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EXECUTIVE SUMMARY 
Background 

In 2024, the Ohio-Kentucky-Indiana (OKI) Regional Council of Governments, with consultant 
support from ETC Institute, conducted a regional On-Board Origin Destination (OD) survey of all 
fixed routes operated by Southwest Ohio Regional Transit Authority (SORTA), Transit Authority of 
Northern Kentucky (TANK), Butler County Regional Transit Authority (BCRTA), and Clermont 
Transportation Connection (CTC) and Cincinnati Streetcar. The study was conducted in the 
Southwest Ohio and North Kentucky region which OKI encompasses.  

On-to-Off (O2O) counts were conducted to identify boarding and alighting patterns of transit riders 
for selected SORTA routes as well as provide a basis for expanding the results of the OD survey. 
The OD survey was conducted in order to collect comprehensive data regarding transit ridership, 
travel behavior and demographics of riders within the OKI region. The main purpose of the survey 
is to gather updated travel behavior data to gain a better understanding of today’s transit riders. In 
addition, the data collected will be used to: 

• Develop and update OKI’s Travel Demand Model 
• Meet FTA Title VI Requirements. 
• Provide transit operators valuable insight into their system utilization.  

Survey tasks included developing a sampling plan, designing the survey instrument, conducting 
full-scale collection, processing, expansion, analyzing, and reporting the results. The full data 
collection was performed from January 29th through March 6th, 2024.  

Survey Design and Administration  

The survey design process consisted of OKI, SORTA, TANK, BCRTA, CTC, Streetcar, and ETC 
Institute collaborating to design the survey questionnaire and develop a sampling plan that would 
ensure adequate data collection to perform analysis. The goal was to obtain at least 5,000 OD 
surveys and 4,429 O2O bus pairs for the highest demand routes. A total of 5,583 OD surveys and 
6,344 O2O bus pairs were collected. 

Survey Results  

ETC Institute created sets of statistics at the regional level. These statistics focused on passengers’ 
transit traveler’s demographics, transit travel patterns, and trip purposes. These profiles are based 
off linked expansion weight factors. 

Trip Profiles 
• Riders’ key origin location is home (48%), and key destination place is home (41%). 

Workplace is the second most common origin (18%) and destination place type (21%). 
Nine percent of origin place types are school (college and K-12) and 8% of destinations 
are school. 

• The majority (96%) of OKI regional riders walk to get from their origin to their first transit 
vehicle and 97% walk from their final stop to their destination. Only 3% of riders use a 
personal vehicle to access transit and 3% use a personal vehicle to egress transit. 

• Over half of riders (66%) use only one route to complete their one-way trip from their 
origin to their destination.  
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• The most common fare type is a one-day pass (38%) that is mainly used by SORTA 
riders. Ninety-six percent of riders pay regular fare and 39% use Transit App Pay. 

• Eighty-seven percent of riders use transit more than three days per week and 29% of 
riders would use an Uber, Lyft, or Taxi to make their trip if transit service was unavailable.  

Passenger Profiles 
• The majority of regional riders own a smart phone (95%) and own a debit or credit card 

(85%). 
• Over half (56%) of riders do not have a vehicle available to their household and only 18% 

of riders could have used a household vehicle to make their one-way trip. 
• Over half (55%) of riders live in either one to two person households, 14% of riders live in 

households with no one employed, and 48% of riders’ household income is below $24,999. 
• Fifty-six percent of riders are male, the most common riders’ age (32%) is between 35-54, 

and the most common ethnicity is Black / African American 58%. 

Household Characteristics 
• A majority, 56%, of riders do not own a household vehicle. Only 18% had the option to use 

a household vehicle for their transit trip. 
• The most common household size is one person, accounting for 30% of riders. This is 

followed by two-person households at 26%, and three-person households at 17%. 
• Households with one working individual make up 38% of riders, followed by those with two 

earners at 30%, and households without any employed members at 14%. 
• Approximately 21% of riders have an annual household income less than $10,000. 
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1. INTRODUCTION 
In 2024 Ohio-Kentucky-Indiana (OKI) Regional Council of Governments conducted an Origin and 
Destination (OD) onboard passenger survey interviewing bus riders for all fixed routes (excluding 
school shuttle services) within the region. Surveyed transit systems include the Southwest Ohio 
Regional Transit Authority (SORTA), Transit Authority of Northern Kentucky (TANK), Butler County 
Regional Transit Authority (BCRTA), and Clermont Transportation Connection Transit System 
(CTC), and Cincinnati Streetcar.  

Figure 1 – Fixed Transit Routes in the OKI Region 

 

Note: TANK school shuttles were excluded from the scope of this OD survey.  

SORTA is the largest transit service provider in the OKI region and primarily serves Hamilton 
County OH. TANK operates transit services in Northern Kentucky (Boone, Campell, and Kenton 
counties) and provides commuter services facilitating travel between Northern Kentucky and 
downtown Cincinnati. BCRTA manages a network of transit routes within Butler County and 

Streetcar 

Downtown Cincinnati 
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provides regional transit connections between Butler County and Hamilton County. CTC operates 
two fixed routes connecting Clermont County and Downtown Cincinnati. The City of Cincinnati 
operates the Cincinnati Bell Connector streetcar, which circulates between the Over-the-Rhine and 
Downtown Cincinnati. Figure 1 shows the transit routes included in the OD survey. Collectively, 
these systems accommodated approximately 54,000 weekday daily riders during Fall 2023. The 
OD survey aimed to interview at least 9% of riders from each route and obtain a minimum number 
of 5,000 OD surveys for the entire region. 

In addition, to enhance OD trip expansion on heavy demand routes, On-to-Off (O2O) counts were 
conducted to capture riders boarding and alighting location pairs on all bus routes (except for 
circular routes) with a minimum average weekday ridership (AWR) threshold of at least 2,000. 
Based on the established criterion, eight SORTA routes were selected for the O2O count survey. 
The goal was to gather a minimum of 4,429 O2O bus pairs, representing 20% of the total ridership 
on these routes. 

The full data collection was performed from January 29th through March 6th, 2024. The survey 
yielded a comprehensive dataset, comprising 5,583 OD surveys and 6,344 O2O bus pairs. This 
collection surpassed the initial target, indicating a robust sample size that would contribute to the 
reliability of the subsequent data analysis. 

Table 1: Overall Survey Goals and Completions 

Survey Type Goal Completed 

Bus O2O Pairs 4,429 6,344 

OD Surveys 5,000 5,583 

 

The 2024 transit survey collected comprehensive data regarding transit ridership, travel behavior 
and demographics of riders within the OKI region. The main purpose of the survey is to gather 
updated travel behavior data to gain a better understanding of today’s transit riders. In addition, the 
data collected will be used to: 

• Develop and update OKI’s Travel Demand Model 
• Meet FTA Title VI Requirements. 
• Provide transit operators valuable insight into their system utilization.  

This report summarizes the survey methods and findings. Chapter 2 provides a description of the 
sampling approach, survey instrument and procedures, and survey administration. Chapter 3 
provides survey weighting and expansion procedures, expansion types, and decomposition 
analysis. Chapter 4 provides detailed information for the variables collected during the OD survey 
and summarizes the data. Included in the appendices are the Survey Questionnaire (Appendix A) 
and Survey Sample Goals and Collected Surveys (Appendix B). 
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2. SURVEY ADMINISTRATION 
2.1 Sampling Plans 
To ensure the distribution of completed surveys mirrors the distribution of SORTA, TANK, BCTA, 
Streetcar, and CTC passengers, ETC Institute and OKI established proportional sampling goals for 
the OD survey. The source of the ridership used to plan for the survey was August through October 
2023 AWR from transit agencies. This data source was summarized by ETC. ETC created cell 
level (route/direction/time-of-day) ridership data by normalizing the daily ridership totals. Table 2 
lists the four time periods for survey sampling, which are determined by ridership patterns and time-
of-day parameters in the OKI travel demand model. These cell level sample sizes created by ETC 
were used to fine tune the collection and conduct the expansion.  

Table 2: Project Time Periods 

Time Period Time Range 
AM Peak 3:00 a.m. to 9:00 a.m. 
Midday 9:00 a.m. to 3:00 p.m. 
PM Peak 3:00 p.m. to 7:00 p.m. 
Evening After 7:00 p.m. 

 

Origin and Destination Sampling Plans 

ETC Institute developed a sampling plan that would ensure the completion of the OD survey by at 
least 5,000 surveys. The sampling plan for the OD survey was designed to obtain completed 
surveys from a minimum of 9% of the ridership on each fixed route. Table 3 shows the planned 
minimum sample size and number of OD surveys collected by each transit system.  

Table 3: OD Surveys Collected by Transit System 

Service Type Min. Sample Size Surveys Collected 
SORTA 3,728 4,164 
TANK 602 752 
BCTA 303 414 
Streetcar 244 246 
CTC 6 7 
Total 5,000 5,583 

Note: Total sample size is not the total of all transit agencies but overall needed 

Sampling goals were created to guide the collection by route, time period, and direction. Appendix 
A contains the sample plans which show the OD survey sampling goals and number of total 
weekday-surveyed trips collected by time-of-day and direction. 

On-to-Off Sampling Plans 

All routes in the selected systems were reviewed to determine if the AWR was sufficient to warrant 
the O2O counts. A minimum AWR threshold of at least 2,000 was required to be a part of this effort. 
Based on the AWR ridership used to plan for the survey, eight SORTA routes qualified the criterion 



OKI On-Board Transit Survey  FINAL REPORT 

 

11 
 

and were selected for the O2O survey. For each route surveyed, 20% of the AWR had O2O pairs 
collected. All O2O counts were collected on weekdays across the entire service day.  

In total, 6,344 boarding and alighting pairs were collected. Appendix A contains the sample plans 
which show the O2O counts of total boarding and alighting pairs collected by route, time-of-day, 
and direction.  

2.2 Survey Design 
The survey was designed to obtain information in three major categories: OD travel patterns, usage 
information, and rider demographics. Once the survey questionnaire was finalized, ETC designed 
a tablet-based intercept interview survey as the primary survey medium. The weekday survey is 
included as Appendix B. The survey was created to ensure Title VI requirements were met and to 
provide additional information on riders. 

The tablet survey methodology utilized the tablet’s on-screen mapping features allowing for real-
time geocoding of addresses and locations using exact address, intersections, and/or place names. 
The riders would then confirm the geocoded location on the screen map via an indicator icon. The 
interviewers used the mapping feature to collect the global positioning system (GPS) coordinates 
of all survey locations, including home address, origin address, destination address, boarding 
location(s), and alighting location(s). This allowed the interviewer to answer any questions as well 
as ensure the accuracy of the data collected. The respondent was allowed to select the answers 
to some demographic questions directly on the tablet to allow for more privacy, e.g., household 
income, gender.  

2.3 Survey Recruitment and Training 
Assembling a team of high-quality survey staff was one of the most important steps in the OD 
administration process. In addition to using ETC in-house survey staff, ETC collaborated with the 
staffing firms ANIK and Stat Team to provide interviewers for the OD Survey.  

ETC Institute conducted two training sessions for the project. Training sessions focused on the 
study purpose and objectives, the survey instruments, scripts on how to respond to passengers’ 
questions, how to use data collection tools, instructions on how to conduct themselves when 
working with the public, and safety training. The survey staff were instructed to understand that 
while they were not OKI, SORTA, Streetcar, TANK, BCTA, or CTC employees, they were 
representing these agencies while on transit vehicles or property and they needed to act in a 
manner that reflected positively. 

Maximizing participation and legitimizing the survey among passengers depended on the public 
response to the survey staff. To support a good public image, ETC Institute imposed strict dress 
code standards that required survey staff to wear clean appropriate clothing to present a casual, 
yet neat, appearance that ensured professionalism and comfort. Survey staff were provided with 
survey badges and vests, identifying interviewers to transit operators and passengers to further 
legitimize their appearance. The badge and dress code standards promoted a professional 
appearance and reinforced survey legitimacy, which increased passengers’ trust in the interviewers 
and the process. 

As survey staff are the key ingredient to the success of a project, ETC provided in-depth project 
specific training to ensure successful data collection. The interviewer training reviewed project 
specifics and field procedures and provided training on how to actively engage customers 
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(passengers). Key highlights in our training focused on courtesy, professionalism, and person-to-
person interactions. 

The ETC field manager created the necessary training materials for conducting the OD training. 
The classroom training session included a PowerPoint presentation to explain the purpose and 
objectives of the survey, procedures and requirements, survey logistics, how to maximize response 
rates (including difficult-to-survey passengers), and the data collection process in a step-by-step 
format. Other goals of the training included building interview staff confidence, helping interview 
staff feel that they are an important part of the survey’s success and helping them understand the 
importance of the survey and the long-term benefits to their community. 

For the OD training, ETC ensured that the training addressed the following details: 

• Tips on intercepting/interacting with non-English speakers and passengers with limited 
English proficiency. 

• Cultural sensitivity. 
• Importance of understanding the intent of the questions. 
• Instructions on conveying the purpose of the survey to passengers. 
• Importance of adhering to our random sampling protocol at the outset of every survey. 
• Procedure for properly recording all refusals and completing a short observational 

assessment of the refusing passenger for internal purposes. 
• Importance of data confidentiality and instruction on how to address passenger concerns 

regarding the same. 
• Overview of the transit systems covering all topics covered in the tablet questionnaire with 

route-specific instruction as needed. 
• How to manage passenger comments and complaints. 
• Expectations of Conduct. 
• Safety training. 

The following day after OD training, interviewers went out for live surveying from the Fountain 
Square transit center. This allowed ETC staff to gauge each interviewer’s comprehension of the 
survey and instrument and provide feedback as needed. 

2.4 OD Survey Field Administration 
Survey staff would report to their assigned locations such as Fountain Square transit center and 
multiple other individual bus stops for their shifts. ETC ran two survey shifts that captured surveys 
between 5am and 11pm. Surveys were conducted Monday through Thursday. 

OD Survey Procedures 

For the OD survey, interviewers boarded their assigned bus and selected riders at random to 
participate in the survey. While conducting the interview, interviewers asked the respondent each 
question from the survey tablet and recorded each response provided to them by the passenger.  

Selection of OD Participants 
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For the OD interview the tablet generated a random number (shown in Figure 2) to determine which 
passengers were asked to participate in the survey after boarding the vehicle.  

If four people boarded a bus, the tablet randomly generated 
a number from 1 to 6. If the tablet responded 2, the second 
person who boarded the bus was asked to participate in the 
survey. If the tablet responded 1, the first person was asked 
to participate in the survey, and so forth. The selection was 
limited to the first six people who boarded a bus or train at 
any given stop to ensure the interviewer could keep track 
of the passengers as they boarded.  

For example, if 20 people boarded a vehicle, the tablet program would randomly pick one of the 
first six people for the survey. If the interview was refused by the randomly selected passenger, 
then the passenger who boarded before the passenger selected would be attempted. 

Respondents who did not have time to complete the survey during their bus trip, or who spoke a 
language different from the interviewer, were given the option of providing their phone numbers to 
conduct the survey at another time. Those who provided their phone numbers for callbacks were 
then contacted by ETC Institute’s call center to complete the survey. Interviewers that spoke the 
foreign language of the passenger translated the English tablet version during the interview and 
indicated in which language the interview was conducted. Additionally, interviewers carried paper 
surveys in Spanish that could be distributed for self-administration. 

Interviewers selected passengers in accordance with the sampling procedures previously 
described. The interviewer then: 

• Approached the passenger identified and asked him/her/them to participate in the survey.  
• If the passenger refused, the interviewers ended the survey, excused themselves and 

completed three observational questions (age, race, and gender). 
• If the passenger agreed to participate, the interviewer asked the passenger if he/she/they 

had at least 5 minutes to complete the survey. 
• If the person did not have at least 5 minutes on the bus, the interviewer asked the person 

to provide his/her name and mobile phone number or e-mail in order to send a link to a 
self-administered on-line version. This methodology ensured that people who completed 
short trips on public transit were well represented. The vast majority of records were able 
to be completed onboard. 

• If the person had at least 5 minutes on the bus, the interviewer completed the survey on 
the vehicle.  

OD In-Field Quality Assurance/Quality Control 

ETC Institute field supervisors reviewed each interviewer’s data reviewing the following elements 
to ensure they were administering the interview properly. To accomplish this the field supervisors 
continually monitored various elements of the data collection on a daily basis. Some of the areas 
where this monitoring occurred was:  

• Distribution of surveys by demographics - There were several demographics monitored 
including race, gender, and age to ensure that riders were randomly selected. If 
percentages of an individual interviewer greatly differed from other interviewers, especially 
on the same route, this was used to provide feedback to staff.  

Figure 2 – OD Survey Random 
Number Generator 
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• Distribution of surveys by trip characteristics - Transfer rates were monitored to ensure 
data quality. If interviewers showed fewer transfers than average, their trip path was more 
heavily scrutinized to ensure transfers were being captured accurately. The linked trip 
decomposition, described later in the report, shows that the transfer rates captured were 
in line with what was expected. 

• Length of each survey in minutes - If staff average survey time was much longer than 
others, feedback was provided to staff to help them improve their efficiency. If average 
times were much shorter data was reviewed to ensure the trip paths and transfers were 
accurately captured.  

• Percentage of refusals - For staff who had received significantly more refusals, additional 
time was spent training the staff on the survey introduction. If staff showed very few refusals 
feedback was provided to ensure that they are capturing refusals properly. As mentioned 
previously, refusals based on gender and race were similar.  

• Percentage of short trips – There were two options in the survey when riders indicated they 
were willing to participate and whether they had at least 5 minutes or not. If a passenger 
did not have at least five minutes, they were able to provide a phone number or email for 
a self-administered version. In cases where these distributions were slightly off due to 
passengers not completing a survey due to short trips, the expansion process accounted 
for any differences. 

• Percentage of capturing non-English speakers. Staff responses were reviewed to ensure 
the attempt to capture non-English speakers occurred.  

Data Collection Dashboard and Status Reporting 

ETC created a data collection dashboard for OKI to view the collection productivity, demographics 
collected, and to visually show locational data on a plot map. The dashboard gave the ability to 
review the data collected in an interactive fashion rather than relying on traditional static reports. 
ETC Supervisors monitored data collection with a similar dashboard designed for supervisors to 
monitor collection goals and quality check interviewer’s demographics and other items. 

Figure 3 – Data Collection Dashboard 
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The whole team was able to view from access to the Data Collection Dashboard which allowed for 
real time status reporting. The sample collected for each day type was monitored at both the overall 
route level as well as direction and time of day levels.  

2.5 On-to-Off Count Administration 

On-to-Off Collection Method 

ETC Institute implemented a new method of capturing passenger boarding and alighting pairs (O2O 
pairs) using video recording devices that capture pictures of passengers from the knee down. By 
capturing from the knee down the passenger’s identity remained unknown. Utilizing the devices 
eliminated using survey staff on board vehicles thus lowering labor costs and human error and 
allowed for nearly a 100 percent pair count.  

The devices provided a stable and accurate GPS record with a refresh rate of 1 second with a 
recording time up to 16 hours. The recording devices were placed in 3D printed shells and placed 
at each bus door positioned to capture passengers’ images when they boarded and alighted. Figure 
3 below shows the device used and the positioning of the device on-board of vehicles in different 
locations (doors). 

Figure 4 – On-to-Off Recording Device and Positioning on Vehicle 

 

 

On-to-Off Collection Administration 

Blocks were pre-selected by ETC for all chosen routes for the O2O counts. O2O collection staff 
reported to the Bond Hill and Queensgate bus garages the hours of 12am to 4am. The collection 
staff would then: 

• Check in with dispatch and provide block numbers. 
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• Receive individual bus numbers for each block by dispatch. 
• In order of bus pull-out time (earliest to latest), install the devices onboard the vehicles  
• Devices were installed for each door on the bus. 
• Leave an OKI letter in the operator’s seat in order to notify them that their vehicle was 

selected for the study and has devices installed at each door. 
• Monitor video capture throughout the day to ensure no devices have turned off or have 

been removed. 
• Return to the depot when buses return to uninstall the devices. 
• Upload the device data to ETC’s secure system. 
• Delete data from the devices and charge for the following day. 

On-to-Off Processing 

Video recordings were uploaded by field staff which went into ETC’s secure filing system. The 
videos were reviewed for completeness and then sent to ETC’s O2O video review team. The review 
team would screenshot each boarding and alighting (bottom half of passenger) that included the 
tagged GPS location and GPS time. The review team paired these screenshots to determine the 
boarding and alighting locations, times, routes, and directions for each passenger. Once paired, a 
secondary review was conducted to ensure accuracy. 

2.6 OD Data Review Process 
Many of the monitoring processes described previously in the report are essential elements of the 
overall quality assurance/quality control (QA/QC) process that was implemented throughout the 
survey. The establishment of specific sampling goals and procedures for managing the goals 
ensured that a representative sample was obtained. The geocoding tools embedded in Google 
map searches, ETC Institute Visual Review program, and Caliper® Maptitude geographic 
information system software, allowed for the geocoding accuracy that was achieved.  

The following subsections describe the QA/QC processes that were implemented after the data 
were collected.  

Process For Identifying Complete Records 

To classify a survey as being completed, the record must contain all elements of the one-way trip. 
ETC Institute has classified required trip data as containing complete answers to the following: 

• Route/Direction • Origin place type 
• Time of trip • Destination place type 
• Transfers made • Access mode 
• Home address • Egress mode 
• Origin address • Boarding location 
• Destination address • Alighting location 

 

In addition to the required trip-data questions, an interview must be considered complete by the 
online survey program. This occurs if the interviewer navigates through all questions from the 
survey, including demographics.  

Online Visual Review Tool 
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ETC Institute online visual review tool allowed for the review of all completed records. The tool 
displayed all elements of the one-way trip, as well as a series of distance ratio checks. After 
directions were finalized, each record went through speed/distance/time checks. Figure 4 shows 
an example of the online visual review tool. 

Figure 5 - Online Visual Review Tool (Editable Version) 

 

Pre-Distance Checks 

The series of distance and ratio checks were contained in the online visual review tool for ETC 
Institute’s Transit Review Team (TRT) to systematically approach the reviewing of completed 
records. The TRT process for editing surveys is described later in this section. Note: The distance 

and ratio checks described are meant to alert the reviewer that closer evaluation may be needed. 

However, this does not indicate the record was inaccurate or unusable.  

The distances for the checks are created using the great-circle distance formula that is based on a 
straight line from point A to point B that considers the curvature of the earth. After all transfer 
reviews were conducted, three QA/QC ratio checks were conducted. First, the distance between 
the boarding and alighting location was divided by the distance between origin and destination. 
Second, the distance between origin and boarding location was divided by the distance between 
origin and destination. Third, the distance between the alighting location and destination was 
divided by the distance between origin and destination. 

Transit Review Team 

The TRT reviewed all completed records, paying special attention to records that were flagged by 
the previously described checks. Typically, around 10 percent of all records receive an automatic 
flag. The issues listed in Table 4 result in actions that allow about 50 percent of those records that 
are flagged to be retained. 
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Table 4: General Issues 

Issue Description of Issue Action 

Origin/Destination 
Condition 1 

Origin/Destination 
appears incorrect 
because the wrong 
location of a multiple-
location organization 
was selected 

If, for example, an Origin/Destination appears 
illogical based on the college campus that was 
selected, but an appropriate campus of the 
same college does appear logical given the 
other points and answer choices of the trip, 
then the appropriate campus will be selected. 

Origin/Destination 
Condition 2 

Origin/Destination 
appears to have been 
geocoded to the 
incorrect city/state 

If for example, an Origin/Destination appears 
illogical based on the city/state that was 
geocoded, but the address/intersection is 
logical within the trip if the city/state are 
changed. This occurs occasionally because 
the interviewer selects the wrong choice from 
the list of address choices that appear in the 
online survey instrument, then the appropriate 
address information will be inserted. 

Access/Egress 
Mode 

Access/Egress Mode 
seems illogical based 
on trip 

If the access/egress mode involves the use of 
a vehicle and the distance from either origin to 
boarding or alighting to destination is less than 
0.2 miles, then the access/egress mode is 
recoded to walk/walked and that change will be 
reflected in the database. 

Directionality of 
Record 

Boarding and alighting 
locations indicate that 
the trip is going in the 
opposite direction of 
what was selected by 
the interviewer 

Change direction of route selected and, if 
necessary, update boarding and alighting 
locations based on appropriate direction. 

 

Post-Processing Additional Checks 

After records were reviewed by the TRT, the next step involves the application of QA/QC non-trip 
checks. Non-trip related checks included: 

• Ensuring the respondents who indicated they were employed reported that at least one 
member of the household was employed. 

• Ensuring the survey completion time was reasonable given the published operating 
schedule for the route. 

• Ensuring that the appropriate fare type was used given the age of respondent. 
• Removing personal information to protect the anonymity of the respondents. 

Once all records complete the pre-processing and post-processing QA/QC checks, those deemed 
complete and usable are appended to the completion report to ensure that goals are met. After the 
final review is completed, a data dictionary was created to describe the data in the database.  
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3. SURVEY WEIGHTING AND EXPANSION 
When survey goals are created, they are typically based off a percentage of the AWR for the routes 
in the system. That is further broken down by time periods and directions. Once a sample 
percentage is agreed upon, the goals for the survey collection are based off the ridership for each 
route by time period and direction, and then multiplied by the sampling percentage. For “Circular” 
or “Loop” routes, e.g., Cincinnati Streetcar, the ridership is typically only broken down into time 
period as there are many riders that will board going in one direction but alight going the other 
direction due to the functionality of the route. This typically is also the case if there are directional 
routes where many riders travel through the terminus and alight going the opposite direction of 
initial boarding. 

The purpose of developing survey goals is to collect an appropriate number of survey records that 
will be “expanded” to represent the total of each route by time period and direction. To further 
increase the specificity of the expansion process, segments were created for each route. Stops 
were grouped into segments along that route so that boarding segments could be paired with 
alighting segments when creating the expansion factor. Segmentation occurs on bus routes 
because it is unrealistic to expand bus survey data at the stop level. Stop, or station, level expansion 
is generally reserved for rail lines. 

3.1 Route Segmentation with APC Data 
ETC Institute primarily creates segments for bus/rail routes based on "boarding/alighting (total 
ridership)" percentages along the route. The preferred method is to segment routes using Stop-
Level Ridership data. Routes with Stop-Level Ridership data are divided into segments based on 
the "boarding/alighting (total ridership)" patterns. A new segment begins after approximately a 
specific percentage of the route’s "boarding/alighting (total ridership)" has occurred, and another 
segment initiates after reaching a similar threshold. The final segment is established after a 
designated portion of the "boarding/alighting (total ridership)" has taken place. Figure 6 illustrates 
this segmentation process using stop-level ridership data.  

Figure 6 – Segmentation with Stop Level Ridership Example 
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After the default segmentation process is completed, the default segments are forwarded to the 
respective route agencies for their review and adjustments. These adjustments are made based 
on specific characteristics of various sections of the route. These new agency segments will be 
used for the expansion. 

(Note: Iterative Proportional Fitting (IPF) is employed in various expansion methods discussed later 

in this report. To ensure IPF accuracy, "boarding/alighting (total ridership)" figures must match 

alighting totals. Therefore, adjustments are made to ridership alighting data using a multiplying 

factor to align it with "boarding/alighting (total ridership)" figures. Typically, these adjustments are 

nominal. However, if significant disparities exist between "boarding/alighting (total ridership)" 

figures in different directions of a route, additional review of the route's functionality may be required 

to ensure that surveys are both collected and expanded appropriately.) 

3.2 Data Expansion Approaches 
The type of bus data expansion conducted depended on the data available for the specific route. 
The three types of data that created the combinations that guided the type of expansion used were: 
Automatic Passenger Count (APC) data (from individual transit providers), O2O counts (collected 
by ETC Institute), and OD survey data (collected by ETC Institute). Figure 7 shows the data 
combinations, the corresponding route segmentation, and type of expansion used. 

Figure 7 – Segmentation Process with Stop Level Ridership 
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Four data expansion methods have been formulated based on available data. The specifics of each 
method are outlined below. 

Type 1 Expansion: Bus Routes with Stop-Level Ridership / APC Data, O2O Counts, and OD 
Survey Data 

Of the four types of sample expansion discussed, Type 1 expansion was the preferred method as 
it incorporated all three types of data that were available. This type of expansion was conducted 
on the more heavily traveled routes in the system and occurred after route stops were divided into 
three segments based on total boarding distribution by direction, as previously described. The 
segments were then appended to both the O2O counts and OD data based on the boarding and 
alighting locations. The process for Type 1 expansion is illustrated in Figure 8. 

Figure 8 – Type 1 Expansion 

 

Once the segments were appended to the O2O counts and OD survey databases, the records 
were ready for expansion. The process for how the data was expanded in Type 1 expansion is 
explained below. Figure 9 shows the segmented results for the O2O counts that were administered 
for a certain route, direction, and time period. Each row in the table identifies the segment where 
passengers boarded the bus. The columns in the table identify the segments where people alighted 
the bus. For example, 20 riders boarded in segment 2 and alighted in segment 3. 

Figure 9 – An Example of Data Expansion Results of O2O Counts 
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Figure 10 shows the distribution of the data in Figure 9 expressed as a percentage of all boardings 
for the specific time period and direction. Figure 10 was created by dividing each O2O cell in Figure 
9 by the sum of all O2O counts Figure 9, which is 115. For example, 20/115 (17.4%) of all trips 
boarded in segment 2 and alighted in segment 3, as shown in Figure 10. 

Figure 10 – An Example of Data Expansion Segment Results of O2O Counts 

 

The total APC ridership for the route, time period, and direction was then applied to the O2O 
distribution percentages in Figure 10. This produced estimated ridership flow between each 
boarding to alighting segment pair as shown in Figure 11. For instance, applying the actual ridership 
of 320 created an initial estimate of 56 trips (17.4% x 320) from segment 2 to segment 3. 

Figure 11 – An Example of Initial Projected Ridership Flows based on O2O Counts 

 

In order to develop a more accurate estimate of the ridership flows between segments on each 
route, ETC Institute developed an IPF algorithm to balance the differences between the ridership 
projected from the O2O counts (shown in Figure 11) and the APC ridership for each segment 
(shown in Figure 12). The IPF process is described below: 

Figure 12 – An Example of Stop-Level Ridership / APC Data 

 

Step 1: Correction for the Boardings. The estimated ridership from the O2O counts for each 
route (as shown in Figure 12) was multiplied by the ratio of the actual boardings from stop-level 
ridership / APC data for each segment by the estimated boardings for each segment. For example, 
if the actual boardings for Segment 1 were 120 and the estimated boardings were 100, each cell 
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associated with Segment 1 would have been multiplied by 1.2 (120 / 100) to adjust the estimated 
boardings to match actual boardings.  

Step 2: Correction for the Alightings. Once the correction in Step 1 was applied, the estimated 
boardings would be equal to the actual boardings. However, the adjustment to the boardings total 
may have changed the alighting estimates. To correct the alighting estimates, the new values 
calculated in Step 1 were adjusted by multiplying the ratio of the actual alightings from the stop-
level ridership / APC data for each stop by the estimated alightings for each segment from Step 1. 
For example, if the actual alightings for segment 2 were 220 and the estimated alightings from Step 
1 were 200, each cell associated with alighting segment 2 would have been multiplied by 1.1 (220 
/ 200) to adjust the estimated alightings from Step 1 to actual alightings.  

The processes described in Step 1 and Step 2 were repeated sequentially until the difference 
between the actual and estimated boardings and alightings converged to zero. Figure 13 shows 
that after seven balancing iterations in this algorithm, there were no differences between the 
projected distribution and the actual boardings and alightings.  

Figure 13 – Iterative Balance Process 

 

The final estimate for ridership flows is shown in Figure 14. 
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Figure 14 – An Example of Final Estimate of Ridership Flows between Segments 

 

The actual number of OD records completed for each boarding to alighting segment pair is shown 
in Figure 15. To calculate the expansion factors, the final estimate of ridership between segments 
shown in Figure 14 was divided by the actual number of OD records collected listed in Figure 15. 
This calculation produced the expansion factors shown in Figure 16. For example, the 32 estimated 
riders projected to board in segment 2 and alight in segment 3 were divided by the 10 OD records 
to produce an expansion factor of 3.15 to be applied to records that boarded in segment 2 and 
alighted in segment 3, as shown in Figure 16. 

Figure 15 – Number of Completed Onboard OD Interview Surveys (Bus) 

 

Figure 16 – Weighting Factors (Bus) 

 

Type 2 Expansion: Bus Routes with Stop-Level Ridership / APC Data, OD Survey Data, but 
no O2O Counts 

O2O counts are not collected for lower ridership routes. However, sometimes these routes will have 
stop-level ridership / APC data available. In this case, Type 2 expansion is appropriate. This type 
of expansion also divided stops into two segments based on total boarding distribution by direction. 
These segments were then appended to the OD records based on the boarding and alighting 
locations. The methodology for Type 2 expansion is explained in Figure 17. 
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Figure 17 – Type 2 Expansion 

 

Type 3 Expansion: Bus Routes with O2O Counts and OD Survey Data, but Without APC 
Data  

Expansion Type 3 is utilized for routes where O2O counts are collected but APC data is not 
available. In this method, routes without APC data are segmented into three segments based on 
number of stops along a route. For example, if Route X has 30 stops, then the first ten stops would 
be Segment 1, the second ten stops would be Segment 2, and the remaining ten stops would be 
Segment 3. These segments were then appended to the O2O and OD survey databases. The data 
is then expanded using a similar process to the previous expansion methods by route and direction. 
Instead of using APC data in this expansion process, however, it is only expanded using the OD 
Survey Data and the O2O Counts. Note: This type of expansion was not utilized in this project. 

Figure 18 – Type 3 Expansion 

 

Type 3 Expansion

On-to-Off

Data

Origin 
Destination 
Survey (OD)

Routes Segmented into 
thirds by the number of 

stops on a route (express 
routes are typically 

broken into two equal 
segments)

IPF is not available because there is no APC data to “balance” 
On-to-Off counts.  So, the percentage distribution from the 
On-to-Off is taken and multiplied by the ridership for that 

time period and direction.  Expansion Factors are determined 
based on this multiplied estimate and main survey records 

collected.
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Type 4 Expansion: Bus Routes with OD Survey Data, without O2O Counts Data, or APC 
Data 

For routes that only have OD survey data, Type 4 expansion is utilized. For this type of expansion 
there is no stop level data available. For this reason, a more rudimentary form of expansion must 
take place. The level of granularity for average daily ridership that can be provided from the agency 
determines the level of granularity for which expansion can occur. For example, when average 
daily ridership figures were available by route, time period and direction the number of OD surveys 
captured for that route, time period and direction were directly divided into the corresponding 
ridership provided. Alternatively, when average daily ridership figures were only available for the 
entire route and not broken down into time period or direction, the number of OD surveys captured 
for that route were directly divided into the corresponding ridership provided.  

The expansion type used for each record / route is provided in the datafile. 

3.3 Decomposition Analysis 
Decomposition analysis measures the overall representativeness of the survey records relative to 
linked and unlinked trips on an individual route basis.  

In transit OD surveys, an unlinked-trip weight is typically derived from on the AWR for the route on 
which the respondent was surveyed. This weight does not account for transfers to or from other 
routes. Conversely, a linked-trip weight is calculated considering the number of transfers as 1 / (1 
+ the number of transfers). For example, if a rider made one transfer, the linked-trip weight would 
be 1/2; if the rider made two transfers, then the linked-trip weight would be 1/3. 

Self-enumeration surveys have historically suffered from substantial errors in route level boarding 
levels. The advent of the personal interview, coupled with tablet technology, and more effective 
management of interviewers has reduced this issue. The decomposition analysis examines each 
record and the recorded sequence of routes and tabulates boardings for each route using this 
information. After all records have been examined, total boardings by route are summarized and 
compared with the observed level of boardings. The result of this analysis will help to determine 
the relationship between observed and estimated boardings by route. 

As detailed in Table 5, The decomposition analysis aggregated link factors for surveyed routes. In 
the table, the “Route Survey” columns sums all linked on route trips, while the “Transfer Route” 
column includes the total number of linked transfer trips from and to each route. “Total Summed 
Linked” is the summation of the values under “Route Survey” and “Transfer Route”. “Observed 
Boarding” is the AWR calculated from APC or farebox data. The analysis indicates the on-board 
survey closely mirrors actual system usage, with a negligible 0.00% discrepancy between the total 
boardings from summed linked weight factors and observed ridership. While there is not a firm rule 
when assessing the decomposition, it is expected that the percentage difference would be lower 
for higher volume routes. Routes with the most significant deviations from the linked factors, 
compared to observed counts, are typically low-volume routes, which inherently possess a higher 
margin of error. While there is not a firm rule when assessing the decomposition, it is expected that 
the percentage difference should be lower for higher volume routes. Table 5 shows the difference 
between derived and observed boardings by route. Only one route with at least 600 riders is 
exhibiting a difference of ±15% between the two factors, indicating very good accuracy overall. 

 



OKI On-Board Transit Survey  FINAL REPORT 

 

27 
 

Table 5: Decomposition Analysis by Route 

  



4. SURVEY FINDINGS 
The fully weighted and expanded OKI data were used to create the following analyses which include trip analyses and demographic analysis. The 
results are based off the survey instrument which is provided in Appendix B. All tables were created using linked expansion factors other than 
system transfers which used unlinked expansion factors. 

4.1 Trip Level Analysis  
The top three origin place types for riders are home (48%), work (18%), and personal business (5%). BCRTA had a greater number of riders coming 
from college (36%). Table 6 shows riders origin place type. 

Table 6: Trip Origin 

 

 

The top three destination place types for riders are home (41%), work (21%), and social visits (6%). BCRTA had a greater number of riders going 
to college (27%). Table 7 shows riders destination place type. 
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Table 7: Trip Destination 

 

 

Most (96%) riders walk to their first transit stop from their origin. CTC has a higher percentage (16%) of drive alone and park for access mode. 
Table 8 shows how riders access their bus / streetcar. 

Table 8: Access Mode 

 



OKI On-Board Transit Survey  FINAL REPORT 

 

30 
 

Most (97%) riders walk to get to their destination after their last stop. CTC has a higher percentage (33%) of get in a parked vehicle and drive 
alone for egress mode. Table 9 shows how riders egress their bus / streetcar. 

Table 9: Egress Mode 

 

 

Sixty-six percent of riders only take one route (no transfers) to complete their one-way trip. Table 10 shows the number of transfers used in riders’ 
one-way trips. 

Table 10: Number of Transfers  

 

 

Thirty-eight percent of riders at the regional level use a 1 Day Pass for their fare method. This is mainly due to SORTA in which 44% of riders use a 
day pass while TANK riders typically use both a day pass (30%) and one way or single fare (30%), and 51% of CTC riders use a one way or single 
ride. Table 11 shows the fare methods riders use. BCRTA is a free system and 97% of riders ride free but there are other options listed as riders 
may transfer to another system. 
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Table 11: Fare Method 

 

 

Ninety-six percent of riders pay regular fare at the regional level. CTC has a much higher reduced / disabled fare percentage (33%) in comparison 
with the other agencies. Table 12 shows if riders pay regular or discounted fare. BCRTA is a free fare, so this question was not asked.  

Table 12: Fare Discount 

 

 

Thirty-nine percent of riders use the Transit App to pay by EZFAIR. CTC and BCRTA do not offer this payment method. Table 13 shows if riders 
use Transit App to pay via EZFAIR. 
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Table 13: Use Transit App to Pay by EZFAIR 

 

 

Sixteen percent of riders Employer pays for some or all their transit fare. Tank riders have the highest percentage in comparison to others with 20% 
of riders fare being subsidized. Table 14 shows if riders fare is subsidized by their employer.  

Table 14: Fare Subsidy 

 

 

Over half of riders use transit between 3 – 5 days weekly and 34% ride transit 6 – 7 days weekly. Table 15 shows how many days weekly riders use 
transit. 

Table 15: Transit Use Frequency 
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If transit services were not available in the region, 29% would use Uber/Lyft/Taxi, 25% would ride with someone else, and 17% would walk / 
wheelchair to make their trip. Thirty-three percent of CTC riders would not be able to make their trip if transit services were unavailable. Table 16 
shows how riders would make their trip if transit services were not available.  

Table 16: Mode for Trip if Transit Was not Available 

 

 

4.2 Rider Analysis  
Ninety-five percent of riders own a smartphone. Table 17 shows if riders own a working smartphone.  

Table 17: Working Smartphone Status 

 

 

Eighty-five percent of riders have a debit or credit card. Table 18 shows if riders have a debit or credit card. 
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Table 18: Credit or Debit Card Status 

 

 

Ninety- seven percent of riders live in the OKI region. Table 19 shows riders’ visitor status. 

Table 19: Resident Status 

 

 

Seventy percent of riders are employed either full or part time. Table 20 shows riders’ employment status. 

Table 20: Employment Status 

 

 

Over three-quarters (76%) of riders are not students. BCRTA has a much higher percentage (66%) of college students that ride over other regional 
agencies. Table 21 shows riders student status. 
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Table 21: Student Status 

 

 

Fifty-nine percent of riders do not have a valid driver’s license. BCRTA has a much higher percentage (64%) of riders that have a license. Table 22 
shows riders’ drivers’ license status. 

Table 22: Driver’s License Status 

 

 

Table 23 shows riders’ disability status. Eight percent of riders have a disability. CTC has a much higher disabled ridership in comparison to other 
agencies.  

Table 23: Disability Status 

 

 

The highest (32%) age category of riders is between the ages of 35 – 54. BCRTA has a much higher (66%) 18 – 25 age ridership. Table 24 shows 
riders’ age distribution. 
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Table 24: Age 

 

 

Black / African Americans make up the highest race / ethnic group for riders at 58%. CTC riders are made up predominately (100%) of White / 
Caucasian riders. Table 25 shows riders race / ethnicity.  

Table 25: Race / Ethnicity 

 

 

Eleven percent of riders speak another language other than English at home and the highest spoken language at home is Spanish with 5% of 
riders speak Spanish at home. Table 26 shows if riders speak another language other than English at home.  

Table 26: Speak Another Language at Home 
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Only 1% of riders are Language English Proficient meaning that they speak English less than well. Table 27 shows how well riders speak English 
that answered they speak other languages at home. 

Table 27: English Proficiency 

 

 

4.2 Household Analysis  
Over half (56%) of riders do not have a household vehicle and only 18% of riders could have used a household vehicle to make their transit trip. 
Table 28 shows riders’ household vehicle availability and Table 29 shows if riders could have used a household vehicle to make their transit trip.  

Table 28: Household Vehicle Availability 
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Table 29: Use Household Vehicle for Current Trip 

 

 

Thirty percent of riders live in one person households. The second most common household size is two person households (26%), and the third 
most common household size is three person households (17%). Table 30 shows riders household size. 

Table 30: Household Size 

 

 

Thirty-eight percent of riders have one household employee. The second most common number of household employees is two persons (30%) and 
the third most common is zero household employees (14%). Table 31 shows the number of household employees in a rider’s household.  
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Table 31: Household Employees 

 

 

Twenty-one percent of riders live in a household that makes less than $10,000 annually, and 48% of riders have an annual household income less 
than $25,000. Table 32 shows riders household income. 

Table 32: Household Income 
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APPENDIX A SURVEY SAMPLING PLANS 
OD Survey Sample Plan  
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On-to-Off Sample Plan  

 

 

 

 



APPENDIX B SURVEY QUESTIONNAIRE 
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FARE METHODS BY AGENCY 

 

 

 


