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ABSTRACT 
The benefits of using web-based longitudinal panels for customer satisfaction studies are 
described based on the experience of such a study for NJ TRANSIT’s rail customers. The paper 
notes numerous benefits of this method over cross sectional studies, including more robust 
statistics, better understanding of customer satisfaction, and the ability to analyze customer 
satisfaction trends.  

A variety of innovative internet technologies are also described that add value to the 
study by ensuring data quality, timeliness, reductions in respondent burden, less random error in 
respondent answers, and techniques to pair qualitative data to quantitative analysis. Online 
geocoding of respondents’ origins and destinations is also described as another aspect of the 
survey which provides NJ TRANSIT more value from the study.  

The paper describes the details of how the study was implemented for NJ TRANSIT and 
reports on some results as an example of the beneficial aspects of the study design.  
 

INTRODUCTION 
Customer satisfaction studies are conducted by many major organizations, including those who 
provide transportation services. Typically, customer satisfaction studies are carried out using 
repeated cross-sectional sampling of customers. Satisfaction scores are compared across these 
repeated cross-sections. Differences in satisfaction scores resulting from perceived changes in 
service are measured, but the measurement is confounded in part by differences between the 
cross-sectional samples. Demographic differences can be accounted for by weighting the 
samples so that they are equivalent, but there are significant differences in satisfaction scores 
between individuals that are not explained by demographic or other easily-measured 
characteristics. The result is that relatively large samples are required to measure changes in 
customer satisfaction over time. 

Longitudinal panels offer a potentially attractive alternative to repeated cross-sections for 
measuring customer satisfaction. Measuring changes in satisfaction of the same individuals from 
one period of time to another eliminates the confounding caused by variations between the 
different individuals in repeated cross-sectional samples (1). The result is that the sample sizes 
required to measure differences in customer satisfaction can be much lower in panel surveys. In 
addition, panels provide opportunities to directly determine the reasons for those changes. 

Longitudinal panels can be administered using a variety of methods. For transportation 
studies, intercept recruiting is an efficient approach to assembling panels. Although telephone 
and mailout/mailback instruments are commonly used, web-based instruments can be a highly 
cost-effective alternative for many applications. Web access has increased significantly across 
the population and it is possible to construct demographically-representative panels from among 
those who have web access. In addition to their cost-effectiveness, an important advantage of 
using web instruments with panels is that the time required to complete and analyze data from a 
survey wave can be dramatically reduced.  

The work described in this paper is a web-based longitudinal panel survey developed for 
NJ TRANSIT’s commuter rail customers. It was designed to be a continuous survey, providing 
monthly data on customer satisfaction. It uses web-based technologies to invite respondents from 
one of three panels each month and to administer a customer satisfaction survey. The resulting 
survey data monitor customers’ concerns on a monthly and even daily basis, as study data are 
continually being received from respondents throughout each month.  
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Web-based survey technology allows for great flexibility in obtaining both quantitative 
customer satisfaction responses, such as typical satisfaction scores, and qualitative responses, 
such as written answers to open-ended questions which are used to explain why quantitative 
scores have changed. This is a critical part of the study because the reasons for change in 
satisfaction scores can be quickly understood when they are paired directly to responses from 
open-ended questions. 

Advanced web-based survey technologies also allow for a number of innovative features 
that improve data integrity and currency. These features include online geocoding of origin and 
destination data, automatic updating and querying of train schedule data so that respondents can 
select only valid trains in their surveys, and full validation of responses to questions. Web-based 
longitudinal panel survey instruments can be designed in ways that minimize respondent fatigue. 
This is accomplished using a number of techniques that, for example, require respondents only to 
confirm that various aspects of their travel have not changed since their previous survey. 

BACKGROUND 
The NJ TRANSIT ePanel Customer Satisfaction Study was conducted to provide continuous 
monthly and quarterly tracking of NJ TRANSIT commuter rail riders’ satisfaction along 65 
satisfaction measures. These measures had previously been tracked in surveys conducted less 
than annually using cross-sectional sampling with handout/handback paper questionnaires.  

The ePanel study measures rail customers’ satisfaction scores in what NJ TRANSIT calls 
“functional areas,” which include questions related to parking, boarding stations, destination 
stations, train scheduling, and customer service. The survey also measures “key-driver areas,” 
which include on-time performance, personal security, employee performance, fares, and 
mechanical reliability. The study provides the ability to segment the customer satisfaction 
measures based on different train lines, destination markets, customer demographics, stations, 
etc.  

NJ TRANSIT’s ePanel was designed to answer specific questions about commuter rail 
customers on a continuing basis:  

 What are the trends in customer satisfaction and what factors influence these trends?  

 On which train lines within the NJ TRANSIT system is customer satisfaction 
changing? In what direction are these changes, how big are the changes, and why are 
they occurring? 

 What are customers’ main concerns? Where does NJ TRANSIT need to improve?  

 Where are customers satisfied? What performance does NJ TRANSIT need to 
maintain? 

To address these questions, a longitudinal panel study plan was developed in July 2002 that was 
driven by a monthly survey that began in September 2002. This survey collected customer 
satisfaction data every month from one of three separate customer panels (Table 1), which were 
each comprised of approximately 4,000 participating respondents. Each panel respondent was 
surveyed four times a year at three-month intervals, giving NJ TRANSIT new monthly customer 
satisfaction data throughout the year and allowing them to track customer satisfaction trends and 
customer origin and destination patterns. Respondents were asked to take a survey only once 
every quarter, reducing respondent fatigue and also giving respondents enough time between 
survey waves to notice service changes. 
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Table 1--Panel/Wave Structure 

  Panel   
Month 1 2 3 Wave 
Sep-02 Survey     
Oct-02   Survey   
Nov-02     Survey 

1 

Dec-02 Survey     
Jan-03   Survey   
Feb-03     Survey 

2 

Mar-03 Survey     
Apr-03   Survey   
May-03     Survey 

3 

Jun-03 Survey     
Jul-03   Survey   
Aug-03     Survey 

4 

 
The panel structure shown in Table 1 enables the study to provide longitudinal satisfaction 
analysis of the same respondents every four months. This is a very powerful aspect of the study 
because the changes over time for each respondent vary only due to that respondent’s change in 
satisfaction, and not due to cross sectional differences or use of different personal rating scales 
between respondents. This is called a “matched pairs” statistical design and can only be used in 
longitudinal studies by definition: 

Pairing involves matching up individuals in two samples so as to minimize their 
dissimilarity except in the factor under study. For example, in pre-test/post-test studies, 
each subject is paired (matched) with himself, so that the difference between the pre-test 
and post-test responses can be attributed to the change caused by taking the test, and not 
to differences between the individuals taking the test (2). 

The above definition describes the type of sampling design used for this web-based longitudinal 
study; in this case the “test” is the experience of riding NJ TRANSIT trains for the previous three 
months.  

The actual study process consisted of recruiting respondents into a central database using 
a variety of methods. Once respondents’ names, email addresses, and sample information 
(boarding station, alighting station, frequency of use) were in the main database, they were 
assigned to one of the three panels discussed above and sent a survey invitation at the appropriate 
time for each of their four surveys. 
 

THE WEB-BASED SURVEY INSTRUMENT 
The survey uses a web-based, multi-paneled, and multi-waved customer satisfaction 
questionnaire which has a number of sections. The questionnaire first obtains background 
information about respondents’ current NJ TRANSIT travel, then the survey presents 65 
customer satisfaction attributes for respondents to rate. It continues by asking general customer 
satisfaction questions (would you recommend NJ TRANSIT to a friend, etc.) and also 
determines respondents’ origin and destination locations, and ends by asking additional 
background questions and demographics. 
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The 65 customer satisfaction ratings are crucial to determining where NJ TRANSIT is 
performing well and where improvements are needed on their rail system. Ratings are on a scale 
of 0 to 10 (with 0 labeled “not at all acceptable”, 5 labeled “acceptable,” and 10 labeled 
“excellent”), with the option to answer not applicable (Figure 1). Data validation was used for 
many questions, such as the customer satisfaction questions (Figure 1), to ensure quality data and 
complete responses. Wording is customized for each respondent on many of the survey screens 
as well. For example, in the screen shot below, the question asks about “parking at Woodcliff 
Lake Station” instead of simply saying “your boarding station” (Figure 1). Wording 
customization makes the questionnaire clearer for respondents and by extension improves data 
quality. 
Figure 1--Example screen showing customer satisfaction attributes rating 
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Origin-Destination Data Collection 
An important part of the study for NJ TRANSIT was to obtain origin and destination 

data. To accomplish this, respondents are asked to geo-locate their origin address by using a 
point-and-click map, a street address, a business name, or an intersection search. A screen shot of 
the map search is shown below (Figure 2). 
 
Figure 2--Map Search Screen in  the Rail ePanel Survey 

 
The location of the respondent’s final destination is collected by similar means. 

Regardless of the type of geo-location search used (map, address, business, or intersection), a 
latitude and longitude for each origin and destination is determined. These are then automatically 
coded into the proper NJ TRANSIT transportation analysis zones (“TAZs”) using an online 
point-in-polygon routine. Therefore, NJ TRANSIT receives immediate real time access to fully 
coded origin-destination data with TAZs already attached to the data. 

Another important function of the survey is determining what train the respondent rides. 
This task is more difficult than it might appear, because information about the respondent’s 
current trip must be obtained in order to know what schedule to display. Respondents are asked 
the appropriate questions to classify them into four categories: frequent weekday rider, frequent 
weekend rider, infrequent weekday rider, and infrequent weekend rider. Once the respondent 
type is known, the survey then asks the respondent what train they used and then displays only 
the relevant trains for their station and day of week (Figure 3).  
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Figure 3--Schedule Page in the Rail ePanel Survey 

 
Anchoring 

The differences between a respondent’s first survey and their subsequent surveys are 
subtle, but important, and serve three main purposes: 1) to deliver respondents more efficient 
second, third, and fourth surveys by asking them only to confirm answers from their previous 
surveys when the answers are unchanged (Figure 4); 2) to use “anchoring” so respondents know 
how they rated satisfaction measures in the previous survey wave, helping them make new 
judgments based on their previous answers; and 3) to ask respondents “drill down” questions that 
request a written explanation of rating differences between the previous and current survey. 
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Figure 4--Example of Confirmation Page in the Rail ePanel Survey 

 
“Anchoring” is a technique used in the second, third, and fourth survey waves to enable 

respondents to see how they previously rated their customer satisfaction attributes (Figure 5). 
Anchoring is used to ensure that a changed answer is in response to a change in service, and not 
because the respondent has forgotten how they previously rated the service. Respondents are 
focused on the change in service, reducing the random error in the measurement of this change. 
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Figure 5--Example Screen showing "Anchoring" functionality: Arrows indicate the rating given in the previous survey 
wave 

 
Drill Down Questions 

 “Drill downs” are open-ended questions that are asked to determine the reasons for a 
respondent’s change in satisfaction ratings. Drill downs provide the unique longitudinal ability to 
ask respondents a qualitative question that is directly related to a changed rating score. The 
differences between the 65 satisfaction scores from each respondent’s previous survey and their 
current survey are calculated and the ten largest differences in satisfaction scores are determined 
(differences can be both positive and negative, so absolute value is used). If there are ties, then 
enough satisfaction questions to obtain up to ten are randomly selected. If there are fewer than 
ten differences (i.e. if the respondent did not change their answer in ten or more questions from 
their previous survey), then only those differences that do exist for that respondent are shown. 
Once the ten questions with the highest absolute differences are determined, respondents are 
asked why they changed their answers to these questions using open-ended comment boxes 
(Figure 6). Again, changes can be either positive or negative, as NJ TRANSIT wants to 
understand both what is working and what is not. 
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Figure 6--Drill Down Questions Screen in Rail ePanel Survey 

 
The results of the drill down questions are revealing as they are related directly to the changes in 
satisfaction scores. For example, it was noted in the data that a significant drop in on-time 
performance occurred during the months of December 2002 to February 2003 on the Northeast 
Corridor Line, likely due to a scheduling change from the addition of the Montclair-Boonton 
Line. Using one of the many web reporting tools in the study, NJ TRANSIT staff could 
understand why respondents indicated this drop in score. This tool can be used to segment drill-
down answers by peak/off-peak, line, train number, wave number, and origin or destination 
stations (Figure 7). It should be noted that on-time performance improved from wave 2 to wave 3 
in the study, rebounding after NJ TRANSIT corrected the problem (the understanding of the 
problem was developed, in part, from this study) (Figure 8). 
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Figure 7--Drill Down Results Screen, On-time Performance Comments on NEC Wave 2 

 

These are 
specific NEC 
comments for on-
time performance 
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Figure 8-Drill Down Comments for On-time Performance on NEC Wave 3 

 

More positive comments 
in this wave for NEC on-
time performance 

SURVEY SAMPLING AND ADMINISTRATION 
The survey sample was designed to be representative of NJ TRANSIT’s commuter rail 
customers. Previous research had indicated that web availability among those customers was 
over 90%. While it would have been possible to provide web kiosks in the train stations to allow 
universal access to the survey, sample weighting was used instead to ensure that the sample was 
representative of the customer population. 

The sample was recruited using rail station intercepts. A marketing campaign was 
conducted in August 2002 by NJ TRANSIT in advance of the field intercept work. The purpose 
of the marketing was to develop interest among riders in the study and to attract respondents. NJ 
TRANSIT publicized the study with posters on the trains and in stations, “seat drops” of 
informational materials on trains, crew announcements made on trains and in stations, and a 
press release to local newspapers. NJ TRANSIT’s communication department developed the 
marketing campaign called “2-cents” and produced graphics that were included in the posters 
and seat-drop pamphlets with web site contact information (Figure 9). 
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Figure 9-- Marketing Graphic for the Study 

 
Sample Plan 
The entire study recruitment database was split into three panels, consisting of approximately 
9,000 recruits each, from across the entire NJ TRANSIT rail system. The sample plan was 
developed using ridership data from a 1999 study of rail riders conducted by NJ TRANSIT. 
These ridership data were adjusted to provide weekend ridership and to account for stations 
added since 1999.  

Based on the ridership and variance data from this 1999 study, the number of completes 
required per station to obtain 95% confidence plus or minus 5% error for satisfaction measures 
for each train line in the study was calculated. For most train lines with ridership over 5,000, a 
sample of 390 per panel was used. The 390 represented a sample that was known to obtain 95% 
confidence plus or minus 5% error based on the 1999 study’s variance statistics. However, some 
lines with small ridership require smaller samples, such as the Atlantic City line and the 
Montclair-Boonton Line.  

Sample recruitment methods 
Panel members were recruited throughout the entire NJ TRANSIT rail system covering all lines 
at all train stations and on-board trains during the first three weeks of August 2002.  Potential 
panel members were recruited using targeted goals for respondents at each train station in the 
system, based on system ridership. The recruiters distributed 60,000 hand-out—hand-back 
recruitment surveys in stations, on the platforms, and on-board the trains. These short surveys 
asked for name, email address, day and evening telephone numbers, boarding station, frequency 
of NJ TRANSIT travel, and whether the traveler’s destination station was New York Penn 
Station (Figure 10). 
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Figure 10--Hand-out—Hand-back Recruitment Survey 

 

 
Market Research 
One Penn Plaza East, Newark, NJ 07105 
 
Dear Rail Customer, 
 
If you would like to participate on our e-Panel please fill out this form and return it to the recruiting agent on-
board this train…. 
 
    Name: ___________________________________   Email address: _____________________________ 
 
    Day phone:  ______________________________   Evening phone: ____________________________ 

 
    (Please write clearly and give us complete information so we can contact you. Thank you.) 
 
How many round trip trips do you make on NJ TRANSIT trains? 
     4 or more round trips per week   1 round trip in 2 months 
     1-3 round trips per week    Less than 1 round trip in 2 months 
     1-3 round trips per month 
 
From which station did you board this train?  ________________________________ 
 
Are you going to New York Penn Station?   Yes       No 
 
For information call:  1-866-3TAURUS, or, visit our website and click: www.surveycafe.com/epanel.  

The recruiter noted the station and/or train number to verify the information. Anyone 
interested in joining the study could quickly fill out the brief survey and return it to the recruiter. 
These completed surveys were then input into the centralized project database via an online 
recruitment web site.  

Direct online registration was also available for train riders through the study recruitment 
web site (http://www.surveycafe.com/epanel/), whose web address was printed on all flyers, 
recruitment surveys, and posters on trains and in stations. Respondents could go online directly 
and complete a small screener/recruitment survey with questions similar to those on the flyer: 
name, email address, day and evening telephone numbers, boarding (Figure 11) and destination 
stations, frequency of NJ TRANSIT travel, train number based on NJ TRANSIT’s schedule.  

http://www.surveycafe.com/epanel/
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Figure 11: Study Recruitment Boarding Station Web Page 

 
NJ TRANSIT Employee Survey 

All NJ TRANSIT employees were also invited to participate in the study in order to compare 
employees’ attitudes and opinions to customers’ attitudes and opinions. All NJ TRANSIT 
employees were sent a generic email which invited them to click on a web link. When they 
clicked on the link, they arrived at a screen which asked them their first name, last name, and 
email address (which did not have to be an NJ TRANSIT email address) and they proceeded 
through the survey. Anyone coming into the survey through this site was flagged as an NJ 
TRANSIT employee.  

Tracking pages for sample quotas 

A web-based quota-tracking site was created so that the recruiters and NJ TRANSIT staff could 
track the quotas for each station and line in real time (Figure 12). From August 25 to August 29 
recruiters returned to field at various stations where response was below target. At the beginning 
of October the panel target figures were reviewed once more and on October 1, 7, 8, and 10, 
recruiters made the final effort to bring specific stations on the Raritan, M&E, and Atlantic City 
lines up to meet targets. Over 27,000 panel members were recruited and divided into three 
panels.  
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Figure 12: Recruitment Tracking Page (Market page) 

 
Sample recruitment management of email database 
As soon as a panel member was added to the study database, an automated welcome email 
message was sent to that person. Some welcome messages were undeliverable due to inaccurate 
email addresses. Any returned emails were deemed “bad emails” and were automatically flagged 
in the project database for correction. During the month of September attempts were made to 
correct any “bad email” addresses by calling the telephone numbers provided by the panel 
members on their original flyers. An attempt was made to correct all “bad emails” for those 
respondents who did not include phone numbers by searching for obvious address problems. All 
records with failed email addresses could be accessed by using a “bad email” web page (Figure 
13) that queried the database. Then, a revised address was input into the web page, the database 
was updated, and another attempt to contact the potential respondent with the new email address 
was made.  
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Figure 13: Email Correction Page 

 
Response to the survey was quite good. Of the 27,000 recruited names, well over half 

completed their first survey (51% response). The study is ongoing, but the total attrition rate is 
approximately 40% in total across all survey waves. This attrition rate compares favorably to 
other transportation panel studies of similar magnitude (1). 

The sample was weighted and expanded to represent boarding counts by line at each 
station for the peak, off-peak, and weekend periods.  

ANALYSIS 
There are many different statistical analyses one can conduct on customer satisfaction panel data. 
For the NJ TRANSIT rail system, these analyses included statistically comparing satisfaction 
levels by train line, comparing satisfaction attributes to each other to see which attributes have 
the lowest or highest satisfaction, performing quadrant analysis, perceptual mapping, and a host 
of other analyses.  

However, the most important analysis for customer satisfaction for NJ TRANSIT’s study 
is comparing the mean satisfaction scores of each line over time. This analysis leverages the 
matched pairs test that has been described earlier and uses the drill down comments to determine 
the causes of changes in satisfaction scores.  

For example, the comparison of scores across lines by wave (over time) chart indicates 
that the satisfaction level for the Midtown Direct line’s seating availability declined from wave 1 
(September 2002 through November 2002) to wave 2 (December 2002 to February 2003). Based 
on this analysis, NJ TRANSIT could see that customers were becoming dissatisfied with the 
seating on the line, which was overcrowded (Figure 14). 
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Figure 14-- Seating availability on-board NJ TRANSIT's trains 

0

1

2

3

4

5

6

7

8

9

10

M
ea

n 
Sc

or
e

 

The comments from Midtown Direct line respondents clearly describe why this score went down 
from wave 1 to wave 2 (Figure 15). 
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Figure 15--Midtown Direct Wave 1 to Wave 2 Seating Availability Comments  

 
As can be seen, seating availability improved significantly from wave 2 to wave 3 (Figure 16). The drill 
down comments for wave 2 to wave 3 describe respondents’ perceptions of the changes (Figure 16). 
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Figure 16-- Midtown Direct Wave 2 to Wave 3 Seating Availability Comments 

 
This example shows how the data can be used to take concrete actions in a timely 

manner. It uses both rating measurements and open-ended comments to both identify an issue 
and to determine the type of action that precipitated that issue. One can see in the comments how 
NJ TRANSIT addressed the problem and how this improved customer satisfaction (“I seem to 
get a seat on most days – this is VERY important to me!”). 

CONCLUSION 
Web-based longitudinal panel studies provide timely, statistically robust, and relevant data for 
customer satisfaction studies. They can use innovative techniques to minimize respondent fatigue 
and attrition and can provide a valuable data to customer-oriented  transportation service 
organizations. Studies of this type monitor the pulse of customers on a continuing basis, and give 
transportation organizations the tools and analysis they need to make informed decisions and 
implement actions based on customer input. 
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