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Abstract
This Smart Columbus Performance Measures Results Report describes the data, analysis, and findings
resulting from implementation of the Performance Measurement Plan to track and assess the program and
project-level outcomes defined in that plan. This report provides a brief overview of the Smart Columbus
Program, describes data collection and methodologies used in measuring program and project-level
performance, and presents findings and lessons learned.
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Executive Summary
PROGRAM OVERVIEW
The U.S. Department of Transportation (USDOT) pledged $40 million to Columbus, Ohio, as the winner of
the Smart City Challenge (SCC). With this funding, Smart Columbus sought to demonstrate how advanced
technologies can be integrated into other operational areas within the City, utilizing advancements in
Intelligent Transportation System (ITS), Connected Vehicles (CV), Autonomous Vehicles (AV), and Electric
Vehicles (EV) while integrating data from various sectors and sources to simultaneously power these
technologies and leverage the new information they provide. Community and customer engagement have
been present throughout the program, driving the requirements and outcomes for each project. This enduser engagement reinforces the idea that the residents of Columbus are ultimately the owner and co-creator
of the Smart Columbus Program. Columbus intends to define what it means to be a “Smart City” and serve
as a model for other cities wishing to fully integrate innovative technologies and community development
deployed in the Smart Columbus Program.
The Smart Columbus Program includes eight projects, grouped into three overarching themes: Enabling
Technologies, Enhanced Human Services, and Emerging Technologies. The program also includes the
Smart Columbus Operating System (the Operating System), the integral backbone and heart of all current
Smart City projects in Columbus and the continuing foundation for local and potentially regional smart cities
initiatives in the future. Figure 1 shows the Smart Columbus Program including each project.

Figure 1: Smart Columbus Projects
Source: City of Columbus
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The program originally was conceived with fifteen projects. However, as the program evolved, it was
reduced to eight projects. Project scope changes also occurred, resulting in three updates to the
Performance Measurement Plan1 (PfMP). The cause of these scope changes varied, but included evolving
stakeholder priorities, the COVID-19 pandemic, and confounding factors. Details can be found in the Final
Report2.

PERFORMANCE MEASUREMENT APPROACH
The Smart Columbus team identified six outcomes, or broad statements about positive societal impacts,
which tie projects back to the original intent of the SCC. The Smart Columbus Program has the following
central outcomes:
•
•
•

•
•

•

Safety: pilot emerging technologies with the potential to reduce transportation-related fatalities and
injuries with widescale adoption.
Mobility: improve ways to connect to local destinations and transportation services by providing
real-time traveler information and innovative technologies for mobility services to positively impact
quality of life and access to economic and educational opportunities.
Opportunity: increase access for underserved communities to a wide variety of services through
transportation solutions focused on improved access to places of employment, education,
healthcare, and other services, as well as increasing the use of the transportation network by
bringing available services and users together.
Environment: reduce transportation’s negative impacts on the environment through implementing
advanced technologies and policies that support a more sustainable transportation system.
Agency Efficiency: improve the ability of government, transportation, and community agencies to
provide services to citizens through advanced technologies. Enable easier access to real-time data,
streamline internal processes to improve communications and information sharing, and make
internal agency operations more efficient.
Customer Satisfaction: provide services that are useful, easy to use, and embraced by the
community to improve the user experience for citizens planning for and using transportation
services through the integrated exchange of data and use of advanced technologies to help
travelers reach their destinations.

More information on these six outcomes can be found in the PfMP.
The team developed overarching logic models for program- and project-specific objectives to ensure all
performance measurement activities are rooted in end-user needs and aligned with the six program
objectives. Each logic model identifies the project objectives, the treatment to achieve the project objectives,
a hypothesis, assumptions about how the objectives could be met through the treatment, and the indicators
to measure the performance by outcome. These logic models were designed to remain valid in the event of
disruptions and confounding factors and remain largely unchanged despite impacts of the COVID-19
pandemic3.
Each project- and program-level outcome has multiple objectives, which are statements about what specific,
measurable impact the project is intended to have, and each addresses one specific outcome. In turn, each

1

https://d2rfd3nxvhnf29.cloudfront.net/2021-04/SCC-C-PfMP-Update-v3%203.30.21.pdf
Document will be available under Program Plans at: https://smart.columbus.gov/programs/smart-city-demonstration
3 In the cases of the EPM and CEAV projects, the nature of the project itself changed due to COVID-19—resulting in
changes to the logic model. For the EPM project, large events were largely canceled or postponed—resulting in a
shift away from event-centered analysis to routine visits to the study area. For the CEAV project, passenger service
became unfeasible due to social distancing requirements, so an alternative use case was adopted. In some cases,
design of experiment was adjusted to better account for confounding factors. Details can be found in the PfMP.
2
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objective has an associated hypothesis (a testable assertion) about the way a project will impact a given
indicator. The projects have been designed such that each hypothesis anticipates a result that is an
improvement from the baseline and, therefore, a desired outcome for the project and program.

Design of Experiment
Based on the hypothesis, indicators, and data sources available, an appropriate design of experiment was
selected for each program- and project-level objective, including randomized experiments (the most rigorous
evaluation design), quasi-experiments (which approximates a randomized experiment when randomization
of subjects is neither practical nor feasible), and non-experiments (using only a treatment group, where a
comparison or control group is unavailable). Some objectives use a pre/post-comparison where relevant
baseline data is available, and some use a post-only evaluation where comparable baseline data does not
exist.

Confounding Factors
Accuracy and effectiveness of performance measures depend on identifying the presence of confounding
factors and addressing their effects on the project. Confounding factors are any events that might arise
during the project implementation, which can be associated with having an apparent effect on some
dependent variables of interest. In an experiment, confounding factors that are not accounted for during
design could either understate or overstate the relevance of treatment effects upon treated units. In extreme
cases, confounding factors can lead to spurious relationships between explanatory and dependent
variables—with the variables having no direct causal connection, while it may be wrongly inferred that they
do.
Factors that can be identified, recorded, and measured a priori (i.e., before demonstration implementation)
are defined as observed factors. Factors that cannot be directly observed or measured are defined as
unobserved factors. During performance measurement and statistical modeling, observed factors can be
accounted for by their proper inclusion as explanatory variables and modeling method, while unobserved
factors can be accounted for by utilizing appropriate statistical techniques to reduce omitted-variable bias.
The Smart Columbus team implemented techniques to account for both types of confounding factors. The
COVID-19 pandemic was a particularly impactful unobserved factor.
Further information can be found in the PfMP on the Smart Columbus website4.

FINDINGS AND INTERPRETATION
Smart Columbus has achieved full or partial success for twenty-two out of twenty-nine objectives identified
for the program, and the remaining seven objectives were inconclusive primarily due to small sample size or
COVID-19 impacts (Figure 2). The Safety and Opportunity outcomes were successful in all three objectives.
The Mobility and Customer Satisfaction outcomes were successful in the majority of objectives, but
produced inconclusive results for some objectives. The one Environment objective was inconclusive. The
Agency Efficiency outcome was successful in four out of five objectives, with inconclusive results for one
objective. Objectives with inconclusive results were due to small sample sizes and COVID-19 impacts, not
project or application failures.

4

https://smart.columbus.gov/

Performance Measures Results – Final Report | Smart Columbus Program | 3

Executive Summary

Figure 2: Smart Columbus Program High-level Findings by Outcome
Source: City of Columbus

Figure 3 summarizes results at the objective level, while details by indicator are in each program-level outcome or project chapter. Of the three
program-level objectives, the Environment objective produced inconclusive results due to the small sample sizes of the contributing projects (CVE,
MMTPA, and EPM). The program-level Mobility outcome was successful across all indicators, and the program-level Opportunity outcome was
partially successful (successful for one indicator, inconclusive for two indicators). At the project level, the Operating System and PTA projects were
successful across all objectives, while CVE, MMTPA, MAPCD, and CEAV were mostly successful—with inconclusive results for some objectives. The
SMH and EPM projects produced inconclusive results in terms of the specified objectives for those projects due to sample size and COVID-19
impacts, but were able to produce valuable insights.
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Figure 3: Overview of Results by Program-level Outcome and Project
Source: City of Columbus
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Of note, none of the twenty-nine objectives were unsuccessful. Where it was not possible to verify the
desired improvements tied to specific objectives during the demonstration period, it was not through a failure
of the application or treatment, but rather a result of sample size or COVID-19 impacts on travel. All
program- and project-level performance measurement activities also produced valuable insights beyond the
scope of the PfMP that can be applied after the demonstration period and/or inform demonstrations or
deployments of similar technologies in other places. While some insights may be referenced in this
document, more details can be found in the Smart Columbus Final Report5.

5

Document will be available under Program Plans on the Smart Columbus Program Website.
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Introduction
The U.S. Department of Transportation (USDOT) pledged $40 million to Columbus, Ohio, as the winner of
the Smart City Challenge (SCC). With this funding, Smart Columbus intended to demonstrate how
advanced technologies can be integrated into other operational areas within the City, utilizing advancements
in Intelligent Transportation System (ITS), Connected Vehicles (CV), Autonomous Vehicles (AV), and
Electric Vehicles (EV) while integrating data from various sectors and sources to simultaneously power
these technologies and leverage the new information they provide. Community and customer engagement
were present throughout the program, driving the requirements and outcomes for each project. This enduser engagement reinforces the idea that the residents of Columbus are ultimately the owner and co-creator
of the Smart Columbus Program. Columbus intended to define what it means to be a “Smart City” and serve
as a model for other cities wishing to fully integrate innovative technologies and community development
that will be deployed in the Smart Columbus Program.
The Smart Columbus Program included eight projects grouped into three overarching themes: Enabling
Technologies, Enhanced Human Services, and Emerging Technologies. The program also included the
Smart Columbus Operating System (the Operating System), the integral backbone and heart of all current
and future Smart City projects. Figure 4 shows the Smart Columbus Program including each project.

Figure 4: Smart Columbus Projects
Source: City of Columbus

1.1.

ENABLING TECHNOLOGIES

These technologies leverage today’s foundation in new and innovative ways to greatly enhance the safety
and mobility of the transportation infrastructure. These advanced technologies empower deployments that
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increase a city’s capabilities because of rich data streams and infrastructure that are designed to handle ondemand responses. The Connected Vehicle Environment (CVE) is an enabling technology that improved
safety and mobility by leveraging cutting-edge technology to advance the sustainable movement of people
and goods.

1.2.

ENHANCED HUMAN SERVICES

Enhanced Human Services projects met human needs with technology-based solutions that focused on
preventing and remediating problems while maintaining a commitment to improving the overall quality of life
for users. These projects created opportunities to improve access to jobs, healthcare, and events. The
Smart Columbus Program included the following Enhanced Human Services projects: Multimodal Trip
Planning Application (MMTPA), Smart Mobility Hubs (SMH), Mobility Assistance for People with Cognitive
Disabilities (MAPCD), Prenatal Trip Assistance (PTA), and Event Parking Management (EPM).

1.3.

EMERGING TECHNOLOGIES

Emerging Technologies are applications in development, or that will be developed during the next five to 10
years, that will substantially alter the business and social environment. By focusing on key emerging
technologies, the City was able to exhibit potential solutions to address and mitigate future transportation
and data collection challenges. The Connected Electric Autonomous Vehicle (CEAV) project is part of the
emerging technologies theme.

1.4.

OUTCOMES

The Smart Columbus Program outcomes will reorient Columbus to deliver more diversified and nimble
transportation options by using data and a connected, complete network supporting healthy activity and a
more attractive and sustainable urban form. Error! Reference source not found. describes in detail the
outcomes associated with the projects, but Figure 5 introduces them and explains how they are tied to the
vision and outcomes for the Smart Columbus Demonstration Program.
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Figure 5: Smart Columbus Vision, Mission, and Outcomes
Source: City of Columbus

1.5.

PURPOSE OF PLAN

A primary objective of the SCC was to demonstrate, quantify, and evaluate the impact of advanced
technologies, strategies, and applications toward addressing the City’s challenges. A set of rigorously
defined performance measures helped discern the impact of integrated smart city solutions on safety,
mobility, opportunity, environment, agency efficiency, and customer satisfaction. The purpose of this
Performance Measures Results Report is to present results from implementation of the PfMP and interpret
findings. The specific objectives of this plan are outlined below, and are presented within this document for
each of the Smart Columbus program- and project-level objectives:
• Provide the logic model for each program- and project-level objective with results by indicator.
• Provide the methodology used to evaluate indicators and test hypotheses for each objective based
on the data collected.
• Provide baseline (where applicable) and demonstration data analysis and results by indicator.
• Explain how the team accounted for confounding factors, including the COVID-19 pandemic.
• Interpret findings on the project and program levels.

1.6.

DEPLOYMENT AREAS

Smart Columbus intended to demonstrate the effective implementation of a comprehensive portfolio of
connected technologies that solve focused, relatable City issues and enhance mobility across the region.
Like most mid-sized cities in the United States, the City of Columbus is divided into several neighborhoods,
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commercial districts, and other geographic zones that are connected by highways, transit, people, and
culture. While some projects were deployed within specific areas of the City, many projects were deployed
citywide and designed in an integrated manner with the Operating System being the backbone and heart of
all current and future Smart City projects.
Figure 6 provides an overview of the deployment area, and captures the known elements of the following
project deployments:
• CVE: The deployment corridors are highlighted, including Cleveland Avenue, High Street, Morse
Road, and Alum Creek Drive. The intersections where freight signal priority was deployed are
highlighted to indicate the freight corridors. In addition, the existing bus rapid transit (BRT) corridors
are indicated for reference. Last, the target ZIP codes from which private vehicles were recruited (and
where vehicle installation was targeted) are highlighted in blue shading.
• MMTPA: The first release included both Central Ohio Transit Authority (COTA) and the Ohio State
University (OSU) Campus Area Bus Service (CABS) as key providers. These service routes are
called out on the map. Mid-Ohio Regional Planning Commission’s (MORPC’s) Gohio Commute
platform, bike-share, e-scooter, and ride-hailing mobility providers were added to MMTPA in
subsequent releases. These on-demand mobility services are not included in Figure 6 as they don’t
operate on prescribed routes.
• MAPCD: The OSU call-out box in Figure 6 indicates the project’s background and focus around the
OSU Prevocational Integrated Education and Campus Experience (PIECE) program, from which
focus- and test-group participants were recruited to help refine the application’s functionality. The
development and refinement of the MAPCD application was conducted using routes centered on
OSU’s campus, with all but one route on campus. The application includes integration with both
COTA and CABS buses. The broad deployment of MAPCD was not limited to PIECE program
participants, and it was conducted citywide in collaboration with OSU and ARC Industries, a
community organization that helps adults with developmental disabilities find employment. The
location of ARC Industries is not shown on the map, as it is an administrative office only—not one of
the employment/job center origins or destinations for the project.
• PTA: PTA project recruiting included all of Franklin County. This area is delineated by a blue border
on the map.
• SMH: The SMH locations are noted.
• EPM: The downtown and Short North areas of Columbus are highlighted as the point of interest for
this application, which focused on parking providers in these areas and visitors who traveled into and
within these areas.
• CEAV: Both the Smart Circuit6 and Linden Empowers All People (LEAP) routes are called out with
stations identified. For the food pantry service of the Linden LEAP, the food distribution occurred at
the northbound Rosewind Resident Council station.

6

The Smart Circuit demonstration was conducted in conjunction with DriveOhio to gain insights that would inform
future deployments, including the Linden LEAP demonstration, and give residents and visitors first-hand
experience with autonomous vehicles. As such, performance measures for the Smart Circuit route are not included
in this report.
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Figure 6: Smart Columbus Demonstration Site Map
Source: City of Columbus
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1.7.

PROJECT TIMELINE

Figure 7 presents the implementation timeline of Smart Columbus Portfolio projects. The dates represent data collection time periods and the project
or functionality’s public go-live.

Figure 7: Smart Columbus Implementation Timeline
Source: City of Columbus
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The periods of performance for each Smart Columbus projects are shown in Table 1.

Table 1: Smart Columbus Program: Project Periods of Performance
Project

Launch Date

End Date

Operating System

4/22/2019

3/31/2021

MAPCD

4/29/2019

4/30/2020

PTA

5/31/2019

1/12/2021

MMTPA

Release 3: 8/29/2019
Release 4 & data collection: 12/9/20

3/31/2021

CEAV

Passenger Service: 2/5/2020
Food Pantry Use Case: 7/30/2020

Passenger Service: 2/20/2020
Alt. Use Case: 4/1/20217

EPM

Data collection: 3/1/2020
Go-live: 10/28/2020
Public launch: 12/9/2020

3/31/2021

SMH

7/28/2020

3/31/2021

CVE

10/16/2020

4/1/2021

Source: City of Columbus

1.8.

REPORT ORGANIZATION

The remainder of this report is organized into the following chapters:
• Chapter 2 provides high-level list of data sources by program-level outcome and project.
• Chapter 3 through Chapter 11 present program-level and project-specific evaluations and results,
including evaluation team, data sources, study area, timeframe, methodology analysis, and
conclusions.
• Appendices provide supporting materials, such as acronyms, references, summary of data
collection, methodology, and results by program- and project-level outcomes.

7 For CEAV, data collection was planned to conclude on 3/31/2021, but because EasyMile provided operation of the
vehicle until the end of that business week, 4/1/2021, analysis was performed on this entire data set. Friday 4/2/2021
was a holiday, so the shuttle was not in operation.
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High-level Data Collection Summary
Baseline (where applicable) and treatment data were collected from various sources, including
infrastructure, third-parties, application data, and surveys during the data collection timeframes given in
Figure 7.
Data sources by program-level outcome and project:
•

•

•

•

•

•

•

Program-Environment
o EPA Moves Model
o Ohio Department of Transportation (ODOT) VMT data
o StreetLight8 data
o Application data (CVE, MMTPA, EPM)
o Surveys
Program-Mobility & Opportunity
o Free flow factor data for Central Ohio street segments (StreetLight Data, Inc.)
o Street segments (Open Street Map)
o Current land use for Central Ohio parcels (Mid-Ohio Regional Planning Commission)
o Median household income, unemployment rates, and population density by census block
group (American Community Survey, 2012-2017 5-year estimates, U.S. Census Bureau)
o Surveys
Operating System
o Operating System Usage data
o Agency surveys
o User surveys
CVE
o Columbus Department of Public Safety Computer Aided Dispatch (CAD) system9
o CVE data
o Surveys
MMTPA
o Pivot app trip reports
o Program-level combined MMTPA/SMH survey
o Project-level MMTPA survey
o Project-level In-app survey
MAPCD
o WayFinder trip data
o MAPCD traveler and caregiver surveys
o Focus groups and interviews
PTA
o Participant surveys
o Usual care group trip data
o Intervention group trip data

8

StreetLight Data is a data and analytics platform providing various transportation, traffic engineering and smart cities
solutions. https://www.streetlightdata.com/.
9 PfMP listed City of Columbus Department of Public Safety emergency medical services (EMS) records. Data source
has been updated for specificity.
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•

•
•

o
SMH
o
o
EPM
o
CEAV
o
o
o

Ohio Department of Health birth records
MMTPA trips via kiosk reports
Resident surveys
Resident surveys and in-app surveys
Online surveys and phone interviews
CEAV vehicle, route, and station data
Food bank data
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3.2.

OVERVIEW

A cumulative performance assessment was performed at the program level to determine if, and to what
extent, potential benefits of emissions, congestion, and opportunity were realized during the Smart
Columbus Program demonstration period. Detailed information regarding evaluation framework, outcomes,
hypotheses, indicator, data collection, and more can be found in the PfMP.10

3.3.

EVALUATION TEAM

Program-level performance measurement for the Mobility and Opportunity outcomes was conducted by
OSU. The Environmental outcome was conducted by HNTB.

10

https://d2rfd3nxvhnf29.cloudfront.net/2021-04/SCC-C-PfMP-Update-v3%203.30.21.pdf
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3.4.

SUMMARY OF FINDINGS

Program-level results by indicator are shown in Figure 8.

Figure 8: Program-level Logic Model and Results Summary
Source: City of Columbus
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3.4.1.

Outcome 0.1 Environment

This objective was measured cumulatively across the CVE, MMTPA, and EPM projects using three
indicators: greenhouse gas savings, perceived reduction in idling time to find parking, and perceived
reduction in distance to find parking. The main indicator is greenhouse gas (GHG), which all three projects
were expected to impact. The two parking-related indicators (perceived reduction in idling time and
perceived distance traveled to find parking) were used to calculate the GHG savings, and are not discussed
separately here (details are provided in Chapter 10).
The CVE freight signal prioritization project was expected to reduce vehicle emissions by reducing idling
time at signalized intersections. While results varied by intersection and preemption protocols, the highestperformance intersection (Alum Creek and Spiegel) showed an average emissions savings of 142 grams of
CO2 per priority granted. Demonstration data sample size was limited, but if CVE freight signal prioritization
were scaled up across more intersections, with more priorities granted per day, emissions savings would
increase as well.
For MMTPA, the Pivot app was expected to reduce emissions by facilitating a shift in transportation modes
from single occupancy vehicles or other emissions-producing modes to emissions-free11 modes, such as
bikes, scooters, and buses. An estimated 389 grams of CO2 per vehicle miles traveled (VMT) emissions
savings factor was applied to the emissions-free trip legs to quantify the potential emission savings by the
trips planned through the app. As with CVE, sample size was limited during the demonstration period for a
variety of reasons, but survey responses indicated a strong perception that the Pivot app would be useful in
a post-COVID-19 world and most respondents are likely or highly likely to use the app. Combined with the
high rate of SOV usage for commutes, this indicates great potential for emissions savings through mode
shift facilitated by the MMTPA project.
For EPM, the estimated emissions savings were based on reduced travel times to find parking from using
the ParkColumbus app. Results show that every minute reduced in looking for parking produces emissions
savings of approximately 155 g of CO2 per vehicle. While congestion and parking demand in the study area
were dramatically reduced due to the COVID-19 pandemic, 90% of survey respondents indicated spending
at least three minutes looking for parking pre-COVID-19, with 29% spending three to five minutes, 39%
spending six to 10 minutes, and 22% spending more than 10 minutes.

3.4.2.

Outcome 0.2 Mobility

The program-level Mobility outcome was measured based on four indicators—travel times and delays, daily
volumes, perceived reduction in time to find a parking spot, and perceived overall congestion. OSU
accounted for travel impacts due to COVID-19 and other confounding factors by performing a Difference-inDifferences (DiD) statistical analysis rather than a simple pre/post analysis. This approach made it possible
to isolate the impacts of the Smart Columbus Program in the chosen study area from overall trends affecting
the region. The study area includes Easton and the Cleveland Ave corridor between downtown and
Westerville. The specific methods used are described in Appendix D.
Travel delays, as measured by “free flow factor (FFF),12” generally decreased in Central Ohio during the
study period (unrelated to Smart Columbus Program implementation and controlled for with the DiD
analysis). An increase in FFF is equivalent to a decrease in delay, which is what was measured during the

11

For the purposes of this study, these modes were considered emissions-free in terms of the travel itself, not
considering production. Although buses may produce emissions, as they would be running anyway, they were also
considered emissions-free. If Pivot app usage increased enough to cause changes to bus routes or frequency,
impacts would need to be reevaluated.
12 Free flow factor is a traffic speed index published by StreetLight Data, Inc.
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demonstration period. The Smart Columbus Program impacted travel delays, but with mixed results. Based
on the analysis, a 3.6% increase in FFF (decrease in delays) in the study area during peak evening hours
on weekdays can be attributed to the Smart Columbus Program. The Smart Columbus Program may also
be responsible for a modest reduction in delays during peak evening hours in general (2.6% increase in
FFF).
Conversely, the Smart Columbus Program may be responsible for a modest increase in traffic delays in the
study area during peak morning hours on weekend days (2.5% decrease in FFF) and peak evening hours
on weekend days (2.1% reduction in FFF). These findings are statistically significant, but not to the same
degree as the favorable findings described above.
While traffic volumes generally decreased in Central Ohio during the study period, the Smart Columbus
Program was responsible for a modest (13.8%) reduction in traffic volume in the study area during the peak
evening hours on weekdays. Considering the changes in travel delays and traffic volumes together, the
Smart Columbus Program appears to have reduced congestion in the study area during peak evening hours
on weekdays.

3.4.3.

Outcome 0.3 Opportunity

The program-level Opportunity outcome was measured across three objectives and three corresponding
indicators.
Survey results for the first indicator, perceived ease of trip planning to jobs and services, indicated a
significant improvement (t(287) = 3.16, p = .002).
For the second and third indicators, results were inconclusive due to sample size. Respondents reported
that multimodal transfers were as easy post-demonstration as compared to baseline; t(33) = 0.81, p = .42.
Respondents reported that First Mile/Last Mile (FMLM) travel was as easy post-demonstration as compared
to baseline; t(43) = -0.67, p = .51.

3.5.

APPROACH AND FINDINGS

3.5.1.

Outcome 0.1 Environment
OBJECTIVE 0.1.1: REDUCE VEHICLE EMISSIONS DEFINITIONS

There are multiple projects in the Smart Columbus Program portfolio affecting vehicle emissions, but not all
projects were expected to have a direct and measurable impact. Therefore, the evaluators performed
project-level assessments of three projects (MMTPA, CVE, and EPM) for changes in emissions and
combined the results to determine a total program emission reduction outcome. MMTPA’s potential
contribution to reducing vehicle-related emissions would result from a mode shift away from personal
vehicles to other modes of transportation, such as buses, bike-sharing, and e-scooters. For CVE, freight
signal prioritization has the potential to reduce idling time of heavy-duty vehicles at signalized intersections,
which would lower vehicle emissions due to continuous travel. For EPM, with improved parking-related
information through the app, travelers could drive directly to an available parking spot instead of searching
for unoccupied parking spots. This reduction in travel was expected to reduce the vehicle-related
emissions.

3.5.1.1.1 Data Sources
Data used for calculating the greenhouse gas savings indicator vary by project and incorporate the other
two indicators for this objective, perceived reduction in idling time around parking facilities to find a parking
spot and perceived reduction in distance traveled to find a parking spot.
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For CVE, the data used for calculating the environmental outcomes are broken out in two categories,
baseline measures and post-deployment results. The data used for baselining were produced by the
Environmental Protection Agency (EPA) MOtor Vehicle Emission Simulator (MOVES) model and were
supplemented by VMT data along the Alum Creek corridor provided from ODOT. The calculation of postdeployment emissions requires knowledge of instances when priority was (or was not) granted, the speed
profiles of freight vehicles, and an estimate of the emissions produced when a truck with a given speed
profile is observed. Operating System data are used to determine when a truck receives, or does not
receive, priority at an intersection, and to determine its minimum speed as it approaches an intersection.
The lower the minimum speed of a truck, the more energy is required to accelerate back to full speed. A
second project-level MOVES model was used to determine the emissions produced for trucks that exhibit
varying minimum speeds.
For MMTPA, the data used for calculating the environmental outcomes are broken out in two categories,
baseline measures and post-deployment results. The data used for baselining were produced by the EPA
MOVES model and were supplemented by VMT data provided from ODOT. For the calculation of emissions
saved post-deployment, the data used came from the anonymized trip reports from the users of the Pivot
application. In addition, MMTPA surveys from post-deployment were also used as a qualitative metric for the
effectiveness of Pivot.
For EPM, the data used are broken out into two categories, baseline measures and post-deployment
results. For baselining purposes, the usage of StreetLight data supplemented with EPA MOVES model data
was used to calculate estimated emissions in the study area. The use of these two sources provides the
necessary information to make an adequate comparison to the post-deployment data. Post-deployment
data were collected through a survey analyzing the perceived time looking for parking in the EPM study area
among other topics. The difference between baseline and post-deployment datasets arises from the
baseline data being qualitative in nature, while the survey data is quantitative.

3.5.1.1.2 Study Area
For CVE, the main study area where trucks were expected to receive priority was on Alum Creek Drive from
the intersection of SR-317 to I-270 and Morse Road EB between the I-270 NB ramp and Stygler Road.
Specifically, movements for which priority was granted for trucks are as follows:
•
•
•
•

The left turn approach from SR-317 EB to Alum Creek Drive NB,
All NB through approaches at other intersections on Alum Creek Drive,
The right turn approach from I-270 NB to Morse Road EB, and
All EB though approaches at other intersection on Morse Road.

Trucks received priority, which means that a green phase started earlier or was slightly extended (depending
on the settings set by the City, County or ODOT) but did not otherwise interrupt the progression between
phases in the cycle.
For MMTPA, the area allocated for the study consists of the COTA service area in Franklin County. It is
important to note that COTA’s service area does include parts of Delaware and Licking counties, but these
areas are not included in this analysis.
For EPM, the general study area consists of downtown Columbus and the Short North. The downtown
Columbus area is bounded by SR-315 on the west, I-70 on the south, I-71 on the east, and I-670 on the
north. The Short North area is bounded by Dennison Ave. on the west, I-670 on the south (as part of the
downtown area), Third St. on the east, and Fifth Ave. on the north.

3.5.1.1.3 Timeline
Timeline and design of experiment vary across the Smart Columbus Program project portfolio.
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For CVE, the timeline over which data are collected for this analysis was from November 2020 through the
end of March 2021. Because the data collected contain both instances of trucks receiving priority and trucks
that do not receive priority (on the same approaches), a direct comparison between these instance types
can be performed to understand the impact that receiving priority has on emissions.
For MMTPA, the timeline of the project includes the pre- and post-deployment timeframes. Years 2018 and
2019 were used to formulate a baseline (pre-deployment), while post-deployment results are those collected
on and after December 9, 2020, when the Pivot app began its recruitment campaign to drive download and
use through March 31, 2021.
For EPM, the timeline of the project includes the pre- and post-deployment timeframes. The StreetLight data
from 2018 and 2019 were used to formulate a baseline (pre-deployment), while the post-deployment survey
results are those after October 28, 2020, when the app was launched publicly. It is important to note that
both pre- and post-deployment surveys were launched during the COVID-19 pandemic.

3.5.1.1.4 Methodology
The methodology varies by contributing project, based on data sources being analyzed and specific
indicator characteristics.
For CVE, the EPA MOVES model was used to estimate emissions for various approach scenarios based on
a truck’s minimum approach speed (complete stop, slow down, and maintain constant speed). VMT was
based on StreetLight data. CVE data was used to empirically determine each truck’s minimum approach
speed and applied the results of the EPA MOVES model output to estimate emissions of each truck’s
approach. Emissions from trucks that received priority were compared against the emissions from trucks
that did not receive priority to assess environmental benefits of the CVE freight signal priority application.
For MMTPA, the EPA MOVES model and Franklin County VMT estimates were used to estimate the grams
of CO2 per VMT on a county level to use as an emission reduction factor to apply to trips taken by
alternative transportation modes as a result of the app.
For EPM, the EPA MOVES model, StreetLight data VMT, and average vehicle speed estimates for
downtown Columbus and the Short North were used to estimate the grams of CO2 per minute for
passenger vehicles. An emissions estimate was calculated based on the time saved as a result of the app
looking for parking.

3.5.1.1.5 Analysis
Analysis was conducted at the project level, then combined to determine program-level impact.
CVE

Baseline Measures
The steps below show the high-level procedure used to estimate the baseline emissions for the CVE project
area. A comprehensive explanation of each step is discussed in the subsections below.
1. Run the EPA MOVES model for Franklin County.
2. Using the results of the MOVES model, filter out the appropriate vehicle classes and road types to
calculate grams of CO2 emissions per mile for medium and heavy-duty trucks.
3. Obtain annual average daily traffic (AADT) for the baseline years of 2018 and 2019 using
StreetLight data and use the outputs to calculate for VMT along the study area. A 20% mediumheavy duty truck traffic factor was applied to the overall data based on ODOTs online traffic
monitoring system.
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4. Use the emissions factor calculated in step 2 and the VMT from step 3 to establish an overall
emissions value for the study area.
EPA MOVES Model Data Overview
An analysis using the EPA MOVES model for all of Franklin County, for years 2018 and 2019, was
performed. An on-road MOVES analysis was performed to better understand the amount of emissions
produced in Franklin County by different vehicle types in years 2018 and 2019. The specific model inputs
and outputs can be found in the Table 2.
The vehicle types and road types were filtered by year. Single unit short- and long-haul trucks, as well as
combination short- and long-haul trucks, were analyzed for vehicle types as a good representation of the
types of vehicles that would be expected to benefit from the signal prioritization project. These categories
would also be consistent with the vehicle classifications that ODOT reports VMT. The road type classification
for the project was considered urban unrestricted access.
Since CO2 is the primary greenhouse gas emitted in the transportation sector, only CO2 emissions were
considered for the extent of this project. Using the MOVES model output, the CO2 emissions and distances
for these parameters were tallied for the number of weekends and weekdays in each month. Compiling
years 2018 and 2019 yielded results as shown in Table 2.

Table 2: MOVES Model Output for Franklin County Single Unit Short-Haul and Long-Haul Truck
and Combination Short-Haul and Long-Haul Truck CO2 Emissions and VMT
Year

CO2 (metric tons)

VMT

CO2/VMT (grams)

2018

455,909

306,959,163

1,485

2019

464,898

316,290,476

1,470

Source: EPA MOVES Analysis

Averaging the results for 2018 and 2019, the CVE baseline emissions factor for medium and heavy-duty
trucks is 1,478 g of CO2/VMT. This number allows for an estimate of the emissions provided by mediumand heavy-duty trucks along the Alum Creek Corridor study area.
StreetLight Data Overview
StreetLight data were used to estimate the AADT on the road segments composing the Alum Creek corridor
allocated for this study. AADT analyses were conducted for both baseline years 2018 and 2019. Using
geographic information systems (GIS), the correct segment length was calculated for each road segment in
the study area. These two parameters allow for the calculation of VMT in the project area, which can be
found in Table 3.

Table 3: StreetLight Data Results in Project Area (Medium/Heavy-Duty Trucks Only)
Year

Total VMT

2018

21,739

2019

17,673

Source: StreetLight Data analysis
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Established Baseline
Based on the calculations discussed in the previous two sections, potential emissions created by mediumand heavy-duty trucks can be estimated. By multiplying the grams of CO2/mile emission rate to their
respective year’s VMT results in an average of 29.1 MTCO2. Table 4 summarizes the baseline calculations.

Table 4: Baseline Project Area Emissions
Results in Project Area (Medium/Heavy-Duty only)
Year

Total VMT

Total gCO2

MTCO2

2018

21,739

32,282,283

32.3

2019

17,673

25,979,249

26.0

Source: StreetLight Data and EPA MOVES analysis

Post-Deployment
The steps below provide the high-level methodology for providing a comparison of emissions generated and
saved by vehicles that received priority versus vehicles that did not receive priority. The steps are detailed in
the subsections below.
1. Estimate the amount of emissions associated with a truck passing through an intersection under
different scenarios using MOVES project-level analysis.
2. Assess Operating System CVE data to determine the minimum speed at which each truck passes
through an intersection.
3. Apply emissions estimates (step 1) to minimum approach speeds (step 2) to assess emissions per
truck per intersection traversed.
4. Compare emissions rates for trucks that received priority against emissions rates for trucks that did
not receive priority at each intersection.
MOVES Truck Emissions Estimates
A project-scale on-road MOVES analysis was performed to better understand the amount of emissions
produced in three different scenarios as a truck approaches an intersection as shown in Table 5. Each
scenario assumes different speed profiles exhibited by a truck that traverses an intersection. The beginning
and ending speed for the truck is assumed to be 50 mph in each scenario, as this corresponds to the speed
limit on the Alum Creek Drive corridor.

Table 5: MOVES Scenario Descriptions
Scenario

Description

1

The truck is initially traveling at 50 mph, decelerates to a complete stop (at an intersection
stop bar), idles for 30 seconds (during a red signal indication), and accelerates back to 50
mph (signal changes to green).

2

The truck is initially traveling at 50 mph, decelerates to 30 mph (in preparation to stop), and
accelerates back to 50 mph (signal changes to green).

3

The truck maintains a constant speed of 50 mph through the intersection.

Source: EPA MOVES analysis
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All three scenarios assume the truck covers the same distance of 0.407 miles, the estimated distance it
takes for a truck initially moving at 50 mph to come to a complete stop and accelerate back to 50 mph. This
will allow for a direct emissions comparison between each scenario to assess emissions savings.
The main defining characteristic for each scenario is the speed and acceleration profile of the truck, which is
accounted for the MOVES model by the percentage of time it spends in various defined operating modes
(Table 6). The operating mode is a regime of speed and vehicle specific power (VSP) (a function of speed
and acceleration, and other vehicle profile characteristics) that the vehicle operates to achieve the trajectory
defined in each scenario description.

Table 6: MOVES Model Inputs and Outputs
Scenario
1

2

3

MOVES Inputs
62: Combination Long-Haul Truck GVW > 30,000 lbs.

Vehicle Age Distribution

Default

Time Span

January 2021, Weekday, 10:00-10:59am

Geographic Bounds

Franklin County, OH (39049)

Meteorology Data

Default

Operating Mode

Vehicle Type

Number

Speed

VSP/STP*

0

-

Braking

18.8%

20.0%

-

1

0

Idle

37.5%

-

-

12

0-25

0-3

1.3%

-

-

13

0-25

3-6

2.5%

-

-

14

0-25

6-9

3.7%

-

-

15

0-25

9-12

3.8%

-

-

16

0-25

12-18

5.0%

-

-

23

25-50

3-6

-

10.0%**

50.0%**

27

25-50

12-18

26.3%

60.0%

-

33

50+

3-6

-

10.0%**

50.0%**

37

50+

15-18

1.2%

-

-

0.407 mi

0.407 mi

Link Length

0.407 mi

Grade

Flat

Average Speed

18.2 mph

41.8 mph

50 mph

Time

80.5 seconds

35.1 seconds

29.3 seconds

1,187 g

848 g

342 g

MOVES Outputs
Carbon Dioxide (CO2)
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* Calculation of VSP/STP is based on a vehicle weight of 60,000 lbs.
**When the truck is traveling at a constant speed of 50 mph, its operating modes are split evenly between 23 and 33.
Source: EPA MOVES analysis

A best-fit curve was applied to the emissions outputs from the three MOVES model scenarios so that
emissions could be estimated for intermediate minimum speed values. The best-fit curve and equation are
shown in Figure 9: . At a constant speed of 50 mph, the truck emits about 342 grams of CO2 over the
0.407-mile segment. As the truck minimum speed decreases, emissions increase at a diminishing rate until
the truck comes to a complete stop (minimum speed is 0 mph). For purposes of this analysis, trucks
traveling at speeds greater than 50 mph were considered to produce the same amount of emissions as a
truck moving at a constant speed of 50 mph.

Figure 9: Emissions vs. Minimum Approach Speed
Source: EPA MOVES analysis

Determine Truck Minimum Approach Speeds from Operating System Data
CV messages that are sent from and received by roadside equipment are transmitted to the Operating
System. These data can be leveraged to empirically assess movements of trucks that request priority along
freight priority corridors. Data contained in Signal Request Messages (SRM) can be processed to determine
when and where (e.g. intersection and lane) freight vehicles request priority, and Signal Status Messages
(SSM) can be processed to determine if priority was granted or not for each request. SRMs are linked to
SSMs by a temporary (5-minute) vehicle identifier, intersection identifier, lane identifier, and a transactionbased request identifier.
Basic Safety Messages (BSM) in the Operating System were queried to obtain vehicle trajectories (location
and speed) contained in approach-lane geometries that are associated with each request for signal priority.
The temporary vehicle identifier in the SRM allows BSM data to be matched back to the vehicle. The query
to obtain truck approach data is provided in Figure 10.
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with truck_priority_requests as (
SELECT id, inbound, intersectionid, final_status, min(initial_request_time) as intitialSrmTime
FROM smart_columbus_cve__cve_signal_preemption_requests where role = 'truck' group by id,
intersectionid, final_status, inbound
),
truck_priority_requests_with_sourcedevice as (
SELECT p.*, q.sourcedevice from truck_priority_requests p JOIN
smart_columbus_cve__cve_latest_map_messages q on p.intersectionid = q.intersectionid
),
truck_approach_data as (
SELECT p.lat, p.long, p.bsm_timestamp, p.speed as speed_mph, p.distancetostop, p.states[1][1] as
signalstate, p.timetonextphase, q.* from smart_columbus_cve__cve_red_light_run_warning_issuance p
JOIN truck_priority_requests_with_sourcedevice q ON p.id = q.id and p.sourcedevice =
q.sourcedevice
)
SELECT * from truck_approach_data

Note that some datasets in this query may require an account to access.

Figure 10: Operating System Query
Source: Smart Columbus Operating System https://www.smartcolumbusos.com/

The data are further analyzed to determine each truck’s minimum speed as it approaches the intersection.
The distribution of minimum speed values of all trucks can be aggregated at each intersection according to
whether the truck received or did not receive priority. The minimum speed distribution of trucks that received
priority can be compared against the minimum speed distribution of trucks that did not receive priority to
understand how that affects operations.
Signal priority is only provided to trucks traveling the northbound direction on Alum Creek Drive, and in the
eastbound direction on Morse Road east of the I-270 interchange. Trucks on these corridors in these
directions do not always receive priority upon request. It is possible that the connected vehicle co-processor
was not configured to accept priority requests when the request is made, or the traffic signal controller
rejects them based on controller settings. Over the period for which priority data were available (November
2020 through end of March 2021), priority had only been provided at four intersections along Alum Creek
Drive, and thus the analysis was limited to these four intersections. These intersections, the breakdown of
the number of requests, and the final statuses at each are listed in Table 7.

Table 7: Freight Priority Request Summary
Number
Granted

Number Not
Granted

Total

112-116
(EB)

1

1

2

Morse at I-270 NB (3162)

80-84 (NB)

4

2

6

Alum Creek at Spiegel (4621)

80-84 (NB)

85

214

299

Alum Creek at Rohr (4622)

80-84 (NB)

162

241

403

Alum Creek at Toy/Creekside (4624)

80-84 (NB)

13

456

470

Alum Creek at Groveport (4625)

80-84 (NB)

138

327

465

Intersection

Lane IDs

Morse at L Brands (3093)

Source: Processed data from the Smart Columbus Operating System https://www.smartcolumbusos.com/
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Due to the lack of priority data from the Morse Road intersections, only the Alum Creek intersections will be
analyzed from this point forward. The distribution of minimum approach speeds for all trucks requesting
priority is provided in Figure 11. The red line represents the approach speeds for trucks that were not
granted priority, and the blue line represents the approach speeds for trucks that did receive priority.
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Minimum Speed Probability Distribution

Minimum Speed Cumulative Distribution

Figure 11: Minimum Approach Speed Distribution (5 mph bins)
Source: Processed data from the Smart Columbus Operating System https://www.smartcolumbusos.com/

The Kolmogorov-Smirnov (KS) test is a nonparametric test of the equality of two continuous, onedimensional sample distributions, and was performed to determine if there are statistically significant
changes to the speed distributions between trucks that receive and do not receive priority at each
intersection. The test starts with a hypothesis that the two samples are drawn from the same distribution. It
compares the maximum difference between two cumulative distributions against a test statistic (a function of
a critical value for a given significance level, and a factor that adjusts for the number of points that comprise
each distribution) to determine if the hypothesis is rejected. If the maximum difference between cumulative
distributions is greater than the test statistic, the hypothesis is rejected and the distributions are considered
different at the selected significance level. The KS test results for the speed distributions at the four
intersections shown above in Figure 11 are provided below in Table 8. The results of this test are discussed
in the Discussion of Results.

Table 8: Two-Sample KS Test Results

Measure

Alum Creek at
Spiegel

Alum
Creek at
Rohr

Alum
Creek at
Toy

Alum
Creek at
Groveport

Max difference cumulative distributions

0.15

0.09

0.22

0.05

Critical Value at 5% significance c(5%)

1.358

Test statistic c

0.174

0.138

0.368

0.138

Reject null hypothesis if:

FALSE

FALSE

FALSE

FALSE

Implication

Minimum speed distributions are not different

The null hypothesis is that the samples are drawn from the same distribution. is the cumulative distribution of
minimum speeds of vehicles that receive priority. is the cumulative distribution of minimum speeds of vehicles that no
not receive priority.
n is the number of vehicles that comprise .
m is the number of vehicles that comprise .
Source: Processed data from the Smart Columbus Operating System https://www.smartcolumbusos.com/

Apply MOVES Emissions Estimates to Truck Minimum Approach Speeds
The final step to estimating the change in emissions between trucks that receive priority against trucks that
do not is to take the minimum approach speed for each vehicle and estimate emissions using the best fit
curve equation provided in Figure 9. Emissions results were aggregated (averaged) according to whether
the truck received priority or not for each intersection. The results are shown in Table 9.
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Table 9: Truck Emissions Summary
Priority not
Granted CO2
Emissions
Expected Value

Priority Granted
CO2 Emissions
Expected Value

Expected
Emissions saved
per priority
granted

Total Emissions
Saved

(grams per vehicle)

(grams per vehicle)

(grams per vehicle)

(grams)

Alum Creek
at Spiegel

717
(n=2143)

644
(n=85)

73

6191.7

Alum Creek
at Rohr

932
(n=241)

954
(n=162)

-21

-3,473

Alum Creek
at Toy

938
(n=456)

1,037
(n=13)

-99

-1,390

Alum Creek
at Groveport

833
(n=327)

815
(n=138)

17

2,420

Total

870
(n=1,238)

888
(n=398)

28

-2,060

Intersection

Source: Processed data from the Smart Columbus Operating System https://www.smartcolumbusos.com/

Discussion of Results
The results indicate varying levels of performance at each intersection. At Alum Creek at Spiegel, which has
the best performance, the KS test in Table 8 above indicates that the distribution of minimum vehicle
approach speeds when priority was granted vs. not granted was not found to be different at the 5%
significance level – the distributions are considered different at the 13% level. While these results are not
ideal, this is an indication that the benefits observed are likely not the result of random chance. With an
average emissions savings of 73 grams of CO2 per priority granted, a single vehicle that receives priority at
this intersection every day over the course of a year (261 business days) would have saved 19 kg (0.019
metric tons) of CO2 emissions. The more trucks that receive priority, the more potential CO2 reduction that
is possible, as indicated in Figure 12.
Alum Creek at Groveport Road shows an emissions savings of 17 grams of CO2 per priority granted, and
the other two intersections show added emissions on average when priority is granted. However, the KS test
results (Table 8) do not indicate statistically significant change in minimum approach speeds between trucks
that receive priority and trucks that do not receive priority.
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Figure 12: Hypothetical: Potential Annual Emissions Saved from Granting Freight Signal
Priority
Source: City of Columbus

The overall distribution of speeds upstream of the stop bar are shown in Figure 13. Results are consistent
with the emissions savings results. At Alum Creek and Spiegel, the median approach speed remains at
about 45 mph until 400 feet upstream from the northbound stop bar—at this point, the median speed of
vehicles that receive priority remains constant at about 45 mph, while the median speed for vehicles that do
not receive priority decreases as the truck continues to approach the intersection. This is further indication
that vehicles that do not receive priority are more likely to have a lower minimum speed when approaching
Spiegel, resulting in higher emissions.
The distribution of speeds as northbound trucks approach the other three intersections is similar for vehicles
that receive and do not receive priority. Minor speed improvements are noted for vehicles that receive
priority approaching Groveport Road, which explains a small potential emissions savings, but there is not
enough data to support speed improvements at this intersection or the other two intersections.
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Figure 13: Distribution of Vehicle Speeds Upstream of Intersection Stopbars
Source: Processed data from the Smart Columbus Operating System https://www.smartcolumbusos.com/
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Assumptions
• The MOVES emissions model used to estimate truck emissions assumes a flat road, as Alum Creek
Drive is relatively flat. Heavy trucks are expected to require more energy to accelerate uphill, and this
is not necessarily offset by downhill accelerations. The NREL drive model for Class 8 trucks showed
significant difference in fuel consumption between a flat road assumption and climbing and
descending on a freeway—even when the average elevation change was zero. In instances where
priority can be provided on an uphill approach, the emissions savings may be greater. However, it is
not the intent to go into detail measuring these specific differences.
• The MOVES emissions model assumes that all trucks accelerate/decelerate at the same speeds and
upshift/downshift at the same speed/RPM. While speed/acceleration profiles may vary between
individual trucks, it is not the intent to study the impact of these profiles on emissions. Rather the
speed/acceleration profile chosen is expected to be typical and provide a reasonable estimate of the
changes in emissions for the study.
• The analysis does not consider the potential for increased emissions from other vehicles that are
negatively impacted (e.g. extended idling on side streets) due to the execution of a priority plan.
MMTPA

Baseline Measures
The steps below show the high-level procedure used to estimate the baseline emissions for the MMTPA
project area. A comprehensive explanation of each step is discussed in the subsections below.
1.
2.
3.
4.

Run the EPA MOVES model for Franklin County (see Table 10 for model inputs and outputs).
Using the results of the MOVES model, filter out the appropriate vehicle classes and road types.
Calculate the annual VMT and grams of CO2 emissions.
Compare MOVES VMT output to ODOT VMT numbers for Franklin County by proportion of
passenger vehicles and light-duty trucks.
5. Establish an overall emissions value and grams of CO2 value for the Franklin County for the given
parameters.
An analysis using the EPA MOVES model for all of Franklin County for 2018 and 2019 was performed. An
on-road MOVES analysis was performed to better understand the amount of emissions produced in Franklin
County by different vehicle types in 2018 and 2019. The model uses a default national database that is
modified using default local and state allocation factors. Model inputs are indicated in Table 10.

Table 10: MOVES Model Inputs and Outputs
MOVES Inputs
Time Span

Years: 2018 and 2019
Months: All months
Days: Weekend and Weekdays
Hours: All hours

Geographic Bounds

Franklin County, OH (39049)
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MOVES Inputs
On-road Vehicles

Combination Long-haul Truck

Passenger Truck

Combination Short-haul Truck

Refuse Truck

Light Commercial Truck

School Bus

Motor Home

Single-Unit Long-haul Truck

Motorcycle

Single-Unit Short-haul Truck

Other Buses

Transit Bus

Passenger Car
Fuels

Compressed Natural Gas

Ethanol (E-85)

Diesel Fuel

Gasoline

Electricity
Road Type

Off-network, rural restricted access, rural unrestricted access, urban
restricted access, urban unrestricted access

MOVES Outputs
Pollutants and Processes

Carbon Dioxide (CO2)

Methane (CH4)

CO2 equivalent (CO2-e)

Nitrous Oxides (N2O)

Other Outputs

Distance (VMT), total energy consumed

Results Aggregated by

Year, month, day, source type, fuel type, model year, road type

Note: MOVES model default values were used for all other inputs, which includes, but is not limited to vehicle model
year distribution, vehicle/fuel population, meteorology, road type distribution, speed distribution.
Source: EPA MOVES analysis

The vehicle types and road types were filtered by year. Passenger car, passenger truck, and light
commercial truck were analyzed for vehicle types as a representation of the types of vehicles that drivers
who use the app would be expected and consistent with the vehicle classifications that ODOT reports VMT.
Urban road types (urban restricted access and urban unrestricted access) were used for this analysis, as
the areas that would most likely benefit from the app are in urban environments.
Since CO2 is the primary greenhouse gas emitted in the transportation sector, only CO2 emissions were
considered. Using the MOVES model output, the CO2 emissions and distances for these parameters were
tallied for the number of weekends and weekdays in each month. Compiling for years 2018 and 2019
yielded the following results as shown in Table 11.

Table 11: MOVES Model Output for Franklin County Passenger Car, Passenger Truck, and
Light Commercial Truck CO2 Emissions and VMT, Urban Restricted and Unrestricted Road
Types
Year

MTCO2

VMT

g CO2/VMT

2018

4,016,355

10,208,566,391

393

2019

3,973,124

10,350,094,600

384
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Source: EPA MOVES analysis

Averaging these results for 2018 and 2019, the MMTPA baseline is approximately 3,994,740 MTCO2/year
or 389 g CO2/VMT. The total emissions baseline allows for a comparison of the MMTPA post-deployment
emissions benefit results. However, since this is a pilot deployment with a small sample of users and the
project area includes such a large area, it would not be reasonable to assume a correlation between a
reduction in the overall baseline emissions value and a post-deployment year overall emissions result.
There are also several other variables that play into the baseline emissions number including, but not limited
to:
• Less efficient vehicles being phased out for newer, higher efficiency vehicles,
• Travel pattern changes due to COVID or other economic variables (gas prices, state of the economy,
etc.), and
• Population growth in the area.
The value obtained for grams of CO2 per VMT is better utilized on a smaller scale and serves as a basis for
the emissions reduction estimates for this project.
The reasonableness of the MOVES VMT values was confirmed through a comparison with ODOT-published
VMT estimates for Franklin County in years 2018 and 2019. In both years, the percentage of passenger
cars and light trucks accounted for about 90% of all VMT in Franklin County. Applying these factors to the
ODOT VMT values for Franklin County resulted in very similar results when compared to the MOVES model
with less than a 3% difference when comparing each year, as shown in Table 12.

Table 12. Franklin County Passenger Car, Passenger Truck, and Light Commercial Truck CO2
VMT Source Comparison
Year

VMT Source

VMT

% Difference

2018

ODOT

10,210,363,308

-0.02%

EPA MOVES

10,208,566,391

ODOT

10,097,035,469

EPA MOVES

10,350,094,600

2019

2.44%

Source: EPA MOVES Analysis and ODOT VMT data obtained directly from ODOT

Post-Deployment
The steps below show the high-level procedure used to estimate the emissions saved due to the
transportation mode shifts from the MMTPA project. A comprehensive explanation of each step is discussed
in the subsections below.
1. Analyze the Pivot multimodal trip application data by determining the number and types of trips.
2. Determine which trip modes would account for CO2 emissions and which modes could be
considered emissions-free.
3. For the trip modes other than personal vehicle or ride-hail, trips taken are replacing a trip that would
have otherwise been taken by a personal vehicle.
4. Apply the estimated grams of CO2 per VMT from the baseline measures to those alternative mode
trips to obtain an estimated reduction in emissions for trips scheduled through the Pivot app.
5. Discuss total emissions reductions calculated.
6. Compare results to the MMTPA survey results and discuss findings.
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Pivot Application Data Overview
The Pivot app went live and was available to the public on December 9, 2020. Pivot is a locally designed
smart-phone application that focuses on multimodal trip planning. The app allows users to select one or
more modes of transport and create routes using the parameters requested. Data collected through the app
are anonymized and summarized to be reported in a format that is easily digestible.
For the purposes of this analysis, the timeframe of the trip data was from when the application went live on
December 9, 2020, to March 31, 2021. It is important to note that the average use of the app to plan a
multimodal trip was about one time per day during this initial app rollout period. The trip report included all
the instances when a trip was planned and executed through the application. Data provided in the report
includes, but is not limited to, origin/destination zip codes, date trip was taken, requested transportation
modes, and the legs of trip broken down by transportation mode, distance, and time. A more detailed
summary of the data collected and summarized can be found in Chapter 6.
Transportation Modes
As previously discussed, the Pivot app gives users the opportunity to utilize different transportation modes
when planning their trips. The modes of transportation available are broken down into six categories. They
include personal vehicle, walking, bike, public transit, ride-hail, and scooter. Some of the categories have
multiple options to choose from, the available options of transportation are:
•
•
•
•
•
•

Personal vehicle
Walking
Biking: Personal bike, CoGo bike
Transit: COTA, OSU CABS
Ride hailing: Yellow Cab, Lyft, Uber
Scooter: Bird, Lime

From the options mentioned above, all modes of transportation, except for ride-hailing (Yellow Cab, Lyft,
Uber) and personal vehicles, could be counted as emissions free for study purposes. Walking and biking do
not produce tailpipe emissions, and while scooters need electricity to charge, the emissions created from
electricity generation are being omitted for this study. Public transit buses were also considered emissionsfree since the routes and frequency are not changing based on user demand. In other words, app users are
not necessarily contributing emissions to the study area by riding the bus since the bus would be traversing
its route with or without the app. Providing the option of using public transit could mean that users decide to
not use their personal vehicle or ride-hailing, which could reduce emissions as a result.
Emissions Saved Calculations
Taking the basis of the discussion from the previous section, the analysis for calculating the emissions
saved was done at a very high-level and with several limitations. Many contributing factors and assumptions
needed to be considered to calculate the emissions savings outcome. Some of these include the
transportation modes discussed above and the process to define which modes were emissions-free and
which modes were not. In addition, it was assumed that each trip leg was considered a different trip.
Using the CO2 emissions estimate established in the baseline section, the application of the estimated 389
grams of CO2 per VMT was applied to the emissions-free alternatives. A summary of the reduction in
emissions for the initial trial period can be seen in Table 13.

Table 13: Estimated Emissions Saved from Alternative Transportation Modes as Reported by
the Pivot App, 12/9/21 – 3/31/21
Transportation Mode

Miles

gCO2 saved

MTCO2 saved

Bicycle

112.6

43,798.5

0.044
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Transportation Mode

Miles

gCO2 saved

MTCO2 saved

Bus

2086.6

811,697.5

0.812

Scooter

27.7

10,780.4

0.011

Walk

191.3

74,399.4

0.074

Totals

2452.2

940,675.7

0.94

Source: Pivot app trip data

Results and Potential Outcomes
Although the total amount of CO2 reduced during this initial app rollout period is small, it is important to
realize that this is only a pilot program and the potential benefits could be greater than the saved emissions
estimated.
The usage of the app between December 9, 2020, and March 31, 2021, shows the average number of
emission-free trip legs per day at about 13—with an average trip length of about 1.7 miles. Multiplying by the
estimated 389 grams of CO2 per VMT yields an average daily emission saving of about 8,300 grams of
CO2 per day, or nearly 1 MTCO2 during the app rollout period.
However, the goal is to increase the usage of the Pivot app, encouraging travelers to use more emissionsfree transportation modes. By scaling the average number of emission-free daily trip legs up, the annual
emission savings become more substantial. As shown in Figure 14, if the app gains popularity and the
number of emission-free trip legs increases, the annual emissions saved as a result of the app increases as
well.
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Figure 14: Hypothetical Annual Emissions Saved from Alternative Transportation Modes with
an Increase in App Usage
Source: City of Columbus
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Trip-Distance Comparison
An analysis was performed comparing the difference in trip-distance between taking a direct route using a
personal vehicle or ride-hailing service to the trip-distance by using the alternative modes provided by the
Pivot app. The hypothesis was that a trip using a personal vehicle or ride-hailing service would typically be
shorter in distance due to the availability for creating a more direct path than a combination of the
transportation modes provided by the app. Because of this hypothesis, a reduction factor was thought to be
needed as to not inflate the initial calculated emissions. However, the analysis showed that the use of a
personal vehicle or ride-hailing service did not always make for a shorter trip-distance.
For example, the suggested route for a commuter to go from Grove City to downtown Columbus using
alternative modes was actually shorter in distance than the same trip that would have been taken by a
personal vehicle or ride-hailing service, as drivers typically prefer shorter travel times over shorter distances.
The suggested transit route followed an arterial road that was shorter in distance versus the route along I-71
that would have likely been the suggested route for a personal vehicle using a navigation system. Because
of instances like these, it was deemed unnecessary for the purposes of this study to apply a general
reduction factor to the VMT of the alternative mode trip distances to calculate estimated emission savings.
As expected, the trip-duration using alternative modes from the Pivot app in nearly all cases was longer than
trips using a personal vehicle or ride hailing service.
MMTPA Survey Results
The MMTPA survey was conducted to understand a person’s travel choices and how a planning app might
help them make better travel decisions. The questionnaire was administered by two separate entities, The
City of Columbus and OSU. The number of survey respondents for the City of Columbus survey was 165,
and the number of respondents for the OSU survey was 1,466. It is important to note that the survey was
conducted during the COVID-19 pandemic. This survey presented questions to respondents for two time
periods—Autumn 2020, before the Pivot app was launched, and in late winter 2020-2021, after the Pivot
app was launched. The survey also included questions about whether the respondents used the Pivot app
for their trip planning. Unfortunately, only two of all participants surveyed responded as having used the
Pivot app after it was launched. This is almost certainly a result of the ongoing pandemic affecting travel
trends. A more thorough analysis of these survey results can be found in Chapter 6.
Given the low utilization of the app pre- and post-deployment, it would not be useful to extrapolate how the
Pivot app affected travel choices and tie emissions reductions to the app. However, a couple questions from
the survey do support the assumptions used in the emissions savings methodology. For example, the vast
majority of respondents (see Figure 15 below), both pre- and post-deployment, indicated that their commute
to work was in their private vehicle. This statistic supports the assumption that a trip planned through the
app will likely replace a trip (or at least part of a trip) that would have otherwise been in a personal vehicle.
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Figure 15: MMTPA Pre- and Post-Deployment Mode Choices
Source: OSU Survey Results

Assumptions
Because of the small sample size and large project area (including the effects of COVID-19), a lack of
specific details about personalized trip characteristics was present in the data. Due to these types of issues,
several assumptions are necessary to develop an estimate for emissions saved as a result of the Pivot app.
The list below intends to capture most of the major assumptions/caveats used for the purpose of this
analysis. However, there are likely many other assumptions not listed that could also have an impact on the
emissions reduction estimates.
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•

•
•
•
•
•
•
•

•

•

Since the purpose of the Pivot app is to plan trips and promote other viable sources of
transportation for potential emissions benefits calculations, it is assumed that bus, bike, scooter, or
walking trips planned through the app are replacing a mode of transportation that would have
emitted greenhouse gases.
Pivot improves knowledge of and access to these alternative modes of transportation, providing a
benefit to people who do not own a personal vehicle, and reduces the need to own a vehicle.
It is assumed that all Pivot users are either vehicle owners and/or would have access to a ridehailing service.
The use of the app is promoting travelers to not use their personal vehicle and explore other modes
of transportation.
Even though a bus would have tailpipe emissions, for the purposes of this project, a trip by bus is
considered to be emissions free since the bus would be operating regardless if a person using the
app chose to use that mode or not.
The use of electric scooters or electric bikes is considered to be emissions-free for the purposes of
this project.
Trips originate where people have access to personal vehicles or a ride-hailing service.
Repeat users taking the same trips may not use the app every time they took a repeat trip. For
example, someone that utilized the app to plan their commute would likely use the app a few times
to understand the best modes and route to get to work, but it is not likely that the user would track
those same trips every time they commute to work. Because of this, the app could have been the
catalyst for a significant emissions savings by getting a commuter out of their personal vehicle, but
those savings would not be captured in the Pivot data.
The emissions savings may be overreported due the assumption that all app users would otherwise
have used a personal vehicle or ride-hailing service. However, with the level of data available, this
was concluded to be the most viable way measure impacts/estimate emission reductions by use of
the app.
Each trip leg is analyzed individually based on the mode of transportation. Both single and
multimodal trips were relevant to this program-level emissions analysis13.

EPM

Baseline Measures
The steps below show the high-level procedure used to estimate the baseline emissions for the EPM project
area. A comprehensive explanation of each step is discussed in the subsections below.
1. Use the StreetLight Data platform to perform a zone analysis for the EPM project area.
2. Gather AADT results and calculate the distances of each segment using GIS. These two pieces of
information are key to calculate for VMT for the baseline years of 2018 and 2019.
3. Use a similar gCO2 per VMT factor as determined in the MMTPA baseline analysis, but for
unrestricted urban roads only to establish a baseline.
StreetLight Data Overview
StreetLight Data uses Global Positioning System (GPS) and Location-based System location records every
month to provide up-to-date traffic metrics to its customers. The self-serve mobility data platform provides
various types of analysis. However, for the purposes of calculating a baseline, only AADT information was
collected from the platform.

13

The project-level MMTPA analysis in Chapter 6 focused only on multimodal trips, so some trips included in this
program-level emissions analysis were excluded from the project-level analysis.
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StreetLight Data allows users to pick and choose road segments and run an analysis. In this case, all street
segments inside the bounded EPM study area were chosen. Once the road segments were selected, an
analysis for each baseline year (2018 and 2019) was submitted. The results were then analyzed and taken
to a GIS software to calculate each segment’s geometry and allow for the calculation of VMT. The summary
of the results can be found in Table 14.

Table 14: StreetLight Results in EPM Project Area
Year

Total AADT

Total VMT

2018

12,810,036

472,787

2019

12,396,277

457,912

Source: StreetLight Data

Baseline Calculations
Calculating VMT was the first step to estimate the baseline for the EPM study area. It is important to note
that the analysis was done at a very high-level and with several limitations. Similar to the baseline
methodology for establishing grams of CO2 per VMT for the MMTPA project, the same method was used for
the EPM baselining. However, since the road types in the EPM project area are only urban unrestricted, only
that road type was used from the MOVES model to determine an emissions estimate. Since an unrestricted
urban road would be operating at slower speeds than an urban restricted road, the vehicles are operating
less efficiently and the grams of CO2 per VMT are higher. Using the MOVES model output, the CO2
emissions and distances for these parameters were tallied for the number of weekends and weekdays in
each month. Compiling years 2018 and 2019 yielded a value of 428 g CO2/VMT in 2018 and 417 g
CO2/VMT in 2019. Averaging these results for 2018 and 2019, the EPM baseline per VMT is
approximately 422 g CO2/VMT.
Using the data from StreetLight for the EPM project area, the VMT were multiplied by the 422 gCO2/VMT.
The average emissions among the two years analyzed can be found in Table 15 below.

Table 15: CO2 Emissions in EPM Project Area
Year

Total VMT

gCO2/mile

MTCO2

2018

472,787

428

202.4

2019

457,912

417

190.9

2018/2019 Average Baseline

196.7

Source: StreetLight, EPA MOVES Analysis

Post-Deployment
The initial plan to estimate the emission reductions was to use specific questions from the pre- and postdeployment survey results to measure how the app affected the perceived time spent looking for parking. By
comparing these differences in time and normalizing the pre- and post-results, a reduction in perceived time
to find a parking spot (for those that used the app) would have been used to quantify the emission savings
benefits. Due to the COVID-19 pandemic, however, there was a significant decrease in demand for parking,
eliminating the usual need to spend time looking for parking. This data could not be measured during the
demonstration period.
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Even without being able to compare the pre- and post-deployment results for perceived time to find parking,
it is still possible to estimate the reductions in CO2 emissions by estimating the time saved per use of the
app. The steps below show the high-level procedure used to estimate the emissions saved as a result of the
ParkColumbus app.
• Use StreetLight Data to estimate the average speed of vehicles traveling in the Short North and
Downtown Columbus areas looking for parking.
• Multiply the gCO2/VMT by the estimated vehicle speeds to get the emissions factor on a unit-per-time
basis.
• Using the calculated gCO2/min factor, estimate the reductions in CO2 for every minute not spent
looking for a parking space.
• Scale the results to see the potential emissions reduction benefits based on projected number of
ParkColumbus app users (vehicles) and time savings as a direct result of the app.
StreetLight Data Overview
For EPM, StreetLight served as a tool to analyze and understand the traffic behavior along the roads
bounded by the EPM study area. This would allow the software to output the typical speeds at which
vehicles drove in the road segments, which averaged 22 mph.
Estimated Emissions Saved and Potential Outcomes
Note that using 422 gCO2/mi may be a conservative estimate for the lower speeds observed when finding a
parking space. While looking for parking in a congested area, the vehicles will likely be driving in stop-andgo driving patterns and not traveling far. While analyzing StreetLight data, it was noticed that highly
trafficked road segments such as High Street in the Short North area averaged speeds as low as 12 mph
during peak hours. Thus, the emission rates per mile will be greater than vehicles traveling at faster, more
consistent speeds. The same can be said for vehicles that are traveling at a high rate of speed when the
vehicle has to overcome greater aerodynamic forces and the engine is under a higher load. A study by the
University of California Transportation Center14 discusses the effect of vehicle speed on the emissions rate
and describes the parabolic shape of the emissions speed curve – see Figure 16.

14

https://www.accessmagazine.org/wpcontent/uploads/sites/7/2016/01/access35_Traffic_Congestion_and_Grenhouse_Gases.pdf
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Figure 16: Typical Passenger Vehicle Emissions-Speed Plot
Source: Traffic Congestion and Greenhouse Gases, University of California Transportation Center

From the StreetLight analysis for the EPM project are, the average speed of a vehicle in the Short North or
Downtown is 22 mph. Using the assumptions above, for every minute spent looking for a parking spot, a
passenger vehicle will emit about 155 g of CO2 per minute, as shown in Equation 1:
Equation 1: Passenger Vehicle CO2 Emissions For Every Minute Spent Looking For Parking

422

22

h

1h
60

155

Thus, every minute reduced looking for a parking space will account for an emissions savings of about 155
g of CO2 per vehicle. Since the survey data comparing pre-deployment results with post-deployment results
is not available, a scaling exercise is shown below to show the potential emissions benefits of the
ParkColumbus app.
Figure 17 shows the pre-deployment survey results of a survey question about how long it took a visitor to
the Short North or downtown Columbus to find a parking space.

50%

43%

40%

29%

30%

33%
22%

20%
10%

39%

7%

3%

13%

11%

0%
No time - I have a
reserved space

One or two
minutes

Three to five
minutes

Six to ten minutes

More than ten
minutes

Minutes to find parking once in Short North or Downtown
Time willing to walk from parking to destination

Figure 17. Minutes To Find Parking And Minutes To Walk To Destination From Parking Place
(Pre-Test Sample)
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Source: CJI survey results

As seen from the figure, 90% of respondents spend at least three minutes looking for parking in the Short
North or downtown Columbus. With the ability to see where available parking is or reserve a parking spot
before arriving, users of the ParkColumbus app should see a potential reduction in time spent looking for
parking.
Using the same “minutes to find parking” percentages from Figure 17 above, a hypothetical scenario of 100
users per day was studied. If app users are successful in finding parking through the app, the following
hypothetical scenario could show a reduction of time spent looking for parking from 3-10+ minutes down to
1- 2 minutes. By taking these assumptions into consideration, the range of expected emissions reductions
would be 59,365 - 92,535 g of CO2 per day. The greater the penetration of application usage, the greater
the benefit is expected. If 100 app users realize these benefits every day for a year, that translates to a
potential annual savings of 22-34 MTCO2 (see Table 16).

Table 16: Hypothetical Emissions Savings from ParkColumbus App, 100 Users per Day
Minutes to find
parking

Minutes reduced by
using App

Assumed No. of
drivers*

Potential g CO2
Reduction

1

-

7

-

2

-

3

1

4

2

29

4,495 – 13,485

5

3

6

4

7

5

8

6

39

24,180 – 48,360

9

7

10

8

11+

9+

22

30,690+

Potential Daily g CO2 Reduced

59,365 – 92,535

Potential Annual MTCO2 Reduced

22 - 34

* Using pre-deployment proportions from Figure 17 for an assumed 100 users per day, 7% at 1-2 min, 29% at 3-5
min, 39% at 6-10 min, 22% at 11+ min

Source: City of Columbus

Assumptions
The list below intends to capture most of the major assumptions/caveats used for the purpose of the
hypothetical emissions reduction estimate.
• The user of the app is reducing the time spent looking for a parking spot when reserving parking
spots through the app, in comparison to not using the app.
• The types of vehicles being considered are only passenger vehicles.
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• The only concern is the time spent to find parking within the Short North or Downtown, not the time
spent to get to the Short North or Downtown.
• People who are currently finding parking in less time (than the assumed value) will not experience
greater parking times when using the app.
Another program-level evaluation mailer survey was sent to 3,889 residents randomly selected in the
Columbus urbanized area for pre- and post-deployment to measure the impact of most of the Smart
Columbus Program’s portfolio of projects. The time to find a parking stall for workplace or residential parking
did not show statistically significant differences in time when comparing pre- and post-deployment. However,
the perceived reduction in time to find a parking spot for leisure use was statistically significant, as it showed
a slight decrease in the average time pre- and post-deployment. While this survey did not ask about the
benefits of the ParkColumbus app specifically, these results show that a perceived reduction in time to find a
parking spot on a program level help justify the assumptions that the ParkColumbus app will reduce the time
spent looking for parking and subsequently reduce vehicle emissions.

CONCLUSION
As previously mentioned, the evaluators performed project-level assessments of three projects (CVE,
MMTPA, and EPM) for changes in emissions and combined the results to determine a total program
emission reduction outcome, but analysis provided inconclusive results. One of the biggest challenges that
kept results from being conclusive was the lack of sufficient data for statistically significant analysis.
Confounding factors such as the COVID-19 pandemic, which reduced demonstration period durations and
significantly impacted travel and parking patterns, limited the team’s ability to realize potential benefits at this
time. However, the contributing projects—CVE, MMTPA, and EPM—still have the potential to provide
benefits in the future should travel and parking patterns normalize, as the technology functioned as
expected (after adjustments made during the standard testing process).

3.5.2.

Outcome 0.2 Mobility
OBJECTIVE 0.2.1: REDUCE TRAFFIC CONGESTION

A stated aim of the Smart Columbus Program portfolio of projects is to reduce traffic congestion by
encouraging travelers to shift from personal vehicles to shared-use services and transit. Greater than
normal travel times (and, equivalently, greater than normal delays) are a common consequence of traffic
congestion, and therefore are a key indicator of the impact of Smart Columbus projects on reducing traffic
congestion.
This analysis estimates the impact of the Smart Columbus Program portfolio on traffic congestion by
evaluating the change in travel delays on a set of road segments along the Cleveland Avenue corridor
between the baseline period and the treatment period (i.e., before and after the introduction of the Smart
Columbus Program portfolio of projects). After controlling for confounding factors, any change in travel
delays on these road segments can be attributed to the Smart Columbus Program.

3.5.2.1.1 Data Sources
TRAVEL TIME AND DELAY/DAILY TRAFFIC VOLUMES

•
•
•

FFF data for Central Ohio street segments (StreetLight Data, Inc.)
Street segments (Open Street Map)
Current land use for Central Ohio parcels (Mid-Ohio Regional Planning Commission)
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•
•

Median household income, unemployment rates, and population density by census block group
(American Community Survey, 2012-2017 5-year estimates, U.S. Census Bureau)
Surveys

PERCEIVED REDUCTION IN TRAVEL TIME TO FIND A PARKING SPOT/PERCEIVED OVERALL CONGESTION

The data used in the analyses in this section come from the City Mailer Survey. More information about the
data collected by the survey and the methods used is available in Appendix D.

3.5.2.1.2 Study Area
TRAVEL TIME AND DELAY/DAILY TRAFFIC VOLUMES

The Cleveland Avenue corridor was selected as the study area for this analysis due to its methodological
compatibility, the potential to account for geographically localized and generalized impacts of the Smart
Columbus Program portfolio, and for consistency with the Smart Columbus Program and USDOT Smart
Cities proposal—which references this corridor extensively.
For more information about study area selection and the methods and data used in this analysis, refer to
Appendix D.
CITY MAILER SURVEY

Responses were collected from residents in the Urbanized Columbus Area via a list of zip codes produced
by the Center for Urban and Regional Analysis at OSU.

3.5.2.1.3 Timeline
TRAVEL TIME AND DELAY/DAILY TRAFFIC VOLUMES

Based on the results of descriptive analysis (discussed in Appendix D), Fall 2018 was selected as the preintervention period and Fall 2020 was selected as the post-intervention period.
CITY MAILER SURVEY

The data reported in the city survey was collected between November 2019 and February 2021.

3.5.2.1.4 Methodology
INDICATOR: TRAVEL TIME AND DELAY

Because travel delays are influenced by many confounding factors beyond the scope of the Smart
Columbus Program, a quasi-experimental approach was used to attempt to control for these factors. This
approach compares the change experienced by a set of road segments in the vicinity of the Cleveland
Avenue corridor to comparable road segments scattered throughout the rest of the region. The road
segments near Cleveland Avenue are the treatment group. The comparable road segments are the control
group, and they are methodically selected using a propensity score matching (PSM) method to have
characteristics similar to the treatment group in terms of their physical attributes, nearby land use, and
nearby socioeconomic conditions. Changes in travel delays for the treatment group are compared to
changes in travel delays for the control group using a statistical method called difference-in-differences to
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isolate the portion of the change attributable to the Smart Columbus Program from the overall change
experienced by the region.
INDICATOR: DAILY TRAFFIC VOLUMES

Same as above travel time and delay indicator.
INDICATOR: PERCEIVED REDUCTION IN TRAVEL TIME TO FIND A PARKING SPOT

A pre/post quasi-experimental design was used for evaluating the survey data to discern perceptions of
changes in perceived travel time to find a parking spot.
INDICATOR: PERCEIVED OVERALL CONGESTION

A pre/post quasi-experimental design was used for evaluating the survey data to discern perceptions of
changes in perceived overall congestion.

3.5.2.1.5 Analysis
INDICATOR: TRAVEL TIME AND DELAY

This analysis evaluates the impact of the Smart Columbus Program on travel delay using FFF as a proxy.
FFF is a proprietary indicator published by StreetLight Data. It is an index of traffic speed relative to the
typical speed of traffic on the segment and represents the inverse of the delay factor for a given street
segment. Therefore, a high FFF indicates traffic moving close to its nominal rate, and a decrease in FFF is
equivalent to an increase in delay. This is discussed in more detail in Appendix D.
After preparing the base road segment data, the treatment and control road segments were selected. The
treatment segments along the Cleveland Ave corridor are depicted in green in Figure 18, and the control
segments are depicted in orange. The FFF for each of these segments was obtained using the StreetLight
web application for the following periods in each of the years from 2017 to 2020:
• Spring: March 1 – April 30
• Fall: September 1 – October 31
This period spans the pre/post demarcation date for the Smart Columbus Program, specifically April 29,
2019. Based on the results of descriptive analysis, Fall 2018 was selected as the pre-intervention period
and Fall 2020 was selected as the post-intervention period.
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Figure 18: Geographic Locations of Treatment and Control Road Segments
Source: OSU

Table 17 shows the FFF and the percent change between Fall 2018 and Fall 2020. For All Days (i.e.,
combined weekdays and weekends) and Weekdays alone, FFF of the treatment group increased more than
that of control group. In contrast, on the weekend, FFF of the control group increased more.

Table 17: Free Flow Factor for the Study Period
All Days (M-Su)

Weekday (M-Fr)

Weekend (Sa-Su)

Fall 2018

Fall 2020

Percent
Change

Fall 2018

Fall 2020

Percent
Change

Fall 2018

Fall 2020

Percent
Change

Control

0.7123

0.7507

5.4

0.7060

0.7488

6.1

0.7417

0.7666

3.4

Treatment

0.6971

0.7454

6.9

0.6852

0.7456

8.8

0.7521

0.7596

1.0

Source: OSU

This aggregate data suggests that the Smart Columbus Program may have had a mixed effect on the FFF
in the treatment area, but it does not account for localized context along the corridor or for confounding

48 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 3. Program-level Evaluation and Results

factors. The DiD statistical model attempts to account for these factors. The model is described using
Equation 2.
Equation 2: Difference-in-Differences Model For Free Flow Factor Analysis
∗

!

is the expected mean value of FFF for subject at time ,
is a dummy variable for the
Where v
treatment group and is a dummy variable for the post-treatment time period (fall 2020). The interaction
term,
∗
, is dummy variable that has a value of one for observations in the treatment group in the
post-treatment period and zero otherwise. The coefficients can be interpreted as described in Figure 19 and
Table 18.

Figure 19: Graphical Depiction of the DiD Model
Source: OSU

Table 18: Interpretation of Coefficients in the DiD Model
Coefficient

Calculation

Interpretation

B

Baseline average

A-B

Difference between two groups pre-intervention

D-B

Time trend in control group

(C-A) – (D-B)

Difference in changes over time

Source: OSU

Referring to the figure, β1 is the coefficient of the treatment variable and reflects the baseline differences
between treatment and control group pre-intervention. Coefficient β2 is the change in FFF among the control
group. Coefficient β3 is the main parameter of interest. It is a DiD estimator, which estimates the change in
the treatment group that is attributable to the Smart Columbus Program and whether the difference between
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the treatment and control groups is statistically significant. Given a coefficient β3, the percent change in FFF
attributable to the Smart Columbus Program can be computed as follows in Equation 3.
Equation 3: Percent Change In Free Flow Factor Attributable To The Smart
Columbus Program
β ⋅ 100

The change in the control group can be computed similarly using β2. Table 19 shows the results of the DiD
regression for (a) All Days, (b) Weekdays, and (c) Weekend. The percent change for the control group and
the percent change attributable to the Smart Columbus Program were computed using Equation 3. The
“Time (β2)” row indicates that FFF increased among the control group for all cases of interest by a factor
ranging from 2.0% (Weekend, Peak PM) to 6.9% (Weekday, Peak AM). The increase was statistically
significant in all cases.
The “DiD (β3)” row contains positive values for several cases of interest, indicating that FFF for treatment
segments increased as a result of the intervention. This suggests that the Smart Columbus Program caused
a reduction in congestion during these periods. The results were only statistically significant for two periods,
however, namely All Days, Peak PM (2.6% increase in FFF) and Weekdays, Peak PM (3.6% increase in
FFF). Conversely, the negative values in this row suggest that the Smart Columbus Program caused an
increase in congestion during these periods, specifically Weekend, Peak AM (2.5% reduction in FFF) and
Weekend, Peak PM (2.1% reduction in FFF). While the unfavorable results are significant, they do not reach
the same level of significance as the favorable results. The changes in FFF for each of these cases of
interest are depicted in Figure 20 through Figure 23.
In summary, the Smart Columbus Program was responsible for a modest reduction in traffic delays during
the peak evening hours on weekdays. The Smart Columbus Program may also be responsible for a modest
reduction in delays in peak evening hours in general (all days of the week) and a modest increase in delays
during peak morning and peak evening hours on weekend days.

Table 19: DiD Model Outcomes for Free Flow Factor
(a) All Days (M-Su)

(b) Weekday (M-Th)

(c) Weekend (Sa-Su)

All Day

Peak
AM

Peak
PM

All Day

Peak
AM

Peak
PM

All Day

Peak
AM

Peak
PM

Time (β2)

0.038***

0.061***

0.049***

0.043***

0.067***

0.057***

0.025***

0.036***

0.020**

Change in
FFF for
control
group

3.8%

6.1%

4.9%

4.3%

6.7%

5.7%

2.5%

3.6%

2.0%

DiD (β3)

0.010

0.014

0.026**

0.018

0.016

0.036***

-0.017

-0.025*

-0.021*

Change in
FFF due to
intervention

1.0%

1.4%

2.6%

1.8%

1.6%

3.6%

-1.7%

-2.5%

-2.1%

Note: *p<0.1, **p<0.05, ***p<0.01.
Source: OSU
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Figure 20: Free Flow Factor (All Days, Peak PM)
Source: OSU
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Figure 21: Free Flow Factor (Weekdays, Peak PM)
Source: OSU
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Free Flow Factor, Weekend,
Peak AM (6am-10am)
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Figure 22: Free Flow Factor (Weekend Day, Peak AM)
Source: OSU
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Figure 23: Free Flow Factor (Weekend Day, Peak PM)
Source: OSU

INDICATOR: DAILY TRAFFIC VOLUMES

A stated aim of the Smart Columbus Program portfolio of projects is to reduce traffic congestion by
encouraging travelers to shift from personal vehicles to shared-use services and transit. Traffic volumes in
excess of roadway capacity are a contributing factor to traffic congestion, and therefore are a key indicator
of the impact of Smart Columbus Program projects on reducing traffic congestion.
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This analysis estimates the impact of the Smart Columbus Program portfolio on traffic congestion by
evaluating the change in traffic volumes on a set of road segments along the Cleveland Avenue corridor
between the baseline period and the demonstration period (i.e., before and after the introduction of the
Smart Columbus Program’s portfolio of projects). After controlling for confounding factors, any change in
traffic volumes on these road segments can be attributed to the Smart Columbus Program.
This analysis evaluates the impact of the Smart Columbus Program on traffic volumes. Refer to the travel
time and delay analysis for the road segment map (Figure 18), the time periods used, and Appendix D for
more details on road segment selection criteria.
Table 20 shows traffic volume and the percent change between Fall 2018 and Fall 2020. Both the treatment
group and the control group experienced a decrease in traffic volume in all cases. However, the magnitude
of the decrease was greater in the treatment group in all cases.

Table 20: Traffic Volume for the Study Period
All Days (M-Su)

Weekday (M-Th)

Weekend (Sa-Su)

Fall
2018

Fall
2020

Percent
Change

Fall
2018

Fall
2020

Percent
Change

Fall
2018

Fall
2020

Percent
Change

Control

16,801

14,902

-11.3

17,474

14,957

-14.4

14,129

13,670

-3.2

Treatment

15,186

12,554

-17.3

16,255

12,722

-21.7

11,626

11,182

-3.8

Source: OSU

The aggregate data suggest that the Smart Columbus Program may have affected traffic volume in the
treatment area, but it does not account for localized context along the corridor or for confounding factors.
The DiD statistical model attempts to account for these factors. The model is described using Equation 4.
Equation 4: Difference-in-Differences Model For Traffic Volume
$

∗

!

where is the expected mean value of traffic volume for subject at time , is a dummy variable for the
treatment group and is a dummy variable for the second time period (fall 2020). The interaction term, , is
dummy variable that has a value of one for observations in the treatment group in the second period and
zero otherwise. The coefficients can be interpreted as described in the Travel Time and Delay indicator
section above (Figure 19 and Table 18).
Referring to Figure 19, β1 is the coefficient of the treatment variable and reflects the baseline differences
between treatment and control group pre-intervention. Coefficient β2 is the change in the traffic volume
among the control group. Coefficient β3 is the main parameter of interest. It is a DiD estimator, which
estimates the change in the treatment group that is attributable to the Smart Columbus Program and
whether the difference between the treatment and control groups is statistically significant. Given a
coefficient β3, the percent change in traffic volume attributable to the Smart Columbus Program can be
computed using Equation 5.
Equation 5: Percentage Change in Traffic Volume Attributable to the Smart Columbus Program
% e'( ) 1 ⋅ 100*
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The change in the control group can be computed similarly using β2. Table 21 shows the results of the DiD
regression for (a) All Days, (b) Weekdays, and (c) Weekend. The percent change for the control group and
the percent change attributable to the Smart Columbus Program were computed using Equation 4. The
“Time (β2)” row indicates that traffic volume decreased among the control group for each of the cases of
interest except Weekend, Peak PM, however the change was only statistically significant in some of the
cases. For the cases where the change was significant, the traffic volume decreased by a factor ranging
from -11.3% (All Days, All Day) to -25.8% (Weekday, Peak AM).
The “DiD (β3)” row contains negative values for all cases of interest except Weekend, Peak PM, indicating
that traffic volumes for treatment segments decreased as a result of the intervention. This suggests that the
Smart Columbus Program caused a reduction in congestion during these periods. The results were only
statistically significant for one period: Weekdays, Peak PM (13.8% decrease in traffic volume). The changes
in traffic volume for this case are depicted in Figure 24.
In summary, the Smart Columbus Program was responsible for a modest reduction in traffic volumes during
the peak evening hours on weekdays.

Table 21: DiD Model Outcomes for Traffic Volume
(a) All Days (M-Su)

(b) Weekday (M-Th)

(c) Weekend (Sa-Su)

All Day

Peak
AM

Peak
PM

All Day

Peak
AM

Peak
PM

All Day

Peak
AM

Peak
PM

Time (β2)

0.120**

0.269**
*

-0.078

0.155**
*

0.299**
*

0.122**

-0.033

0.130**

0.044

Change in
volume for
control group

-11.3%

-23.6%

-7.5%

-14.4%

-25.8%

-11.5%

-3.2%

-12.2%

4.5%

DiD (β3)

-0.070

-0.104

-0.100

-0.090

-0.093

0.148**

-0.006

-0.109

0.046

Change in
volume due to
intervention

-6.8%

-9.9%

-9.5%

-8.6%

-8.9%

-13.8%

-0.6%

-10.3%

4.7%

Note: *p<0.1, **p<0.05, ***p<0.01.
Source: OSU
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Traffic Volume, Weekdays,
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Figure 24: Traffic Volume (Weekdays, Peak PM)
Source: OSU

INDICATOR: PERCEIVED REDUCTION IN TRAVEL TIME TO FIND A PARKING SPOT

Baseline data analysis
Wave 1 of the city mailer survey assessed respondents’ baseline perceptions of travel time to find a parking
spot across three areas—leisure, workplace, and residence. For each location, respondents reported how
long they normally spend looking for a parking spot around these areas, and responded on a 6-point
scale—1= under 1 min, 2= 2-5 min, 3= 6-10 min, 4= 11-15 min, 5= 16-20 min, and 6= over 20 min.
At baseline, travel time to park in leisure areas was rated, on average, to take 2-5 minutes (M = 2.13, SD =
1.07, n = 253). Travel time to park in workplace areas was rated, on average, to take under one minute (M =
1.43, SD = 0.82, n = 142), and travel time to park in residence areas was rated, on average, to take under
one minute (M = 1.08, SD = 0.44, n = 168).

Treatment data analysis
Wave 2 of the city mailer survey assessed respondents’ post-demonstration perceptions of travel time to
find a parking spot across three areas—leisure, workplace, and residence. For each location, respondents
reported how long they normally spend looking for a parking spot around these areas, and responded on a
6-point scale—1= under 1 min, 2= 2-5 min, 3= 6-10 min, 4= 11-15 min, 5= 16-20 min, and 6= over 20 min.
Post-deployment, perceived travel time to park in leisure areas was rated, on average, to take 2-5 minutes
(M = 1.85, SD = 0.86, n = 253). Travel time to park in workplace areas was rated, on average, to take under
one minute (M = 1.30, SD = 0.72, n = 142), and travel time to park in residence areas was rated, on
average, to take under one minute (M = 1.08, SD = 0.45, n = 168).
Perceptions of travel time to find a parking spot were significantly reduced for leisure areas; t(252) = 3.95, p
< .001 (Figure 25). For workspace parking, the trend in reduction of travel time to find a parking spot was
not statistically significant; t(141) = 1.92, p = .057 (Figure 26). Finally, there were no differences between
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perceived travel time to park around the respondent’s residence at baseline and post-deployment; t(167) =
0.13, p = .9015 (Figure 27).

Figure 25: Perceived Time to Park (Leisure)
Source: OSU

15

The city mailer survey used to evaluate the program-level mobility outcome included questions about time to park
and showed a significant reduction in time to park for leisure and entertainment activities. However, the EPM
project-level survey that asked more parking-related questions produce inconclusive results, as presented in Error!
Reference source not found.. Due to a difference in the nature of these two surveys, the program-level survey does
not address EPM project-level objectives directly. The EPM project survey responses were also the basis for the
program-level environment outcome.
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Figure 26: Perceived Time to Park (Workplace)
Source: OSU

Figure 27: Perceived Time to Park (Residence)
Source: OSU
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INDICATOR: PERCEIVED OVERALL CONGESTION

Baseline data analysis
Wave 1 of the city mailer survey assessed respondents’ baseline perceptions of overall congestion in the
city on a scale from 1 (not at all) to 5 (extremely). There was a total of n = 309 repeated responses to this
survey item.
At baseline, congestion was rated, on average, to be moderate (M = 3.26, SD = 0.82).

Demonstration data analysis
Wave 2 of the city mailer survey assessed respondents’ perceptions at post-demonstration of overall
congestion in the city on a scale from 1 (not at all) to 5 (extremely). There was a total of n = 309 repeated
responses to this survey item.
Post-demonstration congestion was rated, on average, to be moderate (M = 2.91, SD = 0.84). The decrease
in perceived congestion from baseline to post-demonstration was statistically significant; t(308) = 7.82, p <
.001 (Figure 28).

Figure 28: Perceived Overall Congestion
Source: OSU

CONCLUSION
The desired mobility outcome for the Smart Columbus Program was to reduce traffic congestion by
implementing a set of portfolio projects intended to help travelers shift from personal vehicles to shared-use
mobility options and transit. The results presented in this section suggest that the Smart Columbus Program
achieved a moderate degree of success with regard to this outcome. Although some projects had a regional
scope, much of the Smart Columbus effort was focused on the Cleveland Ave corridor. The study of travel
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delays and traffic volumes showed that congestion decreased by a greater degree along the Cleveland Ave
corridor than it did throughout the region as a whole, at least during certain times of day, which suggests that
the Smart Columbus Program had a positive impact on congestion in this area. The success of the program
was limited. The evidence suggests that the program had no significant impact on time to park for
workplaces or residences, and there is some evidence that the program may have resulted in a modest
increase in travel delays during certain times.
Although the OSU evaluation team attempted to control for confounding factors, these findings should be
regarded with some caution due to the challenging experimental environment in which the research was
conducted. As indicated by travel delay and traffic volume measures, the region as a whole experienced a
downward trend in congestion during the period of performance, which may have affected localized traffic
patterns in complex ways that obscure the true impacts of the Smart Columbus Program. The COVID-19
pandemic likely caused an even greater confounding effect due in part to the overall reduction of travel, but
also due changes in localized travel patterns. Although the evidence suggests that the Smart Columbus
Program had a favorable impact on congestion, it is insufficient to determine whether this resulted from
traveler mode shift from personal vehicles to shared mobility options and transit. Finally, it is worth noting
that the time between the implementation of the Smart Columbus Program and the assessment of its
impacts was very short. It is possible that the evaluation timeframe was too short to capture traveler
behavior changes resulting from the program and that further future study is needed to account for these
effects.

3.5.3.

Outcome 0.3 Opportunity
OBJECTIVE 0.3.1: IMPROVE COMMUTING OPPORTUNITIES TO JOBS AND
SERVICES

Through implementation of multiple portfolio projects, the Smart Columbus Program will improve traveling
opportunities for Columbus region residents to their jobs and services. The three projects contributing to this
program-level Opportunity outcome are:
• MMTPA: which enables users to schedule a comprehensive and coordinated trip with mobility
providers of multiple modes. This was expected to expand a user’s ability to travel to their points of
interest with more ease and reliability when compared to their previous trip planning methods.
• SMH: which provides travelers with access to multiple mode choices at transfer points and will
present them with more opportunities to commute to their points of interest—including jobs and
services locations.
• CEAV Food Pantry use-case: which brings food pantry boxes to a secondary location from the main
food pantry—lessening the distanced traveled to access these types of services by bringing the
resources to the community.
Analysis was based on program-level City mailer surveys designed to gain insight into changes in
access to jobs and services.

3.5.3.1.1 Data Sources
The data used in the analyses in this section come from the City mailer survey. More information about the
data collected by the survey is available in Appendix D.
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3.5.3.1.2 Study Area
The OSU Center for Urban and Regional Analysis (CURA) team created a set of ZIP codes that represents
the Smart Columbus Program study area (the Columbus Urbanized Area) for surveys (see Appendix D).

3.5.3.1.3 Timeline
Baseline surveys were conducted between November 2019 and February 2020. Treatment surveys were
conducted between November 2020 and February 2021.

3.5.3.1.4 Methodology
A pre/post quasi-experimental design was used for evaluating the survey data. See Appendix D for
additional details.

3.5.3.1.5 Analysis
INDICATOR: PERCEIVED EASE OF TRIP PLANNING TO JOBS AND SERVICES

Baseline data analysis
Wave 1 of the city mailer survey assessed respondents’ baseline perceptions of the ease of planning their
trips on a scale of 1 (extremely easy) to 5 (extremely difficult). On average, respondents reported that
planning their trips was somewhat easy (M = 2.00, SD = 0.85, n = 288).

Demonstration data analysis
Wave 2 of the city mailer survey assessed respondents’ post-demonstration perceptions of the ease of
planning their trips on a scale of 1 (extremely easy) to 5 (extremely difficult). On average, respondents
reported that planning their trips was somewhat easy (M = 1.82, SD = 0.82, n = 288).
Respondents reported that trip planning was significantly easier at post-demonstration, as compared to
baseline, t(287) = 3.16, p = .002 (Figure 29).
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Figure 29: Perceived Ease of Trip Planning
Source: OSU

INDICATOR: PERCEIVED EASE OF MULTIMODAL TRANSFERS

Baseline data analysis
Wave 1 of the city mailer survey assessed respondents’ baseline perceptions of the ease of multimodal
transfers on a scale of 1 (extremely easy) to 5 (extremely difficult). Very few respondents reported that
multimodal transfers were relevant to their travel. On average, respondents reported that planning their trips
was neither easy nor difficult (M = 2.97, SD = 1.34, n = 34).

Demonstration data analysis
Wave 2 of the city mailer survey assessed respondents’ post-demonstration perceptions of the ease of
planning multimodal transfers on a scale of 1 (extremely easy) to 5 (extremely difficult). Very few
respondents reported that multimodal transfers were relevant to their travel. On average, respondents
reported that multimodal transfers were neither easy nor difficult (M = 2.79, SD = 1.07, n = 34).
The rate of response to this question precludes meaningful statistical analyses. Respondents reported that
multimodal transfers were as easy at post-demonstration, as compared to baseline, t(33) = 0.81, p = 0.42
(Figure 30).
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Figure 30: Perceived Ease of Multimodal Transfers
Source: OSU

INDICATOR: PERCEIVED EASE OF FMLM TRAVEL

Baseline data analysis
Wave 1 of the city mailer survey assessed respondents’ baseline perceptions of the ease of finding travel
solutions for the first and last segment of their trip on a scale of 1 (extremely easy) to 5 (extremely difficult).
Very few respondents reported that FMLM transfers were relevant to their travel. On average, respondents
reported that finding FMLM solutions for their trips was somewhat easy (M = 2.48, SD = 1.27, n = 44).

Demonstration data analysis
Wave 2 of the city mailer survey assessed respondents’ post-demonstration perceptions of the ease of
FMLM travel on a scale of 1 (extremely easy) to 5 (extremely difficult). Very few respondents reported that
FMLM travel was relevant to their trips. On average, respondents reported that FMLM travel was neither
easy nor difficult (M = 2.64, SD = 1.33, n = 44).
The rate of response to this question precludes meaningful statistical analyses. Respondents reported that
FMLM travel was as easy at post-demonstration, as compared to baseline, t(43) = -0.67, p = 0.51 (Figure
31).
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Figure 31: Perceived Ease of FMLM Travel
Source: OSU

CONCLUSION
The desired opportunity outcome for the Smart Columbus Program was to improve traveling opportunities
for Columbus-region residents to their jobs and services. Three indicators were used to evaluate the
success of the program in achieving this outcome—perceived ease of trip planning, perceived ease of
multimodal transfers, and perceived ease of FMLM travel. Of these, the survey results indicated modest
improvement in ease of trip planning to jobs and services, with a greater rate of respondents indicating that
trip planning was easy after the implementation of Smart Columbus projects compared to the baseline
survey. Survey respondents indicated that ease of multimodal transfers and FMLM travel was comparable
before and after implementation of Smart Columbus projects. However, the number of responses in these
cases was insufficient to determine the significance. Many respondents indicated that multimodal transfers
and FMLM travel were not relevant to their trips. It is worth noting that the time between the implementation
of the Smart Columbus projects and the program evaluation was very short. Traveler behavior change takes
time, and it is possible that the timeframe was too short to capture the traveler mode shift that the program
intended to motivate.
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Operating System Evaluation and
Results
4.1.

REFERENCES

None used.

4.2.

OVERVIEW

The Operating System serves as the backbone for the projects in the Smart Columbus Program portfolio.
It collects and transmits project and performance data reported to the USDOT and the public. The
Operating System also serves as an open data platform for the region, making anonymized open data
accessible to other City of Columbus agencies, academic researchers, startups, app developers, and the
community at large (data consumers of the Operating System are referred to as “customers”).
During the evaluation timeframe of the Operating System, the homepage16 attracted a total of 46,375
users and 55,208 sessions.
The Operating System offers preview, querying, and visualization tools that allow all users to quickly tailor
the data, conduct analyses, and develop visualizations. The core team (“the Operating System team”)
designed, developed, and implemented the current Operating System platform. This team includes the
City of Columbus Smart City project manager, product owner, architects, developers, security and privacy
officers, and data curators. The Operating System team also developed and implemented features
tailored to address use case needs for a few public agencies. The objective of these features is to
improve each agency’s operational efficiency by enabling data-driven decision making.
The key data, analytical, and visualization features of the Operating System were designed and
implemented with primary focus on two outcome areas:
• Agency Efficiency: Measures whether the select City of Columbus public agencies (those provided
with datasets and pilot tools that leverage the Operating System) found that the Operating System
delivered agency efficiency benefits.
• Customer Satisfaction: Measures the degree to which the end users of the Operating System were
satisfied with the enhanced data, visualization, and analytical features in the Operating System.
Two sources of data were used for performing the evaluation of the Operating System, user surveys and
website usage data from Google Analytics service. User surveys were conducted for two user groups—
employees from City of Columbus public agencies (“agency users”) were selected for agency efficiency,
and external users of the Operating System data platform were selected to measure customer
satisfaction.
For some of the qualitative questions, the survey respondents were asked to rate the qualitative measure
on a scale of 1 (Very Poor) to 5 (Very Good) as part of the survey. Figure 32 presents the rating scale
used for the evaluation.

16

www.smartcolumbusos.com
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1 = Very Poor

2 = Poor

3 = Average

4 = Good

5 = Very Good

Figure 32: Rating Scale of 1 to 5 for Operating System Survey Questions
Source: City of Columbus

4.3.

EVALUATION TEAM

Battelle led the data curation, collection, and performance measure evaluation.
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4.4.

SUMMARY OF FINDINGS

Operating System results by indicator are shown in Figure 33.

Figure 33: Operating System Logic Model and Summary of Results
Source: City of Columbus
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4.4.1.

Outcome 1.1 Agency Efficiency

Two public agencies participated in these findings, the City of Columbus Division of Parking Services
(Parking Services) and COTA. These agencies utilized the Operating System to gather and ingest data,
provide analytical services, and develop custom visualization support which addressed their use cases
listed in Section 4.5.5.1. The agency efficiency outcome was assessed based on two agency interview
responses, one from COTA and one from Parking Services. Overall, the findings revealed that the agencyrelated datasets ingested by the Operating System:
• Reduced the access time of data for agencies from their infrastructure vendors,
• Reduced the number of data requests received by the agencies from the public users, and
• Enabled external users to explore distinctive data analytics and visualization opportunities.
The interview responses indicated that the visualization tools were effective in assisting the agency in
making real-time operational decisions (e.g., work order labor allotment and status tracking, real-time transit
location tracking) and for long-term planning (e.g., addressing parking violation hotspots). The interview
responses also indicated that the Operating System provided an improved data-sharing mechanism with
interagency and external users when compared to their previous data-sharing methods. These qualitative
findings are supported by the high number of downloads, queries, and visualizations performed using the
data ingestion from the selected agencies, as indicated by the Operating System usage statistics from the
Google Analytics platform. Agency interview responses suggested improvements to data discoverability and
the user interface for the visualization features to enable users to find data with improved relevance and
create basic visualizations with less effort.

4.4.2.

Outcome 1.2 Customer Satisfaction

Based on the 17 responses from the customer survey, more than 60 percent of the users rated their
experience with the Operating System between good and very good. Features of the Operating System
evaluated include:
• Data and metadata quality,
• Ease of access,
• Ease of finding intended data,
• Usefulness of data for intended purposes ,
• Analytical tools, and
• Visualization tools.
The high usage statistics, which included the number of users, sessions per user, session duration, data
downloads, queries, and visualizations observed throughout the performance period of the Operating
System, strongly support the qualitative customer feedback. In addition, the Operating System agency users
indicated areas for improvement, such as enhanced data discoverability, pre-built querying commands, and
improved user interface for visualization tools with more basic data profiling options.
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4.5.

APPROACH AND FINDINGS

4.5.1.

Data Sources

Operating System usage data and agency surveys.

4.5.2.

Study Area

Not applicable.

4.5.3.

Timeframe

A baseline timeframe of one year before implementation of the Operating System’s current version (April
1, 2018 – March 31, 2019) was selected for the Operating System performance measurement (Initial
Operating System). An evaluation timeframe of 24 months after implementation of the Operating
System’s current version (April 1, 2019 – March 31, 2021) was selected for the Operating System
performance measurement (Current Operating System). Additionally, the time period before version one
of the Operating System (before April 1, 2018) was selected for making comparisons to the data sharing
methods used by the data providing agencies prior to the implementation of the Operating System (PreOperating System).

4.5.4.

Methodology

Operating System usage data and survey responses were used to evaluate indicators for this project.

4.5.5.

Analysis
OUTCOME 1.1 AGENCY EFFICIENCY

Three agencies—Division of Infrastructure Management (DoIM), Parking Services, and COTA—were
selected by the Operating System team to provide data, analytical, and visualization services based on
their use case needs to improve their operational efficiency. The use cases targeted for each agency are
listed below:
• For DoIM, the Operating System team developed a dashboard that automatically updates the manhour allocation for Infrastructure Work Orders and statuses of Work Orders. DoIM uses this
dashboard to perform real-time progress tracking, Work Order prioritization, and labor allocation
adjustments. The datasets and dashboard are only internally accessible by the users of DoIM17.
• For COTA, the Operating System ingested datasets related to real-time transit location, trip behavior,
and on-time performance data. The Operating System team developed a real-time map to enable
COTA to communicate live bus locations with travelers and minimize wait times.
• For Parking Services, the Operating System ingested datasets related to parking meter locations,
transactions, and violations. Two heatmaps were developed for Parking Services to identify hotspots
for high parking demand areas and violation zones. Columbus Parking Services uses these
visualizations to make data-driven decisions for future parking planning and targeted customer
education.

17

No survey responses were received from DoIM, so it was not included in the analysis.

68 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 4. Operating System Evaluation and Results

Four objectives were selected for assessing the performance of the Operating System in achieving the
agency efficiency outcome:
• Provide useful data,
• Provide improved data sharing,
• Provide easily discoverable data, and
• Provide an easily accessible data exchange to providers and consumers of data.
Two sources of data were used for evaluating the impact of the Operating System in improving the agency
efficiency of the select agencies through the features offered. Data sources include:
• Interviews with agency users that use the Operating System features.


Personnel within each organization that spent significant time working with the Operating System
were asked to participate in the agency interviews. This resulted in two interview responses, one
from COTA and one from Parking Services. An interview response was not collected from DoIM.

• Google analytics information about the usage of the datasets ingested from these respective
agencies.

4.5.5.1.1 Objective 1.1.1 Provide Useful Data
As presented in Figure 33, the three outcome indicators selected for assessing this objective are:
• Ability to access and use data,
• Usefulness of the accessed data for intended purpose, and
• Number of applications, reports, analytics, and visualizations created using the operating system
data.
INDICATOR 1: ABILITY TO ACCESS AND USE THE DATA

As the agencies utilize the data in the Operating System for their use cases, it is important to assess the
agency users’ ability to access the data in a workable format and method. Ensuring proper data access
mitigates the formatting needs of the user and increases efficiency.
The agency interview asked the users about the impact of the Operating System on their ability to access
and share data. The user from COTA stated that there is no change in their ability to access and use data,
as they mainly rely on their internal database for accessing and exporting data to meet their use case
needs. The Parking Services user mentioned that ingesting parking violations and transaction data in the
Operating System minimized the need to make tailored data requests to the parking vendors.
INDICATOR 2: USEFULNESS OF THE ACCESSED DATA FOR INTENDED PURPOSE

Providing access to data that address the agency use cases is the intended purpose of the Operating
System. As the analytics, visualizations, and dashboards created using the agency data start to serve the
needs of agency users, this would likely encourage agencies to share additional datasets with the Operating
System for public use. The increased data published on the Operating System will create opportunities for
external users to find data that meet their needs as well.
The datasets ingested into the Operating System were selected on a use case basis and allow agencies to
create dashboards and visualizations for agency and external users to make data-driven decisions. When
asked in the agency interview about the usefulness of the data accessed from the Operating System, both
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COTA and Parking Services users indicated that they find the data to be useful and tailored for their use
case needs.
INDICATOR 3: NUMBER OF APPLICATIONS, REPORTS, ANALYTICS, AND VISUALIZATIONS CREATED
USING THE OPERATING SYSTEM DATA

The number of products and artifacts created using data on the Operating System is indicative of the
usefulness and adaptability of the Operating System.
A real-time map was created using COTA General Transit Feed Specification (GTFS) data to allow central
Ohio residents to find current locations of COTA buses. Also, two heat maps were developed for Parking
Services to identify high-demand parking locations and violation hotspots. In addition to the visualizations
and dashboards created for the agency users, the Operating System external users have developed 11 and
six visualizations with various datasets ingested from COTA and Parking Services, respectively.
The data ingested into the Operating System from Parking Services parking meter and violation tracking
vendors have minimized the need for multiple data requests between Parking Services and the private
vendors offering data services for the agencies. Further, the visualizations developed with the datasets
indicate that the datasets ingested were useful for catering to the needs of these agencies as well as other
data enthusiasts.

4.5.5.1.2 Objective 1.1.2 Provide Improved Data-Sharing Method
As presented in Figure 33, the four outcome indicators selected for assessing this objective include:
• Ease of data-sharing ability,
• Number of requests for datasets,
• Amount of time to access the data, and
• Number and frequency of data retrievals from the Operating System (post only).
INDICATOR 1: EASE OF DATA-SHARING ABILITY

As the Operating System provides an easy/accessible/discoverable data-sharing platform, comparing the
Operating System with the agencies’ data-sharing methods prior to the implementation of the Operating
System helps identify gaps in the data-sharing methods offered by the Operating System.
Both COTA and Parking Services indicated that the Operating System has provided opportunities for better
data-sharing with inter-agency and external users. However, no noticeable improvement was observed for
intra-agency data-sharing. One reason for this is that the agency users prefer limiting their internal
databases for sharing data between internal users within their agency.
INDICATOR 2: NUMBER OF REQUESTS FOR DATASETS

As more agencies share data on the Operating System, agency users will be able to operate more efficiently
by reducing data requests between agencies. Instead of emailing to ask for data from another agency,
agency users will access the desired data from the Operating System, receiving the most recent information
without processing delays.
Based on the agency interview responses, no significant changes in the number of data requests were
observed by either COTA or Parking Services. However, both agencies reported that when receiving data
requests for data already published on the Operating System, they saved time and effort by redirecting the
external users to the dataset pages.
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INDICATOR 3: AMOUNT OF TIME TO ACCESS THE DATA

As more agencies publish their data on the Operating System, it is expected that the users will be able to
get access to the data quicker as compared to previous data-sharing mechanisms.
Based on the agency interview responses, no significant changes were observed in the amount of time to
access the data in the Operating System by COTA agency users when compared to COTA's internal
database sharing. The Parking Services agency user mentioned that the Operating System’s ability to
frequently update datasets (daily and hourly) containing violations and transactions has minimized the need
for the agency to make dataset requests to their private vendors. A slight reduction in the time to access
data was observed by the Parking Services agency user when compared to their data acquisition process
before ingesting in the Operating System.
INDICATOR 4: NUMBER AND FREQUENCY OF DATA RETRIEVALS FROM THE OPERATING SYSTEM (POST
ONLY)

In addition to the qualitative responses from the agency users, a quantitative measure of usage analytics
(from Google Analytics) of the agency data in the current Operating System helped in validating the user
responses. As there is no baseline data platform for comparison, the analysis was conducted using data
from the evaluation timeframe (after implementing the current version of the Operating System).
A total of 39 datasets were ingested from COTA, from which 868 downloads and more than 3,600 queries
were performed by Operating System external users across the same time span. A total of 24 datasets
were ingested from Parking Services, from which 660 downloads and just over 50,000 queries were
performed by Operating System external users between April 1, 2019, and March 31, 2021. A constant
upward trend of downloads and queries of the datasets was observed across both years, indicating that the
Operating System users are finding value with the datasets published.
Overall, the data ingested into the Operating System have provided the opportunity for the public agencies
to share their data with a wider range of users, while minimizing the repetitiveness in performing multiple
exports for individual data requests. In addition, the number of data retrievals suggest a constant demand
for the open-source datasets ingested from these agencies.

4.5.5.1.3 Objective 1.1.3 Provide Easily Discoverable Data
As presented in Figure 33, the two outcome indicators selected for assessing this objective include:
• Ability to find data intended by the users and
• Number of requests for datasets.
INDICATOR 1: ABILITY TO FIND DATA INTENDED BY THE USERS

Once the agency data are ingested into the Operating System, it is important that the intended agency users
can find the data. The Operating System uses metadata provided by the data provider to enable the data
discoverability feature.
COTA and Parking Services users mentioned that they were able to easily identify data of interest by
performing searches using organization names (e.g., COTA) and keywords (e.g., transit or trip data).
Additionally, among the Operating System customers (external users) surveyed, 59 percent rated their
experience with finding intended data between good to very good, 35 percent reported an average
experience, and six percent reported a very poor experience, as presented in Figure 34. While the majority
of external users were able to find the data for their intended purpose, there is room for improvement in the
areas of search engine optimization and keyword tagging to boost the ability to find intended data.
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Compared to data sharing mechanisms (email, ftp, etc.) you've used in the
past, rate the ease of finding data in the operating system for your
intended purpose
*17 users surveyed

40%

35%

35%

35%
30%
24%

25%
20%
15%
10%

6%

5%

0%

0%

Very Poor

Poor

Average

Good

Very Good

Figure 34: Survey Responses to Customers’ Ease of Finding Data on the Operating System for
Their Intended Purpose
Source: City of Columbus

INDICATOR 2: NUMBER OF REQUESTS FOR DATASETS

After publishing data on the Operating System, a lesser number of requests received by the agency data
providers is indicative of agency and external users’ ability to find, access, and use the intended data
through the Operating System.
Agency and external user survey feedback suggest that users familiar with the organizations and the data
they provide could easily locate data for their intended purposes, compared to unfamiliar users who may
struggle to navigate the Operating System to find specific datasets. This indicates that the data
discoverability of the Operating System needs to be improved to enable external users with less data
familiarity to find published datasets more easily. The recommended aspects for improvements to address
this shortcoming include enhanced keyword tagging and search engine optimization.

4.5.5.1.4 Objective 1.1.4 Provide An Easily Accessible Data Exchange To Providers And
Consumers Of Data
As presented in Figure 33, the three outcome indicators selected for assessing this objective include:
• Percentage of datasets accessible to applications (internal and external),
• Ability to access and use the data, and
• Ability to ingest/harvest the data into the Operating System.
INDICATOR 1: PERCENTAGE OF DATASETS ACCESSIBLE TO APPLICATIONS (INTERNAL AND EXTERNAL)

This indicator focuses on providing internal and external datasets to agency and external users in formats
that are easily read with little manipulation (e.g., CSV, JSON, etc.). These usable data formats combined
with proficient data extraction methods (e.g., direct download, API, and SFTP) enhance the ability to
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connect the data with other applications and tools. The Operating System contains both public and private
datasets. Public datasets are available to the public and other agencies and are defined as external
datasets. In contrast, private datasets can only be viewed by the data providing agency and are defined as
internal datasets.
The percentage of internal datasets accessible was calculated as the ratio of datasets accessible to internal
agencies over the total of datasets accessible to both internal and external agencies. The percentage of
external datasets accessible was calculated as the ratio of datasets accessible to external agencies over the
total of datasets accessible to both internal and external agencies. In the Operating System there are a total
of 806 datasets, of which eight percent (64) are classified as internal datasets and 92 percent (742) are
classified as external datasets. All internal and external datasets are accessible to applications via direct
downloads and API queries in at least one format.
Since the inception of the current Operating System on April 1, 2019, a total of 222,685 downloads and
67,156 queries were performed by internal and external users to access the Operating System data. Some
of the external datasets on the Operating System are available in multiple formats (e.g., Roadway
Centerlines data are available in four formats—CSV, JSON, GEOJSON, and XML). The API query feature
allows users to filter, join, and analyze datasets to meet their use case needs. Additionally, all GEOJSON
datasets are previewed on a Leaflet mapping tool18 to provide a quick profile of data to the users.
INDICATOR 2: ABILITY TO ACCESS AND USE THE DATA

As all users use the data in the Operating System for different purposes and likely utilize different tools, it is
important to track the users’ ability to access the data in a workable format and method. Ensuring proper
data access will optimize the users’ formatting time and increase their efficiency.
Responses from COTA and Parking Services users indicated that the agency users were able to easily
apply the data for their intended purposes with minimal data cleaning and manipulation. Further, they found
the metadata to be very helpful in finding, filtering, and tailoring the data to their needs.
More than 60 percent of the customer (external users) survey participants responded that their experience
ranged between good to very good for finding intended data, using the metadata, performing queries and
downloads, and applying data for their intended use case with minimal data cleaning.
INDICATOR 3: ABILITY TO INGEST/HARVEST THE DATA INTO THE OPERATING SYSTEM

Comparing the agency data providers’ (on the Operating System team) ability to ingest data into the
Operating System and their other data-sharing mechanisms helps assess the efficiency of the dataingestion mechanism/method provided by the Operating System.
The datasets contained in the Operating System are the result of manually performed batch file uploads or
automated Application Programming Interface (API) ingestions. All datasets in the Operating System were
reviewed by the data curator before ingestion. The review process included scanning for personally
identifiable information, performing data quality checks, ensuring all metadata are accurate and complete,
and developing a data dictionary.
The data ingestion practices followed by the Operating System include automated checks for incoming data
to match the defined types (e.g., integer, string) and ranges (quality), data update frequency (freshness),
and missing data in fields tagged as required (completeness). To the extent possible, the Operating System
ingestion process leveraged the API and FTP resources from the data providers to automate dataset

18

https://leafletjs.com/
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updates. Together, these data ingestion practices are expected to improve agency and external users’ ability
to use data by minimizing data cleaning needs and improving their ease of understanding the data profiles.
Initially, the Operating System team collected, curated, and ingested the datasets from agency data
providers into the Operating System using a data curator user interface. The Operating System team
coordinated with the data providers from the agencies (e.g., Parking Services) to collect data, as well as the
metadata needed to understand the data. Moving beyond the Smart Columbus Program effort, City
agencies will be required to ingest the data into the Operating System. The selected agencies were
surveyed to assess how easy it will be for an agency to do this process in the future (after this initial
establishment of the Operating System).
COTA and Parking Services users were asked to rate their data ingestion experience with their data-sharing
mechanisms before and after implementation of the Operating System. Both agencies provided a good
rating regarding their ingestion experience with the Operating System, as well as other data sharing
mechanisms. They mentioned that the metadata information and data preview options provided on the
Operating System’s dataset page aided in the user’s understanding the dataset and its contents without
having to conduct in-depth research or analysis.
The agency interview responses suggest that the agency users’ experiences with ingesting data into the
Operating System and their other data-sharing mechanisms remain equally good. The agency users found
the metadata information presented on the Operating System dataset page to be very useful for
understanding data. However, when asked about the gaps between the Operating System and other datasharing mechanisms, the Operating System’s privacy policy restricting ingestion of personal identifiable
information data was identified as a limiting factor for agencies to ingest more datasets.

OUTCOME 1.2 CUSTOMER SATISFACTION
Since its inception, the Operating System has welcomed over 7,100 users, spanning over ten countries, with
over 41,000 total pageviews. The users of the Operating System come from a wide variety of professional
backgrounds such as researchers, app developers, entrepreneurs, data scientists, and government officials.
When external users enter the Operating System, they can search over 740 datasets, and they also have
access to tools that allow them to preview, download, query, and create visualizations to aid in data analysis.
To understand the Customer Satisfaction objective outcomes, a customer survey was made available to all
Operating System users. This survey asked a series of questions pertaining to who was using the Operating
System, how they were using it, and how well the Operating System performed. The customer survey
yielded a total of 17 responses, which were used in the analysis of the two Customer Satisfaction objectives,
establish and enhance customer satisfaction with the operating system, and provide easily discoverable
data. Along with the survey data, Google Analytics data were used in the analysis.

4.5.5.2.1 Objective 1.2.1. Establish and Enhance Customer Satisfaction with the Operating
System
As presented in Figure 33, the outcome indicator selected for assessing this objective include customer
satisfaction ratings for the six indicators described below.
• Quality, freshness, and completeness of data
• Metadata quality
• Visualization tools/features
• Analytical tools/features
• Method of ingesting data into the Operating System
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• Method of extracting data from the Operating System
INDICATOR 1: QUALITY, FRESHNESS, AND COMPLETENESS OF DATA

Providing quality (e.g. accurate data entries), fresh (e.g. frequently updated), and complete (e.g. without any
missing values) data will give trust and confidence to the end users when applying the data for their
intended purposes (e.g. analysis, reports, etc.). It should be noted that the City of Columbus can only control
the quality, freshness, and completeness of data generated from the Smart Columbus Program portfolio
projects through pre-established service-level agreements. For all other data sources, data quality is the
responsibility of the data providers.
To understand the quality, freshness, and completeness of the data, users were asked to rate their ability to
use the datasets for their intended purpose(s). As presented in Figure 35, approximately 76 percent of all
users stated that their ability to use the datasets present on the Operating System for their intended
purpose(s) was either good or very good. This implies that the users are finding value with the data
ingested.

Rate your ability to use the data on the Operating System for
your intended purpose(s)
*17 users surveyed

50%
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

41%
35%

12%
6%

6%

Very Poor

Poor

Average

Good

Very Good

Figure 35: Survey Responses for Customers’ Ability to Use the Data for Their Intended
Purpose(s)
Source: City of Columbus

INDICATOR 2: METADATA QUALITY

Metadata plays a critical role in discovering, understanding, using, and relating data. The Operating System
uses the Project Open Data Metadata Schema version 1.119 for collecting metadata information required to
get a detailed understanding of the business, technical, and operational aspects of a dataset. This
evaluation assessed the usefulness and quality of the metadata to the end users in the discovery and
application of datasets for different purposes.
With regards to an external end users’ ability to use the data with the related information (e.g., metadata,
data dictionary) from the Operating System, 70% of the survey respondents stated that their experience

19

https://project-open-data.cio.gov/v1.1/schema/
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ranged between good to very good. Twelve percent of respondents rated the metadata quality as average,
and 18 percent rated their experience with metadata to be either poor or very poor, as presented in Figure
36. The customer survey responses suggested improvements to metadata including improved keyword
tagging and providing scores for datasets based on their quality, freshness, and completeness.

Rate your ability to use the data with the related information (metadata,
data dictionary) from the Operating System
*17 users surveyed
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41%

40%
35%

29%

30%
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10%
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12%

12%

Poor

Average

6%

0%

Very Poor

Good

Very Good

Figure 36: Survey Responses for Customers’ Ability to Use the Data with the Related
Information (Metadata, Data Dictionary) from the Operating System
Source: City of Columbus

INDICATOR 3: VISUALIZATION TOOLS/FEATURES

Providing visualization tools allows users to gather a more in-depth understanding of a selected dataset and
provides users the ability to create detailed presentations to support projects or use cases. The Operating
System offers three visualization options.
• Integrated Plotly tool20 for developing quick profiles of data by correlating multiple data elements in a
dataset. This tool was launched in September 2019
• Tableau Web Connector21 option that allows all users to query, transform, and load data into Tableau
public to create dashboards and visualizations. This connector was launched in December 2019.
• A built-in Leaflet visualization tool that provides a visual preview of all geospatial datasets. This tool
was launched in August 2019.
All three visualization tools allow agency and external users to explore data, create distinct variations of
plots, and export reports.
Since the implementation of the Plotly tool, a total of 209 visualizations were created by leveraging 156
datasets published on the Operating System. These usage statistics indicate that external users are finding

20
21

https://plotly.com/chart-studio/
https://data.smartcolumbusos.com/tableau/connector.html

76 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 4. Operating System Evaluation and Results

value with the Plotly visualization tool offered for creating distinct visualizations for their user needs. When
asked about the focus for using the Operating System, 18 percent of the survey respondents identified
visualization as their primary focus, as presented in Figure 37.
During the agency interview, one of the agencies recommended visualization tool improvements to
accommodate agency and external users with minimal to no experience with spatial data. The
recommended improvements include pre-populated or recommended plotting options and interactive icons
that reduce the need for establishing a thorough understanding of the data elements before creating
visualizations.

What is your focus for working with the operating system data?
*17 users surveyed

General Exploration 6%
Reviewing Available Data 12%

Reports 18%
Research 65%

Analytics 24%

Visualization 18%

App Development 18%

Figure 37: Survey Responses for Customer Focus for Using the Operating System Data
Source: City of Columbus

INDICATOR 4: ANALYTICAL TOOLS/FEATURES

The SQL querying analytical tools available through the Operating System can be used for previewing,
filtering, merging, and querying data. These tools allow all users to perform simple to complex analytics
based on their needs. Additionally, the Operating System also runs a parking prediction algorithm for the
Event Parking Management project that performs a continual 2-hour prediction of parking availability across
different parking zones in the city.
Since the inception of the SQL query tool in April 2019, more than 67,000 queries were performed across
435 (54 percent) datasets published on the Operating System. The usage statistics also indicated that 14
percent of the queries were performed by returning users (i.e., users that accessed the Operating System
from the same IP address for more than one instance between April 2019 and March 2021). The large
number of queries and repeat usage suggest that the Operating System users were using the querying tool
to customize the Operating System data for their needs. In response to a customer survey question about
the primary focus for using the Operating System, 24 percent of the respondents voted for analytics, as
presented in Figure 37.
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INDICATOR 5: METHOD OF INGESTING DATA INTO THE OPERATING SYSTEM

Most of the datasets published on the Operating System are currently ingested by the data curators either
through a manual upload or by setting up an ingestion pipeline for an SFTP or an API. Data formats
accepted by the Operating System include CSV, JSON, GEOJSON, XML, HTML, and Shape files. A selfservice user interface was developed to allow users to submit datasets to the data curator for review. Once
reviewed and accepted by the curator, the submitted dataset(s) were ingested and made public on the
Operating System. City agencies gave a good rating regarding their experience with the Operating System’s
data ingestion practices. When more users become aware of the self-service feature, a better assessment
can be made about the user experience with the data ingestion mechanism.
INDICATOR 6: METHOD OF EXTRACTING DATA FROM THE OPERATING SYSTEM

To establish and expand the usage of the Operating System, it is critical to provide all published datasets to
users in easily accessible formats and provide methods that are widely used in the data industry. This
indicator assesses the customers’ satisfaction with the available methods of data extraction. Datasets on the
Operating System are accessible via API in JSON and CSV formats. Additionally, most of the geospatial
datasets on the Operating System are available in GEOJSON format. Some datasets including CV
messages are available in XML format.
The survey asked users to compare data-sharing mechanisms (email, ftp, etc.) they have used in the past,
and rate their ability to query and download data through the Operating System. Fifty-nine percent of the
users rated their experience between good to very good, 35 percent rated their experience as average,
while six percent rated their experience as very poor, as presented in Figure 38. The total number of
dataset downloads from the Operating System accounts to more than 222,000 since the inception of the
data platform. Overall, the survey respondents’ ratings and high number of data extracts indicate that the
users of the Operating System are finding the data extraction methods to be effectively working for their use
case, analysis, reporting, and visualization needs.

Compared to data sharing mechanisms (email, ftp, etc.) you've used in
the past, rate your ability to query and download the data through the
operating system
*17 users surveyed
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35%
24%
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Figure 38: Survey Responses for Customers’ Ability to Query and Download the Data Through
the Operating System in Comparison to their Previous Data Sharing Mechanisms
Source: City of Columbus
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4.5.5.2.2 Objective 1.2.2 Provide Easily Discoverable Data
As presented in Figure 33, the three outcome indicators selected for assessing this objective include:
• Time spent on the Operating System,
• Time spent on discovery of dataset(s), and
• Ability to find the intended data.
INDICATOR 1: TIME SPENT ON THE OPERATING SYSTEM

This indicator represents the total number of minutes spent on the Operating System every time a user logs
on. The lower the amount of time spent on the Operating System homepage before transitioning to the data
discovery page is an indicator that the external users are quickly able to transition to the dataset portal.
From the launch of the current version of the Operating System in April 2019, the homepage22 attracted a
total of 46,375 users and 55,208 sessions. On average each user spends 54 seconds and performs 1.19
sessions, as presented in Figure 39. During each session, an average of 1.52 pages were viewed by a
user. The high bounce rate (i.e., the percentage of visitors who enter the Operating System site and then
leave rather than continuing to view other pages within the same site) of 84 percent is indicative of users
leaving the Operating System site without navigating to other pages. Without additional data on the website
usability, it is difficult to establish a logical reasoning as to why the users bounced out of the Operating
System site without accessing other pages. More than 14 percent of the users from the homepage
navigated to the data discovery page to perform dataset searches.

Figure 39: The Operating System Homepage User Behavior Overview
Source: Google Analytics

22

https://www.smartcolumbusos.com/
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INDICATOR 2: TIME SPENT ON DISCOVERY OF DATASET(S)

This indicator represents the total number of minutes spent on discovery of dataset(s) every time the
external users log on. The Operating System uses dataset title description and tags to match with the
keyword search performed by the external users. Fast and accurate keyword matching allows external
users to find their intended data quickly and precisely. A higher amount of average session duration is an
indicator that the external users are spending more time searching for datasets. As presented in Figure 40,
since the launch of the current version of the Operating System, the dataset discovery page23 (i.e., the page
where all the Operating System external users perform searches for datasets) attracted close to 15 percent
of the user traffic and more than 25 percent of total sessions from the Operating System homepage. On
average each user spent 3 minutes 50 seconds on this page and performed 1.95 sessions. During each
session, 2.92 pages were viewed by an average user. Since the launch of current version of the Operating
System in April 2019, the Operating System team continually improved the keyword tagging of datasets to
provide improved data discovery experience to the external users. During the evaluation of the Operating
System from April 2019 to March 2021, a decreasing trend in average session duration can be observed
throughout the evaluation timeframe, as presented in Figure 40. This could be an indicator that the external
users were spending less time to find their intended datasets.
The average session duration per user increased during higher use traffic events, like the Hackathon in April
2019 (increased by 150 percent to 10 minutes per user) and the Datathon conducted in March 2020
(increased by 25 percent to 5 minutes per user). During both events, the average sessions per user
increased to 5 minutes. This indicates that external users are spending more time searching for datasets
during high traffic events when compared to non-event days. This could be a result of the external users
working on use cases that require datasets from multiple disciplines.

23

https://discovery.smartcolumbusos.com/
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Figure 40: The Operating System Data Discovery Page User Behavior Overview
Source: Google Analytics

INDICATOR 3: ABILITY TO FIND THE INTENDED DATA

As presented in Figure 34, 59 percent of Operating System customers surveyed rated their experience with
finding intended data between good to very good, 35 percent reported an average experience, and six
percent reported a very poor experience. While a majority of the external users were able to find the data for
their intended purpose, there is room for improvement in the areas of search engine optimization and
keyword tagging to boost the chances of finding intended data.
Overall, customer survey responses indicated that a majority of the external users were able to find datasets
for their intended purpose through the search functionality offered by the Operating System. The time spent
on the Operating System indicated that the external users were spending less time on data discovery during
the progression of the project timeline. However, to further reduce the time spent on data discovery by the
external users, aspects like keyword tagging, more complete metadata from the original sources, and
search engine optimization could help external users find intended datasets quicker and with better
accuracy.

Performance Measures Results – Final Report | Smart Columbus Program | 81

Chapter 4. Operating System Evaluation and Results

4.5.6.

Conclusion

During the two-year evaluation timeframe, the Operating System has served as an open data platform that
provided data, analytics, and visualization tools to support multiple public organizations, Smart Columbus
portfolio projects, and a wide range of data enthusiasts. The Operating System platform has ingested data
from a broad spectrum of transportation and non-transportation focus areas, such as traffic characteristics,
crash records, parking locations and usage, health metrics, multimodal planning, and city infrastructure.
The agency users indicated that with the tools provided by the Operating System, they experienced
improved (i.e., a simplified process) data-sharing with inter-agency and external users compared to their
previous data-sharing methods. The agency users also expressed that the analytical and visualization tools
were effective in assisting the agency in making real-time operational decisions (e.g., work order labor
allotment and status tracking, real-time transit location tracking) and in long-term planning (e.g., addressing
parking violation hotspots). The quantitative findings for the number of downloads, queries, and
visualizations performed using the datasets ingested from the selected agencies support the qualitative
feedback provided by the agency users.
Since the inception of the Operating System, the external users of the Operating System have performed
over 222,000 downloads and 67,000 queries, as well as created more than 200 visualizations. When
surveyed about their experience with the features of the Operating System, more than 60 percent of the
users rated their experience ranged between good to very good for the Operating System. Features of the
Operating System evaluated include data and metadata quality, ease of access, ease of finding intended
data, the usefulness of data for intended purposes, analytical tools, and visualization tools.
Both the agency users and external users indicated areas of improvement, such as enhanced data
discoverability, pre-built querying commands, and improved user interface for visualization tools with more
basic data profiling options. Additionally, agency users also suggested that enabling private data ingestion
with improved security measures would open more avenues for intra-agency data sharing that typically
deals with private and confidential data.
The data, analytical, and visualization tools provided by the Operating System helped the select city
agencies to operate with improved efficiency by making data backed decisions for their daily operations and
planning activities. The Operating System also provided open-source datasets from diverse focus areas,
and enabled external users to explore distinctive data analytics and visualization opportunities.
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CVE Evaluation and Results
5.1.

REFERENCES

None used.

5.2.

OVERVIEW

The anticipated outcomes of the CVE project are to enhance safety, environment, and mobility throughout
the City's transportation system utilizing CV technologies and applications with an emphasis on congested
and high crash intersections and corridors. The environmental outcome was assessed in Chapter 3 for the
Smart Columbus Program as a whole, with the CVE project being a contributor. The safety and mobility
outcomes were assessed specifically for CVE. Safety applications are intended to be installed on multiple
vehicle types including transit buses, first responder vehicles, City and partner fleet vehicles, and private
vehicles. The City of Columbus identified several corridors and intersections that have high crash numbers
related to vehicles, bicyclists, and pedestrians. In addition, these same corridors have congestion levels that
result in poor mobility conditions for emergency vehicles, freight, and transit buses. The four CVE corridors
were selected based on regional crash data, enhanced transit services, recent infrastructure investments,
and relationship to other projects. Further, 17 of the 85 intersections along these corridors are in the top 100
regional high-crash intersections. All 85 intersections will be equipped with CV technology.

5.3.

EVALUATION TEAM

WSP conducted the performance measurement and evaluation for this project.
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5.4.

SUMMARY OF FINDINGS

CVE results by indicator are shown in Figure 41.

Figure 41. CVE Logic Model and Results Summary
Source: City of Columbus
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5.4.1.

Outcome 2.1 Safety

Safety was measured over three CVE applications, as outlined below:
• Emergency vehicle signal preemption application: Average speed and travel time improved for
more than half of approaches for which preemption was granted, resulting in up to a 5.6 second
decrease in response time. Reducing emergency vehicle response times improves public safety by
allowing police and fire vehicles to respond to calls more quickly. However, this benefit is only
realized when preemption is granted at intersections where preemption is enabled. Preemption
received at multiple intersections along a route is expected to have an additive effect on the amount
of time saved on an emergency run.
• Red light violation warning (RLVW) application: Results indicate potential crashes may have been
avoided, as vehicles that received warnings earlier were more likely to have slowed down after
receiving the initial warning. Reducing speeds reduces the likelihood of running a red light and the
chances of intersection-related crashes that result from red light running.
• Reduced speed school zone (RSSZ) application: Awareness of school zone alerts issued from the
on-board unit (OBU) increased from the first participant survey (December 2020) to the second
participant survey (March 2021). The overall results indicate an average and median speed change
of +0.1 and +0.2 mph respectively after the initial school zone warning is received. Approximately
13% of vehicles decrease speed to below the 20-mph school zone limit less than two seconds after a
warning is initially received. It is difficult to attribute changes in driver behavior to the warning
provided by the OBU, but a reduction in school zone speeds will improve driver and pedestrian safety
in school zones when school zones are active.

5.4.2.

Outcome 2.1 Mobility

Mobility was measured over two CVE applications, as outlined below:
• Transit Signal Priority (TSP): Median response time was 66 milliseconds, with over 76% of signal
priority requests responded to in less than 100 milliseconds. Comparable data from the existing
Opticom system was not available at the time of this analysis.
• Freight Signal Priority (FSP): One of four intersections where freight priority was granted indicated
a statistically significant increase in average approach speeds.

5.5.

APPROACH AND FINDINGS

A total of 1,037 vehicles were equipped with an OBU across light-duty, heavy-duty, emergency, paratransit,
C-MAX, and transit vehicles operating in the study area, as shown in Figure 42.
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Figure 42: Number of Installs per Vehicle / OBU Preset
Source: City of Columbus

From those CVs during the deployment period, 10.14 billion messages were received, including BSM, signal
phase and timing (SPaT), map message (MAP), traveler information message (TIM), SRM, and SSM
messages. Duplicate messages (e.g. a BSM received by more than one roadside unit (RSU)) were
identified and removed, resulting in a total of 9.41 billion unique messages. The cumulative counts and total
count of each message type (unique) throughout the deployment period are shown in Figure 43 and Table
22, respectively.
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Figure 43: Cumulative CV Messages on the Smart Columbus Operating System
Source: Smart Columbus Operating System

Table 22: Total Number of CV Messages as of March 10, 2021
Message Type
Source
InfrastructureGenerated
Messages

Vehicle-Generated
Messages

Date Range

Daily Average

Total

SPaT

11/1/20 – 3/31/21

50,961,796

7,593,307,636

MAP

11/1/20 – 3/31/21

5,053,552

758,032,757

TIM

11/16/20 –
3/31/21

289,181

39,039,384

SSM

12/8/20 – 3/31/21

78,468

8,788,404

BSM

11/1/20 – 3/31/21

6,707,453

1,006,118,002

SRM

12/8/20 – 3/31/21

5,313

600,364

Total

9,405,886,547

Source: Smart Columbus Operating System
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5.5.1.

Outcome 2.1 Safety
OBJECTIVE 2.1.1: REDUCE EMERGENCY RESPONSE TIMES

The Emergency Vehicle Preemption application provides improved mobility for emergency response
vehicles. Preemption can operate in collaboration with, or independently of, surrounding intersections. Also,
vehicles approaching from either approach communicate with roadside equipment at intersections to
acquire preemption status, though the application can be configured to limit which approaches can receive
priority/preemption based on traffic management policy. All equipped police and fire vehicles can make a
request for preemption at CV-equipped intersections on CVE corridors.

5.5.1.1.1 Data Sources
Baseline Data: Columbus Department of Public Safety Computer Aided Dispatch (CAD) system24
Treatment Data: Operating System CVE data (CVE Signal Preemption Requests, CVE RLVW Issuance these are intermediate outputs based on the processing of raw SRM, SSM, BSM, SPaT, and MAP data)
Study Area
Presently, all intersections within the CVE corridor are capable of servicing preemption requests. The
findings at intersections with a sufficient number of preemption requests through the end of March 2021 are
discussed below.

5.5.1.1.2 Timeframe
Baseline CAD data from January 2018 until March 2021 was provided by City of Columbus Department of
Public Safety. Because emergency vehicle preemption was initially enabled in November 2021, only data
from October 2020 and prior were used to establish baseline response times. Operating System priority
data is available for emergency vehicle preemption requests between November 2020 through the end of
March 2021.

5.5.1.1.3 Methodology
A baseline emergency response time measure is obtained from the Columbus Department of Public Safety
CAD system. It is the intent of the project to use CVE data in the s Operating System to estimate emergency
response times after the CVE is implemented. However, it is not practical to only assess CAD data before
and after the implementation of the CVE because:
• There are many other factors at play that affect emergency response time that are difficult to control
for, and
• The amount of time an emergency vehicle could save depends on the number of CVE intersections it
travels through that it may receive priority at, and this information is not available from the CAD
dataset.
Rather, an assessment to estimate the time that an emergency vehicle might save could be performed on
an approach-by-approach basis, to compare the distributions of speeds of emergency vehicles that receive
priority versus those that do not. A statistical comparison of these approach speed distributions could then
be used to determine if there is a significant change at each approach. Also, the average time savings at

24

PfMP listed City of Columbus Department of Public Safety emergency medical services (EMS) records. Data
source has been updated for specificity.
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each approach could be compared to an emergency vehicle’s baseline travel time (before CVE preemption
was implemented) as determined by CAD data to estimate an expected relative benefit.

5.5.1.1.4 Analysis
Over the period for which preemption data was available (November 2020 through end of March 2021),
preemption was granted on 119 different approaches at 43 intersections. In order to focus on intersections
where there may be enough data to make meaningful conclusions, the remainder of this analysis will only
consider 21 of those 119 approaches where more than 20 instances of preemption have been granted.
Table 23 on the following page indicates the average response time of emergency vehicles that pass
though these intersections.
Data from the Operating System was analyzed to determine the breakdown of the number of requests and
the final statuses at each intersection. Vehicle BSM data was used to estimate each vehicle’s average
approach speed (based on distance traveled and time). Individual vehicle speeds were aggregated
according to intersection and direction of its approach. These results are listed in Table 23.
Emergency vehicles on these corridors do not always receive preemption upon request. It is possible that
the connected vehicle co-processor was not configured to accept preemption requests when the request is
made, or the traffic signal controller rejects them based on controller settings. However, this allows for a
comparison between vehicles that receive preemption versus those that do not.
Average speed and travel time changes were observed at all approaches for which preemption was
granted. The average travel times decreased at 12 intersections and remained the same or increased at 8
intersections. The travel time change ranged from an average 5.6 second decrease (High Street NB at
Cooke Road) to an average 2.2 second increase (High Street SB at Dodridge St) with an average overall
travel time savings over all intersections of 1.64 seconds. The average travel time savings usually
comprises less than one percent of a typical emergency vehicle response time. However, there are several
intersections where the travel time savings is between one and four percent of the typical emergency
vehicle response time – Cleveland at 20th, Cleveland at 24th, Cleveland at Hudson, Morse at Indianola,
Morse and Karl, and High at Cooke. While not specifically studied, it is anticipated that the impact of
receiving preemption at multiple intersections during an emergency response will have an additive effect on
the reduction of travel time.
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Table 23: Emergency Vehicle Preemption Request Summary

Count

Avg
Speed
(mph)

Avg.
Time (s)

Count

Avg
Speed
(mph)

Avg.
Time (s)

Average
Time Saved
per
Preemption
Granted (s)

SB

23

34.3

22.3

152

35.6

21.5

-0.8

-0.40%

161

NB

37

20.5

36.5

136

21.2

35.5

-1

-0.60%

Cleveland Ave at
20th Ave

222

NB

32

35.1

22.2

161

29.8

26.2

4

1.80%

Cleveland Ave at
24th Ave

176

SB

20

34.7

21.9

47

35.7

21.3

-0.7

-0.40%

Cleveland Ave at
24th Ave

176

NB

25

38.6

20.2

164

34.2

22.9

2.6

1.50%

Cleveland Ave at
Duxberry Ave

246

NB

33

32.7

23.8

145

33.5

23.3

-0.5

-0.20%

Cleveland Ave at
Hudson St

225

NB

21

33

23.7

139

29.7

26.3

2.6

1.20%

Cleveland Ave at
Weber Rd

173

SB

54

38.4

20.5

105

38.4

20.5

0

0.00%

Morse Rd at
Indianola Ave

256

WB

22

36.2

21.3

129

29.2

26.5

5.2

2.00%

Morse Rd at
Sinclair Rd

242

WB

23

27.2

21.8

155

28.8

20.7

-1.1

-0.50%

Morse Rd at I-71
NB Ramp

384

WB

26

39.9

8.5

268

40.3

8.5

-0.1

0.00%

Preemption Granted
CAD Avg
Response
Time (s)

Approach
Direction

Cleveland Ave at
11th Ave

194

Cleveland Ave at
17th Ave

Intersection

Preemption Not Granted
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Count

Avg
Speed
(mph)

Avg.
Time (s)

Count

Avg
Speed
(mph)

Avg.
Time (s)

Average
Time Saved
per
Preemption
Granted (s)

NB

108

15.3

49.8

353

14.1

54.5

4.7

4.10%

109

EB

37

30.3

15.8

247

28.5

16.8

1

0.90%

Morse Rd at
Heaton Rd

193

EB

22

36.4

20.6

351

36.1

20.8

0.2

0.10%

Morse Rd at
Malin St

220

EB

41

41.3

17.9

107

39.1

19

1

0.50%

Cleveland Ave at
Morse Rd

237

EB

39

37.3

20.1

297

34.1

22

1.9

0.80%

N High St at
Dodridge St

253

SB

37

17.4

28.3

69

18.7

26.2

-2.1

-0.80%

N High St at
North Broadway

179

WB

29

34

21.9

225

32.3

23.1

1.2

0.70%

N High St at
Cooke Rd

350

NB

38

29.4

26.4

151

24.3

32

5.6

1.60%

N High St at
Henderson Rd

235

NB

20

24.4

21.5

117

22.4

23.3

1.9

0.80%

Preemption Granted
CAD Avg
Response
Time (s)

Approach
Direction

Morse Rd at Karl
Rd

113

Morse Rd at
Northland Ridge
Blvd

Intersection

Preemption Not Granted

% Reduction
in Response
Time per
Preemption
Granted

Source: City of Columbus
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OBJECTIVE 2.1.2: INCREASE DRIVER’S AWARENESS OF SIGNAL STATUS
The RLVW application enables a CV approaching a signalized intersection to receive information about the
signal timing and geometry of the intersection. The application in the vehicle uses its speed profile (along
with the signal timing and geometry information) to determine if it appears likely that the vehicle will enter the
intersection in violation of a traffic signal. If the violation seems likely to occur, a warning is provided to the
vehicle operator.

5.5.1.2.1 Data Sources
CVE Driver Survey Phase 1, CVE Driver Survey Phase 2, Operating System CVE data (CVE Red Light Run
Warning Issuance, CVE Red Light Runs - these are intermediate outputs based on the processing of raw
BSM, SPaT, and MAP data).

5.5.1.2.2 Study Area
Presently, 77 intersections within the CVE are capable of providing MAP and SPaT which are required to
enable the RLVW application. These intersections are located along all four CVE corridors—Morse Road,
Cleveland Avenue, High Street, and Alum Creek Drive. The objectives for RLVW are to improve driver
awareness of a traffic signal (turning red) and to change driver behavior after the warning is received.

5.5.1.2.3 Timeframe
Pre-deployment baseline survey data are not available as a pre-deployment survey was not distributed.
However, surveys were distributed at two different times throughout the demonstration period for
comparison.
• Phase 1 Survey issued in December 2020 (310 responses from private vehicle owners - 99%
response rate)
• Phase 2 Survey issued in March 2021 (298 responses from private vehicle owners - 96% response
rate; 67 responses from City/COTA drivers)
Operating System red light warning data and red light running data is available from October 2020 through
the end of March 2021.

5.5.1.2.4 Methodology
Changes in awareness are assessed through CVE application survey responses. Pre-deployment baseline
data are not available as a pre-deployment survey was not distributed. However, the questions in the survey
to provide a subjective assessment of the operation of the RLVW application.
Also, driver behavior can be empirically assessed using CV message data stored on the Operating System.
There are many measures that could indicate a change in behavior, but since one of the primary goals of
the RLVW application is to prevent intersection-related crashes, it is of interest to assess how the issuance
of warnings relates to the likelihood of running a red light, and also to assess immediate changes in vehicle
speed in response to a red light warning.
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5.5.1.2.5 Analysis
Changes in awareness are assessed through CVE application survey responses. Pre-deployment baseline
data are not available as they were not obtained from a pre-deployment survey. Rather, surveys distributed
during the demonstration period are designed to gauge the participant’s awareness of certain events before
and after their OBU was installed so a separate baseline survey was not needed. The questions in the
survey to provide a subjective assessment of questions regarding the operation of the RLVW application.
Surveys asked participants questions about their experience with red light running events and the
effectiveness of red light warnings from the OBU. The surveys were distributed at two different times
throughout the demonstration period. Survey responses are compared from one survey to the next to
determine if changes in driver attitude toward the RLVW application indicate improved awareness of the
signal state and perceived safety improvement.
Table 24 indicates the percentages of respondents from each survey group that selected each response for
the survey questions about the red light violation warning application. At Phase 1, 45 percent said they
received no red light alerts, and 54 percent had received one or more. As the test period continued to Phase
2, the percentage with at least one red light alert increased to 60 percent. The number of alerts also
increased. At Phase 1 the approximate mean number for all participants was 3.05 alerts, while at Phase 2 it
was 4.82. Among only those with one or more alerts, the mean at Phase 1 was 5.59, and that rose in Wave
2 to 7.78. With this many alerts in the relatively brief test period, it would appear likely that some incidents
such as red light violations and thus potential accidents may have been avoided. It is important to note that
City/COTA respondents reacted less favorably to the survey questions compared to private vehicle owners.
While many comments indicated that the alerts were useful in certain situations, there were also alerts
received where the respondent believed that the current situation did not warrant alert. Given that City and
COTA drivers are expected to drive their vehicles and interact with the system on a much more frequent
basis than private vehicle owners, this could explain the lower ratings.

Table 24: Red Light Violation Warning Driver Survey Results
Survey Prompt

Phase

Disagree

Somewhat
Disagree

Neither/
Neutral

Somewhat
Agree

Agree

When I experience this
situation, the CV
technology provides
the alert in time for me
to take action to avoid
a potential crash.

1 (private vehicles)

24

10

16

18

32

2 (private vehicles)

21

10

10

27

33

2 (City/COTA)

43

6

33

4

14

The pictured alert has
made me aware of
when this situation is
happening

1 (private vehicles)

12

5

17

23

43

2 (private vehicles)

13

5

12

29

41

2 (City/COTA)

41

9

39

2

9

I took action, based on
this alert, to help me
avoid a potential crash

1 (private vehicles)

19

10

18

22

31

2 (private vehicles)

20

8

15

24

32

2 (City/COTA)

48

4

38

6

4

1 (private vehicles)

11

12

17

21

39

2 (private vehicles)

19

8

14

24

35

2 (City/COTA)

40

6

40

6

8

1 (private vehicles)

4

3

11

20

62

2 (private vehicles)

5

2

10

23

60

This alert is
accurate/reliable
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Survey Prompt

Phase

Disagree

Somewhat
Disagree

Neither/
Neutral

Somewhat
Agree

Agree

Road safety would be
improved if all drivers
could receive this alert

2 (City/COTA)

21

2

38

20

20

Source: City of Columbus

Next, CVE data archived on the Operating System were used to empirically assess driver behavior in
relation to red light violation warnings. The CVE was deployed as a production-ready system. That is, there
are no special features that allow the logging of warnings issued to drivers for research purposes. However,
messages logged on the Operating System (CVE data sent or received by RSUs) can be used to
reconstruct warnings issued to drivers using BSM, SPaT and MAP messages. Knowledge of the RLVW
application is also needed to perform this activity.
Only the vehicle location and speed derived from the BSM are needed to determine if a red light warning
was issued to the driver. The vehicle’s location is compared to the boundaries of each ingress lane in MAP
messages to determine if the vehicle is approaching any intersection, and the distance that the vehicle is
away from the stop bar. If the vehicle is determined to be in an ingress lane, the most recent SPaT message
at the given intersection is used to determine the current signal state for the ingress lane the vehicle is in.
The logic applied to determine if a warning is issued to the driver is described in Table 25.

Table 25: Red Light Violation Warning Issuance Logic
Condition

Description

Condition A

The current signal state is yellow and
the amount of time a vehicle is away
from the stop bar (at constant speed) is
greater than the amount of time until the
signal turns red (i.e. time until the next
phase)

OR

The current signal state is red and the
amount of time a vehicle is away from
the stop bar (at constant speed) is less
than the amount of time until the signal
turns green (i.e. time until the next phase)

AND
Condition B

Vehicle stopping distance (based on the vehicle’s current speed, a constant deceleration
rate and perception reaction time) is greater than the distance between the vehicle and the
stop bar.

Source: City of Columbus

If either condition A criteria is met simultaneously with condition B, then a warning is issued to the driver.
A similar comparison of BSM, SPaT, and MAP data is performed to determine the time at which each
vehicle passes a stop bar (end of each ingress lane) and obtain the current signal state for that lane at that
time. This allows the issuance of a warning to be linked with the signal state when the vehicle crosses the
stop bar, which will provide an indication of the effectiveness of red light warnings. It is important to note that
multiple BSMs from the same vehicle might result in the issuance of red light warnings. However, for the
purposes of this analysis, only the earliest BSM from which a warning is issued is considered. A spatial
distribution of the initial red light warnings received by vehicles at all enabled intersections are provided in
Figure 44 below.
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Figure 44: Private Vehicle Red Light Violation Warning Alert Locations
Source: City of Columbus

Figure 45 provides a close view of red light warnings received at Cleveland Avenue at Morse Road. The
warnings are colored by the speed of the vehicle at the time the initial warning was issued. Yellow markers
indicate a speed close to 0 mph, and as the marker transitions to red, the speed increases to 60 mph. All
red markers indicate vehicle speeds greater than 60 mph. Warnings are predominantly issued further
upstream of the stop bar for vehicles traveling at higher speeds, which is expected given the nature of the
equation (resembles a stopping distance equation) that is used to determine when a red light warning is
issued to a driver.
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Figure 45: Private Vehicle Red Light Violation Warning Alert Locations Cleveland Avenue at
Morse Road
Source: City of Columbus

Finally, the BSM data on the Operating System was queried to determine a vehicle’s speed two seconds
after it received in initial red light warning to assess changes in speed after the warning was initially issued.
Figure 46 indicates the location upstream of the stop bar and the speed at which it was received. Each
point is colored according to the change in speed of the vehicle two seconds after the warning is issued. As
the color changes from yellow to green, vehicle speed increases from 0 to 10+ mph, while as the color
changes from yellow to red, vehicle speed decreases from 0 to 10+ mph. Vehicle initial speeds greater than
60 mph were omitted from this analysis, as the speeding nature of these vehicles may indicate aggressive
behavior that potentially indicates that a driver may not be responding to an OBU alert or may be freeway
traffic on an overpass that are being located on surface street intersection approaches.
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Figure 46: Red Light Violation Warning – Distance to Stopbar vs. Speed
Source: City of Columbus
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Table 26: Red Light Violation Warning 2-Second Speed Differential Averages
Distance
from
Stopbar

Speed at Initial Warning (mph)
0-5

5-10

10-15

15-20

20-25

25-30

30-35

35-40

40-45

45-50

50-55

55-60

275-300

-

-

-

-

-

-

-

-

-

-

-

-2.9
N=35

250-275
225-250
200-225
175-200
150-175
125-150
100-125
75-100
50-75
25-50
10-25
<10 (at
stopbar)

-

-

-

-

-

-

-

-

-

-

-3.7

-2.4

N=6

N=75

-1.8

-0.9

N=110

N=13

-2.0

-1.7

-2.8

N=55

N=167

N=8

-

-1.5

-0.6

+0.5

N=438

N=24

N=8

-1.4

-1.2

-0.3

-13.2

N=504

N=273

N=8

N=2

-1.7

-1.0

-2.1

-1.7

-1.5

N=272

N=742

N=26

N=4

N=1

-5.9

-2.5

-3.8

-2.0

-1.8

+0.0

N=20

N=822

N=50

N=21

N=33

N=40

-8.8

-4.2

+0.2

-1.3

+0.1

+0.4

N=303

N=44

N=16

N=24

N=22

N=20

-10.5

-7.2

-1.8

+0.5

+0.4

+0.0

-0.2

-2.1

N=8

N=178

N=87

N=58

N=37

N=17

N=14

N=1

+2.9

+2.1

+2.2

+0.3

+0.3

+0.0

+0.1

+0.6

+1.1

N=146

N=450

N=189

N=96

N=80

N=48

N=17

N=4

N=3

+2.6

+3.2

+3.4

+2.1

+0.3

+0.5

+0.3

+0.0

-0.3

-4.1

N=280

N=1341 N=483

N=161

N=117

N=74

N=33

N=14

N=8

N=2

+3.3

+2.8

+1.7

-

+4.3

+0.7

+2.3

N=9

N=800

N=8095 N=13624 N=5521 N=2049 N=937

+3.6

Blue shaded area

-10.5

Average of Blue shaded area

-2.3

-7.2

-7.1

+0.8

+0.6

+0.6

+0.0

+2.2

N=544

N=349

N=142

N=62

N=22

-2.2

-1.2

-1.4

-1.5

-1.6

Source: City of Columbus

The parabolic boundary created by the points on the graph represents the minimum stopping distance for a
driver moving at a given speed (i.e. the earliest a warning will be issued to a driver at a given speed). Points
to the right of and below this boundary represent a vehicle moving at a speed too fast to come to a stop at
the specified deceleration rate. However, this does not necessarily mean that the vehicle ran the red light,
as it could have been traveling fast enough to cross the stop bar before the light changed to red, or the
vehicle may have decelerated at a rate faster than the deceleration rate in the RLVW equation.
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The greatest decreases in vehicle speed are noted along the minimum stopping distance curve when the
vehicle is more than 50 feet away from the intersection and is traveling faster than 20 mph. This area is
highlighted in blue in the table above. Vehicles receiving warnings around this boundary are observed to
have a speed decrease of about 2.3 mph on average. This is an indication that many of these vehicles
receiving warnings are decreasing speed for the signal ahead.
In the absence of vehicle positioning errors, yellow and green dots below the minimum stopping distance
curve in Figure 46 suggest that drivers that receive an initial warning without adequate stopping distance
may be less likely to slow down as they approach the intersection. Aggregation of this data in Table 26
provides greater detail to the average reserved speed reductions for various speeds and distances to the
stopbar. Cells shaded in blue show the conditions under which vehicles are reducing speed, while cells
shaded in red (vehicles receiving a warning when less than 50 feet from the intersection at speeds below 25
mph) are a typical indication of quickly approaching or rolling across a stop bar when making a right turn on
red.
Out of a total of 42,184 red light warnings issued, 28,388 ran the red light.

OBJECTIVE 2.1.3: INCREASE DRIVER’S AWARENESS OF SPEED LIMITS IN
SCHOOL ZONES
The RSSZ provides CVs with information on a school zone's posted speed limit. RSSZ was deployed on all
vehicles with a human machine interface (which includes all pilot vehicles except COTA, freight, and
emergency vehicles). The RSSZ application used the school zone speed limit (20 mph) and the school zone
active start time and duration from the traveler information message (TIM) to determine whether to provide
an alert or warning to the vehicle operator. The application provided an alert to vehicle operators exceeding
this speed limit when the school zone was active.
Presently, six intersections (that produce the school zone TIM) at three school zones within the CVE
produce TIMs which are required to enable the RSSZ application. Roadside equipment receives information
from the School Zone Management System to update the start time and duration of each active school zone
period. The objectives for RSSZ were to improve driver awareness of speeds in active school zones and a
change in driver behavior after the warning is received.

5.5.1.3.1 Data Sources
CVE Driver Survey Phase 1, CVE Driver Survey Phase 2, Operating System CVE data (CVE School Zone
Speed Warnings – this is an intermediate output based on the processing of raw TIM and BSM data).

5.5.1.3.2 Study Area
Six intersections (that produce the school zone TIM message) at three school zones within the CVE were
included in this analysis, as shown in Figure 47.
• Our Lady of Peace School – TIM broadcast from High at Weisheimer and High at Dominion
• Clinton Elementary – TIM broadcast from High at North Broadway and High at Como
• Linden STEM Academy – TIM broadcast from Cleveland at Westerville and Cleveland at Weber
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Figure 47. Reduced Speed School Zone Locations
Source: City of Columbus

5.5.1.3.3 Timeframe
Pre-deployment baseline survey data are not available as a pre-deployment survey was not distributed.
However, surveys were distributed at two different times throughout the demonstration period for
comparison.
• Phase 1 Survey issued in December 2020 (310 responses from private vehicle owners - 99%
response rate)
• Phase 2 Survey issued in March 2021 (298 responses from private vehicle owners - 96% response
rate)
Operating System school zone warning data are available from October 2020 through the end of March
2021.

5.5.1.3.4 Methodology
Changes in awareness are assessed through CVE application survey responses. Pre-deployment baseline
data were not obtained from a pre-deployment survey. Rather, surveys distributed during the demonstration
period are designed to gauge the participant’s awareness of certain events before and after their OBU was
installed as well as subjective questions regarding the operation of the RSSZ application.
Also, driver behavior can be empirically assessed using CV message data stored on the Operating System.
There are many measures that could indicate a change in behavior—but since one of the primary goals of
the RSSZ application is to reduce speeds in school zones, it was of interest to assess immediate changes in
vehicle speed in response to a school zone warning.

5.5.1.3.5 Analysis
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Presently, six intersections within the CVE are capable of providing TIMs in the vicinity of three school zones
to enable the RSSZ application. The objective for RSSZ is to improve driver awareness of speeding in
school zones after the warning is received.
Surveys asked participants questions about their experience with school zone speeding events and the
effectiveness of school zone warnings from the OBU. The surveys were distributed at two different times
throughout the demonstration period. Survey responses are compared from one survey to the next to
determine if changes in driver attitude toward the RSSZ application indicate improved awareness of school
zone speeds and perceived safety improvement.
Private vehicle participants were asked during Phases 1 and 2 how many school zone alerts they had
experienced in the past ninety days. At Phase 1, 76 percent said they had had no such alerts, and the
balance, 24 percent, had one or more. This may be, in part, due to two of the three schools were closed for
a portion of the CVE demonstration period due to COVID-related concerns. As the test period continued and
the Phase 2 survey was conducted, the percentage with one or more alerts increased to 56 percent. The
number of alerts among those with any alert also increased. At Phase 1 the mean number of school alerts
for all participants was 1.41 alerts, while at Phase 2 it was 2.36. Among only those with one or more alerts,
the mean at Phase 1 was 2.96, and that rose in Phase 2 to 5.17.
Table 27Error! Reference source not found. indicates the percentages of respondents from each survey
group that selected each response for the survey questions about the reduced speed school zone warning
application. These survey results indicate that drivers became increasingly aware of school zone alerts
issued from the OBU from one phase to the next. Drivers that had received an alert were asked additional
questions about the alert affecting driver behavior and its usefulness. Results from this survey are shown in
Table 27. Over two-thirds of participants agreed that the alert makes them more aware when they are
speeding, and nearly 90 percent indicated that safety could be improved if all drivers could receive this alert.
In general, from one phase to the next, there were fewer responses that indicated a neutral reaction, and
increasing responses in agreement, which is an indication that drivers became more familiar with the RSSZ
application later in the deployment period.

Table 27: Reduced Speed School Zone Warning Driver Survey Results
Survey Prompt

Phase

Disagree

Somewhat
Disagree

Neither/
Neutral

Somewhat
Agree

Agree

When I experience this
situation, the CV technology
provides the alert in time for me
to take action to avoid a
potential crash.

1

16

1

39

17

28

2

11

3

33

15

38

The pictured alert has made me
aware of when this situation is
happening

1

9

0

33

17

41

2

11

1

21

21

46

I took action, based on this
alert, to help me avoid a
potential crash

1

16

4

33

14

33

2

16

6

26

16

36

This alert is accurate/reliable

1

10

3

30

14

44

2

13

8

18

23

38

1

1

0

9

17

73

2

3

2

8

19

68

Road safety would be improved
if all drivers could receive this
alert
Source: City of Columbus
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Next, empirical data is used to assess changes in school zone speeding behavior. As part of the initial
assessment of school zone speeds during the development of the Concept of Operations, speeds of
vehicles were collected on May 30, 2018, near the Linden STEM Academy on Cleveland Avenue and the
Our Lady of Peace School on High Street. These data can be used as a baseline for assessing changes in
vehicles speeds. Data were not collected for Clinton Elementary School on High Street. Speeds were
collected throughout the entire day but analyzed only for the duration when each school zone was active.
The Linden STEM Academy school zone is active from 7:30 am until 4:30 pm, and the Our Lady of Peace
School is active from 7:00 am until 3:30 pm. These times correspond to one hour before and after school
activities start and end. These spot speeds were grouped into three speed bins—less than 20 mph (under
the school zone speed limit, between 20 and 35 mph (above the school zone speed limit, but under the
normal speed limit), and above 35 mph.
Next, CVE data archived on the Operating System were used to empirically assess driver behavior in
relation to school zone warnings. The first BSM speed for each vehicle in the active school zone was
determined and grouped into similar speed bins. The results of the assessment of speeds during school
zone hours are shown in Table 28.

Table 28: Baseline Spot Speed Study Results vs. CVE Initial School Zone Speeds derived from
Operating System Data
Location

Baseline Spot Speed Study Results

OS Speed Assessment

Count

0-20
mph

20-35
mph

35+ mph

Count

0-20
mph

20-35
mph

35+ mph

Linden STEM
Academy

8,608

15%

72%

13%

442

40.0%

59.0%

0.9%

Our Lady of Peace
School

9,434

22%

77%

1%

923

60.1%

38.7%

1.2%

Clinton Elementary

no data

405

66.2%

32.8%

1.0%

Total

18,042

985

56.5%

42.4%

1.1%

18%

75%

7%

Source: City of Columbus

It was found that speed compliance rates improved, compared to the baseline. The overall speed
compliance rate (traveling at or less than 20 mph) was about 18 percent for baseline data while compliance
was 56 percent based on assessment of CVE data. However, the extent to which this result can be
interpreted is somewhat limited due to various factors that cannot be predicted, including, but not limited to,
the population of vehicles and traffic conditions.
There are other measures that could indicate a change in behavior, but since one of the primary goals of the
RSSZ application is to reduce speeds in school zones, it will be of interest to assess immediate changes in
vehicle speed in response to a school zone warning.
The CVE was deployed as a production-ready system. There are no special features that allow the logging
of warnings issued to drivers for research purposes. However, messages logged on the Operating System
(CVE data sent or received by RSUs) can be used to reconstruct warning issued to drivers using BSM and
TIMs. Knowledge of the RSSZ application is also needed to perform this activity.
Only the vehicle location and speed derived from the BSM are needed to determine if a school zone
warning was issued to the driver. The vehicle’s location is compared to the boundaries of each school zone
in TIMs to determine if the vehicle is within the school zone. If the vehicle is determined to be in the school
zone, the most recent TIM at the given school zone is used to determine the current start time and duration
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time and determines if the vehicle is inside of the school zone during the active period. If so, and the
vehicle’s speed is greater than 20 mph, then a warning is considered to have been issued to the driver.
The BSM data on the Operating System were queried to determine a vehicle’s speed two seconds after it
received in initial school zone warning to assess changes in speed after the warning was initially issued.
It is important to note that multiple BSMs from the same vehicle might result in the issuance of a school
zone warning. However, for the purposes of this analysis, only the earliest BSM from which a warning is
issued is considered. A spatial distribution of the initial warnings received by vehicles within school zones is
provided in Figure 48 below. The warnings are colored by the speed of the vehicle at the time the initial
warning was issued. Yellow markers indicate a speed close to 20 mph, and as the marker transitions to red,
the speed increases to 35 mph. All red markers indicate vehicle speeds greater than 35 mph.

￼
N = 711
Our Lady of Peace School

￼
N = 241
Clinton Elementary

￼
N = 397
Linden STEM Academy

35+ mph

20 mph

Figure 48: Reduced Speed School Zone Location of Initial Warnings
Source: City of Columbus

Many of the initial warnings were issued to vehicles immediately as they entered the school zone. Many of
the speeds in these locations tend to be higher than the speeds of vehicles that receive initial warnings in
the middle of the school zone. This is likely because vehicles that receive a warning in the middle of the
school zone were traveling at a lower speed, and accelerated above the school zone speed limit, resulting in
the warning.
An assessment of the speeds of vehicles when a warning is received versus two seconds after a warning is
received is provided in Table 29 and Figure 49. The overall results indicate that an average and median
speed change of +0.1 and +0.2 mph respectively, and the change in speed is relatively normally distributed.
This means that roughly half of vehicles decrease speed, and approximately 13 percent of vehicles
decrease speed to below the 20-mph school zone speed limit after a warning is initially received. This is a
positive result, but the nature of the distribution of the speed difference makes it difficult to attribute to the
effectiveness of the school zone warning to improve driver awareness of speed. It is unknown if the drivers
dropping below the school zone speed limit are responding to the school zone warning or other roadway
conditions, such as a red light or a slowing/stopped vehicle in the forward path of travel.
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Figure 49: Reduced Speed School Zone Warning 2-Second Speed Differential Distribution
Source: City of Columbus

Table 29: Distribution of Speeds at Warning vs Distribution of Speeds 2 seconds After
Warning
Speed at Initial
Warning (mph)

Speed 2 seconds after Warning (mph)

School Zone

Count

20-35

35+

0-20

20-35

35+

Clinton Elementary

187

183 (98%)

4 (2%)

26 (14%)

159 (85%)

2 (1%)

Our Lady of Peace

679

668 (98%)

11 (2%)

99 (15%)

568 (84%)

12 (2%)

Linden STEM
Academy

361

357 (99%)

4 (1%)

36 (10%)

321 (89%)

4 (1%)

Total

1227

1208 (98%)

19 (2%)

161 (13%)

1048 (85%)

18 (1%)

Source: City of Columbus

5.5.2.

Outcome 2.2 Mobility

The TSP application has the potential to provide improved mobility for the 14 CMAX-branded COTA BRT
vehicles that were enabled with TSP. Presently, these are the only vehicles which feature TSP. TSP is able
to operate in collaboration with, or independently of, surrounding intersections. CV-equipped vehicles
approaching on the mainline communicate with roadside equipment at intersections which are TSP-enabled
to acquire priority status. CMAX vehicles already have the ability to request and receive priority using the
existing Opticom system, and COTA did not intend to replicate this functionality with the CVE system.
Rather, the CVE enabled the exchange of SRM and SSM to assess the responsiveness of the Dedicated
Short-Range Communications (DSRC) based priority application. Though it was the original intent to
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compare the responsiveness of the CV-based priority against the existing Opticom system, only the CV
results are provided as Opticom data was not provided at the time of this analysis.

OBJECTIVE 2.2.1: DEMONSTRATE DEDICATED SHORT RANGE COMMUNICATIONS
TECHNOLOGY FOR TRANSIT SIGNAL PRIORITY
5.5.2.1.1 Data Sources
Operating System CVE data (CVE Signal Preemption Requests – this is an intermediate output based on
the processing of raw SRM and SSM data)

5.5.2.1.2 Study Area
Presently, all intersections within the CVE are capable of receiving and processing SRMs and responding
with SSMs. However, only certain intersections are configured to grant these requests for certain types of
vehicles. CMAX vehicles are the only transit vehicles configured to request priority, and all intersections
(including those along the CMAX route, which includes all intersections on the Cleveland Avenue corridor)
are configured to automatically reject priority requests from transit vehicles.

5.5.2.1.3 Timeframe
Operating System priority data is available for transit vehicle priority requests from December 2020 through
the end of March 2021.

5.5.2.1.4 Methodology
Transit vehicle OBUs are configured to broadcast SRMs when approaching intersections. However,
roadside devices are configured to not pass requests for priority from transit vehicles to the traffic signal
controller. This is because there is an existing non-CV priority system installed on select buses (CMAX) and
at select intersections (Cleveland Avenue) that is currently operational. It was the original intent of this
analysis to compare the performance of these two systems. However, since baseline operations data from
the existing Opticom system was not provided, performance of the CV-based priority system will be
empirically derived from SRM and SSM data archived on the Operating System.

5.5.2.1.5 Analysis
Presently, all intersections within the CVE are capable of receiving and processing SRMs and responding
with SSMs. However, only certain intersections are configured to grant these requests for certain types of
vehicles. CMAX vehicles are the only transit vehicles configured to request priority, and all intersections
(including those along the CMAX route) are configured to automatically reject priority requests from other
transit vehicles. An objective for CVE is to demonstrate that DSRC technology can be used to enable TSP.
One method that will be used to demonstrate feasibility will be to compare the responsiveness of the DSRCbased system against the existing Opticom system.
The responsiveness of the CVE can be assessed by comparing the time the RSU receives the initial SRM
with the time the RSUs send the initial SSM. This assessment assumes that the overhead (latency) in
message transmission is negligible. The Operating System (CVE data sent or received by RSUs) can be
used to directly assess SRMs received from transit vehicles and the SSMs that RSUs provide in response.
SRMs and SSMs are matched by the intersection identifier, ingress lane identifier, vehicle identifier, and the
request identifier. Only requests exhibiting a vehicle role of ‘transit’ were used in the analysis. A histogram of
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SRM-SSM response times are provided in Figure 50, and the cumulative distribution is provided in Figure
51.
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Figure 50: Histogram of First SRM to First SSM Times

Source: City of Columbus
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Figure 51: Cumulative Distribution of First SRM to First SSM Times
Source: City of Columbus

The median response time for a signal priority request is 66 milliseconds, and over 76 percent of signal
priority requests are responded to in less than 100 milliseconds, which is the time period of a single cycle on
a traffic signal controller. About 15 percent of requests take one second or longer. Note that baseline data
from the existing Opticom system was not available at the time of this analysis. It is currently unknown if the
CV message exchanges are more responsive than the Opticom system without operational data.

OBJECTIVE 2.2.2: REDUCE TRUCK WAIT (DELAY) TIME AT SIGNALIZED
INTERSECTIONS
FSP uses V2I wireless communications to allow freight vehicles to request signal priority at equipped
intersections. The system can then adjust signal phase and timing as allowed by signal priority settings (set
by each jurisdiction, respectively), with the intent of smoothing traffic flows for freight and reducing stop/start
cycles, which reduces emissions. Trucks are given priority where feasible and only if there is no other
overriding priority or preemption, for example an emergency vehicle. Seventeen trucks have been equipped
with CV equipment to enable FSP. Further, equipped trucks will broadcast BSM.

5.5.2.2.1 Data Sources
Operating System CVE data (CVE Signal Preemption Requests, CVE RLVW Issuance - these are
intermediate outputs based on the processing of raw SRM, SSM, BSM, SPaT, and MAP data)

5.5.2.2.2 Study Area
FSP was eligible to be granted at the following intersections and movements during the study timeframe:
• Alum Creek Drive at London Groveport Road (SR-317) – EB left turn movement
• Alum Creek Drive at Spiegel Drive – NB through movement
• Alum Creek Drive at Rohr Road – NB through movement
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• Alum Creek Drive at Global Court – NB through movement
• Alum Creek Drive at Toy Road – NB through movement
• Alum Creek Drive at Groveport Road – NB through movement
• Alum Creek Drive at I-270 EB/NB Ramp – NB through movement
• Alum Creek Drive at I-270 WB/SB Ramp – NB through movement
• I-270 access road at Morse Road – NB right turn movement
• Morse Road at Appian Way – EB through movement
• Morse Road at Hap Creman/L Brands – EB through movement
• Morse Road at Stygler Road – EB right turn movement

5.5.2.2.3 Timeframe
Operating System priority data is available for freight vehicle priority requests from January 2021 through
the end of March 2021.

5.5.2.2.4 Methodology
Freight priority does not currently exist in the Columbus region, and there is no baseline freight vehicle travel
time measure. It is the intent of the project to use CVE data in the Operating System to estimate freight
travel times in the CVE.
An assessment to estimate the time that a freight vehicle might save could be performed on an approachby-approach basis, to compare the distributions of speeds of freight vehicles that receive priority versus
those that do not. A statistical comparison of these approach speed distributions could then be used to
determine if there is a significant change at each approach.

5.5.2.2.5 Analysis
Presently, all intersections within the CVE are capable of receiving and processing SRMs and responding
with SSMs. However, only certain intersections are configured to grant these requests for certain types of
vehicles. The intersections and movements listed above are configured to provide priority for freight
vehicles. Requests from freight vehicles at all other intersections and movements are configured to be
automatically rejected. The objective for FSP is to demonstrate that truck wait time can be reduced at FSPenabled intersections.
It is the intent of the project to use CVE data in the Operating System to estimate the movement of freight
vehicles after the CVE is implemented.
Over the period for which priority data was available (January 2021 through end of March 2021) on the
Operating System, priority was provided at six intersections—two along Morse Road and four along Alum
Creek Drive. These intersections and the breakdown of the number of requests and the final statuses at
each are listed in Table 30.

Table 30: Freight Priority Request Summary
Intersection

Lane IDs

Number
Granted

Number Not
Granted

Total

Morse at L Brands (3093)

112-116 (EB)

1

1

2
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Intersection

Lane IDs

Number
Granted

Number Not
Granted

Total

Morse at I-270 NB (3162)

80-84 (NB)

4

2

6

Alum Creek at Spiegel (4621)

80-84 (NB)

85

214

299

Alum Creek at Rohr (4622)

80-84 (NB)

162

241

403

Alum Creek at Toy/Creekside (4624)

80-84 (NB)

13

456

470

Alum Creek at Groveport (4625)

80-84 (NB)

138

327

465

Source: City of Columbus

Due to the lack of priority data from the Morse Road intersections, only the Alum Creek intersections will be
analyzed from this point forward. Further analysis was performed on the Operating System output to
determine the average approach speed of each truck as it approached the intersection. Note that this
slightly differs from the FSP emissions analysis where the distribution of minimum speeds was determined.
The distribution of average approach speeds for all vehicles requesting priority is provided in Figure 52.
Average Speed Probability Distribution
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Figure 52, the red line represents the approach speeds for trucks that were not granted priority, and the blue
line represents the approach speeds for trucks that did receive priority.
Alum Creek at Spiegel shows the most notable difference between vehicles that receive priority vs those
that do not. Slight improvements were observed at Alum Creek at Groveport, while roughly the same or
worse conditions were noted for Alum Creek at Rohr and Alum Creek at Toy. A KS test was performed to
assess the statistical significance of these results, shown in Table 31.
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Average Speed Probability Distribution
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Figure 52: Average Approach Speed Distribution (5 mph bins)
Source: City of Columbus
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Table 31: Two-Sample KS Test Results (Freight Vehicle Average Approach Speed Distribution)

Measure

Alum Creek at
Spiegel

Alum
Creek at
Rohr

Alum
Creek at
Toy

Alum
Creek at
Groveport

Max difference cumulative distributions

0.19

0.07

0.24

0.07

Critical Value at 5% significance c(5%)

1.358

Test statistic c

0.1741

0.1380

0.3819

0.1378

Reject null hypothesis if:

TRUE

FALSE

FALSE

FALSE

Implication

Average speed
distributions are
different

Average speed distributions are not
different

The null hypothesis is that the samples are drawn from the same distribution. is the cumulative distribution of average
speeds of vehicles that receive priority. is the cumulative distribution of average speeds of vehicles that no not
receive priority.
n is the number of vehicles that comprise .
m is the number of vehicles that comprise .
Source: City of Columbus

The results indicate varying levels of performance at each intersection. At Alum Creek at Spiegel, the KS
test in Table 31 indicates that the distribution of average vehicle approach speeds when priority was granted
versus not granted passes at the five percent significance level—an indication that the observed speed
distributions are very likely not to be the result of random chance. The results at other intersections are not
conclusive.
The overall distribution of speeds upstream of the stop bar are shown in Figure 53. At Alum Creek and
Spiegel, the median approach speed remains at about 45 mph until 400 feet upstream from the northbound
stop bar. At this point, the median speed of vehicles that receive priority decreases slightly to 40 mph, while
the median speed for vehicles that do not receive priority decreases to less than 20 mph as the truck
continues to approach the intersection. This is further indication that vehicles that do not receive priority are
more likely to have a lower average speed when approaching Spiegel.
The distribution of speeds as northbound trucks approach the other three intersections is similar for vehicles
that receive and do not receive priority. Minor speed improvements are noted for vehicles that receive
priority approaching Groveport Road, which explains a small potential emissions savings, but there is not
enough data to support speed improvements at this intersection or the other two intersections.
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Figure 53: Distribution Of Vehicle Speeds Upstream Of Intersection Stopbars
Source: City of Columbus
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5.5.3.

Conclusions

Performance was measured for three safety outcomes and two mobility outcomes that were defined for the
CVE. Each or these outcomes focused on a single application that was enabled through the deployment of
CV technology on over 1,000 vehicles and at 85 intersections throughout the Columbus region. A
combination of participant surveys and CV data archived on the Operating System allowed an assessment
to be performed related to each objective.
In general, these results indicate mixed performance. In cases where empirical data suggests
improvements were made, there is no way to positively determine if the improvement resulted from the
addition of CV equipment or other external factors. However, driver survey results generally indicate positive
reception of the technology and provide valuable feedback regarding limitations of the deployed system.
The CVE successfully allowed priority or preemption to be requested by transit, freight, and emergency
vehicles while placing a priority or preemption call to be made to the traffic signal controller (for freight and
emergency vehicles only), and only accepted requests for specific approaches depending on the vehicle
type. However, it is important to note that the performance of priority and preemption applications is also
dependent on the configuration of the traffic signal controller. Travel time improvements will only be
experienced if the controller is configured properly to provide priority or preemption for a sufficient period.
However, it is also important to consider that it is not logical for the average travel time to increase when
priority or preemption is granted (assuming proper operation)—the analyses are not able to account for
external influences, such as traffic conditions that could impact results.
The emergency vehicle preemption application appears to provide an overall travel time benefit for
emergency vehicles at over half of intersections where preemption is enabled. Similarly, freight vehicle
priority provides a travel time benefit at one intersection. Further studies need to be performed to determine
the factors that otherwise impact performance at other intersections where improvements are not observed.
The RLVW application intended to improve driver awareness when approaching a red signal or a signal that
is about to turn red. The CVE was successfully able to broadcast the messages necessary from the
roadside to allow the OBU to determine whether or not to issue a warning to the driver based on their
current location and movement. The greatest decreases in speed were noted when drivers received a
warning when they were near the stopping distance from the stop bar. However, survey comments tend to
indicate that more advance notification would be beneficial. Furthermore, the data suggest that there are
many instances where drivers received warnings at low speeds and continued to increase speed—while this
is likely due to right turns being made, additional research could be performed to better understand the
conditions when drivers continue to increase speed and consider if warnings should be issued further in
advance, or not at all. Finally, it is known that positioning inaccuracies may lead to the vehicle being placed
in the incorrect lane, which has the potential to result in a false warning being issued. Positioning accuracy
should be more closely studied to understand its impact on the potential for false warnings (for all
applications). Driver surveys indicated that the application was generally useful and that this application
could provide benefits if all drivers could receive red light warnings.
The RSSZ application intended to improve driver awareness when speeding in school zones. The CVE was
successfully able to broadcast the messages necessary from the roadside to allow the OBU to determine
whether or not to issue a warning to the driver based on their current location and movement. Most
warnings were issued immediately when entering the school zone, which is ideal to alert drivers as soon as
possible. Drivers were nearly equally as likely to decrease speed as they were to increase speed after
receiving an initial warning, likely the result of drivers not paying attention to warnings or external factors at
play. However, most survey respondents indicated that the application made them more aware of when they
were speeding and that other drivers should also receive the alerts as well.
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6.1.

REFERENCES

None used.

6.2.

PROJECT OVERVIEW

The MMTPA, known as the application called Pivot, makes multimodal options easily accessible to all by
providing a robust set of transit and alternative transportation options including routes, schedules, and
dispatching possibilities. The application allows travelers to request and view multiple trip itineraries and
gain access to shared-use transportation options such as public transit, bike-share, ride-hailing, and
scooters. Using the MMTPA, users can compare travel options across modes, plan, and pay for their travel
based upon current traffic conditions and availability of services. It is the City’s goal that Pivot allows
residents to access the transportation systems more easily in Columbus today and in the future so they can
maximize services to live their best lives. This project provides an innovative solution to improve mobility
and access to opportunity.

6.3.

EVALUATION TEAM

MMTPA can have a wide-ranging impact on mobility from a project and program level. OSU conducted
performance measurement and evaluation for the City mailer survey portion, and the City of Columbus
project team conducted the in-app survey portion.

6.4.

SUMMARY OF FINDINGS

Survey data showed a marginal to significant improvement across all MMTPA outcomes and indicators that
produced statistically significant results25 (see Figure 54).

25

Three parallel surveys were conducted—two by separate research teams at OSU (one developed for MMTPA
project-specific analysis and one developed for analysis of combined SMH and MMTPA project impacts on
program-level Mobility and Opportunity outcomes) and one by the project team (in-app survey). Due to an
expectedly low proportion of survey respondents having used the Pivot app, the MMTPA project-specific survey did
not produce statistically significant results for indicators in the PfMP. As such, the MMTPA indicators were
evaluated using the combined MMTPA/SMH program-level survey results and in-app survey results.
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Figure 54. MMTPA Logic Model and Summary of Findings
Source: City of Columbus
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6.4.1.

Outcome 3.1 Mobility Findings

From the program-level MMTPA survey, there were 505 participants in the sample, 84 (16.6 percent)
indicated that they had heard of Pivot, 52 (10.3 percent) indicated that they had downloaded Pivot and 30
(5.9 percent) indicated that they had used Pivot (details are in Table 45 in Section 6.5). A majority of the
sample (69.7 percent) indicated that they take multimodal trips at least occasionally. Of those, a majority
(68.7 percent) indicated that they had access to a service to plan the entire trip at once. Several questions
were asked to understand how Pivot may have improved multimodal trip planning and payment. It was
found that those who had used Pivot reported significantly higher scores for ease of transferring than those
who had heard of Pivot, but not used it. No other comparisons were statistically significant (Table 49).

6.4.2.

Outcome 3.2 Opportunity Findings

In the program-level MMTPA survey regarding perceived improvements in access to jobs and services, the
team found those who had used Pivot rated getting to their primary workplace as marginally easier than
those who had either heard of it or downloaded it, but not used it. Additionally, Pivot users reported that it
was significantly easier to access healthcare and entertainment than those who had heard of or downloaded
the app, but not used it. No other comparisons were statistically significant (Table 50).

6.4.3.

Outcome 3.3 Customer Satisfaction Findings

Finally, on questions of customer satisfaction, relative to those who had downloaded but not used the app,
Pivot users were significantly more satisfied with their transportation options overall, and significantly more
satisfied with travel time, travel distance, and flexibility. In addition, relative to those who had heard of the
app but had never used it, Pivot users were marginally more satisfied with their travel options overall, and
significantly more satisfied with travel time, travel costs and flexibility. They were also marginally more
satisfied with comfort (Table 51).

6.4.4.

COVID-19 Impacts

In terms of understanding how COVID-19 influenced routines and behavior, participants were asked the
extent to which their daily routine was disrupted by COVID-19 and the extent to which they were concerned
about the risks of COVID-19. Participants responded to both items on a five-point scale from 1 = not at all, to
5 = completely/a great deal. For the first item, the mean score was 3.42 (1.38). For the second item, the
mean score for this item was 3.78 (1.21). From these results, the team can conclude that COVID-19 had an
impact on routines and behavior.

6.5.

APPROACH AND FINDINGS

6.5.1.

Data Sources

•
•
•
•

6.5.2.

Pivot app trip reports
Program-level combined MMTPA/SMH survey
Project-level MMTPA survey
Project-level In-app survey

Study Area

The geographic scope of the MMTPA is citywide and beyond, encompassing all COTA’s service area, as
shown in Figure 55.
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Figure 55: MMTPA Study Area
Source: COTA

6.5.3.

Timeframe

The Pivot app evaluation period is December 9, 2020 – March 31, 2021.

6.5.4.

Methodology

To understand how the Pivot app may have contributed to perceived improvement in access to multimodal
trip planning and payment, responses of participants who indicated that they had used the Pivot app (N= 30)
were compared to those who had downloaded the app but not used it (N = 22). These two groups were
compared to estimate the impact of using Pivot, due to selection of the type of people who have
downloaded Pivot. For instance, consider Columbus residents who feel that they do not have adequate
access to transit to meet all of their travel needs. When these people hear about Pivot, they are more likely
to download the app relative to those whose travel needs are already met. In other words, the group that
downloaded Pivot is signaling that they want more options. The group that used Pivot is able to see how
Pivot affects their access to trip planning. To estimate the impact of the Pivot app on individuals who feel
that they do not have access to adequate transit options, individuals who have used Pivot were compared to
individuals who have downloaded Pivot but did not use it.
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6.5.5.

Analysis
SURVEYED POPULATION

OSU sent an invitation to participate in the approximately 15-minute online survey to the COTA listserv and
received 601 responses to the survey. OSU removed 96 responses from participants who failed at least one
of the two attention check items (i.e., “please select ‘no’ as your response to this item”), which left a sample
of 505 participants. The mean age of respondents was 40 years old. About half of the sample (51 percent)
identified as women, 46 percent identified as men and one percent as another gender (two percent declined
to respond). In terms of education, 51 percent of the sample reported having earned a bachelor’s degree or
higher. The majority of respondents identified as white (65 percent). An additional 23 percent identified as
Black or African American, one percent as American Indian or Alaska Native, five percent as Asian, two
percent as Native Hawaiian or Pacific Islander, and four percent as another race. In addition, seven percent
of participants reported that they identified as being of Spanish, Hispanic, or Latino origin. Finally, 54 percent
of the sample reported a household income of less than $60,000 per year (31 percent reporting less than
$30,000).

TRIP CHARACTERISTICS
The following are key observations regarding multimodal trips planned using Pivot (connecting walks26
included in all cases).
• The most trips were planned in March 2021 (152), followed by February 2021 (107).
• 382 total multimodal trips were planned during the reporting period.
• Average distance per trip was 6.7 miles (10.8 kilometers). Average time was 41.9 minutes.
• Walking (830 trip legs) was the most common mode, followed by bus (539 trip legs).

6.5.5.2.1 Origin and Destination Zip Codes
Multimodal trips planned using Pivot were more likely to originate or terminate in some ZIP codes than
others when connecting walks are included.
The ZIP codes where the greatest number of trips originated were 43215, 43211, 43229, and 43207. The
ZIP codes where the greatest number of trips terminated were 43215, 43211, 43229, and 43207.
Communities representing these ZIP codes might include downtown Columbus, Linden, Worthington, and
South Columbus/Obetz.
Multimodal trips were more likely to connect certain pairs of ZIP codes than others. The origin-destination
pairs where the greatest number of trips originated were:
• 43229 to 43211 (Worthington to Linden),
• 43211 to 43229 (Linden to Worthington),
• 43215 to 43215 (Downtown to Downtown), and
• 43207 to 43207 (South Columbus/Obetz to South Columbus/Obetz).

26

For study purposes, “connecting walks” are trip legs for the apparent purpose of walking to access other
transportation.
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6.5.5.2.2 Trip Compositions
Due to the diverse mode preferences and origin and destination choices of Pivot users, the data includes
trips with a variety of modal compositions. Table 32 shows the distribution of planned multimodal trips
organized according to the modal composition of the trip. During the period from December 9, 2020, to
March 31, 2021, there were 382 cases of multimodal trips planned using Pivot. During this period, the
WALK-BUS-WALK composition accounted for the largest number of trips with 147 cases. The second most
frequent trip composition was WALK-BUS-WALK-BUS-WALK with 98 cases.

Table 32: Distribution of Various Compositions of Multimodal Trips Planned Using Pivot
Multimodal Trip

Freq.

Perc.

Multimodal Trip

Freq.

Perc.

WALK-BUS-WALK

147

38.5%

WALK-BUS-BUS-BUS-BUS

2

0.5%

WALK-BUS-WALK-BUS-WALK

98

25.7%

WALK-BUS-BUS-WALKSCOOTER

2

0.5%

WALK-BUS-BUS-WALK

38

9.9%

WALK-BUS-HAIL

2

0.5%

WALK-BICYCLE-WALK

14

3.7%

BICYCLE-BUS-BICYCLE

1

0.3%

HAIL-WALK

11

2.9%

BICYCLE-BUS-BICYCLEWALK

1

0.3%

WALK-BUS-BUS-BUS-WALK

11

2.9%

BICYCLE-BUS-BUS-WALK

1

0.3%

WALK-SCOOTER

6

1.6%

BICYCLE-BUS-WALK-BUSWALK

1

0.3%

WALK-BUS-BUS-WALK-BUS

5

1.3%

BICYCLE-WALK-BUS-WALKBICYCLE

1

0.3%

WALK-SCOOTER-BUS-WALK

5

1.3%

CAR-WALK-BUS-BUS-BUS

1

0.3%

WALK-BUS-WALK-BUS-BUS

4

1.0%

HAIL-BUS-BUS-BUS-WALK

1

0.3%

WALK-BUS-WALK-SCOOTER

4

1.0%

HAIL-BUS-BUS-HAIL-WALK

1

0.3%

BICYCLE-BUS-WALKBICYCLE-WALK

3

0.8%

HAIL-BUS-WALK

1

0.3%

CAR-WALK-BUS-WALK

3

0.8%

WALK-BUS-BUS-WALKBICYCLE

1

0.3%

BICYCLE-WALK

2

0.5%

WALK-BUS-WALK-BICYCLE

1

0.3%

BICYCLE-WALK-BICYCLEWALK-BICYCLE

2

0.5%

WALK-BUS-WALK-BICYCLEWALK

1

0.3%

CAR-WALK-BUS-BUS-WALK

2

0.5%

WALK-BUS-WALKSCOOTER-WALK

1

0.3%

HAIL-WALK-BUS-HAIL-WALK

2

0.5%

WALK-HAIL

1

0.3%

HAIL-WALK-BUS-WALK-HAIL

2

0.5%

WALK-SCOOTER-BUS-BUSWALK

1

0.3%

WALK-BICYCLE

2

0.5%

TOTAL

382

100.0%

Source: Pivot app trip data

120 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 6. MMTPA Evaluation and Results

Multimodal trips are those performed using at least two different modes of transport, but the question
remains whether walking for the sole purpose of accessing other transportation should be considered a
separate mode. For this reason, this study is separated into two parts. The first part includes walking to
access other transportation as a separate mode while the second part ignores the walking components of
these trips. In the latter case, trip compositions such as BICYCLE-WALK, HAIL-WALK, WALK-BICYCLE,
WALK-HAIL, WALK-SCOOTER, WALK-BICYCLE-WALK, and WALK-BUS-WALK are treated as singlemode trips and are excluded from the analysis. Trip legs for the apparent purpose of walking to access other
transportation will be referred to as connecting walks.
Part 1: Number of multimodal trips planned using Pivot including connecting walks
This section presents the analysis of multimodal trips aggregated by month when walks to access other
transportation (i.e., connecting walks) are included as separate modes.
Figure 56 shows the monthly number of multimodal trips planned using Pivot including connecting walks.
Since December 2020, the number of multimodal trips has increased steadily from month to month, peaking
at 152 trips planned in March 2021.

Multimodal trips planned using Pivot
(connecting walks included)
160
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Figure 56: Multimodal Trips Planned Using Pivot (Including Connecting Walks)
Source: Pivot app trip data

Figure 57 shows the monthly average distance and time of multimodal trips planned using Pivot. The
largest average distance (7.8 miles) occurred in February 2021, while the largest average time (47.2
minutes) occurred in March 2021. The figure shows that the average time of multimodal trips planned using
Pivot might not be proportional to average distance. Additional attributes of the trips are provided in Table
33.
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Figure 57: Average Distance and Time of Multimodal Trips Planned Using Pivot (Including
Connecting Walks)
Source: Pivot app trip data

Table 33: Frequency, Average Distance, and Average Time of Multimodal Trips Planned Using
Pivot (Including Connecting Walks)
Month

Frequency

Avg. Dist (km)

Avg. Dist (miles)

Avg. Time (min.)

2020-12

52

10.8

6.7

41.8

2020-01

71

6.8

4.2

24.5

2021-02

107

12.6

7.8

46.0

2021-03

152

11.3

7.0

47.2

Total

382

10.8

6.7

41.9

Source: Pivot app trip data

Figure 58 shows the number and average distance and time of multimodal trips planned using Pivot by
mode. Each trip has been decomposed into the set of its legs. Therefore, the unit of analysis is the individual
legs for all of the trips. The most used mode is walking, followed by bus. The average distance of a walk
was 0.2 mile, which is the shortest among the modes. The average distance and time of bicycle trip legs
were greater than a walk but less than the bus. Scooter trip legs had longer average distance and average
time than walking. Lastly, cars do not account for many legs in multimodal trips planned using Pivot. The
frequency, distance, and time values are tabulated in Table 34.
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Characteristics of trip legs (using Pivot,
connecting walks included)
Avg. Time (min)
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Miles or minutes
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Figure 58: Characteristics for Individual Legs of Multimodal Trips Planned Using Pivot
(Including Connecting Walks)
Source: Pivot app trip data

Table 34: Characteristics for Individual Legs of Multimodal Trips Planned Using Pivot
(Including Connecting Walks)
Month

Frequency

Avg. Dist (miles)

Avg. Time (min.)

Walk

830

0.2

4.9

Bicycle

41

2.3

13.3

Bus

539

3.8

15.5

Scooter

19

1.4

8.5

Ride-hailing services

26

4.2

17.4

Car

6

6.2

20.3

Source: Pivot app trip data

Figure 59 shows the proportion of total monthly trip legs accounted for by each mode. This provides a
visualization of changes in mode split throughout the reporting period. During the period December 2020 to
March 2021, all supported modes (i.e., walk, bicycle, scooter, bus, and ride-hailing services) have been
included in at least one multimodal trip.
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Proportion of trip legs by mode
(using Pivot, connecting walks included)
Walk

Bicycle

Bus

Scooter

Hail

Car

Percent of total trip legs
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Figure 59: Proportion of Monthly Pivot Trip Legs, by Mode (Including Connecting Walks)
Source: Pivot app trip data

Figure 60 to Figure 65 and Table 35 show the monthly frequency, average distance, and average time
individually for each mode. The number of walk legs and bus legs increased steadily over the course of the
study period. The number of bicycle legs decreased in the winter months but increased again in March
2021.

Walking trip legs planned using Pivot
(connecting walks included)
Avg. Time (min)

Freq.
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Figure 60: Frequency, Average Distance, and Average Time of Pivot Trip Legs, by Walking
(Including Connecting Walks)
Source: Pivot app trip data

124 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 6. MMTPA Evaluation and Results

Bicycle trip legs planned using Pivot
(connecting walks included)
Avg. Time (min)
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Miles or minutes
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Figure 61: Frequency, Average Distance, and Average Time of Pivot Trip Legs, by Bicycle
(Including Connecting Walks)
Source: Pivot app trip data

Bus trip legs planned using Pivot
(connecting walks included)
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Figure 62: Frequency, Average Distance, and Average Time of Pivot Trip Legs, by Bus
(Including Connecting Walks)
Source: Pivot app trip data
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Scooter trip legs planned using Pivot
(connecting walks included)
Avg. Time (min)

Freq.
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Figure 63: Frequency, Average Dstance, and Average Time of Pivot Trip Legs, by Scooter
(Including Connecting Walks)
Source: Pivot app trip data

Ride-hailing trip legs planned using Pivot
(connecting walks included)
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Figure 64: Frequency, Average Distance, and Average Time of Pivot Trip Legs, by Ride-Hail
(Including Connecting Walks)
Source: Pivot app trip data
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Car trip legs planned using Pivot
(connecting walks included)
Avg. Time (min)
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Figure 65: Frequency, Average Distance, and Average Time of Pivot Trip Legs, by Car
(Including Connecting Walks)
Source: Pivot app trip data

Table 35: Frequency, Average Distance, and Average Time of Pivot Trip Legs, by Mode
(Including Connecting Walks)
Walk

2020-12
2021-01
2020-02
2020-03
Overall

Bicycle

Bus

Scooter

Hail

Car

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

102
137
234
357
830

0.2
0.1
0.2
0.3
0.2

5.0
3.5
5.0
6.3
4.9

17
7
3
14
41

4.1
1.1
1.8
2.1
2.3

23.3
6.6
11.0
12.2
13.3

55
75
166
243
539

3.8
3.2
4.4
3.7
3.8

15.9
13.8
17.6
14.7
15.5

5
5
4
5
19

0.2
0.3
0.8
4.4
1.4

1.6
2.2
4.8
25.6
8.5

6
5
9
6
26

7.6
4.1
3.4
1.8
4.2

32.8
9.8
16.1
10.7
17.4

1
1
1
3
6

3.5
8.6
7.8
4.7
6.2

14.0
20.0
28.0
19.0
20.3

Source: Pivot app trip data

The trip data include the origin and destination ZIP codes for each trip. The top 10 origin ZIP codes and top
10 destination ZIP codes for multimodal trips including connecting walks are listed in Table 36 and Table 37,
respectively. The top 10 origin-destination pairs are listed in Table 38.

Table 36: Top 10 Origin ZIP Codes for Multimodal Trips Planned Using Pivot (Including
Connecting Walks)
Origin ZIP Code

Frequency

43215

63

43211

42

43229

34
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Origin ZIP Code

Frequency

43207

33

43214

24

43224

21

43219

20

43201

18

43210

15

43212

14

Source: Pivot app trip data

Table 37: Top 10 Destination ZIP Codes for Multimodal Trips Planned Using Pivot (Including
Connecting Walks)
Destination ZIP Code

Frequency

43215

94

43211

54

43229

39

43207

33

43210

27

43219

24

43201

22

43214

12

43230

12

43206

10

Source: Pivot app trip data

Table 38: Top 10 Origin-Destination ZIP Code Pairs for Multimodal Trips Planned Using Pivot
(Including Connecting Walks)
Origin ZIP code

Destination ZIP code

Frequency

43229

43211

31

43211

43229

29

43215

43215

27

43207

43207

22

43224

43211

13
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Origin ZIP code

Destination ZIP code

Frequency

43207

43215

10

43215

43207

9

43214

43215

8

43214

43219

8

43206

43215

7

Source: Pivot app trip data

Part 2: Number of multimodal trips planned using Pivot excluding connecting walks
This section presents the analysis of multimodal trips aggregated by month when walks to access other
transportation (i.e., connecting walks) are excluded as separate modes. Many observations were removed,
reducing the number of observations from 382 cases to 199 cases. Figure 66 shows the monthly number of
multimodal trips planned using Pivot excluding connecting walks. Compared to December 2020, the number
of trips decreased somewhat in January 2021, then increased steadily in February and March.

Multimodal trips planned using Pivot
(excluding connecting walks)
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Figure 66: Multimodal Trips Planned Using Pivot (Excluding Connecting Walks)
Source: Pivot app trip data

Figure 67 shows the monthly average distance and time of multimodal trips planned using Pivot. During the
period of December 2020 to March 2021, the average distance of multimodal trips is between 8.2 and 9.4
miles. Note that the average time of multimodal trips might not be proportional to average distance. The
frequencies, average speeds, and average times are provided in Table 39.
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Figure 67: Average Distance And Time Of Multimodal Trips Planned Using Pivot (Excluding
Connecting Walks)
Source: Pivot app trip data

Table 39: Frequency, Average Distance, And Average Time Of Multimodal Trips Planned Using
Pivot (Excluding Connecting Walks)
Month

Frequency

Avg. Dist (km)

Avg. Dist (miles)

Avg. Time (min.)

2020-12

23

13.4

8.4

52.8

2021-01

15

15.0

9.3

53.0

2021-02

59

14.9

9.2

57.5

2021-03

102

13.6

8.5

55.3

Overall

199

14.1

8.8

55.5

Source: Pivot app trip data

Figure 68 and Table 40 show the number and average distance and time of multimodal trips planned using
Pivot by mode. Each trip has been decomposed into the set of its legs. Therefore, the unit of analysis is the
individual legs for all of the trips. Walking is the most-used mode despite the exclusion of trips made up of
one mode and connecting walks. The next most-used mode is bus. The average distance of a walk is 0.2
mile, which is slightly less than a scooter. However, the average time of a scooter leg is less than a walking
leg, which indicates that a scooter is faster than walking.
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Characteristics of trip legs (using Pivot,
connecting walks excluded)
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Figure 68: Characteristics For Individual Legs Of Multimodal Trips Planned Using Pivot
(Excluding Connecting Walks)
Source: Pivot app trip data

Table 40: Characteristics For Individual Legs Of Multimodal Trips Planned Using Pivot
(Excluding Connecting Walks)
Mode

Frequency

Avg. Dist (miles)

Avg. Time (min.)

Walk

486

0.2

5.6

Bicycle

23

2.4

13.5

Bus

392

3.9

15.4

Scooter

13

0.3

2.2

Ride-hailing services

14

1.4

6.0

Car

6

5.7

19.8

Source: Pivot app trip data

Figure 69 shows the proportion of total monthly trip legs accounted for by each mode. This provides a
visualization of changes in mode split throughout the reporting period. In February and March 2021, walking
and bus account for about 97 percent of mode share. The mode share for bicycle was the greatest in
December 2020.
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Proportion of trip legs by mode
(using Pivot, connecting walks excluded)
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Figure 69: Proportion Of Monthly Pivot Trip Legs By Mode (Excluding Connecting Walks)
Source: Pivot app trip data

Figure 70 to Figure 75 and Table 41 show the monthly frequency, average distance, and average time
individually for each mode. Between December 2020 and January 2021, the number of walking, bicycle,
scooter, and bus trips decreased. All increased again in the subsequent months.

Walking trip legs planned using Pivot
(connecting walks excluded)
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Figure 70: Frequency, Average Distance, And Average Time Of Pivot Trip Legs By Walking
(Excluding Connecting Walks)
Source: Pivot app trip data
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Bicycle trip legs planned using Pivot
(connecting walks excluded)
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Figure 71: Frequency, Average Distance, And Average Time Of Pivot Trip Legs By Bicycle
(Excluding Connecting Walks)
Source: Pivot app trip data

Bus trip legs planned using Pivot
(connecting walks excluded)
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Figure 72: Frequency, Average Distance, And Average Time Of Pivot Trip Legs By Bus
(Excluding Connecting Walks)
Source: Pivot app trip data
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Scooter trip legs planned using Pivot
(connecting walks excluded)
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Figure 73: Frequency, Average Distance, And Average Time Of Pivot Trip Legs By Scooter
(Excluding Connecting Walks)
Source: Pivot app trip data

Ride-hailing trip legs planned using Pivot
(connecting walks excluded)
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Figure 74: Frequency, Average Distance, And Average Time Of Pivot Trip Legs By Ride-Hail
(Excluding Connecting Walks)
Source: Pivot app trip data
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Car trip legs planned using Pivot
(connecting walks excluded)
Avg. Time (min)

Freq.

30.0

3.5

25.0

3
2.5

20.0

2
15.0
1.5
10.0

1

5.0

Number of trips

Miles or minutes

Avg. Dist. (miles)

0.5

0.0

0
2020-12

2021-01

2021-02

2021-03

Figure 75: Frequency, Average Distance, And Average Time Of Pivot Trip Legs By Car
(Excluding Connecting Walks)
Source: Pivot app trip data

Table 41: Frequency, Average Distance, And Average Time Of Pivot Trip Legs By Mode
(Including Connecting Walks)
Walk

2020-12
2021-01
2020-02
2020-03

Bicycle

Bus

Scooter

Hail

Car

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

Freq.

Dist.

Time

50
32
142
262

0.2
0.2
0.2
0.3

4.3
4.0
5.2
6.2

12
1
2
8

4.3
1.1
0.2
0.2

24.3
7.0
1.0
1.1

37
30
123
202

3.4
4.1
4.0
3.8

14.9
17.5
15.7
14.9

5
2
3
3

0.2
0.2
0.5
0.5

1.6
1.5
3.0
2.7

0
3
6
5

0.0
0.8
1.6
1.4

0.0
3.3
7.5
5.8

1
1
1
3

3.5
8.6
7.8
4.7

14.0
20.0
28.0
19.0

Source: Pivot app trip data

The trip data includes the origin and destination ZIP codes for each trip. The top 10 origin ZIP codes and
top 10 destination ZIP codes for multimodal trips excluding connecting walks are listed in Table 42 and
Table 43, respectively. The top 10 origin-destination pairs are listed in Table 44.

Table 42: Top 10 Origin ZIP Codes for Multimodal Trips Planned Using Pivot (Excluding
Connecting Walks)
Origin ZIP Code

Frequency

43229

33

43211

29

43215

21

43219

18

43224

15
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Origin ZIP Code

Frequency

43206

8

43210

7

43214

7

43204

6

43235

6

Source: Pivot app trip data

Table 43: Top 10 Destination ZIP Codes for Multimodal Trips Planned Using Pivot (Excluding
Connecting Walks)
Destination ZIP Code

Frequency

43215

47

43211

44

43229

34

43210

12

43214

9

43219

8

43201

8

43206

5

43207

4

43230

3

Source: Pivot app trip data

Table 44: Top 10 Origin-Destination ZIP Code Pairs for Multimodal Trips Planned Using Pivot
(Excluding Connecting Walks)
Origin ZIP code

Destination ZIP code

Frequency

43229

43211

31

43211

43229

26

43215

43215

11

43224

43211

11

43206

43215

6

43219

43214

5

43219

43229

5
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Origin ZIP code

Destination ZIP code

Frequency

43219

43215

4

43235

43215

4

43065

43017

3

Source: Pivot app trip data

OUTCOME 3.1 MOBILITY
6.5.5.3.1 Objective 3.1.1.: Provide a single point of access to multimodal trip planning
information to plan, book and pay for multimodal trips.
As shown Table 45, 17 percent of survey participants had heard of Pivot and 81 percent had not heard of
Pivot prior to taking the survey. Of those that had heard of Pivot and downloaded it, six percent had used the
app, and 93.5 percent had not used the app.

Table 45: Number Of Participants In The Sample Who Had Heard Of, Downloaded, Or Used
Pivot
Had you heard of
Pivot before taking
this survey?

Have you
downloaded Pivot?

Have you used
Pivot to plan a
trip?

Yes

84 (17%)

52 (10%)

30 (6%)

No

409 (81%)

453 (90%)

473 (93.5%)

Not sure

12 (2%)

0 (0%)

2 (0.5%)

Source: OSU survey data

The survey asked participants who had used Pivot to plan a trip how often they follow the plan suggested by
the app. Participants responded on a five-point scale ranging from 1 = never to 5 = always. The mean
response was 3.5 (SD = 1.11), with 17 of the 30 respondents stating that they follow the suggested plan
either “most of the time” or “always.” In addition, the survey asked participants who indicated that they, at
least sometimes, do not follow the plan suggested by Pivot to provide open ended comments detailing why
they chose not to follow the plan. These responses are provided in Table 46.

Table 46: List Of Open-Ended Responses
When you don’t follow the plan suggested by Pivot, why not?
I wish to take a different route
Google maps gave me a faster route
It takes too long
Some don’t need planning
The app was clunky and it was easier for me to use another app
It makes sense to use my own scooter or car instead
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When you don’t follow the plan suggested by Pivot, why not?
I decide I don’t want to take the trip
Not exact route
I may just decide to take another route
I generally prefer to walk the last mile of trips
Pivot is unable to mark trails to walk to bus stops
Time
If I have to go far and can’t find a bus in time
I may have to take a break from the plan to run some errands on the way
Source: OSU survey data

INDICATOR: PERCEIVED IMPROVEMENT IN ACCESS TO MULTIMODAL TRIP PLANNING AND PAYMENT

OSU asked participants to report how often they took trips spanning multiple travel options. Participants
responded on a seven-point scale ranging from 1 = never to 7 = every day. Results are reported in Table
47.

Table 47: Number of Participants Who Chose Each Response Option on the Scale Broken
Down by Each Pivot Use Category with Percentages in Parentheses
How often do you take
trips spanning multiple
travel options?

Full sample
(N = 505)

Heard of Pivot
(N = 84)

Downloaded
Pivot
(N = 52)

Used Pivot
(N = 30)

Never

153 (30.3%)

9 (10.1%)

6 (11.5%)

2 (6.7%)

One time per month or
less

162 (32.1%)

25 (29.8%)

17 (32.7%)

9 (30.0%)

2-3 times per month

79 (15.6%)

13 (15.5%)

6 (11.5%)

5 (16.7%)

One time per week

32 (6.3%)

17 (20.2%)

11 (21.2%)

6 (20.0%)

2-3 times per week

35 (6.9%)

10 (11.9%)

8 (15.4%)

5 (16.7%)

4-5 times per week

23 (4.6%)

5 (6.0%)

2 (3.8%)

2 (6.7%)

Every day

21 (4.2%)

5 (6.0%)

2 (3.8%)

1 (3.3%)

Source: OSU survey data

Participants were asked how often they use multimodal trips and broke results out by the full sample, those
who had heard of pivot, those who had downloaded Pivot, and those who had used Pivot, as shown in
Figure 76.
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How often do you take trips spanning multiple travel
options?
100%

80%

4%
5%
7%
6%

70%

16%

90%

3%
7%

4%
4%

6%
6%

15%

12%
20%

21%

16%

12%

17%

20%

60%
50%

32%

17%

40%
30%

33%

30%

30%

20%
30%
10%
10%

12%

7%

Heard of Pivot

Downloaded Pivot

Used Pivot

0%
Full sample
Never

One time per month or less

2-3 times per month

One time per week

2-3 times per week

4-5 times per week

Every day

Figure 76: How Often Individuals Use Multimodal Trips Broken Down by Pivot Use
Source: OSU survey data

OSU asked those who indicated that they at least occasionally take trips spanning multiple travel modes
whether they had access to a service (e.g., mobile phone app, website) or other means that enables them to
plan the entire trip at once. The results are reported in Table 48, broken down by each Pivot use category.

Table 48: Number Of Participants Who Indicated That They Had A Service To Plan The Entire
Trip At Once With Percentages In Parentheses.
Do you have a
service to plan the
entire trip at once?

Full Sample
(N = 351)

Heard of Pivot
(N = 75)

Downloaded
Pivot
(N = 46)

Used Pivot
(N = 28)

Yes

241 (68.7%)

56 (74.7%)

38 (82.6%)

26 (92.9%)

No

80 (22.8%)

15 (20.0%)

6 (13.0%)

2 (7.1%)

Not sure

30 (8.5%)

4 (5.3%)

2 (4.3%)

0 (0%)

Source: OSU survey data

OSU asked participants how easy various aspects of their travel around Columbus was, including trip
planning, transferring from one travel mode to another, and finding travel solutions for the first and last
segment of the trip. Participants rated ease of these activities on a 5-point scale ranging from 1 = extremely
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easy to 5 = extremely difficult. Using the same scale, only the participants who indicated that they at least
occasionally take trips spanning multiple travel modes were asked to rate how easy it was to plan and pay
for those trips. Results are reported in Table 49.
OSU compared the responses of participants who had used the app to those who had heard of the app but
not used it. Someone who heard of the Pivot app but decided not to download or use the app is signaling
that they feel they have adequate access to transit options, or they do not have access to a device that
would allow them to use Pivot. By comparing people who have used Pivot to people who heard of Pivot but
did not download or use Pivot, the team is able to capture the difference that Pivot has made in
transportation planning access compared to people who did not see a need for Pivot or are unable to
download Pivot. Those who had used Pivot reported significantly higher scores for ease of transferring
modes than those who had heard of Pivot. No other comparisons were statistically significant. Results are
reported in Table 49 and Figure 77.

Table 49: Mean Scores for Each Item Broken Down by Each Pivot Use Category, Standard
Deviation in Parentheses
Tstatistic
(df)
(used
vs.
heard)

Not heard
of Pivot
(SD)

Heard of
Pivot (but
not used)
(SD)

Downloaded
Pivot (but
not used)
(SD)

Used
Pivot (SD)

Planning

2.09 (1.00)
(N = 403)

2.19 (1.05)
(N = 54)

2.14 (1.08)
(N = 22)

2.17 (0.83)
(N = 30)

-0.11 (50)

0.08
(82)

Transferring

2.71 (1.15)
(N = 316)

2.88 (1.17)
(N = 49)

2.65 (1.39)
(N = 20)

2.37 (1.13)
(N = 30)

0.79 (48)

1.91
(77)*

Travel solutions for
the first and last
segment

2.60 (1.16)
(N = 370)

2.88 (1.35)
(N = 49)

2.90 (1.21)
(N = 20)

2.87 (1.17)
(N = 30

0.10 (48)

0.04
(77)

Ease of use

T-statistic
(df) (used vs.
downloaded)

The following items were only asked to people who indicated that they at least occasionally took trips
spanning multiple travel modes.

Ease of multimodal planning

2.50 (1.10)
(N = 257)

2.63(1.16)
(N = 46)

2.78 (1.26)
(N = 18)

2.89 (1.20)
(N = 28)

-0.31 (44)

-0.93
(72)

Ease of multimodal payment

2.50 (1.17)
(N = 48)

2.69 (1.08)
(N = 45)

2.72 (1.27)
(N = 18)

3.04 (1.14)
(N = 28)

-0.87 (44)

-1.31
(71)

Note: Rated on a 5-point scale ranging from 1 = extremely easy to 5 = extremely difficult. Participants who indicated
that the situation did not apply to them were excluded from the analysis. One-sided t-tests are reported for all means
comparisons. Significant and marginally significant difference are bolded (*p< .05, + P< .10)
Source: OSU survey data
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Ease of Use
3.5

Lower Score is Easier

3

2.5

2

1.5

1
Planning

Not heard of Pivot

Transferring

Travel Solution
FMLM

Heard of Pivot (but not used)

Multi-modal planningMulti-modal payment

Downloaded Pivot (but not used)

Used Pivot

Note: Rated on 5-point scale ranging from 1 = extremely easy to 5 = extremely difficult. Participants who indicated
that the situation did not apply to them were excluded from the analysis. FMLM = First Mile/Last Mile.

Figure 77: Chart with Mean Scores for Ease of Use, by Pivot Use Category
Source: OSU survey data

OUTCOME 3.2 OPPORTUNITY
6.5.5.4.1 Objective 3.2.1 Facilitate access to jobs and services
INDICATOR: PERCEIVED EASE OF ACCESSING JOBS AND SERVICES

OSU asked participants to rate how easy it was for them to get from their residence in Columbus to a
number of locations without a car. Participants responded to each item on a seven-point scale from 1 =
extremely easy to 7 = extremely difficult. Results are reported in Table 50.
To understand how the Pivot app may have facilitated access to jobs and services, OSU compared
responses of participants who indicated that they had used the Pivot app (N= 30) to those who had simply
downloaded the app, but not used it (N = 22). In addition, OSU compared the responses of participants who
had used the app to those who had heard of the app but not used it (N = 54) (see Section 6.5 for an
explanation of these comparisons). Results are reported in Table 50. Those who had used Pivot rated
getting to their primary workplace as marginally easier than those who had either heard of it or downloaded
it, but not used it. Additionally, Pivot users reported that it was significantly easier to access healthcare and
entertainment than those who had heard of or downloaded the app, but had not used it. No other
comparisons were statistically significant.
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Table 50: Mean Scores for Each Item, by Pivot Use Category
Not heard
of Pivot
(SD)

Heard of
Pivot Mean
(SD)

Downloaded
Pivot (SD)

Used Pivot
(SD))

T-statistic
(df) used vs.
downloaded

T-statistic
(df) used
vs. heard

Your primary
workplace(s)

3.40
(2.14)
(N = 329)

3.56 (1.86)
(N = 52)

3.90 (2.23)
(N = 21)

2.93 (1.75)
(N = 29)

1.66 (36.58)+

1.48 (79)+

Your school

3.41
(2.21)
(N = 125)

2.67 (1.37)
(N = 24)

2.60 (1.34)
(N = 5)

2.80 (1.70)
(N = 20)

-0.24 (23)

-0.29 (23)

Childcare
service

4.18
(2.14)
(N = 78)

4.16 (2.12)
(N = 19)

4.17 (2.23)
(N = 6)

3.73 (1.75)
(N = 15)

0.48 (19)

0.66 (32)

Supermarket
or grocery
store

3.38
(2.07)
(N = 399)

3.29 (2.00)
(N = 52)

3.10 (2.10)
(N = 21)

2.80 (1.42)
(N = 30)

0.56 (32.67)

1.28
(76.39)

Healthcare
services

3.88
(2.04)
(N = 377)

4.17 (1.92)
(N = 52)

4.331 (2.22)
(N = 21)

3.27 (1.86)
(N = 30)

1.86 (49)*

2.09 (80)*

Financial
services

3.25
(2.01)
(N = 348)

3.06 (1.89)
(N = 51)

2.86 (1.13)
(N = 21)

2.93 (1.71)
(N = 29)

-0.14 (48)

0.30 (78)

Utility providers

4.16
(2.10)
(N = 223)

4.15 (1.90)
(N = 39)

3.81 (2.04)
(N = 16)

3.96 (1.64)
(N = 23)

-0.24 (37)

0.42 (60)

Other
professional or
technical
services

4.15
(2.02)
(N = 292)

4.08 (1.90)
(N= 48)

3.94 (1.96)
(N = 18)

3.62 (1.65)
(N = 26)

0.60 (42)

1.06 (72)

Park or other
outdoor green
space

2.98
(2.02)
(N = 362)

3.00 (2.00)
(N = 53)

2.64 (2.08)
(N = 22)

2.63 (1.73)
(N = 30)

0.01 (50)

0.84 (81)

Entertainment /
recreational
activities

3.53
(1.99)
(N = 378)

3.42 (2.00)
(N = 53)

3.36 (2.15)
(N = 22)

2.63 (1.47)
(N = 30)

1.37 (34.95)+

2.03
(75.45)*

Location

Results of means comparisons tests comparing 1) those who had used Pivot to those who had downloaded Pivot but
not used it, and 2) those who had used Pivot to those who had heard of Pivot but not used it.
Items were rated on a 7-point scale ranging from 1 = extremely easy to 7 = extremely difficult. Participants who
indicated that the situation did not apply to them were excluded from the analysis. one-sided t-tests are reported for
all means comparisons. Significant and marginally significant difference are bolded (*p< .05, + P< .10)
Source: OSU survey data
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OUTCOME 6.2 CUSTOMER SATISFACTION
6.5.5.5.1 Objective 3.3.1 Improve Customer Satisfaction
INDICATOR: CUSTOMER SATISFACTION RATINGS

OSU asked participants to rate, overall, how satisfied they were with their transportation options to access
their basic household needs. In addition, OSU asked participants to rate their satisfaction with various
aspects of their transportation options including travel time, distance, cost, reliability, simplicity, flexibility,
comfort, and safety. Participants rated their satisfaction on five-point scales ranging from 1 = very
dissatisfied to 5 = very satisfied. Results are reported in Table 51.
To understand how the Pivot app may have improved customer satisfaction, OSU compared responses of
participants who indicated that they had used the Pivot app (N= 30) to those who had simply downloaded
the app, but not used it (N = 22). In addition, OSU compared the responses of participants who had used
the app to those who had heard of the app but not used it (N = 54). Results are reported in Table 51 (see
Section 6.5 for an explanation of these comparisons). Relative to those who had downloaded but not used
the app, Pivot users were significantly more satisfied with their transportation options overall, and
significantly more satisfied with travel time, travel distance, and flexibility. In addition, relative to those who
had heard of the app but had never used it, Pivot users were marginally more satisfied with their travel
options overall, and significantly more satisfied with travel time, travel costs, and flexibility. They were also
marginally more satisfied with comfort. No other comparisons were statistically significant.

Table 51: Mean Scores for Each Item, by Pivot Use Category

Aspect of
transportation
options

Not heard
of Pivot
(SD)

Overall

3.50 (1.14)
(N = 409)

Travel time

Heard of
Pivot
(but not
used)
(SD)

Downloaded
Pivot (but not
used) (SD)

Used
Pivot
(SD)

T-statistic (df)
(used vs.
downloaded)

T-statistic
(df) (used
vs. heard)

3.46
(1.06)
(N = 54)

3.27 (1.16)
(N = 22)

3.83
(0.91)
(N = 30)

-1.95 (50)*

-1.61 (82)+

3.32 (1.13)
(N = 406)

2.96
(1.18)
(N = 54)

3.00 (1.27)
(N = 22)

3.93
(0.74)
(N = 30)

-3.08 (31.31)

-4.62
(80.72)*

Travel distance

3.51 (1.03)
(N = 405)

3.56
(1.06)
(N = 54)

3.18 (1.26)
(N = 22)

3.83
(1.02)
(N = 30)

-2.06 (50)*

-1.17 (82)

Travel cost

3.60 (0.97)
(N = 400

3.65
(0.94)
(N = 54)

3.64 (1.00)
(N = 22)

4.03
(0.91)
(N = 30)

-1.47 (50)+

-1.81 (82)*

Reliability

3.49 (1.06)
(N = 405)

3.31
(1.11)
(N = 54)

3.14 (1.08)
(N = 22)

3.48
(1.06)
(N = 29)

-1.15 (49)

-0.67 (81)

Simplicity

3.57 (1.03)
(N =406)

3.56
(1.11)
(N = 54)

3.45 (1.14)
(N = 22)

3.73
(1.11)
(N = 30)

-0.88 (50)

-0.70 (82)

Performance Measures Results – Final Report | Smart Columbus Program | 143

Chapter 6. MMTPA Evaluation and Results

Aspect of
transportation
options

Not heard
of Pivot
(SD)

Flexibility

3.23 (1.09)
(N = 401)

Comfort

Safety

Heard of
Pivot
(but not
used)
(SD)

Downloaded
Pivot (but not
used) (SD)

Used
Pivot
(SD)

T-statistic (df)
(used vs.
downloaded)

T-statistic
(df) (used
vs. heard)

3.13
(1.12)
(N = 54)

3.14 (1.28)
(N = 22)

3.83
(1.04)
(N = 29)

-2.13 (49)*

-2.78 (81)*

3.51 (0.99)
(N = 403)

3.52
(1.09)
(N= 54)

3.45 (1.26)
(N = 22)

3.87
(0.82)
(N = 30)

-1.34 (33.66)

-1.52 (82)+

3.56 (1.00)
(N = 404)

3.69
(1.11)
(N = 54)

3.50 (1.19)
(N = 22)

3.73
(1.05)
(N = 30)

-0.75 (50)

-0.19 (82)

Results of means comparisons tests comparing 1) those who had used Pivot to those who had downloaded Pivot but
not used it, and 2) those who had used Pivot to those who had heard of Pivot but not used it.
Responses rated on 5-point scale ranging from 1 = very dissatisfied to 5 = very satisfied. One-sided t-tests are
reported for all means comparisons. Significant and marginally significant difference are bolded (*p< .05, + P< .10)
Source: OSU survey data

Indicator: MMTPA application ratings: Ease of Use
A Pivot in-app survey was conducted to measure the Ease of Use indicator. The number of survey
responses is small (n=30), but responses were overwhelmingly positive. As shown Figure 78, 97.3 percent
of respondents found it easy or very easy to use across.

Figure 78: Ease of Use
Source: City of Columbus in-app survey data
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Of respondents that tried to change preference settings in the Pivot app, 99 percent were able to do so
(Figure 79). Ninety-eight percent of respondents were also able to view different transportation options
across various modes when planning their trips. Figure 80 shows the only instance reported for the four
modes (shared bike, shared scooter, personal automobile, and personal bike) where users were unable to
view those transit options. No technical issues were reported.

Figure 79: Ability to Adjust Preferences in Pivot App Settings
Source: City of Columbus in-app survey data

Are you able to view available transportation
options?
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Figure 80: Ability to View Available Transportation Options
Source: City of Columbus in-app survey data

Performance Measures Results – Final Report | Smart Columbus Program | 145

Chapter 6. MMTPA Evaluation and Results

Ninety-three percent of respondents had good (39 percent) or fantastic (54 percent) impressions of the app
overall, while seven percent indicated an okay experience. No respondents reported having a bad or very
bad impression (Figure 81) and were likely (25 percent) or very likely (68 percent) to recommend to the
Pivot app (Figure 82).

Figure 81: Overall Impressions of the Pivot App
Source: City of Columbus in-app survey data

Figure 82: Likelihood of Recommending the Pivot App to a Friend
Source: City of Columbus in-app survey data

The three favorite app features most often included were ability to choose multiple transportation options,
ability to view and compare information for each route option, and ability to schedule trips ahead of time
selected most often (Figure 83).

146 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 6. MMTPA Evaluation and Results

Figure 83: Favorite Pivot App Features
Source: City of Columbus in-app survey data

When reflecting on a recent trip planned and booked through Pivot, that majority of respondents reported no
issue with the key functions shown in Figure 84. Several reported not receiving alerts when a trip was
unavailable/modified by the app, not being able to view trip or trip progress offline, or not receiving
notifications regarding the trip (text, push notifications and/or email). These bugs are being addressed to
improve the overall performance of Pivot.

Figure 84: Reflections on a Recent Trip Planned and Booked Through Pivot
Source: City of Columbus in-app survey data
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Current Mode Usage and Commute Times
In addition to ease of use, the survey also asked questions to understand current travel modes and
anticipated changes to travel modes or frequency when COVID-19 is no longer a threat.
Currently, 40 percent of respondents use more than one mode of transportation sometimes or always, as
shown in Figure 85. While personal vehicles were reportedly used most among survey respondents, some
respondents use carpool, public transit, and/or personal bikes and scooters on a daily basis.

Figure 85: Current Use of Multiple Modes During Commute
Source: City of Columbus in-app survey data

Currently, the majority of respondents spend less than 1.5 hours per day on both weekdays and weekends
commuting. The biggest difference between weekday and weekend commute time is that the percentage of
respondents commuting for less than 20 minutes per day increases from 17 percent on weekdays to 30
percent on weekends (Figure 86 and Figure 87).
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On average, how much time did you spend commuting daily during the
work week (M-F) pre-pandemic? Commuting includes trips from any key
destinations (such as home to work, regular appointments, etc.) and
includes any type of transportation

1 hour and 30 mins - 2
hours per day
10%

More than 2 hours per
day
0%
Less than 20 minutes
per day
17%

1 hour - 1 hour and 29
mins per day
20%

20-39 minutes per day
30%
40 - 59 minutes per
day
23%

Figure 86: Weekday Commuting Time
Source: City of Columbus in-app survey data

On average, how much time did you spend commuting daily during the
weekend pre-pandemic? Commuting includes trips from any key
destinations (such as home to work, regular appointments, etc.) and
includes any type of transportation
1 hour and 30 mins - 2 hours per
day
7%

More than 2 hours per day
10%

1 hour - 1 hour and 29
mins per day
0%
40 - 59 minutes per
day
23%

Less than 20 minutes
per day
30%

20 - 39 minutes per
day
30%

Figure 87: Weekend Commuting Time
Source: City of Columbus in-app survey data
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Anticipated Changes Post-COVID-19
The majority (53 percent) of respondents also indicated that they anticipate making more trips after COVID19 is no longer a threat (Figure 88), with 30 percent anticipating a change in the modes they use postCOVID-19 (Figure 89). Of those that do anticipate a change in modes post-COVID-19, the modes with the
most responses indicating an anticipated increase were ride-hailing, public transit, and shared scooter
(Figure 90).

Figure 88: Anticipated Changes to Commuting Pattern Post-COVID-19
Source: City of Columbus in-app survey data

Figure 89: Anticipated Transportation Usage Post-COVID-19
Source: City of Columbus in-app survey data
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Figure 90: Anticipated Changes of Respondent Usage of Pre-Pandemic Modes of
Transportation Post-COVID-19
Source: City of Columbus in-app survey data

INDICATOR: PERCEIVED EASE OF PARTICIPATING IN A MULTIMODAL PLANNING AND PAYMENT
SOLUTION

OSU asked participants who had used Pivot to evaluate various aspects of their experience with the app.
Specifically, participants indicated their agreement or disagreement with a number of statements on a
seven-point scale ranging from 1 = strongly disagree to 7= strongly agree. The mean score of each
statement is reported in Table 52.

Table 52: Mean Score of Each Item Evaluating the Pivot App Among Pivot Users
Statement

Mean (SD) (N = 30)

Pivot is easy to use

5.00 (1.11)

Pivot makes traveling around Columbus convenient

4.87 (1.28)

I am satisfied with the range of transportation options
available on Pivot

4.97 (1.35)

Pivot makes combining different transportation
options easy

4.80 (1.35)

Pivot makes it easier to access my household needs
(e.g., work, school, grocery shopping, healthcare)

4.73 (1.20)

Source: OSU survey data

In addition, one question asked people to rate the extent to which using Pivot has made their travel around
Columbus easier. Participants responded on a five-point scale from 1 = much easier to 5 = much harder.
The mean score on this question was 2.83 (0.87) (Figure 91).
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Satisfaction: MMTPA
Higher Score Means More Satisfied

4.5
4
3.5
3
2.5
2
1.5
1
Overall

Travel time

Not heard of Pivot

Travel
distance

Travel cost Reliability

Heard of Pivot (but not used)

Simplicity

Flexibility

Comfort

Downloaded Pivot (but not used)

Safety

Used Pivot

Figure 91. Mean Scores For Satisfaction By Pivot Use Category
Source: OSU survey data

6.5.6.

Conclusion

Overall, the app was downloaded 1,103 times between December 9, 2020, and March 31, 2021 and had
606 registered users. Data from Pivot was reported as trip segments, or how many legs there were in a
single trip. For example, a trip could include multiple modes such as a personal vehicle, to bus, to scooter.
Each mode used is considered a trip segment. Prior to the public launch, there were 2,354 trip segments
using Release 3 of Pivot. Following the public launch, there were 970 trip segments27 as shown in Figure
92.

27

https://discovery.smartcolumbusos.com/visualization/8bonx4hh (data through 3/31/21)
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Figure 92: Monthly Trip Segments Booked Using Pivot
Source: City of Columbus, https://discovery.smartcolumbusos.com/visualization/g6m3biod

From September 2019, when data was ingested into the Operating System from Pivot Release 3, through
March 31, 2021, Pivot users logged 5,820 miles—which is greater than the distance between the City of
Columbus and its sister city Genoa, Italy (4,452 miles). As shown in Figure 93, since the official launch of
Pivot, over 1700 miles have been logged by users.

Figure 93: Monthly Distance Traveled Using Pivot
Source: City of Columbus, https://discovery.smartcolumbusos.com/visualization/8pnkn0kl
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Two surveys were conducted for analyzing app performance, one at the program level conducted by OSU
researchers and on in-app conducted by the project team. From the program-level MMTPA survey, only
5.9% of respondents had used Pivot—but those who had used Pivot reported significantly higher scores for
ease of transferring than those who had heard of Pivot, but not used it (Table 49). Those who had used
Pivot also rated getting to their primary workplace as marginally easier than those who had either heard of it
or downloaded it, but not used it. Additionally, Pivot users reported that it was significantly easier to access
healthcare and entertainment than those who had heard of or downloaded the app, but not used it (Table
50). Pivot users were significantly more satisfied with their transportation options overall, and significantly
more satisfied with travel time, travel distance, and flexibility. In addition, relative to those who had heard of
the app but had never used it, Pivot users were marginally more satisfied with their travel options overall—
and significantly more satisfied with travel time, travel costs and flexibility. They were also marginally more
satisfied with comfort (Table 51). No other comparisons from the program-level survey were statistically
significant.
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7.2.

PROJECT OVERVIEW

A cognitive disability can make it difficult for someone to get around independently28.

28

Cognitive disability entails a substantial limitation in one’s capacity to think—including conceptualizing, planning,
and sequencing thoughts, and actions, remembering, interpreting subtle social cues, and understanding numbers
and symbols. Cognitive disabilities include intellectual disabilities and can also stem from brain injury, Alzheimer’s
Disease and other dementias, and severe and persistent mental illness.
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The MAPCD project provided a solution that offered accurate, customized, turn-by-turn navigation with other
support features—ensuring users with cognitive disabilities can safely and confidently complete a trip using
the fixed-route bus service to achieve these objectives.
The project team selected AbleLink Smart Living Technologies’ WayFinder app, which was developed
through funding from the United States Department of Education and the National Institutes of Health.
WayFinder has continued to be enhanced as part of an Accessible Transportation Technologies Research
Initiative contract with the USDOT. WayFinder is a highly detailed, turn-by-turn navigation app specially built
for people with cognitive disabilities. The project had the following three objectives:
• Improve access and use of COTA fixed-route bus service for MAPCD participants,
• Improve independence of travelers with cognitive disabilities by using fixed-route bus service, and
• Reduce COTA expenditures.
The MAPCD project was conducted in partnership with OSU, who played a critical role assessing the
existing applications by conducting an evaluation of the technology and completing a field study of
wayfinding applications. The field study was completed as part of PIECE program through a partnership
between the Nisonger Center at OSU and Franklin County Board of Developmental Disabilities Adult
Services. The PIECE program provides individuals with intellectual and developmental disabilities with prevocational skills and community support, which includes utilizing multiple modes of transportation. COTA
provided significant resources throughout the project. COTA supported travelers and caregivers through
training sessions at its indoor training facility, provided bus passes for travelers and caregivers, and provided
access to buses for the creation of travel training videos. Furthermore, COTA provided access to its GTFS
system and access to the bus route waypoints (i.e., bus stops) to integrate the information into the
WayFinder system. The integration of smartphone technology and transit vehicle technology are key
components to a successful personal transportation assistant.

7.2.1.

WayFinder System

The WayFinder app and portal can be used to plan and navigate walking, driving, and public transportation
routes. The basis of the routes are individual waypoints that are the foundation of the route. The waypoints
are akin to breadcrumbs placed along the route so that both the traveler and caregiver know the traveler’s
relative location on the route. The WayFinder system is composed of four components—the WayFinder
mobile app, the SMART Route Builder, the SMART Route Library, and the SMART Travel Manager. Each
component serves a specific purpose in the overall goal of meeting the travel needs of the stakeholders
using the system.
• The WayFinder mobile app is available for both Android and iOS devices. For this study, participants
primarily accessed the WayFinder app using Android phones, but some participants used an iOS
device due to personal preference. Features of the app include a home screen which displays all
downloaded routes, a route builder, and the ability to download or upload routes to an online cloud.
The app can function independently without accessing the other components of the WayFinder
system since all the features available in the other components are also available in the app.
• The SMART Route Builder is a website that allows users to create their own routes using Google
Maps and edit pre-existing routes. For the purposes of the education program, several routes were
created by program instructors and caregivers using existing COTA fixed bus routes as a template
and were modified based on the traveler’s specific route. Routes were customized by the caregiver
on the online route builder by adding images, audio cues, or text. Images were imported from the
smart phone camera, smart phone photo library, or from Google Maps. The number of waypoints,
waypoint locations, and directions were customized by program instructors during the training
activities to match the traveler’s navigational skills.
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• The SMART Route Library is a storage system for routes created using either the WayFinder app
itself or the online route builder. It allows the user to sort routes by route name or view all routes
stored on a map. The route library includes routes that are available to the public as well as private
routes for individual travelers.
• The SMART Travel Manager is an online portal that allows a caregiver to follow a traveler in realtime. The travel manager relies on the smart phone GPS system and the features built into the
WayFinder app. It also allows a user to view prior trips retrospectively. Information regarding each trip
can be viewed on a map and includes traveler interaction with the app, name of trip, date of trip,
elapsed time of trip, and trip end status (completed, canceled, in-progress, preview). A completed trip
is one where the trip was started and ended and followed the prescribed course for the trip. A
canceled trip is one where at some point during the trip, the app was closed. An in-progress route is
one where the trip has not been ended and the app has not been closed. Lastly, a preview trip is a
practice trip that allows travelers to interact with the app and familiarize themselves with the trip prior
to actually going out into the community.
Initially, it was envisioned that COTA would be a key resource in this area, as the goal was to move travelers
from paratransit to fixed-route service. COTA reached out to its paratransit riders to find potential subjects
for the research. None of the paratransit riders were interested, possibly due to a disinterest in change and
in new technology. Paratransit riders are accustomed to door-to-door service and scheduling via a call
center to make their trips, and it was hard to convince them to change. Therefore, no participants were
travelers who had used COTA paratransit service prior to joining the project.
While initially it was thought that the pool of COTA paratransit riders would be a good pool of individuals
from which to recruit, as the project team began engaging with businesses, government agencies, and
organizations in this area, the team found much greater interest from potential participants from advocacy
groups. These groups were not initially targeted with planned recruiting efforts but, once engaged, most
participants were identified through a connection to these groups. These groups also contributed greatly to
the training of these participants, even after recruiting concluded. The additional stakeholders not initially
identified by the project included:
• ARC Industries,
• OSU Aphasia Initiative,
• Franklin County Board of Developmental Disabilities, and
• OSU Wexner Medical Center Assistive Technology Center.

7.3.

EVALUATION TEAM

OSU served as the principal investigator for the project. OSU led the recruitment, training, deployment, and
evaluation of the MAPCD project.

7.4.

SUMMARY OF FINDINGS

MAPCD results by indicator are shown in Figure 94.
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Figure 94. MAPCD Logic Model and Summary of Results
Source: City of Columbus

158 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 7. MAPCD Evaluation and Results

7.4.1.

Outcome 4.1. Mobility
OBJECTIVE 4.1.1: IMPROVE ACCESS AND USE OF COTA FIXED-ROUTE BUS
SERVICE FOR MAPCD PARTICIPANTS.

Four indicators were identified for this objective.
• Customer trips moved from paratransit to fixed route: Since the project team was not successful
in recruiting the existing paratransit users, the project team didn’t use the indicator for this objective.
• Overall number of trips taken: Overall, 82 trips were taken by the eight MAPCD travelers during the
pilot period. Since the MAPCD travelers used the personal vehicles of the caregivers prior to this
project, these trips could be considered new trips taken due to the training and implementation of the
MAPCD.
• Perceived Independence: Overall the travelers and the caregivers had the feeling of perceived
independence using the WayFinder system based on the surveys, focus groups, and interviews.
• Ease of Use:


Traveler: Overall the travelers had the feeling of ease of use for the WayFinder system based on
the surveys, focus groups, and interviews.



Caregivers: Based on satisfaction survey, focus group, and exit interviews, the caregivers
identified that ease of use was mixed. For example, the web portal was easy to use and operate
when creating the routes. However, the route builder was occasionally “unfriendly” and
unexpectedly quit, erasing unsaved routes. The caregiver feedback was given to AbleLink, and
issues were addressed with updates to the SMART route builder, route library, and travel
manager.

7.4.2.

Outcome 4.2. Opportunity
OBJECTIVE 4.2.1 IMPROVE INDEPENDENCE OF TRAVELERS WITH COGNITIVE
DISABILITIES BY USING FIXED-ROUTE BUS SERVICE.

Three indicators were identified for this objective.
• Perceived Independence: see Mobility Perceived Independence indicator above.
• MAPCD Participant Experience: see Mobility Ease of Use indicator above29.
• Caregiver Experience: see Mobility Ease of Use indicator above30.

29

Due to similarity of indicators and common survey questions, analysis was combined for these Mobility and
Opportunity indicators.
30 Due to similarity of indicators and common survey questions, analysis was combined for these Mobility and
Opportunity indicators.
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7.4.3.

Outcome 4.3 Agency Efficiency
REDUCE COTA EXPENDITURES

One indicator was identified for this objective.
• Dollars Saved in Paratransit Program: Since the project team was not successful in recruiting the
existing paratransit users, the project team didn’t use the indicator for this objective.

7.5.

APPROACH AND FINDINGS

7.5.1.

Data Sources

MAPCD Vendor, Operating System, MAPCD traveler and caregiver surveys, focus groups, and interviews.

7.5.2.

Study Area

This study area includes all of COTA's service area, which was shown previously in Figure 55 (same as the
MMTPA study area).

7.5.3.

Timeframe

Baseline: one-year pre-implementation (April 29, 2018 to April 28, 2019).
Treatment: one-year post-implementation (April 29, 2019 to April 28, 2020).

7.5.4.

Methodology

Analysis was based on application data, survey responses, interviews, focus groups, and training session
feedback from both participants and caregivers. Feedback was provided to AbleLink throughout the
demonstration period to implement changes to the training protocols or app as needed. Once issues
identified through this feedback were addressed, additional feedback was solicited to confirm issues were
resolved. This iterative process was used to assess performance as the program evolved.

7.5.5.

Analysis
OUTCOME 4.1 MOBILITY

7.5.5.1.1 Objective 4.1.1: Improve Access and Use of COTA Fixed-Route Bus Service for
MAPCD Participants
This objective was intended to allow MAPCD participants who use paratransit service, or don’t feel confident
to use fixed-route bus service, to transition to fixed-route bus service by providing navigation directions to,
during, and from trips. However, as no existing paratransit users could be recruited, this objective was not
measured.
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INDICATOR: CUSTOMER TRIPS MOVED FROM PARATRANSIT TO FIXED ROUTE

COTA reached out to its paratransit riders to find potential subjects for the research. None of the paratransit
riders were interested, possibly due to a disinterest in change and in new technology. Paratransit riders are
accustomed to door-to-door service and scheduling via a call center to make their trips, and it was hard to
convince them to change.
Since the project couldn’t recruit paratransit users, our project team was unable to measure the number of
customers trips moved from paratransit to fixed-route services.
INDICATOR: OVERALL NUMBERS OF TRIPS TAKEN

During the pilot, a total of 82 trips were taken by MAPCD project participants.
INDICATOR: EASE OF USE AND PERCEIVED INDEPENDENCE – PART 1. TRAVELERS

The WayFinder system provided the technological foundation for the education program, and a large
component of the education program focused on the WayFinder system. The travelers completed trainings
for the WayFinder mobile app. At the completion of the trainings, the travelers provided feedback regarding
their experience.

WayFinder System Training Program
The WayFinder system training, which was designed for travelers, included the WayFinder app training.
During WayFinder app training, travelers were shown a presentation highlighting and illustrating key skills
for usage of the app. The following skills were addressed were during the training program:
• How to open the app,
• How to select a route,
• How to begin a trip,
• How to respond to a waypoint,
• How to repeat audio cues,
• How to end a route, and
• How to close out of the app.
After these skills were introduced and demonstrated via a presentation, in-depth discussion, and guided
practice, a task analysis was performed to determine the participant’s level of independence and mastery of
the new skills.

WayFinder Training Task Analysis
In order to assess the traveler’s retention of the skills necessary to control the WayFinder app, the
WayFinder Training Task Analysis was administered. The WayFinder Training Task Analysis provided a list
of skills for travelers to perform. The tasks were broken down into clear and objective steps. The tasks were
first shown to the participants by the trainers, and then the participants were asked to perform the tasks on
their own. As travelers performed the tasks, the number and type of cueing provided by the program trainer
were recorded.
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WayFinder Training Satisfaction Survey
After the task analysis was completed, the WayFinder Training Satisfaction Survey was administered. The
WayFinder Training Satisfaction Survey included questions regarding the training process and materials.
The travelers were asked to use Likert scale ratings (e.g., rating 1-5 the degree to which they agreed) of
their degree of satisfaction and agreement with the survey material.

Other trainings that incorporated the WayFinder system
The education program involved a public transportation training, which allowed travelers to use the
WayFinder app while practicing public transportation skills that strengthened their familiarity with the app.
In addition to the WayFinder app training, travelers were provided the opportunity to complete online route
builder training. Travelers only completed this training if they planned on using the online route building
portal. During this training, program instructors met with the traveler to review the steps for creating a route.
The skills covered were login procedures, route creation, editing pre-existing routes, adding waypoints,
recording audio instructions, adding images, saving a route, and downloading and uploading routes to the
online route repository. Travelers were able to assess their skills by creating a route on their own. If more
information or resources were desired, participants were directed to the Smart Columbus Program
WayFinder Study website (https://u.osu.edu/smartcbus/) to find videos describing the best practices for
creating routes.
Travelers were also offered the opportunity for additional practice in the use of the WayFinder app, working
with program instructors who accompanied the travelers on trips in their community. The locations of these
trips were selected by the traveler to better simulate real-world application of the app. During these trips, the
travelers practiced WayFinder app skills they had developed during the training process and provided
feedback on the app features and functionality. Their feedback was forwarded to the app developer to
inform future app modifications.

Check-In Surveys, Focus Groups, and Interviews
After taking several practice trips, travelers transitioned to the implementation phase, and began
independently using the WayFinder app to take trips. The travelers provided feedback through the bi-weekly
check-in surveys, focus groups, and interviews.
The bi-weekly check-in surveys were emailed to travelers every two weeks during the implementation
phase. These surveys were completed by either the travelers themselves or by a proxy on their behalf.
These surveys included questions about how often the travelers left their homes in a two-week period,
where they went when they left home, and how many times they used WayFinder in a two-week period.
Focus groups and interviews were used to ask travelers and caregivers about their experience using the
WayFinder system, whether they found the trainings to be beneficial, and whether they saw a benefit to
using WayFinder while traveling in the community.

Results
The WayFinder task analysis, WayFinder app satisfaction survey, bi-weekly check-in surveys, focus group
interviews, and exit interviews describe the traveler’s overall satisfaction with the WayFinder app. Overall,
28 travelers started at least one training activity, and 17 travelers completed the training activities. During the
training activities four of the travelers completed a modified fixed-route training on the CABS system. Finally,
six traveler partners completed the route building portal training.
The WayFinder Training Task Analysis was completed by 25 participants (Table 53). Of these participants,
19 (76 percent) individuals were assessed as independent, and six (24 percent) were considered not
completely independent. The tasks that required the most assistance during the task analysis were tapping
the smartphone screen to repeat instructions within the WayFinder app (16 percent) and locating the
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WayFinder app on the smartphone home screen (16 percent). Selecting the correct next route required no
further assistance for all participants engaged in the task analysis.

Table 53: Overall WayFinder Training Task Analysis
Count of
participants
Overall WayFinder Training task analysis

25

Total participants who were not completely
independent on all tasks

6 (24%)

Source: OSU

Participants who completed the WayFinder Training Task Analysis were asked to demonstrate a list of skills
for the WayFinder app. The number of travelers who required cueing with each skill is represented below in
Table 54.

Table 54: WayFinder Training Task Analysis
Task Analysis Items

n (%)

Total Participants who were not completely independent (n=25)

6 (24%)

Participants who required assistance for the following tasks:
When using the power button

3 (12%)

Unlocking the screen

3 (12%)

Locating the app

4 (16%)

Opening the app

1 (4%)

Selecting the correct route

3 (12%)

Opening the correct route

3 (12%)

Tapping the “start” button

2 (8%)

Pressing the “ok” button

2 (8%)

Tapping the screen to repeat instructions

4 (16%)

Following app directions

3 (12%)

Pressing the “done” button

3 (12%)

Selecting the correct next route

0 (0%)

Source: OSU

The bi-weekly check-in survey included surveys for eight travelers. Not every participant completed a biweekly check-in survey because it was only sent to participants who had entered the implementation phase
of the study. Not every traveler completed the same number of surveys because the surveys were given biweekly, beginning two weeks after the traveler entered the implementation phase, and travelers entered the
implementation phase on different dates. Some surveys were completed by the traveler themselves (60
percent) and some surveys were completed on the traveler's behalf by a caregiver or proxy (40 percent)
(Figure 95).
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Most travelers who completed bi-weekly check-in surveys reported leaving their homes at least five times
per two-week period and using WayFinder one time in a two-week period. Most travelers reported that they
went to visit friends or family, participate in recreation or organized activities, and complete shopping or
other errands. The aim of this survey was to see how often travelers used WayFinder in their everyday lives.

4 (40%)
6 (60%)

Self-Report

Proxy

Figure 95: Number of Participants Who Completed At Least One Bi-Weekly Survey
Source: OSU

Discussion
Data were collected on travelers’ knowledge and skills retained from training, reported user satisfaction with
the app, the continued use of the WayFinder app, and leaving their homes after ending the training. The
team found that most travelers demonstrated a high level of independence on accessing the WayFinder app
after being trained on specific skills. Further, they reported a high level of satisfaction on the sufficiency and
teaching of skills in training. Travelers also reported continuing leaving their homes after the training as
reported through the bi-weekly surveys. The degree to which participants used the WayFinder system in
their everyday travel routine after the initial training varied among participants, but most participants
indicated a high level of satisfaction with the WayFinder system and associated trainings.
INDICATOR: EASE OF USE AND PERCEIVED INDEPENDENCE – PART 2. CAREGIVERS

Throughout the implementation phase, the caregiver supported the travel activities of the traveler. Based on
the caregiver’s experiences with the WayFinder System, the caregivers provided feedback through the
WayFinder App and Portal Satisfaction Surveys, the caregiver Implementation Satisfaction Survey/Interview,
the exit survey, and focus groups. If the caregiver found the route building portal and/or app inadequate or
difficult to use, information describing his or her issues was forwarded to AbleLink. For example, some
caregivers expressed concerns with the responsiveness of the route building portal on the website.
Additionally, there were concerns with the format and readability of the app (e.g., text size and audio cues).
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These issues were addressed by AbleLink during the implementation phase so that the caregiver could
easily create and modify routes and customize the app to the traveler. The caregiver feedback during the
implementation phase improved the functionality of the WayFinder system and identified areas for
improvement in the education program.

Results: Focus Group Data
Two focus groups, which included both travelers and caregivers, were completed. The first focus group,
which took place in April 2019, included seven travelers and one caregiver. The second focus group, which
took place in November 2019, included two travelers and one caregiver. The two travelers and one
caregiver who participated in the November focus group also participated in the April focus group. Three
primary themes were identified based on the responses from the caregiver—training effectiveness, portal
route building, and user friendliness of the portal (Table 55). These themes match assistive technology
evaluation criteria identified by Batavia and Hammer (1990). The evaluation criteria were designed to
evaluate assistive technology devices from the perspective of the consumer. The overall training was found
to be effective and easily understood, which aligns with the learnability criteria. The caregiver emphasized
that the training was smooth and easy, and that the additional Smart Columbus Program WayFinder Study
instructional videos and documents were helpful. Though the training seemed to be efficient, the route
building portal itself appeared to be difficult to access at times. The caregiver highlighted issues with the
dependability of the portal (e.g., “crashed” or unexpectedly quit functioning). The issues were quickly
addressed by AbleLink throughout the go-live phase. Finally, the caregiver indicated that when the route
building portal was working appropriately, it was overall easy to use and user friendly—which aligns with the
dependability criteria.

Table 55. Themes and Factors
Theme

Criteria (Batavia and Hammer, 1990)

Example descriptions

Training effectiveness

Learnability

Ability to apply the training
materials in developing routes on
portal

Portal route building

Ease of Set-up (Assembly), Operability

The portal, when having no
technological issues, was easy
to use after getting the hang of it.
Additionally, the portal was easy
to access and maneuver around
the portal settings and features.

Portal user friendliness

Dependability

The portal had “crashed” or was
unexpectedly quitting.

Source: OSU focus group data

Satisfaction Survey
Six caregivers completed the WayFinder App and Portal Satisfaction survey (Table 56). The satisfaction
survey included 17 questions, and answers were based on a 3-point Likert scale of Yes, Kind of, and No.
The satisfaction survey also included an open-ended comment section. The responses were consistent with
the focus group themes—timeliness with creating routes, ease of use while using the route building portal,
and dependability while using the route building portal. One caregiver stated, “The reality is that we were not
a good fit. I do not have the spare time to make all these routes for my son.” This brings up the issues of
timeliness and motivation. A second caregiver indicated that that the route creation “can be time
consuming.” The core issue is caregivers are busy throughout their day, and they need a simple solution.
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Two additional caregivers indicated that they had minimal issues with the route building portal when it was
working appropriately. Early in the implementation phase, the route builder portal would unexpectedly quit,
making it difficult for them to save and continue creating new routes. However, they both indicated that after
it was updated and working correctly, the system was easy to navigate and use via the laptop. One
caregiver did not want training on the route builder portal, and therefore only received training on building
routes through the app. This caregiver found the app difficult to use for route building.

Table 56. Wayfinder App and Portal Satisfaction Survey Frequencies
WayFinder App Training Questions

Yes

No

Kind of

Did you create routes manually using the app?

2

2

2

Did you find the app easy to use?

2

0

4

Did you find the app useful?

5

1

0

Would you keep using the app to create routes?

2

3

1

Did you create routes using the portal?

4

2

0

Did you find the portal easy to use?*

2

1

2

Did you find the portal to be useful?*

4

1

0

Would you keep using the portal to create routes?*

2

3

0

Did you have any issues with creating routes on the
app?^

1

2

3

Did you have any issues with creating routes on the
portal?*^

0

2

3

Did you create any routes involving the COTA bus?

3

3

0

Did you use the downloadable COTA routes?

3

3

0

Did you use the tracking portal?

2

3

1

Did you have any issues with the tracking portal?*^

0

4

1

The traveler can meet their transportation needs to
access work/volunteer/school

4

1

1

The traveler can meet their transportation needs to
access services (doctor appointments, sports, social
events, going out to eat, bank, etc.)

3

2

1

The traveler can meet their transportation needs to
access goods (buying food, clothes, books, electronics,
music, etc.)

4

1

1

*1 or more caregivers did not answer the survey question
^ Reverse scoring. A negative response means that there were not issues.
Source: OSU survey data

Implementation and Exit Interviews/Surveys
The caregiver implementation and exit interviews/surveys provided feedback during the implementation
phase and at the end of the program. Four caregivers completed both the implementation and exit
interview/survey, and one caregiver only completed the implementation interview/survey. The results were
consistent with the satisfaction survey and focus group results.
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Discussion
The caregiver plays a critical role in personal navigation for individuals with disabilities. For the education
program, caregivers assisted with the traveler’s training activities, created routes on the route builder, and
stored the routes in the route library. The caregiver completed training activities on the WayFinder app, the
SMART route builder, route library, and travel manager (aka tracker). The caregiver completed survey(s),
interviews, and/or focus groups in order to provide feedback that identified facilitators and barriers for future
implementation of the education program and WayFinder system.
The caregivers indicated that there were some challenges creating and storing routes, as well as
downloading routes to the WayFinder app. These challenges were documented in the satisfaction survey,
focus group, and implementation surveys. The satisfaction survey indicated that there was mixed
satisfaction with creating routes with the route builder and app. For example, the route builder was useful
but was not always easy to use. The focus group identified two relevant themes, route building via the
SMART route builder and user friendliness. The exit interview results were similar to the satisfaction survey
and focus group. The portal was easy to use and operate when creating the routes. However, the route
builder was occasionally “unfriendly” and unexpectedly quit, erasing unsaved routes. The caregiver
feedback was given to AbleLink, and issues were addressed with updates to the SMART route builder, route
library, and travel manager. The caregiver feedback was critical to the implementation of the WayFinder
system.
The caregivers found the education program beneficial for both themselves and the travelers. The caregiver
training sessions were useful, however, they wanted additional educational materials (e.g., handouts and
videos), additional real-world training, and additional training after they had a chance to use the WayFinder
system in the real-world. The training program included asynchronous materials that were available through
the Smart Columbus Program MAPCD study website. The caregivers recommended additional one-on-one
training to address their specific application. The caregiver feedback was critical to the implementation of the
education program and the sustainability of the program in the future.

OUTCOME 4.2 OPPORTUNITY
7.5.5.2.1 Objective 4.2.1 Improved Independence of MAPCD Participants by Using FixedRoute Service
INDICATOR: PERCEIVED INDEPENDENCE – PART 1. TRAVELER

Refer to Section 7.5.5.1.1 above. Perceived independence is evaluated as part of the Mobility Outcome.
INDICATOR: PERCEIVED INDEPENDENCE – PART 2. CAREGIVER

Refer to Section 7.5.5.1.1 above. Perceived independence is evaluated as part of the Mobility Outcome.
INDICATOR: MAPCD PARTICIPANT EXPERIENCE

Refer to Section 7.5.5.1.1 above. MAPCD Participant Experience is evaluated as part of the Mobility
Outcome.
INDICATOR: CAREGIVER EXPERIENCE

Refer to Section 7.5.5.1.1 above. Caregiver Experience is evaluated as part of the Mobility Outcome.
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OUTCOME 4.3 AGENCY EFFICIENCY
7.5.5.3.1 Objectives – 4.3.1 Reduce COTA Expenditure
The hypothesis for this objective was that the MAPCD application would reduce COTA operating expenses
by moving passengers from paratransit service to fixed-route bus service. The MAPCD project, however,
was unable to recruit paratransit users. COTA mainstream clients were difficult to convince to use the new
technology and to change from the door-to-door system provided.
Several MAPCD participants used the WayFinder application during the pilot implementation. Table 57
shows implementation frequencies, including the number of travelers and trips as reported by the MAPCD
vendor. It should be noted that eleven participants entered the implementation stages of the study. Eight of
the eleven completed routes using WayFinder.

Table 57. Implementation Activity
Implementation Activity

Frequency

Number of travelers who took a route with WayFinder

8

Total number of WayFinder trips

82

Source: City of Columbus

RESULTS

This study was unable to quantify savings to COTA due to the absence of COTA paratransit participants.
Other pilots have had success transitioning WayFinder users to fixed-route service. For example, in a
recently completed pilot project with the Detroit Department of Transportation in Detroit, 80 percent of study
participants were able to successfully transition to the fixed-route system, with an estimated annual cost
savings to paratransit of $4,475 per individual using WayFinder to support fixed-route use31.

7.5.6.

Conclusion

The MAPCD project addressed the challenges presented in the city’s Smart City vision in using WayFinder
technology to expand transportation options for people with cognitive disabilities. The MAPCD project
introduced paratransit users to fixed-route bus service through the WayFinder application, use of which
required participation in an education program.
Key Benefits: Key benefits to the participants included an increased sense of independence and
confidence in using fixed-route service. Key benefits to the caregivers include a shift from time- and
resource-intensive transportation by caregivers to more independent travel with remote support from
caregivers as needed. The MAPCD project was unable to recruit paratransit users as initially planned.
COTA’s mainstream clients were reluctant to use the new technology and to change from the door-to-door
system already in place. Only those relying on caregivers for transportation rather than the paratransit

31

Davies, D.K. and Stock, S.E. (2021). Enhancing Independent Transportation for Individuals with Cognitive
Disabilities and Others with Special Needs with the WayFinder Ecosystem: Final Project Report, Ford Mobility City:
One Challenge, Michigan Central Station, AbleLink Smart Living Technologies, LLC, Colorado Springs, CO.,
February 28, 2021.
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system participated. Potential agency efficiency benefits may be possible in the future if existing paratransit
users could be persuaded to switch to using fixed-route services with the WayFinder system.
WayFinder System Usage: different patterns in terms of interaction with the WayFinder system emerged,
some with low user interaction and some with high user interaction. However, study data indicated no
noticeable preference in frequency of interaction with the app.
Traveler Experience: The travelers’ interactions with the WayFinder app provide insight into the
effectiveness of the education program and the traveler’s experience with the WayFinder app. The SMART
travel manager generated trip metrics and a visual representation of the route that caregivers could use to
assess the traveler’s effectiveness in navigating in the community using the WayFinder App and identify
anomalies that indicate which routes may require additional training in the future.
The satisfaction of participants is two-sided—that of the travelers and that of the caregivers. The project
findings indicated that these two sides are not always aligned in terms of satisfaction and perceived
benefits, as revealed in conflicting survey results from these two groups. This industry should continue to
explore indicators that can accurately describe success from both sides. Mobility independence (and
therefore connections to jobs and opportunity—crucial to the economic vitality of these travelers) can be
achieved, but it requires a commitment of time, ability, and willingness from all stakeholders who contribute
to the individual’s care and well-being to achieve it. This can be a difficult trade-off in terms of convenience.
Broadening Adoption of the WayFinder System: Community mobility professionals (e.g., occupational
therapists and educators) who were external to the MAPCD program and attended a presentation on the
WayFinder system and the education program were interested in this training program and the WayFinder
system. Many of these professionals had some experience with individuals with cognitive disabilities.
Interestingly, participants indicated only sometimes feeling comfortable with technology. The community
mobility professionals were neutral to slightly positive in terms of their perception of the acceptability of the
training program and WayFinder system. This suggests that the professionals working in the field of
assistive technology and community mobility are open to the emerging technology and personal navigation
training programs. However, they also recognize the challenges of implementing a new program that
addresses public transportation. Further investigation, through the lens of implementation science, could be
useful in understanding the perceived acceptability, useability, and feasibility of the technology and training
program. A better understanding of the perceived facilitators and barriers to community mobility, as it relates
to the application of emerging technologies and personal navigation programs, could improve the likelihood
of creating and implementing a sustainable personal navigation program for individuals with cognitive
disabilities.
Difficulty of Behavior Change: Changing behavior is very difficult, especially when the baseline condition
is relying on point-to-point transportation provided by paratransit, friends, family, or caregivers. Mobility
independence may come at the expense of personal convenience for these travelers. A robust and flexible
training plan improves success and satisfaction and may enable more independence. Modifications may be
needed to the training protocol to make the training as effective as possible for each individual.
Coordination with Transit Agencies and Community Service Organizations: Technology
implementation is only one piece of the puzzle. While the MAPCD project demonstrated individual cases of
success and satisfaction in terms of improving access, mobility, and independence, widespread adoption
(and therefore sustainability) would require coordination with transit agencies and community service
organizations. Transit agencies ensure access to GTFS and travel training facilities, while community
service organizations ensure access to the resources and personnel that are necessary for successful
implementation.
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8.2.

OVERVIEW

The Smart Columbus Program PTA project, called Rides4Baby, focused on one of the factors that can
impact preterm birth—transportation. The PTA project aimed to enhance mobility and increase opportunity,
efficiency, and customer satisfaction for prenatal travelers who use Non-Emergency Medical Transportation
(NEMT) provided through Medicaid benefits. PTA provided sources of high-quality data for the Ohio
Department of Medicaid, managed-care organizations (MCOs), and others involved in tracking the prenatal
care of Columbus Medicaid recipients.
Many NEMT services exist, but the lack of patient-centered technology and service has created gaps for
certain prenatal travelers. The PTA project would provide the following improvements to fill these gaps for
prenatal travelers:
• Reliable transportation to and from medical appointments,
• Access to on-demand transportation,
• Knowledge of real-time driver location and arrival time,
• Enhanced capabilities for patients to schedule NEMT trips,
• Increased communications between NEMT mobility provider and patient, and
• Expanded types of places travelers could go, including grocery stores or food banks (not initially
available, but added later by MCOs due to the challenges faced by COVID-19).

8.3.

EVALUATION TEAM

The OSU Wexner Medical Center researchers served as the principal investigators and performed all
analyses.

8.4.

SUMMARY OF FINDINGS

Prior to the deployment of the PTA project, NEMT was provided by all Medicaid MCOs. Members could not
book online or via a mobile device and were required to contact a call center to schedule NEMT. Except
under unusual circumstances, NEMT trips were required to be booked a minimum of 48 hours in advance,
and covered members had a limit of 30 one-way trips covered per calendar year. Focus group data
suggested that pregnant women were frustrated regarding the call center (hold times were long) and the
need to schedule rides far in advance.
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Overall, 4,120 women completed initial screening for the study. Of those, 361 (nine percent) were interested
and completed final screening. A total of 143 (40 percent) were eligible and were randomized to the PTA
project. Of those women, 72 were randomly assigned to usual care, where rides were provided by their
MCO, while 71 were assigned to an intervention group with enhanced “smart” transportation (EST) services.
Participation in the trial began on the date of informed consent, which occurred, on average, at 15 weeks of
gestation (near the beginning of the second trimester) and lasted through eight weeks postpartum. Of those
randomized, less than seven percent did not complete the final interview (n=10).
As described below and shown in Figure 96, the Rides4Baby study demonstrated that use of EST is
feasible and well received among pregnant women receiving Medicaid. Provision of EST resulted in
increased use of NEMT benefits compared to usual transportation with supportive evidence of increased
customer satisfaction.

Performance Measures Results – Final Report | Smart Columbus Program | 171

Chapter 8. PTA Evaluation and Results

Figure 96. PTA Logic Model and Summary of Results
Source: City of Columbus
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8.4.1.

Outcome 5.1 Mobility
OBJECTIVE 5.1.1 EXAMINE PREGNANT WOMEN’S IMPROVED ACCESS TO NEMT
TRIP IN THE INTERVENTION GROUP COMPARED TO THOSE ASSIGNED TO USUAL
CARE GROUP.

Key indicators of interest for this objective included the number of trips taken by type and the adequacy of
prenatal care utilization (APNCU) index, also known as the Kotelchuck index. Further outcomes of interest
were preterm delivery (delivery before 37 completed weeks of gestation) and infant mortality.
Overall, women assigned to the usual care group took fewer trips than women in the intervention group.
Over the study period, women in the usual care group took a median of two trips and women in the
intervention group took a median of 19 trips. Of note, there were also more women in the usual care group
than intervention group who took no trips at all during the study period, 44 percent to 18 percent
respectively. For women in the usual care group, 51 percent of trips were to a medical facility, 43 percent
were trips home, and six percent were trips to other residences. In the intervention group, 32 percent of trips
were to a medical facility, 44 percent were trips home, 10 percent were trips to the grocery store or food
bank, five percent were to the pharmacy, three percent were trips to support services, four percent to other
residences, and two percent were to other locations. While both MCOs began offering grocery store trips
during the study period due to COVID-19, none of the study participants assigned to usual care took
advantage of that benefit.
In examining the adequacy of prenatal care using the APNCU index32, there was no notable difference in
prenatal care utilization between groups—with 66 percent receiving adequate or adequate plus prenatal
care in the usual care group versus 69 percent in the intervention group [risk difference = 3.1 percent (95
percent confidence interval (CI): (-13.0, 19.1)]. It should be noted, however, that prenatal care information
was missing for eight percent (n=12) of participants due to miscarriage or missing data in the vital records.
Regarding preterm delivery, no meaningful difference in preterm delivery between the usual care and
intervention groups was observed, with preterm birth proportions of 23 percent in both groups (risk
difference = 0.3 percent (-14.6, 15.2)). There were slightly more sets of twins in the intervention group (n=4)
compared to the usual care group (n=2), which could influence the interpretation of this comparison and will
be examined in a sensitivity analysis. The final infant mortality data will not be available until at least January
2022. However, the investigators are aware of no infant deaths in the study population to date.

8.4.2.

Outcome 5.2 Opportunity
OBJECTIVE 5.2.1 OPPORTUNITY. INCREASE USAGE OF NEMT BENEFITS.

The key indicators for this objective include the number of trips taken by type. Data for this objective are
described above, under Mobility Objective 5.1.1 in Section 8.4.1.1.

32

The APNCU index looks at the actual number of visits versus the recommended number of visits (not the quality of
care that the participants receive).
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8.4.3.

Outcome 5.3 Customer Satisfaction
OBJECTIVE 5.3.1. SATISFACTION. IMPROVE CUSTOMER SATISFACTION.

The key indicator for this objective included a global satisfaction rating recorded at eight weeks postpartum
(or study exit) for all women who attempted at least one trip. For participants who attempted a ride, being
satisfied or very satisfied was 90 percent in the intervention group compared to 79 percent in the usual care
group (risk difference = 11.9 percent (-1.1, 24.8)).

8.5.

APPROACH AND FINDINGS

8.5.1.

Data Sources

PTA vendor, MCOs, Ohio Department of Health (birth records), and customer surveys were the data
sources used for PTA.

8.5.2.

Study Area

CelebrateOne is a division of the Mayor’s Office that works to reduce infant mortality in the City of
Columbus. Through analyzing patterns of infant deaths in the county, CelebrateOne found that the majority
of infant deaths were occurring in eight “hot spots” throughout the community—and all of the hot spots were
impoverished neighborhoods. More than half of infant deaths were related to prematurity, with birth defects
and sleep-related deaths being the other most frequently identified causes. These eight neighborhoods,
covering 13 ZIP codes, with a history of high infant mortality have become CelebrateOne’s program focus.
The initial deployment zone was going to focus on these eight neighborhoods, but the deployment zone was
increased to all of Franklin County to expand the program opportunity to all women that may need NEMT
services. Figure 97 outlines the eight CelebrateOne hot spots within the Franklin County deployment zone.
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Figure 97. PTA Study Area
Source: City of Columbus

8.5.3.

Timeline

Between May 31, 2019, and June 30, 2020, 143 women were enrolled and randomized in the Rides4Baby
study. The final study visit took place on January 12, 2021.

8.5.4.

Methodology

The PTA project methodology was a randomized controlled trial.

STUDY DESIGN AND AIMS
To examine PfMP Objectives 5.1-5.3, the PTA project referred to as the Rides4Baby study, was conducted.
The primary aim of this randomized controlled trial was to examine women’s satisfaction with transportation
services in the intervention group (receiving EST) compared to those assigned to usual care group. For the
purposes of this trial, EST was defined as:
• Access to on-demand transportation
• Knowledge of real-time driver location and arrival time
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• Enhanced capabilities for patients to schedule pregnancy-related trips (call center, web portal, and
mobile application)
• Increased communications between NEMT mobility provider and patient
• Flexibility for stand-alone trips to the pharmacy, grocery store, and food banks
The secondary aims were:
• To examine adequacy of prenatal care as measured by the APNCU Index between groups
• To examine the proportion of preterm delivery (<37 weeks) between groups
• To describe and examine the proportion of infant mortality between groups
Beginning May 31, 2019, the aim was to enroll and randomize 500 women to one of two groups, usual
transportation services from their MCO and the intervention group receiving EST services as previously
defined. For women who requested them, car seats were also provided.

RECRUITMENT
Potentially eligible women were recruited via one of five sources:
• Referrals from StepOne, a community pregnancy support organization
• McCampbell Hall Obstetrics and Gynecology Clinics at OSU
• Franklin County Women Infants and Children (WIC Clinics)
• Direct mailing from the MCOs
• Moms2B, a community pregnancy support organization
StepOne is a hotline of the City’s Office of Infant Mortality Reduction Initiatives, CelebrateOne, which
pregnant women are encouraged to call if they need assistance connecting with prenatal care or other
supportive services. During its normal business, StepOne collects demographic information from women to
assess their eligibility for various services.
If, during that routine screening process, a woman was found to meet the prescreening eligibility criteria for
the Rides4Baby program outlined in Table 58, StepOne staff informed her that she might be eligible for a
new transportation project. If the woman was interested in learning more, StepOne staff asked the woman to
sign an electronic release of information form to permit them to send information to Rides4Baby staff at The
Ohio State University Wexner Medical Center. Rides4Baby staff contacted all referred women, explained the
study, and if women were interested, completed the screening process. To increase the number of women
who called StepOne during the study period, the two Medicaid MCOs participating in the project
(CareSource and Molina) sent postcards to women of reproductive age residing in the target areas of
Franklin County. The postcard encouraged women to call StepOne to see if they were eligible for the
transportation project. A variety of advertisements were also placed in strategic locations (e.g., churches,
WIC clinics) in the targeted communities and ads were run on the radio and in local newspapers
encouraging women to call StepOne. Social media ads were also run by study partners.

Table 58: Eligibility Criteria
Eligibility criteria
Prescreening inclusion
criteria*

Prescreening inclusion criteria*
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Eligibility criteria
Pregnant & <32 weeks of
gestation

Pregnant & <32 weeks of gestation

At least 18 years old

At least 18 years old

Enrolled in CareSource or
Molina for Medicaid
services

Enrolled in CareSource or Molina for Medicaid services

Residence in Franklin
County, Ohio

Residence in Franklin County, Ohio

English speaking

English speaking

Last menstrual period
(LMP)

Last menstrual period (LMP)

* Assessed by StepOne
**Prescreening criteria confirmed by OSU along with final screening criteria
Source: StepOne and OSU

Prior to the COVID-19 outbreak, women were recruited onsite at Franklin County WIC Clinics, the OSU
Obstetrics & Gynecology Clinics, and at Moms2B. Rides4Baby staff screened pregnant and interested
women at WIC Clinics and, if possible, completed the enrollment process that day. WIC also sent a text
message advertising the study to all their active clients. Rides4Baby staff recruited women in the OSU
Obstetrics & Gynecology Clinics in McCampbell Hall. With the assistance of clinic research staff,
Rides4Baby staff identified pregnant women who were less than 32 weeks of gestation to approach
regarding the study. If the potential participant was interested, she was screened for eligibility. If she was
eligible and able to stay after her prenatal appointment, Rides4Baby staff completed the enrollment process
that day. Otherwise, arrangements were made for Rides4Baby staff to meet the potential participant at a
library near her home to complete enrollment.
In addition, Rides4Baby staff recruited at Moms2B. Moms2B is a community-based pregnancy support
program housed in the Department of Obstetrics and Gynecology at OSU that operates in eight
neighborhood sites throughout Columbus. Interested Moms2B participants were screened for eligibility. If
they were eligible, the enrollment process was completed that day if the potential participant was able to
stay after the regular Moms2B session. If the woman could not stay, alternative arrangements were made to
complete the enrollment process at another time.

8.5.4.2.1 Informed Consent and Randomization
Rides4Baby staff scheduled an in-person baseline interview with women who screened eligible and were
interested in participating. Rides4Baby staff confirmed the interview date and time in advance of the
appointment to remind women to attend. Women who did not wish to meet in person to conduct the
interview or who no-showed three times for the enrollment interview were considered ineligible for
participation. If a participant was found to be unable to get to one of the Rides4Baby interviews due to lack
of transportation, a free bus pass was provided to assist her in making the trip. The Rides4Baby app is
shown in Figure 98.
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Figure 98: The Rides4Baby Mobile Application
Source: Kaizen Health

Before proceeding with enrollment, Rides4Baby staff reviewed the informed consent document with the
potential participant and gave her the opportunity to ask questions. Once her questions were addressed,
she was asked to sign the combined informed consent and parental permission (i.e., permission for the
unborn infant) document. Women were asked to sign the informed consent document in REDCap, a secure,
web-based application for building and managing online surveys and data collection form, and then was
provided with a hard copy for their records. After verifying all eligibility criteria listed in Table 58, women
were randomized immediately after completing the baseline interview and were provided training in how to
schedule a ride according to their assigned group.

8.5.4.2.2 Intervention
As mentioned previously, the randomized trial included two arms, the usual care group with usual
transportation provided by the MCOs and the intervention group receiving EST services. Women randomly
assigned to the usual care group received the typical transportation services from their MCO. Specifically,
women were advised to call their MCO transportation center to arrange a ride, as needed, per the usual
procedures. Women randomly assigned to the intervention group were asked to use Kaizen Health rather
than their MCO if they required transportation services. Women in the intervention group could schedule
rides via the mobile application, web portal, or via telephone. Women randomized to the intervention group
were able to contact the transportation broker to schedule NEMT through these means. A detailed
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description of the transportation services provided to women in the usual care and intervention groups is
provided in Table 59.

Table 59: Comparison of Transportation Provided in Each Study Arm
Usual Care
Transportation

Enhanced Smart Transportation

Mode of trip
scheduling

Telephone

Mobile application, web portal, or telephone

Trip
scheduling
timing

At least 2-3 business days in advance

On demand

Permissible
trip types

Healthcare visits, WIC office visits, and
Medicaid redetermination appointments.
Pharmacy visits are permitted when
returning home from a healthcare visit.

Healthcare visits, WIC office visits, Medicaid
redetermination appointments, pregnancy
support services. Free-standing pharmacy
trips, grocery store, and food bank trips.

Pick up and
drop off
location
validation*

Performed by the call centers

Checked automatically against a pre-approved
list provided by the MCOs.

Trip number
limits

30 one-way trips per calendar year†

Healthcare visits†: 4 per week
Healthcare after hours: 2 per month
Support services: 4 per week
Pharmacy (dedicated trip): 2 per month
Pharmacy (when returning home): 2 per week
Grocery or food bank: 4 per month

Trip location
limits

None as long as destinations are MCOapproved

Trips were limited to Franklin County and its
contiguous counties

Permissible
travel hours

7:00 am to 7:00 pm

6:00 am to 9:00 pm for healthcare, pharmacy,
and support services trips; otherwise, 24 hours
a day

Return trip
scheduling

Women call to schedule the return trip
when ready to leave

Members can click on a text sent following the
first leg of their trip to obtain a return ride or can
schedule via the mobile application, web portal,
or telephone

No

Yes, upon request at the time of scheduling

None

Members can view trip details, including car
and driver information on the mobile
application

Car seat(s)
provided
Trip tracking

†Additional

trips can be approved by the MCO if deemed medically necessary.
* The list of approved healthcare facilities was the same for each arm.
Source: OSU
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8.5.4.2.3 Study Outcomes
As mentioned previously, the primary outcome for the proposed trial was overall satisfaction with
transportation services as assessed by the final study questionnaire (i.e., two months after delivery or
miscarriage). The satisfaction questions on the final questionnaire were adapted from a previously published
transportation satisfaction survey (Bellamy, 2003). Responses for each domain and for the overall
assessment of satisfaction included very satisfied, somewhat satisfied, neither satisfied nor dissatisfied,
somewhat dissatisfied, and very dissatisfied. Individuals who indicate that they were either somewhat
satisfied or very satisfied with their transportation services overall were considered to be satisfied for
measurement of the primary outcome.
Secondary outcomes were assessed using Ohio vital records data. Adequacy of prenatal care was
assessed with Kotelchuck’s APNCU (Kotelchuck, 1994). The APNCU uses data regarding the month that
prenatal care began and the ratio of observed to the recommended number of prenatal care visits based on
American College of Obstetricians and Gynecologists guidelines to summarize the adequacy of prenatal
care received. Individuals are grouped into one of four categories:
• Adequate plus: care initiated by the 4th month and 110 percent or more of recommended visits
received
• Adequate: care initiated by the 4th month and 80-109 percent of recommended visits received
• Intermediate: care initiated by the 4th month and 50-79 percent of recommended visits received
• Inadequate: care initiated after the 4th month or less than 50 percent of recommended visits received
For the purposes of this trial, adequate or adequate plus care versus intermediate or inadequate prenatal
care was examined.
Preterm birth was defined as any delivery occurring before 37 weeks gestation. Infant mortality was defined
as death of a live-born infant within the first year of life as measured using the linked live birth and death
records. Exploratory outcomes included the number of trips taken and measures of every preterm birth.

8.5.4.2.4 Data Collection
The Rides4Baby baseline interview was conducted as soon as the informed consent document was signed.
The baseline questionnaire queried women about: gravidity, parity, number of prior preterm births (<37
weeks), due date, educational attainment, self-rating of overall health, chronic medical conditions (e.g.,
hypertension, diabetes, sickle cell), access to a car, satisfaction with prior use of MCO transportation
services, smoking status, marijuana use and opioid use, age, race/ethnicity, country of birth of mother,
monthly household income, household size, address, best telephone number, type of mobile phone
(TracFone® versus smart phone), and the names and telephone numbers of individuals to contact study
staff were unable to reach the participant.
Every 30 days following enrollment, women were texted a link to an online form with several questions to
assess use of and satisfaction with transportation services. These questions included:
• “How many times did you use Rides4baby transportation this month?”
• “On a scale of 1-5, how satisfied were you with that transportation this month?”
• “During any of your Rides4Baby rides this month, did you feel unsafe?”
• “How many times did you use another form of transportation to get to the doctor or healthcare
provider this month?”
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Women who had taken no Rides4Baby trips in the previous month saw only the first and last questions. If a
participant responded that she felt unsafe, Rides4Baby staff reached out to that participant as soon as
possible to be sure the woman was okay and to gather additional information.
Women were asked to notify Rides4Baby staff when they delivered or had a miscarriage. As a woman
reached the end of her third trimester, a reminder text was sent to remind her to call the Rides4Baby staff to
share her delivery date. For women who notified the Rides4Baby staff immediately of their delivery, staff
offered to meet them in the hospital to bring them a gift (described below under Remuneration). If, for
whatever reason, Rides4Baby staff was unable to get to women who delivered before they were discharged
from the hospital, Rides4Baby staff provided women with their delivery gifts when they met them for their
interview at eight weeks postpartum. For women who miscarried, Rides4Baby staff provided them with all
their remaining remuneration when they meet them for an interview at eight weeks after miscarriage. For all
final interviews, a reminder text was sent in advance of that appointment to remind women to attend.
Self-reported data collection ceased at two months postpartum, if the participant was exited due to nonadherence, or if ten attempts to contact the participant (at varying days/times by phone, email, and text)
failed. If, for whatever reason, the participant was unable to meet the Rides4Baby staff in person for the final
interview, an attempt was made to conduct a shortened version of the interview over the phone and the
participant’s remaining gift cards were mailed.
Trip data were collected by Kaizen Health (the study transportation broker) as well as both Medicaid MCOs.
Data collected included the participant ID, number of trips taken, dates of trips, trip timeliness information,
and adherence data (whether or not the trip occurred, was canceled, or was rescheduled). These data were
incorporated into the study database for analysis.
Following delivery, the study team obtained pregnancy outcome data from the Ohio Department of Health.
Specifically, the index vital records were obtained (i.e., birth, fetal death, and infant death certificates) for
each participant to verify pregnancy outcomes. Women were linked to their index vital records via a
probabilistic matching procedure based on the mother’s name, mother’s date of birth, address, and child’s
date of birth or the miscarriage date. All record links were manually reviewed by study staff for accuracy.

8.5.4.2.5 Data Collection during COVID-19
Due to the COVID-19 pandemic, beginning in mid-March 2020, all study interviews (i.e., the enrollment
interview and the final interview) began to take place over the telephone. For enrollment interviews, women
were emailed a PDF copy of the informed consent/HIPAA document to review in advance. If the potential
participant did not have access to email, she was texted a link to the documents or a hard copy was mailed.
At the scheduled time, study staff called the potential participant, asked if she received the informed
consent/HIPAA document (if not, the call was rescheduled), and reviewed the material over the telephone.
Women were then asked to provide their verbal informed consent for participation in the study. Study staff
noted this information in the woman’s file and the interview proceeded. Following the interview, the woman
was randomized if she met all eligibility criteria, and she was advised how to schedule rides according to her
assigned group.
Regarding the final interview, participants were already provided the option to complete that interview via
telephone and to receive their incentive via mail. Phone interviews were required in lieu of in person
interviews while the COVID-19 restrictions remained in place.

8.5.4.2.6 Participant Retention
Rides4Baby staff employed several strategies to encourage participant retention. First, every effort was
made to have participants continue to interact with the same staff member who enrolled them. Secondly,
women were sent follow-up surveys every 30 days, and study staff reached out to them if they failed to
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respond to a given survey. Finally, a birthday card was sent to women on their birthday to wish them a
happy birthday and to express appreciation for their participation.

8.5.4.2.7 Participant Non-Adherence
Several types of participant non-adherence were anticipated during the trial. First, individuals in the
intervention group could attempt taking a trip(s) to an unapproved location(s) either by finding a bug in the
mobile application or the web portal. Individuals could also misuse the mobile application or web portal to
travel to an approved location only with the intent of traveling to an unapproved location (e.g., might use the
app to travel to a pharmacy near a friend’s house). Finally, an individual could have been verbally (or
physically) abusive with a driver or call center staff.
In cases of non-adherence, study staff issued a warning to the participant (by phone, if the participant could
be reached, as well as by email). If non-adherence continued after a warning was given, one of two
consequences occurred depending on the circumstances. First, women in the intervention group could be
switched to “call center only” where they no longer had access to the mobile application or web portal or
women in the intervention group could be switched to the “usual care” group of the study so transportation
services were provided by her MCO.

8.5.4.2.8 Participant Remuneration
To encourage active participation in Rides4Baby, participants received monetary and non-cash incentives.
For fully participating in the study, women received $140 in grocery store gift cards. They also received a
large package of diapers after they delivered.
During the COVID-19 pandemic, all study gift cards were mailed with tracking information as participants
progressed through the study. Due to the large size of the package, diapers were delivered to participants
when socially distant interactions were again permitted.

8.5.4.2.9 Human Subjects Considerations
This trial was reviewed and approved by the institutional review boards at both OSU and the Ohio
Department of Health. The project was also overseen by an independent data safety and monitoring
committee.

8.5.4.2.10 Data Management
Study data were collected and managed in a REDCap database located behind the firewall at the OSU
Wexner Medical Center. All questionnaire data were entered directly into REDCap by study staff.
Transportation data were to be provided by the study transportation broker and the MCOs and incorporated
into the study database. The linked vital records for the index pregnancies were also included in the study
database.
All data transfers between study partners were covered by data use agreements and were performed via
secure FTP.

STUDY POPULATION
Between May 31, 2019, and June 30, 2020, 143 women were enrolled and randomized in the Rides4Baby
Study. The final study visit took place on January 12, 2021. Of those women, 72 were randomly assigned to
the usual care group and 71 were randomly assigned to the intervention group.
presents selected characteristics of the women enrolled in Rides4Baby by treatment arm. The median age
of women enrolled in the study was 26 years (range=18 to 41). The study sample was racially and ethnically
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diverse, with 77 percent non-Hispanic Black women, 15 percent non-Hispanic white women, and eight
percent Hispanic and women of another non-Hispanic race. Eight percent of participants indicated that they
were foreign born. Twenty eight percent of women reported having used NEMT in the past. Of these
women, approximately half of women (48 percent) indicated that they were either satisfied or very satisfied
with the prior NEMT services that they had received.
The mean gestational age at enrollment was 15 weeks (early in the second trimester). Of those with a prior
live birth, 28 percent reported having a prior preterm birth. The median gestational age at enrollment was 15
weeks, or early in the second trimester. Overall, the study population was medically high risk. Among
participants, 11 percent indicated that their general health status was fair or poor. There was a very high
proportion of smoking in the three months before pregnancy: 41 percent. Women also reported high
proportions of depression and anxiety, 67 percent, and 69 percent respectively.
Table 60 presents selected characteristics of the women enrolled in Rides4Baby by treatment arm. The
median age of women enrolled in the study was 26 years (range=18 to 41). The study sample was racially
and ethnically diverse, with 77 percent non-Hispanic Black women, 15 percent non-Hispanic white women,
and eight percent Hispanic and women of another non-Hispanic race. Eight percent of participants indicated
that they were foreign born. Twenty eight percent of women reported having used NEMT in the past. Of
these women, approximately half of women (48 percent) indicated that they were either satisfied or very
satisfied with the prior NEMT services that they had received.
The mean gestational age at enrollment was 15 weeks (early in the second trimester). Of those with a prior
live birth, 28 percent reported having a prior preterm birth. The median gestational age at enrollment was 15
weeks, or early in the second trimester. Overall, the study population was medically high risk. Among
participants, 11 percent indicated that their general health status was fair or poor. There was a very high
proportion of smoking in the three months before pregnancy: 41 percent. Women also reported high
proportions of depression and anxiety, 67 percent, and 69 percent respectively.
Table 60: Selected Participant Characteristics at Enrollment, by Study Arm

Characteristic
Age of mother (years),
median (min-max)

Usual
transportation
n (%)
27 (18-41)

Enhanced smart
transportation
n (%)
26 (18-39)

Total n (%)
26 (18-41)

18-24

27 (38%)

32 (45%)

59 (41%)

25-29

23 (32%)

14 (20%)

37 (26%)

30-34

14 (19%)

12 (17%)

26 (18%)

35

8 (11%)

13 (18%)

21 (15%)

mean (sd)

26.7 (5.7)

26.9 (6.4)

26.8 (6.1)

13.9 (4.9-32.6)

15.6 (4.1-31.3)

14.6 (4.1-32.6)

4-12

30 (42%)

25 (38%)

55 (38%)

13-27

36 (50%)

38 (54%)

74 (52%)

28-32

5 (7%)

8 (11%)

13 (9%)

mean (sd)

15.0 (7.5)

16.7 (7.4)

15.9 (7.4)

Gestational age at
enrollment (weeks),
median (min-max)1

Race/Ethnicity
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Characteristic

Usual
transportation
n (%)

Enhanced smart
transportation
n (%)

Total n (%)

White non-Hispanic

12 (17%)

9 (13%)

21 (15%)

Black non-Hispanic

56 (78%)

54 (76%)

110 (77%)

Other race or
Hispanic ethnicity

4 (5%)

8 (11%)

12 (8%)

Managed care organization at randomization
CareSource

55 (76%)

54 (76%)

109 (76%)

Molina

17 (24%)

17 (24%)

34 (24%)

Foreign born

3 (4%)

8 (11%)

11 (8%)

Excellent

13 (18%)

16 (23%)

29 (20%)

Very good

26 (36%)

17 (24%)

43 (30%)

Good

26 (36%)

29 (41%)

55 (38%)

Fair or Poor

7 (10%)

9 (13%)

16 (11%)

4 (7%)

8 (13%)

12 (10%)

16 (31%)

13 (25%)

29 (28%)

Smoker at
enrollment4

34 (47%)

24 (34%)

58 (41%)

Depression within
last month

48 (67%)

48 (68%)

96 (67%)

Anxiety within last
month5

51 (71%)

48 (66%)

99 (69%)

Prior use of NEMT6
at enrollment

20 (28%)

20 (28%)

40 (28%)

Satisfied or very
satisfied with prior
NEMT7

10 (50%)

9 (45%)

19 (48%)

General health status

Nulliparous2
Prior preterm

birth3

1One

gestational age greater than 32 based on due date (less than 32 based on LMP)
live births among women with a prior pregnancy (usual: n=56, demand: n=60, overall: n=116)
3Previous birth <37 weeks among women with a live birth (usual: n=52, demand: n=52, overall: n=104)
4One missing smoking status
5One missing recent history of anxiety
6NEMT denotes non-emergency medical transportation
7Among women with prior use of NEMT at enrollment (usual: n=20, demand: n=20, overall: n=40)
2No

Source: OSU
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8.5.5.

Analysis
OUTCOME 5.1 MOBILITY

8.5.5.1.1 Objective 5.1.1 Examine pregnant women’s improved access to NEMT trip in those
assigned to PTA project compared to those assigned to usual transportation
services. (Key secondary outcomes include prenatal visit adherence and the rate of
preterm delivery in each group.)
DEMONSTRATION DATA ANALYSIS AND RESULTS – (ALL POST ONLY):

Key indicators of interest for this objective included:
• Number of trips taken by type and the adequacy of prenatal care utilization index (i.e., APNCU index)
• Secondary outcomes of interest were preterm delivery (delivery before 37 completed weeks of
gestation) and infant mortality
Overall, women assigned to the usual care group took fewer trips than women in the intervention group.
Over the study period, women in the usual care group took a median of two trips whereas women in the
intervention group took a median of 19 trips. Of note, there were also more women in the usual care group
than intervention group who took no trips at all during the study period, 44 percent to 18 percent
respectively. For women in the usual care group, 51 percent of trips were to a medical facility, 43 percent
were trips home, and six percent were trips to other residences. In the intervention group, 32 percent of trips
were to a medical facility, 44 percent were trips home, 10 percent were trips to the grocery store or food
bank, five percent to the pharmacy, three percent to support services, four percent to other residences, and
two percent to other locations. While both MCOs began offering grocery store trips during the study period
due to COVID-19, none of the study participants assigned to usual care took advantage of that benefit.
In examining the adequacy of prenatal care that participants received using the APNCU index, there was no
notable difference in prenatal care utilization between groups, with 66 percent receiving adequate or
adequate plus prenatal care in the usual care group versus 69 percent in the intervention group (risk
difference = 3.1 percent (95 percent CI: -13.0, 19.1)). It should be noted, however, that prenatal care
information was missing for eight percent (n=12) of the study cohort due to miscarriage or missing data on
the vital records.
With regard to preterm delivery, no meaningful difference in preterm delivery between the usual care and
intervention groups was observed, with preterm birth proportions of 23 percent in both groups (risk
difference = 0.3 percent (-14.6, 15.2)). There were slightly more sets of twins in the intervention group (n=4)
compared to the usual care group (n=2), which could influence the interpretation of this comparison and will
be examined in a sensitivity analysis. The final infant mortality data will not be available until at least January
2022. However, the investigators are aware of no infant deaths in the study population to date.

OUTCOME 5.2 OPPORTUNITY
8.5.5.2.1 Objective 5.2.1 Increase usage of NEMT benefits
DEMONSTRATION DATA ANALYSIS AND RESULTS:

The primary indicators for this objective include the number of trips taken by type. Data for this objective are
described in detail above in Section 8.5.5.1. Women randomly assigned to the intervention group took far
more trips while enrolled than women in the usual care group, a median of 19 trips versus two respectively.
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Outcome 5.3 Customer Satisfaction

8.5.5.2.2 Objective 5.3.1 Improve customer satisfaction
BASELINE DATA ANALYSIS AND RESULTS BY INDICATOR:

As discussed previously, 28 percent of participants indicated at enrollment that they had previously used
NEMT. Among those women, 48 percent indicated that they were satisfied or very satisfied with the NEMT
provided.
DEMONSTRATION DATA ANALYSIS AND RESULTS:

The primary indicator for this objective included a global satisfaction rating recorded at eight weeks
postpartum (or study exit) for all women who attempted at least one trip. There was a strong suggestion of
increased satisfaction in the intervention group compared to the usual care group, with 90 percent and 79
percent reporting being satisfied or very satisfied respectively (risk difference = 11.9 percent (95 percent CI:
-1.1, 24.8)).
Among women randomly assigned to the intervention group who used the mobile application to schedule a
ride (n=58), 82.8 percent said that they would definitely recommend, and 13.8 percent indicated that they
would probably recommend the Rides4Baby mobile application to other pregnant women. With regard to
overall satisfaction, 93.1 percent of women reported being very satisfied or somewhat satisfied with the
mobile application. With regard to the ease of learning the mobile application, 98.3 percent were very
satisfied or somewhat satisfied.

8.5.6.

Conclusion

The project successfully enrolled 143 (29 percent) of our enrollment target of 500 women. Despite this, the
Rides4Baby study yielded valuable information regarding the utility of the provision of EST to improve
customer satisfaction and pregnancy outcomes among Medicaid recipients.
First, while many pregnant women receiving Medicaid have unstable transportation (e.g., they get rides from
family or friends), many of these women do not consider themselves as needing help with transportation.
This is one of several reasons that the study was unable to enroll the targeted number of women in this trial.
The group of women receiving Medicaid who consider themselves as transportation insecure is a very
medically high-risk group of women. Investments to increase these women’s use of and satisfaction with
value added services, such as NEMT, seem advisable.
While, historically, some have argued that interventions utilizing mobile technology might be inappropriate
for use among women of low socioeconomic status, the study did not find this to be a barrier. Among the
women who enrolled in the trial, 98 percent reported having a smart phone. Women randomly assigned to
the intervention group did not report challenges to utilizing the mobile application. Further, participant
feedback provided supportive evidence of increased satisfaction with transportation services in the
intervention group compared to those receiving usual care.
No meaningful differences between groups were found regarding the impact of the use of EST on prenatal
care utilization and pregnancy outcomes. This is not entirely unexpected. Lack of transportation is not the
only reason that women receive inadequate prenatal care. Other key barriers include lack of childcare
services, or simply not seeing the value in obtaining care.
When considering adverse pregnancy outcomes, risk factors are multifactorial and interventions addressing
the social determinants of health have been shown to have only small, but clinically important, effects. It is
likely that the impact of EST on pregnancy outcomes is small, and, due to the relatively modest sample size,
the study was statistically underpowered to detect it. Prior research suggests that provision of NEMT must
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be used in combination with other wrap around services (e.g., food, housing) to produce meaningful
improvements in the health of moms and babies.
In summary, the Rides4Baby study demonstrated that use of EST is feasible and well received among
pregnant women receiving Medicaid. Provision of EST resulted in increased use of NEMT benefits
compared to usual transportation with supportive evidence of increased customer satisfaction. While there
were no meaningful differences in pregnancy outcomes between the two groups, this is not unexpected as
prior research suggests that standalone interventions targeting the social determinants of health are unlikely
to meaningfully decrease adverse pregnancy outcomes as effect sizes are small.
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9.2.

PROJECT OVERVIEW

Enhanced mobility or multimodal transit features to alleviate FMLM challenges did not exist in the Linden
area or along the Cleveland Avenue corridor prior to project implementation. Columbus is working to make
mobility a great equalizer by embracing multimodal transportation and making it accessible and easy to use.
The vision for this project was to transform various locations, including some COTA bus stops along the BRT
line (called CMAX), transit centers, and community facilities such as a public library and community center
into SMH. At these locations, someone getting on or off the bus, or accessing other community services,
can easily access information about transportation options or continue on the next leg of the trip. Public WiFi is a key enabler for the SMH and its points of connection (Wi-Fi is also present in COTA’s stations,
CMAX, and buses). The City outfitted the SMH with interactive kiosks (IKs) to assist in travel planning and
expanded transportation options via other modes such as bike- and car-sharing. The SMH are linked with
COTA systems to provide transit information with real-time arrival and departure times to the passengers
waiting at the SMH. This project provides an opportunity for residents and visitors to access multiple modes
of travel to solve FMLM challenges.

9.3.

EVALUATION TEAM

OSU conducted the performance measurement and evaluation for this project.

9.4.

SUMMARY OF FINDINGS

Usage of SMH to plan trips was lower than expected when the project was conceived, possibly due to the
impacts of COVID-19 on travel patterns and schedule delays that put the data collection timeframe during
the winter months where use of bike- and scooter-share was reasonably expected to be lower, restricting
interest in those modes. Figure 99 shows results by outcomes and indicators specified in the PfMP.
Customer survey results tied to those indicators did not show a significant difference between respondents
who had used a SMH and those who had seen but not used a SMH. However, the surveys did provide other
insights about which SMH locations individuals used and which amenities individuals used at the SMH
locations.
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Figure 99. SMH Logic Model and Summary of Findings
Source: City of Columbus
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Because an existing system comparable to the SMH does not exist to compare progress, a post-only
experimental design was used.

OUTCOME 6.1 MOBILITY
9.4.1.1.1 Indicator: Number of trip planning requests/bookings at SMH
A total of eight trips were planned at a SMH between November 2020 and March 2021. With such a small
sample, the data is insufficient to identify a trend. The number of planned trips varies by SMH location. At
least one trip each was planned at Columbus State Community College, Linden Transit Center, Columbus
Metropolitan Library—Linden Branch, and St. Stephen’s Community House (SSCH). No trips were planned
at Northern Lights Transit Center or Easton Transit Center. A total of four trips were booked at a SMH. One
was booked in November 2020, another in December 2020, and two more in March 2021.
MODAL COMPOSITION OF TRIPS

There was significant variety in the modal composition of the trips planned using kiosks and Pivot. Four
unique trip compositions were identified among the trips planned at kiosks, namely WALK-SCOOTER,
WALK-BUS-WALK-SCOOTER, WALK-BUS-BUS-WALK-BUS, and WALK-BUS-WALK-BUS-WALK.

Walking: Included and Excluded as a Separate Mode
This report contemplates whether walking-mode trip legs for the sole purpose of accessing another mode
(connecting walks) should be treated as separate modes. Both of the following analyses are included:
• Connecting walks are included as separate modes (e.g., a single bus trip with walks on both ends is a
multimodal trip and is included in the results) and
• Connecting walks are excluded as separate modes (e.g., a single bus trip with walks on both ends is
a single-mode trip and is not included in the results).
Of the eight trips planned at a kiosk, six were multimodal trips, assuming connecting walks are included.
When connecting walks are excluded, the number of multimodal trips planned at kiosks drops from six
cases to two (66.7 percent reduction).
The following are key observations regarding multimodal trips planned at kiosks (connecting walks included
in all cases):
• Six total multimodal trips were planned during the reporting period, and
• No multimodal trips were planned prior to November 2020.

OUTCOME 6.2 CUSTOMER SATISFACTION
On questions of customer satisfaction, no differences in satisfaction were found between those who had
used a SMH and those who had seen one but not used it.

9.4.1.2.1 Demographics
OSU surveyed 505 COTA riders. The mean age of respondents was 40 years old. About half of the sample
(51 percent) identified as women, 46 percent identified as men, and one percent as another gender (two
percent declined to respond). In terms of education, 51 percent of the sample reported having earned a
bachelor’s degree or higher. The majority of respondents identified as white (65 percent). An additional 23
percent identified as Black or African American, one percent as American Indian or Alaska Native, five
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percent as Asian, two percent as Native Hawaiian or Pacific Islander, and four percent as another race. In
addition, seven percent of participants reported that they identified as being of Spanish, Hispanic or Latino
origin. Finally, 54 percent of the sample reported a household income of less than $60,000 per year (31
percent reporting less than $30,000).

9.4.1.2.2 COVID-19 Impact
In terms of understanding how COVID-19 influenced routines and behavior, participants were asked the
extent to which their daily routine was disrupted by COVID-19 and the extent to which they were concerned
about the risks of COVID-19. Participants responded to both items on a five-point scale from 1 = not at all, to
5 = completely/a great deal. For the first item, the mean score was 3.42 (1.38). For the second item, the
mean score for this item was 3.78 (1.21). This indicates that COVID-19 is impacting daily decisions of
travelers, so project impact may be different post-COVID-19.

9.4.1.2.3 Awareness of SMHs
Of the 505 participants in the sample, 173 indicated that they had heard of SMH before taking the survey,
230 indicated that they had seen a SMH in Columbus, and 64 indicated that they had used a SMH.

9.5.

APPROACH AND FINDINGS

9.5.1.

Data Sources

MMTPA trip reports, resident surveys, and in-app surveys.

9.5.2.

Study Area

Six hubs are located in the Linden and Easton areas, i.e., Columbus State Community College (SMH1),
Linden Transit Center (SMH2), Columbus Metropolitan Library—Linden Branch (SMH3), SSCH (SMH4),
Easton Transit Center (SMH5), and Northern Lights Transit Center (SMH6). The locations of the SMHs are
shown in Figure 100.
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Figure 100: Smart Mobility Hub (SMH) Locations
Source: OSU

9.5.3.

Timeframe

July 2020 through March 2021.

9.5.4.

Methodology

For indicators related to application usage (trips planned or booked), descriptive analysis techniques were
used to summarize individual trip records by month. Statistics of interest include trip frequency, distance,
time, and modal composition. For multimodal trips, four cases were considered:
• Multimodal trips planned at a kiosk, connecting walks included,
• Multimodal trips planned at a kiosk, connecting walks excluded,
• Multimodal trips planned using Pivot, connecting walks included, and
• Multimodal trips planned using Pivot, connecting walks excluded.
For multimodal trips planned using Pivot, the larger sample size also allowed for a descriptive analysis of
the individual legs that comprised the set of trips. The analysis of trips planned using Pivot is included in
Chapter 6 where the MMTPA indicators are discussed. For the customer satisfaction indicator, OSU used a
survey of COTA riders. To understand how the SMH may have improved customer satisfaction, responses
of participants who indicated that they had used a SMH (N= 64) were compared to those who had simply
seen one, but not used it (N = 167). The group who had seen but not used a SMH acted as the control
group instead of the entire sample, because people who live near a SMH or frequent a bus stop with a SMH
may be different from the average COTA rider.
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9.5.5.

Analysis
OUTCOME 6.1 MOBILITY

9.5.5.1.1 Objective 6.1.1 Provide physical access to multimodal trip-planning and payment
options
The SMH include real-time IKs with Wi-Fi access points—embedded touch screen displays with access to
trip planning, emergency calling and other applications. The SMH locations also have multimodal resources
like bike-share racks and car-share parking.
INDICATOR: NUMBER OF TRIP PLANNING REQUESTS/BOOKINGS AT SMH

Background
Each SMH features an IK that can be used by travelers to plan trips between an origin and destination of
their choice using one or more mode. The IKs provide physical access to multimodal trip planning options
for travelers who arrive at the SMH in-person—even those who lack a mobile phone or other wireless
device. The total number of trips planned or booked using the IK regardless of modal composition is an
indicator of degree to which the SMH have allowed patrons to access these services. However, it would only
be a fraction of the total number of trips planned or booked through the Pivot app.
Because a comparable system did not exist prior to the start of the SMH project, this indicator was
measured using a post-only trend analysis.

Data
The sole data source for this analysis is the MMTPA trip report. The report includes “Kiosk Individual Trips”,
which contains the parameters for each trip planned using a kiosk including the date of departure, the
identifier of the kiosk that was used, and an indication of whether the trip was booked. The data included in
the table covers the period of July 2020 to March 2021. For the number of trip planning requests/bookings at
SMHs, the data were aggregated monthly and compared month-over-month to track the trend.
The data include trips that were planned and/or booked for the purpose of testing the app. Due to the
privacy assurance features of the app, it is not possible to differentiate test trips from actual trips. Therefore,
all records associated with a specific set of known test days were excluded from the analysis. The excluded
days are 12/8/2020, 1/7/2021, 1/13/2021, 1/22/2021, and 1/26/2021. The potential impact of this exclusion
is noted in text and annotations throughout the analysis.

Analysis
Figure 101 shows the monthly number of trips planned and booked at any SMH. During the period from
July 2020 to March 2021, there were eight (8) trips planned at SMHs. The greatest number of planning
requests (4) occurred in March 2021, followed by 2 planning requests in January 2021, and 1 each in
November and December of 2020. Of these trips a total of four (4) trips were booked, including one in
November 2020, one in December 2020, and two in March 2021. No trips were planned or booked prior to
November 2020. The number of planned trips varies by SMH location. At least one trip each was planned at
Columbus State Community College (SMH1), Linden Transit Center (SMH2), Columbus Metropolitan
Library – Linden Branch (SMH3), and SSCH (SMH4). No trips were planned at Easton Transit Center
(SMH5) or Northern Lights Transit Center (SMH6). The available data is insufficient to identify trends. Note
that records were excluded for five known test days, as described in the Data section above. The data is
tabulated in Figure 101, Table 61 and Table 62.
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Trips planned and trips booked at SMHs
Planned trips

Booked trips

Number of trips

4
3
2
1
0

* Totals for December 2020 and January 2021 exclude records for known test days

Figure 101: Trips Planned and Trips Booked at SMHs
Source: City of Columbus

Table 61: Trips Planned and Trips Booked at SMHs
Month

Planned trips

Booked trips

2020-07

0

0

2020-08

0

0

2020-09

0

0

2020-10

0

0

2020-11

1

1

2020-12*

1

1

2021-01*

2

0

2021-02

0

0

2021-03

4

2

Total

8

4

* Totals (planned and booked) for December 2020 and January 2021 exclude records for known test days
Source: Pivot app trip data
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Table 62: Trips Planned, by Month and SMH Location
Month

SMH1

SMH2

SMH3

SMH4

SMH5

SMH6

Total

2020-07

0

0

0

0

0

0

0

2020-08

0

0

0

0

0

0

0

2020-09

0

0

0

0

0

0

0

2020-10

0

0

0

0

0

0

0

2020-11

1

0

0

0

0

0

1

2020-12*

0

1

0

0

0

0

1

2021-01*

0

2

0

0

0

0

2

2021-02

0

0

0

0

0

0

0

2021-03

0

0

2

2

0

0

4

Total

1

3

2

2

0

0

8

* Totals for December 2020 and January 2021 exclude records for known test days
Source: Pivot app trip data

INDICATOR: APPLICATION USAGE (NUMBER OF MULTIMODAL TRIPS PLANNED AT A KIOSK)

Background
Each SMH features an IK that can be used by a traveler to plan trips between an origin and destination of
their choice using one or more modes. The possibility of planning multimodal trips is significant because it
provides additional options to reach locations that are difficult to reach using a single mode, and it allows
travelers to select the trip composition that best suits their schedule, budget, or other constraints. The IKs
provide physical access to multimodal trip planning options for travelers who arrive at the SMH in-person—
even those who lack a mobile phone or other wireless device. The number of multimodal trips planned using
the IK is an indicator of degree to which the SMH have allowed patrons to access these services.
Because a comparable system did not exist prior to the start of the SMH project, this indicator was
measured using a post-only trend analysis.

Data
The sole data source for this analysis is the MMTPA trip report spreadsheet. This spreadsheet was created
by the firm Etch (the creator of the MMTPA app) and provided to the evaluation team via email. It contains a
table titled “Kiosk Individual Trips”, which contains the parameters for each trip planned using IK and
includes the date of departure and the identifier of the kiosk that was used. It also includes the mode,
distance, and time of each leg of the trip. The data used for this analysis cover the period of July 2020 to
March 2021. For the number of multimodal trips planned at kiosks, the data are aggregated monthly and
compared month-over-month to track the trend.
The data include trips that were planned and/or booked for the purpose of testing the app. Due to the
privacy assurance features of the app, it is not possible to differentiate test trips from actual trips. Therefore,
all records associated with a specific set of known test days were excluded from the analysis. The excluded
days are 12/8/2020, 1/7/2021, 1/13/2021, 1/22/2021, and 1/26/2021. The potential impact of this exclusion
is noted in text and annotations throughout the analysis.
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Analysis
Due to the varying mode preferences and origin and destination choices of SMH travelers, the data include
trips with a several modal compositions. Table 63 shows the distribution of planned multimodal trips
organized according to the modal composition of the trip. During the period of July 2020 to March 2021, a
total of six multimodal trips were planned at a kiosk. Only a subset of the available modes is represented in
the data, namely walking, bus, and scooter. No trips were planned prior to November 2020. The available
data are insufficient to identify trends. Note that records were excluded for five known test days, as
described in Section 9.5.5.2.1. The number of planned trips is tabulated in Figure 102 and Table 64.

Table 63: Distribution of Various Compositions of Multimodal Trips Planned at a Kiosk
Trip Composition

Frequency

Percent

WALK-SCOOTER

1

16.7

WALK-BUS-WALK-SCOOTER

2

33.3

WALK-BUS-BUS-WALK-BUS

1

16.7

WALK-BUS-WALK-BUS-WALK

2

33.3

Total

6

100.0

Source: Pivot app trip data

Multimodal trips are those performed using at least two different modes of transport, but the question
remains whether walking for the sole purpose of accessing other transportation should be considered a
separate mode. For this reason, these data are analyzed using two methods. The first method includes
walking to access other transportation as a separate mode while the second part ignores the walking
components of these trips. In the latter case, the trip compositions WALK-SCOOTER, WALK-BUS-BUSWALK-BUS, and WALK-BUS-WALK-BUS-WALK are treated as single-mode trips and are excluded from
the analysis. When connecting walks are excluded, only two multimodal trips were planned at a kiosk during
the reporting period, and both were planned in January 2021.
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Multimodal trips planned at a kiosk
Connecting walks included

Connecting walks excluded

Number of trips

3

2

1

0

* Totals for December 2020 and January 2021 exclude records for known test days

Figure 102: Multimodal Trips Planned at a Kiosk
Source: Pivot app trip data

Table 64: Multimodal Trips Planned at a Kiosk
Month

Trips including
connecting walks

Trips excluding
connecting walks

2020-07

0

0

2020-08

0

0

2020-09

0

0

2020-10

0

0

2020-11

1

0

2020-12*

1

0

2021-01*

2

2

2021-02

0

0

2021-03

2

0

Total

6

2

* Totals for December 2020 and January 2021 exclude records for known test days
Source: Pivot app trip data
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INDICATOR: APPLICATION USAGE (NUMBER OF MULTIMODAL TRIPS USING PIVOT)

Background
While the IKs allow patrons to plan multimodal trips that make use of the various mobility options that
converge at SMH without a personal device, some patrons may prefer to use their personal devices to plan
trips using these services. Therefore, the number of multimodal trips planned using the MMTPA (also known
as Pivot) provides a complementary indicator of the degree to which SMH allow travelers to access mobility
services.
Because a comparable system did not exist prior to the start of the SMH project, this indicator was
measured using a post-only trend analysis.

Data
The sole data source for this analysis is the MMTPA trip report. The report contains a table titled “Individual
Trips”, which contains the parameters for each trip planned using the MMTPA including the date of
departure and origin and destination ZIP codes, as well as the mode, distance, and time of each leg of the
trip. The data used for this analysis cover the period of December 9, 2020, to March 31, 2021. For the
number of multimodal trips planned using the MMTPA, the data are aggregated monthly and compared
month-over-month to track the trend.

Analysis
For details on trip number and composition, refer to Section 6.5.5.2.2.

OUTCOME 6.2 CUSTOMER SATISFACTION
9.5.5.2.1 Objective 6.2.1 Improve customer satisfaction
INDICATOR: CUSTOMER SATISFACTION RATINGS

Data and Methods
The data used in the analyses in this section come from the SMH user survey. OSU sent an invitation to
participate in the approximately 15-minute online survey to the COTA listserv, and received 601 responses
to the survey. There were 96 responses removed from participants who failed at least one of the two
attention check items (e.g., “please select ‘no’ as your response to this item”), which resulted in a sample of
505 participants. For demographics information, see Section 9.4.1.2.1.

Analysis
Participants were sorted by those who had heard of, seen and used a SMH (Table 65).

Table 65: Number Of Participants In The Sample Who Had Heard Of, Seen, And Used A SMH
Had you heard of a SMH before
taking this survey?

Have you seen a
SMH in Columbus?

Have you used an
SMH in Columbus

Yes

173 (34%)

230 (45.5%)

64 (13%)

No

317 (63%)

237 (47%)

429 (85%)
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Not sure

Had you heard of a SMH before
taking this survey?

Have you seen a
SMH in Columbus?

Have you used an
SMH in Columbus

15 (3%)

38 (7.5%)

12 (2%)

Source: OSU survey data

Participants were asked to rate their overall satisfaction with their transportation options to access their
basic household needs. In addition, they were asked to rate their satisfaction with various aspects of their
transportation options including travel time, distance, cost, reliability, simplicity, flexibility, comfort, and safety.
Participants rated their satisfaction on five-point scales ranging from 1 = very dissatisfied to 5 = very
satisfied. Results are reported in Table 66 broken down by SMH use category.
To understand how the SMH may have improved customer satisfaction, responses of participants who
indicated that they had used a SMH (N= 64) were compared to those who had simply seen one, but not
used it (N = 167). Results are reported in Figure 103. None of the comparisons were statistically significant.
Detailed analyses are presented in Appendix F.

Table 66: Mean Scores For Each Item Broken Down By SMH Use Category
Aspect of
transportation
options

Not heard of
SMHs
(N = 317)

Seen SMHs (but
not used)
(N = 167)

Used SMHs
(N = 64)

Overall

3.52 (1.14)
(N = 317)

3.68 (0.98)
(N = 167)

3.52 (1.17) (N =
64)

1.01 (99.01)

Travel time
(includes waiting)

3.28 (1.11)
(N = 315)

3.45 (1.05)
(N = 167)

3.52 (1.09)
(N = 63)

-0.48 (228)

Travel distance

3.53 (1.03)
(N = 314)

3.60 (0.96)
(N = 167)

3.52 (1.06)
(N = 63)

0.51 (228)

Travel cost (e.g.,
fare, gas)

3.60 (0.93)
(N = 310)

3.66 (0.92)
(N = 166)

3.73 (1.04)
(N = 63)

-0.48 (227)

Reliability

3.52 (1.05)
(N = 314)

3.53 (1.01)
(N = 167)

3.35 (1.09)
(N = 62)

1.13 (227)

Simplicity

3.56 (1.06)
(N = 315)

3.67 (0.91)
(N = 167)

3.57 (1.04)
(N = 63)

0.71 (228)

Flexibility

3.36 (1.11)
(N = 311)

3.30 (1.06)
(N = 165)

3.40 (1.11)
(N = 62)

-0.63 (225)

Comfort

3.53 (1.00)
(N = 313)

3.56 (0.97)
(N = 166)

3.53 (1.04)
(N = 62)

0.19 (226)

Safety

3.58 (1.01)
(N = 314)

3.67 (0.95)
(N = 166)

3.58 (1.08)
(N = 62)

0.60 (226)

T-statistic (df)
(used vs. seen
SMH)

Note: one-sided t-tests are reported for all means comparisons. Significant and marginally significant difference are
bolded (*p< .05, + P< .10)
Results of means comparisons tests comparing those who had used a SMH to those who had seen one but not used
it. Standard deviation in parentheses.
Source: OSU survey data
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Satisfaction: SMHs

Higher Score Means More Satisfied

3.8
3.7
3.6
3.5
3.4
3.3
3.2
3.1
3
Overall

Travel time

Travel
distance

Not heard of SMHs

Travel cost Reliability

Simplicity

Seen SMHs (but not used)

Flexibility

Comfort

Safety

Used SMHs

Figure 103: Chart Of Mean Scores For Each Item Broken Down By SMH Use Category
Source: OSU survey data

9.5.6.

Conclusion

The mobility objective for the SMH project was to facilitate multimodal trips by providing a physical platform
(i.e., kiosks) to plan and book trips and to provide common physical locations for interchange between
various transportation modes. The project was successful in so far as six SMH facilities now exist and
provide the intended services. The project has not achieved significant success to date in increasing
multimodal trip planning, based on low usage of the kiosks for this purpose. The available data is insufficient
to determine whether SMH facilities are being used for modal interchange. There are several possible
explanations for the low usage of the kiosks for trip planning. Most notable among these is the COVID-19
pandemic, which resulted in a massive decrease in travel throughout the region (and elsewhere). For the
travel that did occur during this time, it is also possible that COVID-19 social distancing concerns deterred
travelers from using shared facilities such as the kiosks or shared mobility options. Much of the evaluation
period occurred during the winter months, when travelers might be less interested in the travel modes
facilitated by SMH. Finally, it is worth noting that the time between the SMH launch date and the
assessment of their impacts was relatively short and that travelers either were not aware of the SMH
offerings or had not yet had sufficient time to adapt their behaviors to leverage these offerings. This is
consistent with the results of the survey (see Appendix F), in which many respondents were not aware of
the SMH or were aware but had not used one. It is possible that usage will increase over time as more
potential users become aware of the SMH offerings and consider how to make use of them.
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10.1.

REFERENCES

None used.

10.2.

PROJECT OVERVIEW

Non-direct routing of travelers causes congestion and inefficiency in the transportation network. The goal of
the EPM project is to integrate parking information from multiple parking facilities into a single availability
and reservation services solution to enable travelers to plan, search, and reserve parking near their
destination in downtown Columbus and the Short North. More direct routing of travelers is expected to
reduce congestion. Although originally conceived to reduce congestion during large events, such events
were canceled due to the COVID-19 pandemic. As a result, the project’s focus shifted to routine traffic
during the demonstration period, but the app and website solutions are expected to have a greater impact
post-COVID-19 when large events return to the area. Additional details on the project’s goals and objectives
are in the PfMP33.

10.3.

EVALUATION TEAM

CJI hosted the survey and conducted the analysis, while many others played key roles in measuring
performance. This included staff with the City of Columbus, Murphy Epson, HNTB, and Futurety—all of
whom contributed to the survey instrument and sampling approach. In addition, Futurety handled the
targeting and ad-buys for social media, and HNTB provided support for the incentive program that
encouraged respondents to participate.

10.4.

SUMMARY OF FINDINGS

The project’s logic model with results by indicator is shown in Figure 104. EPM is also a contributor to the
program-level Environment outcome provided in Chapter 3.

Figure 104: Project Logic Model and Summary Results
Source: City of Columbus

33

https://d2rfd3nxvhnf29.cloudfront.net/2021-04/SCC-C-PfMP-Update-v3%203.30.21.pdf
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10.4.1. Outcome 7.1 Customer Satisfaction Findings
Analysis of survey results found no significant difference between baseline and treatment surveys. Despite
this, survey responses indicated this was primarily a result of COVID-19 impacts on travel behavior, traffic
patterns, parking demand, and the very short time between Wave 1 and Wave 2 surveys—not due to a
failure of the app itself. As shown in Table 67, three-fourths of the respondents believe the new app would
be very useful or somewhat useful post-COVID-19 in both the baseline and treatment surveys, with an
overall increase of 14 percent between the baseline and treatment surveys (from 66 percent to 75 percent).
Similarly, the majority of respondents were very likely or likely to use the new app post-COVID-19 in both
baseline and treatment surveys, with an overall increase of 21 percent between baseline and treatment
surveys. Awareness of the app was at saturation level prior to the baseline survey, so no significant change
was expected or detected.

Table 67: Summary of Changes in Key Metrics
Metric

Baseline

Treatment

Overall Percentage Change

Awareness of App34

68%

63%

-7%

Very Useful

38%

50%

Somewhat Useful

28%

25%

Overall

66%

75%

Very likely

29%

39%

Likely

28%

30%

Total

57%

69%

Usefulness35

Likelihood of Use36

14%

21%

Source: CJI Research survey data

10.5.

APPROACH AND FINDINGS

10.5.1. Data Sources
Surveys were conducted by the City and EPM project team, and the results were made available for the
City. In addition, in-app surveys were conducted by the City and EPM project teams.

10.5.2. Study Area
Downtown Columbus and Short North area.

34

Slightly more than two-thirds (68 percent) of respondents were aware of the ParkColumbus app prior to taking the
survey, which is a saturate-level awareness. As such, a 7 percent decline in awareness between two small, nonrandom samples is “noise” and can be deemed unimportant. ParkMobile users surveyed were not asked this
question and so were not included in these percentages. More details on survey populations is provided under
“demographics” in Section 10.5.5.1.1.
35 Percentages are calculated from full survey results of all respondents.
36 Percentages are calculated from full survey results of all respondents.
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10.5.3. Timeline
Baseline surveys were conducted in September and October 2020, prior to the public launch of EPM
features in the existing ParkColumbus mobile parking app. Treatment surveys were conducted between in
January and February 2021, after the public launch and after sufficient time for people to become aware of
and use the app.

10.5.4. Methodology
Based on the PfMP, a two-phase (baseline and treatment) survey approach was used to measure the
Customer Satisfaction outcome for this project.

10.5.5. Analysis
OUTCOME 7.1 CUSTOMER SATISFACTION
10.5.5.1.1 Objective 7.1.1. Improved Perception Of Available Parking In The Downtown Area
And Short North
PERCEPTION OF AVAILABLE PARKING

The potential user market for a Downtown/Short North parking app, and therefore the target of the survey,
consists of adults who drive at least occasionally to the project area (Downtown and Short North) from
elsewhere in central Ohio. The baseline and treatment surveys targeted only that subpopulation, not the
general population of central Ohio. The surveys were conducted with a sample recruited online using
advertising on Facebook and Instagram and supplemented with an invitation emailed to a subsample of
ParkColumbus users—all coupled with $10 incentives to attract people to the survey link.

Demographic Characteristics
The charts in Figure 105 through Figure 108 provide a demographic profile of the combined pre-test and
post-test samples weighted to the demographic characteristics of the pre-test sample. While this is not a
random sample, it offers the best source of carefully screened information from more than 600 target market
respondents. The pre-test and post-test samples can be combined for demographic and other
characteristics that would not be expected to change between pre and post-test periods. This is not a
random sample, but it is a reasonable, highly-screened sample characterizing the market of those who
comprise the target market, i.e., people who are 18 or older, do not live in the project area ZIP codes (43215
and 43201), and who drive at least occasionally to the Short North or Downtown Columbus for any purpose.
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Figure 105: Target Market: Gender Identity
Source: CJI Research survey data

Figure 106: Target Market: Employment
Source: CJI Research survey data
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Figure 107: Target Market: Age
Source: CJI Research survey data

Figure 108: Target Market: Income
Source: CJI Research survey data

Sampling Approach
This analysis combines responses from two separate sources, a social media survey with a minimum
sample of 225 respondents, which serves as the basic sample37, and a survey of a small random sample of
75 ParkColumbus users. This dual-source sampling approach adds to the power of the survey because it
enables the comparison of a group of people known to have registered with ParkColumbus and a sample of
the general public drawn from social media, whose exposure to ParkColumbus is not known in advance.
This comparison can explain the demographics and other characteristics of those who were using the
ParkColumbus before the new features were added with those who were not.
It is important to understand that this is not a random sample survey. Results from a sample such as this
apply to only the target market of adults who travel by car to the Short North or Downtown and cannot be

37

In the pre-test, the actual number of completed surveys was 266. The 225 was a minimum.
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generalized to the general population of the greater Columbus or central Ohio area. Other sampling and
data collection methods had been considered. These included random sampling by mail or phone, or inperson intercept surveys. Ultimately none of those were selected because they were either too costly
(phone and mail) for the limited budget, too slow (mail), or unfeasible due to COVID (in-person intercept).
The Social Media Sample
The basic sample was recruited mostly via advertising on social media, specifically Facebook and
Instagram. Targeting and sampling adults who drive at least occasionally to the project area from elsewhere
in central Ohio occurred at two stages. First, central Ohio ZIP codes were targeted in placement of the
social media advertising for the survey. The social media advertising was also individualized to Facebook
and Instagram users who were known to have visited the project area ZIP codes (43201 and 43215) at
some time in 2019. The social media advertising and the emails to ParkMobile users informed potential
respondents that those who passed a few screening questions and completed the survey would be provided
with a $10 rewards card if they chose to accept it.
ParkMobile Users Sample
The ParkMobile component supplemented the basic social media sample. Subjects were recruited by
sending emails to a random sample of 5000 ParkMobile customers (iOS and Android users) in targeted
Columbus area ZIP codes aged 18 and over who had downloaded the ParkMobile app and used it one or
more times in the last year requesting that they participate in the survey. The latter effort was specifically
limited to 75 additional respondents. The choice of 75 rather than some other number of ParkMobile users
was in part arbitrary and in part based on available incentive funds.
Screening Both Samples
Once the respondents opened the survey link, further sample refinement occurred by filtering based on
answers to the first several questions in the survey itself. To be included in the final survey sample, the
respondents had to meet certain criteria based on their responses to those questions. Of the 742 people
who clicked on the link to either the pre-test or post-test survey, 710 (96 percent) attested to the fact that
they were eighteen or older and then proceeded with the survey screening questions. Of the 710 persons
who were age-qualified to begin the survey, 23 percent were subsequently eliminated by the qualifying
questions. The criteria were:
• Respondents must have answered that they do not live in the specified Downtown or Short North ZIP
codes, 43201 or 43215. This question eliminated 10 percent of those who started the survey.
Respondents who live in the Short North or Downtown were excluded from the survey because they
likely would not be driving there from home, and likely would not face the chore of finding parking for
events and similar activities. For that reason, the project area ZIP codes, 43201 and 43215, are blank
in the map (see Figure 109).
• Respondents must have indicated that prior to COVID-19, they had gone at least occasionally to the
Short North or Downtown. This question eliminated two percent of those who began the survey. The
social media targeting attempted to identify people who had gone to those locations recently. Thus,
this low percentage indicates that this targeting was successful.
• When asked how they got to the Short North or Downtown, they must have answered that they had
driven themselves. That meant that they would have to park. Those who got a ride, took the bus,
biked, walked, or used a ride-sharing service were screened out. This question eliminated 11 percent
of those who began the survey (four percent got a ride/carpool, three percent rideshare, one percent
walk, scooter, or bike, three percent take the bus).
In short, once the process had screened out those who were too young, lived in the project area, those who
never went there at all, and those who used a mode other than driving to get there, only the core sample
was left for survey analysis. This is the target market for the parking app—adults who live outside of the
Short North or Downtown but who drive there at least occasionally and are faced with finding parking. The
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same criteria used to screen the pre-test sample were used again to screen the post-test sample so that the
samples could be compared.
Sample Weighting
At each phase of the study, statistical weighting of the results was essential. For each survey (pre-test and
post-test), responses were drawn from two very different sample sources, social media advertising to
general public users of Facebook and Instagram, and email invitations to those who already use
ParkColumbus (and are accustomed to using a parking app). Since the survey concerns use of
ParkColumbus, it was assumed that including ParkColumbus users would skew the results unless there
was compensatory weighting when the social media and ParkColumbus samples were blended during
analysis. A key criterion used for corrective weighting was whether the respondent had downloaded the
ParkColumbus app. By definition, 100 percent of the ParkColumbus users had done so. However, the initial
pre-test survey showed that only 41 percent of the social media sample had done so. Therefore, the
ParkColumbus sample had to be weighted such that its influence on the results was “discounted” to be
equivalent to the 41 percent level of the social media sample.
The second reason that weighting is essential for this analysis is that although the same sample selection
and screening criteria were used in both the pre-test and post-test, there were bound to be differences
between the pre-test and post-test samples in demographic characteristics such as age, gender,
employment, and income that may be related to use of a parking app and could affect the results. To control
for such factors, it was important to weight the post-test sample to match the demographic characteristics of
the pre-test sample which serves as the baseline against which the post-test will be compared.
It should be noted that the post- survey in February did not attempt to survey the same individuals who
responded to the first survey. Trying to do so would have been logistically impractical and likely impossible.
More importantly, it would inherently have been distorting of the pre-post comparison because the pre-test
survey would have created a “halo” effect on awareness of the ParkColumbus app that could distort
responses to the follow-up survey.
The final sample then only includes Central Ohio adults 18 or older who do not live in ZIP codes 43201 or
43215, and who drive at least occasionally to those ZIP codes (which constitute the project area for the
app). Geographically, this final sample is distributed among the several ZIP codes shown in Figure 109. The
map is color coded to show the count of respondents from each ZIP code. A small number came from areas
sufficiently distant that they could not be included in the map. The map illustrates the distribution of the
sample geographically by ZIP code showing the numbers of respondents in each ZIP code. This is a
reasonable approximation of the distribution of the target market for the parking app.
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Figure 109: Zip Code Map of Survey Responses
Source: CJI Research survey data

Sample Stratification and Weighting
Each survey (pre-test and post-test) was conducted with two separate samples running simultaneously, a
sample recruited by means of social media and a sample recruited from ParkColumbus users recruited by
an email from ParkMobile38 authorities. Sampling survey respondents on the same topic but from two or
more different sample sources is a common practice. In survey terms, it is known as sample stratification.
This simply refers to the fact that the sample has layers or strata that can be combined to form a single
sample. Combining the samples is, however, not simply a matter of adding the two samples together on the
assumption that they have the same characteristics, because they may differ in ways that would skew the
overall sample when the two components are combined. Thus, they must be combined proportionally so
that the combined sample has the same characteristics as the target population, in this case adults who
drive to the Short North or Downtown.
In combining the sample data files for analysis, it is important not to risk skewing the data toward greater
awareness and acceptance of ParkColumbus. That was a real possibility because the ParkColumbus users
are people who have access to ParkColumbus, and who are apparently accustomed to using a parking app.
To incorporate their responses in a combined sample, therefore, it was important to get certain proportions
correct. The challenge is that prior to the social media survey, there was no way to know the proportion of
the target population who had downloaded the ParkColumbus app. Such data do not exist apart from the
survey itself. However, that proportion needs to be determined because if, as assumed, the characteristics
of the ParkColumbus users differ substantially in terms of their demographics and/or their parking or event

38

ParkMobile developed and operates the ParkColumbus product for Smart Columbus.
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attending behaviors, they should not be over- or under-represented in the sample that combines the general
public respondents recruited through social media and the ParkColumbus respondents.
Fortunately, the sample design enables the measurement of the proportion of ParkColumbus users within
the narrowly defined target market. This is accomplished through an analysis of the 257 social media
responses excluding responses from the ParkColumbus sample. In the pre-test survey, 68 percent of the
social media sample of the target population said they had heard of ParkColumbus, and 41 percent, said
they had downloaded it. The combined social media/ParkColumbus sample of 341 should include 41
percent of persons who had downloaded the ParkColumbus app. However, because 75 respondents from
ParkColumbus were included, 100 percent of whom had downloaded the ParkColumbus app, the combined
sample would over-represent ParkColumbus users, and be unrepresentative.
This is an advantage because it gives a larger, more robust group of known ParkColumbus users. However,
as noted above, when analyzing the sample as a whole to represent the target market, it needs to be
adjusted for this. Otherwise, the overrepresentation of ParkMobile users would be expected to distort
findings. Dealing with this does not require deleting the “extra” responses. Instead, it is a matter of weighting
the ParkColumbus responses statistically to remove skew to the extent possible.
Before weighting the data, however, two things must be done. First, a comparison of the social media and
ParkColumbus samples must be done to see whether any differences are important or are small enough to
ignore. Second, if there are any meaningful differences, weighting the 75 cases from ParkColumbus must
be done to adjust their impact to the corrected level.

Do the Social Media and ParkColumbus Samples at the Pre-Test Stage Differ Enough to Warrant
Weighting the Data?
At the pre-test, comparison of the social media and ParkColumbus sample sources suggested that they
were similar, but there were important differences that did require weighting. For example:
• ParkColumbus respondents were more likely (55 percent) than social media respondents (45
percent) to identify as female, while the social media respondents were more likely (52 percent) to
identify as male. (Figure 110)
• ParkColumbus respondents were more likely (45 percent) than others (38 percent) to be employed
downtown. (Figure 111)
• The social media sample was older (17 percent are 65 or older) compared to the ParkColumbus
sample (three percent were 65 or older). (Figure 112)
• Incomes of ParkColumbus respondents (47 percent $100,000 or more) were somewhat higher than
the incomes of social media respondents (36 percent $100,000 or more). (Figure 113)
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Figure 110: Gender by Sample Source
Source: CJI Research survey data

Figure 111: Employment by Sample Source
Source: CJI Research survey data
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Figure 112: Age by Sample Source
Source: CJI Research survey data

Figure 113: Income by Sample Source
Source: CJI Research survey data

The demographic differences between the sample sources were not extreme. Age and gender were the
most differentiated between the two sample sources, but employment location and income also differ
somewhat. Analysis (not shown here) demonstrated that for most variables in the study, combining the two
samples without weighting affected the overall results only minimally—by one or two percent. However,
there were exceptions in which the differences were larger. Best practices meant that sample weighting
must be used.
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To illustrate why getting the proportions of the two samples correct when they are combined, Figure 114
shows the types of parking spaces people in each of the two pre-test samples usually use. The two
components of the pre-test sample differ substantially in terms of the tendency to park on the street or in a
paid lot or garage. Without weighting to put the ParkColumbus respondents into proper perspective, the
overall results would exaggerate the extent to which the drivers in the target market were parking on the
street and would underestimate the percent who park in a paid lot or garage.
With sample weighting, the differences between the ParkColumbus sample and the social media sample
can still be seen (Figure 114 is an example), but when looked at as a weighted whole, the sample will be a
more accurate portrayal of the total market of those who drive to the Short North or Downtown.

Figure 114: Usual Parking Location by Sample Source
Source: CJI Research survey data

Combining the Pre-Test and Post-Test Results
While attempting to recruit a sample at the post-test that was perfectly matched to the pre-test
demographics, it was inevitable that there would be differences. Demographics influence results of the
study. Two examples are that income directly related to the type of parking (on street, reserved, or garage)
that respondents use and that age related to the tendency to have downloaded ParkColumbus. The
demographics of the pre-test and post-test samples were very similar, but different enough to require
weighting.
In order to isolate the effects of introducing the ParkColumbus improvements, it was essential to eliminate
the extraneous effects of those accidental differences between the pre-test and post-test samples to the
extent possible. Doing so meant doing two things, weighting the social media and ParkColumbus samples
in the same manner as at the pre-test, and weighting the demographics of the post-test to match those of
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the pre-test39. The survey results can be used in two ways. The pre-test and post-test surveys can be
compared to each other when it is believed that differences may have occurred that would be associated
with the introduction of the improved ParkColumbus app.
But for those characteristics for which there is no reason to expect change from pre to post periods, the pretest and the post-test can be combined to form a larger, more reliable market profile of those who drive to
the Short North or Downtown for employment or recreation. Such characteristics include demographics, preCOVID-19 parking practices, pre COVID-19 event attendance, and other factors.
The diagram in Figure 115 illustrates the steps, A, B, and C in which the samples are combined and used. It
also shows sample sizes and combinations at each stage. For the analysis of the aspects of the market not
expected to change between the pre and post-tests, the large sample in step C is used. For the comparison
of the pre to the post results, the two separate samples at step B are used.

Figure 115: Three Stages of Combining the Samples
Source: CJI Research survey data

Reasons and frequency of visits to the study area
How Often Do People in the Target Market Go to the Project Area?
Respondents were asked how often, pre-COVID-19, they went to the Short North or Downtown Columbus,
how often they were going there “now” ( during the pandemic), and how often they expected to be going
there once the COVID-19 pandemic had passed. Figure 116 shows a clear pattern—frequent travel to the
project area pre-COVID-19, a dramatic decline during the pandemic, and an expected rebound postpandemic. For example, 27 percent of respondents said that pre-COVID, they went there every day or
almost every day, but during the pandemic only 11 percent went there that often. Post-COVID-19, that
percentage rebounds to 17 percent, but not to the previous high of 27 percent. During the pandemic, it
appears that most of the target market respondents continued to go to the project area, but much less often.

39

This was done with a procedure known as “Raking.” Weights were applied to location of employment, gender, age,
and income.
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Figure 116: Frequency of Going to Project Area pre-, during and after COVID-19
Source: CJI Research survey data

It should be noted that during the COVID-19 pandemic, the percentage of respondents who said they go to
the Short North or Downtown only “once every few months” or even less often rose from the pre-COVID-19
level of 14 percent to a mid-COVID-19 level of 43 percent traveling there that infrequently. Post-COVID-19,
that percent of infrequent travelers falls from 43 percent to 18 percent. In other words, Figure 116 suggests
that many people in the target market expect to resume travel to Downtown and the Short North postCOVID. However, it also appears that a substantial number who went there daily or almost every day preCOVID-19 expect to go only “One or more times a week, but not every day” post-pandemic. This may be an
aspect of the expected shift to a pattern of long-term remote work on a part-time basis. If this is borne out by
experience, it will have important effects on businesses in the area.
What Attracts People to the Short North and Downtown?
Asked to agree or disagree with four statements about reasons (other than employment) to go to the Short
North or Downtown, respondents indicated that:
• there were “…plenty of things you like to do there” (90 percent agree or agree strongly).
• 85 percent agreed or agreed strongly that there were events they liked to attend.
• 56 percent indicated that there were other reasons to go to the target areas.

Asked if the respondents went to the Short North or Downtown because of the ease of parking, respondents
answered negatively—57 percent disagreed or disagreed strongly that “It is easy to park there,” a response
that certainly suggests the need for the ParkColumbus app (see Figure 117).
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Figure 117: Reasons to Go to the Short North or Downtown
Source: CJI Research survey results

Figure 118: Attendance at Project Area Events
Source: CJI Research survey data

What Events Do People Attend?
ParkColumbus’s new features are intended to improve the ability to find parking and find it quickly when
attending events in the Short North or Downtown Columbus. High percentages of the target market
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population attended events in the area prior to the pandemic, an indication of the objective need for
information about parking.
Figure 118 divides the types of events respondents had attended in the pre-COVID-19 era into annual,
seasonal, and occasional events.
• For annual events, the highest percentages are for attending the many events in the Short North (70
percent) such as The Arnold Sports Festival (“The Arnold”), the Community Festival (ComFest) and
other festivals.
• For seasonal events, 81 percent said that they had attended various events in the Downtown area
and nearby such as the Arts Festival, Festival Latino, and Jazz and Rib Fest.
• Theater and music productions found 74 percent saying they had attended.
• Also, 44 percent had attended Red White and Boom, 50 percent attended various parades, and 57
percent attended seasonal sporting events.
• The smallest percentage (37 percent) was for the various walks and runs conducted mostly for
charity.
How Often Did People in the Target Market Go to Bars and Restaurants or Shop in the Project Area PreCOVID-19?
Many people in the target population in the pre-COVID-19 period went to bars and/or restaurants in the
project area about once a month (43 percent) or more than once a month (33 percent), for a total of 76
percent (see Figure 119). Clearly this is a major draw to the area. In addition, 45 percent say they shop or
do errands there about once a month (21 percent) or more often (24 percent). All data on attendance at
events both major and minor, annual, and routine speak to the need for information and mechanisms to
make parking easier.

Figure 119: Going Shopping and/or Restaurants in the Short North and Downtown Columbus
Source: CJI Research survey data
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Parking perception and behaviors
How Did People Park pre-COVID-19?
Prior to the COVID-19 pandemic most of those who drove to the Short North or Downtown (56 percent)
parked on the street, while most others (37 percent) parked in a lot or a garage (see Figure 120).

Figure 120: Pre-COVID-19 Parking Practices
Source: CJI Research survey data

How Many Minutes Does It Take to Find Parking and Walk to Destination from Parking?
As shown in Figure 121, most of those who drive to the Short North or Downtown say they spend from
three to five (29 percent) or six to ten minutes (39 percent) to find parking. Another 22 percent say they
spend more than ten minutes, while only seven percent say they spend only one or two minutes. Clearly,
finding parking consumes substantial time for many of those driving to the project area.
Having parked, most people say they walk from their parking place to their destination in either three to five
minutes (43 percent), or in six to ten minutes (33 percent). Thus, a total of just over three fourths (76
percent) walk from three to ten minutes. Another 11 percent say they walk for more than ten minutes, and a
few (13 percent) walk for only one or two minutes.
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Figure 121: Minutes to Find Parking and Walk to Destination
Source: CJI Research survey data

Do People Have Experience with CBUS, Scooter or Bike for “Last Mile” and Are They Willing to Use
Them?
As shown in Figure 122, twenty-one percent (21 percent) of the target market say they have used a rental
bike, scooter or the CBUS (a free, downtown COTA bus circulator) to get to their destination from their
parking place. However, when asked if they would be willing to use these modes in the future, 36 percent
say they are willing. Such optimistic self-projections of behavior change are usually exaggerated. Therefore,
it seems unlikely that the use of these modes would quickly grow from about twenty percent to more than
one third of those needing to park in the project area. However, there is a larger market willing to consider
these modes, each of which would tend to extend the geographic range of acceptable parking locations.
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Figure 122: Using and Willingness to Use CBUS, Rental Bike or Scooter for "Last Mile"
Source: CJI Research survey data

Are People Confident in Their Ability to Quickly Find Parking?
It can be assumed that the willingness to drive to events is related to a person’s confidence in being able to
quickly find a place to park. As shown in Figure 123, only three percent said they were very confident in
quickly finding parking pre-COVID-19, and only 20 percent said they were quite confident, for a total of onefourth of the target market. Approximately twice as many (51%) said they were only somewhat confident,
and another 26 percent said they were not at all confident.
The bottom line is that people need assistance with locating parking.
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Figure 123: Pre-COVID-19 Confidence in Finding Parking Quickly
Source: CJI Research survey data

Current Use of Parking Apps with Capabilities Similar to the Improved ParkColumbus App
Several commercially available apps provide location and cost information for parking lots and garages. Of
the target population who drive to the Short North or Downtown, 15 percent use such an app, as shown in
Figure 124. Within that 15 percent, there is no dominant player. The small differences in percent utilization
among the several apps are too small to support any conclusions about relative market share. Do drivers in
the project target market also tend to rely on mobile app navigation to unfamiliar places? Most do—45
percent say they always do, and another 32 percent almost always do, for a total of 77 percent (Figure
125).

Figure 124: Do You Have and App to Locate and Pay for Parking?
Source: CJI Research survey data
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Figure 125: Reliance on Mobile Driving Directions App
Source: CJI Research survey data

Use of Other Driving-Related Apps
It was also found that those who already rely on mobile app navigation assistance tend to be earlier
adopters of the upgraded ParkColumbus app. Figure 126 demonstrates that the more drivers tend to rely
on mobile mapping directions from Google, Apple, and others, the more they are also to consider it likely
they would use the improved app to locate and pay for parking. For example, while 49 percent of those who
say they “always use” map directions also say they are very likely to use the upgraded ParkColumbus.
However, only 23 percent of those who use mobile app navigation systems about half the time or less often
are very likely to do so. This relationship may have implications for marketing the app.

Figure 126: Use of GIS Apps in Relation to Projected Usefulness of the ParkColumbus App
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Source: CJI Research survey data

Awareness, Downloading and Use of ParkColumbus App
As shown in Figure 127, slightly more than two-thirds (68 percent) of people in the total target market were
aware of the ParkColumbus app at the pre-test. This was such a high level of market saturation that it is not
surprising to find in the post-test that there was no real change in awareness. Superficially, it appears that
there was a decline in awareness from 68 percent to 63 percent. However, in this type of sample, a change
of this magnitude between two small non-random samples is unimportant. The consistent finding that
roughly two-thirds of the target market have been aware of the app since the beginning of the project40 is
important.

Figure 127: Awareness And Downloading Of ParkColumbus App (ParkMobile Sample
Excluded)
Source: CJI Research survey data

Between the pre-test and the post-test, the tendency to download the app could also have changed. For
comparison between the pre- and post-test, Figure 128 summarizes the possible combinations of
awareness and downloading. While 41 percent of the social media sample said they had downloaded the
app at the pre-test, 38 percent said they had done so at the post-test. Although a slightly lower percentage
said at the post-test that they had downloaded it, the difference is too small to have been meaningful. Even
if this were a rigorous random sample of the same size, this would be an insignificant change.

40

Keep in mind that the ParkMobile portion of the sample was not asked the awareness and download questions
because doing so would have been superfluous.
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Figure 128: Baseline Vs. Treatment: Awareness, Downloading And Use Of ParkColumbus App
(ParkMobile Sample Excluded)
Source: CJI Research survey data

When was the app downloaded?
Another factor potentially involved in pre-test/post-test differences is the timing of the ParkColumbus
download. The ParkColumbus app had been in place for at least a year prior to the pre-test. Only three
months passed between the pre-test and the post-test. Given the high percentage who had already
downloaded the app in the year or more prior to the pre-test (41 percent) (see Figure 128), it was probably
unlikely that there would have been a major increase in downloads in the brief pandemic-restricted three
months following the pre-test.
As shown in Figure 129, when respondents who had downloaded the app (38 percent of post-test
respondents) were asked when they had downloaded the app, 85 percent (which is 33 percent of the total
post-test sample) said they had done so prior to November 2020, i.e., prior to the time the ParkColumbus
new features were introduced. Only two percent said they had downloaded it between November 2020 and
February 2021 (i.e., during the first three months after the roll-out of the improved ParkColumbus app). This
amounts to only five respondents—too few for a separate analysis.
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Figure 129: Awareness And Downloading Of Parkcolumbus App
Source: CJI Research survey data

Awareness of new features of the app
Respondents were asked whether they had been aware prior to the survey of the several new features
added to ParkColumbus41. As shown in Figure 130, of all respondents, 13 percent said they had been
aware of the changes. This may appear to be a small percentage, but it seems reasonable in the context of
the continued pandemic between November 2020 and February 2021 while traffic to and from Downtown
and the Short North was still highly reduced, and thus the need for using the ParkColumbus app was likely
much lower than it would have been without the pandemic effect on traffic.

41

The question was: “New features were added to the ParkColumbus app that allow drivers to see on-street parking
availability and find, reserve, and pay for parking at participating garages and surface lots. Were you aware of new
features prior to taking this survey?” This was asked of all respondents including the ParkColumbus sample.
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Figure 130: Awareness Of New ParkColumbus App Features
Source: CJI Research survey data

Had respondents used the app in the past three months since the introduction of new features?
In the post-test survey, respondents were asked if they had used the ParkColumbus app “… in the past
three months since new features were added?” 15 percent said they had used it (Figure 131). Almost all, 14
percent, of those who had used it at all, used it to pay for on-street parking (Figure 132). A few had used the
new features, but these early adopters were few in number. This is hardly unexpected since there were no
major events at the Convention Center, no major celebrations in Downtown Columbus, no parades, or no
sporting events with general public attending. It would have been quite unexpected to have found a
substantial number using garage reservations or payment.
Given the respondents’ attitudes toward the pre-COVID difficulty of parking, and to their substantial preCOVID-19 attendance at events, it seems likely that many more people will begin using the advanced
features of ParkColumbus.
This prediction is strongly reinforced by the responses to the questions about the perceived post-COVID-19
usefulness and likely use of ParkColumbus shown in Figure 133 and Figure 134.

Figure 131: Use of ParkColumbus App Since New Features Were Added
Source: CJI Research survey data
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Figure 132: ParkColumbus App Feature Usage
Source: CJI Research survey data

Perceived Usefulness of the Upgraded ParkColumbus App
Respondents were asked how useful the improved ParkColumbus app would be to them personally after
the restrictions of COVID-19 were no longer in place. It is in this measurement that there was a major jump
in positive response to the improved app. At the pre-test stage, 38 percent said it would be very useful postCOVID-19. At the post-test that rose to 50 percent. The increase was drawn from the decreased
percentages saying it would be only “somewhat useful” (from 28% to 25%) or only “useful” (from 20% to
16%). Only 13 percent thought it would not be useful to them (not very useful or not useful at all) pre-test),
which decreased to 10 percent post-test (seven percent not very useful and three percent not useful at all).

Figure 133: How Useful Will The ParkColumbus App Be To You After COVID-19 Is No Longer A
Problem?
Source: CJI Research survey data

228 | Smart Columbus Program | Performance Measures Results – Final Report

Chapter 10. EPM Evaluation and Results

How Likely Are People to Use the App?
Respondents were also asked how likely they would be to actually use the app. 29 percent said they would
be “very likely” to do so while another 28 percent said they would be “likely” to do so pretest, for a total
positive response of 63 percent. This increased to 39 percent “very likely” and 30 percent “likely” post-test,
for a total of 69 percent. Only 17 percent said they were “unlikely” or “very unlikely” to use it pre-test, which
decreased to 11 percent post-test.

Figure 134: How Likely Are You To Use The ParkColumbus App After COVID-19 Is No Longer A
Problem?
Source: CJI Research survey data

10.5.6. Conclusion
The initial three-month implementation of the improved ParkColumbus app occurred during the continuing
COVID-19 pandemic. Because of pandemic restrictions, events for which the EPM tool was intended were
canceled. No major events occurred. Even routine shopping was limited, and restaurants were largely
limited to take-out. Therefore, it is neither surprising nor a sign of any level of failure, of either the app itself
or promotional efforts for the app, that changes from the pre-test to the post-test were limited. There was
some thought prior to the survey launch that the project team might observe a substantial increase in
awareness of the ParkColumbus app between the pre-test and post-test. That did not occur. However, the
context is important. The pre-test results made it clear that almost two-thirds of the target market was
already aware of the app. For most products that is a saturation level and would not be likely to increase by
much, if at all, without a massive promotional campaign. Therefore, the lack of an increase in that metric is
not a useful test of success.
There is one significant and very positive measure of impact of the improved ParkColumbus app. It is the
finding that the percentage of the target market who believe that the improved app will be very useful postCOVID-19 increased substantially, as did the percentage saying that they were very likely to actually use it
when that time arrives.
That finding, coupled with the high percentages of the target market who are likely to want to use it because
they need to park to attend events, go to bars and restaurants, attend theater or musical productions,
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coupled with their view that parking in the Short North and Downtown is not easy, all speak strongly to the
post-COVID-19 utility of the redesigned app.
There is also a useful by-product of the surveys unrelated to any evaluative purpose. The survey produced
a survey sample of more than six-hundred respondents carefully selected to represent the market of adult
central Ohioans who drive at least occasionally to the Short North or Downtown whether for employment or
recreation. The City of Columbus now has a significant resource that profiles this important market. This can
be used as a database to answer other questions about this market.
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Figure 135: Linden LEAP Shuttle At Rosewind Food Pantry Distrubution Site
Source: Photo by Sherri Lynn Rowell (January 14, 2021)

11.1.
•

REFERENCES
The Smart Columbus Program. (2019). Connected Electric Autonomous Vehicle (CEAV)
Operational Concept: Final Report. https://d3hzplpmmz6qe4.cloudfront.net/201907/Smart%20Columbus%20Connected%20Electric%20Autonomous%20Vehicle%20Operational%
20Concent.pdf

Performance Measures Results -- Final Report | Smart Columbus Program | 231

Chapter 11: CEAV Evaluation and Results

•

•

•

•

11.2.

The Smart Columbus Program. (2020). Connected Electric Autonomous Vehicle (CEAV)
Operational Concept: Appendix A – Alternate Use Case. https://d2rfd3nxvhnf29.cloudfront.net/202008/SCC-B-CEAV-OpCon-APPENDIX_A-clean.pdf
The Smart Columbus Program. (n.d.). EasyMile States—Linden Deployment. Smart Columbus
Operating System. Retrieved March 28, 2021, from
https://discovery.smartcolumbusos.com/dataset/easymile/linden_states
The Smart Columbus Program. (n.d.). EasyMile stations—Linden Deployment. Smart Columbus
Operating System. Retrieved March 31, 2021, from
https://discovery.smartcolumbusos.com/dataset/easymile/linden_stations
The Smart Columbus Program. (n.d.). Linden Deployment Food Data. Smart Columbus Operating
System. Retrieved March 28, 2021, from
https://discovery.smartcolumbusos.com/dataset/smrt_program/linden_deployment_food_data

OVERVIEW

This project provides an opportunity for residents and visitors to access cutting-edge mobility technologies
to solve FMLM challenges. The initial project concept was for passenger service aboard the CEAVs.
However, Linden LEAP passenger service was suspended due to an on-board incident where a passenger
slipped from her seat during a sudden stop on February 20, 2020. Although safety mitigations approved by
the National Highway Traffic Safety Administration were installed in June 2020, the social distancing
guidelines resulting from the COVID-19 pandemic prevented the City of Columbus from resuming
passenger service. As a result, the City of Columbus developed an alternate food pantry use-case to bring
food pantry boxes to a secondary location from the main food pantry at SSCH. The project team developed
the following objectives inclusive of passenger service and food pantry use cases:
• Improve last mile goods mobility in the Linden neighborhood.
• Provide more access to services for residents from underserved communities.
• Improve the user experience.

11.3.

EVALUATION TEAM

OSU conducted the performance measurement and evaluation for this project.
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11.4.

SUMMARY OF FINDINGS

CEAV results by indicator are shown in Figure 136.

Figure 136: CEAV Logic Model and Summary of Findings
Source: City of Columbus
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OUTCOME 8.1: MOBILITY
• Two AVs traveled a total of 940 miles between July 30, 2020 and April 1, 2021. The greatest number
of miles (181) occurred in October 2020, and the lowest number of miles (72) occurred in February
2021 (excluding July 2020 and April 2021, which were partial months).
• When vehicle speed was aggregated by route segment, the lowest mean speed observed on any
segment was 1.92 mph and the highest mean speed was 6.97 mph. The CEAV tended to go faster
on straightaways and slower on curves. It also tended to go slower on two particular straightaways,
namely East 18th Ave and East 15th Ave.
• Of the patrons who completed the online survey, four percent (one of twenty-four who answered this
question) of those who had used the food pantry at SSCH walked there in the baseline condition, with
a reported walking distance of less than 0.5 mile. Of the patrons who completed the online survey,
however, 14 percent (11 of 77 who answered this question) walked to the Rosewind food pantry site.
Eight individuals reported that their walk was less than 0.5 mile and two individuals reported that they
walked 1-2 miles to access the site.
• The number of food boxes delivered by the CEAV at Rosewind Community Center (Rosewind) has
averaged 500 boxes per month since September 2020. The maximum number of monthly boxes was
645 in October 2020. A total of 3,871 boxes were distributed between July 2020 and April 1, 2021.
• The number of service visits at SSCH had stabilized around 1500 visits per month between
December 2020 and March 2021. The maximum number of monthly visits was 2,562 in September
2020. A total of 16,565 visits were recorded between July 30, 2020 and April 1, 2021.
• The number of service visits at the CEAV-enabled Rosewind site had stabilized around 460 visits per
month between November 2020 and March 2021. The maximum number of monthly visits was 588 in
October 2020. A total of 3,598 visits were recorded between July 30, 2020 and April 1, 2021.
• When food pantry service schedule adherence is evaluated using only services provided by the
CEAV, adherence was achieved for 136 of 163 service days (83 percent). Adherence achievement
was strong between July 2020 and October 2020, then declined due to more-frequent inclement
weather during the winter months before improving again in March 2021. The service adherence rate
based on the CEAV only ranged from 100 percent to 40 percent, the lowest occurring in February
2021.
• When food pantry service schedule adherence is evaluated using services provided by the CEAV or
an alternate backup vehicle, adherence was achieved for 157 of 163 service days (96 percent). In
this case, service adherence was strong in all months. However, an alternate vehicle accounted for a
larger share of service completion in the winter months. The service adherence rate based on the any
vehicle ranged from 100 percent to 90 percent, the lowest occurring in February 2021.

OUTCOME 8.2: OPPORTUNITY
• The monthly number of patrons accessing the Rosewind site by walking (i.e., walkups) peaked at 77
in September 2020 and decreased steadily over the winter months before increasing again in March
2021. The lowest number of walkups (three) occurred in February 2021. A total of 289 walkups were
recorded between July 30, 2020 and April 1, 2021.
• Of the patrons who completed the online survey, 44 percent do not rely on a personal vehicle, 25
percent obtained most of their food from food pantries, and 55 percent made weekly or monthly trips
to the food pantry.
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• The number of food pantry packages distributed at the SSCH site averaged more than 2,000 each
month between July 2020 and November 2020, then fell to an average around 1,500 between
December 2020 and March 2021. A total of 18,392 packages were distributed at SSCH between July
2020 and April 1, 2021.
• The number of food pantry packages distributed at Rosewind site rose steadily each month starting in
July 2020 to a peak of 588 in October 2020. Between September 2020 and March 2021, an average
of 461 packages were distributed each month. A total of 3,598 packages were distributed at the
Rosewind site between July 30, 2020 and April 1, 2021.

OUTCOME 8.3: CUSTOMER SATISFACTION
Pre-deployment:
• Of the patrons who completed the online survey, 33 percent of those who had used the food pantry at
SSCH reported that they waited less than five minutes for their food pantry items. Patrons were
generally satisfied with the convenience of the SSCH food pantry, with 79-82 percent reporting they
were extremely satisfied.
Post-deployment:
• The CEAV arrived on time 59 of 135 service days (43.7 percent). Monthly on-time performance
ranged from 61.9 percent to 12.5 percent. Of the patrons who completed the online survey, 64
percent reported that they waited less than five minutes for their food pantry items at Rosewind.
Patrons were generally satisfied with the convenience of the Rosewind food pantry, with 80-90
percent reporting they were extremely satisfied.
• Of the patrons who completed the online survey, multiple indicated that there were repeat users who
relied on the site on a weekly or monthly basis. At the time of their survey, 27 patrons had used the
Rosewind food pantry 2-5 times, eight patrons used the site 6-9 times, and 10 patrons used the site
10 or more times.
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11.5.

APPROACH AND FINDINGS

11.5.1. Data Sources
Operating System, online surveys, and phone interviews. Descriptions of exceptions in CEAV operations
data was also compiled by the Ohio State University based on data provided by the CEAV project team. The
complete data can be found in Appendix G.

11.5.2. Study Area
The Linden LEAP automated shuttles transitioned to picking up food boxes at SSCH and delivering them to
recipients at the Rosewind Northbound CEAV station at the Rosewind site (Figure 137).

Figure 137: Autonomous Vehicle Service Area
Source: OSU

11.5.3. Timeframe
July 30, 2020, through April 1, 2021.
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11.5.4. Methodology
For objective indicators related to food distribution, researchers performed descriptive analysis on
operations data stored in the Operating System, including patron visits and food boxes delivered at the
SSCH and Rosewind food distribution locations. The data from daily operations was summarized by month.
To evaluate indicators involving vehicle telematics, including service schedule adherence, on-time
performance, vehicle speed, and VMT, researchers used descriptive analysis and geospatial analysis to
compute monthly summary statistics based on timestamped vehicle locations and attributes contained in
periodic vehicle status reports. More details about the methods used for these indicators are provided in the
sections below, as well as Appendix G.
Researchers obtained reflections from the food pantry patrons via an online survey and via one-on-one
interviews conducted over the telephone. Due to COVID-19, researchers did not have any in-person contact
with the patrons or Linden LEAP operators.
The online survey was hosted through the Qualtrics platform and was available from September 19, 2020 March 1, 2021. In total, 80 unique and complete responses were recorded. The Linden LEAP shuttle
operator distributed flyers to food pantry patrons at the Rosewind pick-up site. Individuals who completed
the online survey were mailed either a $20 voucher for a local mobile grocer or a $40 gift card to a large
chain grocery store. At the conclusion of the online survey, respondents were offered the opportunity to
indicate their interest in a follow-up phone interview.
From the list of 44 respondents who expressed interest in a follow-up interview, the researchers completed
17 phone interviews from February 22–27, 2021. The interviews typically lasted around 30 minutes and
followed a structured series of questions. All interviews were recorded with the consent of the interviewee,
then researchers transcribed the interview dialogue. Individuals who completed the interview were mailed a
$75 gift card to compensate their participation.

11.5.5. Analysis
OUTCOME 8.1 MOBILITY
11.5.5.1.1 Objective 8.1.1 Improve last mile goods mobility in the Linden neighborhood
INDICATOR: AV MILES TRAVELED

Background
The use of connected and automated shuttles has been widely proposed as a solution to the FMLM
problem, which provides an opportunity for residents and visitors to access cutting-edge mobility
technologies to solve FMLM challenges. However, the COVID-19 pandemic and the constraints it has
imposed such as stay-at-home orders, social distancing, and sanitizing procedures had far reaching impacts
for the CEAV project. For example, maintaining 6-feet of separation from another person has greatly limited
the ability to accommodate passengers in the autonomous shuttles. Therefore, the shuttles have not been in
active passenger service since February 2020, following an on-board incident at the onset of the pandemic.
In its alternate role as a food delivery platform, the miles traveled by the CEAV are a clear indication of last
mile goods mobility in the Linden Neighborhood.
Because a comparable system did not exist prior the start of the Linden LEAP food distribution service, this
indicator was measured using a post-only trend analysis.
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Data
The sole data source for this analysis is the “EasyMile States - Linden Deployment” dataset hosted on the
Operating System. The extract of the data used for the analysis covers the period of July 30, 2020 to April 1,
2021. The dataset consists of a collection of timestamped status reports that are produced by the CEAV
when it is in operation. Among other information, each record includes the mileage of the vehicle. The miles
traveled by the CEAV were aggregated monthly and compared month-over-month to track the trend.

Analysis
During the period of performance, two CEAV vehicles, designated “AV1” (VJRD1A10230000005) and “AV2”
(VJRD1A10230000016), operated in Linden Neighborhood. Figure 138 shows the monthly AV miles
traveled. Monthly AV miles increased significantly between July 2020 and October 2020. The greatest
mileage, 181 miles, occurred in October 2020. The least mileage occurred in July 2020 and April 2021,
however the study period includes only a small portion of these months (2 days in July and 1 day in April).
The two AVs have traveled a total of 940 miles over the reporting period. The miles traveled for each month
are provided in Table 68.

AV miles traveled
AV1

AV2

Total

140

200
180
160

100

140

80

120
100

60

80

40

60

Total miles

Miles per vehicle

120

40

20

20

0

0

Figure 138: AV Miles Traveled
Source: Smart Columbus Operating System

Table 68: AV Miles Traveled
Month

Miles traveled by AV1

Miles traveled by AV2

Total AV miles traveled

2020-07

27

14

41

2020-08

56

46

102

2020-09

100

47

147

2020-10

71

110

181

2020-11

0

86

86
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Month

Miles traveled by AV1

Miles traveled by AV2

Total AV miles traveled

2020-12

18

70

88

2021-01

51

46

97

2021-02

21

51

72

2021-03

0

120

120

2021-04

0

6

6

Total

344

596

940

Source: Smart Columbus Operating System

INDICATOR: AVERAGE VEHICLE SPEEDS

Background
As of July 30, 2020, the role of the CEAV changed from a passenger transportation service to a food
distribution service. In this alternate role, the CEAV carries boxes of food from the SSCH to a satellite
distribution site at the Rosewind Northbound Station at the Rosewind Community Center. Although the role
does not require the vehicle to travel at high speeds, high vehicle speed (relative to the vehicle’s intended
operating parameters) is an indicator of efficient last mile goods mobility in the Linden Neighborhood.
Because a comparable system did not exist prior the start of the Linden LEAP food distribution service, this
indicator was measured using a post-only trend analysis.

Data
This analysis relies on two data sources:
• The “Easy Mile States - Linden Deployment” dataset hosted on the Operating System. The extract of
the data used for the analysis covers the period of July 30, 2020, to April 1, 2021. The dataset
consists of a collection of timestamped status reports that are produced by the CEAV when it is in
operation. Among other information, each record includes the location of vehicle in the form of
geographic coordinates and the speed of the vehicle.
• The “Easy Mile Route Edges - Linden Deployment” dataset hosted on the Operating System. The
dataset is a set of georeferenced lines that represent the segments of the CEAV route. The dataset
includes all segments required for passenger transportation operations, however only the segments
required for food delivery operations are used for this analysis.

Analysis
During the period of performance, two CEAV vehicles, designated AV1 (VIN: VJRD1A10230000005) and
AV2 (VIN: VJRD1A10230000016), operated in Linden Neighborhood. Figure 139 shows the mean vehicle
speed for each month based on the average of all observations in that month. Observations with zero speed
or negative speed (indicating that the vehicle was stopped or in reverse) are excluded from the average.
The accompanying statistics in Table 69 show that the average speed over the entire reporting period was
3.89 mph, but that the vehicles sometimes went as fast as 8.57 mph. The monthly average speed was
consistent for all months in the period at approximately four mph.
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Mean vehicle speed by month
AV1

AV2

Either vehicle

Vehicle speed (miles/hour)

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Figure 139: Mean Vehicle Speed By Month
Source: Smart Columbus Operating System

Table 69: Overall Vehicle Speed Statistics (in MPH)
Variable

N

Mean

Std Dev

Minimum

Maximum

Either vehicle

136,759

3.89

2.14

0.06

8.57

AV1

43,274

3.82

2.17

0.06

8.57

AV2

93,485

3.92

2.13

0.06

8.51

Source: Smart Columbus Operating System

The average speed was also consistent by time of day, ranging between 3.70 mph and 3.92 mph during the
approximate window of food delivery operations (11:00 to 15:59), as shown in Figure 140. Overall, the
observations spanned the hours between 07:00 and 16:59, with large numbers of observations (N > 6000)
for all periods except 7:00 (N=21) and 16:00 (N=431). The large number of observations outside of the food
delivery time window suggests that the vehicles were operated for other purposes as well. Figure 141
shows how the hourly speeds vary month by month. Observations for the outlying hours—namely 7:00 and
16:00—occurred only in a subset of the months, but observations for the core hours occurred in all months,
with the exception of April when only one day fell within the study period. The average speed for each hourly
period varied from month to month, and there are no striking patterns within or across months.
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Mean vehicle speed by time of day
AV1

AV2

Either vehicle
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Figure 140: Mean Vehicle Speed By Time Of Day
Source: Smart Columbus Operating System

Mean vehicle speed by month by time of day
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Figure 141: Mean Vehicle Speed By Month By Time Of Day
Source: Smart Columbus Operating System

Average vehicle speed was quite consistent by day of week (Figure 142), ranging between 3.88 mph and
3.90 mph during the days when food delivery operations occurred (most weekdays). A relatively small
number of observations (N=854) occurred on Saturdays, presumably when the vehicle was used for other
purposes. Figure 143 shows that the average vehicle speed by day of week was consistent within and
across months, with no striking patterns, although speed was somewhat lower and more variable in July
2020. Observations occurred on all weekdays for all months except July 2020, when there were no
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observations on Mondays. Observations occurred on Saturdays only in February 2021. No observations
occurred on Sundays.

Mean vehicle speed by day of week
AV1

AV2

Either vehicle

4.50
Vehicle speed (miles/hour)

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
MON
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WED

THU

FRI

SAT

Figure 142: Mean Vehicle Speed By Day Of Week
Source: Smart Columbus Operating System

Mean vehicle speed by month by day of week
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Figure 143: Mean Vehicle Speed By Month By Day Of Week
Source: Smart Columbus Operating System

The vehicle speed can also be analyzed in spatial terms. Figure 144 shows the locations of vehicle status
reports for an example day, each symbolized by a point that is color-coded to the speed of the vehicle at that
location. The darker the color of the point, the faster the vehicle was going in the raw units reported by the
vehicle (meters per second). The four groupings shown in the legend represent quartiles, meaning that
there are four speed groupings with an equal number of observations in each group. The blue lines
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represent the segments of the CEAV route (note that some segments of the route are obscured by the
points).

Figure 144: Example Set Of Vehicle Status Locations Symbolized By Speed
Source: Smart Columbus Operating System

A similar set of points exists for each day that CEAV operation occurred. When each of these points is
associated with the nearest route segment, the mean speed for each route segment (i.e., the mean
segment speed) can be computed, as shown in Figure 145. Darker color corresponds to a higher mean
segment speed, measured in miles per hour. The legend shows that the mean segment speed over the
reporting period ranges from 1.97 mph to 7.23 mph. As before, the four groupings shown in the legend
represent quartiles, meaning that there are four speed groupings with an equal number of route segments in
each group. Note however that the segments are not all equal length.
Visual interpretation of the map reveals some intuitive patterns, for example that the vehicle traveled
relatively slowly around curves, near intersections, and in the SSCH parking lot (the loop in top right corner).
The map also shows the how the vehicle slowed down in the vicinity of the Rosewind food distribution
location (light colored segment in blue circle). However, the map also shows some unintuitive patterns. For
example, for relatively long and straight segments the vehicle seemed to travel more quickly on some
segments than others. East 18th Ave and East 15th Ave are both straightaways with relatively low speed.
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One possible explanation for this is that the route planners, vehicle operator, or vehicle automation system
selected a slower speed for these streets due to the presence of potential hazards such as parallel parked
cars, speed bumps, and potential for pedestrian activity. The presence or absence of these hazards is
evident in Figure 146, which shows example scenes for a slower street (E 18th Ave) and a faster street
(Louis Ave).

Figure 145: Mean Route Segment Speed
Source: Smart Columbus Operating System
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Figure 146: Example Scenes Depicting A Slower Street (Top) And A Faster Street (Bottom)
Source: Google Street View
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The distribution for mean route segment speed, including observations for all months, is shown in Figure
147. The mean speeds for nearly all of the segments fall between 2-7 mph. The distribution across this
range has a bimodal pattern with a relatively higher frequency of speeds in the 2-4 mph range and in the 6-7
mph range. The bimodal effect is present in the distribution of mean route segment speed for each month,
and is more pronounced for several months, including February 2021 which is shown in Figure 148. Figure
149 represents the mean segment speed for each month as a set of box plots showing the quartile
statistics. The median mean segment speed was consistent for all months, ranging from 4.14 to 4.54 mph.
The dispersion (as indicated by the inter-quartile range) was also comparable for all months. The dispersion
was somewhat greater in April 2021. However, only one day of April was included in the analysis, therefore
this may be an outlier. Other statistics are included in Table 70, however due to the abnormal distribution,
the mean and standard deviation on their own do not provide a good characterization of the data.

Percent of route segments

Distribution of mean route segment speed
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Figure 147: Distribution of Mean Route Segment Speed (All Months)
Source: Smart Columbus Operating System
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Figure 148: Example Distribution Of Monthly Mean Route Segment Speed (February 2021)
Source: Smart Columbus Operating System
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Figure 149: Distribution Of Mean Route Segment Speed By Month
Source: Smart Columbus Operating System

Table 70: Route Segment Speed Statistics By Month (in MPH)
Month

N

Mean

Median

Std Dev

Minimum

Maximum

2020-07

93

4.56

4.52

1.76

1.13

7.75

2020-08

93

4.57

4.51

1.71

1.95

7.68

2020-09

93

4.51

4.24

1.70

1.99

7.30
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Month

N

Mean

Median

Std Dev

Minimum

Maximum

2020-10

93

4.42

4.45

1.57

1.77

7.73

2020-11

93

4.57

4.39

1.63

2.13

7.71

2020-12

93

4.37

4.17

1.52

1.97

7.37

2021-01

93

4.41

4.29

1.56

1.90

7.28

2021-02

93

4.37

4.14

1.57

1.64

7.33

2021-03

93

4.61

4.54

1.71

1.81

6.84

2021-04

93

4.60

4.28

1.90

1.62

7.19

Source: Smart Columbus Operating System

INDICATOR: WALKING DISTANCE

Data and Methods
The data used in the analyses in this section comes from the CEAV online survey and phone interviews.
More information about the data collected by the survey and the methods used is available in Appendix G.

Baseline Assessment: Perspectives from Surveys
For the baseline assessment, the walking distance was considered that survey respondents reported for the
closest food pantry in the Linden neighborhood, located at the SSCH.
The one individual who walked to SSCH indicated the travel distance was less than 0.5 mile and the travel
time was 5-10 minutes.

Demonstration Data Analysis: Perspectives from Surveys
Of the 11 individuals that reported they walked to the Rosewind site, all reported their one-way travel
distance. Six traveled less than 0.5 mile, one traveled 0.5-1 mile, and four traveled 1-2 miles. In terms of
one-way travel time, nine reported less than five minutes and two reported 20-30 minutes.
The results are generally consistent with the baseline, with the walking mode attracting patrons with shorter
trip distances.

Demonstration Data Analysis: Perspectives from Interviews
No content available.
INDICATOR: WALKUP USAGE OF AV FOOD PANTRY

Data and Methods
The data used in the analyses in this section come from the CEAV online survey and phone interviews.
More information about the data collected by the survey and the methods used is available in Appendix G.
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Baseline Assessment: Perspectives from Surveys
For the baseline assessment, the mode choice that survey respondents used to access the closest food
pantry in the Linden neighborhood was considered, located at the SSCH.
Of the 80 survey respondents, 33 had visited the food pantry at the SSCH since March 2020. Of these, 24
indicated their mode choice. Only one individual reported that they walked to the site, 13 used their personal
vehicle, and 10 received a ride from friends and family. (1/24 = 4 percent)

Demonstration Data Analysis: Perspectives from Survey
Of the 80 survey respondents who used the AV Rosewind food pantry, 77 indicated their mode choice. 11
individuals reported that they walked to the site, 40 used their personal vehicle, 23 received a ride from
friends and family, one used a bicycle, and two used bus transit.
This is an increase from four percent (1/24) walking to SSCH to 14 percent (11/ 77) walking to the Rosewind
food pantry site.

Demonstration Data Analysis: Perspectives from Interviews
In interviews, most participants reached the Rosewind site via personal vehicle or via carpooling in someone
else’s personal vehicle (14 participants). Two participants indicated two modes of transportation (bus or
walking, personal vehicle, or bus). Only one participant indicated they only walked to the site. Travel time to
reach the Rosewind site ranged from a few minutes to 30 minutes. The most common travel time indicated
was 5-15 minutes (six participants). Participants emphasized the need for a personal vehicle due to the
weight and bulk of the pantry items received.
INDICATOR: FOOD PANTRY BOXES DELIVERED

Background
As of July 30, 2020, the mission of the CEAV changed from a passenger transportation service to a food
distribution service. In this alternate role, the CEAV carried boxes of food from the SSCH Food and Nutrition
Center to a satellite distribution site at the Rosewind Northbound Station at the Rosewind Community
Center. The food boxes were then distributed to recipients as they would have been at SSCH. Therefore,
the number of packages delivered using the CEAV are an indicator of last mile goods mobility in the Linden
Neighborhood.
Because a comparable system did not exist prior the start of the Linden LEAP food distribution service, this
indicator was measured using a post-only trend analysis.

Data
The sole data source for this analysis is the “Linden Deployment Food Data” dataset hosted on the
Operating System. The extract of the data used for the analysis covers the period of July 30, 2020, to April
1, 2021. The dataset represents a daily log of the goods transported and delivered by the CEAV, as well as
other operations information. The variable of interest for this analysis is EasyMile boxes transported. The
boxes distributed by the CEAV were aggregated monthly and compared month-over-month to track the
trend.

Analysis
Figure 150 and Table 71 show the monthly total of food boxes delivered. After starting the delivery service,
total food boxes delivered increased continuously until October 2020, at which time delivery appears to have
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reached a steady state between 400 and 600 boxes per month. Note that food deliveries did not begin until
July 30, 2020, therefore only two deliveries occurred in July. The greatest number of food boxes (645) was
delivered in October 2020. Since September 2020, an average of 500 food boxes has been delivered each
month. During the period of July 2020 to April 1, 2021, the total number of food boxes delivered by
autonomous vehicles is 3,871.

Food pantry boxes delivered

Number of boxes delivered

700
600
500
400
300
200
100
0

Figure 150: Food Boxes Delivered
Source: City of Columbus

Table 71: Food Boxes Delivered
Month

Frequency

Food boxes delivered

2020-07
(starting 7/30/2020)

2

24

2020-08

21

267

2020-09

21

489

2020-10

22

645

2020-11

21

478

2020-12

23

451

2021-01

21

545

2021-02

20

400

2021-03

23

552

2021-04
(ending 4/1/2021)

1

20

Total

175

3,871

Source: City of Columbus
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INDICATOR: NUMBER OF FOOD PANTRY SERVICE VISITS AT SSCH

Background
This indicator measures the number of patrons visiting SSCH. The number of patrons visiting the food
distribution site is an indicator of last mile goods mobility in the Linden neighborhood. Each visitor that
receives a food package transports it to the destination where it will be consumed—meaning a greater
number of visits corresponds to a higher level of last mile goods mobility.
Although the SSCH distributed food prior to the launch of the CEAV food distribution service, the dataset
used for this analysis does not include data prior to the launch. Therefore, this indicator was measured using
a post-only trend analysis.

Data
The sole data source for this analysis is the “Linden Deployment Food Data” dataset hosted on the
Operating System. The extract of the data used for the analysis covers the period of July 30, 2020, to April
1, 2021. The dataset represents a daily log of the goods transported and delivered by the CEAV, as well as
other operations information. The variable of interest for this analysis is SSCH boxes distributed. Because
each visitor is limited to one visit per week and one box per visit, the number of packages distributed is used
as a proxy for the number of visits. The boxes distributed by SSCH were aggregated monthly and compared
month-over-month to track the trend of visits.

Analysis
The number of daily visitors to the SSCH food distribution site is shown in Figure 151. In general, the site
operated on weekdays, and no visits occurred on Saturdays or Sundays. The site was occasionally closed
on weekdays as well—for example, holidays or for maintenance purposes. Therefore, there are some
weekdays when no visits occurred. The median number of daily visits for the period was 103 and the
greatest number was 190. Additional statistics are provided in Table 72.
Figure 152 shows the distribution of daily visits. The distribution is roughly normal, however days with fewer
visits are somewhat over-represented. The distribution has a mean of 94.7 and standard deviation of 41.7.
The relatively high frequency in the lowest bin is due to the presence of 16 records (days) when zero
packages were distributed. For example, zero packages were distributed on 11/26/2020 and 11/27/2020 due
to the Thanksgiving holiday and on 12/1/2020 when SSCH was closed for deep cleaning.
The heatmap shown in Table 73 provides a visualization of the number of visits for each month by day of
the week. The darker coloring in the Wednesday row indicates that the site tends to receive the most visits
on Wednesday. Monday also accounts for a high number of visits. The figure reveals an interesting pattern
for the month of September 2020, during which the visits on Mondays were abnormally low and the visits on
Wednesday were abnormally high. A possible explanation is that visitors shifted their visits from Monday to
Wednesday for one or more weeks in September, possibly due to the Labor Day holiday. The low number
of visits for all days in July 2020 and April 2021 can be attributed to the inclusion of only a small portion of
the days in those months.
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Figure 151: Daily Visits To SSCH Distribution Site
Source: Smart Columbus Operating System

Table 72: Statistics For Daily Visits To SSCH Food Distribution Site (Weekends Excluded)
Statistic

Value

Number of observations (days)

175

Mean

94.7

Median

103

Standard deviation

41.7

Min

0

Max

190

Source: Smart Columbus Operating System
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Figure 152: Distribution Of Daily Visits At SSCH Food Distribution Site
Source: Smart Columbus Operating System

Table 73: Visits At SSCH Food Distribution Site By Day Of Week (heatmap)

Monday
Tuesday
Wednesday
Thursday
Friday

2020- 2020- 2020- 2020- 2020- 2020- 2021- 2021- 2021- 202107
08
09
10
11
12
01
02
03
04
0
595
331
463
632
214
254
242
332
0
0
409
554
458
398
275
378
190
340
0
0
549
718
598
601
552
420
372
462
0
121
420
495
549
380
316
312
291
277
52
108
437
464
475
373
240
296
303
319
0

Source: Smart Columbus Operating System

Figure 153 shows the visits to SSCH aggregated by month, as well as the average number of daily visits
for each month. Between August 2020 and November 2020, the number of monthly visits averaged about
2,400, but starting in December 2020 the average monthly visits dropped to about 1,500 and remained
consistent through the remainder of the period of analysis. The totals for July 2020 and April 2021 are
significantly lower than other months because only a portion of the month (two days in July and one day
in April) are included in the data. The median number of monthly visits for all months was 1,695. Except
for July 2020 and April 2021, average daily visits followed a similar pattern to monthly totals, hovering
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around 114 between July and December before dropping to approximately 74. The monthly totals and
daily averages for each month are provided in Table 74. Additional statistics are provided in Table 75.

Visits to St. Stephens food distribution site by
month
Average daily visits
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Figure 153: Visits To SSCH Food Distribution Site By Month from July 30, 2020 to April 1, 2021
Source: Smart Columbus Operating System

Table 74: Visits To SSCH Food Distribution Site By Month
Month

Days

Monthly visits

Average daily visits

2020-07
(beginning 7/30/2020)

2

229

114.5

2020-08

21

2410

114.8

2020-09

21

2562

122.0

2020-10

22

2543

115.6

2020-11

21

2384

113.5

2020-12

23

1597

69.4

2021-01

21

1660

79.0

2021-02

20

1398

69.9

2021-03

23

1730

75.2

2021-04
(ending 4/1/2021)

1

52

52.0

Overall

175

16,565

94.7

Source: Smart Columbus Operating System
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Table 75: Statistics For Monthly Visits At SSCH Food Distribution Site (Weekends Excluded)
Statistic

Value

Number of observations
(months)

10

Mean

1656.5

Median

1695

Standard deviation

859.7

Min

52

Max

2562

Source: Smart Columbus Operating System

INDICATOR: NUMBER OF FOOD PANTRY SERVICE VISITS AT ROSEWIND

Background
This indicator measures the number of patrons visiting the Rosewind food distribution site at the Rosewind
Northbound CEAV station. Starting in July 2020, the CEAV was used to transport food packages from
SSCH to this location and distribute them on-site. The number of patrons visiting the food distribution site is
an indicator of last mile goods mobility in the Linden neighborhood. Each visitor that receives a food
package transports the package to the destination where it will be consumed. Therefore, a greater number
of visits corresponds to a higher level of last mile goods mobility. The deployment of the CEAV for the
purposes of a food distribution is intended to promote last mile goods mobility by reducing the distance
visitors must travel to access the site, reducing the distance that the goods must be transported to their final
destination, and potentially by decreasing the duration of the goods transaction (i.e., the customer’s wait
time) by providing an additional channel of distribution. Because a comparable system did not exist prior to
the launch of the CEAV project, this indicator was measured using a post-only trend analysis.

Data
The sole data source for this analysis is the “Linden Deployment Food Data” dataset hosted on the
Operating System. The extract of the data used for the analysis covers the period of July 30, 2020, to April
1, 2021. The dataset represents a daily log of the goods transported and delivered by the CEAV, as well as
other operations information. The variable of interest for this analysis is EasyMile boxes distributed.
Because each visitor is limited to one visit per week and one box per visit, the number of packages
distributed is used as a proxy for the number of visits. The boxes distributed by the CEAV were aggregated
monthly and compared month-over-month to track the trend of visits.

Analysis
The number of daily visitors to the Rosewind food distribution site is shown in Figure 154. In general, the
site operated on weekdays, and no visits occurred on Saturdays or Sundays. The site was occasionally
closed on weekdays as well—for example due to holidays or when the SSCH site was undergoing
maintenance (resulting in packages being unavailable for pickup)—meaning there are some weekdays
when no visits occurred. The median number of daily visits for the period was 24 and the greatest number
was 48. Additional statistics are provided in Table 76. The distribution, shown in Figure 155 has a negative
skew with a long tail on the left. Due to the abnormal distribution, the mean and standard deviation on their
own do not provide a good characterization of the data. The relatively high frequency in the lowest bin is due
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to the presence of 19 records (days) when zero packages were distributed. Others were due to service
exceptions on weekdays. For example, zero packages were distributed on 11/26/2020 and 11/27/2020 due
to the Thanksgiving holiday and on 12/1/2020 when SSCH was closed for deep cleaning.
The heatmap shown in Table 77 provides a visualization of the number of visits for each month by day of
week. Visits seems to be most concentrated in the middle of the week (Tuesday, Wednesday, Thursday).
However, Fridays in October 2020 accounted for an abnormally high number of visits. Monday visits in
November 2020 were abnormally high, which may have occurred due to a shift in visits from Wednesdays in
that month, which experienced an abnormally low number of visits. The low number of visits for all days in
July 2020 and April 2021 can be attributed to the inclusion of only a small portion of the days in those
months.

Number of visitors

Daily visits to Rosewind food distribution site
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Figure 154: Daily Visits To Rosewind Food Distribution Site
Source: Smart Columbus Operating System

Table 76: Statistics For Daily Visits To Rosewind Food Distribution Site (Weekends Excluded)
Statistic

Value

Number of observations (days)

175

Mean

20.6

Median

24

Standard deviation

10.9

Min

0

Max

48

Source: Smart Columbus Operating System
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Frequency (days)

Distribution of daily visits at Rosewind
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Figure 155: Distribution Of Daily Visits At Rosewind Food Distribution Site (All Months)
Source: Smart Columbus Operating System

Table 77: Visits at Rosewind Distribution Site by Day of Week (heatmap)

Monday
Tuesday
Wednesday
Thursday
Friday

2020- 2020- 2020- 2020- 2020- 2020- 2021- 2021- 2021- 202107
08
09
10
11
12
01
02
03
04
0
54
76
85
108
91
67
70
121
0
0
45
118
138
93
106
110
50
111
0
0
43
109
118
75
112
125
85
106
0
5
46
88
125
105
85
120
89
90
14
2
31
73
122
75
51
101
82
78
0

Source: Smart Columbus Operating System

Figure 156 shows the visits to Rosewind aggregated by month, as well as the average number of daily
visits for each month. As noted previously, the data includes only two days in July 2020 and one day in April
2021. The total number of monthly visits increased continuously between July 2020 and October 2020 in
which they peaked at 588 visits. Starting in November 2020, the number of monthly visits levelled off and
averaged about 460 between November 2020 and March 2021. The median number of visits for all months
was 450.5. Average daily visits followed a similar pattern, peaking at 26.7 visits per day in October then
averaging 21.4 visits per day between November 2020 and March 2021. The daily average in April 2021
was somewhat lower than the preceding months, however it represents only one day and therefore may not
be representative for the month as a whole. The monthly totals and daily averages for each month are
provided in Table 78. Additional statistics are provided in Table 79.
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Visits to Rosewind food distribution site by
month
Average daily visits
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Figure 156: Visits To Rosewind Food Distribution Site By Month Between July 30, 2020 and
April 1, 2021
Source: Smart Columbus Operating System

Table 78: Visits To Rosewind Food Distribution Site By Month
Month

Days

Monthly visits

Average daily visits

2020-07
(beginning 7/30/2020)

2

7

3.5

2020-08

21

219

10.4

2020-09

21

464

22.1

2020-10

22

588

26.7

2020-11

21

456

21.7

2020-12

23

445

19.3

2021-01

21

523

24.9

2021-02

20

376

18.8

2021-03

23

506

22.0

2021-04
(ending 4/1/2021)

1

14

14.0

Overall

175

3598

20.6

Source: Smart Columbus Operating System
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Table 79: Statistics For Monthly Visits To Rosewind Food Distribution Site (Weekends
Excluded)
Statistic

Value

Number of observations (months)

9

Mean

378.7

Median

445

Standard deviation

176.2

Min

7

Max

588

Source: Smart Columbus Operating System

INDICATOR: PERCEIVED CONVENIENCE

Data and Methods
The data used in the analyses in this section comes from the CEAV online survey and phone interviews.
More information about the data collected by the survey and the methods used is available in Appendix G.

Baseline Assessment: Perspectives from Surveys
For the baseline assessment, the convenience feedback from survey respondents that described the
closest food pantry in the Linden neighborhood, located at SSCH Food & Nutrition Center was considered.
Twenty-four respondents provided feedback about the convenience of the SSCH food pantry. In total, 33
percent waited less than five minutes to obtain their food pantry items after arriving on site. 22 (out of 24)
reported they were satisfied with the overall convenience of the service, with 79 percent of patrons stating
they were extremely satisfied. 20 (out of 22) indicated they were satisfied with the schedule flexibility of the
service, with 82 percent of patrons reporting they were extremely satisfied (Table 80).

Table 80: Convenience of Food Pantry at SSCH
Waiting Time (N = 24)

Overall Convenience (N = 24)

Schedule Flexibility (N = 22)

<5 minutes
5-10 minutes
10-15 minutes
15-20 minutes
>20 minutes

Extremely satisfied (19 patrons)
Somewhat satisfied (3 patrons)
Neutral
(1 patron)
Somewhat dissatisfied (0 patrons)
Extremely dissatisfied (1 patron)

Extremely satisfied (18 patrons)
Somewhat satisfied (2 patrons)
Neutral
(2 patrons)
Somewhat dissatisfied (0 patrons)
Extremely dissatisfied (0 patrons)

(8 patrons)
(6 patrons)
(6 patrons)
(4 patrons)
(0 patrons)

Source: OSU Online Survey Responses

Demonstration Data Analysis: Perspectives from Surveys
The Rosewind pick-up location almost doubled the number of individuals who waited less than five minutes
on-site to receive their items when compared to SSCH (64 percent of patrons, compared to 33 percent). 76
of 77 patrons indicated they were satisfied with the overall convenience of the service (and 90 percent of
patrons were extremely satisfied). 73 out of 76 patrons reported they were satisfied with the schedule
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flexibility of the service (80 percent of patrons were extremely satisfied). This is an improvement of the
patron’s perceptions of the overall convenience of the Rosewind pick-up location, with a slight drop in
schedule satisfaction. This could be due to the fact that the CEAV service was consistent each day from 123PM whereas the SSCH pantry operated alternate hours on Tuesday and Thursday from 3-6PM.

Table 81: Convenience of Food Pantry at Rosewind Community Center
Waiting Time (N = 72)

Overall Convenience (N=77)

Schedule Flexibility (N=76)

<5 minutes
5-10 minutes
10-15 minutes
15-20 minutes
>20 minutes

Extremely satisfied
(69
patrons)
Somewhat satisfied (7 patrons)
Neutral
(0 patron)
Somewhat dissatisfied (1 patron)
Extremely dissatisfied (0 patron)

Extremely satisfied (61 patrons)
Somewhat satisfied (12 patrons)
Neutral
(3 patrons)
Somewhat dissatisfied (0 patrons)
Extremely dissatisfied (0 patrons)

(46 patrons)
(10 patrons)
(11 patrons)
(4 patrons)
(1 patrons)

Source: OSU Online Survey Responses

Demonstration Data Analysis: Perspectives from Interviews
Participants were asked to describe their overall experience of obtaining food via the Rosewind location. All
participants (17) indicated a positive overall experience at the Rosewind CEAV pantry site. Participants
elaborated on a variety of factors influencing their overall positive experience. These factors included
positive feelings regarding the customer service provided by staff working at the site (six participants), ease
of use (four participants), variety of food products (two participants), timelines of service (two participants),
and the importance of the service for providing food access to those without a vehicle (two participants).
Participant Reflections:
• “It was actually excellent...I think good people. They talk to you basically help guide you in the right
direction.”
• “The people were friendly. That was my biggest thing. They were friendly and then they would help
bring it to the car. There was a guy and a lady and the lady would always bring my stuff to the car.
She was real nice.”
• “Easy. They’re very friendly. I felt comfortable. They take time and they care. The shuttle is parked
like at the end of my parking lot and my car’s like right there and if the bag is heavy the gentleman will
help carry it for me and put it in the trunk of my car, so I don’t have trouble carrying it. They don’t
make it hard. They know you by name once you start coming out. They acknowledge you by name.
So, you know it makes you feel good.”
• “Man, it was wonderful. Give you a grade on it? Outstanding, A plus. It was really unexpected. It was
like right there. Then as I began to come like every week it just became a habit, I just got going every
week.”
• “I believe it is a convenient service. I think that, ya know, especially for those who don't, aren't
blessed enough to have a car and be able to drive there, they can walk straight from there to the
neighborhood and get food for their family I think it's awesome.”
• “Um, there was no like super long waiting, or communication barriers or anything. And everyone wore
a mask which was really helpful, just for safety purposes and feeling like I was able to get food.”
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• “It was very convenient and easy because it was very much just walking up and taking your name
and address, and then you got food. and there was no like ‘well you have to meet this requirement
and you have to be able to do this’. It was just, ‘oh you need food? Here you go’, which was really
helpful.”
More than three-quarters of participants indicated they had used other pantry services (14 participants), with
the majority of those participants having utilized the SSCH pantry service (eight participants). Almost all
indicated the Rosewind site was an easier site to utilize (10 out of 14 participants). Only one participant
indicated the site was not easier to utilize. One participant indicated it was both easier and not as easy
(based on the metric they would evaluate it with), and the remainder of participants indicated they were
unsure. The only other pantry that was identified as easier to use was the Mid-Ohio Food Collective pantry
at their headquarters in Grove City. Participants primarily identified this pantry as easier because of its
longer hours of service and drive through service.
Participants all identified the Rosewind site as easier to use than SSCH. When describing why the site was
easier to use, participants emphasized several major themes. These included faster wait times (six
participants), fewer reporting requirements and questions (four participants), ease of access to the location
(three participants), the quality of the food (two participants) and the polite staff at the Rosewind site (two
participants). Participants indicated that wait times at Rosewind were less than five minutes compared to 30
to 45 minutes at SSCH. Participants routinely referenced feeling more scrutinized or “interrogated” at the
SSCH pantry, in contrast they felt more respected and less scrutiny at the Rosewind site.
Participant Reflections:
• “Rosewind is quicker. I can pull up, get my stuff and go. I don’t have to stand in line and wait. And
they never tell me to show how many are in my house though I tell how many people are in my house
though and if I have the stuff to show her that they’re in my house but truly they don’t expect – they
don’t ask for that type of stuff. Some food pantries ask you for details and all this other extra stuff but
not Rosewind.”
INDICATOR: PERCEIVED RELIABILITY OF AV SERVICE

Data and Methods
The data used in the analyses in this section comes from the CEAV online survey and phone interviews.
More information about the data collected by the survey and the methods used is available in Appendix G.

Baseline Assessment: Perspectives from Surveys
There is no baseline data available.

Demonstration Data Analysis: Perspectives from Surveys
Survey respondents had the opportunity to use the food panty service from September 2020 to February
2021. A count of “repeat patrons” who regularly used the Rosewind location offers some insight into the
perceived reliability of the service. 32 out of 77 patrons reported that they only used the Rosewind food
pantry a single time. Though, 27 patrons reported using the service 2-5 times, eight reported using the
service 6-9 times, and 10 patrons reported using the Rosewind location 10 or more times.
Most survey respondents were recorded during the first week of December. However, it is difficult to know
how many patrons shifted from “first-time patron” to “repeat-patron” over the course of the demonstration
period.
Most of these responses were likely recorded prior to weather having a more pronounced impact on
automated service and could skew perception more positively. When most of the surveys were recorded in
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December, there had only been three weather-related operation suspensions (3 of 84 operating days –
3.6%) and two other unplanned impacts (parking lot paving – 2.4%) that led the team to use another vehicle.
February saw more impacts to the operation of the vehicles, specifically with residual snow on the roadways
where the back-up vehicle was used to deliver the food. It should also be noted that the back-up vehicle
looked like a traditional vehicle and did not have the branding of the two automated vehicles so patrons
should be able to discern between the two types of vehicles.

Demonstration Data Analysis: Perspectives from Interviews
Participants identified as repeat patrons of the service. Interview participants primarily utilized the service
once a week or every other week (12 participants). Four participants utilized the service once a month and
one participant who only utilized the service once. Most participants utilized the service for a duration of 3-6
months (nine participants), four participants were unsure of how long they had utilized the service.
Participants indicated that the motivations for using the service included food needs during the pandemic,
referrals by family members or friends, and word-of-mouth (via Facebook) for the service.
INDICATOR: FOOD PANTRY SERVICE SCHEDULE ADHERENCE

Background
This indicator measures the degree to which the CEAV food distribution service (i.e. the Rosewind site) was
completed in accordance with its operational schedule. Reliable service operation is critical to ensure that
users can benefit from the service and the last mile goods mobility benefits that result from it.
Because a comparable system did not exist prior to the launch of the CEAV project, this indicator was
measured using a post-only trend analysis.

Data
This analysis relies on two data sources:
• The “EasyMile States - Linden Deployment” dataset hosted on the Operating System. The extract of
the data used for the analysis covers the period of July 30, 2020, to April 1, 2021. The dataset
consists of a collection of timestamped status reports that are produced by the CEAV when it is in
operation. Among other information, each record includes the location of vehicle in the form of
geographic coordinates, from which arrival of the CEAV at the food distribution site can be inferred.
• Descriptions of exceptions in CEAV operations. This dataset was compiled by the Ohio State
University based on data provided by Smart Columbus Program staff. The complete data can be
found in Appendix G.
The two datasets were merged to account for services completed by the CEAV and alternate vehicles.
Schedule adherence was aggregated monthly and compared month-over-month to track the trend.

Analysis
For this analysis, service completion refers to the deployment of a food delivery vehicle to the delivery site
(i.e., the Rosewind Northbound CEAV station), regardless of whether any food is distributed. Service is not
completed if food delivery is scheduled to occur, but no vehicle is deployed to the site. During normal
operation, the intended delivery vehicle is the CEAV, however certain conditions such as inclement weather
required that an alternate vehicle, such as the SSCH van, is used instead. Generally, a vehicle is scheduled
to be deployed each weekday, however exceptions exist due to holidays and planned closures of SSCH.
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For each day in the reporting period, service completion was determined using the following process
(simplified):
• Was the service scheduled to operate?


No: Skip this day



Yes: Continue

• Did the CEAV arrive at the delivery site within the arrival window (11:00 to 13:00)?


Yes: Service was completed by the CEAV



No: Continue

• Does the Smart Columbus Program exception report indicate that an alternate vehicle was deployed?


Yes: Service was completed by an alternate vehicle



No: Service was not completed

For more detail about the methods used, refer to Appendix G
The overall service schedule adherence for the reporting period is shown in Figure 157. Service was
completed as planned using the CEAV on 136 days, or 83 percent of the time. Service was completed using
an alternate vehicle on 21 additional days, leaving six days (four percent) that service was not completed.

6
4%

Linden LEAP service schedule adherence
(days completed over all months)

21
13%

Completed using CEAV
Completed using alternate
vehicle
Not completed
136
83%

Figure 157: CEAV Service Schedule Adherence (All Months)
Source: Smart Columbus Operating System

Figure 158 shows the service schedule adherence when only deployments of the CEAV are counted as
service completions and deployments of alternate vehicles are not. Schedule adherence is expressed as a
percentage of total service days in Figure 159. Note that service started on July 30, 2020, and only two
service days were scheduled for that month. Furthermore, only one day (April 1) is included for April 2021.
Considering only CEAV service completions, schedule adherence is very good between July 2020 and
September 2020, with schedule adherence rates of 100 percent in those months. Starting in October,
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schedule adherence trends downward for several months before reaching its lowest rate of 40 percent in
February 2021. In March 2021, schedule adherence improved significantly with only one instance where
service was not completed using the CEAV. CEAV-only schedule adherence data by month is provided in
Table 82.

Linden LEAP service schedule adherence by month (CEAV only)
Completed using CEAV

Not completed using CEAV
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Figure 158: CEAV Service Schedule Adherence By Month (CEAV Only)
Source: Smart Columbus Operating System

Linden LEAP service schedule adherence by month (proportion
by CEAV only)
Completed using CEAV

Not completed using CEAV

Percent of total days
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Figure 159: CEAV Service Schedule Adherence By Month (Proportion By CEAV Only)
Source: Smart Columbus Operating System
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Table 82: CEAV Service Schedule Adherence (CEAV Only)
Not completed
using CEAV
(days)

Month

Total days

Completed using
CEAV (days)

2020-07
(starting 7/30/2020)

2

2

0

2020-08

21

21

0

2020-09

21

21

0

2020-10

22

20

2

2020-11

17

14

3

2020-12

17

13

4

2021-01

19

14

5

2021-02

20

8

12

2021-03

23

22

1

2021-04
(ending 4/1/2021)

1

1

0

Total

163

136

27

Source: Smart Columbus Operating System

As discussed earlier in the section, service completion was achieved in some cases using an alternate
vehicle instead of the CEAV. Figure 160 shows the service schedule adherence by month when service
completion by any vehicle is accepted. Figure 161 shows the same data as a percentage of the number of
service days in the month. In this case, the service completion rate was high in all months, however an
alternate vehicle accounted for a larger share of service completion in the winter months. Service schedule
adherence by month considering any vehicle is provided in Table 83.
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Linden LEAP service schedule adherence by month
(any vehicle)
Completed using CEAV

Completed using alternate vehicle

Not completed
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Figure 160: CEAV Service Schedule Adherence By Month (Any Vehicle)
Source: Smart Columbus Operating System

Linden LEAP service schedule adherence by month
(proportion by any vehicle)
Completed using CEAV

Completed using alternate vehicle

Not completed

Percent of total days
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Figure 161: CEAV Service Schedule Adherence By Month (Proportion By Any Vehicle)
Source: Smart Columbus Operating System

Table 83: CEAV Service Schedule Adherence

Month
2020-07
(starting 7/30/2020)

Total service
days

Completed using
CEAV (days)

Completed using
alternate vehicle
(days)

Not completed
(days)

2

2

0

0
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Month

Total service
days

Completed using
CEAV (days)

Completed using
alternate vehicle
(days)

Not completed
(days)

2020-08

21

21

0

0

2020-09

21

21

0

0

2020-10

22

20

0

2

2020-11

17

14

2

1

2020-12

17

13

3

1

2021-01

19

14

5

0

2021-02

20

8

10

2

2021-03

23

22

1

0

2021-04

1

1

0

0

Total

163

136

21

6

Source: Smart Columbus Operating System

The service schedule adherence rate for both cases (i.e., any vehicle and CEAV-only) is compared in
Figure 162 and Table 84. The performance is the same between July 2020 and October 2020 in both
cases. Starting in November 2020, the two cases begin to diverge. The divergence is due to increasing
reliance on the alternate vehicle in the winter months due to more-frequent inclement weather. The two
cases began to converge again in March 2021 as weather improved. This and other exceptions to normal
CEAV operation are discussed below.

Linden LEAP service schedule adherence rate
Any vehicle

CEAV only

Percent of total days

120.0%
100.0%
80.0%
60.0%
40.0%
20.0%
0.0%

Figure 162: CEAV Service Schedule Adherence Rate By Month
Source: Smart Columbus Operating System
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Table 84: CEAV Service Schedule Adherence Rate
Month

Adherence rate
(any vehicle)

Adherence rate
(CEAV only)

2020-07

100.0%

100.0%

2020-08

100.0%

100.0%

2020-09

100.0%

100.0%

2020-10

90.9%

90.9%

2020-11

94.1%

82.4%

2020-12

94.1%

76.5%

2021-01

100.0%

73.7%

2021-02

90.0%

40.0%

2021-03

100.0%

95.7%

2021-04

100.0%

100.0%

Overall

96.3%

83.4%

Source: Smart Columbus Operating System

Normal operation of the food delivery service consists of food being delivered by the CEAV on weekdays,
but there are many exceptions as discussed previously. The frequency of various types of exceptions are
shown in Figure 163. The figure depicts the following:
• Normal CEAV service (i.e., regular delivery) was completed on 136 of 176 total days (including days
when service was not scheduled), accounting for 77 percent of the days.
• Inclement weather such as rain or snow occurred on 22 days. In these cases, the CEAV was not
used, however an alternate vehicle may have been used.
• Food delivery service was not scheduled to occur on certain holidays (9 days).
• Food delivery service was not scheduled to occur on days when SSCH was closed (four days).
• The CEAV could not be used for some other reason (five days), but an alternate vehicle may have
been used. Other reasons include:


CEAV was inaccessible due to SSCH parking lot maintenance (two days) and



Reason unspecified (three days).
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CEAV service schedule adherence exception
types (all months)
160
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Days
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Holiday

Other

Pantry closure

0
Regular delivery
(no exception)

Weather

Figure 163: CEAV Service Schedule Adherence Exception Types (All Months)
Source: Smart Columbus Operating System

Figure 164 and Table 85 show the frequency of exception types by month. The figure shows the impact of
weather on CEAV operations during the winter months. In these cases, service was maintained using an
alternate vehicle.

Linden LEAP service schedule exceptions by
month
25
Other

Days

20
15

Pantry closure

10

Holiday

5

Weather

0
Regular delivery (no
exception)

Figure 164: CEAV Service Schedule Adherence Exception Types, By Month
Source: Smart Columbus Operating System
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Table 85: CEAV Service Schedule Adherence Exception Types, By Month
Total
days

Regular delivery
(no exception)

Weather

Holiday

Pantry
closure

Other

2020-07
(starting 7/30/2020)

2

2

0

0

0

0

2020-08

21

21

0

0

0

0

2020-09

22

21

0

1

0

0

2020-10

22

20

2

0

0

0

2020-11

21

14

1

3

1

2

2020-12

23

13

4

3

3

0

2021-01

21

14

4

2

0

1

2021-02

20

8

11

0

0

1

2021-03

23

22

0

0

0

1

2021-04
(ending 4/1/2021)

1

1

0

0

0

0

Month

Source: Smart Columbus Operating System

OUTCOME 8.2 OPPORTUNITY
11.5.5.2.1 Objective 8.2.1 Provide more access to jobs and services to residents from
underserved communities
INDICATOR: NUMBER OF WALKUPS AT ROSEWIND

Background
The Rosewind site is residential complex located in the South Linden neighborhood with few food outlets
nearby. Many neighborhood residents have limited access to transportation, therefore food deliveries at the
nearby Rosewind Northbound CEAV station represent an opportunity to improve access to food pantry
service for these residents. This indicator measures the number of patrons at the Rosewind distribution site
who access the site by walking.
Because a comparable system did not exist prior the start of the Linden LEAP food distribution service, this
indicator was measured using a post-only trend analysis.

Data
The sole data source for this analysis is the “Linden Deployment Food Data” dataset hosted on the
Operating System. The extract of the data used for the analysis covers the period of July 30, 2020 to April 1,
2021. The dataset represents a daily log of the goods transported and delivered by the CEAV, as well as
other operations information. The variable of interest for this analysis is EasyMile walkups. The number of
walkups was aggregated monthly and compared month-over-month to track the trend.
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Analysis
Figure 165 and Table 86 shows the monthly total and mean number of walkups at Rosewind. The greatest
total number of walkups (77) was observed in September 2020, after which walkups have continuously
decreased. The greatest mean number of walkups (3.9) was also observed in September 2020. During the
period of July 30, 2020, to April 1, 2021, 289 total walkups were observed, and the overall mean number of
walkups was 1.7. Note that service started on July 30, 2020, so only two service days occurred in that
month.

Number of walkups at Rosewind
Total walkup usage

Mean walkup usage

80

4

60

3

50
40

2

30
1

20

Mean daily walkups

Total montly walkups

70

10
0

0

Figure 165: Number of Walkups At Rosewind
Source: Smart Columbus Operating System

Table 86: Number of Walkups At Rosewind
Month

Frequency

Total walkup usage

Mean walkup usage

2020-07

2

0

0

2020-08

21

36

1.8

2020-09

21

77

3.9

2020-10

22

47

2.1

2020-11

21

42

2.0

2020-12

23

32

1.4

2021-01

21

28

1.3

2021-02

20

3

0.2

2021-03

23

21

0.9

2021-04
(ending 4/1/2021)

1

3

3.0

Total

173

289

1.7
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Source: Smart Columbus Operating System

INDICATOR: PERCEIVED ACCESSIBILITY OF FOOD PANTRY SERVICE

Data and Methods
The data used in the analyses in this section comes from the CEAV online survey and phone interviews.
More information about the data collected by the survey and the methods used is available in Appendix G.

Baseline Assessment: Perspectives from Surveys
There is no baseline data available.

Demonstration Data Analysis: Perspectives from Surveys
The community need for accessible food pantry service is evidenced by the respondents’ transportation
constraints to secure adequate food for their household. Only 42 out of 74 respondents (57 percent)
reported that they most often relied on their own personal vehicle to obtain food. Fourteen percent relied
most often on transit, walking, or micro-mobility, and another 30 percent relied on rides from friends and
family.
Additionally, the Rosewind pantry users revealed that they have regularly relied on pantry services since
March 2020—25 percent of respondents reported that they obtained most of their food from food pantries.
26% made weekly trips to the food pantry, 29 percent monthly, and eight percent reported this was their firsttime obtaining food distributed by a food pantry.

Demonstration Data Analysis: Perspectives from Interviews
In interviews, except for participants who walked or rode the bus, all other participants indicated their travel
time or distance to reach the shuttle from the parking lot was less than five minutes or less than 25 feet.
Participant Reflections
• “Oh no time at all (to reach the shuttle from the parking lot) because its literally like right outside my
car door. You can get to the place really quickly. Because as soon as you get out of the car it’s there.”
INDICATOR: NUMBER OF FOOD PANTRY PACKAGES DISTRIBUTED AT SSCH

Background
This indicator measures the number of food pantry packages distributed from the SSCH Food and Nutrition
Center. SSCH is located in the Linden neighborhood, which is home to a relatively high number of foodinsecure residents. Therefore, the number of food packages distributed by SSCH is an indicator of access to
services for neighborhood residents.
Although SSCH distributed food prior to the launch of the CEAV food distribution service, the dataset used
for this analysis does not include data prior to the launch. Therefore, this indicator was measured using a
post-only trend analysis.

Data
As with the previous section, the sole data source for this analysis is the “Linden Deployment Food Data”
dataset hosted on the Operating System.
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Analysis
Figure 166 shows the number of food pantry packages distributed at SSCH. As can be seen in the figure,
over 2,000 food pantry packages were distributed each month during the period of July to November 2020.
The number of food pantry packages distributed decreased to about 1,500 starting in December 2020.
During the reporting period, the total number of food pantry packages distributed at SSCH was 18,392. An
average of 95.3 food pantry packages were distributed each day. The monthly package distribution data is
provided in Table 87.

Food pantry packages distributed at SSCH
Average daily visits

2500

120.0

2000

100.0
80.0
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60.0
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40.0
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20.0
0.0

0

Mean daily packages distributed

Total Monthly packages distributed

Monthly visits

Figure 166: Food Pantry Packages Distributed At SSCH
Source: Smart Columbus Operating System

Table 87: Food Pantry Packages Distributed At SSCH
Month

Frequency

Total packages

Mean packages

2020-07

20

2,056

102.8

2020-08

21

2,410

114.8

2020-09

21

2,562

122.0

2020-10

22

2,543

115.6

2020-11

21

2,384

113.5

2020-12

23

1,597

69.4

2021-01

21

1,660

79.0

2021-02

20

1,398

69.9

2021-03

23

1,730

75.2

2021-04
(ending 4/1/2021)

1

52

52.0
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Month

Frequency

Total packages

Mean packages

Total

193

18,392

95.2

Source: Smart Columbus Operating System

INDICATOR: NUMBER OF FOOD PANTRY PACKAGES DISTRIBUTED AT ROSEWIND

Background
This indicator measures the number of food pantry packages distributed by the CEAV from the Rosewind
Northbound station located near the Rosewind site. The Rosewind site is in the Linden neighborhood, which
is home to a relatively high number of food-insecure residents. Therefore, the number of food packages
distributed at Rosewind is an indicator of access to services for neighborhood residents. Furthermore, many
residents have limited access to transportation, which compounds the impact of the CEAV-enabled
Rosewind distribution site on improving food access.
Because a comparable system did not exist prior to the launch of the CEAV food distribution service, this
indicator was measured using a post-only trend analysis.

Data
The sole data source for this analysis is the “Linden Deployment Food Data” dataset hosted on the
Operating System. The extract of the data used for the analysis covers the period of July 2020 to April 1,
2021. The dataset represents a daily log of the goods transported and delivered by the CEAV, as well as
other operations information. The variable of interest for this analysis is EasyMile boxes distributed. The
number of food boxes was aggregated monthly and compared month-over-month to track the trend.

Analysis
Figure 167 shows the number of food pantry packages distributed at Rosewind. After starting the delivery
service, total food pantry packages distributed continuously increased until October 2020, when a total of
588 packages were delivered. Since September 2020, an average of 461 food pantry packages have been
distributed each month except for April 2021. During the period of July 2020 to April 1, 2021, the total
number of food pantry packages distributed at Rosewind was 3,598. An average of 22.1 food pantry
packages were distributed each day. Note that service started on July 30, 2020, so only two service days
occurred in that month. The monthly package distribution data is provided in Table 88.
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Food pantry packages distributed at Rosewind
Average daily visits
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Figure 167: Food Pantry Packages Distributed At Rosewind
Source: Smart Columbus Operating System

Table 88: Food Pantry Packages Distributed at Rosewind
Month

Frequency

Total packages

Mean packages

2020-07
(starting 7/30/2020)

2

7

3.5

2020-08

21

219

10.4

2020-09

21

464

22.1

2020-10

22

588

26.7

2020-11

21

456

21.7

2020-12

23

445

19.3

2021-01

21

523

24.9

2021-02

20

376

18.8

2021-03

23

506

22.0

2021-04
(ending 4/1/2021)

1

14

14.0

Total

175

3,598

22.1

Source: Smart Columbus Operating System
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OUTCOME 8.3 CUSTOMER SATISFACTION
11.5.5.3.1 Objective 8.3.1 Improve the user experience
INDICATOR: CEAV ON-TIME PERFORMANCE

Background
According to the Connected Electric Autonomous Vehicle (CEAV) Operational Concept - Appendix A (May
19, 2020), the CEAV was scheduled to depart SSCH at around 11:30 am and arrive at the Rosewind
Northbound station at 12:00 pm every weekday, except days when SSCH is closed or when inclement
weather prevents operation of the CEAV. To ensure customer satisfaction, the CEAV is expected to arrive at
its destination on time (i.e., no later than its scheduled time). This analysis evaluates the extent to which the
CEAV arrived on time during the period of performance from July 30, 2020, to April 1, 2021. Because a
comparable system did not exist prior to the launch of the CEAV project, this indicator was measured using
a post-only trend analysis.

Data
This analysis relies on two data sources:
• The “EasyMile States - Linden Deployment” dataset hosted on the Operating System. The extract of
the data used for the analysis covers the period of July 30, 2020, to April 1, 2021. The dataset
consists of a collection of timestamped status reports that are produced by the CEAV when it is in
operation. Among other information, each record includes the location of vehicle in the form of
geographic coordinates and the speed of the vehicle, from which arrival of the CEAV at the food
distribution site can be inferred.
• Descriptions of exceptions in CEAV operations. This dataset was compiled by the Ohio State
University based on data provided by the CEAV project team. The complete data can be found in
Appendix G.
CEAV on-time performance was determined exclusively using the vehicle status reports. The exception data
was used to evaluate cases where the status reports indicated that the CEAV did not arrive at the food
distribution site. Service exceptions are discussed in greater detail in Section 11.5.5.1.1 (Food Pantry
Service Schedule Adherence).

Analysis
The CEAV generates status reports periodically when it is operating. Each report is timestamped and
includes the speed and geographic coordinates of the vehicle. From these reports, it can be determined
when the CEAV arrived at its destination. The CEAV is determined to have arrived on time if the status
reports show that it is stopped (i.e., its speed is zero) within 100 feet of the location of the Rosewind
Northbound station no later than the scheduled arrival time (12:00 pm). Figure 168 shows the geographic
locations for the CEAV (blue dots) as recorded in its status reports for a single day of service. The red circle
shows the 100-foot radius circle around the Rosewind Northbound station.
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Figure 168: CEAV Status Report Locations For A Single Day Of Service
Source: Smart Columbus Operating System

This analysis considers status reports from the period July 30, 2020, to April 1, 2021. This span of 245 days
includes 176 weekdays. From the set of weekdays, 41 days were excluded due to exceptions such as
holidays, SSCH closures, or inclement weather, leaving 135 total service days. These exceptions are
described in further detail in Appendix G.
• The process to determine whether the CEAV was on-time for a given day is as follows:
• Select the status reports that fall within the day of interest.
• From these, select the status reports that indicate that the CEAV was within 100 feet of the Rosewind
Northbound station.
• From these, select the status reports that indicate that the vehicle remained stopped for at least 5
minutes. This period is known as the minimum dwell time.
• From these, select the observation with the earliest timestamp. This timestamp is referred to as the
arrival time.
• Evaluate the arrival time: Is the timestamp no later than 12:00pm?
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Yes: CEAV is on time



No: CEAV is not on time

The method for computing on-time performance is discussed in more detail in Appendix G.
The difference between the actual arrival time and the scheduled arrival time is referred to as the arrival time
deviation. The arrival time deviations for each day in the performance period are shown in Figure 169. Bars
greater than zero represent days that the CEAV arrived late. Bars less than zero represent days that the
CEAV arrived early. The absence of a bar indicates that the CEAV did not arrive at the station that day.
Except for one, all such cases represent days when the CEAV was not expected to operate, either because
no service was scheduled or because the service was completed using an alternate vehicle due to
inclement weather or inability to access the CEAV (see Figure 163). These cases were excluded from the
on-time performance analysis. The remaining case (March 1, 2021) was excluded from the on-time
performance analysis because although the CEAV arrived at Rosewind and delivered food packages, it was
impossible to compute the on-time performance because of missing location data on that day. The
descriptive statistics for arrival time deviation for each month and the entire performance period are shown
in Table 89.

Linden LEAP arrival time deviation

Difference between arrival time
and scheduled time (minutes)

60
40
20
0
-20
-40
-60

Figure 169: CEAV Arrival Time Deviation For Days In The Performance Period
Source: Smart Columbus Operating System

Table 89: CEAV Arrival Time Deviation Statistics (and Make Sure to Apply Table Title style After
Entering Caption Text)
Period

Count (days)

Mean

Median

Std. Dev.

Minimum

Maximum

2

-9.6

-9.6

6.8

-14.4

-4.8

2020-07
(starting 7/30/2020)
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Period

Count (days)

Mean

Median

Std. Dev.

Minimum

Maximum

2020-08

21

-1.9

-1.0

22.0

-50.7

39.7

2020-09

21

7.7

10.1

20.4

-24.8

53.8

2020-10

20

7.4

5.7

18.8

-29.2

45.7

2020-11

14

9.1

12.5

9.9

-11.9

22.8

2020-12

13

4.7

1.2

20.6

-19.7

53.7

2021-01

14

1.1

2.3

10.1

-16.1

15.0

2021-02

8

9.2

6.8

10.2

-2.0

27.3

2021-03

21

-3.9

-2.9

15.2

-32.7

17.5

2021-04
(ending 4/1/2021)

1

-4.7

-4.7

N/A

-4.7

-4.7

Overall

135

3.3

2.5

17.6

-50.7

53.8

Source: Smart Columbus Operating System

The distribution of arrival time deviations for all days in the performance period is shown in Figure 170.
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Figure 170: Distribution Of CEAV Arrival Time Deviation For The Entire Performance Period
Source: Smart Columbus Operating System

The distribution of arrival time deviation varied month-to-month. The distribution for each of the months is
shown in Figure 171. Note that the scales for both axes are identical for all plots to allow for easy
comparison between them.

Performance Measures Results – Final Report | Smart Columbus Program | 279

Chapter 11: CEAV Evaluation and Results

Figure 171: Distribution Of CEAV Arrival Time Deviation For The Entire Performance Period
Source: Smart Columbus Operating System
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The on-time performance for the entire performance period is shown in Figure 172. The CEAV arrived on
time 59 out of 135 days, or 43.7 percent of the time. It arrived not on time 76 out of 135 days, or 56.3
percent of the time.

Linden LEAP on-time performance (all months)

Days not on time
76
56.3%

Days on time
59
43.7%

Figure 172: CEAV On-Time Performance For The Entire Performance Period
Source: Smart Columbus Operating System

Figure 173 shows the on-time performance month-by-month.

Linden LEAP on-time performance by month
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Figure 173: CEAV On-Time Performance By Month
Source: Smart Columbus Operating System

Table 90 shows CEAV on-time performance by day.
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Table 90: CEAV On-Time Performance
Period

Days on time

Days not on time

On time percentage

2020-07

2

0

100.0%

2020-08

12

9

57.1%

2020-09

7

14

33.3%

2020-10

7

13

35.0%

2020-11

3

11

21.4%

2020-12

6

7

46.2%

2021-01

7

7

50.0%

2021-02

1

7

12.5%

2021-03

13

8

61.9%

2021-04

1

0

100.0%

59

76

43.7%

(starting 7/30/2020)

(ending 4/1/2021)

Overall

Source: Smart Columbus Operating System

INDICATOR: WALKING DISTANCE

See Mobility section.
INDICATOR: PERCEIVED CONVENIENCE

See Mobility section.
INDICATOR: PERCEIVED RELIABILITY

See Mobility section.

11.5.6. Conclusion
The mobility objective for CEAV was to improve the last mile goods mobility in the Linden neighborhood.
The CEAV was clearly successful in this regard, having participated in the transport and distribution of 3,871
food packages at the Rosewind site. To accomplish this, the vehicles traveled 940 miles. The additional
food distribution channel created by the CEAV increased the geographic coverage for food distribution in the
Linden neighborhood, allowing for more convenient access by residents in certain parts of the
neighborhood. Patrons of the Rosewind distribution site reported a higher rate of walking to the site than
patrons accessing the SSCH site prior to the introduction of the CEAV, which could be interpreted to mean
that the Rosewind site provided vehicle-free access to food for more patrons. The success of the CEAV
was limited during the winter months when inclement weather resulted in an alternate vehicle being used for
food distribution. For the CEAV to be a reliable platform for food distribution, the capabilities of the vehicle
and the conditions under which it is permitted to operate will need to allow for operation during all
anticipated weather conditions.
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The opportunity objective for CEAV was to provide more access to services for residents from underserved
communities. The CEAV was successful in this regard as well. As noted above, the additional geographic
location for food distribution increased the opportunity for Linden residents to walk to the site. This is
significant because the respondents to the CEAV reported a relatively high rate of food pantry usage but a
relatively low rate of reliance on a personal vehicle. This is supported by the fact that a total of 289 patrons
(possibly including repeat visitors) walked to the site during the reporting period. Although the CEAV only
serviced a single location for the purpose of the Smart Columbus demonstration, the geographic
accessibility provided by the CEAV could be increased by servicing multiple locations. This is a distinct
advantage of the CEAV compared to a fixed-site food pantry.
The customer satisfaction objective for CEAV was to improve the user experience by reducing walking
distance and providing on-time service. The success of the CEAV project in this regard was mixed, but
positive overall. Survey respondents indicated a higher degree of satisfaction with the Rosewind food
distribution site compared to the baseline assessment of the SSCH food pantry. Furthermore, Rosewind
patrons reported short wait times more frequently compared to the baseline assessment. It is difficult to
quantify the impact on walking distance based on the available data, but the additional food distribution
location theoretically improved walkup access, as described above. The CEAV was less successful in terms
of on-time performance, having arrived on time only 44% of service days. The CEAV was frequently up to
20 minutes late, and occasionally more than 40 minutes late. It is worth noting that on-time performance
was determined by applying only a late constraint. In a typical transit application, such as the one originally
proposed for the CEAV, an early constraint would also apply. The reasons for poor on-time performance
cannot be determined from the available data. In spite of the poor objective on-time performance, patron
surveys indicate a high level of satisfaction with the convenience of the service, and interviews did not yield
complaints about on-time arrival of the CEAV. It seems that on-time performance did not adversely affect
customer satisfaction.
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Conclusion
Smart Columbus has achieved full or partial success for 22 out of 29 objectives identified for the program.
The remaining seven objectives were inconclusive—primarily due to small sample size or COVID-19
impacts (see Figure 174). Of note, none of the 29 objectives were unsuccessful. Where it was not possible
to verify the desired improvements tied to specific objectives during the demonstration period, it was not
through a failure of the application or treatment—but rather a result of sample size or COVID-19 impacts on
travel. Objectives were considered fully successful if all indicators were successful. Objectives were
considered partially successful if some indicators were successful and some were unsuccessful or
inconclusive. Objectives were considered inconclusive if indicator results were inconclusive or not
statistically significant (no conclusions could be drawn).
All program- and project-level performance measurement activities also produced valuable insights beyond
the scope of the PfMP that can be applied after the demonstration period and/or inform demonstrations or
deployments of similar technologies in other places. While some insights may be referenced in this
document, details outside the scope of this document and the PfMP can be found in the Smart Columbus
Final Report42.

42

Document will be available under Program Plans at: https://smart.columbus.gov/programs/smart-city-demonstration
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Executive Summary

Figure 174: Overview of Results by Program-level Outcome and Project
Source: City of Columbus
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Acronyms and Definitions
Table 91: Acronym List contains project specific acronyms used throughout this document.

Table 91: Acronym List
Abbreviation/Acronym

Definition

AADT

Average annual daily traffic (daily volume of vehicle traffic along a roadway)

ADA

Americans with Disabilities Act

API

Application Programming Interface

APNCU Index

Adequacy of Prenatal Care Utilization Index

BRT

Bus Rapid Transit

BSM

Basic Safety Message

CABS

Campus Area Bus Service

CAD

Computer-Aided Dispatch

CEAV

Connected Electric Autonomous Vehicle

CI

Confidence Interval

CMAX

COTA’s Bus Rapid Transit (BRT) Service

COTA

Central Ohio Transit Authority

CURA

Center for Urban and Regional Analysis (at OSU)

CV

Connected Vehicle

CVE

Connected Vehicle Environment

DiD

Difference-in-Differences Model

DoIM

Division of Infrastructure Management

DSRC

Dedicated Short-Range Communications

EN

Enabling (Requirements)

EPA

Environmental Protection Agency

EPM

Event Parking Management

EST

Enhanced “Smart” Transportation

EV

Electric Vehicle

FFF

Free Flow Factor

FMLM

First Mile/Last Mile

FSP

Freight Signal Priority

GIS

Geographic Information System

GPS

Global Positioning System
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Chapter 12: Conclusion
Smart Columbus has achieved full or partial success for 22 out of 29 objectives identified for the program.
The remaining seven objectives were inconclusive—primarily due to small sample size or COVID-19
impacts (see Figure 174). Of note, none of the 29 objectives were unsuccessful. Where it was not possible
to verify the desired improvements tied to specific objectives during the demonstration period, it was not
through a failure of the application or treatment—but rather a result of sample size or COVID-19 impacts on
travel. Objectives were considered fully successful if all indicators were successful. Objectives were
considered partially successful if some indicators were successful and some were unsuccessful or
inconclusive. Objectives were considered inconclusive if indicator results were inconclusive or not
statistically significant (no conclusions could be drawn).
All program- and project-level performance measurement activities also produced valuable insights beyond
the scope of the PfMP that can be applied after the demonstration period and/or inform demonstrations or
deployments of similar technologies in other places. While some insights may be referenced in this
document, details outside the scope of this document and the PfMP can be found in the Smart Columbus
Final Report.

GTFS

COTA General Transit Feed Specification
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Abbreviation/Acronym

Definition

IK

Interactive Kiosk

IP

Internet Protocol

ITS

Intelligent Transportation Systems

IVR

Interactive Voice Response

KS

Kolmogorov-Smirnov test

LEAP

Linden Empowers All People

MAP

Map Message

MAPCD

Mobility Assistance for People with Cognitive Disabilities

MCO

Managed Care Organization

MMTPA

Multimodal Trip Planning Application

MOVES

EPA’s MOtor Vehicle Emission Simulator (MOVES)

NEMT

Non-emergency Medical Transportation

OBU

On-Board Unit

ODOT

The Ohio Department of Transportation

OSU

The Ohio State University

PfMP

Smart Columbus Performance Management Plan

PIECE

OSU Prevocational Integrated Education and Campus Experience

PTA

Prenatal Trip Assistance Project

RLVW

Red Light Violation Warning

RSSZ

Reduced Speed School Zone

SaaS

Software as a Service

SMH

Smart Mobility Hub

SPaT

Signal Phase and Timing

SRM

Signal Request Message

SSCH

St. Stephen’s Community House

SSM

Signal Status Message

ST

Storage and Transport (Requirements)

TIM

Traveler Information Message

TSP

Transit Signal Priority

USDOT

U.S. Department of Transportation

VMT

Vehicle Miles Traveled

VSP

Vehicle Specific Power

Source: City of Columbus
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Glossary
Table 92: Glossary contains project specific terms used throughout this document.

Table 92: Glossary
Term

Definition

App

A software application.

Travelers (End Users)

Travelers are End Users who utilize the features of SMHs to begin, pass
through or complete their trips.

Connecting Walks

For study purposes, connecting walks are trip legs for the apparent
purpose of walking to access other transportation.

Data Management System

A secure, Software as a Service (SaaS) web-based app that allows
management of an entire parking meter network.

Data Privacy

The reasonable expectation that data of a sensitive nature will be kept
confidential, sanitized and/or encrypted, and respectfully and responsibly
maintained by all Users, managers, and collectors of the data.

Data Retention

The continued storage of data for compliance or business reasons.

Data Security

The tools, policies, practices and procedures used to protect data from
being accessed, manipulated or destroyed or being leveraged by those
with a malicious intent or without authorization, as well as the corrective
actions taken when data breaches are suspected or have been identified.

Dependency

When one project, agency, or entity requires data or functionality provided
by another project, agency, or entity to meet its objectives.

Dockless

A station-free concept developed for bicycles that allows riders to end
their rides and park the bikes anywhere. This mechanism offers affordable
transit, attempts to solve FMLM issues, services areas without transit, and
offers to cities ridership data.

Enabling Technologies

An innovation that alone or paired with an existing solution produces a
better End User solution at a rapid rate.

Experience Columbus

An organization whose mission is to market and promote Columbus
services, attractions, and facilities to visitors, meeting planners,
convention delegates and residents.

Failure Operations

When a complete failure of the intersection occurs, primarily due to loss of
power or other malfunctions.

Interactive Voice Response
(IVR)

IVR technology allows a computer to interact with humans. Through voice
prompts, a User tactilely enters tones using number keys on a keypad. In
telecommunications, IVR allows customers to interact with a company's
host system via a telephone keypad, after which customers can inquire
about services through the IVR dialogue.

Multimodal Transportation

Travel done via more than one mode of transportation.
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Appendix B: Glossary

Term

Definition

Normal Operations

When a signalized intersection is cycling through its preplanned phases
correctly, servicing all approaches including pedestrian phases.

Open Data

Information that is freely available for anyone to use and republish as they
wish.

Open-Source Concepts

The notion of open collaboration and voluntary contribution for software
development by writing and exchanging programming code.

Operating System

The Smart Columbus Operating System

Operating System Team

The core team (“the Operating System team”) designed, developed, and
implemented the current Operating System platform. This team includes
the City of Columbus Smart City project manager, product owner,
architects, developers, security and privacy officers, and data curators.

Parking Facility

Land or a structure used for light-duty vehicle parking.

Procurement

The act of obtaining or acquiring goods, services or works, from a
competitive bidding process.

Real-Time Data

Information that is delivered immediately after collection.

Trip

For the purpose of this project, a trip is considered to be the total
distance (or time) to get from an origin to a destination as tabulated as a
row in the Pivot App data. Note that a trip may use more than one mode
type.

Trip leg

For the purpose of this project, a trip leg is considered to be the total
distance (or time) using one mode of transportation. For instance, one
trip as shown in the Pivot app could contain multiple trip legs for each
mode of transportation used to get from the origin to the destination.

System Analytics or Data
Analytics

The analysis of data, procedures, or business practices to locate
information which can be used to create more efficient solutions.

Software as a Service (SaaS)

An extension of the Application Service Provider centralized computing
model, the SaaS delivery model hosts and provides web-based interface
access to a software app over a network. The service is managed
centrally, in large data centers, most often in a cloud-computing
environment.

Third Party

Organizations not affiliated with the Smart Columbus Program.

Transportation Network
Companies

Private businesses, nonprofits and quasi-governmental agencies that
offer one or more types of transportation for use in exchange for payment.

Source: City of Columbus
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Program- and Project-Level Results Matrix by Outcome, Objective, and Indicator

Table 93: Program- and Project-Level Results Matrix by Outcome, Objective, and Indicators

S = Successful

Program
Level

P = Partially Successful

Outcome

Objective

Environment

Reduce
vehicle
emissions

Mobility

Reduce traffic
congestion

I = Inconclusive

I

P

U = Unsuccessful

Design of
Experiment

Hypothesis

Indicator

The Smart Columbus
Program will implement
multiple portfolio projects
focused on shifting travelers
from personal vehicles to
shared-use and transitrelated projects and
reducing idling time to
reduce vehicle-related
emissions.

Greenhouse gas
savings (light duty
and heavy
vehicles)

I

Perceived
reduction in idling
time around
parking facilities
to find a parking
spot

The Smart Columbus
Program will implement
multiple portfolio projects
focused on shifting travelers
from personal vehicles to
shared-use and transitrelated projects to reduce
traffic congestion.

Data Source

Baseline

Treatment

Key Findings

Pre/Post
Trend
Analysis

EPA MOVES Model,
ODOT (VMT),
StreetLight Data,
Operating System

- CVE: N/A
- MMTPA &
EPM: 20182019

Greenhouse gas MMTPA results
inconclusive due to sample size
and COVID-19 impacts

I

Pre/Post
QuasiExperimental
Design

Customer Surveys

- CVE: Nov 2020
through March
2021.
- MMTPA: Dec 9,
2020 (public
launch) through
Mar 31, 2021
- EPM: Oct 28,
2020 through Feb
2021

Perceived
reduction in
distance traveled
to find a parking
spot

I

Pre/Post
QuasiExperimental
Design

Travel time and
delay

I

Pre/Post
QuasiExperimental
Design

Daily volumes

P

Perceived
reduction in travel
time to find a
parking spot

S

Greenhouse gas CVE results
inconclusive due to sample size

Perceived idling time and
distance to find parking
inconclusive due to survey
limitations and COVID-19
impacts
Free flow factor data
for Central Ohio street
segments (StreetLight
Data, Inc.); Street
segments (Open
Street Map) ; Current
land use for Central
Ohio parcels (MidOhio Regional
Planning
Commission); Median
household income,
unemployment rates,

Two years predeployment
period (April
29, 2017 to
April 28, 2019)

From the start of
first portfolio project
(April 29, 2019) until
the end of period of
performance of last
portfolio project
(March 31, 2021)

Travel time and delay had mixed
results; 2.6%-3.6% increase in
FFF* during certain peak times
and a modest (2.5%) decrease
FFF during others
Modest (13.8%) reduction in
traffic volume during peak
evening hours on weekdays
Significant reduction in time to
park for leisure activities, but not
for workspace or residence
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Appendix C. Program- and Project-Level Results Matrix by Outcome, Objective, and Indicator

Outcome

Opportunity

Operating
System

Agency
Efficiency

Objective

Improve
commuting
opportunities
to jobs and
services

Provide useful
data

Provide
improved
data-sharing
methods

Hypothesis

P

P

S

Through implementation of
multiple portfolio projects,
Smart Columbus Program
will improve traveling
opportunities for Columbus
region residents to their jobs
and services.

The Operating System will
provide useful data to public
agencies, evaluators, and
developers through an
Open Data Portal.

The Operating System will
enhance the ease of datasharing methods through
the Open Data Portal.
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Design of
Experiment

Indicator
Perceived overall
congestion

S

Perceived ease of
trip planning to
jobs and services

S

Perceived ease of
multimodal
transfers

I

Perceived ease of
FMLM travel

I

Ability to access
and use the data

P

Usefulness of the
accessed data for
intended purpose

S

Number of
applications,
reports, analytics
and visualizations
created using the
Operating System
data

S

Post-only
Trend
Analysis

Ease of data
sharing ability

S

Pre/Post
Quasi
Experimental
Design

Number of
requests for
datasets

S

Pre/Post
Trend
Analysis

Pre/Post
QuasiExperimental
Design

Data Source

Baseline

Treatment

Key Findings

and population
density by census
block group
(American Community
Survey, 2012-2017 5year estimates, U.S.
Census Bureau);
Surveys; Operating
System project data

Statistically significant reduction
in perceived overall congestion

Operating System;
Customer Survey

Trip planning perceived as
significantly easier postimplementation
Ease of transfers results
inconclusive due to sample size
Ease of FMLM results
inconclusive due to sample size

Pre/Post
Quasi
Experimental
Design

Operating System;
Surveys

Operating System;
Surveys

One year
before
implementation
of the
Operating
System Data
Platform 2.0
(April 1, 2018
to March 31,
2019)

From the
implementation of
the Operating
System Data
Platform 2.0 until
the period of
implementation of
last portfolio project
(April 22, 2019 to
March 31, 2021)

50% (1 of 2) agency respondent
indicated increase accessibility;
the other respondent indicated
no perceived change.
100% (2 of 2) agency
respondents indicated that data
met their needs (useful)

N/A

High usage: 222,685 downloads
67,156 queries, 209
visualizations (48% of
visualizations were Smart
Columbus)

One year
before
implementation
of the
Operating
System Data
Platform 2.0

Improved data-sharing
mechanism

Reduced number of dataset
requests from public users

Appendix C. Program- and Project-Level Results Matrix by Outcome, Objective, and Indicator

Outcome

Objective

Provide easily
discoverable
data

Provide an
easily
accessible
data
exchange to
providers and
consumers of
data

Customer
Satisfaction

Establish and
enhance
customer

Hypothesis

S

S

S

Design of
Experiment

Indicator

Data Source

Baseline

Amount of time to
access the data

S

Pre/Post
Quasi
Experimental
Design

(April 1, 2018
to March 31,
2019)

Number and
frequency of data
retrievals from the
Operating System

S

Post-only
Trend
Analysis

N/A

The Operating System will
provide users with data in
an easily discoverable
manner.

Ability to find data
intended by the
users

P

Post-only
Trend
Analysis

Number of
requests for
datasets

S

Pre/post
Trend
Analysis

The Operating System will
provide an easily accessible
data exchange for all users
of both internal and external
applications.

Percentage of
datasets
accessible to
applications
(internal and
external) in a
usable format and
method

S

Post-only
Trend
Analysis

Ability to access
and use the data

S

Pre/Post
Quasi
Experimental
Design

Ability to
ingest/harvest the
data into the
Operating System

S

Pre/Post
Trend
Analysis

–

Post-only
Trend
Analysis

The Operating System will
ensure the satisfaction of its
customers (public agencies,

Customer
satisfaction
ratings for:

Operating System;
Surveys

N/A

One year
before
implementation
of the
Operating
System Data
Platform 2.0
(April 1, 2018
to March 31,
2019)
Operating System;
Surveys

Operating System;
Surveys

Treatment

Key Findings
Reduced time to access data

From the
implementation of
the Operating
System Data
Platform 2.0 until
the period of
implementation of
last portfolio project
(April 22, 2019 to
March 31, 2021)

High usage: 222,685 downloads
67,156 queries, 209
visualizations (48% of
visualizations were Smart
Columbus)
Surveys indicated need for
enhanced data discoverability
High usage: 222,685 downloads
67,156 queries, 209
visualizations (48% of
visualizations were Smart
Columbus)

N/A

100% accessible. Of 806
datasets, 8 percent (64) are
classified as internal datasets
and 92 percent (742) are
classified as external datasets.

One year
before
implementation
of the
Operating
System Data
Platform 2.0
(April 1, 2018
to March 31,
2019)

Over 60% of users said
experience accessing and using
data was “good to very good

N/A

Good experience
ingesting/harvesting; especially
liked “preview” mode.

From the
implementation of
the Operating

–
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Appendix C. Program- and Project-Level Results Matrix by Outcome, Objective, and Indicator

Outcome

Hypothesis

Indicator

satisfaction
with the
Operating
System

evaluators, and developers)
by providing and enhancing
data, visualization, and
analytical features through
an Open Data Portal.

Quality, freshness
and
completeness of
data

S

Metadata quality

S

Visualization
tools/features

S

209 visualizations using 156
datasets; visualization primary
focus for 18%; several
suggestions for improvement
received.

Analytical
tools/features

S

67K queries across 435 (54%)
datasets; analytics primary focus
for 24%.

Method of
ingesting data into
the Operating
System

S

Ingestion method received good
reviews from agency users; not
yet available to external users

Method of
extracting data
from the
Operating System

S

69% rate extraction experience
good or very good; over 222,000
downloads overall.

Time spent on the
Operating System

S

Over 46K users, 55K session
(average 54 sections and
performs 1.19 sessions)

Time spent on
discovery of
dataset(s)

S

Discovery page attracted 15% of
traffic and 25% of total sessions

Ability to find the
intended data

S

59% rated experience finding
data good or very good

Emergency
response time

S

Provide easily
discoverable
data

CVE

Safety

Design of
Experiment

Objective

Reduce
emergency
response
times in CVE
corridor

S

S

The Operating System will
provide open data to the
users in an easily
discoverable fashion.

The Emergency Vehicle
Preemption application will
improve emergency
response times by reducing
delay at signalized
intersections with DSRC.
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Pre/post
Trend
Analysis

Data Source

Columbus
Department of Public
Safety Computer
Aided Dispatch (CAD)
system; CVE data;
Surveys

Baseline

Nine months
prior to
implementation
(fall 2019 to
summer 2020)

Treatment

Key Findings

System Data
Platform 2.0 until
the period of
implementation of
last portfolio project
(April 22, 2019 to
March 31, 2021)

76% said good or very good

Seven months postimplementation (fall
2020 to spring
2021)

70% said good or very good

Avg. Speed and travel time
improved for all approaches for
which preemption was granted:
- Up to 5.6 sec less travel time
- Avg. 1.64 sec less travel time

Appendix C. Program- and Project-Level Results Matrix by Outcome, Objective, and Indicator

Outcome

Hypothesis

Indicator

Design of
Experiment

Data Source

Baseline

Treatment

Key Findings

Two months
following
deployment
before
implementation
(fall 2020)

Five months postimplementation
(winter 2020 to
spring 2021)

- Some crashes may have been
avoided as a results of red light
violation warnings.
- Vehicles that received warnings
earlier were more likely to have
slowed down after receiving the
initial warning.

Increase
driver's
awareness of
signal status

S

The Red Light Violation
Warning application will
increase the driver's
awareness of traffic signal
status by providing drivers
with warnings of impending
signal violation at every
signalized intersection in the
CVE corridors.

Driver’s
awareness of
traffic signal
status

S

Increase
driver's
awareness of
speed limits in
school zones

S

The Reduced Speed School
Zone application will
increase driver's awareness
of speed in school zones by
providing drivers with
warnings to reduce speed
due to the proximity of
school zones.

Driver’s
awareness of
speed in school
zones

S

Demonstrate
DSRC
technology for
TSP
application

I

DSRC based TSP
application will perform at
the same level as
Opticom**-based TSP
application.

Time of priority
request

S

Post-only
QuasiExperimental
Design

N/A

-Median response time 66
milliseconds
-Over 76% of signal priority
requests are responded to in less
than 100 milliseconds.

Reduce truck
wait (delay)
time at
signalized
intersections

I

The FSP will save travel
time for trucks passing
through equipped
intersections by modifying
signal timing.

Travel time
through
intersection

I

Pre/post
Trend
Analysis

N/A (predeployment
perceptions
are gathered
through postimplementation
survey).

One of four intersections where
freight priority was granted
indicated improvement in
average approach speeds.

Mobility

Provide a
single point of
access to
multimodal
trip planning
information to
plan and book
a multimodal
trip

S

The MMTPA will encourage
travelers to take multimodal
trips in central Ohio by
providing a comprehensive
multimodal
planning/booking tool.

Perceived
improvement in
access to
multimodal trip
planning

S

Pre/Post
QuasiExperimental
Design

Resident and
Customer Surveys

Opportunity

Facilitate
access to jobs
and services

S

The MMTPA will provide
better access to jobs and
services by enabling
travelers to use mobility
services that were
previously either unavailable
to them or of which they
were unaware.

Perceived ease of
accessing jobs
and services

S

QuasiExperimental
Design

Resident and
Customer Surveys

Mobility

MMTPA***

Objective

Pre/Post
Trend
Analysis

- Increasing awareness of school
zone alerts issued from the OBU
from one phase to the next. 
- Approx. 13% of vehicles
decrease speed to below the 20mph school zone limit less than 2
seconds after a warning is initially
received

Summer 2020

Fall 2020 to Spring
2021 (six months)

Significant increase in scores for
ease of transferring modes

- Marginal increase in ease of
getting to primary workplace
- Significant increase in ease of
access to healthcare and
entertainment
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Appendix C. Program- and Project-Level Results Matrix by Outcome, Objective, and Indicator

MAPCD

Outcome

Objective

Customer
Satisfaction

Improve
customer
satisfaction

Mobility

Opportunity

Agency
Efficiency

Improved
access and
use of COTA
fixed route
bus service
for MAPCD
participants

P

S

Improve
independence
of MAPCD
participants by
using fixedroute service

S

Reduce
COTA
expenditures

I

Design of
Experiment

Hypothesis

Indicator

The MMTPA will improve
customer satisfaction by
providing a comprehensive
multimodal
planning/booking tool.

Customer
satisfaction
ratings

S

QuasiExperimental
Design

Resident Surveys

MMTPA
application ratings

S

Post-only
Trend
Analysis

MMTPA Application
Analytics

N/A

Over 97% of respondents found
Pivot very easy or easy to use.

Perceived ease of
participating in a
multimodal
planning solution

P

QuasiExperimental
Design

Customer (In-App)
Surveys

Summer 2020

Marginal increase in satisfaction
with comfort.

Customer trips
moved from
paratransit to
fixed route

I

Pre/Post
Trend
Analysis

COTA, MAPCD
Vendor, Operating
System

One-year preimplementation
(April 29, 2018
to April 28,
2019)

Overall number of
trips taken

S

Post-only
Trend
Analysis

MAPCD Participant
and Caregiver Survey

N/A

Perceived
independence

S

Achieved feeling of perceived
independence

Ease of Use

S

Ease of Use: caregivers gave
mixed results initially. Issues
were addressed with updates.

Perceived
independence

S

MAPCD
participant and
caregiver
experience

S

Dollars saved in
paratransit
program

I

The MAPCD application will
allow MAPCD participants
who use paratransit service
or don’t feel confident to use
fixed-route bus service by
providing navigation
directions to, during, and
from trips involving use of
fixed-route bus service.

The MAPCD application will
allow MAPCD participants
to use fixed-route service to
feel a greater sense of
independence by providing
navigation directions to,
during, and from trips
involving use of fixed-route
bus service.
The MAPCD application will
reduce COTA operating
expenses by moving
passengers from paratransit
service to fixed-route bus
service.
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Data Source

Post-only
Trend
Analysis

MAPCD Participant
and Caregiver Survey

Pre/post
Trend
Analysis

COTA

Baseline

Treatment

Key Findings
Significant increase in
satisfaction with transportation
options overall and travel time,
travel distance, and flexibility.

N/A

One-year postimplementation
(April 29, 2019 to
April 28, 2020)

N/A. The study population did not
include existing paratransit users.

82 trips, all of which were a shift
from caregiver’s personal
vehicles.

Achieved feeling of perceived
independence
- Achieved feeling of perceived
independence
- Participants found it easy to
use, but caregivers had mixed
results (issues were later
address with an update)***

One-year preimplementation

N/A. As existing paratransit users
were not among study
participants, this indicator was
not measured. However,
potential savings may be realized
in the future if paratransit users
shift to the MAPCD application.

Appendix C. Program- and Project-Level Results Matrix by Outcome, Objective, and Indicator

PTA

Outcome

Objective

Mobility

Examine
pregnant
women’s
improved
access to
NEMT trip in
the
intervention
group
compared to
those
assigned to
usual care
group. (Key
secondary
outcomes
include
prenatal visit
adherence
and the rate of
preterm
delivery in
each group.)

P

Opportunity

Increase
usage of
NEMT
benefits

P

Customer
Satisfaction

Improve
customer
satisfaction

S

Design of
Experiment

Hypothesis

Indicator

Women in the intervention
group (assigned to PTA
project) will be more likely to
be satisfied with the
transportation services than
women in the “usual care”
group, and they will also
have increased prenatal trip
adherence and a lower rate
of preterm delivery.

Number of NEMT
trips taken (by
type,
purpose)*****

S

Adequacy of
prenatal care
Kotelchuck Index

I

Women in the intervention
group will take more NEMT
trips than women in the
“usual care” group.

Number of NEMT
trips taken (by
type and purpose)

S

PTA Vendor
MCOs

N/A

- 143 randomized participants
- Intervention group took more
trips (median 19 trips) than usual
care group (median 2 trips)
- 44% of usual care group took
no trips; only 19% of intervention
group took no trips
- Adequacy of prenatal care
index and preterm delivery
showed no notable difference
between groups

The PTA will increase
customer satisfaction by
providing an on-demand
mobile and web-based
application to schedule
NEMT services, as well as
on-demand transportation
services.

Customer
satisfaction rating

S

Customer Surveys

N/A

90% of participants were
satisfied or very satisfied in the
treatment group vs. 79% in the
usual care group

Post-only
Randomized
Experiment

Data Source

Baseline

Treatment

Key Findings

PTA Vendor
MCOs
ODH (Birth record)
Customer Survey

N/A

Throughout
pregnancy to eight
weeks after
delivery. Note that
passive follow up of
infant mortality will
continue through
one year after birth
although treatment
timeframe will have
concluded.

- 143 randomized participants
- Intervention group took more
trips (median 19 trips) than usual
care group (median 2 trips)
- 44% of usual care group took
no trips; only 19% of intervention
group took no trips
- Adequacy of prenatal care
index and preterm delivery
showed no notable difference
between groups
Adequacy of prenatal care index
and preterm delivery showed no
notable difference between
groups
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SMH

Outcome

Objective

Mobility

Provide
physical
access to
multimodal
trip-planning
and payment
options

I

Improve
customer
satisfaction

I

Customer
Satisfaction

Design of
Experiment

Hypothesis

Indicator

SMHs facilitate multimodal
trips by allowing travelers to
use kiosks and Wi-Fi to
access the MMTPA and by
consolidating multiple
modes of transportation at a
single location.

Number of trip
planning
requests/bookings
at SMH

I

Application usage
(MMTPA: number
of multimodal
trips, number of
multimodal trips
planned at a
kiosk).

I

SMH facilities with easy and
convenient access to
enhanced trip planning,
multimodal options, Wi-Fi
access, and emergency call
button will improve
customer satisfaction.

300 | Smart Columbus Program | Performance Measures Results – Final Report

Customer
satisfaction rating:

Post-only
Trend
Analysis

I

Usefulness

I

Accessibility

I

Perceived feeling
of safety

I

Baseline

Treatment

Key Findings

MMTPA, Operating
System, IK-CMS

N/A

Summer 2020 to
Spring 2021

Approx. 2% (8 trips) of Pivot app
multimodal trips planned were at
SMH, mostly between November
2020 and March 2021 with
walking as the most common
mode, followed by bus.
384 multimodal trips were
planned using Pivot in total

–

Ease of Kiosk use

Data Source

Post-only
Trend
Analysis

Customer Survey

No statistically significant
difference between respondents
who had used a SMH vs. those
who had seen but not used an
SMH
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Outcome

Objective

EPM

Customer
Satisfaction

Improved
perception of
available
parking in the
downtown
area and
Short North.

CEAV

Mobility

Improve last
mile goods
mobility in the
Linden
neighborhood

Design of
Experiment

Hypothesis

Indicator

Data Source

Baseline

Treatment

Key Findings

I

Users of the EPM will have
improved perception of
available parking in the
downtown area and Short
North.

Perception of
available parking

I

Pre/Post
QuasiExperimental
Design

Surveys: resident and
in-app

August 2020
(one month)

Fall 2020 to Spring
2021 (six months)

No significant difference found in
baseline vs. treatment survey
results

S

CEAV will increase amount
of goods that are distributed
to the Linden neighborhood.

AV miles traveled

S

Post-only
Trend
Analysis

CEAV Vendor;
Operating System
(food pantry and AV
data)

N/A

Linden LEAP:
2/5/2020-4/1/2021

940 miles total (both AVs)

Average vehicle
speed

S

Average walking
distance

S

Travelers with shorter trips used
walking mode more

Walk up usage of
AV food pantry

S

14% (11 of 77 respondents)
walked to Rosewind site

Food pantry
boxes delivered

S

3,871 boxes delivered at
Rosewind (avg. 500
boxes/month)

Number of food
pantry service
visits at SSCH

S

17,742 total visits at SSCH
distribution center (avg.
1,500/mo.)

Number of food
pantry service
visits at Rosewind

S

3,598 visits at Rosewind site
(avg. 460/mo.)

Perceived
convenience

S

76 of 77 patrons were satisfied
with convenience (90%
extremely satisfied) according to
surveys

Perceived
reliability of AV
service

S

Many participants relied on the
services many times: 27 used it
2-5 times, 8 used it 6-9 times,
and 10 used it 10 or more times.

Food pantry
service schedule
adherence

S

83% schedule adherence

Lowest mean: 1.92 mph; highest
mean: 6.97 mph
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Outcome

Objective

Opportunity

Provide more
access to
services for
residents from
underserved
communities

Customer
Satisfaction

Improve the
user
experience

S

P

Design of
Experiment

Data Source

Post-only
Trend
Analysis

Operating System
(AV and food pantry
data)

Total of 289 walkups at
Rosewind

S

Patron Survey

Only 56% of respondents relied
on a personal vehicle for access,
with others relying on transit,
micromobility or rides from others

Number of food
pantry packages
distributed (at
SSCH and
Rosewind)

S

Operating System
(food pantry data from
SSCH Food and
Nutrition Center)

18,392 packages distributed at
SSCH in total; over 3,598
packages distributed at
Rosewind.

CEAV on-time
performance

P

CEAV Vendor;
Operating System

43.7% on-time (59 of 113 days)

Walking distance

S

Travelers with shorter trips used
walking mode more

Perceived
convenience

S

76 of 77 patrons were satisfied
with convenience (90%
extremely satisfied) according to
surveys

Perceived
reliability

S

Many participants relied on the
services many times: 27 used it
2-5 times, 8 used it 6-9 times,
and 10 used it 10 or more times.

Hypothesis

Indicator

Providing complementary
service to SSCH will
increase access to food
pantry services for
underserved communities.

Number of
walkups at
Rosewind

S

Perceived
accessibility of
food pantry
service

CEAV will improve the user
experience by reducing
walking distance and
providing on-time service.

Post-only
Trend
Analysis

Baseline

Treatment

Key Findings

*Free flow factor (FFF) is a traffic speed index published by StreetLight Data, Inc. An increase in FFF indicates a decrease in delay.
**Opticom is a traffic control system that provides signal priority.
***Comparisons are between respondents who had used Pivot versus those who had heard of and/or downloaded Pivot but not used. While other comparisons were made, only those with statistically significant results are included here. Further details are
provided later in this chapter.
****Participant and caregiver experience were measured using the same questions as Mobility Ease of Use indicator as survey questions were relevant to both indicators.
Source: City of Columbus

302 | Smart Columbus Program | Performance Measures Results – Final Report

Program-Level Evaluation Appendix
D.1

CITY MAILER SURVEY DATA AND METHODS

The city mailer survey was collected in two waves. Prior to sending out Wave 1, the CURA team created a
set of ZIP codes that represents the study area (the Columbus Urbanized Area). Then, CURA requested a
sample of 3,889 residents randomly selected from the designated area by the sampling firm Dynata
(formerly known as Survey Sampling International (SSI)). Dynata maintains mailing lists that are regularly
updated from post office lists of residents at their physical address. After identifying the randomly selected
samples, CURA distributed the surveys in two waves.
CURA used UniPrint (the internal OSU printing and mailing service) to distribute the surveys. UniPrint
updated the mailing lists that are provided by Dynata before addressing mailings and excluded all
individuals who do not keep a physical mailing address with the post office. Since the first mailings of both
waves included incentives, UniPrint could not process them directly (processing monetary incentives require
additional cameras and equipment that UniPrint does not have). Instead, UniPrint contracted the first
mailings to one of their vendors, who printed, stuffed, addressed, and mailed these mailings on behalf of
UniPrint for two waves. UniPrint printed, stuffed, addressed, and mailed all the mailings of the second and
third mailings for both waves.
The responses to Waves 1 and 2 were returned in pre-addressed, postage-paid envelopes to the
Environmental and Social Sustainability Lab of the School of Environment and Natural Resources in
Kottman Hall (Address: 2021 Coffey Rd, Columbus, OH 43210). OSU Shipping and Receiving handled
getting returns back to the lab. The lab manager, Dr. Slagle, and one of her lab assistants, processed the
returns in the lab and prepared them for data entry.
The data entry for the returned responses was completed by Entry Time, which is a data entry company
located in Pittsburgh, PA, that specializes in entering data for small projects with unique instrumentation.
Entry Time keyed and rekeyed the survey booklets from the mailings from Wave 1 and Wave 2. Any
incongruities in the data were checked and corrected by Entry Time.

Mailer 1
Survey data was collected via a mailed survey, conducted between November 2019 and February 2020, to
assess a baseline measurement of attitudes, behaviors, and demographics of residents in the Columbus
Urbanized Area prior to the deployment of most Smart Columbus Program projects.
The first mailings including the full packet (cover letter, booklet, return envelope, and a $1 incentive) went
out on November 11, 2019. As a follow-up, CURA sent reminder postcards to households that had not yet
responded on November 28, 2019. CURA sent the final follow-up mailings including the full packet (cover
letter, booklet, and return envelopes) to households that had not yet responded on January 6, 2020. The
team received 641 responses in Wave 1. This equals to an adjusted response rate of 19%.

Mailer 2
Survey data was collected via a mailed survey, conducted between November 2020 and February 5, 2021
to assess a "post" measurement of attitudes, behaviors, and demographics of residents in the Columbus
Urbanized Area following to the deployment of most Smart Columbus Program projects. The same
respondents from mailer 1 were contacted, and additional new participants were contacted to supplement
for potential drop-out.

Performance Measures Results -- Final Report | Smart Columbus Program | 303

Appendix D. Program-Level Evaluation Appendix

CURA maintained the list of respondents from Wave 1 (cleaned of no longer accurate addresses, which
dropped the recontact N = 615), and supplemented those with an additional N = 2,789 addresses, using the
same sampling frame of ZIP codes as Wave 1. CURA maintained the same mailing scheme and data entry
from Wave 1 as well. For Wave 2, the first mailings including the full packet (cover letter, booklet, return
envelope, and a $1 incentive) went out on November 30, 2020. The reminder postcards were sent to
households that had not yet responded on December 21, 2020. CURA sent the final follow-up mailings
including the full packet (cover letter, booklet, and return envelopes) to households that had not yet
responded on January 30, 2021. At that point, it was important to indicate that undeliverable notifications
from the second mailings in Wave 2 were received. These households were removed from the 3rd mailing
list. As of February 5, 2021, 688 responses were received. This also equals to an adjusted response rate of
19%.

D.1.2.1

LIMITATIONS

COVID-19 AS A CONFOUNDING EVENT
The baseline mailer survey was conducted prior to the outbreak of the COVID-19 pandemic in the United
States. The post-deployment, or demonstration, survey, was conducted during the outbreak of the COVID19 pandemic. Therefore, it is entirely possible and highly likely that changes in survey responses are related
to COVID-19 rather than the deployment of the Smart Columbus Program. Moreover, the results do not lend
themselves to differentiate the size of effect related to Smart Columbus Program deployments and the
COVID-19 outbreak.

LIMITED TIMELINE
The post-deployment survey was sent out shortly after deployment of some of the Smart Columbus
Program projects. For example, in the case of the MMTPA project, survey respondents only had a month to
gain exposure to the project before being contacted by the research team. It is possible that with more
exposure time, survey responses would better reflect the impact of these projects on residents’ travel
behavior and perceptions.

ADJUSTED RESPONSE RATE
Although the addresses selected for the mailer survey were representative of residents in the Columbus
urbanized area, not all mailers were filled out and returned to the survey team. Response rates to both
waves of the mailer survey were about 19%, which is typical in recent large-scale mailer studies (Stedman
et al., 2019). Moreover, the smaller sample that responded to both baseline and post-deployment surveys
may be unique in its interest level in transportation services in the city. Thus, the survey sample limits the
generalizability of the survey results.

D.2

TRAFFIC CONGESTION ANALYSIS DATA AND METHODS
References

OpenStreetMap Foundation. (n.d.). About OpenStreetMap. Retrieved March 30, 2021, from
https://www.openstreetmap.org/about
StreetLight Data, Inc. (n.d.). Why StreetLight: Our Data. StreetLight Data. Retrieved March 30, 2021, from
https://www.streetlightdata.com/our-data/
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difference between Congestion and Free Flow Factor? StreetLight Data Support.
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Data. Retrieved March 30, 2021, from https://publicmorpc.hub.arcgis.com/datasets/ed6af27860ed4f1ab59b19bed2b57fd8_0

Overview
This analysis estimates the impact of the Smart Columbus Program portfolio on traffic congestion by
evaluating the changes in traffic volumes and travel time and delay on a set of road segments along the
Cleveland Avenue corridor between the baseline period and the demonstration period (i.e., before and after
the introduction of the Smart Columbus Program’s projects). After controlling for confounding factors, any
change in traffic volumes on these road segments can be attributed to the Smart Columbus Program.
Because travel times are influenced by many confounding factors beyond the scope of the Smart Columbus
Program, a quasi-experimental approach was used to attempt to control for these factors. This approach
compares the change experienced by a set of road segments in the vicinity of the Cleveland Avenue
corridor to comparable road segments scattered throughout the rest of the region. The road segments near
Cleveland Avenue are the treatment group. The comparable road segments are the control group, and they
are methodically selected using a PSM method to have characteristics similar to the treatment group in
terms of their physical attributes, nearby land use, and nearby socioeconomic conditions. Changes in traffic
volumes and travel time and delay for the treatment group are compared to changes in the variables for the
control group using a DID statistical method to isolate the portion of the change attributed to Smart
Columbus Program from the overall change experienced by the region.
The data used for this analysis include traffic volume and travel time and delay by road segment, current
land use by parcel, and socioeconomic characteristics by census block group.
The Cleveland Avenue corridor was selected as the study area for this analysis due to its methodological
compatibility, the potential to account for geographically localized and generalized impacts of the Smart
Columbus portfolio, and for consistency with the Smart Columbus USDOT Smart Cities proposal, which
references this corridor extensively.
Figure 175 depicts the steps in the analysis process. Each of these steps will be discussed in detail in the
remaining sections of this appendix.
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Figure 175: Analysis Steps For Evaluating Impacts On Traffic Congestion
Source: OSU

Prepare input data
The first step is to identify the required input data, and then to combine the data in preparation for the
analysis. The following data were used for this analysis:
•
•
•
•

Street segments (Open Street Map)
Traffic volume data and FFF data for Central Ohio street segments (StreetLight Data, Inc.)
Current land use for Central Ohio parcels (Mid-Ohio Regional Planning Commission)
Median household income, unemployment rates, and population density by census block group
(American Community Survey, 2012-2017 5-year Estimates, U.S. Census Bureau)

Street segment data
OpenStreetMap (OSM) is a world map comprised of geospatial data contributed by volunteers from around
the world. The data is open and free to use, and it is used widely in third party websites, mobile
applications, and hardware devices. Among other features, OSM includes a routable street network dataset
made up of millions of street segments. The segments that represent the streets in Central Ohio constitute
the unit of analysis for this study. These segments are depicted as red lines in the map below (Figure 176).
The green boundary represents the Columbus urbanized area, which defines the boundary for control group
selection.
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Figure 176: OpenStreetMap (OSM) Road Segments
Source: OpenStreetMap

Traffic volume and travel time data
StreetLight Data, Inc. is a firm specializing in traffic data and analysis. Using anonymized location data from
mobile phones and navigation devices, it derives segment level statistics for road segments across North
America and makes these statistics available to users via a web-based analysis tool. The statistics map to
OpenStreetMap street segments. For this study, the tool was used to obtain two statistics for the road
segments in Central Ohio, namely traffic volume and FFF. Traffic volume is an estimate of the number of
vehicles that traveled on a road segment during a particular time period. When the volume for an entire day
is considered, the volume corresponds to the average daily traffic (ADT) for the segment, which is estimated
as described in (Streelight Data, Inc., 2021). The volume for parts of a day are estimated similarly, but taking
into account variation over the course of the day.

Free flow factor requires more explanation. According to the StreetLight Website (Gische, 2019):
Free Flow Factor is calculated as the "Average Trip Speed" divided by the "Free Flow Trip Speed". The
Free Flow Trip Speed is equal to the Maximum Average Trip Speed that is observed in any one of the
24 hours of the day, averaged over all the days.
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Congestion is calculated as 1 minus the Free Flow Factor. If the Free Flow Factor is big, the congestion
factor (1 - Free Flow Factor) will be small, indicating less congestion. If the Free Flow Factor is low, the
congestion factor (1 - Free Flow Factor) will be high, indicating more congestion.
Thus, FFF is an index of traffic speed relative to the typical speed of traffic on the segment.
The StreetLight data were exported from the web-based tool as a table containing both variables. This was
repeated for the baseline timeframe and the demonstration timeframe to provide the longitudinal data
needed to carry out the DiD analysis. Where the traffic volume or free flow factor is represented as a single
value, that value is the average of the values for individual street segments in the indicated group.

Land use data
Land use data are in the PSM process to match control road segments to treatment road segments. The
Mid-Ohio Regional Planning Commission maintains a spatial database of parcel-level land use data to
support their transportation planning work. For this study, OSU used the latest available version, titled “MTP
2020-2050 Future Land Use Parcels”. Although the title suggests that the data covers only future land use,
it also contains a field (“ExistingLU20”) that specifies current land use. The light grey polygons shown in
Figure 177 represent the parcels whose land uses are documented in the dataset.

Figure 177: Land Use Data (Parcel-Level)
Source: Mid-Ohio Regional Planning Commission
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Socioeconomic data
Socioeconomic variables are used in the PSM process to match control road segments to treatment road
segments. The specific variables used for this study are median household income, unemployment rate,
and population density. For this study, OSU used block group level American Community Survey data
based on 2012-2017 five-year estimates from the U.S. Census Bureau. The block groups are depicted by
the gray polygons in Figure 178.

Figure 178: American Community Survey (ACS)
Source: US Census Bureau

Preparing the base data
Matching control street segments to treatment street segments requires a set of covariates (attributes)
associated with each segment. The covariates of interest for this study are road segment length,
surrounding land use, and surrounding socioeconomic characteristics. OSU used spatial methods to
associate values for each of these variables with each road segment.
Considering a 400-meter buffer zone around the road segment as its catchment area, the proportion of each
land use type within the 400-meter catchment areas for all road segments was calculated. OSU spatially
joined the average median household income, unemployment rates, and population density of block groups
intersected with each road segment catchment area to calculate the socioeconomic variables. The
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evaluation team then clipped outlying road segments to the Columbus Urban Area boundary. The final base
data include 7,689 road segments within the boundary (Figure 179, Figure 180 and Figure 181).

Figure 179: A 400-Meter Buffer Zone Around Road Segments
Source: OSU
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Figure 180: Boundary of Columbus Urban Area
Source: OSU
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Figure 181: Selected Road Segments (Final Base Data)
Source: OSU

Define treatment area
The next step is to define the treatment area for selecting the treatment group of road segments. Smart
Columbus Program projects were deployed in several geographic areas throughout the city, and some
projects do not have a specific geographic distribution. Moreover, the projects are likely to have both
localized effects that affect the specific area where the project was deployed as well as generalized effects
that apply to the region overall. Consequently, there is no obvious treatment area. After considering several
treatment areas at different scales, the project team selected the Cleveland Avenue corridor.
The Cleveland Avenue corridor was selected for the following reasons:
1. Cleveland Avenue, the Linden residential neighborhood (which is bisected by Cleveland Ave), and
the CMAX BRT line (which travels the length of the corridor) are all referenced in the Smart
Columbus Program Technical Application for the USDOT Smart Cities program as areas of focus for
the Smart Columbus Program initiative.
2. Several Smart Columbus Program projects are geographically focused on neighborhoods along the
corridor, namely SMH, CEAV, and CVE. The selection of Cleveland Ave accounts for the localized
impacts of these projects.
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3. The corridor extends from downtown Columbus to an outlying suburb (Westerville). It is an
important commuting corridor that parallels a major interstate (Interstate 71), and its transect
includes a diverse set of neighborhoods and development patterns. The selection of Cleveland Ave
ensures that these significant factors are represented in the analysis.
4. In addition to the SMH located at the Columbus State Community College, Linden Transit Center,
the Linden Branch of the Columbus Metropolitan Library, and Northern Lights Park and Ride, the
corridor includes several other transportation hubs, including the Northland Transit Center, and the
Westerville Park and Ride. The selection of Cleveland Ave accounts for the possibility that travelers
who historically drove along the corridor will be motivated by Smart Columbus Program multimodal
planning and FMLM solutions to leave their vehicles at one of these locations and use a
combination of transit and shared-use services to complete their trips.
The treatment area is depicted in the figures in the following section.

Select treatment group
The third step is to identify two groups (treatment and control) based on treatment area definition. OSU
defined the treatment area as the buffered area around a set of road segments that intersect CMAX stops
and SMH locations. CMAX is a COTA bus rapid transit line that is aligned with Cleveland Ave and its stops
serve as a useful proxy for the corridor given the close coupling between the Smart Columbus Program’s
projects and transit. To demarcate the corridor, road segments were selected that intersected with CMAX
stops and Smart Mobility Hubs (SMHs) within a 400-meter distance as the treatment group. Note that some
road segments in the Easton area are also included in the treatment group due to the presence of the SMH
there. The buffer distance of 400 meters corresponds roughly to 1/4 mile, which is a commonly used
distance to define a walkshed or pedestrian catchment area. The candidates for the control group are road
segments outside the treatment road segments (Figure 182 and Figure 183).
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Figure 182: Treatment Road Segments
Source: OSU
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Figure 183: Candidates For The Control Road Segments
Source: OSU

Control group exclusions
From the 7,689 total road segments in the dataset, 909 road segments were chosen as the treatment group,
and 6,780 road segments remain as the candidates of the control group. Several sets of road segments
were removed from the candidates of the control group:
•

Elimination zone: Excluded the set of roads within 1200-meter elimination zone (buffer) around
CMAX stops and SMH to avoid contamination effects between the control group and the treatment
group. (494 road segments excluded, see Figure 184)

•

The Ohio State University campus: Excluded the set of roads within the OSU campus due to the
atypical traffic patterns in this vicinity. (353 road segments excluded, see Figure 185)

•

Airports: Excludes the set of roads in close proximity to three airports in study area due to atypical
traffic patterns in these areas. (Ohio State University Airport, Rickenbacker International Airport,
John Glenn Columbus International Airport, 90 road segments deleted, see Figure 186)
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Figure 184: Road Segments In Elimination Zone Excluded From Control Group Candidates
Source: OSU
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Figure 185: Road Segments On OSU Campus Excluded From Control Group Candidates
Source: OSU
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Figure 186: Road Segments At Airports Excluded From Control Group Candidates
Source: OSU

Due to these exclusions, 937 road segments in total were removed from the set of control group candidates.
This left 5,843 road segments in the set of control group candidates to be matched to the 909 road
segments in the treatment group by Propensity Score Matching. The final treatment group and control group
candidates are shown in Figure 187 and Figure 188, respectively.
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Figure 187: Selected Treatment Road Segments
Source: OSU
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Figure 188: Selected Control Road Segment Candidates
Source: OSU

Select control group
The next step was to estimate propensity scores for two groups (treatment and control) using the
PSMmethod. OSU included three types of covariates: 1) land use, 2) socio-economic, and 3) road segment
length that were chosen because they are theoretically related to the traffic outcomes as well as the set of
Smart Columbus Program treatments. Before carrying out Propensity Score Matching, ‘motorway’ and
‘motorway link’ road segments were removed, indicating freeways and ramps from both groups because the
theoretical links are weaker for these. The final sample sizes are 576 road segments for treatment and
3,950 road segments for control (4,526 road segments total).
Olmos and Govindasamy (2015, p. 71) offer a helpful explanation of PSM:
Propensity scores are defined as the conditional probability of assigning a unit to a particular treatment
condition (i.e., likelihood of receiving treatment), given a set of observed covariates: ()
Where = treatment, = treatment condition, and = covariates. In a two-group (treatment, control)
experiment with random assignment, the probability of each individual in the sample to be assigned to
the treatment condition is: () =0.5. In a quasi-experiment, the probability () is unknown, but it can be
estimated from the data using a logistic regression model, where treatment assignment is regressed on
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the set of observed covariates (the so-called selection model). The propensity score allows matching of
individuals in the control and treatment conditions with the same likelihood of receiving treatment.
Therefore, a pair of participants (one in the treatment, one in the control group) sharing a similar
propensity score are seen as equal, even though they may differ on the specific values of the covariates.
Table 94 shows the results of a logistic regression model for the PSM. Most variables are statistically
significant, and all statistically significant covariates are included - as well as those theoretically known to
have influences on traffic congestion—in the matching process.

Table 94: Result Of Logistic Regression Model For PSM Covariates
Dependent Variable: treatment

Coefficient

Str. Err.

Median Household Income

-0.000

0.000***

Population Density

-0.000

0.000

Average Unemployment Rate

-0.023

0.012***

Land Use: Agriculture

-0.026

0.017

Land Use: Institution

0.025

0.006***

Land Use: Miscellaneous

-0.027

0.010***

Land Use: Open Space

-0.009

0.005*

Land Use: Commercial

0.014

0.003***

Land Use: Industrial

-0.028

0.006***

Road Segment Length

-0.000

0.000***

Constant

-0.253

0.271

Observation

4,526

Log Likelihood

-1526.773

Note: *p<0.1; **p<0.05; ***p<0.01
Source: OSU

The propensity scores estimated for road segments through a logistic regression model were input into the
nearest neighbor matching. This algorithm selected a subset of 576 road segments from the 3,950 potential
control segments as one-to-one matches with the treatment road segments.
Table 95 shows the standard differences of covariates between treatment and control groups before and
after Propensity Score Matching. A standard difference above 25% for a variable suggests an imbalance
between treatment and control groups. After the Propensity Score Matching, there was no imbalance.

Table 95: Standard Differences (a) Before and (b) After PSM
Absolute standard differences between
treatment and control group (%)

(a) Before

(b) After

Median Household Income

77.12*

1.22

Population Density

30.43*

2.65

Average Unemployment Rate

20.94

2.10
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Absolute standard differences between
treatment and control group (%)

(a) Before

(b) After

Land Use: Agriculture

24.10

0.95

Land Use: Institution

22.65

1.07

Land Use: Miscellaneous

27.73*

3.40

Land Use: Open Space

34.33*

0.18

Land Use: Commercial

44.02*

4.29

Land Use: Industrial

21.78

6.47

Road Segment Length

23.22

3.05

Constant

77.12

1.22

Observation

4,526

1,152

Note: * indicates variables above the 25% threshold
Source: OSU

Table 96 shows the results of a chi-square test. A statistically significant chi-square value (p value < 0.1)
appearing prior to PSM (column a) indicates one or more covariates are resulting in an imbalance between
treatment and control groups. However, after PSM (column b), the chi-square statistic is no longer
statistically significant, indicating an equivalence between two groups.

Table 96: Chi-Square Test Results (a) Before and (b) After PSM
(a) Before

(b) After

Ｘ² statistics

321

3.9

Degree of Freedom

10

10

P-value

5.04e-63

0.952

Observation

4,526

1,152

Source: OSU

Once the propensity scores were calculated, a geographical approach was used to assess the distributional
similarly between score distributions. Figure 189 shows the geographic locations of treatment and control
units. Figure 190 shows the distributions of propensity scores before and after matching. The distributions
of propensity scores in Figure 189 and Figure 190 visually confirm an improved balance and similarity
between treatment and control groups after PSM.
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Figure 189: Geographic Locations Of Selected Segments In Treatment And Control Groups
Source: OSU

Figure 190: Distribution of Propensity Scores
Source: OSU
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Based on the matched treatment and control road segments, the direct impacts of the Smart Columbus
Program on traffic congestion using the Difference-in-Differences (DiD) model can be estimated.

Join traffic data
The next step was to join traffic data from StreetLight Data with the matched treatment and control road
segments. The StreetLight web-based analytics platform was used to perform segment analysis using the
matched treatment and control road segments. The segment analysis offers trip information for a specific
road segment from one user-defined “pass-through gate” to another. Using segment analysis, traffic volume
and FFF data are returned (see Section D.2.5) for each of the street segments in the two groups.

Descriptive Analysis: Traffic volume
The next step was to compute descriptive statistics from the information that was returned through segment
analysis. To identify trends in traffic volume and FFF, several time periods were chosen from 2017 to 2020.
• March 1 – April 30
• September 1 – October 31
This time period spans the April 29, 2019 demarcation date for the Smart Columbus Program.
Figure 191 to Figure 196 show the all-days traffic volume (average of each ADT) of treatment and control
road segments. For all day traffic volume, control road segments have larger traffic volume than treatment
road segments during all time periods. Traffic volume substantially decreased for March and April 2020, and
the effects of COVID-19 can be observed during this period. Traffic volume increased greatly for September
and October 2020 as compared to that for March and April 2020. In general, traffic volume of two groups
has decreased since 2017. Interestingly, there is not a large difference in traffic volume between two groups
during the peak AM period when compared to other time periods such as Mid-Day, peak PM, and late PM.
During early AM, traffic volume in treatment group was slightly larger than control group only for September
and October 2018.

All Day (12am-12am)
Control

Treatment

20,000
15,000
10,000
5,000
0
Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct.
2017

2018

2019

2020

Figure 191: Traffic Volume (All Days – All Day)
Source: OSU
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Early AM (12am-6am)
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Figure 192: Traffic Volume (All Days – Early AM)
Source: OSU
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Figure 193: Traffic Volume (All Days – Peak AM)
Source: OSU
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Mid-Day (10am-3pm)
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Figure 194: Traffic volume (all days – mid-day)
Source: OSU

Peak PM (3pm-7pm)
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Figure 195: Traffic Volume (All Days – Peak PM)
Source: OSU
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Late PM (7pm-12am)
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Figure 196: Traffic Volume (All Days – Late PM)
Source: OSU

In order to understand changes in traffic volume over time, the percentage change between the two periods
was observed (Table 97). For all day traffic volume between March and April 2017 and March and April
2020, there was a 39.5 percent decrease in control group and a 42.1 percent decrease in treatment group.
The decrease in the March and April traffic volume over the years is larger than the decrease in September
and October, and effect that is likely attributable to COVID-19. In September and October, the largest traffic
volume decrease between 2017 and 2020 occurred in the Peak AM part of the day (28.6 percent for the
control group and 33.1 percent for the treatment group). The decrease in traffic volume was larger in the
treatment group than in the control group for all time periods.

Table 97: Percent Change In Traffic Volume (All Days)
All Day
17y - 20y

Peak AM
18y - 20y

Mar.

Sep.

Mar.

Control

-39.5

-12.2

Treatment

-42.1

-15.0

17y - 20y

Sep.

Mar.

-32.7

-8.6

-36.9

-14.9

Peak PM

18y - 20y

Sep.

Mar.

-43.0

-28.6

-44.8

-33.1

17y - 20y

Sep.

Mar.

-37.7

-21.2

-39.7

-28.6

18y - 20y

Sep.

Mar.

Sep.

-37.3

-4.8

-29.0

-4.5

-40.9

-11.8

-35.3

-14.0

Source: OSU

Figure 197 to Figure 202 show the weekday traffic volume for treatment and control road segments. In
general, the trends are similar to the traffic volume for all days. The difference between traffic volume in
treatment and control groups appears to get larger throughout the day, from Peak AM to Late PM.
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All Day (12am-12am)
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Figure 197: Traffic Volume (Weekdays – All Day)
Source: OSU
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Figure 198: Traffic Volume (Weekdays – Early AM)
Source: OSU
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Peak AM (6am-10am)
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Figure 199: Traffic Volume (Weekdays – Peak AM)
Source: OSU
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Figure 200: Traffic Volume (Weekdays – Mid-Day)
Source: OSU
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Peak PM (3pm-7pm)
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Figure 201: Traffic Volume (Weekdays – Peak PM)
Source: OSU

Late PM (7pm-12am)
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Figure 202: Traffic Volume (Weekdays – Late PM)
Source: OSU

Table 98 shows the percent changes in traffic volume between two periods. For all day traffic volume
between September and October 2018 and September and October 2020, there was a 12.3 percent
decrease in control group and a 20.1 percent decrease in treatment group. As compared to the control
group, the treatment group experienced larger changes during all intervals.
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Table 98: Percent Change In Traffic Volume (Weekdays)
All Day

17y - 20y

Peak AM

18y - 20y

17y - 20y

Peak PM

18y - 20y

17y - 20y

18y - 20y

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Control

-39.7

-16.4

-31.4

-12.3

-43.7

-31.7

-37.2

-24.5

-38.7

-9.8

-28.9

-9.7

Treatment

-42.7

-21.4

-36.2

-20.1

-46.2

-35.8

-39.5

-30.9

-43.4

-20.9

-37.1

-22.4

Source: OSU

Figure 203 to Figure 208 show the weekend day traffic volume of treatment and control road segments. As
compared to traffic volume for weekdays, traffic volume for weekend days is always lower. The difference
between traffic volume in treatment and control groups is relatively larger during Mid-Day than other time
periods.
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Figure 203: Traffic Volume (Weekend Day – All Day)
Source: OSU
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Early AM (12am-6am)
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Figure 204: Traffic Volume (Weekend Day – Early AM)
Source: OSU
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Figure 205: Traffic Volume (Weekend Day – Peak AM)
Source: OSU
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Mid-Day (10am-3pm)
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Figure 206: Traffic Volume (Weekend Day – Mid-Day)
Source: OSU

Peak PM (3pm-7pm)
Control

Treatment

6,000
5,000
4,000
3,000
2,000
1,000
0
Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct.
2017

2018

2019

2020

Figure 207: Traffic Volume (Weekend Day – Peak PM)
Source: OSU
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Late PM (7am-12am)
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Figure 208: Traffic Volume (Weekend Day – Late PM)
Source: OSU

Table 99 shows percent changes in traffic volume between two periods. Unlike the trends in All Days and
Weekdays, there are increases in traffic volume for some periods. For example, for all day traffic volume
between September and October 2018 and September and October 2020, there was a 1.2 percent increase
in control group and a 1.3 percent increase in treatment group.

Table 99: Percent Change In Traffic Volume (Weekend Day)
All Day

17y - 20y

Peak AM

18y - 20y

17y - 20y

Peak PM

18y - 20y

17y - 20y

18y - 20y

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Control

-40.1

-2.1

-34.1

1.2

-45.3

-16.8

-39.9

-8.8

-35.4

7.4

-28.4

Sep.
10.2

Treatment

-40.5

3.8

-35.7

1.3

-42.5

-20.0

-40.7

-16.4

-33.6

17.4

-27.2

14.8

Source: OSU

Descriptive Analysis: Travel time and delay
FFF is an indicator of traffic congestion. That is, when the FFF is high, there is little congestion on road
segments. Figure 209 to Figure 214 show the all-days FFF for treatment and control road segments. For all
day FFF, traffic congestion improved for both the treatment and control groups since 2017. For all day FFF,
control road segments have less congestion than treatment road segments, but the gap has decreased
since September and October 2019. The impact of COVID-19 in March and April 2020 is less evident for
FFF than for traffic volume, in part because FFF has been trending upward generally.
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Figure 209: Free Flow Factor (All Days – All Day)
Source: OSU
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Figure 210: Free Flow Factor (All Days – Early AM)
Source: OSU
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Peak AM (6am-10am)
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Figure 211: Free Flow Factor (All Days – Peak AM)
Source: OSU
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Figure 212: Free Flow Factor (All Days – Mid-Day)
Source: OSU

336 | Smart Columbus Program | Performance Measures Results – Final Report

Appendix D. Program-Level Evaluation Appendix

Peak PM (3pm-7pm)
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Figure 213: Free Flow Factor (All Days – Peak PM)
Source: OSU

Late PM (7pm-12am)
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Figure 214: Free Flow Factor (All Days – Late PM)
Source: OSU

To better understand changes in FFF over time the percentage change between two periods was observed
(Table 100). For all periods, there are increases in FFF, which means decreases in traffic congestion. The
interval between September and October 2018 and September and October 2020 is the only interval for
which there as a larger increase in the FFF of the treatment group than that of the control group. The largest
increase for the treatment group was a 13.2 percent increase which occurred for Peak PM between
September and October 2018 and 2020.
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Table 100: Percent Change In Free Flow Factor (All Days)
All Day

17y - 20y
Mar.

Sep.

Control

12.6

12.5

Treatment

8.8

11.3

Peak AM

18y - 20y
Mar.

17y - 20y

Peak PM

18y - 20y

Sep.

Mar.

Sep.

Mar.

Sep.

9.1

6.2

12.3

15.4

10.2

9.4

7.9

7.8

6.8

14.2

9.1

10.9

17y - 20y
Mar.

18y - 20y

Sep.

Mar.

Sep.

14.4

14.6

10.9

8.3

13.6

17.1

11.3

13.2

Source: OSU

Figure 215 to Figure 220 show the weekdays FFF of the treatment and control road segments. In general,
the trends are similar to FFF for all days. The differences between FFF in treatment and control groups vary
depending on time period. During the Peak PM, there was a reverse of FFF only in September and October
2020. During Late PM, FFF of the treatment group has been lower than that of control group since March
and April 2019.
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Figure 215: Free Flow Factor (Weekdays – All-Day)
Source: OSU
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Early AM (12am-6am)
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Figure 216: Free Flow Factor (Weekdays – Early AM)
Source: OSU

Peak AM (6am-10am)
Control

Treatment

0.8000
0.7500
0.7000
0.6500
0.6000
Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct.
2017

2018

2019

2020

Figure 217: Free Flow Factor (Weekdays – Peak AM)
Source: OSU

Performance Measures Results – Final Report | Smart Columbus Program | 339

Appendix D. Program-Level Evaluation Appendix

Mid-Day (10am-3pm)
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Figure 218: Free Flow Factor (Weekdays – Mid-Day)
Source: OSU
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Figure 219. Free Flow Factor (Weekdays – Peak PM)
Source: OSU
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Late PM (7pm-12am)
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Figure 220: Free Flow Factor (Weekdays – Late PM)
Source: OSU

Table 101 shows percent changes in FFF between two periods for Weekdays. These are similar to the
percent changes in FFF for All Days. For instance, there was a greater increase in FFF for the treatment
group than that of control group only between September and October 2018 and September and October
2020.

Table 101: Percent Change In Free Flow Factor (Weekdays)
All Day

17y - 20y

Peak AM

18y - 20y

17y - 20y

Peak PM

18y - 20y

17y - 20y

18y - 20y

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Control

13.0

13.2

9.5

7.0

12.8

16.4

11.2

10.6

15.4

15.8

11.8

Sep.
9.6

Treatment

9.8

13.2

9.4

9.7

8.1

16.1

10.9

12.9

15.4

20.5

13.4

16.1

Source: OSU

Figure 221 to Figure 226 show the weekend day FFF for the treatment and control road segments. For All
Day, FFF on Weekend are relatively different from All Days and Weekday. For instance, as compared to All
Days and Weekday, the changes in FFF are relatively small. It is difficult to discern the effects of COVID-19
in March and April 2020. Indeed, as compared to September and October 2019, there was a decrease in
FFF for March and April 2020. During the Early AM, FFF has decreased overall since March and April 2019,
especially for the treatment group. During the Mid-Day, FFF has not changed much in either group since
March and April 2019. During the Late PM, FFF of control group has increased much more substantially
since September and October 2018 than that of treatment group.
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All Day (12am-12am)
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Figure 221: Free Flow Factor (Weekend Day – All Day)
Source: OSU
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Figure 222: Free Flow Factor (Weekend Day – Early AM)
Source: OSU
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Peak AM (6am-10am)
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Figure 223: Free Flow Factor (Weekend Day – Peak AM)
Source: OSU
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Figure 224: Free Flow Factor (Weekend Day – Mid-Day)
Source: OSU
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Peak PM (3pm-7pm)
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Figure 225: Free Flow Factor (Weekend Day – Peak PM)
Source: OSU

Late PM (7pm-12am)
Control

Treatment

0.8000
0.7500
0.7000
0.6500
0.6000
Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct. Mar.-Apr. Sep.-Oct.
2017

2018

2019

2020

Figure 226: Free Flow Factor (Weekend Day – Late PM)
Source: OSU

Table 102 shows percent changes in FFF between two periods. For all periods, the FFF has increased
more for the control group than for the treatment group. The smallest increase for the treatment group
occurred between September and October 2018 and September and October 2020.
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Table 102: Percent Change In Free Flow Factor (Weekend Day)
All Day

17y - 20y

Peak AM

18y - 20y

17y - 20y

Peak PM

18y - 20y

17y - 20y

18y - 20y

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Mar.

Sep.

Control

11.4

10.7

7.6

4.0

10.9

12.6

7.8

5.3

11.1

10.4

7.9

4.2

Treatment

4.2

5.0

2.7

1.8

-0.9

5.5

2.7

0.8

3.9

4.0

1.8

1.3

Source: OSU

As a result of the descriptive analysis, it was decided to use data from September to November 2018 as
pre-intervention and data from September to November 2020 as post-intervention.

Difference-in-Differences Analyses
The last step is to estimate the direct impact of the Smart Columbus Program on traffic volume and FFF
using a DiD model.
Table 103 shows the traffic volume for September and November 2018 and 2020. For all days, there was
an 11.3 percent decrease in traffic volume of the control group and a 17.3 percent decrease in traffic volume
of treatment group. There was a greater decrease in the treatment group than in the control group.

Table 103: Traffic Volume For The Study Period
All Days (M-Su)

Control
Treatment

Weekday (M-Th)

Weekend (Sa-Su)

Sep.-Nov.
2018

Sep.-Nov.
2020

Percent
Change

Sep.-Nov.
2018

Sep.-Nov.
2020

Percent
Change

Sep.-Nov.
2018

Sep.-Nov.
2020

Percent
Change

16,801
15,186

14,902
12,554

-11.3
-17.3

17,474
16,255

14,957
12,722

-14.4
-21.7

14,129
11,626

13,670
11,182

-3.2
-3.8

Source: OSU

Table 104 shows FFF for September and November 2018 and 2020. For All Days and Weekdays, FFF of
the treatment group increased more than that of the control group. In contrast, on weekends, the percent
change in FFF of the control group is larger than that of the treatment group.

Table 104: Free Flow Factor For The Study Period
All Days (M-Su)

Control
Treatment

Weekday (M-Th)

Weekend (Sa-Su)

Sep.-Nov.
2018

Sep.-Nov.
2020

Percent
Change

Sep.-Nov.
2018

Sep.-Nov.
2020

Percent
Change

Sep.-Nov.
2018

Sep.-Nov.
2020

Percent
Change

0.7123
0.6971

0.7507
0.7454

5.4
6.9

0.7060
0.6852

0.7488
0.7456

6.1
8.8

0.7417
0.7521

0.7666
0.7596

3.4
1.0

Source: OSU

Now, the DiD models are carried out using these data. The main objective of implementing the DiD model is
to isolate the specific and direct traffic volume and traffic delay impacts of the Smart Columbus Program
from the other confounding effects during the treatment period. Using treatment and matched control groups
obtained using the Propensity Score Matching (PSM) technique, DiD modeling was performed.
For traffic volume, a negative binomial regression model was run to handle the over-dispersion issue in our
count data given by Equation 6.
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Equation 6: Traffic Volume Negative Binomial Regression Model For Over-Dispersion
∗

$

!

where is the expected mean value of traffic volume for subject at time , is a dummy variable for the
treatment group and is a dummy variable for the second time period (Sep.-Nov. 2020). The interaction term,
, is equivalent to a dummy variable which has a value of one (1) for observations in the treatment group in
the second period and zero (0) otherwise. A graphical depiction of the DiD model is shown in Figure 227.

Figure 227: Graphical Depiction Of DiD Model
Source: OSU

As can be seen in Table 105, β1 is the coefficient of the treatment variable and reflects the baseline
differences between treatment and control group pre-intervention. β2 is the expected mean change in the
outcome variable from before and after the SC program intervention among control group. β3 is our primary
interest, a DiD estimator, which can show whether the expected mean change in traffic volume from before
and after the Smart Columbus Program period is statistically significantly different between treatment and
control groups.

Table 105: Interpretation Of Coefficients In DiD Model
Coefficient

Calculation
B
A-B
D-B
(C-A) – (D-B)

Interpretation
Baseline average
Difference between two groups pre-intervention
Time trend in control group
Difference in changes over time

Source: OSU

Table 106 shows the results of the difference-in-differences regression for (a) All Days, (b) Weekdays, and
(c) Weekend traffic volume using negative binomial regression model. The percent change in traffic volume
can be calculated by: . For all day, there is a 9.6 percent difference between the two groups pre-intervention,
and the treatment group has lower traffic volume than control group. There is an 11.3 percent decrease in
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control group between pre- and post-intervention for all day. The only statistically significant result is a 13.8
percent decrease of average weekday traffic volume during the peak PM period only.

Table 106: Results Of DiD Model For Traffic Volume

Treatment
(β1)
Time
(β2)
DID (Treat*Time)
(β3)
Intercept
(β0)

(a) All Days (M-Su)
All Day
Peak AM
Peak PM
-0.101**
-0.020
-0.129***
(0.050)
(0.050)
(0.050)
-0.120**
-0.269***
-0.078
(0.050)
(0.050)
(0.050)
-0.070
-0.104
-0.100
(0.071)
(0.071)
(0.070)
9.729***
8.042***
8.568***
(0.036)
(0.036)
(0.035)

(b) Weekday (M-Th)
All Day
Peak AM
Peak PM
-0.072
0.018
-0.095*
(0.050)
(0.051)
(0.050)
-0.155***
-0.299***
-0.122**
(0.050)
(0.051)
(0.050)
-0.090
-0.093
-0.148**
(0.071)
(0.072)
(0.070)
9.768***
8.223***
8.636***
(0.035)
(0.036)
(0.035)

(c) Weekend (Sa-Su)
All Day
Peak AM
Peak PM
-0.195***
-0.229***
-0.240***
(0.052)
(0.051)
(0.052)
-0.033
-0.130**
0.044
(0.052)
(0.051)
(0.052)
-0.006
-0.109
0.046
(0.074)
(0.073)
(0.073)
9.556***
7.369***
8.318***
(0.037)
(0.036)
(0.037)

Note: *p<0.1, **p<0.05, ***p<0.01. Numbers in parentheses are standard errors.
Source: OSU

For FFF, since the dependent variable is a proportion, a multiple regression model was used as shown in
Equation 7.
Equation 7: Traffic Volume Multiple Regression Model
∗

!

In this case, the percent change in traffic volume is computed as follows: + ∗ 100. Table 107 shows the
results of the Difference-in-Differences regression for (a) All Days, (b) Weekdays, and (c) Weekend average
FFF using the regression model. The FFF for the control group experienced a statistically significant
increase between pre- and post-intervention for all days, weekday, and weekend. Positive values of
interaction variables between treatment and time indicate that traffic congestion improved in treatment road
segments. During Peak PM, FFF increased for all days and weekdays, which means that traffic congestion
was reduced as a result of the intervention. On the other hand, traffic congestion increased during the Peak
AM and Peak PM periods on weekends.

Table 107: Results Of DiD Model For Free Flow Factor

Treatment
(β1)
Time
(β2)
DID (Treat*Time)
(β3)
Intercept
(β0)

(a) All Days (M-Su)
All Day
Peak AM
Peak PM
-0.015*
-0.030***
-0.020***
(0.008)
(0.008)
(0.008)
0.038***
0.061***
0.049***
(0.008)
(0.008)
(0.008)
0.010
0.014
0.026**
(0.011)
(0.012)
(0.011)
0.712***
0.735***
0.675***
(0.006)
(0.006)
(0.006)

(b) Weekday (M-Th)
All Day
Peak AM
Peak PM
-0.021***
-0.034***
-0.025***
(0.008)
(0.008)
(0.009)
0.043***
0.067***
0.057***
(0.008)
(0.008)
(0.008)
0.018
0.016
0.036***
(0.011)
(0.012)
(0.011)
0.706***
0.725***
0.663***
(0.005)
(0.006)
(0.005)

(c) Weekend (Sa-Su)
All Day
Peak AM
Peak PM
0.010
0.004
0.014
(0.008)
(0.009)
(0.009)
0.025***
0.036***
0.020**
(0.008)
(0.009)
(0.009)
-0.017
-0.025*
-0.021*
(0.012)
(0.013)
(0.013)
0.742***
0.784***
0.727***
(0.006)
(0.006)
(0.006)

Note: *p<0.1, **p<0.05, ***p<0.01. Numbers in parentheses are standard errors.
Source: OSU
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MAPCD Evaluation Appendix
E.1

ADDITIONAL INSIGHTS: OVERALL TRANSPORTATION SKILLS
AND STAKEHOLDER FEEDBACK
Feedback

The purpose of this section is to describe the impact of the WayFinder system and the education program
on the individual's overall transportation skills when using public transportation. The impact of the system
and education program are described through trip metrics and visual representations of the trip, which were
available through the SMART travel manager. The potential impact of the system and education program,
specifically the acceptability, appropriateness, and feasibility, are described through the survey that was
completed by community mobility professionals external to the MAPCD program.
Though this indicator was not part of the original PfMP, the team included this indicator to provide insight
into the future acceptability, appropriateness, and feasibility.

Method
The WayFinder system has the capacity to track a traveler while completing a trip, and also has the capacity
to store information about the traveler’s interaction with the app. Therefore, the trip information and app
interaction were collected and analyzed to describe the impact of the WayFinder system and the education
program. The impact of the system on the traveler only provides one perspective. Therefore, community
mobility professionals who didn’t participate in the MAPCD program completed a survey that addressed the
acceptability, appropriateness, and feasibility of the system and training program in other settings. The
survey of community mobility professionals provides a foundation for the sustainability of the MAPCD
program and the implementation of new programs in other communities.

Trip and Route Classification
In evaluating the patterns of traveler engagement with the app, several interaction styles emerged. For
example, some travelers only acknowledged Waypoints at the beginning and end of the route. Others
acknowledged all Waypoints along the route, and the rest acknowledged only a portion of the Waypoints.
Therefore, a route classification system was developed based on the traveler’s interaction. The route
classification system, which is defined in Error! Reference source not found., describes the traveler’s
interaction with the app and the type of trip. Based on the route classification system, the team described
the frequency of routes and trips.

External Stakeholder Feedback
Feedback from community mobility specialists, who were not caregivers, was solicited through several
dissemination opportunities at local, regional, and national conferences. A modified version of the
acceptability of intervention measure, intervention appropriateness measure, and feasibility of intervention
measure were used to measure of the acceptability, appropriateness, and feasibility of the WayFinder
system and education program [Weiner et al., 2017]. The ratings use a Likert scale ranging from 1 to 5,
where 1 is completely disagree, 3 is neutral, and 5 is completely agree. In addition, the survey addressed
the community mobility specialists’ opinions of the WayFinder system’s overall functionality, and whether
they could envision incorporating the WayFinder system and education program into their practice. They
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were also asked whether they had specific clients in mind that could benefit from the system and program.
The feedback will support the sustainability of the MAPCD project and inform the continued development
and implementation of the education program.

Participant Feedback
Travelers and caregivers were contacted after the conclusion of the study. The travelers and caregivers
were contacted via email and phone to set up a time for an interview to elicit feedback on the WayFinder
system and the educational program. However, if the individuals did not want to complete the interview, they
were given the option to complete an electronic questionnaire.
Travelers and caregivers were asked a range of questions about the WayFinder system and the
accompanying educational program. Travelers were asked about the experience of the training and using
the app. Caregivers were asked specific questions about the feasibility and accessibility of creating routes
as it relates to the WayFinder app, SMART route builder, SMART route library, and SMART travel manager.
Both the traveler and caregiver were asked to reflect more generally on their experience through each part
of the education program.

Results
E.1.6.1

WAYFINDER TRIPS

Of the 11 travelers who completed the training phase of the study and participated the implementation
phase, eight (73 percent) started a trip with the WayFinder app. When reviewing the data for the trips taken
by all eight travelers, 82 total trips were taken. Trips were classified using the metrics outlined in Table 108.
Out of the 82 trips, 10 (eight percent) were classified as high user interaction, 47 (57 percent) were low user
interaction, 25 (30 percent) were other (Table 109). Interaction frequencies are shown in Table 110.

Table 108: Implementation Trip Frequencies
Implementation Trips

Frequencies

Total Trips Taken in Implementation

82

Number of Travelers who Took a Trip in Implementation

8

Total Number of High User Interaction Trips

10

Total Number of Low User Interaction Trips

47

Total Number of Other Trips

25

Source: OSU

Table 109: Route Classification
Route Type

Metric

High User Interaction

Route started and at least 70% of waypoints responded to during the route

Low User Interaction

Waypoints responded to less than 70% of the opportunities.

Beginning Only

Route started and the only waypoints responded to occurred within the first
1/3 of route.
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Route Type

Metric

Middle Only

Route started and the only waypoints responded to occurred within the
middle 1/3 of route.

End Only

Route started and the only waypoints responded to occurred within the last
1/3 of route.

Beginning and End Only

Route started but waypoints responded to occurred only in the first 1/3 and
the last 1/3.

Middle and End Only

Route started but waypoints responded to occurred only in the last 2/3 of
route.

Beginning, Middle, and End

Route started and waypoints responded to in all sections of the route but no
more than 70% of waypoints were responded to.

Other Trip

Off route trip, no user interaction, or unknown.

Off route

User interaction present but not geographically aligned with the projected
route

No User Interaction

No user interaction recorded or present.

Unknown

An error in map recording so the trip could not be classified.

Source: OSU

Table 110: Interaction Frequencies
Interaction Patterns

n=82

Beginning Only

17 (21%)

Beginning and End Only

10 (12%)

End Only

4 (5%)

Middle Only

6 (7%)

Middle and End Only

2 (2%)

Beginning, Middle, and End

16 (20%)

Coherent

2 (2%)

Off Route

14 (17%)

No User Interaction

9 (11%)

Unknown

2 (2%)

Source: OSU

The trips taken using the WayFinder app were classified into different user interaction patterns based on the
color-coded location event circles on the trip maps in the SMART travel manager. The key to what each
color dot indicates can be referenced in Table 111.
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Table 111: Map Dot Key
Dot Color

Metric

Blue Dot

Indicates one of two things: 1) a waypoint has been hit or 2) a periodic location update
event showing the individual’s location at a point in time along the route.

Yellow Dot

Indicates a location update when the user is off route during travel for at least 30
seconds.

Green Dot

Indicates the user has pressed the following button presses: 1) waypoint responded,
2) I’m Ok button clicked, 3) I’m here button pressed, 4) Done Pressed.

Orange Dot

Indicates the event is “waypointNotResponded” which means that the waypoint was hit
by the traveler but he or she did NOT respond to the prompt by clicking the OK button.
The traveler let it go away as they traveled out of the area.

Red Dot

Indicates the traveler has pressed the “Please Contact Me” button.

Black Dot

Indicates that destination has been reached by the traveler’s device, whether or not
they have pressed the Done button.

Source: OSU

E.2

CASE STUDIES

Case studies of 3 travelers highlight the implementation of the education program. Each case study
highlights the similarities and differences among the travelers in terms of total trips completed, the types of
trip, and their interaction with the WayFinder system. The trip metrics and visual representation of the trips
provide feedback for the traveler and travel partner. The feedback was used to continually support travel
throughout the community.

Case Study 1.
Traveler 1 mainly traveled on supervised bus trips with their community specialist and co-workers. This
traveler has visual impairments and was unable to read directions on a smartphone. Because of this, routes
created using WayFinder were customized with audio cues such as “This is not your stop. Stay on the bus.”
or “This is your stop. Get off the bus.” WayFinder was also customized with larger texts and images for each
Waypoint. Routes for this traveler were typically created by their community specialist through the SMART
route builder. Example routes included trips to shopping or recreational locations that the traveler would go
to with his co-workers. Overall, the traveler felt more comfortable using public transportation after traveling
with the WayFinder app even though he is still taking supervised bus trips. Traveler 1 trip frequency is
shown in Table 112. A Traveler 1 example trip is shown in Figure 228 and Table 113.

Table 112: Traveler 1 Trips
Trips

Frequency

Total Trips Taken

19

Total Coherent Trips

0

Total Partially
Coherent Trips

14

Total Other Trips

5
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Trips

Frequency

Total Waypoints Hit

322 (47%)

Total Waypoints
Responded To

71 (22%)

Source: OSU

Figure 228: Traveler 1 Example Trip
Source: OSU

Table 113: Traveler 1 Example Trip Info
Metric

Status

Trip End Status

Cancelled

Elapsed Distance (miles)

12.4438

Elapsed Time (seconds)

2527

Number of Waypoints Hit

19 (79%)

Number of Waypoints
Responded

5 (21%)

Interaction Pattern

Middle and End
Only

Source: OSU

Case Study 2.
Traveler 2 mainly traveled alone to work, stores, and homes of his family and friends. Prior to using
WayFinder, he felt anxious about using the fixed-route bus service because he had a previous experience
getting lost. To create routes for this traveler, audio cues and captions were added to tell the traveler that
“This is not your stop.” so that he was assured that he had not missed his stop. After using WayFinder
several times, the traveler felt comfortable traveling to work and no longer needed to use the app while
riding the bus. Traveler 2 trip frequency is shown in Table 114. A Traveler 2 example trip is shown in Figure
229 and Table 115Table 113.
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Table 114: Traveler 2 Example Trip
Trips

Frequency

Total Trips Taken

14

Total Coherent Trips

2

Total Partially Coherent
Trips

9

Total Other Trips

3

Total Waypoints Hit

179 (39%)

Total Waypoints
Responded To

122 (27%)

Source: OSU

Figure 229: Traveler 2 Example Trip
Source: OSU

Table 115: Traveler 2 Example Trip Info
Metric

Status

Trip End Status

Completed

Elapsed Distance (miles)

11.2885

Elapsed Time (seconds)

3004

Number of Waypoints Hit

40 (82%)

Number of Waypoints
Responded

36 (73%)

Interaction Pattern

Beginning, Middle, and End
(Continuous)

Source: OSU
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Case Study 3.
Traveler 3 had no prior experience using a fixed-route bus service prior to participating in the education
program. Because of this, she used WayFinder to take practice trips with her parent around the OSU
campus using CABS. Using CABS was appropriate for this traveler because there are fewer CABS routes
than COTA fixed-routes service and CABS routes travel in a smaller geographical area. Since this traveler
was new to using public transportation, custom images were added to her routes in order to assist her in
making a correlation between her current location and the travel instructions that were being conveyed to
her via the prompt on the WayFinder app. The same route was repeated over the course of several trips in
order to assist the traveler in gaining familiarity with the bus system and the WayFinder app. Traveler 3 trip
frequency is shown in Table 116. A Traveler 3 example trip is shown in Figure 230 and Table 117Table 113.

Table 116: Traveler 3 Trips
Trips

Frequency

Total Trips Taken

5

Total Coherent Trips

0

Total Partially Coherent
Trips

2

Total Other Trips

3

Total Waypoints Hit

10 (91%)

Total Waypoints Responded
To

11 (100%)

Source: OSU

Figure 230: Traveler 3 Example Trip
Source: OSU

Table 117: Traveler 3 Example Trip Info
Metric
Trip End Status

Status
In Progress
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Metric

Status

Elapsed Distance (miles)

0.1794

Elapsed Time (seconds)

101

Number of Waypoints Hit

1(50%)

Number of Waypoints
Responded

2 (100%)

Interaction Pattern

Beginning Only

Source: OSU

Stakeholder Feedback
The acceptability, usefulness, and feasibility of the education program and the WayFinder system were
assessed via stakeholder surveys. The stakeholders included occupational therapists and other community
mobility specialists that primarily work in the outpatient and school settings. The stakeholders indicated their
setting is open to adopting novel assistive technology, and they are comfortable using computers and
smartphones (Table 118). In addition, the majority of stakeholders use assistive technology with their clients,
currently work with individuals with cognitive disabilities, and address navigation, transportation, or
community mobility skills (Figure 231). Finally, the stakeholders rated both the training program and
WayFinder as neutral (i.e., neither agree nor disagree), based on a scale from 1 to 5, in terms of the
acceptability, usability, and feasibility (Table 119).

Table 118: Stakeholder Demographics
Information

Number

Participants that opened and
started survey

13 (56%)

Occupation
Occupational Therapists

6 (46%)

Other

7 (54%)

Setting
Outpatient

6 (46%)

Schools

3 (23%)

Other

2 (15%)

Source: OSU
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Figure 231: Stakeholder Experience
Source: OSU

Table 119. Acceptability, Usability, and Feasibility of Training and WayFinder System
General Feedback

Average Rating of Agreement
Training Program

WayFinder System

Acceptability

3.5

3.5

Useability

3

3.5

Feasibility

3

2.9

Source: OSU
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F.1

SMH USER SURVEY DATA AND METHODS

Participants who had used a SMH were asked to indicate how often they use it. Participants responded on a
five-point scale from 1 = I’ve only used it once, to 5 = every day or almost every day. Results are reported in
Table 120. They were also asked the frequency they used each SMH amenity (Table 121). SMH users
were also asked whether they planned to continue using SMH to plan their travel around Columbus (Table
122). Using a seven-point scale (1 = strongly disagree, to 7 = strongly agree) participants indicated their
agreement with the following statement: I plan to continue using the SMH to plan my travel around
Columbus. The mean score for this question was 4.50 (1.42).

Table 120: Reported Frequency Of Using A SMH
How often do you use the SMHs?

Frequency
(N = 62)

I’ve only used it once

24 (38.7%)

Less than once a month

12 (19.4%)

At least once a month but less than once a week

20 (32.3%)

At least once a week but not every day

6 (9.7%)

Every day or almost every day

0 (0.0%)

Source: OSU

Table 121: Number And Percentage Of Participants Who Reported Using Each Amenity
Amenity

Frequency (N = 62)

Trip planning

34 (53%)

Wi-Fi

22 (34%)

Listings

29 (45%)

Note: some participants chose more than one amenity
Source: OSU
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Table 122: Number And Percentage Of Participants Who Reported Using A SMH At Each
Location
Location

Frequency (N=63)

Columbus State Community College

20 (32%)

COTA Linden Transit Center

19 (31%)

SSCH

7 (11%)

Columbus Metropolitan Library – Linden Branch

12 (19%)

COTA Northern Lights Park & Ride

10 (16%)

COTA Easton Transit Center

30 (48%)

Note: some participants chose more than one location
Source: OSU

Participants who had used a SMH were asked to evaluate various aspects of their experience with it.
Specifically, participants indicated their agreement or disagreement with a number of statements on a
seven-point scale ranging from 1 = strongly disagree to 7= strongly agree. The mean score of each
statement is reported in Table 123 and mean score broken down by use category is reported in Table 124.
In addition, people were asked to rate the extent to which using a SMH has made their travel around
Columbus easier. Participants responded on a five-point scale from 1 = much easier to 5 = much harder.
The mean score on this question was 2.56 (0.71). A comparison of satisfaction between is reported in Table
125.

Table 123: Mean Score Of Each Item Evaluating The SMH
Statement

Mean (SD) (N = 64)

The SMH are easy to find

4.59 (1.39)

The SMH are easy to use

5.27 (1.23)

The SMH make planning travel around Columbus
convenient

5.05 (1.43)

I am satisfied with the range of transportation options
available on the SMH

4.88 (1.49)

The SMH make combining different transportation options
easy

4.89 (1.30)

The SMH make it easier to access my household needs
(e.g., work, school, grocery, shopping, healthcare)

4.70 (1.43)

Table note: Rated on a 7-point scale ranging from 1 = strongly disagree to 7= strongly agree
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Source: OSU

Table 124: Mean Scores For Each Item Broken Down By SMH Use Category

Aspect of transportation
options
Overall

Travel time (includes waiting)

Travel distance

Travel cost (e.g., fare, gas)

Reliability

Simplicity

Flexibility

Comfort

Safety

Grand Mean
(SD)

Heard of
SMH
Mean (SD) (N
= 173)

Seen SMH
(N = 230)

Used SMH
(N = 30)

3.52 (1.12)

3.51 (1.08)

3.65 (1.03)

3.52 (1.17)

(N = 505)

(N = 173)

(N = 230)

(N = 64)

3.31 (1.14)

3.38 (1.10)

3.47 (1.06)

3.52 (1.09)

(N = 502)

(N = 172)

(N = 229)

(N = 63)

3.53 (1.03)

3.54 (1.02)

3.58 (0.99)

3.52 (1.06)

(N = 501)

(N = 172)

(N = 229)

(N = 63)

3.62 (0.97)

3.65 (1.03)

3.68 (0.95)

3.73 (1.04)

(N = 496)

(N = 171)

(N = 228)

(N = 63)

3.47 (1.06)

3.39 (1.08)

3.48 (1.03)

3.35 (1.09)

(N = 500)

(N = 171)

(N = 228)

(N = 62)

3.58 (1.04)

3.60 (0.99)

3.65 (0.95)

3.57 (1.04)

(N = 502)

(N = 172)

(N = 229)

(N = 63)

3.33 (1.10)

3.28 (1.07)

3.33 (1.07)

3.40 (1.11)

(N = 496)

(N = 170)

(N = 226)

(N = 62)

3.54 (1.00)

3.56 (1.00)

3.56 (0.99)

3.53 (1.04)

(N = 499)

(N= 171)

(N = 227)

(N = 62)

3.59 (1.02)

3.61 (1.03)

3.65 (0.99)

3.58 (1.08)

(N = 500)

(N = 171)

(N = 227)

(N = 62)

Source: OSU

Table 125: Mean difference, t-statistic and p-value comparing satisfaction ratings between
those who had used a SMH and those who had seen one
Aspect of transportation options
Overall

Mean
difference (SE)

T-statistic (df)

0.17 (0.17)

1.01 (99.01)

P-value
0.16
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Mean
difference (SE)

T-statistic (df)

Travel time (includes waiting)

-0.08 (0.16)

-0.48 (228)

0.32

Travel distance

0.08 (0.15)

0.51 (228)

0.30

Travel cost (e.g., fare, gas)

-0.07 (0.14)

-0.48 (227)

0.32

Reliability

0.17 (0.15)

1.13 (227)

0.13

Simplicity

0.10 (0.14)

0.71 (228)

0.24

Flexibility

-0.10 (0.16)

-0.63 (225)

0.27

Comfort

0.03 (0.15)

0.19 (226)

0.42

Safety

0.09 (0.15)

0.60 (226)

0.27

Aspect of transportation options

Note: one-sided t-tests are reported for all means comparisons.
Source: OSU

362 | Smart Columbus Program | Performance Measures Results – Final Report

P-value

CEAV Evaluation Appendix
G.1

CEAV ONLINE SURVEY AND PHONE INTERVIEW
METHODOLOGY

Researchers obtained reflections from the food pantry patrons via an online survey and via one-on-one
interviews conducted over the telephone. Due to COVID-19, researchers did not have any in-person contact
with the patrons or Linden LEAP operators.
The online survey was hosted through the Qualtrics platform and was available from September 19, 2020 March 1, 2021. In total, 80 unique and complete responses were recorded. The Linden LEAP shuttle
operator distributed flyers to food pantry patrons at the Rosewind pick-up site. Individuals who completed
the online survey were mailed either a $20 voucher for a local mobile grocer or a $40 gift card to a large
chain grocery store. At the conclusion of the online survey, respondents were offered the opportunity to
indicate their interest in a follow-up phone interview.
From the list of 44 respondents who expressed interest in a follow-up interview, the researchers completed
17 phone interviews from February 22 – 27, 2021. The interviews typically lasted around 30 minutes and
followed a structured series of questions. All interviews were recorded with the consent of the interviewee,
then researchers transcribed the interview dialogue. Individuals who completed the interview were mailed a
$75 gift card to compensate their participation.

G.2

INTERVIEWS WITH CEAV PANTRY SERVICE PATRONS

“I just want to say thank you and I'm very grateful…it literally meant, whether or not I would eat.”
“It’s been a real good thing for the neighborhood.”
“Just keep up the good work with that little truck.”
(Statements from Rosewind CEAV Pantry Users)
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Introduction
In February 2021, interviews were conducted with 17 individuals who had utilized the Rosewind pantry
service provided by the CEAV Linden LEAP shuttle. Survey participants were recruited using contact
information provided in the corresponding Linden Rosewind CEAV pantry online survey. Approximately 40
individuals shared contact information for a follow up interview. Interview recruiting also occurred via referral
of other Rosewind CEAV service users from interview participants. Survey participants took part in 30minute semi-structured interviews. All interviews were transcribed and coded for analysis. References to
“participants” refers to interview participants.
The following summary documents the primary themes emerging from the interviews.
•
•
•
•
•
•

Use of the Linden LEAP Food Pantry Service
Perception of the Rosewind CEAV Pantry Site
Impact on Food Access and Mobility
Autonomous Shuttle Operations
Transportation Needs/Improvements in Linden
Interview Participant Profile

Use of the Linden LEAP food pantry service
G.2.2.1

FREQUENCY AND DURATION OF USE

Interview participants primarily utilized the service once a week or every other week (12 participants). Four
participants utilized the service once a month and one participant who only utilized the service once. The
majority of participants had utilized the service for a duration of 3 to 6 months (9 participants), four
participants were unsure of how long they had utilized the service. Participants indicated that the
motivations for using the service included food needs during the pandemic, referrals by family members or
friends and word-of-mouth (via Facebook) for the service. Frequency and duration of use is reported in
Table 126.

Table 126: Frequency And Duration Of Use
Frequency of Use (N = 17)

Duration of Use (N = 17)

Once a week or every other week (12)
Once a month (4)
Only one use (1)

More than 6 Months (3)
3 to 6 Months (9)
Less than 3 Months (1)
Unsure (4)

Source: Patron Interviews

G.2.2.2
•

G.2.2.3

PARTICIPANT REFLECTIONS: WEEKLY FREQUENCY
“Actually, in the beginning when I first found out about it which was like the summer, I was going like
every week because my neighbor was the one who told me about it. That was like when the
pandemic and I wasn't working and getting slammed…There was so much going on with the
pandemic and it was so much worse then, like food was limited because there wasn't anybody
working.”

TRANSPORTATION TO AND FROM ROSEWIND PICK-UP SITE
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Most participants reached the Rosewind site via personal vehicle or via carpooling in someone else’s
personal vehicle (14 participants). Two participants indicated two modes of transportation (Bus or Walking;
Personal Vehicle or Bus). Only one participant indicated they only walked to the site. Travel time to reach
the Rosewind site ranged from a few minutes to 30 minutes. The most common travel time indicated was 5
to 15 minutes (6 participants). Except for participants who were walked or rode the bus, all other participants
indicated their travel time or distance to reach the shuttle from the parking lot was less than 5 minutes or
less than 25 feet (Table 127). Participants emphasized the need for a personal vehicle due to the weight
and bulk of the pantry items received.
More than half of participants traveled to the site with a travel companion (11 participants). Travel
companions were most likely relatives (7 participants) or friends/neighbors (4 participants). Three
participants indicated that they or their travel companion required an assistive mobility device, these
included wheelchairs, canes, or walkers.

Table 127: Mode Choice And Travel Time To Site
Mode of Transportation (N=17)

One-Way Travel Time to Pick-up Site (N=17)

Personal Vehicle (10)
Personal Vehicle (Carpool) (4)
Personal Vehicle or Bus (1)
Bus or Walking (1)
Walking (1)

Less than 5 Minutes (3)
5 to 15 Minutes (6)
20 to 30 Minutes (3)
More than 30 Minutes (3)
*One participant provided 2 travel times (one via
car and one via bus). Bus travel time was not
included in the data above but was reported at 35
minutes.

Source: Patron Interviews

G.2.2.4
•

G.2.2.5
•

•

PARTICIPANT REFLECTIONS: SITE ACCESS
“Oh no time at all (to reach the shuttle from the parking lot) because its literally like right outside my
car door. You can get to the place really quickly. Because as soon as you get out of the car it’s
there.”

PARTICIPANT REFLECTIONS: TRAVEL COMPANIONS
“Yes. I brought my best friend, well I actually told her about it. The first time I drove her there and
then once she seen where it was she was going on her own. Yes. But I like that they didn't turn her
away because she doesn't live out here. She lives like in East Haven and I didn't know if East
Haven had a trolley so I was glad they didn't turn her away. Yes. Because she has more kids than
me and she was like that food helps. So she was happy about that.”
“I’ll take my granddaughter with me. She’s 12 so yeah, she’ll go with me because I’ll needing help,
you know?... Yeah they always give, everybody gives you milk so it’s always, especially like that
heavy stuff, where I need some help.”

Perception of the Rosewind CEAV Pantry Site
G.2.3.1

PERCEPTION OF THE ROSEWIND CEAV PANTRY SITE
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Participants were asked to describe their overall experience of obtaining food via the Rosewind location. All
participants (17) indicated a positive overall experience at the Rosewind CEAV pantry site. Participants
elaborated on a variety of factors influencing their overall positive experience. These factors included
positive feelings regarding the customer service provided by staff working at the site (6 participants); ease of
use (4 participants), variety of food products (2 participants), timelines of service (2 participants) and the
importance of the service for providing food access to those without a vehicle (2 participants). Several
participants also indicated the importance of the service as an indication of investment in the Linden
community.

G.2.3.2
•
•

•

•
•

•

•

G.2.3.3
•

•

•

PARTICIPANT REFLECTIONS: CUSTOMER SERVICE
“No, the customer service are perfect. They are very nice people. And, and the timing is good.”
“The people were friendly. That was my biggest thing. They were friendly and then they would help
bring it to the car. There was a guy and a lady and the lady would always bring my stuff to the car.
She was real nice.”
“I really liked that it was the same person every time, because she, I don't remember her name I
think it might be Sherry Lynn. She always posts on that, in that group I'm here till 230 takes pictures.
And so, I recognized her she recognized me we became friends because I would go and I only went
four times and she recognized me every time I went.”
“It was actually excellent...I think good people. They talk to you basically help guide you in the right
direction.”
“Easy. They’re very friendly. I felt comfortable. They take time and they care. The shuttle is parked
like at the end of my parking lot and my car’s like right there and if the bag is heavy the gentleman
will help carry it for me and put it in the trunk of my car, so I don’t have trouble carrying it. They don’t
make it hard. They know you by name once you start coming out. They acknowledge you by name.
So, you know it makes you feel good.”
“I really enjoy it because they help me, and they give me other resources like they show me – they
tell me to go over into the school and they had a free store so I went into the free store and they
helped me with some clothing and some household appliance and stuff. I got that information from
the link.”
“I asked ‘what is this?’ He said, ‘this is a service where we help someone in the area to obtain food
to serve their needs.’ And I said, ‘what do you gotta do?’ and she told me what to do and she said
‘really you don’t have to do nothin. You just sign up and give me your name and your address and
we’ll set you up and you can just come here once a week and pick up a food box.”

PARTICIPANT REFLECTIONS: CONVENIENCE
“Man, it was wonderful. Give you a grade on it? Outstanding, A plus. It was really unexpected. It
was like right there. Then as I began to come like every week it just became a habit, I just got going
every week.”
“It is the most positive experience I've ever had. Because I was new to Columbus, and I needed
food, I'd financially couldn't afford it, I was brand new moving is expensive middle of a pandemic.
And I learned about it through a Facebook group so it was very accessible, it was very easy for me
to find out about it…It was always consistent, I didn't know anything I never been to food pantry
before so I didn't know if there were certain hours but I knew, because I talked to the staff in the car,
that it was always 12 to three Monday to Friday, no exception that its first come first serve so it was
very clear and direct.”
“I believe it is a convenient service. I think that, ya know, especially for those who don't, aren't
blessed enough to have a car and be able to drive there, they can walk straight from there to the
neighborhood and get food for their family I think it's awesome.”
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•

•

•
•

G.2.3.4
•
•

•
•

•

“Um, there was no like super long waiting, or communication barriers or anything. And everyone
wore a mask which was really helpful, just for safety purposes and feeling like I was able to get
food.”
“It was very convenient and easy because it was very much just walking up and taking your name
and address, and then you got food. and there was no like ‘well you have to meet this requirement
and you have to be able to do this’. It was just, ‘oh you need food? Here you go’, which was really
helpful.”
“Well it’s just very convenient for me because its right around the corner. You know, I just like the
service. I would rate them a 100%.”
“I mean they're always there, and always helpful and it's not (a) long (wait) at all.”

PARTICIPANT REFLECTIONS: COMMUNITY ASSET
“I think it's neat. Just something for the kids, look at the neighborhood to this self-driving thing.
Yeah. So, I just think it's awesome for the neighborhood, really building up Linden.”
“I’m really grateful to them because right now times are hard, and you know my job got shut down
because of COVID and is permanently gone so I really like the fact that they are there when I need
some help.”
“Yeah, I appreciate it cause it helps me out with food in between times, like I use it because I need
it. I’m not going to lie. I wouldn’t go down there if I didn’t need it.”
“It is very convenient cause it’s right in the neighborhood and, to be honest, we don’t have anything
close for food. We don’t even have a Family Dollar or, you know, like no types of food shopping
around us. We have to, if we don’t get a ride to the store, we’re not going to have anything.”
“It just as far as like it was convenient even just to say if I didn't have a car, I could have still walked
down there. I like that. It helped out because it was a really bad time. I don't normally go to a pantry
but just with the pandemic and me not working it really helped. Just to get like my cabinets stocked.
Right around this time was when all the food was gone off the shelves. There was like no rice and
when I was going to the pantry every week I have like one shelf full of rice now. So it anything ever
happened, we would definitely have rice and noodles.”

Comparing the Rosewind Site to Other Pantry Experiences
More than three quarters of participants indicated they had used other pantry services (14 participants), with
the majority of those participants having utilized the SSCH pantry service (8 participants). Almost all
indicated the Rosewind site was an easier site to utilize (10 out of 14 participants). Only one participant
indicated the site was not easier to utilize. One participant indicated it was both easier and not as easy
(based on the metric they would evaluate it with), and the remainder of participants indicated they were
unsure. The only other pantry that was identified as easier to use was the Mid-Ohio Food Collective pantry
at its headquarters in Grove City. Participants primarily identified this pantry as easier because of its longer
hours of service and drive through service.
Participants all identified the Rosewind site as easier to use than SSCH. When describing why the site was
easier to use, participants emphasized several major themes. These included faster wait times (6
participants), fewer reporting requirements and questions (4 participants), ease of access to the location (3
participants), the quality of the food (2 participants) and the polite staff at the Rosewind site (2 participants).
Participants indicated that wait times at Rosewind were less than 5 minutes compared to 30 to 45 minutes
at SSCH. Participants routinely referenced feeling more scrutinized or “interrogated” at the SSCH, in
contrast they felt more respected and less scrutiny at the Rosewind site.

G.2.4.1

PARTICIPANT REFLECTIONS: WAITING TIME
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•
•

•

G.2.4.2
•

G.2.4.3
•

“Because there's no waiting or nothing. No, it's more it’s actually more time, more frequent during
the month.
“Rosewind is quicker. I can pull up, get my stuff and go. I don’t have to stand in line and wait. And
they never tell me to show how many are in my house though I tell how many people are in my
house though and if I have the stuff to show her that they’re in my house but truly they don’t expect
– they don’t ask for that type of stuff. Some food pantries ask you for details and all this other extra
stuff but not Rosewind.”
“I mean, when I usually go (to the shuttle) she’s real fast, or he’s real fast. We never have to sit out
there and wait…Oh lord, sometimes (at the previous pantry) it’d be like 45 minutes. They got so
many people coming in. You got to sign in and wait till they call your name. St Stephens is just too
much, you don’t even wanna go to the pantry. I mean, you be waiting sometimes half an hour or 20
minutes for them to call your name. It’s just crazy.”

PARTICIPANT REFLECTIONS: FOOD QUALITY
“You go to most pantries and you can’t even use really nothing. I’m not being ungrateful or nothing
but that little bus give you some meat and that’s what we need.”

PARTICIPANT REFLECTIONS: STAFF
“You know, before I lost my car I would go to St Stephens, until one of the pantry ladies was rude.
So I stopped going…if you’re going to be rude about something that’s for free, it makes it hard for
the people to wanna deal with it. Because we already get treated some kind of way because of the
neighborhood we live in. So they look down on you, cause you living in Rosewind or where ever
you’re living at, they treat you, they don’t treat you the same as someone living in Bexley.”

Impact on Food Access and Mobility
Participants were asked about changes to the quantity of food they had at home, change in transportation
behavior and changes to their schedule (more or less time for other activities) as a result of utilizing the
Rosewind site. Almost all participants (15) indicated they had more food at home because of the Rosewind
service, 2 participants were unsure in regard to this question. Participants also routinely noted the quality
and variety of food was better. Three participants did indicate that due to cultural preferences (2 participants)
or expiration date (1 participant) that they did not eat the meat provided. Six participants indicated a change
in the number of trips for food and ten participants indicated they had reduced travel time (to access food)
due to food provided at Rosewind. Travel behavior change was primarily due to not needing to make as
many trips for groceries. Slightly fewer than half of participants indicated that they had more time in their
schedules due to the services provided at the Rosewind site. In interviews, participants regularly noted the
importance of the service due to the economic impacts of the pandemic. For many interview participants the
food provided at Rosewind was essential to avoiding malnutrition and foot insecurity for themselves and
family members.

G.2.5.1
•
•
•

PARTICIPANT REFLECTIONS: QUANTITY OF FOOD AT HOME
“Yeah, it's more food actually.”
“Yes. I was able to stock more dry goods and that really helped. Yes. Because I had nothing.”
“Yes. I even shared it with my neighbor. I was like ‘you know this is getting to be too much, I was
like look you can have half of this’. They were more than welcome to take it and I told them where
the shuttle was.”

368 | Smart Columbus Program | Performance Measures Results – Final Report

Appendix G. CEAV Evaluation Appendix

•

•
•
•

•

G.2.5.2
•

•

•

•
•

G.2.5.3
•
•

G.2.5.4
•
•
•

“Yes. More. Not only – they give you meat and frozen food. A lot of of stuff is canned goods but they
give you meat as well as desserts and stuff. So I found that really nice. I was really shocked when
they handed me the meat.”
“A little bit more. Yes. It was useful. Because they give you like the more basic stuff that people buy
and eat, cheese, and milk for kids. Apples.”
“There would be desserts and fresh fruit and like she, the lady would take her time to pick the stuff
out for Rosewind. And she would make sure that we had good choices.”
“…there were somethings that they (my kids) can just eat without me having to cook. Like hotdogs
or there would be like grilled chicken patties or grilled meat for my oldest, she could fix it herself.
You know, it was very convenient.”
“Rosewind gives way more than the St Stephens. They’re more, their stuff is better quality.”

PARTICIPANT REFLECTIONS: TRAVEL BEHAVIOR CHANGE
“Yeah. It helped less times going to Kroger. So instead of me going to make that Kroger trip this
week I would go get pantry food and then that would last us three to four days so I was able to save
some of my food stamps as well which made it prolong more food in my house. So yeah it helped.”
“fewer (trips to the store) actually. You know, I’ll get some things in my box that I’m running to the
grocery store for before. Um, and I had to scrape pennies from my car so it's just really, really
helped.”
“well typically with the Rosewind location it, it was definitely a bit more of a drive, then like the
grocery store is. But when you don't have money to buy food, it kind of becomes it's, it's worth it
because you can't afford food, so I'll drive 30 minutes to get food, even though it takes me 10 to 15
minutes to get to the grocery store.”
“Yeah, like I don't need to go shopping always. I have more time to finish my like homework,
because I just study.”
“Um, it definitely enabled us to cook more home, which was nice, just to like, I enjoy cooking. And
so like getting to spend that time at home doing that was nice.”

PARTICIPANT REFLECTIONS: CHANGE TO SCHEDULE/FREE TIME
“Yeah, like I don't need to go shopping always. I have more time to finish my like homework,
because I just study.”
“Um, it definitely enabled us to cook more home, which was nice, just to like, I enjoy cooking. And
so like getting to spend that time at home doing that was nice.

PARTICIPANT REFLECTIONS: PANDEMIC EFFECTS
“I just want to say thank you and I'm very grateful…it literally meant, whether or not I would eat.”
“I’m really grateful to them because right now times are hard, and you know my job got shut down
because of COVID and is permanently gone so I really like the fact that they are there when I need
some help.”
“Actually, in the beginning when I first found out about it which was like the summer, I was going like
every week because my neighbor was the one who told me about it. That was like when the
pandemic and I wasn't working and getting slammed…There was so much going on with the
pandemic and it was so much worse then, like food was limited because there wasn't anybody
working.”
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G.3

AUTONOMOUS SHUTTLE OPERATIONS
Observations of the Autonomous Shuttle in the Neighborhood

Twelve out of 17 participants had seen the autonomous shuttle moving throughout the neighborhood.
Participants primarily referenced the shuttle’s relatively slow speed (10 participants), safe operation (4
participants), quiet operation (4 participants) and observed it operating in various times of weather
conditions and its appearance (2 participants).

Participant Reflections
•

•

•
•

G.3.2.1

“Yes. It was just moving really slow. And that it was driving manless. I just thought I couldn't be on
there because its so slow. It's like ridiculously like a snail. Its just going slow down the street but that
was the only thing. I never seen it reckless or like 'oh my gosh its gonna crash' or something like
that. I figured it was doing its safety procedure.”
“It was like just moving average like a normal car would do and the woman was parking right there,
and she stayed for an extended period of time. If I had to go to the store and come back, she would
still be there. It was just great.”
“It was very safe.”
“It’s just like, it’s like really cute.”

PERSPECTIVES OF AN AUTONOMOUS VEHICLE IN LINDEN

Most participants (14 out of 17) indicated positive feelings about an autonomous vehicle operating in the
Linden neighborhood. One participant expressed negative feelings or concerns (related to safety) and two
participants were not convinced the vehicle was truly autonomous (because they had not seen it operate
without an operator). Participants emphasized the service provided by the shuttle (passenger and food
delivery), the convenience, excitement about experiencing new technology and the symbolic importance of
having an investment/asset in the Linden community.

G.3.2.2
•

•
•
•
•
•
•

•

PARTICIPANT REFLECTIONS
“I think it was a great idea. I think they should incorporate it in some more areas for people like my
friend who is in East Haven who either happens to be coming to visit me or. I just think it would help
in other areas.”
“Man, I like it. Yeah. It’s convenient. Its right there. And their helpful. She’s usually knowledgeable.
She tells me where she’s gonna be and I can meet her at certain times.”
“No, no, I actually, I do not believe it. Like a shuttle drives by itself. I do not believe it. I’ve never
seen it driving so I just see it there in the parking lot.”
“I feel like its cool. It can help people get around by getting their food from point A to point B instead
of walking everywhere.”
“I have no problems with it…I think it’s probably a good service for the neighborhood out here.”
“I think it’s awesome. Especially with, you know, just the rise in crime in Linden. A safe way for our
children to get around. I think it's, I just think it's great.”
“I mean that's rad. I kind of worry about, just like, technology and every technology malfunctions at a
time. But, I mean, obviously has a driver in it right now. I don't, I don't know how anything's going
with that, but it was, I mean it's it's a technology leap, that it can drive itself, and monitor itself. So
it's, it's really rad. And also its very complex.”
“I lived on 18th and Blackstone for more than 30 years before my mother sold her property. We
lived there all of my life and we never had a bus go down 17th. We would have to walk across St.
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•
•
•

Stephens to Joyce Avenue to catch a bus. That little shuttle bus coming 17th is a god send. We’ve
been trying to get that in our neighborhood for so very long and in the Linden area. That right there
is a great asset to the Linden area.”
“I think it's perfect. Perfect. It's a good thing that they came up with something like that, because you
know like everybody can’t get around.”
“I was excited cause I wanted to get on it.”
“Much needed especially for people who can't get there and the need for food.”

Shifting Perspectives of Autonomous Vehicles
The majority of participants (10 participants) indicated that their experience with the shuttle did not change
their existing opinion/perspectives on autonomous vehicles. Participants primarily noted that they had never
formed an opinion about autonomous vehicles prior to interacting with the shuttle and therefore they had no
existing perspective/opinion on the topic. Seven participants indicated that their experience with the shuttle
positively influenced their option on autonomous vehicles. Participants noted the utility of the shuttle to
provide services to the community and feeling more confident about the safety of the autonomous vehicle. A
small number of participants indicated they knew about the earlier safety incident (in winter 2020) with the
shuttle’s passenger service. These residents also indicated increased confidence in the CEAV from their
experience observing it in the neighborhood over time.

G.3.3.1
•

•
•

•
•
•
•

PARTICIPANT REFLECTIONS
“I mean really I'm okay with the non-driver type situation as long as it’s safe in the community. I don't
really have an issue with it. As long as it’s not running over our kids or anything. I mean its fine. I
actually before they made it the shuttle I was seeing how it was supposed to like carry people from
a certain area in Linden. And then I guess one time something stopped and they had the people on
there. I did see it on the news. I did think 'oh no that's kind of dangerous. I hope they're all right'. But
sometimes glitches happen. Things happen. Especially with mechanical things. I never seen it
happen again. If it was like more than occasional like all the time then I would say 'hey that's not
safe'. But I only seen it one time and things happen like that sometimes.”
“Well, I really didn’t have any (opinion) at first. But now I do. Because I appreciate them very much
like a whole lot. Yes, it has.”
“(Previously, I was) A little nervous. Like how can this car stop? I mean, is it gonna, ya know, be
dangerous to our community? Is it going to be dangerous for the children in our community? So just
being able to actually see it go. I was pretty pleased with what I see.”
“…no but not because I had an opinion but because I hadn't thought that we were arriving at self
driving vehicles yet…my awareness did change, definitely.”
“I believe it's helpful for those who actually really needs it.”
“It’s a great thing to have in the Linden area and I hope it (doesn’t) go away.”
“It’s not scary. But at first you think it is, it did change my mind, thinking about not being scared to
ride it. I’m getting on it anytime.”

Perspectives on Human Back-up Operator
Participants were asked about their opinion on the shuttle operating without a human (back-up) operator.
The majority of participants (11 of 17 participants) indicated discomfort with the CEAV traveling without a
human operator. Three participants indicated no concern about the vehicle traveling without a human (backup) operator and three participants were unsure. Participants who expressed discomfort with the CEAV
traveling with a human back up operating primarily noted concerns about safety (9 participants), concerns
about vandalism or crime on the shuttle (4 participants) and assistance with passenger needs (2
participants).
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G.3.4.1
•

•
•

•

•
•

G.3.4.2
•

•
•

G.3.4.3
•
•

PARTICIPANT REFLECTIONS: SAFETY
“I think that if they're in the neighborhoods, and I knew that I would be afraid if I had children, I
wouldn't want them in the streets, because I've never experienced that. And I think, I wouldn't trust
sensors that I've never encountered before around my children.”
“Kind of scared. No one’s guiding it. I don’t understand like how it could move. Or it could run into
something.”
“…every technology has a malfunction at some point. We can do all the best maintenance, we can
do all the things, but at some point, it's like, it's, it's just bound to happen like human error
technology error. And so there should always be someone on board, should always be that knows
how to operate it, should be there. Just in case anything happens, like manual overdrive can
happen or whatever. But also like having a self-driving vehicle and having these smart cars that can
drive themselves to neighborhoods, and have a specific route at a specific time bring food to people
that otherwise wouldn't have it is amazing, and life changing for a community. So very awesome
and very, very much like needed, and also needs safety protocols just because accidents happen
and things happen.”
“If it didn’t have an operator on the bus. I don’t know would it go past me or leave me at a stop? I
don’t know. I think I would feel more secure with an operator on the bus. Just in case something
happens where traffic or anything an accident anything could happen where its not gonna be quick
enough to make a decision like a human soul would.”
“No, I’m not nervous with a driver. Without a driver, I’m nervous.”
“No. No. No. Somebodies gotta be on there…I can’t do it without nobody.”

PARTICIPANT REFLECTIONS: VANDALISM AND CRIME
“The bus itself would probably be fine, but you know how kids are nowadays, they would probably
mess with it or beat it, you know what I’m sayin? Kids do stuff. But I think it would be fine on the
streets though.”
“But I would say to have that operator on there because some people don't care about other
properties and you don't want them tearing this up and taking it out of the community for the kids
that really need it.”
“I would be kind of leery of that…I guess because it just seems like it’s dangerous. You know there’s
a lot of crime in this neighborhood. Crime is everywhere so I’m not just stay inside the Linden area.
But yeah, I wouldn’t feel safe. Yeah, no way just because of the rise in crime and you never know
what’s gonna happen if an accident goes off if its steering and runs into something and who’s gonna
be there if it veer off the road.”

PARTICIPANT REFLECTIONS: PASSENGER OR PANTRY SERVICES.
“That would be nice if it was that type of situation to have somebody on there. That kind of goes on
a person's common sense like 'hey you've got these boxes, are you going to be able to carry these
by yourself' type thing.”
“If (there) was not an operator then how would I get my food?”

Perspectives on CEAV Providing Passenger Service
Almost all participants (16 out of 17) expressed support for CEAV passenger service in the Linden
community. The only negative comment pertaining to passenger service was related to the small size of the
shuttle (the participant felt it was too small for passengers). Most participants indicated they would ride a
passenger CEAV shuttle, but several noted they would ride only with a back-up human operator.
Participants identified the utility of the passenger service to reach medical appointments, food shopping,
school, for children to reach rec facilities, connection to COTA service and for mobility within the Linden
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neighborhood. Participants routinely identified the need for the service in the Linden community, particularly
for transit dependent residents, seniors, single parents, and youth.

G.3.5.1
•

•
•
•

•

•
•

G.4

PARTICIPANT REFLECTIONS
“It wouldn't bother me. It wouldn't bother me because just to say if I end (up) staying out here some
more years and my son wants to go visit somebody and it’s on the free thing, you know it’s on the
trolley and it’s free. I know it’s safe and he can get down there.”
“That would be great. There’s always somebody who needs to be somewhere and it could be a
great help to this neighborhood especially for older folks who don’t have transportation.”
“I think it would be amazing to actually carry passengers. Especially like to the doctor’s offices and
dentist appointments and things like that. I think it just, it will help the community. I really feel like
that. I think we should get more.”
“I mean that, like I said, it's amazing in its accessibility and it can change the life of a community.
And I, I want that, like I want the needs of the community to be filled and to prosper. It's just, it would
need someone who knows how to operate it there with it.”
“I think they should take people to the food bank… Yeah, food’s the priority because there’s a lot of
people out here that don’t get food. It’s been, you know, as a single mother, in this neighborhood
there are a lot of single mothers, it’s just convenient for us to be able to have another access to food
around.”
“Oh, especially for the elderly people and…mothers (and) kids.”
“It’s good for our elderly, it’s good for our kids. I am fine with it going through the neighborhood, take
the kids to the park, please. Get them out from in front of the TV.”

TRANSPORTATION NEEDS/IMPROVEMENTS IN LINDEN

Participants were asked an open-ended question regarding their perspective on transportation needs or
improvements necessary in the Linden community. Thirteen participants identified at least one (and
sometimes several) transportation improvements that would help the community (four participants stated
that they were unsure or could not identify an improvement needed when asked this question). Participants
identified the need for more autonomous shuttle service (12 participants), more multi-modal services
(bike/scooters/bus) (3 participants) and more transportation options to reach food, heath care and services
for children. Several participants noted the importance of transportation improvements to address hunger in
the community. Participants emphasized the importance of further transportation options due to the
transportation mobility limitations and vulnerability of some Linden residents. Two participants noted that
they were more concerned about crime, safety, and gun violence challenges than transportation in the
Linden community.

Participant Reflections
•

•

“I look at it just being a great resource to mothers or kids that need to get around in this area and
this can help them so I don't see anything bad about it. Because not everybody out here has a car
or not everybody in this area has a car or money for buses or some older kids, they're more mature,
and hey they want to go visit a cousin that lives down on 25th and don't want to walk down there
because it’s too hot so that would help that little boy get down there to his cousins house. You never
know. It could help a kid get away from a bad situation or something that they're in. I just see it
being more. Even with helping the elderly and all that. But with me being a single mother and all
that, that's how I see it helping me with my kid.”
“I think that what is happening in in that neighborhood is amazing. I don't know if there are others in
other locations. But what is happening in that neighborhood is amazing because that neighborhood
knows that if they need food they know how to get it. And I think that needs to be in every
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•

•
•

•

•

•

G.5

neighborhood because there are people in every neighborhood that can’t afford food, and they don't
have transportation for whatever reason they don't have a car, they physically can't drive it, because
they're sick. They're too old. There's only one car in the household and their spouse works…There
is a large demand for this in the neighborhoods. And I think it could very well alleviate hunger in our
community.”
“I’m not really sure. Cause like my transportations like I usually walk or take the bus now that I’m not
driving. And I have no problem with that. But getting around with that shuttle – man that would be.
That would help so much.”
“Probably add more buses or shuttles.”
“I remember seeing those bikes around Linden, they disappeared now, but I really liked it though.
Again, I think a lot of our kids in Linden, they don’t do enough active things, so just to have those
bikes and then the scooters and the shuttle and all these different ways, I would have liked to have
seen that back. We don't see a lot of that in Linden and I'm not sure if this is because it's a lower
income neighborhood. You know, because when we go to neighborhoods in higher end parts, they
have those things. So I would like to see that.”
“I would love for a shuttle to be where I’m living right now. Like going down Huey if you want to go
you’re on a bus and you need to go to – there’s a long stretch on our road to Cleveland Avenue. If
you don’t have a car you have to walk that stretch and it takes like a good ten fifteen minutes just to
get down the street to catch a bus. So, I think that would be a great asset in the Linden area that up
and down Huey Avenue and connect with the streets that are back here.”
“So that’s good that they have the, the shuttle and the little food truck cause people are scared.
Like, I’m scared. So it’s helpful to have that there ready. Because people still need help, we still
need help. So you just gotta dive in and go for it, but it’s scary over here. I’m not a fan of living up
here. I grew up here, all my life.”
“I am a Linden native. Uh anything, anything just keep adding great things to the neighborhood. I
think this is just another great thing that could be added to the neighborhood.”

INTERVIEW PARTICIPANT PROFILE

Interview participants included both Linden (9 participants) and non-Linden residents (8 participants).
Participants from outside of Linden resided in Northwest Columbus (3), Northeast Columbus (2), South Side
(1), Gahanna (1) and Clinton Township (1). Two participants who currently reside outside of Linden
previously lived in the neighborhood (Table 128). Participants ranged in age from 22 to 78 years old. The
median age among interview participants was 38 years old (Table 129). All participants were the primary
person responsible for food in their household (1 person did not respond to this question). Household size
for participants ranged from 1 person to 6 people, with the majority of households (10) consisting of 2 to 3
people. The majority of participants identified as female (13). Participants identified their racial/ethnic identify
as primarily Black/African American (12), White (3) and Latinx/Hispanic (2). Four participants were foreign
born and had immigrated to the United States.
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Table 128: Household Details
Participant Location of Residence (N=17)

Household Size (N=17)

Linden Resident (9)
Non-Linden Resident (8)
Northwest Columbus (3)
Northeast Columbus (2)
South Side (1)
Gahanna (1)
Clinton Township (1)

1 Person (1)
2 People (5)
3 People (5)
4 People (2)
5 People (2)
6 People (1)

Source: Patron Interviews

Table 129: Individual Demographics
Race/Ethnicity (N=17)

Gender (N=17)

Participant Age (N=17)

Black/African American (12)
White (3)
Latinx/Hispanic (2)

Female (13)
Male (4)
Non Binary (0)
Trans (0)

Under age 30 (3)
30 to 40 (7)
40 to 50 (1)
50 to 65 (5)
Older than 65 (1)

*Also identified as Foreign Born (4)
Source: Patron Interviews

G.6

CEAV ON-TIME PERFORMANCE METHODS

The Smart Columbus PfMP identifies on-time performance as an indicator of customer satisfaction. The
specific measure of on-time performance is not defined, however the PfMP identifies "schedule time for
CEAV at Rosewind station" and "actual arrival time of CEAV at Rosewind station" as the input data to be
used. The timeframe defined for the indicator is July 30, 2020 to April 1, 2021.
For the purpose of this analysis, on-time arrival is defined as follows:
The CEAV has arrived on time if its state data shows that it is stopped (i.e. its speed is zero) within 100
feet of the location of the Rosewind northbound station no later than the scheduled arrival time (12:00)
The flowchart in Figure 232 depicts the logic for the analysis. Green blocks represent data elements,
yellow blocks represent processes, orange blocks represent decision points, and red blocks represent
analysis outputs.
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Figure 232: Distribution Of CEAV Arrival Time Deviation For The Entire Performance Period
Source: OSU

Data
G.6.1.1

CEAV VEHICLE STATUS

This analysis relies on status reports produced by the CEAV vehicles including their location and speed.
These reports are provided in the "Easy Mile States - Linden Deployment" dataset in the Operating System.
Each record in the table is a timestamped status report from a CEAV vehicle. The dataset includes the
following variables of interest for this analysis:
•

"last_seen" - the timestamp when the record was generated (UTC)

•

"lat" - the latitude coordinate of the location of the vehicle

•

"lon" - the longitude coordinate of the location of the vehicle

•

"speed" - the speed of the vehicle
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For computational efficiency, the analysis uses an extract of the data stored locally in an SQLite database.
The extract includes 9,583,290 records spanning the time period from February 5, 2020, to April 1, 2021.

G.6.1.2

CEAV STATIONS

The location of the Rosewind Northbound station was obtained from the "Easy Mile stations - Linden
Deployment" dataset in the Operating System. This data is in GEOJSON format and provides the latitude
and longitude coordinates the various Linden CEAV stations.

G.6.1.3

SERVICE EXCEPTIONS

The normal days of operation for the CEAV food delivery service are weekdays except holidays. In addition
to holidays, there were some days that the service did not operate due to food pantry closures, inclement
weather, and other factors. In some cases, the CEAV did not operate but food was delivered using an
alternate vehicle. A table of CEAV service exceptions was compiled by the Ohio State University based on
data provided by Smart Columbus staff. The complete data can be found in Section G.7.

Analysis parameters
CEAV on-time performance analysis parameters are provided in Table 130.

Table 130. CEAV On-Time-Performance Analysis Parameters
Parameter

Value

Comments

Analysis start date

7/30/2020

Analysis end end

4/1/2021

CEAV scheduled time of arrival

12:00

Daily analysis window start

11:00

Filter limit for computational efficiency. CEAV
arrivals earlier than this were filtered out of the
main analysis and handled manually as
exceptions.

Daily analysis window end

13:00

Filter limit for computational efficiency. CEAV
arrivals later than this were filtered out of the
main analysis and handled manually as
exceptions.

Spatial reference for
analysis/computations

ESRI:102723

Ohio State Plane South (units: feet)

Site buffer distance

100 feet

Radius of circle around specified station location
that defines when the CEAV is “on site”. Small
enough that patrons should be able to locate the
shuttle. Large enough to account for GPS error
and variation in parking location, for example due
to obstacles.

Minimum dwell time

5 minutes

Number of seconds that CEAV must remain
stopped before it is said to have arrived. This
ensures that temporary stops in the site buffer
are not mistakenly interpreted as the arrival time.

Source: Smart Columbus Operating System
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Computation process flow
On-time performance was computed for each day/deployment by iterating the following set of steps over the
set of days between the analysis start date and end date using a Python script.

G.6.3.1

SELECT DATA FOR A SINGLE DAY (DEPLOYMENT)

For computational efficiency, the CEAV state data was pre-extracted from the “Easy Mile – Linden States”
dataset and stored in an SQLite database. The data for a single day/deployment are selected using an SQL
query:
SELECT * FROM scos_attributes WHERE strftime('%Y-%m-%d', last_seen) = '{}';".format(thisday)

The selection for a single day may include tens of thousands of records. The data is stored using the UTC
timestamp, but because the CEAV operations occur in the middle of the day, it is not necessary to
compensate for this in the query.
The results are immediately filtered by latitude and longitude values to exclude records not in the Central
Ohio area (i.e., due to records captured prior to GPS fix acquisition).

G.6.3.2

SELECT OBSERVATIONS IN THE ARRIVAL TIME WINDOW

For computational efficiency, a subset of the records that fall within the arrival time window (i.e., between
11:00 and 13:00 local time) are selected and the rest are discarded. Records outside the on-time arrival
period (i.e., 11:30 to 12:00) are retained to allow for computation of arrival time statistics. A sample
collection of CEAV locations for a single deployment is shown in Figure 233. Each blue dot represents the
location of the CEAV at the time of a status update. The red circle in the southwest (lower left) corner
represents the site area around the Rosewind Northbound station.

378 | Smart Columbus Program | Performance Measures Results – Final Report

Appendix G. CEAV Evaluation Appendix

Figure 233: Sample Collection Of Geolocated CEAV Records For A Single Deployment
Source: Smart Columbus Operating System

G.6.3.3

SELECT OBSERVATIONS WITHIN SITE AREA DEFINED BY RADIUS

The coordinates of the remaining records are reprojected into the Ohio State Plane South (feet) coordinate
system. The coordinates of the Rosewind Station are similarly projected into Ohio State Plane South, and a
100-foot buffer around the station is constructed to determine when the CEAV has arrived on-site. A spatial
overlay (intersection) is used to select the records that are within the site area. Figure 234 shows the
subset of the records from the previous step that fall within the site area.
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Figure 234: Subset Of CEAV Records That Fall Within Buffer Around Rosewind Station
Source: Smart Columbus Operating System

G.6.3.4

SELECT OBSERVATIONS WHERE VEHICLE IS STOPPED

A subset of the remaining records is selected where the “speed” attribute is zero, indicating that the vehicle
is stopped. Each observation is compared with the observations that followed to determine whether the
vehicle achieved the required minimum dwell time before moving again. Figure 235 shows the subset of
the records from the previous step for which the vehicle is stopped. The arrow points to a set of coincident
points where the vehicle stopped for a period longer than the minimum dwell time.

Figure 235: Subset Of CEAV Records Where The Vehicle Is Stopped At Rosewind Station
Source: Smart Columbus Operating System
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G.6.3.5

FIND OBSERVATION WITH EARLIEST TIMESTAMP

The timestamps of the remaining records are sorted and the one with the earliest timestamp determines the
actual arrival time for the purposes of on-time performance computation.

G.6.3.6

EVALUATE ON-TIME ARRIVAL

The arrival timestamp is compared to the scheduled arrival time, that is, 12:00. If the timestamp is no later
than the scheduled arrival time, the vehicle is on time. Otherwise, the vehicle is not on time.

Handling exceptions
On the six dates listed below the CEAV produced some status updates (which suggested that it had
operated) however no arrival of the CEAV at the Rosewind Northbound station was detected. Each of these
cases was reviewed manually. Clarification was provided by the Smart Columbus team as noted below. In
all cases the CEAV had not been expected to complete the service or on-time performance could not be
computed, therefore these days are omitted from the on-time performance analysis.

G.6.4.1

2021-11-30

There is no record that the vehicle reached the Rosewind NB station on this date (handling exception shown
in Figure 236). The Smart Columbus team reported that service was not possible this day because the
SSCH Food and Nutrition Center was closed for deep cleaning. This day is treated as an exception for the
purposes of on-time performance analysis.
Date:

2020-11-30

First observation:

2020-11-30 08:57:12-05:00

Last observation:

2020-11-30 09:08:14-05:00
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Figure 236: Handling Exception 2020-11-30
Source: Smart Columbus Operating System

G.6.4.2

2021-01-05

There is no record that the vehicle reached the Rosewind NB station on this date (handling exception shown
in Figure 237). The Smart Columbus team reported that the shuttle intended to operate but ran into weather
obstacles. The service was completed with SSCH vans. This day is treated as an exception for the
purposes of on-time performance analysis.
Note: Several records have lat/lon values of zero.
Date:

2021-01-05

First observation:

2021-01-05 09:09:46-05:00

Last observation:

2021-01-05 12:28:56-05:00
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Figure 237: Handling Exception 2021-01-5
Source: Smart Columbus Operating System

G.6.4.3

2021-01-13

The vehicle appears to have been stopped at the Rosewind NB station from approximately 14:28 to 15:02
(handling exception shown in Figure 238). This route was filtered out of the main analysis due to the
excessively late arrival time. The Smart Columbus team could not determine conclusively what happened,
however they have a record that 30 boxes of food were delivered. Therefore, they believe the delivery was
made using the SSCH van and the shuttle ran later. This day is treated as an exception for the purposes of
on-time performance analysis.
Date:

2021-01-13

First observation:

2021-01-13 13:25:34-05:00

Last observation:

2021-01-13 15:46:08-05:00
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Figure 238: Handling Exception 2021-01-13
Source: Smart Columbus Operating System

G.6.4.4

2021-02-01

There is no record that the vehicle reached the Rosewind NB station on this date (handling exception shown
in Figure 239). The Smart Columbus team reported that the CEAV was unable to operate due to inclement
weather. The service was completed using SSCH vans instead. This day is treated as an exception for the
purposes of on-time performance analysis.
Date:

2021-02-01

First observation:

2021-02-01 09:25:16-05:00

Last observation:

2021-02-01 09:30:58-05:00
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Figure 239: Handling Exception 2021-02-01
Source: Smart Columbus Operating System

G.6.4.5

2021-02-10

The vehicle appears to have been stopped at the Rosewind NB station from approximately 09:38 to 09:41
(handling exception shown in Figure 240). This route was filtered out of the main analysis because the
vehicle had already left the site prior the scheduled arrival time. The Smart Columbus team reported that the
CEAV performed a validation run early in the day but was unable to complete the food delivery due to
inclement weather. The service was completed using SSCH vans instead. This day is treated as an
exception for the purposes of on-time performance analysis.
Date:

2021-02-10

First observation:

2021-02-10 09:06:18-05:00

Last observation:

2021-02-10 10:36:23-05:00
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Figure 240: Handling Exception 2021-02-10
Source: Smart Columbus Operating System

G.6.4.6

2021-02-15

There is no record that the vehicle reached the Rosewind NB station on this date (handling exception shown
in Figure 241). The Smart Columbus team reported that the CEAV was unable to operate due to inclement
weather. The service was completed using SSCH vans instead. This day is treated as an exception for the
purposes of on-time performance analysis.
Date:

2021-02-15

First observation:

2021-02-15 10:31:44-05:00

Last observation:

2021-02-15 10:58:55-05:00
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Figure 241: Handling Exception 2021-02-15
Source: Smart Columbus Operating System

G.6.4.7

2021-03-01

There is a gap in the CEAV status reports on this day that spans the time when the vehicle would have
arrived at the Rosewind NB station (handling exception shown in Figure 242). The status reports that are
available show the vehicle approaching the station at roughly the scheduled time, and show the vehicle later
departing the station. Therefore, it seems likely that the CEAV arrived at the station and completed the food
distribution, however it is not possible to determine whether the CEAV arrived on time. This day is treated
as an exception for the purposes of on-time performance analysis.
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Figure 242: Handling Exception 2021-03-01
Source: Smart Columbus Operating System

G.6.4.8

2021-03-18

There are no CEAV status reports for this day, however there is a record that food packages were
distributed at Rosewind. Therefore, it seems likely that the food delivery was completed by an alternate
vehicle. This day is treated as an exception for the purposes of on-time performance analysis.

G.7

CEAV SERVICE EXCEPTIONS LIST

The normal days of operation for the CEAV food delivery service are weekdays except holidays. In addition
to holidays, there were some days that the service did not operate due to food pantry closures, inclement
weather, and other factors. In some cases, the CEAV did not operate but food was delivered using an
alternate vehicle. A table of CEAV service exceptions was compiled by the Ohio State University based on
data provided by Smart Columbus staff. The complete data is included in Table 131.

Table 131. CEAV Service Exceptions List
Service
occurred

Used
alternate
vehicle

Comments

Date

Exception type

Service
scheduled

9/7/2020

Holiday

FALSE

FALSE

FALSE

Labor Day holiday

10/19/2020

Weather

TRUE

FALSE

FALSE

Rain - no
operations

10/29/2020

Weather

TRUE

FALSE

FALSE

Rain - no
operations

11/3/2020

Holiday

FALSE

FALSE

FALSE

Election Day
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Service
occurred

Used
alternate
vehicle

Date

Exception type

Service
scheduled

11/5/2020

Other

TRUE

TRUE

TRUE

SSCH parking lot
paving (couldn't
access shuttle) used SSCH bus

11/6/2020

Other

TRUE

TRUE

TRUE

SSCH parking lot
paving (couldn't
access shuttle) used SSCH bus

11/25/2020

Weather

TRUE

FALSE

FALSE

Rain - no
operations

11/26/2020

Holiday

FALSE

FALSE

FALSE

Thanksgiving
holiday

11/27/2020

Holiday

FALSE

FALSE

FALSE

Day After
Thanksgiving
holiday

11/30/2020

Pantry closure

FALSE

FALSE

FALSE

Deep cleaning of
Food and Nutrition
Center (closed)

12/1/2020

Pantry closure

FALSE

FALSE

FALSE

Deep cleaning of
Food and Nutrition
Center (closed)

12/16/2020

Weather

TRUE

FALSE

FALSE

Snow - no
operations

12/18/2020

Pantry closure

FALSE

FALSE

FALSE

SSCH holiday
food drive - no
service

12/21/2020

Weather

TRUE

TRUE

TRUE

Weather - used
SSCH van

12/22/2020

Weather

TRUE

TRUE

TRUE

Weather - used
SSCH van

12/23/2020

Weather

TRUE

TRUE

TRUE

Weather - used
SSCH van

12/24/2020

Holiday

FALSE

FALSE

FALSE

Christmas Eve
holiday

12/25/2020

Holiday

FALSE

FALSE

FALSE

Christmas Day
holiday

12/28/2020

Pantry closure

FALSE

FALSE

FALSE

SSCH closed - no
service

12/31/2020

Holiday

FALSE

FALSE

FALSE

New Year's Eve
holiday

1/1/2021

Holiday

FALSE

FALSE

FALSE

New Year's Day
holiday

Comments
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Service
occurred

Used
alternate
vehicle

Date

Exception type

Service
scheduled

1/5/2021

Weather

TRUE

TRUE

TRUE

Weather - used
SSCH van

1/12/2021

Weather

TRUE

TRUE

TRUE

Weather - used
SSCH van

1/13/2021

Other

TRUE

TRUE

TRUE

Used alternate
vehicle. Reason
unknown

1/15/2021

Weather

TRUE

TRUE

TRUE

Weather - used
SSCH van

1/18/2021

Holiday

FALSE

FALSE

FALSE

MLK, Jr. holiday

1/25/2021

Weather

TRUE

TRUE

TRUE

Snow/ice/rain used SSCH van

2/1/2021

Weather

TRUE

TRUE

TRUE

Weather - used
SSCH van

2/2/2021

Weather

TRUE

FALSE

FALSE

Snow - no service

2/9/2021

Weather

TRUE

TRUE

TRUE

Snow - used
SSCH van

2/10/2021

Other

TRUE

TRUE

TRUE

Used alternate
vehicle. Reason
unknown

2/11/2021

Weather

TRUE

TRUE

TRUE

Snow on roads used SSCH van

2/12/2021

Weather

TRUE

TRUE

TRUE

Snow on roads used SSCH van

2/15/2021

Weather

TRUE

TRUE

TRUE

Snow - used
SSCH van

2/16/2021

Weather

TRUE

FALSE

FALSE

Snow - no service

2/17/2021

Weather

TRUE

TRUE

TRUE

Snow on roads used SSCH van

2/18/2021

Weather

TRUE

TRUE

TRUE

Snow on roads used SSCH van

2/19/2021

Weather

TRUE

TRUE

TRUE

Snow on roads used SSCH van

2/22/2021

Weather

TRUE

TRUE

TRUE

Snow on roads used SSCH van
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Service
scheduled

Service
occurred

Used
alternate
vehicle

Date

Exception type

Comments

3/1/2021

Regular
delivery (no
exception)

TRUE

TRUE

FALSE

Gap in GPS data.
Vehicle detected
inbound and
outbound, but no
records on site.
Assume CEAV
completed
delivery.

3/18/2021

Other

TRUE

TRUE

TRUE

Delivery occurred,
but no record of
CEAV activity.
Assume alternate
vehicle completed
delivery.

Source: Smart Columbus Operating System
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