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Introduction  
 Transit speed and reliability of a bus hinges on a number of factors. Reliability and 
performance depend on dwell time at transit stops. Dwell time is “the time in seconds that a 
transit vehicle is stopped for the purpose of serving passengers. It includes the total passenger 
service time plus the time needed to open and close the doors” (Dueker et al. 2004). Dwell time 
is dependent on bus platform height, door width, number of doors and internal vehicle layout, all 
of which are design characteristics of the vehicle. Factors that are external to the design of the 
vehicle include payment method, time of day, chair lift operations, and vehicle passenger loads.  
 This paper is concerned with the effect of payment methods on transit speed and 
performance. In particular, this paper concentrates on how cash payments impact overall transit 
speed. Users have a variety of options to pay for transit fare: cash (paper currency only, coin 
only or a combination thereof) go-to card, vouchers and paper transfer tickets. A Go-To card is 
Metro Transit’s touch-and-go card system where on-board units can read a card without 
requiring the user to remove it from his/her wallet. Since the payment method chosen is one of 
the only variables that users have control of, transit systems can be dramatically improved by 
simply requiring use of a smart-card system. From initial observations, it is clear to notice the 
additional time it takes for a passenger to board using cash payment vs. a quick touch-and-go 
system. This is an added cost in the form of travel time delay to everyone on the bus who wait 
the approximate 5-7 seconds it takes per passenger to pay using cash. Utilizing smart-card 
systems should realize a reduction in transaction time and boarding time per passenger.   
Theory  
 Transit authorities could drastically improve efficiency if relatively simple policies were 
implemented. The observed added delay caused by cash payments can be mitigated by requiring 
a form of smart card system. Despite the political ramifications of such a policy, in theory, 
eliminating cash payments, or at minimum installing pre-boarding payment machines at selected 
high-use stops, would immediately see gains in performance with minimal cost relative to capital 
infrastructure alternatives.  
 The mathematical theory behind the model hopes to demonstrate time savings on select 
bus routes by allocating cash payments to smart-cards. The model used is an extension of York’s 
linear regression model. This is a straightforward equation that estimates dwell time as a function 
of multi-variables: 
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Where: 
T=Total dwell time 
Bi= average boarding times for payment method i  
xi=number of passengers using payment method i  
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Methodology  
 
 Dwell time data collection can be a laborious and time consuming process. This process 
can be made easier with AVL and APC data. However such automated information can only 
display total boardings and total dwell time at a stop and not the number of boardings per 
payment type. Acquiring payment type information necessitates on board observations. Typical 
processes consist of observers and recorders. The procedure used was borrowed from the Transit 
Capacity and Quality of Service Manual with minor modifications: 

From a position on the vehicle, record the stop number or name at each stop. Record time 
doors have fully opened. Begin timing when first boarding passenger steps on platform. Count 
and record the number of passengers that board and the payment type for each passenger. Stop 
timing when the last boarding passenger has cleared the yellow caution line. It should be noted 
that since there is little consistency on when the bus operators will close the doors and begin to 
move the vehicle, what is important is the total time it takes a passenger to complete a payment 
transaction and move past the yellow line. This ensures a consistent time recording method. 
Waits at timepoints or at signalized intersections where dwell is extended for cycle should be 
noted but not included in the dwell time. Delays at bus stops when a driver is responding to a 
passenger information request are everyday events and should be included in the calculation of 
dwell time. Note any special circumstances. 

In order to isolate the effect of payment type on dwell time, data collection method 
required a bit of censoring. To begin with, any stops with chair lift operations or bike rack use 
were purged from the data. Dwell times greater than 180 seconds, which are abnormal, were also 
not included. To prevent including added delay caused by passenger friction on board, data was 
not collected if bus capacity exceeded 75% load factor. As noted by Dueker et al. time of day has 
an impact on dwell time because of the general directional traffic that occurs during peak hours 
and a higher go-to card saturation rate by daily commuters and/or students. Dwell times were 
only recorded for stops where passengers boarded and not for stops where only alighting 
occurred.  
 
Data  
 

The data collected are from a three-week period beginning October 2010 on Metro 
Transit regular bus service routes. To calculate time savings, farebox data was needed and 
acquired from Metro Transit for route numbers 2, 3, 16 and 50. With the exception of route #2, 
all the routes analyzed are radial oriented routes and serve downtown Minneapolis and the 
University of Minnesota. Routes 3, 16 and 50 also serve Downtown St. Paul and are in the top 
10% busiest bus routes in the network.  Combined daily ridership for the four routes is 
approximately 41,000, compromising nearly 20% of total daily bus ridership. These routes were 
selected on the basis of having relatively heterogeneous payment types, mix of choice and 
captive riders and the ease, familiarity and accessibility to the data collector. 
 Collecting dwell times for each boarding individual proved to be too complicated. 
Instead, total dwell time at each stop was recorded along with the number of passengers using 
each payment type. Original payment types were divided into five categories: go-to card, 
transfer, dollar bills with no change, exact fare, and coins only. Preliminary regression 
estimations showed a low R-square value. Categories were condensed into three classifications: 
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go-to card, cash and transfer tickets. Table 1 is an abbreviated table used for manual, on-board 
data collection. Metro Transit classifies farebox data into eight different payment categories 
which were condensed into three distinct payment types based on the system required:  
 
Model Assumptions  
 
 From initial observations, it is apparent that different payment methods impact transit 
speed and performance in dissimilar ways: some positively and some negatively. Go-To cards 
are an obvious benefit to the user and transportation system because of the rapid swipe and board 
transaction while cash is a giant nuisance for both. This paper hypothesizes that transit agencies 
can substantially improve bus performance by incrementally requiring regular cash users on 
highly utilized bus routes to become Go-To card users. Doing so will result in savings in dwell 
time, operating costs, total route running time and theoretically a reduction in the number of 
vehicles required to serve high-frequency routes.  
 In addition, this paper hopes to find a relationship between Go-To card saturation rates on 
routes and these routes on-time performance. Go-To card saturation rate is the percentage of total 
route ridership that uses a Go-To card. It is possible that a lower Go-To card saturation rate for a 
route is, the lower the on-time performance rate will be. The next section presents and describes 
the results of the study.  
Results  

Nearly 200 boardings at over 60 bus stops were recorded and analyzed using SPSS 
statistical software to calculate the regression coefficient for each variable. For each passenger, 
there is an estimated dwell time delay as a function of the payment method used.  

 
Table 1 Payment type by bus stop 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 Minim
um 

Maxim
um Mean 

Std. 
Deviation 

Varian
ce 

Go-To 0 11 2.28 2.349 5.518 

Transfer 0 8 .90 1.498 2.243 

Cash 0 4 .56 .870 .758 

Dwell Time 
(Sec) 

2 77 16.69 15.237 232.15
7 



 
 
 

4 Payment Methods Impact on Transit Speed and Performance 
 

Table 2 Coefficients and Model Summary 

 
 
Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t 

 
 
 
 
R 

 
 
 
 
R-
Square 

 
 
Std. Error of 
the Estimates 

Sig. B Std. Error Beta 

1 (Constant) .330 .785  .421 .963a .928 4.177 .675 

Go-To 2.620 .225 .404 11.619    .000 

Transfer 5.803 .342 .570 16.982    .000 

Cash 9.277 .607 .530 15.289    .000 

   a. Dependent Variable: Dwell Time (Sec)    

 
 
T = (2.6)X1 +(5.8)X2 + (9.2)X3 
Where: 
X1= Number of passengers using a Go-To card  
X2= Number of passengers using a Transfer card  
X3= Number of passengers using Cash  
 

The time saved for each passenger that previously used cash and now uses a Go-To card 
is     B3-B1=6.6 seconds/passenger. The R-square for the regression model is .928, indicating a 
strong correlation. With this information, we can estimate reduction in dwell time by converting 
cash users to Go-To cards.  

For each route, dwell time can be estimated using the payment type coefficients and 
equation stated on page 10. Using this method we get the following daily dwell times for the 
selected bus routes displayed in Table 3. It is worth noting that nearly 40% of daily ridership on 
these routes is students, which yields a lower average dwell time/passenger because of the 
reduced price of UPass and College Pass cards for students. The majority of routes on the 
network carry little or no student passengers resulting in higher dwell times/passenger. 

Table 3 Total Daily Dwell Time by Route 

Bus Route Daily Dwell Time (hours) 

#2 11.08 
#3 13.09 
#16 13.54 
#50 10.03 

 
Table 4 Share of Payment Methods 

Route # 2 3 16 50 

Share of Go-To (%) 56 61 42 48 

Share of Transfers (%) 37 33 49 47 

Share of Cash (%) 7 6 9 5 
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 The next step in the model is to estimate dwell time savings by converting cash users to 
Go-To card users, thereby saving 6.6 seconds/passenger boarding as well as for every passenger 
already on the bus. This amounts to be a significantly large number on a whole network which 
will be discussed in the next section. To obtain estimations that are based on realistic goals, I 
first identified a new dwell time by converting 25, 50, 75 and 100% of cash users to Go-To cards 
to see what the incremental savings would be. The results in Figure 2 show that dwell time can 
be reduced by a half hour for routes 3 and 16 by only converting 25% of cash users. With a 50% 
switch, the gains would be even more significant.  

Further analysis demonstrates what percent of dwell time would be saved with each 
conversion percent. Table 6 reveals that Metro Transit can reduce dwell time for each route by 
an average of 6% for a 50% conversion rate and by over 10% if all cash payments were 
converted to Go-To cards. Converting cash payments to Go-To system wide would immediately 
have a positive impact on the network.  

Figure 1 Daily Dwell Time 

 
 

Table 5 Percent Dwell Time Saved With Each Conversion Segment 
Route 
# 

25% 
Conv. 

50%  
Conv. 

75% 
Conv. 

100% 
Conv. 

2 3% 5% 8% 10% 
3 3% 6% 9% 12% 
16 3% 7% 10% 14% 
50 2% 4% 6% 8% 

 
Network Wide Savings 

 

 Switching to a smart card system network would have obvious cost savings and time 
savings for the user and agency. Table 7 below displays the breakout of rides by payment type 
for 2010. Applying the Dwell Time estimation model to total passengers in 2010 yields a total 

2 3 16 50

Existing Dwell Time 11.08 13.09 13.54 10.03

25% Conv. 10.79 12.72 13.08 9.84

50% Conv. 10.5 12.35 12.61 9.64

75% Conv. 10.21 11.95 12.15 9.45

100% Conv. 9.92 11.57 11.68 9.26
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dwell time of 91,523 hours. With this information, network-wide time saved and reduction in 
operating costs can be estimated. Metro Transit hourly operating costs for busses, included driver 
costs, fuel, maintenance and overhead is $107.80/hr. The network as a whole can reduce total 
dwell time by over 15,000 hours annually by converting close to, if not all cash users to some 
form of a smart-card system. This also results in over $1.7 million in reduced operating costs 
annually for busses. The impracticality of abolishing cash payments on bus networks is 
problematic for transit agencies to enjoy the gains in using network wide smart cards. Transit 
agencies can, however, begin by installing card station on some of the networks busiest stops or 
establishing the busiest routes as card only routes. An alternative solution which is widely used 
in many international cities allows users to refill transit cards at retailers across the city, 
including pharmacies, grocery stores and convenient stores (See Tobacco and wholesaler 
locations in Prague, Czech Republic). 
 

Table 6 Network Wide Annual Savings 

Network-Wide Savings 25% 
Conv. 

50%  
Conv. 

75% Conv. 100% Conv. 

Time Savings (Hours) 3,976 7,951 11,927 15,903 
Operating Costs Savings $428,573 $857,146 $1,285,720 $1,714,293 

 
The 6.6 additional seconds it takes for a passenger to use cash delays the bus and 

everyone else on it. The process of unfolding dollar bills and inserting change into the fairbox 
holds the bus and all passenger on board uselessly idle. Since data to estimate total delay on the 
network is unavailable, estimates were done using on-board observations. I observe local route 
#16. This approach, which uses on-board observations for 10 stops using quick glance estimates 
as to the number of passengers on board when there is a cash user. The observation occurred 
around noon on a weekday from 4th St. and Nicolette Mall and University Ave. and Rice St.  
 
This method uses the approach described below: 
 
Total delay per stop = The number of on-board passengers * delay due to cash per stop. 
Total delay = SUM delay per stop 
delay due to cash = time cash (9.2 sec) - time electronic (2.6 sec) 
delay due to cash per stop = delay due to cash * # cash users boarding. 
 

Table 8 Delay Due to Cash 

Number 
of 
Stops 

Delay 
Due to 
Cash 
(sec) 

# of 
Cash 
Users 

Total 
Delay 
(sec) 

Passengers 
on Board Total Delay (sec) 

10 6.6 20 132 272 3,458 Sec 
57 
Minutes 

 
This approach shows a total delay of 57 minutes in the span of 10 stops during the off-peak 
period. If more detailed data were available from automatic passenger counters and how many 
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passengers paid using cash at each individual bus stop, then a more comprehensive delay can be 
calculated using the formula outlined above. 
 
Summary and Conclusions  
 
 The purpose of this study was to identify the effects of payment methods on transit speed 
and performance, and specifically, to conduct a comparative study of how dwell time differs for 
each payment method. The paper demonstrates how cash payments cause an unnecessary delay 
to the user as well as passengers and the system as whole. The research provides a coefficient for 
each payment variable which can then be applied to ridership figures to produce total route dwell 
time. The formula can be applied to every route across the network. This paper also provides an 
image of how dwell time can be reduced by switching cash users to a smart-card system.  
 This study provides ample opportunities for subsequent research.  The reduction in dwell 
time by switching to Go-To cards will indirectly result in reduced operating time, and therefore 
reduce operating costs. The findings may also assist Metro Transit in determining network-wide 
savings that can be realized by instating policies which require Go-To cards on the network’s 
most frequented routes. In theory, if Metro Transit is able to reduce a route’s daily dwell time 
equivalent to the route’s total running time, Metro Transit can increase frequency without 
significantly adding to cost. The positive effects of reducing cash payments and switching to a 
network-wide Smart-Card system produces beneficial implications for transit agencies across the 
U.S.  
 Addressing factors that can greatly improve public transportation speed and performance, 
such as an agencies payment structure, is just one way to create a more advanced system at 
relatively low cost. Bus performance, which is dependent on dwell time as evidenced in this 
paper, hinges on the payment method. A simple yet dramatic blow to improve public 
transportation performance can be achieved through a change in agency policy.  
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