Figure 17. Graph. Cumulative number of States deploying at least one IID, by IID.

When evaluating the success of 1IDs, considering the baseline level of intersections and
interchanges as well as the baseline rate of deployment are important. In terms of the number of
intersections and interchanges of any design that exists, interviewees were able to provide some
information about the total number that could exist, which puts the extent of current IID deployment
and future deployments in perspective. With respect to intersections generally, one State employee

said the following;:

“We have 24,000 intersections on our system... In any given year, we do not reconstruct that
many intersections. Of course, we treat intersections in one way or another, we touch every
one of them, but in terms of going in and changing them, not that many. Probably, in a year,
we might do 15 or perhaps 20 in a big year... so not that many.”29

29State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley, Joshua Fowler, and Kendall Mahavier in July 2019.
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With respect to interchanges, where growth is more limited than intersections due to the smaller
number of interchanges relative to intersections, another State employee said the following;:

“I think we have around 500 or so interchanges on our interchange system... Again, we’re not
going to touch most of those for decades, so how many actually projects are we doing out
there? We’'ve got the capability in the next 10 years to put in 14 more [DDIs] and we will go
modestly with those.”30

States are continuing to consider IIDs to meet their safety, mobility, and cost-reduction needs, and
the expectation that IIDs will continue to be deployed at an increasing rate in the future is
widespread. With respect to DDIs, one consulted engineer said that they believed DDIs could see
what they considered “exponential” growth in deployments each year, increasing to 25 to

50 per year nationally.31 For RCUTs, the expectation is that deployments could increase substantially
even beyond that of DDIs. One State reported having a substantial number of locations where RCUTs
might be applicable, 20,000 to 30,000 intersections where a major road meets a minor road.32 Of
all the IIDs examined in this evaluation, mini-RAs likely have the greatest applicability due to their
size. It was noted that the design has “explosive growth potential” due to the fact that they are much
cheaper and fit under some funding thresholds.33

For other designs, there is less optimism about an increasing rate of deployment without more
refinement to overcome barriers. One interviewee said the following of potential DLT deployment:

“IDLTs] are hard to implement... getting 10 a year on the ground would be an
accomplishment in the near term... that would be a pretty big goal initially. If we could start
solving the access problems... we could get to 25 to 50 a year.”34

Another interviewee speaking of the potential for MUT and DLT deployments said the following;:

“.. MUT and DLT | think they will probably be even less than DDI. To me they are very specific,
very spot type of alternatives... major meets major, and we just don’t have, this State or
anybody else, have that many of those... If we have 10 of each of those | think we’ll be doing
well.”35

These results demonstrate that there is broad opportunity for IIDs and that there is optimism that
[IDs will be deployed at greater rates than conventional designs. The deployment of 1IDs in recent
years has been an obvious success considering the relatively slow rate of intersection and
interchange construction and reconstruction.

30State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

31Practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.

32State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

33State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

34State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

35State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.
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Finding 4b: FHWA accelerated early deployment of lIDs through outreach activities, including
workshops and technical assistance.

FHWA provided early targeted technical assistance to States through division offices, the Resource
Center, and the Office of Safety. FHWA supported a number of early deployments and evaluations of
early deployments that gave confidence to early adopters to deploy these designs. The confidence of
early State deployers who received FHWA technical assistance and training was propagated to other
States who reached out to the initial deployers for technical assistance.

FHWA provided training and resources to States directly through their outreach activities, giving
States the confidence, knowledge, and resources necessary to make informed deployments. Table 7
shows the total number of lIDs deployed by State and the number of FHWA-funded trainings
conducted by State and year, including the NHI Roundabouts course, the NHI IID course, and the
non-NHI FHWA trainings offered by R&T staff.3¢ While there is no direct correlation between the
number of workshops hosted in a State and the number of 1IDs deployed by a given State, the table
does demonstrate that FHWA has provided training and guidance to a wide range of States who have
had some success in deploying IIDs. For these trainings and technical assistance, FHWA leveraged
resources effectively to meet the growing demand of State and local agencies who wanted
information and guidance on IID adoption and deployment, including recruiting consultants
knowledgeable about IIDs. One interviewee said the following about FHWA'’s training and resources:

“I was the lead on the consultant side. | personally went to almost 25 of them. | had two other
consultants with me who helped out sometimes.... One of the most successful EDC programs
FHWA has had thus far.”37

36FHWA provided this data to the evaluation team. In some cases, whether an event should be counted as
a single event or multiple events was unclear. The evaluation team decided, when trainings occurred at the
same location over multiple days, the training would be counted as one event, and when trainings occurred
over multiple days in multiple cities, they would be counted as separate events.

37Practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.

51



FHWA R&T Evaluation: Innovative Intersection Design August 2021

Table 7. FHWA-funded trainings by year and State, and total lIDs deployed.
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Finding 4c: FHWA contributed to an increase in the amount of funding spent on 1IDs relative to
other traditional intersections.

Federal grants, which totaled more than $71.7 million since 2009, were made available to States for
[ID deployments.

BUILD and TIGER Grants

The FHWA BUILD grant and its predecessor, the TIGER grant, are discretionary grants available for
projects on nonfederally funded surface-transportation assets that “promise to achieve national
objectives” and meet further selection criteria, such as demonstrated net benefits, safety, state of
good repair, economic competitiveness, environmental sustainability, quality of life, and
innovation.®4 A total of $38.8 million in BUILD grant funding has been awarded to projects deploying
[IDs. In particular, in 2018, awards were granted to two projects that were deploying new IIDs. It
should be noted that one 2018 BUILD grant award was granted for a project that called for removing
an existing RCUT and turning the larger intersecting road into a freeway, limiting access to the
crossing roads. Table 8 shows these BUILD grant awards for IID projects.

Table 8. BUILD grant awards for lID-related projects.

Award Project Total
Year Project Name Location $) (%) Description

2018 State Trunk Brown RCUT 19,758,000 27,828,000 Remove RCUTs and
Highway 29 - County, WI turns roadway into
County Highway WV freeway restricting
Multimodal access for crossing
Interchange Project roads.

2018 |I-70 and Turner Kansas DDI 13,844,000 30,344,000 Replace the existing
Diagonal City, KS interchange with a
Interchange DDI.

Improvements

2018 I-65 Interchange at  Williamson DDI 25,000,000 48,279,000 Install a new DDI as

Buckner Road County, TN well as construct an

extension road to
connect to the new
interchange.

AID Demonstration Grants

FHWA AID demonstration grants provide funding for transportation investment projects that primarily
“include an innovation proven in real-world application, though not routinely used by the
applicant.”®% The grant carries a maximum funding amount of $1 million per project. The AID
demonstration grant has awarded a total of $5.7 million of funding for seven projects since 2015.
Projects include two mini-RAs, four DDIs, and one RCUT. Table 9 describes each of these AID grants.
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Table 9. AID demonstration grants awarded to lID-related projects.

Award Recipient Award Amount ($)

Virginia and the Town of Vienna 2014 Mini-RA 211,200
Delaware 2015 DDI 1,000,000
Michigan 2015 DDI 1,000,000
Minnesota and the City of St. James 2015 Mini-RA 864,000
Maine 2017 DDI 600,000
Oklahoma 2017 DDI 1,000,000
Minnesota 2017 RCUT 1,000,000
HfL Grant

The FHWA HfL program was established “to advance longer-lasting highway infrastructure using
Innovations to accomplish the fast construction of efficient and safe highways and bridges.”©6) The
grant requirements include that the project must involve “constructing, reconstructing, or
rehabilitating a route or connection on an eligible Federal-aid highway” and that it “must use
innovative technologies, manufacturing processes, financing, or contracting methods that improve
safety, reduce construction congestion, and enhance quality and user satisfaction.”©6 The program
awarded funding to the following two projects with 1ID components:

e The HfL program awarded funding to Johnson County, KS, to support evaluation of smart
work-zone technology during the construction of the I-35-Homestead Lane interchange. This
project supported evaluation of the smart technology during deployment of the DDI
design.(78 This research may lead to further reductions in cost of DDI construction and may
have contributed to the deployment of DDI in this case.

e The HfL program awarded funding to New York State DOT for a demonstration project that
involved the construction of a DDI at I-590 and Winton Road in Brighton, NY.(7® This DDI was
the first in New York, and the funding was used to demonstrate several innovation strategies,
including speed construction, congestion reduction, and work zone-safety improvements.(7®
The project considered alternative designs, such as roundabouts, single-point urban
interchanges, and triple left-turn bays, before selecting DDIs as other designs would have
required significant ROW acquisitions and would have required bridge replacements.

Specific funding amounts for each project were not discussed in the HfL project reports.
CMAQ Grant

CMAQ was established in Intermodal Surface Transportation Efficiency Act of 1991 and has been
reauthorized under each of the following Transportation Bills.(63 The discretionary grant program
provides funding for surface transportation projects that improve air quality and relieve congestion.
CMAQ evaluated a number of IIDs as capable of providing air-quality improvement and congestion
mitigation.38 As shown in Table 10, $27.2 million of CMAQ awards were granted to 13 different IID-
related projects from 2009 to 2017. The majority (11) of the CMAQ awards were granted to DDI and
DLT deployments. Two CMAQ grants were granted to projects with mini-RA aspects. In one case, the

38Congestion mitigation benefits of 1IDs are discussed in more detail in section 4.5.
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project was committed to, at least, considering a “compact” roundabout, which is likely a mini-RA.3°
Table 10 shows the CMAQ grants.

Table 10. CMAQ grants awarded to liD-related projects.

CMAQ Project CMAQ Total Project Cost
State ID Year | Funding ($) ($)* Description

OH20090067 2009 1,250,000 40,528,000 Install DLT

OH OH20100013 2010 275,000 3,440,000 Install DLT

uT UT20100007 2010 559,000 600,000 Install DLT

OH OH20100013 2015 2,651,000 4,436,000 Install DLT

OH OH20100013 2017 737,000 921,000 Install DLT

KS KS20120004 2012 413,000 459,000 Install DDI

MO M020130037 2013 7,000,000 10,254,000 Install DDI

Mi MI20140020 2014 163,000 200,000 Install DDI

uT UT20140006 2014 3,009,000 3,228,000 Install DDI and other
improvements

uT UT20140006 2015 3,108,000 3,334,000 Install DDI

GA GA20160016 2016 7,679,000 9,599,000 Install DDI

AK AK20160007 2016 227,000 250,000 Consider "compact"
roundabout for
intersection

VA VA20170021 2017 101,000 390,000 Install mini-RA

*Total cost values may not be representative of the [ID deployment itself as other project elements may be
included in the overall total.

Finding 4d: FHWA's outreach efforts improved the selection and application of 1IDs in the United
States.

FHWA's outreach efforts improved the selection and deployment of lIDs in the United States at
locations that are most appropriate for the designs subject to the budgetary and other constraints of
the deploying agencies. Proper intersection- and interchange-design selection is critical because
intersection and interchange assets have long lives, are disruptive and costly to change, and have a
potentially large impact on safety and mobility. Therefore, it is important for intersection deployments
to use the best designs available to maximize impact and reduce cost.

FHWA decision-support tools and resources were also critical in giving State and local agencies the
confidence and knowledge to deploy IIDs at sites for which they were most appropriate. Alternative
Intersection Design and Selection surveyed States on how frequently they used various resources to
evaluate and select intersection designs for a given site.© In addition to widespread use of FHWA
resources, such as the Highway Capacity Manual, the Highway Safety Manual, and the Manual of
Uniform Traffic Control Devices, use of FHWA alternative intersection guides were widespread.

(See references 3, 6-9, and 80-82.) Forty States reported using the guides at least “Sometimes,”
and 18 used it “Always” or “Almost Always.” (69

39The naming convention of “mini-roundabouts” has not been uniformly accepted throughout the
transportation community.
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FHWA tools, such as the Safety Performance Intersection Control Evaluation (SPICE) tool and the
Capacity Analysis for Planning of Junctions (CAP-X), were critical resources for a number of
States.(®3.84) Sixteen States reported using CAP-X “at least “Sometimes,” while six reported using
CAP-X “Always” or “Almost Always.” One stakeholder said of the CAP-X tool:

“I would say really practical easy-to-use tools like CAP-X are really helpful, and that’s a tool
that, if you’ve got the turning volumes at your intersection, that’s all you need to input. That’s
10 min of work to input the numbers, and it can give you a quick look at what intersections or
interchanges are feasible and which aren’t from a capacity standpoint.”40

Other FHWA efforts that also contributed to appropriate design selection and enhanced the overall
impact of the IID program occurred in parallel to the IID program. As part of EDC-2, FHWA promoted a
design-selection methodology called Intersection Control Evaluation (ICE), which “is a data-driven,
performance-based framework and approach used to objectively screen alternatives and identify an
optimal geometric and control solution for an intersection.”®3 While FHWA did not develop ICE, it has
contributed to State awareness of the methodology. A limited number of States have adopted ICE
formally, but many more use informal ICE-style evaluation methods for selecting intersection
designs.41 Importantly, SPICE was developed from FHWA’s ICE efforts, which highlights the
interaction between FHWA's IID program and the ICE program.

While FHWA contributed to appropriate design selection through their efforts with ICE, States did
have some mixed results in the appropriateness of the innovative designs that were selected for
deployment. One potential signal of inappropriate deployments is the extent to which IIDs are
removed after deployment. If FHWA promotional activities were too strong, they may have induced
States to deploy IIDs in areas where they are not best suited. One State interviewee was thankful
that FHWA was not prescriptive and did not pressure them to adopt designs, while another State
interviewee was concerned that some designs were too heavily promoted, particularly the DDI.42

An appropriate target for FHWA, in terms of measuring the impact of their promotional efforts, is that,
in some small number of cases, agencies find that the IIDs do not perform better than conventional
designs because this would mean that IIDs were being deployed up to the point where the marginal
benefit of deployment is zero. Alternatively, if IIDs were being removed regularly then it would
potentially signal that agencies are being pressured to deploy or are misinformed about whether the
design was, in fact, the best alternative.

While some IIDs have been removed since their deployment, removal of IIDs is not a frequent
occurrence. Based on the deployment scan and literature review of this evaluation, at least seven
IIDs, of which five were RCUTs and two were MUTSs, have been removed. In some cases, the decision
to remove the IID was based on separate changes to the roadway that made the particular design
ineffective or inappropriate, such as the removal of RCUTs where one of the intersecting roadways
was being converted to a restricted-access roadway (as was the case in the aforementioned BUILD
grant).

40FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.

41State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

42State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019; State transportation agency employee; phone interview
conducted by evaluation team members Jonathan Badgley and Kendall Mahavier in May 2019.
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Another signal of whether IIDs are being appropriately deployed is whether deployers are satisfied
with the performance of their IIDs. Alternative Intersection Design and Selection surveyed all

50 States about how they would rate the performance of their lIDs on scale of 1 to 10, with

1 meaning outstanding and 10 meaning poor.©9 The results show that IID deployments are rarely
regretted. DDIs were the most frequently rated of the designs and the most consistently highly rated,
with the lowest score being a 5 and the average score being 8.4. Nineteen States rated their DDI
performance at 9 or 10. RCUTs were rated by 18 deployers and similarly favored with an average
score of 8.2 out of 10. MUTs were rated by 14 agencies with an average score of 7.4. DLTs were
rated by 12 States and had the lowest average score of all 1IDs, 6.3. Two States rated their DLT
performance lower than 5, which could suggest a bimodal experience. DLTs are not as favored as
the other designs but are still positively rated on average.

4.5 Evaluation Area Five: Safety, Mobility, and
Construction-Cost Impacts

The logic model developed for this evaluation suggests that FHWA research and outreach led to a
positive ROl on FHWA's research investment in 1IDs. This return is the result of increased and
appropriate 11D deployments that generated safety, mobility, and construction-cost benefits relative
to conventional intersection and interchange designs. The specific hypotheses for this evaluation
area were:

o |IDs led to a reduction in number of crashes at intersections, reduction in the number of fatal
crashes at intersections, reduction in the number and severity of injury crashes at
intersections, and a reduction in the number of crashes downstream of 1ID intersections.
[IDs led to reduction in environmental impacts from intersections.

[IDs led to improved operational performance at intersections.

[IDs led to a reduction in construction costs compared to conventional intersection designs.
[ID research has a net positive ROI.

These hypotheses are laid out in Table 2 in section 2.1. These hypotheses are addressed collectively,
not addressed individually, in this evaluation area because they were evaluated as a group. The
findings laid out in this section collectively address these hypotheses.

In the next section, Overview of Findings, a summary of findings for this overall evaluation area,
followed by more detailed analysis, is presented. Finally, the evaluation team conducted an ROI
analysis using conservative assumptions about the benefit of each 11D and the role that FHWA played
in the deployment of IIDs in the United States. This particular finding is inferential and provisional,
and it should not be interpreted as a fact about the specific value of the IID program.

Overview of Findings

FHWA's research and promotion of IIDs led to a positive ROI from IID deployment through increasing
IID deployments that had better outcomes relative to the design alternatives in safety, mobility, and
construction cost.

Safety impacts are the largest share of these benefits. Relative to conventional intersections, 1IDs
significantly reduce crashes (particularly fatal crashes), resulting in substantial life and cost savings.
Mobility benefits are the most important factor States consider when making intersection investment
decisions, and IIDs provide substantial mobility benefits in terms of reductions in the average
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seconds of delay (or travel time) for vehicles passing through the intersection. Finally, agencies
consider construction costs, but it is not the most important factor in deciding whether to deploy an
[ID. However, depending on the IID and whether the construction is new or a retrofit of existing
infrastructure, IIDs can provide substantial construction-cost savings relative to conventional
intersections. Construction-cost benefits can be on the order of millions of dollars of savings
compared to conventional alternatives. The evaluation reviewed the literature for environmental
impacts, but information regarding emissions reductions or lifecycle environmental impacts was
limited and is not included in this report.

The ROl on FHWA's research and outreach investment was calculated using a back-of-the-envelope
calculation that assumes an average safety, mobility, and cost-savings benefit for each IID
deployment identified in the deployment scan (as discussed in section 4.4). Using modest
assumptions for the number of IID deployments to which FHWA research or outreach contributed,
the results of the analysis show that FHWA research and outreach induced significant ROI, on the
order of millions of dollars of benefits.

Detailed Findings Summary

Finding 5a: lIDs led to a reduction in construction costs compared to conventional intersection
designs.

In many contexts, 1IDs are capable of providing substantial construction-cost savings compared to
conventional intersection and interchange designs. IIDs are neither appropriate in all contexts, nor
do they always improve safety, mobility, and construction-cost savings. Selecting the appropriate
design for a site requires making trade-offs between relative gains in safety, mobility, and
construction costs compared among the various alternative designs considered. Table 11 shows the
results of the evaluation scan of 1ID construction costs compared to conventional intersections. The
reported lowest, average, and highest cost savings are calculated as the construction cost of the
conventional intersection minus the construction cost of the IID.
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Table 11. 1ID construction costs compared to conventional intersection and interchange
alternatives.

Number of

Construction Type/ Lowest Cost Average Cost Highest Cost

Comparison Design | Estimates Savings ($)* Savings ($)* Savings ($)*
DDI All 17 -12,000,000 4,502,647 42,000,000
DDI New 9 -12,000,000 -2,045,000 11,410,000
DDI Retrofit 8 1,750,000 11,868,750 42,000,000
RCUT All 6 -3,350,000 4,116,000 22,764,000
RCUT Conventional 4 -3,350,000 -1,067,000 1,032,000
RCUT Grade separated 2 6,200,000 14,482,000 22,764,000
DLT Grade separated 5 -5,955,000 17,209,000 33,000,000
MUT All 6 -1,190,000 9,840,000 28,300,000
MUT Conventional 3 -1,190,000 313,000 2,539,000
MUT Grade separated 3 4,900,000 19,367,000 28,300,000
Mini-RA Conventional 2 600,000 700,000 800,000

*Positive values represent construction-cost net benefits for lIDs relative to comparison design. Negative
values are possible when the construction costs of 1IDs are greater than their conventional alternatives.

As Table 11 demonstrates, the cost benefits of DDIs depend on site specifics. While DDI cost
effectiveness depends on project circumstances, retrofit DDIs provide substantial cost effectiveness
in most contexts. Expanding, raising, and rebuilding interchanges can become extremely costly, and
for contexts in which vehicle-volume growth is expected to exceed or change to exceed the DDI's
mobility-efficiency bounds, they can be more expensive in the long-run than other alternatives. One
interviewee noted the following:

“In some cases, you can use existing bridges without widening them and increase capacity by
30 percent, but then you have to improve channelization on the ramp terminals. So a project
that would have cost you maybe $20 or $30 million can be done with $2 or $3 million. The
one in Springfield, MO, cost maybe $3 million. Imagine they had to build one that had eight
lanes instead of five lanes, it would have cost $20 million. Plus, the discomfort and delays
during construction, it would take maybe 1 or 2 years to finish. Instead, the DDI was done in
6 mo. So, you can save $10 million easily per site. Even if you have to build a new one, it will
be much narrower.”43

The construction-cost benefits of RCUTs particularly depend upon traffic volume at the deployment.
RCUTs are cost competitive with conventional intersections when traffic levels do not require grade
separation. Unsignalized RCUTs are more cost competitive with conventional designs, but signalized
RCUTs are roughly comparable to conventional intersection designs. However, RCUTs have
demonstrated significant cost savings when compared to grade-separated interchanges. The
tradeoff between safety benefits and construction-cost savings is especially pertinent when
comparing RCUTs to grade separation as RCUTs dramatically, though not completely, reduce certain
types of crashes, while grade separation eliminates those same crashes but at significantly higher

43FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.
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costs. Interviewees were in agreement that the RCUT has strong construction-cost savings compared
to grade separation. One interviewee noted the following;:

“The cost difference between an RCUT and an interchange, kind of just the general cost, is
about $1 million or maybe a little less for the RCUT, and maybe around $10 million for the
interchange, and the difference is more pronounced in an urban corridor, around $30 million,
with the right-of-way. It’s a big motivator for the agency. It’s really helped the agency here.”44

One interviewee, speaking of the decisionmaking process of a local agency, described the value of
RCUTs as follows:

“Their desire was to do an interchange: ‘It is dangerous enough and we have enough serious
injury or fatal crashes.” They wanted to convert the intersection into a grade-separated
diamond interchange, and at that time, one interchange even in rural areas, would cost about
$18 to $20 million. With that same amount of money, let’s say it’s $20 million, it’s only
enough to do one interchange, but if we use the same amount of money to do an RCUT, we
can do probably 30 to 40 intersections, we’ve basically solved the safety problem at 30 to

40 intersections instead of 1.745

The cost benefits of DLT similarly depend on whether the alternative design is grade separated or
conventional. When compared to conventional intersections, DLTs may be more expensive due to
the extensive street layout, traffic-control devices, and larger footprints requiring ROW acquisition. In
some locations, higher costs were incurred due to ROW required for channelized right turns.
Interviewees were consistent about the source of costs for DLTs but also their construction-cost
benefits compared to grade separation. One interviewee noted the following:

“[Land acquisition] was an important factor, and of course, it takes a long time to purchase
the land. And it’s a very long, extensive process, so this is one of the reasons. And the other
reason is to look at the capacity improvement. Some of them gave higher capacity
improvements, others didn’t as much... [DLTs are] applicable mainly when you have balanced
flows on the opposing arterial, if you have 50-50 or 40-60 [share of directional traffic flow]
or closer to that on the opposing arterial and when it has heavy left turns. 46

Another interviewee described the benefits of DLT as follows:

“You can’t avoid $35 million on grade separation. Cost of [DLT] varies, and utility complex
matters, etc. You are going to have those nuances, but end of the day, it has been a cost
savings. Imagine a fly-over ramp in Durango as you approach downtown, not cost effective,
doesn’t fit with the community.”47

44FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.

45FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

46FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

47Practitioner; phone interview conducted by evaluation team members Jonathan Badgley and
Joshua Fowler in July 2019.
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Another interview described their strategy of using DLTs as a medium-term solution to grade
separation as follows:

“We put in a ton of [DLTs] to get another 10 years and then built interchanges. The original
[DLT] was around $7 million, and subsequent ones were cheaper than that, $5-6 million.”48

The literature review of MUT construction costs provided a number of cost estimates. Compared to
conventional intersection designs, the costs of MUTs were modest, averaging approximately
$300,000, but compared to grade-separated designs, MUTs were significantly more cost effective.
The cost benefits of MUTs were not cited by the interviewees, reflective of the limited number of
recent deployments of MUTs.

The mini-RA is generally understood to be less costly than the modern roundabout because it
requires less ROW-acquisition and pavement costs due to its smaller footprint. Construction-cost
data for mini-RAs, particularly cost data relative to conventional intersections, are limited due to the
scarcity of cost estimates. Earliest cost estimates for mini-RAs showed that they could cost less than
$50,000 (2001 U.S. dollars).®5 Mini-RAs in alternative contexts, such as part of a larger interchange
system like the relaxed bowtie system, were estimated to cost anywhere from $15,000 to
$30,000.88 FHWA estimates that mini-RAs can cost anywhere from $25,000 to $400,000 per
intersection depending largely on the capacity.(”) One interviewee corroborated the construction-cost
figures and explained what made mini-RAs less expensive than a modern roundabout as follows:

“They needed to buy less than 0.1 acres of land. It required a very small right-of-way
acquisition. And they didn’t need to relocate the storm drains. | think cost was $400,000 per
intersection, so $800,000 for two intersections.”49

Cost is a limiting factor for State and local agencies in determining which designs can be deployed
as, without the proper funding, some design alternatives are not feasible. The safest alternative, with
respect to right-angle crashes, is grade separation, where flows of traffic are separated from one
another so that collisions are not possible, but this design is also the most expensive alternative
because it requires substantial construction. Despite the obvious trade-off between safety and
mobility with construction costs, State respondents to the Alternative Intersection Design and
Selection survey reported that construction costs are not a significant factor in the decision to deploy
an intersection or interchange design.®9 Construction cost was the only factor with a significant
response rate (20 percent) of “rarely.” Consistent with this result, one interviewee noted that the
public is typically not as aware of how cost is a factor and that, in cases where an RCUT would
provide the same safety benefits at lower cost, their public preferred the more expensive grade
separation.s0

48State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.

49FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019.

50FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley and
Kendall Mahavier in May 2019.
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Finding 5b: IIDs led to a reduction in the total number of crashes, the number of fatal and injury
crashes, and the severity of injury crashes at intersections and to a reduction in the number of
crashes downstream of IID intersections.

FHWA began to pursue IIDs because they recognized that intersections were among the most
dangerous locations on U.S. roads. The evaluation of 1IDs since this time has demonstrated the
crash-reduction potential of IIDs compared to conventional alternatives. Table 12 shows the
summary statistics of the literature review of CMFs by IID and crash type. A CMF is “a multiplicative
factor used to compute the expected number of crashes after implementing a given countermeasure
at a specific site.”®8 A CMF less than 1 represents a decrease in crashes (of one minus CMF), a
value of 1 represents no impact, and a value greater than 1 represents an increase in crashes (of
“CMF minus one”).

Table 12. CMFs by IID and crash types

Count of CMFs Standard
Crash Computed or Average Deviation of Minimum Maximum
Type Reported CMF CMFs CMF CMF
DDI 0.49 0.26 0.19 1.38

Fataland 37

injury
DDI Injury 1 0.59 — 0.59 0.59
DDI PDO 27 0.62 0.21 0.28 1.20
DDI All 39 0.80 0.40 0.17 2.02
RCUT Fatal 7 0.00 0.00 0.00 0.00
RCUT Fatal and 12 0.64 0.38 — 1.53

injury
RCUT Injury 20 0.76 0.54 0.07 2.00
RCUT PDO 1 1.31 — 1.31 1.31
RCUT All 39 0.83 0.63 0.18 4.05
DLT Fatal 1 0.00 — 0.00 0.00
DLT Injury 1 0.83 — 0.83 0.83
DLT PDO 1 0.73 — 0.73 0.73
DLT All 17 1.10 0.30 0.76 1.85
MUT Injury 9 0.68 0.19 0.30 0.97
MUT All 9 0.69 0.16 0.41 0.96
Mini-RA  Injury 1 0.67 — 0.67 0.67
Mini-RA Al 2 0.25 0.25 — 0.50

—Not applicable.
PDO = property damage only.

IIDs, on average, provide substantial crash reductions primarily due to the reduction in the number
and angle of contact points.
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DDIs, on average, reduce injury and fatal crashes by nearly 50 percent, though variability is wide,
with the minimum CMF being 0.19 and maximum being 1.38 for studies reporting combined fatal
and injury crashes. One interviewee described the safety benefits of DDI as follows:

| “The ones where we’ve installed them, we’ve seen the crashes go down, | think because,
where we put them in, we had a lot of congestion due to the left running traffic. It also makes
it less severe and makes it easier for our first responders to get to them if there aren’t parked
cars anywhere.”51

RCUTs have strong safety benefits for both fatal and injury crashes. Seven study results show
complete reduction in fatal crashes after RCUT deployment. The CMFs for the study results that
combined fatal and injury and those that focused on injury-only crashes were more modest at 0.64
and 0.76, respectively. One interviewee spoke of the benefits of RCUTs in reducing the targeted
crash type as follows:

“I think we saw an 88-percent reduction in right-angle crashes, which are our more severe
crash types, mostly due to the fact that we’re eliminating that left-out maneuver that has the
most potential for a severe crash occurring. So that, in and of itself, has been one of the key
contributing factors to the safety benefits we’ve had. Since the first deployment in 2007 and
all the other deployments, | think we’ve just had one fatality tied to a J-turn, and that was a
unique circumstance.”52

The safety benefits of DLTs seem to vary significantly by their deployment and generally fall near a
CMF of 1, with the average for all crashes being 1.10. The DLT is designed specifically to reduce
left-turn crashes but may impact (may even increase) other crash types. MUTs enjoy modest crash
safety benefits compared to conventional intersections that allow left turns by crossing traffic with
CMFs slightly below 0.70. One interviewee spoke very highly of the safety potential of MUTs, saying
the following:

“The boulevard section with the MUT is the safest road cross section that we can build in [our
State] after the freeway. Freeway is number one, and then, MUT is second in safety.”*?

While crash data on mini-RAs are limited, the mini-RA is shown to have strong safety benefits with an
average CMF of 0.25. Because mini-RAs are deployed at low-volume roads with lower speeds, the
baseline crash injury severity is anticipated to be low, meaning that, although the mini-RAs have
demonstrated strong crash reductions, the total crash benefits are likely limited.

The impact of IIDs on upstream crashes, crashes that occur on adjacent intersections, was extremely
limited. One study focused on RCUTs found that there was possible crash mitigation for an
intersection adjacent to an RCUT deployment, but this mitigation was not statistically significant.(@9)
Further research into the network impacts on safety of [IDs may be a valuable research area.

51State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in June 2019.

52State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in June 2019.

53State transportation agency employee; phone interview conducted by evaluation team members
Jonathan Badgley and Kendall Mahavier in May 2019.
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| Finding 5c¢: IIDs led to improved operational performance at intersections.

[IDs can provide mobility benefits for users by allowing more efficient movement through the
intersection for a majority or all users through changing how cross-traffic left turns are made.

Table 13 shows the summary results of the literature review for mobility impacts. The table shows
the number of studies and the summary statistics for the average vehicle delay reduction or average
vehicle total travel time reduction for all vehicles moving through the intersection. These results
encompass all vehicle paths, including through traffic as well as turning lanes.

Table 13. IID mobility improvements by reductions in average delay or travel time relative to
conventional intersections.

Standard
Deviation of Minimum of Maximum of
Average of Reductions in Reductions in Reductions in
Count of Reductions in Delay or Travel | Delay or Travel | Delay or Travel
Study Delay or Travel Time Time Time
Results Time (s/Vehicle) (s/Vehicle) (s/Vehicle) (s/Vehicle)
DDI 55 (25.2) 52.3 (199.0) 135.6
RCUT 8 (103.3) 149.6 (492.0) (15.2)
DLT 58 (36.1) 37.7 (195.3) 2.2
MUT 19 (47.1) 21.1 (74.1) 0.1
Mini-RA 3 (7.4) 2.4 (10.8) (5.3)

Note: Values in parentheses are negative.

Capacity is the primary concern of agencies when considering new designs. State respondents to the
survey in Alternative Intersection Design and Selection reported that capacity was the most
important consideration when making design decisions, with 78 percent of States reporting that this
factor is “Always” or “Almost Always” taken into account.54(€9)

| Finding 5d: FHWA 1ID research and outreach efforts has a net positive ROI.

FHWA 11D research has had a net positive ROl through increased deployments of IIDs that are likely
to have provided significant safety, mobility, and cost-reduction benefits. The ROl analysis relates an
average safety, mobility and construction-cost benefit for each deployment in the deployment scan.
Because of the inherent uncertainty of the benefits, the analysis uses conservative assumptions
about the scale of those benefits. In particular, the analysis assumes the following:

o Travel-time benefits (peak hour average annual volume) are conservatively based on AADT
data in the Highway Performance Monitoring System for roadways that would accommodate
the IID type. Travel-time savings assume that all travel is personal-vehicle travel, that
conservatively vehicle occupancy is 1 rather than the 1.68 passenger vehicle occupancy
value in USDOT guidance, and that travel time is valued at the DOT recommended rate for
personal travel of $14.80/h.(71

o Safety benefits are estimated for fatal crashes only, rather than for all injury crashes, to be
conservative. Fatal crashes are assumed to occur at the national rate for fatal crashes from
FHWA'’s 2017 Highway Statistics.(® For each IID, the CMF used is the most conservative

54This is the highest rate of State respondents reporting that the factor is always or almost always
reported.
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average CMF among the fatal, injury-and-fatal, or injury crashes. In many cases, the injury-
and-fatal and injury CMFs imply less crash reduction than the CMF for fatal crashes
(particularly for RCUTs and DDIs), and thus, using these CMFs will be conservative. The value
of fatal crashes reduced uses the USDOT VSL of $9,600,000.(71

e Construction-cost benefits assume the average construction-cost difference between the IID
and the closest relevant alternatives. These figures come from published evaluations as
discussed above and shown in table 11.

The following calculations were made to scale and monetize safety and mobility impacts:

e Travel-time reduction (s/vehicle) are the average travel time savings reported in table 13.

¢ Annual travel-time reduced is calculated as the product of travel-time reduction (s/vehicle),
assumed peak-hour volume, 4 h of peak travel, 260 weekdays per year, and vehicle-
occupancy of 1 all divided by 3,600 s (to convert the result into hours).

¢ Annual-crashes reduced per year assumes the fatal-crash rate reported in FHWA’s 2017
Highway Statistics per 100 million vehicle miles traveled multiplied by the number of
rush-hour vehicles.(©0)

Table 14 shows these calculations and the inputs for each 1ID. The benefits of each 1ID deployed can
be calculated using the average safety, mobility, and construction costs for each IID type. For
instance, based on the results of Table 14, the annual undiscounted benefit of a DDl is $323,232 in
travel-time savings, $299,520 in fatal-crash savings, and a one-time construction-cost benefit of
$4,502,647. In total, a DDI can be expected to provide $5,125,399 in benefits relative to a
conventional interchange in the first year and an undiscounted $622,752 in safety and mobility
benefits annually thereafter.
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Table 14. Assumed annual average benefits per IID deployed.

Assumed
Peak Hour Assumed
Travel- Annual Annual Fatal Crash Annual
Time Average Annual Travel-Time Rate (per Annual Fatal | Fatal-Crash
Reduction Vehicle Travel Time | Savings Per 100 million Crashes Savings per
(s/Vehicle) Volume Reduced (h) IID ($) CMF (Fatal) VMT) Reduced Year ($)
DDI 25.2 3,000 21,840 323,232 0.8 0.48, urban  0.031 299,520
interstate
RCUT 103.3 1,000 29,842 441,665 0.83 1.34, urban  0.010 99,840
principal
arterial
DLT 36.1 2,000 20,858 308,695 1.1 1.04,urban  0.021 199,680
minor
arterial
MUT 47.1 2,000 27,213 402,757 0.69 1.34,urban  0.021 199,680
principal
arterial
Mini-RA 7.4 200 428 6,328 0.25 0.74,urban  0.002 19,968
local

VMT = vehicle miles traveled.

August 2021

Average
Construction
Costs
Relative to

Baseline per
IID Deployed
($)

4,502,647
1,067,000
17,208,933
9,839,911

700,000
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A share of the benefits of lIDs are assumed to be due to FHWA'’s influence in acceptance, adoption,
and ultimately deployment. This share reflects the impact of FHWA's efforts, which can be thought of
as how many of these designs would not have been deployed or not have been deployed as soon as
they were without FHWA'’s contributions. The analysis assumes a conservative 10 percent as the
share of the contribution FHWA made that ultimately impacted State and local agencies to deploy
[IDs. Table 15 shows the cumulative 1IDs deployed in the United States since 2009 that are assumed
to be due to FHWA'’s contributions, assuming 10 percent of all deployments would not have occurred
but for FHWA'’s influence. The evaluation team chose 2009 as the starting year of the analysis
because that is the year the 2010 All Report was released.®

Table 15. Cumulative IIDs deployed in the United States since 2009 assumed due to FHWA'’s
influence (10 percent of 1IDs), by IID Type.

1.7 — — 0.4 2.2

2009 0.1

2010 0.5 3.9 0.2 = 0.5 51
2011 1.2 6.1 0.6 0.1 0.6 8.6
2012 2.0 7.3 0.8 0.3 1.5 11.9
2013 3.5 8.2 0.9 0.9 24 15.9
2014 4.6 9.7 1.2 0.9 4.0 20.4
2015 6.7 10.3 1.7 1.1 4.6 24.4
2016 8.8 10.7 1.9 1.2 5.8 28.4
2017 10.0 11.0 2.0 1.2 7.2 31.4
2018 10.8 11.2 2.2 1.3 7.8 33.3
2019 11.5 11.3 2.3 1.3 8.3 34.7

—Not applicable.

Table 16 shows the annual cumulative benefits from safety, mobility and construction costs that can
be attributed to FHWA'’s research and outreach efforts under conservative assumptions about the
benefits for each IID and FHWA'’s contribution. The total benefit is approximately $200 million with
roughly half of these benefits coming from DDI and RCUT deployments. Even assuming 5 percent of
the lIDs were influenced by FHWA'’s efforts instead of 10 percent (as shown in table 16), the total
benefits (approximately $100 million) would far exceed FHWA's spending.
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Table 16. Cumulative annual benefits of 1IDs attributable to FHWA (10 percent) under conservative
assumptions, by IID type.

2009 512,540 893,342 290,518 90,283
2010 2,624,975 1,128,873 3,543,462 — 373,666 5,413,230
2011 6,524,130 173,093 10,732,060 1,044,235 459,444 18,586,776
2012 11,371,752 2,499,493 14,580,547 3,192,948 1,128,887 32,773,627
2013 20,305,354 5,979,533 16,758,977 9,639,088 1,821,997 54,504,950
2014 28,122,925 9,631,630 22,531,708 10,181,282 3,047,181 73,514,726
2015 41,750,922 14,568,931 32,000,412 12,811,945 3,588,142 104,720,351
2016 56,686,698 19,936,233 36,408,111 14,518,861 4,580,657 132,130,561
2017 68,317,395 25,572,687 39,145,755 15,241,786 5,749,987 154,027,609
2018 78,645,234 31,424,142 43,705,966 17,008,946 6,375,095 177,159,382
2019 88,958,735 37,436,447 46,596,122 17,792,114 6,943,350 197,726,768

—Not applicable.

Under these conservative assumptions about the impact of IIDs and the role that FHWA played in 1ID
deployment, it is highly likely that FHWA IID research has had a positive and significant ROIl. While
the figure of FHWA'’s total spending on research and outreach was not available, FHWA was able to
provide cost estimates for some of the IID project outputs. For FHWA R&D research products, FHWA
estimated spending $0.25 million on the 2010 All Report, and an average of $0.05 million on each
of the five TechBriefs.(315-19) The recent FHWA original research project on mini-RAs was estimated
to cost around $0.35 million, and the costs of ongoing research projects from 2014 to the present
were estimated to total around $1 million. For outreach efforts, particularly EDC-2, FHWA estimated
spending of roughly $1.25 million to develop the information guides, brochures, videos, case
studies, workshop materials, and so on. Particular estimates of the early research products or the
outreach efforts of FHWA'’s Resource Center were not available. However, a rough but reasonable
estimate of the total cost of the 1ID program since early 2000s is $4.0 million. Therefore, under the
conservative assumptions about FHWA'’s role in 1ID deployment, the agency’s IID program yielded
societal benefits (in avoided crashes and delays and other cost savings) of up to $50 per

$1 invested ($200 million/$4 million). Readers should exercise caution with these results as they
are not official in that the deployment-benefit and program-cost values have not been discounted
and, therefore, do not reflect the time value of money. The program costs mostly predated the
realization of benefits so that the benefits are strictly higher than the program costs in undiscounted
value.
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5. Recommendations

FHWA 11D research and related activities took place over a decade and half and spanned the range
of the technology-adoption lifecycle. The number of IID deployments has significantly increased over
this period. However, despite this significant growth, room for improvement remains. To further
increase the value of FHWA safety research to FHWA and its wider community of partners and
stakeholders, the evaluation team offers the following recommendations for FHWA’s consideration.

Recommendation 1: FHWA should consider working with State or private partners to develop a
more reliable, comprehensive national map of intersections that identifies the intersection design
and other key features of the intersection that are relevant for both researchers and practitioners.

FHWA has generally been reliant on unofficial or third-party websites to track deployments of
innovative technologies. The deployment tracking of this evaluation relied on three separate sources
that were of limited reliability and required substantial effort to validate and complete. A lack of
robust national intersection data frequently limits attempts to evaluate the adoption and deployment
of new technologies, not just intersection designs, and especially limits the ability to make informed
choices about where to deploy Federal resources. Creating a database of intersections would enable
analyses of intersection designs by both researchers and practitioners. Researchers could use the
intersection database to connect intersection designs to safety data from the Fatality Analysis
Reporting System or other sources, while practitioners could use the database to identify
intersections across the nation that are similar to their intersections and devise best practices based
on the geometrics and issues faced at a particular intersection.

The intersection map would not have to be created completely in-house; FHWA could coordinate and
consult with various third-party vendors to help create the foundation of the database. The creation
of the database would likely require substantial time and effort to develop initially. To reduce the
potential burden of this effort, the database could start with interchanges as there are fewer of those
than intersections, and then, as new data are available, the database could be expanded to include
intersections. Ultimately, such an effort would require resources to develop, and FHWA should
explore the value of this resource with stakeholders to determine whether it would be cost beneficial.
Further, FHWA should explore cost-effective methods of maintaining this database. Such methods
could include reliance on State reporting or other third-party transportation technology firms that
regularly generate similar data. For many potential users, the benefit of access to a national
database would exceed the minimal cost of contributing information about new deployments.

This recommendation builds on a recommendation from the Roundabouts R&T Evaluation Report as
well as a recommendation from Alternative Intersection Design and Selection.(1169 Although the
specific recommendation differs across these reports, the general theme of increasing data
availability on intersection designs is consistent.

Recommendation 2: FHWA should promote consistency in nomenclature and definitions whenever
possible and carefully consider the marketability of various terms.

The evaluation team noticed that the intersection designs often have alternative names and,
preferred terminology and the exact definitions of the terms are inconsistent across the country. One
State may call it an RCUT, another may call it a superstreet or J-turn, and a third may use all terms
interchangeably. During this evaluation’s interviews, the evaluation team would sometimes have to
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offer a few alternative names to ensure that the interviewee correctly understood which design
to discuss.

Differences in terminology are often a common aspect in early exploration of new areas, however,
now that these designs are beginning to experience more widespread deployment, it is important to
ensure researchers and practitioners are using the same terminology. Use of different names can be
a barrier to information sharing. If one researcher calls it a “continuous-flow intersection” and the
other calls it a “displaced left turn,” the researchers may remain unaware that the other’s research is
relevant for the same design. In particular, this can be problematic for a practitioner who is trying to
learn more about a design for the first time—if their first introduction to a design is that it is called a
“Michigan left,” they might not know to search for “median U-turns” as well. Additionally, Different
terms can create the erroneous impression that there is some (subtle) difference between the
designs when there is not. Where there are subtle differences between the designs, FHWA can
contribute to shaping the terminology to ensure consistency.

Using terms and nomenclature in accordance with existing industry standards or establishing new
standards will enhance the research work being done on IIDs. As an industry leader, FHWA could
play an important role in trying to ensure that researchers and practitioners across the country use a
more standardized naming convention for intersection designs. Relatedly, FHWA should consider the
branding issues that may arise from their choice of naming conventions. The IID program began as
the “Alternative Intersection Design” program, and as one interviewee noted, FHWA “branded that
wrong.”1 The word “innovative” is likely more appealing to State agencies, the general public, and
other stakeholders than the word “alternative.” As FHWA invests in new areas and technologies, the
evaluation team encourages FHWA to use standardized terminology that carefully considers what
terms will be the best for marketing and branding.

Recommendation 3: Building on the existing FHWA Focused Approach to Safety, which is a
data-driven approach to selecting Intersection Focus States, FHWA should consider developing an
additional level of strategic targeting and marketing that considers qualitative aspects of
technology diffusion, such as information-sharing networks among States and technology
champions.

FHWA has long used data-driven approaches to identify States for targeted intervention, such as
through the Focused Approach to Safety. FHWA should build on this data-driven approach to include
another strategic layer that considers qualitative aspects of a State that would make it an ideal
target for Federal intervention. A data-driven approach would include considering States’ receptivity
to new technologies and the level of influence that States have on other States. When developing
marketing and outreach for new research products, FHWA should consider mapping States’
information sharing networks so that they can leverage States that are considered influential or
knowledgeable and who other States look to for guidance. For instance, a number of States had
champions of particular lIDs that were influential in increasing IID awareness, adoption, and
deployment. Missouri was an early leader in deployment of both roundabouts and DDIs, Utah is a
leader with DLT deployments, North Carolina is a leader with RCUT deployments, and Michigan is a
leader of MUT deployments. This evaluation was not able to uncover which States are generally the
most influential in the realm of intersection design, but further interviews with State DOTs could
likely provide this information. If FHWA mapped the network of information sharing that occurs
between States, then it would be easier to target the States that are most likely to be able to inspire
other States to try a new design or technology. For example, many States use California DOT’s

1FHWA employee; phone interview conducted by evaluation team members Jonathan Badgley,
Kendall Mahavier, and Sean Peirce in April 2019
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benefit-cost analysis tool, Cal-BC, for benefit-cost analyses, and while the tool can be used to
analyze many highway-infrastructure investments, it does not currently include intersection
improvements, like IIDs, among the potential investments.®1) FHWA could encourage the inclusion of
FHWA research products in widely used State-developed tools and resources, such as Cal-BC, thus
leveraging States’ influence among other States.

This approach could be part of a larger strategy of managing FHWA resources more effectively. Given
limited funds, FHWA can define the optimal level of deployment of new research designs relative to
its deployment goals and available resources. Data-driven objectives such as defining the target
number of deployments, the target number of deploying State, the target number of influencers who
have adopted the technology, or the funding threshold would help guide FHWA in its research and
outreach efforts.

Once the deployment target is met or the allocated resources are expended, FHWA can suspend or
reduce efforts in promoting those research products and redirect resources to other projects. This
approach could help reduce the possibility of designs being over deployed in areas where they are
not the best option and under deployed in areas that could benefit from the design. FHWA does not
currently appear to have any formal process by which they can evaluate the ROI of continued
outreach on existing research versus investing in research on new concepts. Developing such a
process could help ensure that resources are spent efficiently and that FHWA is having the largest
impact possible.

Recommendation 4: A series of additional guidance is typically needed for new intersection
designs. FHWA should continue to develop guidance for all users who may interact with a new
technology and, to the extent possible, plan for development of that guidance as early in the
design and testing phases of the research as practicable.

With intersection designs, it is not enough to provide guidance solely on the specific design
elements. Rather, multiple other types of guidance are important for maximizing safety, promoting
outreach, and maximizing deployment. Although the majority of users of a new intersection design
may be passenger cars, several other types of users should also be considered, including
pedestrians, bicyclists, trucks, tractors, and other unique vehicles. Guidance for all these users will
aid State agencies in convincing the public that these designs are worth adopting, and this type of
guidance was something that FHWA was lacking in the early days of IID deployment. While these
users often represent only a small share of total users, if not addressed, their concerns can delay or
stop a deployment.

Another area to be considered is nontransportation impact, such as guidance on how a new design
may impact property access and local traffic patterns. While the ultimate analysis of property-access
and traffic-pattern impacts must be determined and valued by the agency, these areas of concern
are often barriers to deployment and may be overcome through additional FHWA guidance.
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6. Conclusion

This evaluation found strong evidence that FHWA research and outreach activities aided in State and
local agencies’ acceptance, adoption, and deployment of 1IDs over and above what would have
occurred in the counterfactual of no FHWA research or outreach activities. FHWA substantially
increased the amount (and, in some cases, the quality) of IID research, demonstrating the safety,
mobility, and construction-cost benefits of lIDs relative to conventional intersection and interchange
designs. FHWA'’s outreach efforts in technical assistance and workshops increased awareness of
[IDs and increased the adoption of [IDs as countermeasures across a wide number of States.
FHWA'’s leadership in researching and promoting IIDs through contributing to developing national
design standards for their implementation and identifying 1IDs as FHWA Safety Countermeasures
increased confidence in [IDs among stakeholders.

FHWA successfully leveraged existing resources, such as research and existing 11D deployments to
produce high-quality research products. FHWA R&T IID-research products were produced in
coordination with stakeholders across FHWA and State DOTs, especially across Safety R&D, the
Office of Safety, and the Resource Center. FHWA provided a consistent message about the benefits
of IIDs by including them in major initiatives and programs, including EDC-2 and the 2017 round of
Proven Safety Countermeasures.(5:10) FHWA further enhanced its influence and reach on lIDs by
actively participating and exchanging with the research and stakeholder communities. Such
participation included TRB papers and presentations, along with other presentations, training, and
technical assistance for transportation professionals. FHWA also provided materials, such as
brochures and videos, to help State and local agencies convince the public and other stakeholders
that IIDs were worth deploying. These efforts helped change awareness and acceptance of [IDs
across the United States.

[IDs have seen considerable growth in the total number deployed in the past 20 years. However,
areas for potential deployment growth for 1IDs remain. The number of intersections and interchanges
that are constructed or reconstructed each year are expected to grow as aging infrastructure needs
to be replaced. IIDs, like DDIs and DLTs, can be used as a stopgap to provide safety and mobility
benefits in the short term, when funding for larger intersection and interchange reconstructions is
unavailable. RCUTs, MUTs, and mini-RAs are low-cost solutions for intersections with safety issues
and can be used in thousands or potentially hundreds of thousands of locations across the United
States. To increase the number of 1IDs and to ensure they are deployed only in contexts in which they
are the best alternative, FHWA should continue cooperating and partnering across the safety
discipline and with the broader stakeholder community to ensure that States are supported from
early research through awareness and implementation.

The evaluation team’s findings underscore how important FHWA national leadership on a specific

topic, foundational and ongoing research, and the dissemination of resources are for educating and
supporting internal and external stakeholders, leaders, and other decisionmakers.
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Appendix. Deployment-Scan
Discrepancies

The deployment scan of this evaluation and Alternative Intersection Design and Selection
established the number of 1IDs deployed by States in different ways so that the consistency of the 11D
counts could only be partially substantiated.(©9 The survey in Alternative Intersection Design and
Selection asked State respondents to identify the number of IID deployments in each State by
ranges of O, 1-5, 6-10, 11-25, 26-50, and 51 or greater, whereas this evaluation tried to identify
and verify specific deployments by location. The evaluation team compared the Alternative
Intersection Design and Selection reported ranges of 11D deployments by State with the deployment
scan and identified any inconsistencies, which are cases in which the State says the number of
deployments (e.g., 6 to 10 deployments) disagrees with the deployment scan (e.g., only 3 of IID
deployments in that State were identified). The following is a list of the discrepancies between the
deployment scan and the survey in the Alternative Intersection Design and Selection:

e Idaho deployed an MUT in 2018, but they do not claim so in Alternative Intersection Design
and Selection.

e Alabama deployed a DDI since the survey was administered.

e In Alternative Intersection Design and Selection, New Jersey claimed to not have deployed
any lIDs, but this evaluation identified and verified, through Google Maps™, seven |ID
deployments.

e South Carolina appears to have misreported the number of DDIs deployed in the survey in
Alternative Intersection Design and Selection as their first deployment of a DDI is expected in
fall 2019.¢2)

e Oklahoma appears to have misreported the number of DDIs deployed in the survey in
Alternative Intersection Design and Selection as their first deployment of a DDI is expected in
fall 2019.3)

e Washington appears to have misrepresented the number of DDIs deployed in the survey in
Alternative Intersection Design and Selection as their first deployment of a DDI is expected in
2021.094

The deployment scan and Alternative Intersection Design and Selection reported deployments
significantly disagreed on the number of RCUT deployments as described in table 17.

77



FHWA R&T Evaluation: Innovative Intersection Design August 2021

Table 17. Difference between the deployment scan and deployments reported in A/ternative
Intersection Design and Selection.

RCUT Deployments

DE 5-9
FL 1-5
GA 25-50
IL 1-5
KY 1-5
Mi 22-46
MN 13-37
MO 5-19
NY 1-5
SC 10-25
WA 6-10
WI 6-10

IID deployments were removed for various reasons and not all due to performance issues inherent to
the design. For example, the RCUT removed as part of the BUILD grant funding discussed in

section 4.4 was removed because traffic volumes required grade separation. Six other removals
were discovered by the evaluation team in the course of the deployment scan. Two were MUTs and
four were RCUTs, and four of these removals were in Texas. Table 18 notes the removals that were
identified with the earliest year in which the IID does not appear in Google Maps, the type of IID, and
the city and State where the IID was located.

Table 18. IID removals identified in deployment scan.

2007 Houston

2011 RCUT Austin

2011 RCUT San Antonio
2014 MUT Plano

2014 RCUT West Valley City
2016 RCUT Frederick

MUT X

X
X
X
ut
MD
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