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1. INTRODUCTION

Transportation agencies use transportation systems management and operations (TSMO) to
enhance the reliability and safety of their systems. There are numerous ways to support
mainstreaming TSMO throughout transportation agencies and advancing TSMO as way of doing
business. The Federal Highway Administration (FHWA) has developed a series of White Papers
focused on mainstreaming TSMO through formal policies and processes, changes in agency
culture, advances in decisionmaking and information management, and development of business
cases for TSMO.

This White Paper discusses the decisionmaking tools and information management systems
(IMSs) used by transportation agencies and how they can support mainstreaming TSMO efforts.
Decisionmaking tools, such as decision support systems (DSSs), and IMSs facilitate more
informed decisions, which enable transportation agencies to apply TSMO more effectively,
thereby increasing its credibility and making it more likely to be mainstreamed. Although there
are limited direct examples of DSSs and IMSs beingused for mainstreaming TSMO within
transportation agencies, this White Paper provides insights from related uses of these
technologies for their potential use in mainstreaming TSMO.

DSSs and IMSs are related, and often a DSS includes an IMS component. An IMS evaluates,
analyzes, and processes an organization’s data to provide meaningful information. Typically,
IMSs focus on making an organization’s internal operations more efficient. A DSS is a system
that supports effective decisionmaking and decisions in specific situations.

Background

The transportation sector is rapidly changing while increasing in complexity with respect to data,
functions, and decisions. In addition, the workforce is changing and required skills are
fluctuating. An organization is composed of personnel, infrastructure (including software), and
activities. This White Paper focuses on the organizational aspects of decisionmaking, DSSs, and
IMSs. These components are all interrelated within an organization’s overall operation. Workers
and executives have to manage the daily barrage of information to make decisions. Information
related to these decisions and across different activities (knowledge) has to be stored and
managed. As data and tasks become more complex and computing power more sophisticated,
DSSs are developed to facilitate decisionmaking. Similarly, increased computing power and
sophistication have led to the development and use of various IMSs that provide the backbone to
DSSs and other software and are a resource for managing employee knowledge (especially in a
time of increasing turnover and background training variability).

These three components (decisionmaking, DSSs, and IMSs) roughly coincide with the notion of
people, processes, and infrastructure connected in any range of activities in an agency. TSMO
cuts across the range of activities at an agency and is often at the cutting edge of computer
systems and technology. Consequently, efforts to mainstream TSMO throughout an organization
will often touch on each of these components, ranging from decisionmakers in an array of TSMO
settings to utilizing DSS for TSMO applications and to relying on IMSs to organize the wealth of
data brought in by TSMO activities.

Effective TSMO requires transportation staff from different disciplines to make decisions across
arange of activities, including planning, operations, maintenance, and performance management.
DSSs and IMSs backed by relevant data can be strategically applied in all these activities to
increase the desired outcomes of TSMO for users of the transportation system. These successes
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increase the awareness and acceptance of TSMO, which promotes the integration of TSMO
throughout an agency. The incorporation of TSMO or TSMO considerations into agency DSSs
or IMSs helps connect TSMO to larger agency processes and decisionmaking. For example,
including ITS and other operations-related assets within an asset management system helps to
mainstream TSMO into a department of transportation’s (DOT’s) asset management activities.
Below are four major areas where DSS and IMS can help integrate TSMO into decisionmaking;

e Planning. TSMO can be better integrated into the transportation planning process and
other agency planning activities with information management tools and data that help
agencies consider TSMO in connection with mobility and safety needs and solutions.
This could be a geographic information system (GIS) tool that combines layers of data
for congestion, safety, air quality, and other needs so that investment decisions involve a
consideration of multiple factors. Additionally, access to high-quality system
performance data allows planners and operators to determine the needs for TSMO
strategies and evaluate TSMO strategy effectiveness. Data can also support the benefit-
cost analysis of potential mobility solutions and help make the case for TSMO strategies.

e Operations. To effectively manage the efficient and safe flow of people and goods,
transportation system operators must make tactical decisions on when, where, and how to
use operations assets, such as ramp metering, dynamic message signs, dynamic lane use,
signal timing regimes, and other system management levers. Many transportation
management centers use DSSs to support or automate some of those decisions based on
the current roadway situations and historical data. These systems help turn data (real-time
and historical) into actionable information. The more effective these actions are, the more
agencies will turn to TSMO to address transportation issues. As discussed in the next
chapter, integrated corridor management (ICM) and active transportation and demand
management (ATDM) often rely on DSS to support real-time management.

e Maintenance and asset management. Applying asset management processes, databases,
and DSSs to TSMO assets improves asset reliability and uptime, which is necessary for
effective TSMO strategies. As mentioned above, integration of TSMO assets with the
management of other transportation assets helps mainstream TSMO.

e Performance management. The intelligent transportation systems (ITS) underlying
many TSMO activities generate a lot of data that can be used in agency scorecards and
performance management efforts. These data can help demonstrate the cost-effective use
of resources and before-and-after effects of projects, such as TSMO, infrastructure
improvements, safety countermeasures, and others. These data support overall agency
performance management decisions.

Objectives

This paper explores how decisionmaking, DSS, and IMS may be mechanisms to help integrate
and mainstream TSMO within transportation agencies. Data, DSSs, IMSs, and the supported
decisionmaking processes can enable or hinder mainstreaming TSMO within an integrated,
collaborative organizational culture at transportation agencies. Agency culture impacts and is
impacted by the data gathered, analysis performed, information managed, and decisionmaking
processes (along with relevant DSSs) of the staff and leadership that comprise the organization.




This White Paper begins with an introduction in Chapter 1. Chapter 2 presents an overview of
DSSs as tools to aid decisionmaking and connects this broader background to specific
transportation agency uses of DSS. It also includes a discussion of the use of DSS with more
advanced TSMO strategies (e.g., integrated corridor management, active transportation and
demand management) and how those initiatives can help mainstream TSMO. Chapter 3 focuses
on the broad area of IMSs, including the role of big data and their use among transportation
agencies. Chapter 4 concludes the Paper with factors that agencies may find helpful to consider
when looking to use IMSs and DSSs to support mainstreaming TSMO.

Intended Audience

This White Paper is written for transportation agencies—State DOTs and local and regional
agencies who work in coordination with State DOTs—interested in mainstreaming and
integrating TSMO into agency-wide activities. It is specifically aimed toward TSMO leaders,
department heads, or functional unit leaders. It is intended to help agency personnel in multiple
disciplines, not just TSMO and operations staff, understand ways TSMO can complement and
integrate with their business practices. Information technology (IT) and data staff within
transportation agencies can use this paper to understand their connections to mainstreaming
TSMO.

Why Mainstream TSMO?

Transportation agencies have focused on the design, construction, and maintenance of
transportation facilities. TSMO expands this focus by looking to operational improvements to
existing facilities to maintain and restore system performance before adding physical capacity.
Mainstreaming in the context of business processes is defined as “[P]roducts and services which
are readily available to and appealing to the general public, as opposed to being of interest only
to a very specific subset of the public.” (Business Dictionary 2020) Mainstreaming TSMO makes
management and operations strategies readily understood, considered, appealing, and available
to the system users (public) as well as to agency leadership and staff, regardless of where they sit
in the organization.

Typically, TSMO has been initiated in operations and maintenance business areas within
transportation agencies, often evolving with ITS technologies and functions that involve ITS
deployment programs and other operations (e.g., maintaining signal systems, and detecting and
clearing incidents). Mainstreaming TSMO allows a broader range of strategies to be integrated
throughout transportation departments and related agencies and organizations. Mainstreaming
TSMO engages planners, designers, operators, and system users (public and private sector), and
touches all aspects of mobility, including congestion, air quality, sustainability, safety, security,
reliability, and related quality of life concerns. The goal of mainstreaming is to routinely
consider TSMO strategies as solutions of equal substance with other options for improving
transportation system performance and addressing transportation needs within a community or
region.







2. DECISION SUPPORT SYSTEMS AND MAINSTREAMING TSMO

Organizations can implement efficient and consistent decisionmaking processes to assist
decisionmakers at every level with managing the overwhelming amount of data and information
they encounter daily. A variety of factors and biases can negatively affect individual
decisionmaking, but the effective use of DSSs can allow transportation agencies to circumvent or
eliminate these biases. This chapter provides examples of how organizations can use DSSs. The
factors and biases that can impact individual decisionmaking are described in Chapter 5.

Decision Support Systems

There are tools that can provide support throughout the decisionmaking process. DSSs can help
transportation agencies make decisions more efficiently and reduce the effect of human bias on
decisionmaking. To support mainstreaming TSMO, DSSs can aid in planning, operations,
maintenance and asset management, and performance management.

DSSs generally consist of three components: (1) the data/knowledge base, (2) the model (criteria
and decision context), and (3) the interface. (Haettenscwhiler 1999, Marakas 1999) Most
implementations neglect the context, which is also critical to how the DSS integrates with the
organizational framework. (FHWA 2018) Decision support tools are also used at the leadership
level to support cultural change.

DSSs are defined as computer-based information systems that support business or organizational
activities and are fully computerized, human-powered, or a combination of both. (FHWA 2018)
DSSs can also occur in a range of technology levels, from mechanical to digital. Within a
transportation context, a traffic simulation model is an example of a tool that supports data
analysis. Although a traffic model is not a “system,” it produces information that supports the
process of making decisions. A range of decision support tools is deployed within a
transportation context and used to manage and control traffic as well as coordinate amongst staff
members and outside stakeholders.

Applying DSSs in transportation, as stated by Lukasik etal. (2011), can support a variety of
real-time traffic management activities, including:

e Traffic incident response strategy assessments.

e Online travel information systems.

e Predictive travel time calculations.

¢ Dynamic route guidance.

e Adaptive ramp metering using predictive traffic congestion algorithms.
e Intelligence-based transit DSS.

¢ Dynamic emergency vehicle routing.

¢ Emissions management.

e Urban and interurban congestion management.

e Security threat mitigation and large-scale evacuation management.




Transportation Agency Uses of Decision Support Systems

Numerous recent examples exist of DSS in transportation (specifically transportation
management systems), though most do not have a direct link to mainstreaming TSMO. The
research for this White Paper found decision support tools available at the national level to
support the integration of TSMO into other functions of a DOT, which can support
mainstreaming TSMO. Interviews with State DOTs for this paper also uncovered decision
support tools specific to State DOTs that help them mainstream TSMO.

Table 1 provides a sample list of decision support tools available to all transportation agencies
that can support mainstreaming TSMO within specific functional areas of a DOT.

Table 1. Sample decision support tools to support mainstreaming TSMO.

Functional Area Decision Support Tool

Environment FHWA offers a web-based tool, INVEST (Infrastructure Voluntary
Evaluation Sustainability Tool), to support transportation agencies in
assessing and evaluating projects and programs that are
economically, socially, and environmentally sustainable. Agencies
can evaluate TSMO investments within the operations and
maintenance area of the tool. Agencies are rewarded within the tool
for putting in place operational strategies, integrating TSMO into
design, and monitoring progress toward specific goals.
(https://www.sustainablehighways.org/)

Design The Reliability by Design tool, developed as part of the second
Strategic Highway Research Program, can help agencies determine
how design strategies can improve travel-time reliability. It is a
spreadsheet-based analysis tool that helps agencies estimate the
effectiveness and comparative economic benefits of design treatments
at specific locations. The tool is available for download.
(http://www.trb.org/Main/Blurbs/169768.aspx)

Safety The FHWA Intersection Control Evaluation (ICE) tool is a data-
driven, performance-based framework that supports agencies in
evaluating their intersection configuration and control options. It
assists agencies in balancing operational, safety, and multimodal
objectives. (https://safety.fhwa.dot.gov/intersection/ice/)

Planning PlanWorks is a web resource that provides decision support in the
areas of long-range planning, programming, corridor planning, and
environmental review. Developed by FHWA, it offers a decision
guide to support linking planning and operations.
(https://fhwaapps.fhwa.dot. gov/planworks/Application/Show/7)

In addition, TOPS-BC is a sketch-planning-level decision support
tool developed by the FHWA Office of Operations. It is intended to
provide support to transportation practitioners in benefit/cost analysis
for a wide range of TSMO strategies. The tool was developed with
the primary purpose of screening multiple TSMO strategies and for
providing “order of magnitude” benefit/cost analysis estimates.
(https://ops.fhwa.dot.gov/plan4ops/topsbetool/index.htm)

Several State DOTs have developed decision support tools to mainstream TSMO in construction
management, planning, project development, and road maintenance. While mainstreaming

6


https://www.sustainablehighways.org/
http://www.trb.org/Main/Blurbs/169768.aspx
https://safety.fhwa.dot.gov/intersection/ice/
https://fhwaapps.fhwa.dot.gov/planworks/Application/Show/7
https://ops.fhwa.dot.gov/plan4ops/topsbctool/index.htm

TSMO was typically not the primary purpose of the tools, they help connect several DOT
functions to TSMO.

Florida DOT and university researchers developed a decision support tool to improve
transportation management center operations and it helps to integrate TSMO with construction
management decisions. Florida DOT, along with university researchers, fused traffic and event
data collected by regional centers with private-sector, point detector, work zone, planning,
weather, ramp metering, and managed lane toll pricing data (among others) to develop an
integrated web-based tool called ITS Data Capture and Performance Management (ITSDCAP).
(Hadietal. 2015a,2015b) The tool provides decision support for TMC operations, including
assistance in construction management. This example demonstrates the integration of existing
software and various streams of data (including operations, planning, and maintenance) to
facilitate decisionmaking to connect TSMO and construction management decisions, leading to
mainstreaming TSMO.

Similarly, Maryland DOT uses a host of advanced analysis, modeling, and simulation (AMS)
tools that support various TSMO-oriented decisions as part of TSMO planning, alternatives
analysis, engineering, and performance management. (Kim etal. 2017) Both AMS and
ITSDCAP provide decision support through the prediction of incident impacts, calculation of the
probability of breakdowns, and assistance in construction management. (Hadi etal. 2015a, Kim
etal.2017) AMS is capable of long-term travel demand planning and assessing active traffic and
ICM, which mainstreams TSMO into planning decisions. Both AMS and ITSDCAP are
comprehensive in their applicability. AMS is fast and can simulate large-scale transportation
systems at less than 1/100 real-time. In Maryland, information about incidents, lane capacity,
weather, and increased demand due to events provide the inputs to predict traffic conditions.
Maryland DOT State Highway Administration (SHA) has used the AMS tools to screen
alternatives, develop various operational scenarios, and develop TSMO strategies. Outcomes
include better traffic monitoring, road closure predictions, and relevant notifications for travelers.
(MDOT SHA 2017)

Ohio DOT developed the Traffic Operations Assessment Systems Tool (TOAST) “in an effort to
make data-driven decisions and determine operationally sensitive corridors throughout the state.”
(Ohio DOT n.d.) This tool mainstreams TSMO within the planning process in Ohio and also
integrates operations with safety and freight considerations. TOAST is an interactive spreadsheet
in which routes are segmented into the State Priority System with breaks at the urban area
boundaries, interchange center points, and road functional class changes. For each of the
categories of travel time performance, bottlenecks, incident clearance, secondary crashes, safety
performance, volume per lane, and freight corridors, TOAST normalizes the data ranges into
values of 0-10 and then multiplies them by a weighting factor. TOAST calculates the total score
for a route as a percent based on the score for each category divided by the total possible
maximum score, wherein a higher percentage indicates better route performance and a lower
percentage indicates a greater need for TSMO strategies. (Ohio DOT 2018a)

Not all DSSs require high-technology equipment or cutting-edge software. Colorado DOT
developed an operations review element to its project development checklist to help facilitate
decisionmaking. (Colorado DOT 2019) The areas of Colorado DOT maintenance, access
management, operations, safety, and ITS combine into an inter-disciplinary approach to identify
operational elements for consideration early in the project lifecycle. The TSMO evaluation has
three parts: a safety assessment, an operations assessment, and an ITS assessment. The TSMO




evaluation analyzes the project area and recommends improvements related to safety and
mobility. This process has the potential to optimize decisionmaking while utilizing a low-cost
approach.

Road weather management is a connection point for TSMO and maintenance and an opportunity
to expand mainstreaming TSMO into road maintenance within DOTs. Some DOTs have
developed and deployed programs that allow operators to plan for more appropriate signaling
and signage to keep travelers informed. Wyoming DOT developed an application that allows
maintenance personnel to report weather-related road conditions and make recommendations to
transportation center-based staff. Michigan DOT combines multiple data sources into a system
that generates real-time traveler alerts displayed on dynamic message signs. Although the
systems are quite different, both improve operating conditions during poor weather conditions.
(FHWA 2017) Utah’s predictive system generates estimates of traffic conditions and gives
operators the ability to deploy traffic signal timing plans that are most appropriate for those
traffic conditions. (FHWA 2017, FHWA 2014)

Use of Decision Support Systems for Integrated Corridor Management

ICM is heavily reliant on IMS and decision support tools to operate successfully. I[CM programs
mainstream proactive, dynamic TSMO among multiple agencies and modes within a corridor.
The data and systems required for ICM provide an opportunity to mainstream TSMO into several
areas of a DOT, including coordination with other entities, planning, safety, IT, and asset
management. Table 2 includes examples of ICM implementations.

Table 2. Examples of ICM Implementation.

How It Applies to
Agency Example Mainstreaming TSMO

Florida DOT | Florida DOT’s approach to ICM includes The DSS and IMS in Florida
developing a DSS, as well as tie-in to an DOT’s ICM approach help
information exchange network that allows mainstream TSMO across
stakeholders to view/edit events and equipment responder agencies and
status and coordinate response plans. It is support decisionmaking during
particularly important in managing traffic duringthe | incidents and construction.
Interstate 4 (I-4) Ultimate Improvement Project by | Florida DOT is using data and
using arterials to mitigate traffic congestion. Florida | performance measures to
DOT has also been developing dashboards to help illustrate the importance of
move the agency toward the increased use of ICM, | using ICM.
which has been a long-standing focus of the agency.
(Florida DOT 2018)

San Diego San Diego has a long-standing and well-developed | The institutional and technical
ICM system. The update to San Diego Forward: partnerships developed for
The Regional Plan, adopted in 2019 (SANDAG ICM can help mainstream
2018), describes the anticipated completion of the TSMO into corridor planning
next set of ICM Concept of Operations Reports. The | and operations.
reports would identify and expand on the ICM
concept for up to three new corridors, in addition t0 | 1CM is an area where the
ex1stlr}g I.—15.. T}}esg reports are a f1.rst step in . larger concept of TSMO could
establishing institutional and techmgal partnerships | e integrated early on in ICM
needed for successful collaboration in an ICM efforts and provide




How It Applies to

Agency Example Mainstreaming TSMO
environment. The San Diego Association of opportunities for it to be
Governments is also currently coordinating with the | mainstreamed as ICM 1is
California Department of Transportation (Caltrans) | expanded.
on the development of the next ICM concept by
completing the I-805 South Corridor TSMO Plan.
Iowa DOTs Iowa DOT is conducting ICM studies focusedona | Iowa DOT’s ICM initiatives
corridor around the Des Moines metropolitan area. | are in the planning stage (at
(Iowa DOT 2018) the time of this White Paper)
but provide an opportunity to
increase support and
awareness for TSMO concepts
within an agency and promote
broader mainstreaming.
Maryland Maryland DOT plans to develop ICM capabilities in | The ICM Pilot Project raised
DOT the Baltimore-Washington Corridor. Through the awareness of TSMO strategies
ICM Pilot Project, stakeholders from multiple among multiple functional
functional areas within the DOT collaborated to areas and stakeholders,
develop a concept of operations, [CM AMS plan, supporting the integration of
and a deployment approach. The functions included | TSMO. It also furthered
planning, freeway operations, roadway operations, | TSMO planning within the
emergency responders, and information providers. agency.
(Mahapatra and Singleton 2016)
The Maryland DOT SHA incorporated the
recommendations of the pilot as a set of projects in
the TSMO Master Plan. The agency has upgraded
the signal infrastructure and has active projects to
deploy ITS infrastructure and upgrade its advanced
transportation management systems to implement
these strategies. MDOT SHA is also transferring the
lessons learned from the ICM Pilot to other
corridors in the State through the TSMO Master
Plan.
Michigan Michigan DOT’s TSMO program includes funding | ICM strategies are part of the
DOT received in 2012 to implement ICM in three distinct | larger TSMO program,

corridors: I-75 in Oakland County, I-75 in Wayne
County, and I-696 in Macomb County.

including connected and
automated vehicles and active
traffic management. (Miller,
Juckes, and Adler 2018) ICM
helps to build the TSMO
program and increase its
awareness within the agency.
This may lead to increased
mainstreaming.




Use of Data and Decision Support Tools for Active Transportation and Demand

Management

ATDM strategies are part of the TSMO programs of transportation agencies and require the use
of IMSs and some type of decision support tool due to the dynamic nature of ATDM. The data
and systems required for ATDM provide an opportunity to mainstream TSMO into several areas
of a DOT, including asset management, maintenance, IT, safety, and planning. Table 3 describes
the use of ATDM in three States.

Table 3. Use of ATDM in Three States.

How It Applies to
Agency Example Mainstreaming TSMO
Washington State Washington State DOT uses an ATDM The measurable success of a
DOT strategy that includes overhead lane signs to | TSMO-related strategy,
provide motorists with advance notice of ATDM, validates the
traffic conditions. The goal of the system is | importance of TSMO in
to reduce the likelihood of collision and improving system performance,
improve traffic flow by using changeable which can lead to greater
messages signs with variable speed limits, emphasis on TSMO within an
symbols for driver direction, and warning agency and incorporation
messages related to congestions or crashes. | within other divisions.
The implementation began in 2010 as one
of the first in the country and focused on
sections of I-5, 1-90, and State Route 520.
Evaluation results showed a 14 percent
decrease in weekend collisions attributed to
unfamiliar drivers being given real-time
information. (FHWA 2017)
Ohio DOT Ohio DOT uses data and maps of safety hot | This is an example of the

spots to determine where to place safety
patrols. There is an effort underway to
replace all advanced traffic management
system modules and capture all traffic data
flow in a new data warehouse, allowing for
easier fusion of data. (Ohio DOT 2018b,
2017)

importance of IMS and use of
big data to support
decisionmaking for incident
management. This supports the
connection of TSMO and safety
within the agency.

Tennessee DOT

Tennessee DOT received $100,000 from the
State Transportation Innovation Councils
Network in 2016 to develop a data analytics
tool for its freeway service patrol (HELP
trucks) dispatch decisionmaking. The
project ties closely to the FHWA Every Day
Counts trainings on incident management
and data-driven safety analysis. !

This is also an example where
TSMO and safety are linked
through a decisionmaking tool.
It also helps elevate the
effectiveness of TSMO
strategies, which may lead to
greater mainstreaming through
the DOT.

' More information on Every Day Counts is a vailable athttps://highways.dot.gov/federal-lands/pro grams-
tribal/partners-resources/every-day-counts, lastaccessed March 28,2023.
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3. INFORMATION MANAGEMENT SYSTEMS AND MAINSTREAMING TSMO

IMSs allow organizations to collect, organize, store, analyze, and report data. They are used with
DSSs or alone to support TSMO. DSSs often have a processing module that makes
recommendations to the user. The effective use of IMSs is key to planning operational
improvements and assessing their potential or actual effects. This chapter describes general use
of IMSs in business and industry, typical data sources, the use of data, and current transportation
agency uses of IMS. It also provides ideas for agencies related to mainstreaming TSMO,
including the role of integrating an IMS with other agency systems, agency infrastructure, and
the overall context important to successfully mainstreaming TSMO with the use of IT-related
tools.

General Approaches

There are many types of IMSs that play key roles in business and industry. Information systems
in business organizations can often be grouped under one of two broader categories—operations
support systems (support of business operations) or management support systems (support of
managerial decisionmaking). (Al-Mamary, Shamsuddin, and Aiati 2014) Figure 1 provides a
conceptual diagram of the distinct type of operations and management support systems.

Information
Management
Systems
| |
e
Management Operations
\Support Systems Support Systems
I [
I N | | | | | I |
Reporting Decision Executive Specialized Transaction Process Enterprise Specialized
Information Support Information Processing Processing Control Collaboration Processing
forManagersj Systems Systems Systems Systems Tools Systems

Provide expert
advice to

Manage
organizational

Highlight strategies Support basic
for competitive business

decisionmakers knowledge advantage functions

Source: Adapted from O’Brien and Marakas 2007

Figure 1. Diagram. Operations and management classifications of information systems.

Management decisions tend to be longer term and strategic. IMSs will support these functions in
a variety of ways, including reporting that presents tailored information for managers to make
appropriate decisions and inputs to DSSs, executive-level information systems, and specialized
processes. Similarly, there are business operations that need support, such as transaction
processing, process control systems, enterprise collaboration tools, and specialized processing
systems. These two pathways combine to provide expert advice to decisionmakers, to manage
organizational knowledge (including transmitting knowledge from retiring staff to new staff and
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training), to highlight strategies to be used for competitive advantages, and to support basic
business (usually short-term or daily) functions.

In addition, there are four types of analytics solutions in the information management area,
which all build on one another and can lead to improved performance: (IBM Software 2013,
James 2017)

e Descriptive. Data and business intelligence are used to ask questions about things that
have happened.

e Diagnostic. Data are compared to assess what might be wrong (i.e., questions related to
what might be happening that is not correct).

e Predictive. Statistical models are used to focus on questions related to what could happen
given possible scenarios (including if nothing changes).

e Prescriptive. Optimization and simulation are used to derive answers to questions related
to what should be done.

There are other ways to conceptualize or categorize IMSs, but this structure provides a useful
framework for the current discussion about TSMO efforts.

Transportation Agency Uses of Information Management Systems and Big Data

Transportation agencies have developed a variety of uses of IMS, including manipulating and
mining ever-increasing large data sources. The use of large data sets creates new possibilities for
agencies to enhance TSMO. Transportation organizations have a vast amount of data available to
them, but it is not always clear how the data are used and how different data sets relate to one
another. Within the private transportation sector, data are used to analyze traveler preferences
and habits on a macro and micro scale, optimize capacity and pricing, and predict maintenance
needs. These benefits can be translated to public sector transportation agencies as well. (IBM Big
Data and Analytics 2014) These data can beused to show the potential or actual benefits of
TSMO strategies, leading to greater consideration in planning alternatives analysis and helping
TSMO projects compete for funding.

Transportation agencies use traveler data to respond to needs in real-time. Floating travel data
are collected by Bluetooth®-enabled mobile phones, global positioning system devices, and
other technology used at the customer level. Using this information in addition to trip
information, transportation agencies can immediately map areas of traffic congestion, incidents
and lane closures, and modes experiencing substantial delays. This knowledge elicits immediate
response as well, such as rerouting given by dynamic signage, changes in pricing of toll lanes,
signal timing adjustments, and alerts to media and traveler information systems.

Eventually, real-time responses become historical data that, when analyzed, provide means to
evaluate how the operational changes mitigated issues. This continuous analysis of solutions
strengthens traffic system models and heightens reliability. The wealth of historical travel data
also enables system analysts to make predictions. Using multiple historical variables, such as
weather, traffic, time of day, and destinations, transportation system analysts can make
adjustments prior to real-time data collection. (Buckley and Lightman 2014)

Transportation studies using big data can describe the larger features of transportation systems
and also unique user experiences because outputs (e.g., destinations, speeds, and times) are not
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inferred. These measures can inform operational and physical changes, including those of road
design and maintenance needs. (Sweet, Harrison, Buckley, and Kanaroglou 2016)

In addition to big data, transportation agencies use IMSs for a variety of purposes, most notably
to advance TSMO in transportation planning and identify operational needs (table 4). DOTs have
integrated their systems with other preexisting systems, established interoperability with other
agencies, used software and researchers to build data frames, and established IT policies.
Artificial intelligence capabilities of next generation IMSs are also a natural evolution of
managing information and big data in service of planning and operational needs.

Table 4. Examples of Agency Use of Information Management Systems and Big Data.

Agency and Decisionmaking Area

Example

Washington Data DOT

Supports TSMO-related decisions in
planning and performance
management.

Washington State DOT has a Corridor Sketch database that it
uses to identify locations within the 300 corridors on the
transportation system having the greatest likelihood of
congestion issues. Washington State DOT Regions use this
database to enter their needs. Database development was led by
the Planning Division within Washington State DOT and has
helped the agency focus on TSMO strategies as the first line of
investment. This database is used for Washington State DOT’s
integrated scoping process, which provides a more
comprehensive approach for project scoping and is an example
of mainstreaming TSMO efforts.

In partnership with the STAR Laboratory at the University of
Washington, Washington State DOT helped develop and use
the Digital Roadway Interactive Visualization and Evaluation
Network (DRIVENet), an online platform for data sharing,
integration, visualization, and analysis. This was developed to
integrate the data silos within Washington State DOT and
support effective decisionmaking. Processed data from
DRIVENet are used to develop Washington State DOT’s Gray
Notebook. (Washington State DOT 2018)

Maryland DOT SHA

Supports TSMO-related decisions in
performance management, planning,
and operations.

Maryland DOT SHA, like many other DOTs, rely on
partnerships with academic, research, and private institutions
for big data analysis and data warehouse development; these
partners play a role in data management and determination of
measures and targets. For example, Maryland DOT SHA has a
partnership with the University of Maryland and actively
collaborates on platforms like the Regional Integrated
Transportation Information System, a situational awareness,
data archiving, and analytics platform.

Texas DOT

Supports TSMO-related decisions in
planning and performance
management.

Texas DOT, as well as other DOTs, use commercial, off-the-
shelf technology for analysis and reporting, and in-house staff
to do the data science work to tailor it to their needs. Texas
DOT has branded its system (Statewide Traffic Analysis and
Reporting System (STARS)) but uses commercially available
software to forecast, map, and visualize data, including TSMO-
related data. (Knowles and Carrizales 2014) Texas DOT’s IMS
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Agency and Decisionmaking Area

Example

has moved beyond TSMO into business management (which
may be important in mainstreaming TSMO efforts, where
TSMO can potentially be used to support various business and
reporting functions throughout the agency). (Texas DOT 2018)

Wisconsin DOT

Supports TSMO-related decisions in
planning.

Advances in software systems and data integration provide
opportunity to streamline the TSMO planning process for many
entities, including the Wisconsin DOT. Wisconsin DOT has
made advances in software systems and data integration that
enable streamlining of the TSMO planning process. Chief
among these is the spatial database now in place for all ITS and
ITSNet inventory and GIS tools, applications, and mapping.
(Wisconsin DOT 2014)

Florida DOT

Supports TSMO-related decisions in
project development.

Florida DOT is focusing on governance and standards as a part
of its IT strategy. Within several district offices, two
transportation management centers, a central office, a private
highway enterprise, and non-IT central office groups,
standardization is encouraged so that projects can draw from
and be applicable to all users.

Iowa DOT

Supports TSMO-related decisions in
planning.

An example of IMS informing planning and project
prioritization is the ICE-OPS tool at lowa DOT, which
establishes specific criteria to assess sections of the
transportation system with operational and safety concerns.
This information is then combined with a specific, data-driven
process to identify and prioritize transportation improvement
projects as a part of its 5-year plan. The tools for this process
are in development. (Iowa DOT 2018)

Ohio DOT

Supports TSMO-related decisions in
planning.

Ohio DOT shares transportation and systems data via a web-
based tool, TOAST. It plans to expand this to include more data
and assist other program areas with planning and prioritization
of projects.

Pennsylvania DOT

Supports TSMO-related decisions in
planning and operations.

Pennsylvania DOT created One Map, which is software that
overlays transportation data onto a map. (Pennsylvania DOT
2018) It supports TSMO planning decisions about the types of
operations tactics to use and locations (e.g., placement of ramp
meters and other ITS assets). It includes crash data and
identifies where to best spend a limited budget.

Asset management systems are a core part of a transportation agency’s functions and provide
opportunities to mainstream TSMO through the integration of ITS and traffic signals in asset
management systems. Table 5 includes examples of asset management systems in transportation,
noting the role of IMS and potential for use in mainstreaming TSMO.
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Table 5. Examples of TSMO and Asset Management Systems

Agency

Example

Arizona DOT

Arizona DOT undertook several initiatives to improve its
business practices related to asset management (and in general).
Core to these initiatives was an integrated information system
that would facilitate the implementation of improvements. It
would allow agency staff to assemble and analyze data from
multiple sources, including from asset management and TSMO.
(Arizona DOT 2017)

Nevada DOT

Nevada DOT developed a data warehouse linked to interactive
dashboards with maps and advanced analytics for data within
the pavement management system. TSMO-related measures
were incorporated within a single asset management platform
and used some of the DSS principles. This demonstrates the
cross-sector usage of data that can be an advantage to
mainstreaming TSMO.
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4. CONSIDERATIONS FOR MAINSTREAMING TSMO

Factors and Biases Affecting Decisionmaking

Several factors and common decisionmaking biases can influence individual decisionmaking and
impact TSMO. These decisionmaking biases and other factors lead to the need for additional
supportive software, such as DSSs and IMSs. These biases and factors affecting decisionmaking
are not specific to personnel in transportation agencies and can occur in any setting. Managing
these decisionmaking biases can lead to better decisions that apply TSMO more effectively,
increasing its credibility and making it more likely to be mainstreamed.

Decisionmaking is a complicated process with a myriad of potential influences to consider.
These influences can affect the decisions of individual staff, including those who are in
leadership positions and drive overall organizational strategies. In an evaluation of different
managerial decisionmaking processes, Omarli (2017) determined that factors affecting the
administrative decisionmaking processes were personal, environmental, and psychological. The
growing amount of data and fluid environment that TSMO decisionmakers are in can make
TSMO decisionmaking prone to some of these factors.

There are four common biases that can affect decisionmaking in everyday tasks and are quite
common in organizations:

e Framing. A common decisionmaking bias involves people reacting differently to
information depending on its phrasing, context, or “framing” (Tversky and Kahneman
1981). This bias can have profound impacts on organizational change efforts. A strategy
to mitigate this bias is to change labeling/logos (which is why organizations will often
spend time/resources on marketing refreshes), colors, or codes to indicate clearly that the
context has changed (e.g., from normal operations to emergency operations or from one
organizational structure to another). In addition, one should be aware of how information
is presented and whether it may be framed in a negative or positive way, especially when
making a business case to leadership to support TSMO efforts.

e Confirmation bias. People often favor or seek out information that confirms a prior
hypothesis or belief, leading to confirmation bias. (Wason 1968) This bias can affect
leadership when there is the tendency to focus more on data that support an initial
approach or only listen to opinions that support their plans. Instead, an alternative
decisionmaking process or a properly deployed framework (with appropriate metrics and
reporting support) could be to sample the full range of both negative and positive
possibilities rather than just the positive ones.

e Anchoring. Individuals have the tendency to rely on the first piece or limited pieces of
information when planning or forming an estimate; this is known as anchoring
(Ariely 2008, Tversky and Kahneman 1973). This bias often manifests itself in
operational situations where the first incoming field reports (e.g., of evacuation times on
aroadway) will drive estimates or the more salient images will affect planning. To
mitigate this bias, one should be careful about weighting early or limited information and
should generate alternative or counterfactual options. Another option is to constantly
refine estimates as data become more reliable over time. (FHWA 2018) An ideal
framework and reporting set of tools for management would iteratively adjust estimates
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as new data come in and present options across the full range to combat the tendency to
overweight one part of the spectrum based on early estimates.

Groupthink. A bias thatis particularly salient in more hierarchical and structured
organizations is the concept of groupthink, as demonstrated by the famous Asch
experiments (1951). Itis defined as a desire for harmony, often at the expense of optimal
solutions. Subordinates or peers may follow along with sub-optimal approaches so that
the team or organization can “get along.” When leading a change effort or in a position of
authority, one can combat this bias by: (1) encouraging objections consistently and
publicly, (2) not indicating preference for a particular choice or approach until after the
team has provided their opinions, (3) asking designated members to play “devil’s
advocate,” and (4) regularly evaluating previous patterns to determine if there has been a
standard approach that is regularly repeating (i.e., a “rut”). Transportation agencies are
hierarchical and structured, so groupthink is a potential problem. If an agency wants to
avoid some of the pitfalls of groupthink, then making it clear that alternative opinions and
truth will be rewarded can help to increase the comfort level and improve information
sharing, which is often restricted when groupthink is endemic. This can be accomplished
by welcoming the identification of what is not working well so that it can be addressed.

Observations in Using Information Management Systems and Decision Support Systems
for Mainstreaming TSMO

As noted in the introduction, there are no known examples of DSSs and IMSs specifically for
mainstreaming TSMO; however, as discussed in the previous sections, many of these systems
were integrated into larger systems and enabled data sharing, which facilitates mainstreaming
TSMO. In addition, IMSs and DSSs possibly could be tailored for mainstreaming TSMO
purposes (e.g., using big data to augment business intelligence decisions that rely on an
enterprise-level DSS to make a business case for TSMO).

There are several general considerations and lessons learned for IMSs and DSSs that can support
mainstreaming TSMO:

User needs. It is vital for a DSS or IMS to support the needs of the users and
accommodate their knowledge, skills, abilities, and goals of activities. Any software used
to mainstream TSMO efforts should be developed with the user at the center. With DSS,
one should also be mindful of the points along the decisionmaking pathway where biases
and errors tend to be most prevalent in most users. This will become critical as DSS
software is brought on that can help agencies mainstream TSMO, especially when that
means interacting with staff who do not fully understand or appreciate TSMO.

Data fusion, integration, interoperability, and quality. Several examples noted the
integration of disparate databases or connecting systems, both intra- and inter-agency (the
latter is of particular importance within the ICM context). Agencies can consider ways to
standardize data variables (and any data collection instruments) and structures across
units to the extent possible as well as develop plans for integrating databases, performing
data fusion (which entails a further step of replacing or reducing the data), and ensuring
interoperability. This effort will allow for lower costs for developing and integrating both
an IMS and a DSS. It will also facilitate planning, operating, management, staffing, and
other investment decisions that take into account data related to operations as well as
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other data types. The completeness, accuracy, reliability, and fidelity of the data are
important for supporting whatever decisions are made (as well as the accuracy of those
options developed through analysis or provided to decisionmakers).

o Software flexibility and usability. To facilitate use, software needs to be useable and
appealing, as well as allow for multiple users with different goals to interact with it to
meet their needs. Allowing users the ability to tailor or modify reports to suit each user’s
(orunit’s) needs is also important. For example, Pennsylvania DOT mentioned a district
executive scorecard that has different performance measures that are easily pulled based
on the needs of executives and other users, with tailorable output. (Pennsylvania DOT
2018) This flexibility will allow for more widespread use, adoption, and integration into
the normal DOT workflows, which will go a long way in mainstreaming TSMO.

e Maintenance and evolution. The costs of maintaining a DSS/IMS or
updating/upgrading both systems as data and information change are often overlooked in
planning. Ideally, both the DSS and IMS would be capable of supporting the integration
of modular components that can be updated easily.

e Monitoring and evaluating performance. Another often-overlooked aspect of DSS and
IMS is the ability to monitor their performance and evaluate that performance against a
benchmark to assess the value added. That information would be helpful in making the
business case for mainstreaming TSMO in any organization.

e Planning. Asnoted by several DOTs, the software development and integration process
was also part of the IT planning process (including budgeting) and policies. Early
involvement of TSMO will allow it to be integrated into the core components and plans
of any DSS and IMS (see the Wisconsin DOT example in table 4). Systems or tools, such
as Ohio DOT’s TOAST, allow TSMO to be more readily and consistently considered in
the transportation planning process.

e Partnerships. Several examples noted in the previous sections highlighted the
importance of forming partnerships with local universities, vendors, and other
non-transportation agencies that may be of benefit. Efforts to mainstream TSMO will
also likely benefit from leveraging these partnerships in the context of IMS and DSS.

e Culture. Software (e.g., for DSS and IMS) is not developed or integrated in a vacuum.
The organizational culture and structure provide a base for how that software is to be
used. Software can have TSMO’s needs as a central component, indicating TSMO is
central within an agency. Conversely, software that is developed with an eye toward
integrating TSMO throughout the agency may help to drive a change in culture that
supports mainstreaming TSMO.

These lessons learned and discussion points are meant to provide several topics for consideration
in an agency’s efforts using DSS and IMS to support efforts to mainstream TSMO.
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