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Respondent Trip Frequency Bias in On-Board Surveys 

LAWRENCE B. DOXSEY 

In this paper it is shown that on-board surveys are burdened with an in
herent and serious sampling bias. The source and implications of this bias 
are presented, and a simple statistical correction procedure is developed. 
An example is used in which the bias leads to a 50 percent overestimate 
of average tripmaking by users and a 33 percent underestimate of the 
number of transit users in the population. 

On-board surveys are the most commonly used mecha
nism for the collection of disaggregate data about 
public transit patrons. For many operators, on
board surveys are conducted on an annual basis and 
provide them with their only source of information 
on the users of their systems. The attractions of 
this survey technique are both strong and obvious. 
Compared with other survey procedures, on-board sur
veys are inexpensive to both develop and administer 
and they guarantee that all r espondents will be 
transit users. Thus fairly modest resource expendi
ture can generate a substantial volume of user in
formation. 

Unfortunately, on-board surveys are also burdened 
with a number of disadvantages. Frequently acknowl
edged among these is the general low response rate, 
often 25 to 50 percent, with the possibility of se
vere nonresponse bias. Also widely recognized is 
the inherent need for brevity and hence the relative 
paucity of information on each respondent. Other 
difficulties relating both to the method of adminis
tration and to limitations on the information re
ceived have been identified and could be mentioned 
here. However, one fundamental and potentially se
rious drawback to on-board surveys has been quite 
generally overlooked. This is the problem of selec
tion bias, which results from using transit passen
ger trips as the sampling f r ame for interviewing 
transit users. Th i s particul a r form of selection 
bias is referred to in this paper as respondent trip 
freque nc y bias. It is the purpose of this pape r to 
isolate the source and impl ications of respondent 
trip frequency bias in on-board surveys and to offer 
a simple statistical weighting procedure that can 
correct it. 

SELECTION BIAS 

Selection bias results when the probabilities with 
which sample units are actually drawn differ from 
the probabilities with which they are believed or 
perceived to have been drawn. The relationship of 
the sample to the population consequently differs 
from what it is thought to be and, in turn, esti
mates based on the sample are biased. Selection 
bias commonly occurs either if the pattern of nonre
sponse is such that the actual probability of an in
dividual unit appearing in the sample is unknowingly 
correlated with variables under study, or if the ac
tual sampling procedure differs from the sampling 

problems in survey sampling <!.l. The on-board sur
vey respondent trip frequency bias addressed here 
belongs to the latter category. In other applica
tions, identification of and correction for selec
tion bias are routine steps in the analysis of sur
vey data. However, with the exception of a few 
specific and sophisticated applications (2), the 
presence and implications of selection bias- in on
board surveys has been commonly overlooked. 

In an on-board survey the sampling frame is the 
set of passenger trips taken during the sample pe-

riod. However, much of the subsequent analysis, and 
much of the motivation for conducting a survey at 
all, involves identifying the characteristics of the 
users of the system. It is significant that in con
ducting the analysis, the observations are treated 
as if the sampling frame had been system users 
rather than system trips, and each respondent is 
treated as if he had an equal probability of appear
ing in the sample. This is in error because the 
probability of an individual user appearing in the 
sample is directly proportional to the number of 
transi t trips that user makes during the sample 
period. 

Individuals who take many trips are far more 
likely to appear in the sample than are individuals 
who take few trips. Potentially severe selection 
bias occ urs because the assumed design probabilities 
(i.e., those implicit in the analysis) differ mark
edly and systematically from the actual probabili
ties. Fr om a s ampling v iewpoint, the r elationship 
betwe en t rips a nd users c an be r egarded as an im
plic i t stra tif i c a tion o f user s on the basis o f t heir 
respeo-tive i nd ividua l trip r a tes . This i nterpr eta
tion a llows v iewi ng r espondent trip freque ncy bias 
in the e ndogenous va riable s tra t ific a tion context of 
Hausman and Wise (3), although their work is couched 
in terms of expliClt rather than implicit stratifi
cation. 

WHAT RESPONDENT TRIP FREQUENCY BIAS MEANS FOR 
ON-BOARD SURVEY RESULTS 

Because differences in individual travel frequencies 
give rise to the bias, it may be intuitively clear 
that its most critical impact is on estimates of 
patrons' mean transit use. Relative to the popula
tion, the sample has an overrepresentation of fre
quent user s and a n under r epresenta tion of i nfrequent 
users. A l i near aver age of responses to the ques
t i on of frequency o f us e wil l prov i d e an esti mate of 
the population mean that is biased sharply upward. 
An estimate of mean frequency of travel based on an 
on-board survey is often used with total boarding 
counts to estimate the total number of patrons and 
hence the market penetration of the transit system. 
An upward bias to the mean frequency estimate will 
imply a downward bias to the estimated total number 
of users and the degree of market penetration. 

Although the consequences are greatest for esti
mates of mean travel frequency, bias also results 
for any characteristic that is correlated with 
travel frequency. For example, if an analyst wants 
to determine the income distribution of transit 
users, and if low-income people generally take fewer 
transit trips than do middle-income people, then the 
estimated income distribution of users will be 
biased from those with low incomes and toward those 
witn middle incomes. overall, the distortions can 
be large enough that the on-board survey provides a 
misleading picture of the user population. 

CORRECT WEIGHTING PROCEDURE 

Al though the probl em of respondent tr ip fr equency 
bias in on-board su r veys is s e rious , application of 
a relatively simple statistical correction can elim
inate the bias. The correction involves the use of 
individual travel fr equencies to develop weights foi: 
each observation, whereby observations are weighted 
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by the ratio of their relative frequency in the pop
ulation to their relative frequency in the sample. 
The individual weights are as follows : 

(1) 

where 

wi = weight assigned to the ith observation, 
fi transit travel frequency of the ith respon

dent, and 
n = total sample size. 

The weights calculated from Equation l take 
larger values for observations on infrequent travel
ers and smaller values for observations on frequent 
travelers. In calculating the relative frequency of 
the occurrence of various characteristics in 'the 
user population, an observation contributes a share 
equal to the value of its weight rather than con
tributing a unit amount. Thus an unbiased estimate 
of the share of the user population in a given in
come bracket is equal to the sum of the weights for 
all respondents in that income bracket divided by 
the sum of the weights for all respondents. It may 
be worth noting that the weighting procedure is 
self-normalizing in that 

n 
t wi=n . 

i=I 

That is, the sum of the weights taken over all re
spondents equals the number of respondents. 

For variables that are not categorical, estimates 
of population values are made by using the weights 
multiplicatively with the variables. For example, 
if the on-board survey had continuous data on income 
rather than categorical variables, an unbiased esti
mate of the mean income level of users would be made 
by sunoning all observations of the product of the 
individual weight values and income level and then 
dividing this summation by the total number of us
ers. This is also the procedure by which the mean 
transit trip frequency is calculated. Thus the fol
lowing equation provides an unbiased estimate of av
erage number of trips taken by users: 

(2) 

where u is the mean frequency. This compares with 
an estimate of the mean calculated as 

n 
t f;/n 

l=J 

in instances where the effect of respondent trip 
frequency bias is ignored. As a direct estimate of 
the mean trip frequency, Equation 2 can be simpli
fied to 

u = n/( £ l/f~ 
1=1 'J (3) 

It should be evident that with nearly any analy
sis, software package calculation and application of 
weights to correct for respondent trip frequency 
!Dias can be easily accomplished. In the next sec
tion an example that should underscore the impor
tance of this correction is given. 
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ILLUSTRATIVE EXAMPLE 

In this example data are used from an on-board sur
vey conducted in Atlanta during May 1979 as part of 
a project sponsored under the Service and Methods 
Demonstration program of UMTA. The demonstration 
project was designed to study the impacts of fare 
integration of a monthly transit pass that had been 
introduced to the Metropolitan Atlanta Rapid T·ransit 
Authority (MARTA) system in March 1979. Interviews 
were conducted with 4,672 people during the on-board 
survey, 

The survey results provide clear evidence of the 
importance of correcting for respondent trip fre
quency bias. When the observations are properly 
weighted, the average user is estimated to take 
eight trips per week on MARTA. If the weighting is 
ignored, the estimate is 12 trips per week . Thus in 
this example the influence of respondent trip fre
quency bias is to overstate the mean trip frequency 
by 50 percent. Bias of 30 to 60 percent could well 
be found in most on-board surveys. 

Bias in estimating mean user trip frequency is 
reflected in estimates of the total number of us
ers. For May 1979, MARTA counts indicated a total 
of 5.4 million boardings. If the unbiased estimate 
of mean trip frequency is used, a total of 161,000 
persons are estimated to use the system. The uncor
rected estimate of the mean implies an estimate of 
107,000 system users. The indicated market penetra
tion of the MARTA system differs substantially be
tween the two estimates. The former suggests that 
8. 7 percent of the area's population are system us
ers, whereas the latter indicates that only 5.8 per
cent are users (note that these data are based on 
U.S. Census estimates of 1.852 million people in the 
Atlanta standard metropolitan statistical area as of 
July 1, 1978) . 

The data in Table l give a further illustration 
of the effect of respondent trip frequency bias. In 
the table the household income distributions of us
ers are presented based on unweighted, .and hence in
correct, data and on the same data properly 
weighted. Also in the table are the respective 
within-group mean weekly transit trip frequencies. 
Although the share of riders in any one income group 
is not more than a few percentage points wrong, the 
income distribution calculated without correcting 
for respondent trip frequency bias is biased toward 
lower-income people. When corrected, people with 
household incomes of Sl5, 000 and greater appear to 
compose 28 percent of the users as compared with the 
22 percent they appear to compose with the un~ 
weighted data. This bias in the income distribution 
is the direct consequence of a lower average transit 
trip frequency at higher incomes. 

It is also worth observing that the impact of re
spondent trip frequency bias is not constant across 
income groups. The overstatement effect of the bias 
on the within-group trip frequencies ranges from 39 

Table 1. Income distribution of MARTA system users. 

Without Weights to With Weights to Cor-
Correct for Respon- rect for Respondent 
dent Trip Frequency Trip Frequency 
Bias Bias 

Household 
Income Users Mean Weekly Users Mean Weekly 
Range($) (%) Trips (%) Trips 

< 5 ,000 23 12.3 23 8.0 
5 ,000-9 ,999 32 12.5 28 9.0 
10,000-14,999 23 12 .S 21 8.8 
15,000-24,999 IS 10.8 18 6.7 
> 25,000 7 10.0 10 5.7 
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percent for the S5,000 to 89,999 group to 75 percent 
for the $25,000 and greater group, The difference 
results from differences among the groups in the 
underlying trip frequency distributions. In gen
eral, the greater the dispersion of trip frequencies 
across group members, the greater will be the rela
tive bias. 

SOME GUIDELINES POR USE 

Although no great difficulty is presented in calcu
lating weights to correct for respondent trip fre
quency bias, the survey instrulJlent must be written 
to provide information on individual trip fte
quency, A precise count of transit trips taken dur
ing the survey period is the ideal situation. COlll
plete accuracy is, however, too much to expect, and 
an adequate alternative is the, number of transit 
trips taken within the previous 7 days or the number 
typically taken in a week. It can be an aid to the 
thought process of the respondent to ask for total 
use through questions about its components, Thus a 
survey form could ask for the number of transit 
trips to work during the previous 7 days, the number 
of transit trips from work during the previous 7 
days, and the number of transit trips to or from 
places other than work during the same time period. 
Note that although measurement error creeps in with 
any form ot question, the need is not so much to 
distinguish the person who takes 8 trips fro11 the 
one who takes 10 trips as it is to distinguish the 
person who takes 2 or 3 trips from the one who takes 
10, 12, or more trips, Purthermore, even if ques
tions are written precisely, the accuracy of re
sponses to on-board surveys is sufficiently unsatis
factory, especially with the common practice of 
self-administration, so that tt is unrealistic to 
expect the instrument to distinguish fine grada
tions. Thus substantial improvement can be made 
even when working with four or five categorical re
sponses. 

Lest the case appear to have been made too 
strongly, there are instances when unweighted data 
are appropriate. When the analyst's interest lies 
not with the_ users of the system but with the trips, 
then the unweighted data provide an unbiased pic
ture. Nevertheless, care should be taken to dis
tinguish between reporting that some 55 percent of 
all system trips are taken by people with household 
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incomes leas than Sl,0,000 (which ill the case in 
Table 1) and reporting that 55 percent of users have 
household incomes lees than Sl0,000 (which exceeds 
the unbiased estimate by 4 percentage points) • To 
the extent that the role of a transit system is the 
provision of service to a region's population, un
derstanding the user population and measuring market 
penetration are crucial. Neither can be accom
plished with unweighted on-board data. 

PINAL COMMENTS 

The focua of t~ia paper has been excluaively on one 
fundamental and dramatic source of bias in on-board 
surveys. Thia is not to suggest that on-board sur
veys are otherwise above reproach. Among the ave
nues for improvements to on-board surveys are 
optimal . use of the clustering implicit in drawing 
observations through bus runs, development of tech
niques to increase response rates, and application 
of procedures for efficient stratification so as to 
minimize the variance of estimates. Nevertheless, 
incorporation of the weighting proeedure presented 
in this paper can do much to increase ·the validity 
of on-board surveys conducted, even without benefit 
of sophisticated sampling techniques. 
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