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1.0 Introduction

The increasingly sophisticated demands placed on transportation plan-
ning models in recent years have led to the need for re-examination of
input travel survey data. The travel demand modeling field was develop-
ed primarily in response to the need to analyze potential changes in
transportation infrastructure, such as major highway and transit capital
projects, but the 1990 Clean Air Act Amendments (CAAA), the 1991 Inter-
modal Surface Transportation Efficiency Act (ISTEA), and to a lesser
extent some earlier legislation, have redefined the role of travel demand
models in the planning process to include:

 The provision of detailed input information for air quality analysis;

e The evaluation of the effectiveness of different transportation invest-
ments, not limited to highways;

e Support for the development of integrated regional and statewide
transportation improvement efforts; and

¢ The enhancement of ISTEA management systems.

The development of the Travel Model Improvement Program (TMIP) is a
recognition of the fact that transportation planning models are being
asked to perform newer and more complicated analyses, and that in many
cases the models are inadequate. The TMIP is designed to implement
enhancements to current travel demand models and to develop new mod-
eling procedures that accurately and reliably forecast travel for a broad
range of modes, policy actions, and operational conditions. The TMIP
consists of four tracks designed to provide practitioners with access to and
understanding of the best transportation planning methods available.

A recent TMIP publication concludes that:

“Transportation planning models lack the spatial and temporal
detail, the behavioral sensitivity, and sensitivity to alternative
modes of trip making needed to provide the forecasts required by
the current regulations.™

!Karla Karash and Carol Schweiger, Identification of Transportation Planning Data
Requirements in Federal Legislation, prepared for the U.S. Department of Transpor-
tation’s John A. Volpe National Transportation Systems Center, July 1994, p. 14.
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This Travel Survey Manual examines one of the most important aspects of
transportation planning models, the input travel survey data. Current
transportation planning models rely to a great extent on the disaggregate
behavioral travel data obtained from travel surveys for establishing the
trip generation, trip distribution, and mode split modeling relationships.
In addition, although they are still being planned, the next generation of
travel models (as envisioned by the TMIP) will rely on very detailed house-
hold level analyses.? Given their nature, it is extremely likely that the new
generation travel models will require as much or more disaggregate sur-
vey data collection than existing model systems.

Researchers spend a great deal of time and effort on improving the ana-
lytical methods used in transportation planning models. However, it is
important to remember that the quality of the input data (primarily travel
survey data) dictates the value of the resulting models, regardless of the
approaches that are employed.

B 1.1 Purpose of this Manual

This survey manual provides transportation planners with guidance for
developing and implementing the most common types of travel surveys,
including:

o Household Travel and Activity Surveys - Surveys that are used to
track the travel behavior of households within the study area, generally
employing diary methods.

e Vehicle Intercept and External Station Surveys- Surveys of auto
travelers entering or leaving the study area, or crossing key screenlines
within a study area.

¢ Transit Onboard Surveys - Surveys of transit passengers conducted as
they travel.

e Commercial Vehicle Surveys - Surveys of taxi and truck owners, oper-
ators, or dispatchers designed to track commercial vehicle travel within
the study area.

e Workplace and Establishment Surveys - Surveys taken at places of
employment to develop trip attraction measures.

2Gordon A. Shunk, TRANSIMS Project Description, prepared for the Travel Model
Improvement Program, August 1994.
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* Special Generator, Hotel, and Visitor Surveys - Specialized surveys
designed to describe travel by visitors, and travel to and from special
trip generators such as airports.

* Parking Surveys - Surveys of auto travelers parking in specific loca-
tions or parking lots within the study area.

The first set of travel survey guidelines was published by the Bureau of
Public Roads in the 1940s.> The guide was updated in the mid-1950s and
again in 1973.4° Because there have been radical changes in the transpor-
tation planning environment over the last 20 years, and as the field of
commercial marketing research (and its application to transportation
issues) has rapidly improved in the last decades, many of the specific data
collection techniques described in the 1973 guide have been sup-planted
by more efficient and cost-effective procedures.

In this Travel Survey Manual, we assume that the user of this manual has
recognized the need for newer or different disaggregate modeling data,
and that the need for survey research of some kind has been defined. We
also assume that the user of this manual has developed a detailed modeling
plan and has a strong understanding of the data requirements for the
anticipated models. This manual does not address transportation model-
ing explicitly.

Emerging Issues for Travel Surveys

The newest generation of travel surveys is especially challenging for plan-
ners because the surveys need to obtain more and better data for modeling
purposes in a time when survey research is becoming increasingly
difficult to conduct. Typically, agencies are hard-pressed to assemble the
required levels of resources (funding and manpower) necessary for
implementing new survey data collection efforts because of competing
transportation planning requirements. However, the need for the data
continues to grow. Agency transportation planners now need to accu-
rately measure the impacts of:

*Highway Research Board, Proceedings of the Twenty-fourth Annual Meeting of the
Highway Research Board, Washington, D.C., 1944.

4U.S. Department of Commerce, Bureau of Public Roads, Manual of Procedures for
Home Interview Traffic Studies - revised edition, Washington D.C., October 1954.

SU.S. Department of Transportation, Federal Highway Administration, Urban
Origin-Destination Surveys, Washington D.C., 1973 (reprinted 1975).
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* Non-motorized travel;
* Intelligent transportation systems (ITS);
* Goods and person movement transportation system performance;

* Air emissions analysis related to vehicle operating modes, such as hot/
cold starts and hot soaks; and

* Transportation demand management (TDM), transportation systems
management (TSM), and transportation control measure (TCM) strategies.

Increased Modeling Data Requirements

Because of these additional analysis needs, new travel surveys must pro-
vide more detailed data on a number of subjects that previous surveys did
not cover. The original travel surveys collected data on how people trav-
eled, including number of trips, choice of destination, and choice of mode.
The new modeling requirements dictate that travel surveys not only pro-
vide more detail on how people travel, but also yield behavioral informa-
tion on peoples’ choices of whether, when, and how they would travel
under certain conditions. The new modeling requirements have led recent
surveyors to collect:

e Vehicle Characteristics and Usage Data - In recent surveys, respon-
dents have been asked detailed questions about the vehicles that are
available to them and about vehicle usage for each trip. This informa-
tion is being used for many purposes, including analysis of the cold
start/hot start phenomena in air quality analysis.

e Non-Motorized Travel - Unlike many of the earlier travel surveys,
new travel surveys are asking respondents to provide information on
walking and bicycling trips. ISTEA requires that these modes be con-
sidered in mode choice models.

o Activity-based Travel Diaries - Some recent travel surveys have col-
lected diary information on activities requiring and not requiring
travel. These data will be used to develop activity-based models and to
evaluate how people choose between activities requiring travel and
other activities.

¢ Time-of-day of Travel - In response to the need for peak and off-peak
travel modeling, newer travel surveys are asking more detailed ques-
tions about people’s choices of travel times.

¢ Stated Response (Stated Preference) Exercises - Historically, travel
surveys have recorded actual respondent behavior, or respondents’
“revealed preferences.” Some recent travel survey efforts have also
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sought to predict the effects of new policies and travel options for
which little revealed preference data are available. These efforts usu-
ally rely on exercises that ask respondents to make hypothetical deci-
sions involving multiple attributes or parameters.

Survey Trends

In addition to the changing transportation planning requirements, travel
surveys are also being greatly affected by changes in the market research
and survey field. Travel surveys exist in the wider world of marketing
research, and to properly design a travel survey effort, analysts must con-
sider both the transportation planning outputs of the survey and the
practical survey-related issues involved.

In his recent review of data collection methods in the U.S., Lysaker noted a
number of recent trends in the commercial surveying field.* Although this
review did not focus specifically on travel surveys, the general marketing
research trends are applicable to the travel surveying practice. The key
trends in travel surveying over the past several years in the U.S. include:

¢ Declining respondent cooperation rates;
¢ Increasing analytical demands on the survey data; and

o The use of new survey technologies, such as computer assisted inter-
viewing and geographic information systems (GISs), to improve survey
efficiency.

The net effect of these trends is that travel survey efforts have become
substantially more complex than in the past.

Declining Cooperation Rates

In the past several years, the percentage of potential respondents refusing
to participate in surveys has increased. Researchers attribute this trend to
a number of factors. First, the proliferation of survey efforts has caused a
general feeling of antipathy towards these efforts in a number of people.
Almost all potential survey respondents are likely to have had some first
hand experience with being asked to respond to surveys on some subject.
If the experiences were unpleasant for any reason, the potential respon-
dents are likely to balk when asked to consent to another effort, regardless
of the subject matter or the survey sponsor, public or private.

¢Richard L. Lysaker, Data Collection Methods in the U.S., Journal of the Market
Research Society, 1989, Volume 31, Number 4, pp. 477-488.
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In addition to being asked to participate in surveys, potential respondents
are also bombarded with the results of various surveys from the media.
Many of the results that are reported are contrary to the preconceived
notions of potential respondents or turn out to be invalid. For instance,
some political polls taken shortly before an election predict the wrong out-
come. Many respondents conclude from these events that the inconsis-
tency is the fault of the survey, and they generalize this finding to surveys,
in general. Therefore, when these people are asked to participate in sur-
veys, they do not see any reason to do so.

Another important reason for declining cooperation rates is that most of
the survey techniques in use today are also used to sell products and serv-
ices, and to solicit contributions. Practically everyone in the U.S. with a
phone has been called (often at an inconvenient time) and asked to pur-
chase something. Similarly, many households could measure their direct
solicitation mail, or “junk mail,” by the pound. When interviewers call
homes, they are often met with refusals even before they can explain the
nature of the call. A significant number of mail surveys are thrown away
without ever being opened. Sales efforts disguised as surveys compound
this problem.

In addition, the level of distrust in government activities has increased
dramatically over the past 20 to 30 years. Many respondents are unwilling
to share information with government agencies (such as MPOs and state
DOTs) unless required to do so by law. Americans attach an extremely
high value to their privacy rights, so they will often refuse to cooperate
with voluntary government data collection efforts. Survey cooperation
rates are higher in other countries where survey respondents are more
accustomed to government inquiries. '

Increasing Analytical Demands

As decision makers and the public at large are becoming more familiar
with (and to some extent, more skeptical of) surveys, survey researchers
are being asked to answer ever more complicated questions. Surveyors
are being asked to evaluate differences between very specific market seg-
ments to help identify market niches for products and services. Such
analyses require more detailed survey instruments, and greater reliance
on questionnaires customized to specific respondent groups.

In addition, analysts are conducting more robust statistical analyses on the
survey results to provide more usable information to decision makers.
Twenty years ago, the use of complex statistical modeling procedures on
survey data was limited to a few specific fields like travel demand fore-
casting. Today, most survey analysis efforts employ reasonably complex
statistical analyses, taking advantage of advancements in the analytical
capabilities of desktop computers. The increased demand for more com-
plex analyses is requiring surveyors to increase the efficiency and quality
of surveys.
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Technology Advancements for Surveys

Over the past several years, most travel survey efforts have utilized com-
puter technology advancements. Telephone interviewing is now domi-
nated by centralized interviewing facilities and by Computer Assisted
Telephone Interviewing (CATI) systems. In addition, the use of computer
assisted personal interviewing (CAPI) techniques is becoming common in
intercept surveys. These technologies increase the efficiency of survey
efforts by allowing for on-line error checking during interviews and by
obviating the need for most coding and keypunching tasks.

The rapid growth in the availability of GISs to transportation planners has
also affected the way travel surveys are conducted and analyzed. GISs are
commonly used in geocoding travel survey data once it has been collected.
In addition, some recent survey efforts have relied on GISs to geocode
origins and destinations in real-time during interviews. In these efforts,
interviewers are able to determine whether the geographic information
obtained is sufficient for analysis purposes or whether additional details
need to be sought. This technique addresses one of the most difficult
challenges of travel surveys, the need for reliable geocoding of locations.

Using this Manual

Nowhere is it more true than in developing travel surveys that the “devil
is in the details.” This manual focuses on many very detailed aspects of
travel surveys, because we as a profession have learned hard lessons about
the importance of seemingly mundane surveying details. This manual is
intended to help individuals responsible for implementing travel surveys
avoid some of the most common pitfalls.

However, this manual cannot be used as a “cookbook.” Every survey
effort and every region has specific qualities that must be addressed in the
design and implementation of travel surveys. Analysts need to consider
their specific data needs and survey constraints before embarking on a
survey effort.

The Content of this Manual

Chapter 2.0 of this manual presents a step-by-step survey implementation
process, which is then used to organize the later chapters that discuss
specific types of travel surveys. The chapter provides a general overview
of the survey research process without discussing specific types of surveys
or specific surveying techniques.
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Chapter 3.0 describes the range of travel survey options that can be used
for collecting travel demand data. We describe several types of travel sur-
veys, the survey methods typically used to field the surveys, and the types
of data collected. This chapter is probably most useful for readers who are
contemplating a data collection effort, but who have not yet determined
the survey approach or approaches that they will use.

Chapter 4.0 discusses some survey issues that are common to all types of
travel surveys. Specifically, issues related to survey management and
coordination are outlined. We believe it will be useful to review this chap-
ter prior to embarking on any travel surveys.

Chapter 5.0 provides a basic discussion of survey sampling and bias. The
technical issues outlined in this chapter are relevant to each type of travel
survey.

Chapters 6.0 through 12.0 provide detailed descriptions of the survey
types addressed in this manual. For each survey type, we describe the
decisions and issues related to each step of the survey process. The chap-
ters are arranged as follows:

Chapter 6.0 - Household Travel and Activity Surveys;

Chapter 7.0 - Vehicle Intercept/External Station Surveys;

Chapter 8.0 - Transit Onboard Surveys;

Chapter 9.0 - Commercial Vehicle Surveys;

Chapter 10.0 - Workplace/Establishment and Special Generator Surveys;
Chapter 11.0 - Hotel and Visitor Surveys; and

Chapter 12.0 - Parking Surveys.

The information in Chapters 6.0 through 12.0 is purposely redundant in
places to allow users interested in specific surveys to read only the indi-
vidual chapter of interest, without referring to the others.

Chapter 13.0 discusses two emerging travel survey data collection meth-
ods, longitudinal data collection, such as panel surveys, and stated prefer-
ence survey techniques. These types of survey data have a number of

advantages in travel demand modeling applications, and analysts have
begun to collect these data in a number of regions.

Chapter 14.0 discusses geocoding, one of the most difficult and time-con-
suming aspects of travel surveys. In recent years, our ability to geocode
places described in travel surveys has improved dramatically, so we have
provided an entire chapter on the subject.
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2.0 The Generic Travel Survey
Process

B 21 The Survey Implementation Process

Most travel surveys (and other types of surveys, as well) follow a com-
mon implementation procedure. Backstrom and Hursh-Cesar divide the
generic survey implementation process into the 20 steps listed in
Table 2.1.! These 20 steps can be classified into the five general stages
shown in the figure:

e Survey planning;

e Survey design;

e Field implenientation;
e Data preparation; and
e Data analysis.

This manual concentrates on the three middle stages: survey design, field
implementation, and the data preparation. The survey planning and data
analysis stages are related to decisions about the scopes and the forms of
the travel models and other analyses that are to be developed using sur-
vey data. For this manual, it is assumed that the agency has either devel-
oped a detailed plan for the formation or revision of an existing modeling
system or has identified a particular set of survey data needs.

Figure 2.1 shows the many functional interrelationships between the steps
in the implementation of a generic travel survey. Decisions made at each
point of the process will affect many other elements of the survey effort.
Once the need for a new travel survey has been identified, an agency needs
to proceed with three tasks: compiling useful background information for
the survey effort, designing the overall survey effort based on the recog-
nized data needs and available data sources, and organizing the survey

!Charles Backstrom and Gerald Hursh-Cesar, Survey Research, 2nd edition, John
Wiley & Sons, 1981, pp. 23-24.
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Table 2.1 Backstrom and Hursh-Cesar’s Survey Implementation
Process

Survey Planning Stage

1. Definition - deciding the problem to be studied.
2. Hypothesis - specifying the relationships to be studied.

Survey Design Stage

Background Information - checking existing information on the problem.
Design - establishing study principles and procedures.

Organization ~ marshaling staff, funds, and materials.

Sampling - choosing the people to be interviewed.

Drafting - framing the questions for use in the field.

Constructing - shaping the format of the questionnaire.

© NG w

Field Implementation Stage

9. Pretesting - discovering whether study methods elicit the desired data.
10. Training - teaching fieldworkers the proper data-gathering techniques.
11. Briefing - showing fieldworkers how to conduct the survey.

12. Interviewing and Data Collection - securing data from respondents.

Data Preparation Stage

13. Coding and Data Entry - assigning numerical values to responses, and entering results.
14. Cleaning - assuring that all data are usable.

15. Programming — instructing the computer how data are to be manipulated.

16. Compilation - organizing the data into formats that are useful for analysis.

Data Analysis Stage

17. Analysis - relating the responses on two or more variables.

18. Testing — applying measures of statistical significance and goodness-of-fit.
19. Reporting - presenting the findings and conclusions of the study.

20. Using - applying the findings to the problems at hand.
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Figure 2.1 The Travel Survey Process
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team and survey resources. Decisions made during the survey design
process allow the survey team to develop a sampling plan and to develop
the preliminary survey instruments.

The field implementation stage of the travel survey involves the training
of fieldworkers, conducting a survey pretest, and the actual survey data
collection. The survey pretest allows the survey team to rethink survey
design issues, including the overall design of the survey, the survey
sampling procedures, and the survey instruments. In addition, the pretest
can identify areas where additional fieldworker training would be helpful.

The results of the data collection effort are then fed into the data prepara-
tion stage. The survey results are coded, entered, and cleaned. Then the
survey results are manipulated into useful formats for data analysis.

Chapters 6.0 through 12.0 apply the generic organization of survey steps
to discuss specific types of travel surveys. In the remainder of this chap-
ter, we briefly elaborate on each of the survey implementation steps.

W 22 The Survey Design Stage

Assembling Background Information

Prior to embarking on any survey data collection effort, an agency should
carefully review existing data sources. Available travel data can be used
in a number of ways, including:

¢ InLieu of New Survey Work - Travel surveys are often expensive and
time-consuming. If appropriate, existing data sources can be used
instead of the survey data. Of course, the quality and timeliness of
existing data sources should be examined to determine whether new
survey data collection may be avoided.

¢ For Developing Survey Samples - Existing information about the sur-
vey population can be used to develop more efficient samples so sur-
vey costs can be reduced and/or accuracy can be enhanced.

¢ For Validating Survey Results - One of the best ways to assess the
validity of new survey results and detect potential biases in the data is
to compare the survey results with other available information. This
process can be accomplished with formal statistical analyses or with
non-formal comparisons. Many statistical validation routines are
commonly performed during the development of new travel models.
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Background data sources for each type of travel survey are described in
Chapters 6.0 through 12.0 of this manual, but generally, the most common
sources of background information for travel surveys include:

o U.S. Census Population and Housing Summary Tape Files (STF1, STF2,
STF3, STF4);

¢ U.S. Census Transportation Planning Package (CTPP);
e U.S. Census Public Use Microdata Sample (PUMS);

¢ Nationwide Personal Transportation S;xrvey (NPTS);
o Previous local survey efforts; and

¢ Traffic counts and transit passenger counts.

Survey Design

In the survey design portion of the travel survey implementation process,
the survey team needs to determine the best overall survey approach to
obtain the particular data items required for the expected analyses. The
survey designers need to accomplish two general tasks during the survey
design effort:

o Selection of the general survey methods; and
¢ Establishment of budget and time constraints for the survey effort.

Ideally, the appropriate survey methods would be determined first, and
then the budget and time constraints would be defined based on the
selected approach. Usually, however, the survey method is selected with
advance knowledge of the likely budget and schedule limitations. Thus,
the challenge is to design the survey method or methods that will yield
the most cost-effective data collection effort.

Regardless of whether the survey team is constrained by available
resources, the selected survey methods should be based on anticipated
data analysis needs. The decisions to be made in this regard include:

e Which survey methods are appropriate, and which are likely to be
the most effective at obtaining the needed modeling data? As this
manual will demonstrate, there are several different methods for com-
pleting each type of travel survey. The key design issue facing the sur-
vey team is which survey method is the most effective for obtaining the
needed survey data. The strengths and weaknesses of different survey
methods are discussed in Chapter 3.0. Later chapters discuss the choice
of survey methods for specific types of surveys.
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¢ Which individuals or establishments should be included in the sample
population? The respondent population for travel survey efforts will
depend on the particular survey data needs of an agency. For instance,
if a survey is to be conducted as part of an effort to predict the effects of
a potential transit fare increase, the best survey population is likely to
be current transit riders. If the survey is being used to predict the
effects of transit improvements, the best survey population would
include both current transit riders and potential users.

¢ What sampling frame or frames are available for sampling the rele-
vant survey population? Do these sampling frames imply the use of
any particular survey method, or exclude the use of any? To conduct
a survey, one needs to somehow enumerate (or list) the sample
population so that a sample can be drawn. It is rare to find a perfect
sampling frame, so the survey team needs to find or develop the best
possible frame given available resources. Many lists are related to a
particular survey method. For instance, some transit agencies maintain
lists of riders and their telephone numbers that have been obtained
from previous surveys. If such a list is to be used as a sampling frame,
then the survey would have to employ a telephone method.

o Should special measures be employed to enhance the likely respon-
dent cooperation rate? Travel surveyors have employed many
mechanisms to increase survey response rates, including monetary
incentives, letters of encouragement, and the personalization of survey
materials for individual respondents. Since these mechanisms gener-
ally increase the cost of surveys, survey teams need to determine which
of these to employ in a particular survey.

e What procedures are needed to ensure that groups that are difficult to
survey are included in the survey effort? What needs to be done to
assure that respondents’ language and literacy limitations do not
significantly bias survey results? Travel survey populations often
include a number of subpopulations that are particularly difficult to
survey. Travel survey designers need to take steps to encourage mem-
bers of these groups to participate to the maximum extent possible.

e What techniques are available (and which should be used) for
obtaining the survey response data given a particular survey method?
Travel surveyors have conducted travel surveys using a number of data
retrieval techniques. Mail surveys (and other self-administered sur-
veys) have been conducted using standard questionnaires, bubble forms
(similar to the forms used to record answers on standardized tests, like
the SAT), and scratch-off forms, in which respondents can complete
without a pen or pencil. Personal interview and telephone survey
results can be recorded using pencil-and-paper techniques or by using
a computer-assisted approach (CAPI or CATI).
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Organization

In the organizational stage of the survey implementation process, the sur-
vey team defines the logistical requirements of the survey effort, and
determines how the available survey resources are to be allocated. The
organization task includes determining the following:

Staff needs (including numbers and required special skills);

The need for consultant contract help;

The level of expertise required of interviewers and other fieldworkers;
Field supervision needs;

The need for special facilities;

Equipment needs;

Coordination needs (local agencies, police, etc.); and

Citizens’ participation and publicity needs.

Sampling

Almost all travel surveys rely upon sampling techniques in which a part
of a total population is queried to make inferences about the population as
a whole. Sampling a population, rather than conducting a full population
census, has the following advantages:?

Economy;
Speed and timeliness;
Feasibility; and

Quality and accuracy (data collection for a census may be so difficult
that the quality of data would be poorer than sample data).

The challenge facing the survey team is to select a sampling approach and
sample sizes that will enable the development of reliable, accurate trans-
portation demand models without overspending on an expensive data
collection effort.

2Leslie Kish, Survey Sampling, John Wiley & Sons, Inc., 1965, p. 18.
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In

theory, developing a statistically reliable survey sample involves the

following steps:

In

Identification of the survey population (or universe);
Identification of sampling frame and selection of sampling procedures;

Determination of necessary precision (sampling error) for one or more
specific data items being collected;

Calculation of sample size; and
Estimation of necessary resources.

practice, the survey design process will likely be constrained by the

available resources from the beginning. While an agency might be able to
reduce costs by reducing the amount of data collected for each unit or
adopting procedures from elsewhere, the steps would still likely have to

be

modified to more closely resemble the following:

Determination of available resources;

Identification of survey population;

Identification of sampling frame and selection of sampling procedures;

Determination of maximum sample size based on procedures and
resources;

Determination of survey precision for one or more data items being
collected; and

Assessment of the adequacy of precision levels.

The Sample Design Workshop of the Second International Conference on
New Survey Methods in Transport found that:

“Little formal effort is usually given to the analyses of sample size
requirements, primarily because budgets were almost invariably
set prior to the technical involvement of the transportation analyst.
These budgets reflect the expectations of administrators as to the
cost of particular items of information, rather than any explicit
considerations of required accuracy.™

3Pete Fielding and Hugh Gunn. Sample Design Workshop Summary in Ampt, E.S.,
Richardson, A.J. and Brdg, W. (1985). New Survey Methods in Transport, VNU
Science Press: Utrecht, The Netherlands, p. 25.
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The Workshop also identified the difficulty of determining necessary pre-
cision levels as a reason for first identifying the resource constraints, and
then determining the resulting survey parameters:

“The idea that there might be a single optimal allocation of
resources was seen as an oversimplification, in that the end use of
the data is generally an input to a large number of very different,
but interdependent analyses. No single, most important output
could be defined, so no natural criterion for optimality could
exist.”

The basic principles of sampling for travel surveys are outlined in Chap-
ter 5.0 of the manual. Later sections identify the most commonly used
survey populations, sampling frames and sampling procedures for each
type of travel survey. These sampling approaches are all variations and
combinations of the most common sampling procedures:

* Simple Random Sampling - With this approach, sampling units are
drawn randomly from the sample frame.

* Systematic Sampling - With this approach, rather than randomly
selecting from the sampling frame, the analyst selects sampling units in
sequences separated by a preset interval. Provided that the sampling
frame order is relatively unbiased, this approach is essentially equiva-
lent to the simple random sample. Often, in personal intercept surveys,
fieldworkers are instructed to approach every ‘nth’ person passing a
certain point. Similarly, random-digit-dialing (RDD) telephone surveys
are often conducted by calling every ‘nth’ telephone number within a
prespecified set of telephone exchanges.

o Stratified Sampling - If data are available to segment the survey
population into subpopulations (or strata) prior to the sample selection,
then this sampling approach may help to reduce sampling error or to
reduce the amount of data collection needed. Household travel
surveys commonly use stratified samples, based on measures such as
household size and automobile availability.

* Cluster Sampling - With this approach, the sampling units are actually
groups (clusters) of the survey elements rather than individual ele-
ments. All of the units within a selected cluster may be included in the
sample, or a second stage subsample may be drawn from the chosen
cluster. Workplace/establishment surveys are examples of cluster sur-
veys. Some small number of establishments are first selected from the

4Pete Fielding and Hugh Gunn. Sample Design Workshop Summary in Ampt, ES,,
Richardson, A.J. and Brég, W. (1985). New Survey Methods in Transport, VNU
Science Press: Utrecht, The Netherlands, p. 25.
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population of all establishments within a study area. Employees and
visitors are then sampled within the selected establishments.

* Choice-based Sampling - When the data analyses require significant
representation of a group or groups which are difficult to locate in the
population at large, a sample may be drawn on the basis of the out-
come of one of the choice processes under study. A common example
of choice-based sampling is the collection of data from transit users on
board transit vehicles for use in the development of mode choice models.

A number of textbooks deal with the details of survey sampling.54”

Drafting and Constructing

The earlier steps of the survey implementation process dictate the types of
survey forms that will be needed and the respondent information that will
be required from the survey. Of particular importance will be the survey
administration methodology; specifically, whether responses to survey
questions will be completed by respondents or by trained interviewers. In
the questionnaire drafting and construction step, the survey team devel-
ops the data collection instruments. The following tasks are needed for
developing the actual survey instruments:

e Identification of the required survey instruments and related forms;

o Selection of the types and forms of the questions that will best address
the data needs;

o Formulation of wording for the survey questions;
o Determination of the best sequencing for the questions;

o Refinement of the questionnaire to ensure that all questions are effec-
tive and necessary; and

¢ Design of the layout of the survey instruments.

SPeter Stopher and Arnim Meyburg, Survey Sampling and Multivariate Analysis for
Social Scientists and Engineers, D.C. Heath and Company, 1979.

¢Leslie Kish, Survey Sampling, New York: John Wiley & Sons, 1965.

’William Cochran, Sampling Techniques, 2nd edition, New York: John Wiley &
Sons, 1966.
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W 2.3 The Field Implementation Stage

Pretesting

All travel surveys should be tested extensively before they are actually
undertaken. Nearly all survey researchers stress the necessity and impor-
tance of pretesting questionnaires, but this is the stage of the survey
implementation process which is most likely to be squeezed out due to
time and cost pressures.® If the pretest is conducted appropriately, the
surveyor will be able to improve the survey effort on a number of different
fronts, including:

¢ Refining fieldworker and interviewer procedures and logistics;

¢ Testing and revising question wording, sequencing, and formatting;
¢ Comparing alternative approaches to gathering certain data items;

¢ Identifying unexpected responses and respondent behavior;

o Estimating the survey completion time; and

¢ Developing preliminary estimates of the variance in key variables to
help establish final sample sizes.

If possible, travel survey pretests should be conducted in three steps: the
office pretest, the questionnaire pretest, and the survey dry-run.

Office Pretest

The office pretest, whether conducted formally or informally, is likely to
be the best mechanism for identifying problems with the questionnaire
and with specific questions. Many researchers feel that the best way to
discover potential survey problems before they occur is to have colleagues
or other experts not involved directly in the survey design review the
questionnaire and proposed procedures’ Two recent studies of pretest
error detection rates support this thesis. These empirical studies found

8Shelby D. Hunt, Richard D. Sparkman Jr., and James B. Wilcox, The Pretest in
Survey Research: Issues and Preliminary Findings, Journal of Marketing Research,
Volume 19, May 1982, pp. 269-273.

9Gee Paul E. Green, Donald S. Tull, and Gerald Albaum, Research for Marketing
Decisions, 5th edition, Prentice Hall (Princeton NJ),1988.
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that pretests that rely solely on samples drawn from the ultimate target
population have fairly low error detection rates.10!

Questionnaire Pretest

Although it is an important element of testing the questionnaire, the office
pretest will be insufficient in most cases. Travel survey questionnaires
should be tested on non-experts because they are often confusing to people
without knowledge of transportation planning, and because the surveys
often rely upon respondents’ understanding of technical (and sometimes
ambiguous) terms and expressions. For instance, a common challenge in
travel surveys of all types is to get respondents to use a consistent defini-
tion for the term, “trip.” The questionnaire pretest is the stage of the sur-
vey implementation process that ensures that respondents are answering
in a consistent manner.

During the questionnaire pretest, respondents are administered the sur-
vey, and are asked to describe any problems or areas of confusion that
they encounter. Often, these pretests are personally administered even
when the ultimate survey will not be. It is becoming increasingly popular
to conduct this portion of the pretest as part of a formal or informal focus
group. This allows the analyst to observe first-hand how respondents
react to the survey.

There are two procedures used to determine the respondents’ reactions to
the questionnaire. In the “protocol” method, the respondent is asked to
think out loud as the questionnaire is being completed. In the “debriefing”
method, the respondent completes the questionnaire and then talks about
the questionnaire afterwards.’? The protocol method is generally the better
approach for identifying problems with specific questions; the debriefing
approach is the better approach for identifying question sequencing and
respondent tiring. Some surveyors have split the pretest so that some
respondents use the protocol approach while others are debriefed.

10Shelby D. Hunt, Richard D. Sparkman Jr., and James B. Wilcox, The Pretest in
Survey Research: Issues and Preliminary Findings, Journal of Marketing Research,
Volume 19, May 1982, pp. 269-273.

Adamantios Diamantopoulos, Nina Reynolds, and Bodo Schlegelmilch,
Pretesting in Questionnaire Design: The Impact of Respondent Characteristics on Error
Detection,

Journal of the Market Research Society 1994, Volume 36, Number 4, pp. 295-313.
2Nina Reynolds, Adamantios Diamantopolous, and Bodo Schlegelmilch,
Pretesting in Questionnaire Design: A Review of the Literature and Suggestions for

Further Research, Journal of the Market Research Society, 1993 Volume 35,
Number 2, pp. 171-181.
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The Survey Dry-Run

The final step of the pretesting task is to complete the survey on a small
number of respondents in an identical manner to the full survey effort.
Ideally, the pretest would encompass the whole range of survey tasks
from sample selection to data analysis. This will ensure that all aspects of
the survey effort are in place, and are operating as expected prior to the
beginning of any data collection.

Sometimes, when the survey dry-run goes well, and the pretest timing
and sample design are consistent with the larger effort, the data can be
used in the general survey effort. However, surveyors need to allocate
their time and money resources so that they are prepared to make changes
in the questionnaire and procedures based on the outcome of the survey
dry-run. If problems are found, the questionnaire(s) and/or survey pro-
cedures should be modified and re-tested if necessary. Ideally, this means
that pretests would be completed well in advance (often a month or more)
of the actual survey.

Training and Briefing

The quality of the fieldworkers, and interviewers in particular, will have a
major effect on the success of the survey effort. Assembling a group of
well-trained and consistent fieldworkers is not an easy task because of the
nature of the work. Survey fieldwork is low-paying, generally part-time,
intermittent work requiring the individual to have schedule flexibility,
often during the evenings. The job requires excellent communication
skills and reasonably good reading and writing skills. In addition, some
travel surveys require fieldworkers to have a high level of mobility.

In many cases, direct supervision of fieldworkers is minimal, so they must
be carefully trained and briefed on the travel survey effort. Training
involves teaching or re-teaching the basic fieldwork skills necessary for a
survey of the type being conducted. Training should include the follow-
ing topics:1*!

1. Use of survey quota sheets, maps, building layouts, etc. (for field sur-
veys).

2. Procedures for observing or counting individuals and for recording
the information (field surveys).

13 Floyd J. Fowler, Survey Research Methods, SAGE Publications, 1988, p. 115.
14Charles Backstrom and Gerald Hursh-Cesar, Survey Research, 2nd edition, John Wiley & Sons,
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3. Procedures for contacting potential respondents and presenting the
study to them (or reminding them of the study).

4. Procedures for screening potential respondents based on survey quotas
or other criteria to determine whether to ask a particular person to
participate.

5. The conventions used in the design of the questionnaire with respect
to wording and skip instructions so that interviewers can ask the ques-
tions in a consistent and standardized way.

6. Procedures for using computer-assisted questionnaires (CAPI and
CATI surveys).

7. Procedures for probing inadequate answers in a non-directive way.
8. Procedures for recording answers to open-ended and closed questions.

9. Rules and guidelines for handling the interpersonal aspects of the
interview in a non-biasing way.

The fieldworker briefing provides the fieldworkers with specific infor-
mation regarding the particular study. Generally, it is extremely helpful
for the sponsoring agency to be directly involved in the briefing of field-
workers, because agency personnel will best be able to describe the impor-
tance of the survey effort to their future efforts. Briefing issues include the
following:11¢

1. Specific purposes of the project, including the sponsorship, the general
analysis goals, and anticipated uses of the research. Fieldworkers need
this information because they will need to provide respondents and
others with appropriate answers to questions and because this infor-
mation will help fieldworkers enlist cooperation.

2. Description of everything in the fieldworker kit (for field surveys).

3. Description of how the forms are to be completed (pencil-and-paper
approach) or how responses are to be recorded on the computer (CAPI
and CATI).

4. The specific approach that was used for sampling, again to provide a
basis for answering respondent questions. In addition, there may be

some training required in how to implement the basic sample design.

5. Details regarding the purposes of specific questions.

15 Floyd J. Fowler, Survey Research Methods, SAGE Publications, 1988, p. 115.
1Charles Backstrom and Gerald Hursh-Cesar, Survey Research, 2nd edition, John Wiley & Sc
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6. The specific steps that will be taken with respect to confidentiality, and
the kinds of assurances that are appropriate to give to respondents.

7. Detailed description of procedures to follow if problems are encountered.

8. Procedures for contacting field supervisors (field surveys) or central
location supervisors (telephone surveys).

In addition to providing fieldworkers with an understanding of the pro-
cedures to be employed in the study, the training and briefing sessions
should motivate fieldworkers to believe that the survey work and their
efforts are important, and that the highest quality data are needed. The
participation of personnel from the sponsoring agency in the training/
briefing sessions may help fieldworkers understand the importance of
their work.

Under ideal circumstances, the training and briefing sessions should
impart the following attitudes to the fieldworkers:’

¢ This Job is Important - Stress the importance of this particular study:
how it is intended to contribute to the public good, solve problems, and
improve the community.

e I Must Follow Instructions - Teach the importance of following
instructions, the necessity of proper field procedures, and the impor-
tance of consistency.

e Biases can Cripple Data - Teach fieldworkers about the destructive
role of the biases that they can bring into the research effort.

¢ Research is Important - Communicate the value of research: how re-
search information improves our ability to make decisions, to solve
problems, to contribute to the common goals of society, and to save
money and resources.

e Surveys Work - Stress that surveys can be valid, reliable measures of
people’s information, attitudes, preferences, and behavior.

o People Like to Participate in Surveys - Help fieldworkers understand
that they are not snoops or irritants: many people like to express their
opinions, they know about polls, they are usually flattered to be cho-
sen, and they are curious about how it all works.

o I Am a Professional - Each fieldworker should believe: “I have a job to
do; I am a professional being paid for services rendered.”

Charles Backstrom and Gerald Hursh-Cesar, Survey Research, 2nd edition, John
Wiley & Sons, 1981, p. 248.
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e Randomness Works - Each fieldworker should believe: “no matter
what I think about who should be part of the sample, we are likely to
get a better (more fairly representative) sample by relying on chance
and the survey selection procedures, rather than personal decisions
about whom to interview.”

¢ The Respondent is Entitled to Courtesy - Each fieldworker should
understand that “I must respect the people whose time I am using, and
I must treat all respondents with equal courtesy.”

¢ The Respondent is Entitled to Privacy - Warn that respondents usu-
ally are more comfortable expressing themselves privately on some
issues, so fieldworkers must help to ensure that privacy.

Interviewing and Questionnaire Distribution

The data collection fieldwork tasks of the survey implementation process
are where the considerable planning efforts of the survey designer are
actually put to the test. Unfortunately, these data collection tasks are
usually those over which the designer has the least control. They are also
the tasks where the greatest amount of uncorrectable bias can enter the
process. Major interviewer and fieldworker errors are very costly because
they may require redoing part or all of the fieldwork, but small errors by
interviewers and fieldworkers may be as bad. These smaller errors are
often undetectable, and may greatly increase the level of bias in the survey
results, unbeknownst to those analyzing the data.

To ensure that fieldworkers are performing the necessary survey functions
in the non-biasing and consistent manner for which they have been
trained, adequate supervision is essential. For some types of surveys, such
as telephone surveys, supervision techniques have been developed that
help to identify problems and help interviewers to correct them immedi-
ately. For instance, central site telephone survey supervisors can maintain
up-to-the-moment statistics on interviewer completion rates, average
completion times, and item non-response levels. Telephone survey
supervisors can usually monitor individual interviews if problems with
particular interviewers are detected. However, the cost and logistics of
supervision for some types of surveys, such as in-home personal inter-
views, can be prohibitive.

Some key issues for fieldwork supervisors in evaluating the fieldwork as it
occurs are the following:

e Are the survey response rates and cooperation rates different than
expected prior to the survey fieldwork?

o Are the costs per completed interview different than expected prior to
the survey?
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o Is the quality of the completed questionnaires and interviews -
response rates, validity of responses, legibility - as expected?

¢ Are survey fieldwork procedures working adequately? Are staff being
utilized efficiently?

o Are fieldworkers completing their tasks consistently?

e Are survey response rates and cooperation rates significantly lower or
higher than the average for a specific fieldworker (a low response rate
will affect survey cost while a high response rate might suggest
improper survey techniques)?

If problems are detected during the fieldwork process, the survey team
should be ready to modify the procedures or retrain (or replace) field-
workers, as necessary. Such modifications are generally very challenging
since the available information on which to make decisions is limited, and
the underlying reasons for the detected problem(s) are usually not obvi-
ous.

B 2.4 The Data Preparation Stage

Coding and Data Entry

During the coding step of the survey process, the raw survey data are
translated into codes usable for model development and presentation of
results. The objective of the survey team in this step is to “unambiguously
assign each survey answer to one and only one analytically meaningful
code.”®

Most travel surveys rely on a three-step process for converting responses
to usable data:

1. The respondent or fieldworker records a response;

2. The coder translates the response into a pre-specified code; and

3. The data entry specialist keys the response into a database.

Many survey instruments can be designed to be “self-coding” without

damaging the clarity of the questions. These surveys greatly reduce or
eliminate the work of the coder. In addition, the interactive processing

18Floyd J. Fowler, Survey Research Methods, SAGE Publications, 1988, p. 130.
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available with computer assisted telephone interview (CATI) and com-
puter assisted personal interview (CAPI) surveys reduce these steps to a
single automated step. Computer assisted survey techniques also allow
interviewers to check for the reasonableness of responses vis-a-vis other
responses in the interview, and to correct problems prior to losing contact
with the respondent.

Of particular interest are recent improvements in technologies to perform
geocoding, the translation of locational survey data into a usable format.
Chapter 14.0 discusses geocoding issues in some detail.

Editing and Cleaning

Once the survey data have been entered, the survey team should system-
atically analyze the results to identify data problems. Three editing and
cleaning tasks can be conducted:

1. Simple data cleaning to correct coding and data entry problems;
2. Validation of survey responses; and
3. Application of analytical techniques to reduce non-response.

The first step is to verify the completeness of each record. Next, each data
field should be checked to make sure only legal codes are entered. Then,
the analyst should evaluate the internal consistency of the responses to
related questions.

Manual checking of the survey data by surveyors or editors is essential,
but writing specialized programs to perform automated checking of data
files is usually also worthwhile. Such programs can consistently perform
intra- and inter-record data checks that would be impossible to perform
manually. For example, a survey record might include the beginning and
ending time of an activity or trip with associated “am” or “pm” codes. If
one of the codes is mis-keyed, the resulting data could imply that the
activity or trip ended before it began, even though all data passed speci-
fied range checks.

Likewise, a household included in a home interview survey might have
five members. If data for one of the household members was skipped in
data entry, the error would never be caught via simple range checks of
specific data items. Survey data that are “clean” in terms of range checks
for specific data items often contain illogical data. Such errors can affect
resulting data summaries and travel models.

If problems are identified with a particular response, the analyst should
refer to the original sources, the completed interview sheets or the
returned questionnaires. The error(s) in the database should be corrected
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if possible, but if the error involves more than coding and entry errors, the
record will need to be marked unusable and dropped from the analysis
database. As one would expect, tracking down and correcting errors in
large survey databases is a long, slow, and inefficient process. It is gen-
erally much more cost-effective to spend extra time on the coding and data
entry tasks to avoid large editing tasks.

CATI and CAPI surveys offer the opportunity to perform data cleaning
and consistency checks on-line, while respondents are still accessible, but
one of the drawbacks of computer-assisted interview surveys is that there
is no source which to refer to when incorrect or inconsistent data are
found in the database after the survey. Therefore, it is essential that edit-
ing, cleaning, and consistency checks be built into the programs. If opera-
tors enter invalid information during an interview, the computer should
prompt them to try again.

The second editing/cleaning task that is sometimes performed is to vali-
date a small sample of the survey responses by recontacting respondents
and reviewing their responses. This process can be conducted on a ran-
dom sample basis to ensure that each fieldworker completed the work he
or she was supposed to complete, and to ensure that responses were
completed consistently. The validation process can also be used selec-
tively if there is some question about the work of certain fieldworkers.
Finally, validation can be used for responses with identified problems to
limit the number of non-usable responses.

The final editing task available to analysts is to apply statistical proce-
dures to impute the values of missing or incorrect data elements. In
almost every survey, some respondents will be unwilling or unable to
answer all the questions posed to them. In addition, many respondents
will knowingly or unknowingly respond to questions inaccurately. Some
question types are more susceptible to item non-response and inaccuracy
than others, with questions about income generally being the most prob-
lematic. Some analysts have statistically related the variable in question to
other survey variables or other data sources, such as Census data, to be
able to use the response more effectively in subsequent analyses.

This approach is still much debated, however, since bias could be
increased in some cases, and because many analysts believe that imputing
values implies that the answer to the question is already known. The sur-
vey team has other options, including;:

e Ignoring the non-response (if the sample size is sufficient without
them); and

¢ Using a modeling variable to describe the non-response.

These and other mechanisms for reducing non-response are discussed in
later chapters.
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Programming and Compiling

The final steps of the survey process covered in this manual relate to pre-
paring the survey data for modeling and other analyses. Fortunately, the
task of compiling survey datasets has been greatly simplified since the
days of the previous Travel Survey Manual, when piles of perforated com-
puter cards awaited the analyst. Today, survey data are generally entered
in ASCII data files which are easily read into any of the available statistical
analysis software packages. Thus, the compilation task is quite straight-
forward.

However, there are three key programming and compiling tasks that are
of special interest to the modeling analyst:

e The determination of data storage needs;

e The development of one or more survey response weighting schemes;
and

¢ The tabulation of survey results.

Large survey efforts require a great deal of data storage. Often, the survey
database from a travel survey will use in excess of 60 megabytes, exclud-
ing any constructed variables or analysis results (which could easily dou-
ble the size of the file). The survey team should make rough calculations
of the data storage requirements once the survey coding requirements are
known, and should plan to invest in expanded storage if necessary.

The determination of survey weights is a key element of the survey anal-
ysis. Depending on the modeling analysis needs, results obtained from
surveys that are designed to (or accidentally) oversample or undersample
some groups of the population usually need to be weighted so that mem-
bers of the subgroups are proportionally represented in the population as
a whole. Some analyses will require the use of the weighted data while
others will not. Often, different weighting schemes are used depending
on the analysis that is being applied.

Tables 2.2 and 2.3 illustrate two weighting exercises. Table 2.2 shows the
calculation of work trip mode weights for a recent household travel sur-
vey. The first columns of the table shows the modal distribution of work
trips obtained from a survey of 8,346 work trips. The following columns
show the actual modal distribution for the study area based on best avail-
able information, including the Census Journey-to-Work data. To make
conclusions about the work trip mode split from the survey data, it is
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Table 2.2 An Example of Travel Survey Weighting: Work Trip Mode Choice

Survey Percent Estimated Estimated Survey
Mode Returns of Returns Modal Usage Shares Weight
Walk 33 0.4% 191,614 2.8% 6.992
Drive Alone 4,721 56.7 5,157,659 744 1.315
Drive HOV2 240 29 256,376 37 1.286
Drive HOV3+ 78 09 106,896 15 1.650
Auto Passenger 564 6.8 737,868 10.6 1.575
Local Bus — Walk Access 2,314 27.7 362,661 52 0.189
Local Bus — Park & Ride 39 0.5 4,755 0.1 0.147
Local Bus - Kiss & Ride 59 0.7 4417 0.1 0.090
Express Bus — Walk Access 130 16 23,046 0.3 0.213
Express Bus — Park & Ride 76 09 7,508 0.1 0.119
Express Bus — Kiss & Ride 29 03 2,310 0.0 0.096
Bicycle 63 08 76,127 11 1.455
Total 8,346 100.0% 6,931,237 100.0%
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Table 2.3 An Example of Survey Weighting: Choice of Transit Ticket Type

Mean Trips

Survey Percent Per Rider Percent
Ticket Type Returns of Rides Per Month of Riders
Cash Fare 203 34% 359 47%
Monthly Bus Pass 301 50 646 39
Cash Fare and Transfer 44 7 347 11
One Way Ticket 8 1 46.2
Student Fare 1 0 40.0 0
Senior Citizen Fare 42 7 315 1
Total 599 100% 50.1 100%




necessary to weight each survey response by the ratio of the actual share
divided by the survey share. For instance, the survey work trips that were
made by walking need to be weighted by (191,614/6,931,237)/(33/8,346) =
6.99.

Table 2.3 illustrates another common weighting exercise. As discussed
below, transit onboard surveys generally sample transit trips. To make
conclusions about transit riders, one needs to weight the survey results by
individuals’ frequency of transit usage. The example shows survey results
for a question about the respondents’ choices of fare types. Monthly pass
trips accounted for 50 percent of the surveyed trips, but because monthly
pass users use transit more frequently (based on another survey question)
they represent only 39 percent of transit users. Users of the data would
want to use the weighted percentages to make conclusions about riders,
and the unweighted percentages to make conclusions about transit trips.

The final programming task is the tabulation and cross-tabulation of the
raw and weighted survey results. Because the survey team will usually
soon be immersed in detailed and time-consuming model estimation
efforts, a useful final step for the survey work is to produce a complete set
of cross-tabulations of the survey results. The tabulations will be a useful
reference source for the analyst while he or she develops the travel mod-
els, and they will provide interested, less technical parties with a great
deal of information on the survey population under study. For most
agencies, it is advantageous to produce travel survey results reports as
quickly as possible. These reports will provide funding agencies and
other interested groups and individuals with evidence that the travel sur-
vey effort was more than a purely academic effort used to develop obscure
modeling parameters.

The preparation of clear, concise data documentation is an important task.
Too often, final datasets are documented by a list of variables and a copy
of the survey instruments. A data dictionary that clearly delineates the file
format(s) and the data contained in each field should be prepared, includ-
ing allowable codes and meanings. This is especially true if derived vari-
ables (such as zone numbers) or independently estimated information
(such as weighting factors) have been added to the dataset.

Finally, care must be taken to ensure confidentiality of the data. Many
surveys collect personal information - number of household members,
ages of household members, household income, typical daily travel pat-
terns, and household addresses. Such a database could be a valuable tool
to a “high-tech” thief. Care should be taken to ensure that data files con-
taining personal information are never distributed with detailed address
or locational data (e.g., latitude and longitude).
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3.0 Options for Travel Surveys

W31

This chapter describes the different types of travel surveys, the general
types of survey data typically sought in each type of travel survey, and the
available survey methods currently being used for each type of travel sur-
vey.

The Types of Travel Surveys

This manual discusses the seven most common types of travel surveys
used to learn more about (and to model) the behavior of users of highway
and transit facilities. Each of the survey types provides a unique perspec-
tive for input into travel demand models, so the selection of the appropri-
ate travel survey type should be based on the development or revision
plans for the models themselves.

Household Travel/Activity Surveys

Traditionally, the most important building block for urban and regional
travel demand models has been the household travel survey. In a house-
hold travel survey, respondents are contacted in their homes and are que-
ried about their household characteristics, the personal characteristics of
members of the household, and about recent travel experiences of some or
all household members.

Household travel surveys have been conducted in the United States for
more than 40 years, but because of the extensive effort required, most
regions have conducted only one or two of these surveys. The first gene-
ration of household travel surveys are characterized by those that were
conducted in the 1960s to address the requirements of the FHWA'’s 3-C
planning process. These surveys were conducted by sampling households
in the region and sending survey staff to the households to solicit coopera-
tion and to conduct interviews. In some cases, the survey workers left
survey materials, including travel diaries for each household member for
an upcoming period of time and then returned to collect the: travel infor-
mation, but usually the surveys asked respondents about recent past travel.

Usually, the primary focus of the household survey was to assemble origin-
destination data based on fairly coarse zone systems. The U.S. Depart-
ment of Transportation’s sample size recommendations for household
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surveys ranged from one dwelling unit out of 25 for study area popula-
tions over one million people, to one dwelling unit out of five for study
area populations under 50,000 people. The same guidelines set the range
of “minimum sample sizes” to between one out of 100 dwelling units for
the largest areas, to one out of 10 dwelling units for the smallest areas.

Most planning agencies developed their four-step transportation demand
models primarily from the data that they gathered in their 1960s house-
hold surveys. In many cases, these models continued to rely on the 1960s
household survey data for the next 20 to 30 years.

The first generation in-home survey method was considered to be the
acceptable procedure for household travel surveys throughout the 1970s
and the first part of the 1980s, though significantly fewer major household
survey efforts occurred in this period than the preceding period.

During the 1980s, planners began to recognize the need for updated
household travel data. However, the new household survey methods that
survey designers employed were significantly different than the earlier
efforts. In the past several years, most household travel surveys have been
conducted by using telephone or mail surveys or some combination of the
two. In addition, typical sample sizes measured as a percentage of the
survey universe have been reduced to one-quarter to one percent of study
area dwelling units. This decrease in sample size has lead to very little
decrease in the overall accuracy of the survey results because the newer
surveys rely on more efficient stratified sampling techniques and because
modelers generally apply disaggregate modeling techniques to develop
origin-destination data, rather than rely solely on the survey data. Col-
lecting travel data through diaries instead of through recall techniques is
now common practice, and many recent surveys have redefined the diary
unit from the simple trip to more detailed elements of the trip, or to activ-
ities that can be related to trip making.

Several factors contributed to the development of the second generation of
household travel surveys in the U.S. The most important factor was the
need to reduce the high costs-per-interview and logistical difficulties of
the in-home interview. Advances in commercial market research allowed
transportation planners to develop alternative approaches. At the same
time, developments in travel model research and inadequacies in tradi-
tional travel models have lead planners to consider issues such as trip-
chaining, activity-based modeling, and time-of-day modeling.

Despite the changes, the household travel or activity survey remains the
best source of regional trip generation and distribution data for most
regions. It is highly likely that household travel and activity surveys will
be central to the development of microsimulation-based modeling sys-
tems, like TRANSIMS.
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In addition to being used for developing, revising, and updating regional
modeling efforts, household travel surveys are being used in the following
ways:

* Some transit agencies use household travel surveys to conduct surveys
of transit users and non-users in their regions. The surveys are used to
estimate transit market share and to assess differences between actual
transit users and potential users.

e Agencies have performed household travel surveys in advance of major
infrastructure projects to help assess the potential demand and to deter-
mine the level of public support.

¢ Agencies sometimes perform household travel surveys simply to
increase their understanding of travel in their regions, and to be able to
address specific questions that policymakers may raise.

A renewed research interest in the household travel and activity survey is
demonstrated by the recent Transportation Research Board Conference on
Household Travel Surveys: New Concepts and Research Needs. In recent
years, research on household travel and activity surveys conducted in
Europe and Australia has been particularly interesting because many plan-
ners in those countries are trying to develop advanced modeling techniques,
but with much better survey climates than in North America. Recent
publications by Richardson, Ampt, and Meyburg and by Axhausen pro-
vide some information on these international survey efforts.!? Chapter 6.0
describes the typical procedures used to conduct household travel surveys.

Vehicle Intercept and External Surveys

Vehicle intercept survey data are used by travel demand modelers for
three purposes:

e To provide origin-destination data and other data on trips that come
into or go out of the model study area for modeling internal-external
and external-external trips (external survey);

¢ To provide origin-destination data and other data for auto travelers in a
particular corridor for sub-area and small area models; and

1K.W. Axhausen, Travel Diaries: An Annotated Catalogue, University of London
Centre for Transport Studies Working Paper, November 1994.

2 Anthony Richardson, Arnim Meyburg, and Elizabeth Ampt, Survey Methods for
Transport Planning, Eucalyptus Press, Melbourne, 1995.
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¢ To provide origin-destination data and other data for auto travelers
crossing important internal cordons, screenlines, and cutlines that can
be used for travel model validation.

Unlike the household surveys, these surveys rely on intercepting or
observing people in the course of travel. These surveys are conducted by
stopping vehicles and then interviewing drivers or distributing mailback
questionnaires to them, or by observing vehicle license plates and then
recontacting the owners of the vehicles. Traditionally, these surveys have
focused on gathering information on the particular trip being made at the
time of the intercept with little emphasis on other information. Chapter 7.0
describes the typical procedures used in the collection of vehicle intercept
and external surveys.

Transit Onboard Surveys

Transit onboard surveys are similar to the vehicle surveys in that they are
intercept surveys and use a choice-based sample population (to be eligible
for the survey, the respondent has both decided to travel and to use the
particular mode of interest). Transit onboard surveys are generally
conducted for two reasons:

e To provide modelers with transit trip origin-destination data and tran-
sit rider characteristics, which in many regions is very difficult to
obtain from the household survey because transit trips may make up a
very small proportion of total trips; and

¢ To provide transit planners with ridership data that will allow them to
analyze changes in service.

Generally, transit onboard surveys collect trip-specific travel data and some
limited respondent information. Often, planners are interested in survey-
ing both users and non-users (or infrequent users) of transit services. This
is generally accomplished by using a combination of transit onboard sur-
veys and either household travel survey techniques or vehicle intercept
survey techniques. Chapter 8.0 describes the issues related to transit
onboard surveys.

Commercial Vehicle Surveys

Travel demand modeling for commercial vehicles is somewhat primitive
compared to passenger travel modeling. However, ISTEA’s intermodal
planning requirements have added to the importance of commercial vehicle
data collection. Some information on commercial vehicle travel can be
obtained through household surveys and vehicle intercept surveys, but
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the only way to accurately analyze the universe of commercial vehicle
trips is through a commercial vehicle survey.

Commercial vehicle surveys are used primarily to obtain origin and desti-
nation data for trucks, taxis and other commercial vehicles. Recent efforts
have also begun to obtain more detailed trip purpose and truck contents
information. This information can be used in the development of disag-
gregate urban commodity flow models. Chapter 9.0 discusses commercial
vehicle surveys.

Workplace and Establishment Surveys

Establishment surveys are used to collect travel information about trip
attraction sites. These surveys generally collect traveler characteristics and
trip origin and destination data. Typically, workplace surveys are
designed as intercept surveys where respondents are surveyed as they
enter or leave their workplace or another establishment. In some cases,
workplace surveys are centrally distributed to employees by employers or
employer transportation management agencies. In these cases, the survey
method is more of a general population survey, like the household survey.

A special application of the workplace/establishment survey is the special
generator survey. Special generator land uses are unique to a region (such
as an airport, university, or large shopping mall), or they attract and pro-
duce significantly more trips than would be indicated by their employment,
square footage, or land area. Since trip rates to and from these sites might
be significantly different, surveys of trips to and from these locations can
be especially useful. Chapter 10.0 presents descriptions of workplace,
establishment, and special generator surveys.

Hotel/Visitor Surveys

In many parts of the country, a large percentage of the daily regional
travel is conducted by visitors or tourists to the region. In some of these
areas, planners have sought, or are seeking, to develop visitor travel
demand models. The household travel or activity survey could be used to
account for some of this travel if data are collected from visitors staying in
local residents’ homes. However, visitors staying in hotels, motels, or
other lodging would elude the household survey, and there are likely to
be significant differences between the travel patterns of those visitors
staying with residents and those who pay for their accommodations.

Visitor travel could theoretically be surveyed by one of the intercept meth-
ods discussed in Chapters 7.0 and 8.0 (transit onboard or vehicle inter-
cept), but collecting the needed trip generation information with these
survey methods would be practically impossible. To obtain the necessary
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visitor data, some metropolitan areas have conducted hotel visitor surveys.
A description of this survey method is presented in Chapter 11.0.

Parking Surveys

The latest generations of travel demand models have recognized the
importance of parking supply, costs, and subsidies on travel decisions.
When detailed parking information is needed, parking surveys are some-
times used. During a parking survey, fieldworkers conduct interviews
with, or distribute questionnaires to people as they enter or leave parking
facilities, or leave questionnaires on the windshields of parked cars.

Parking surveys are similar to workplace/establishment surveys in that
travelers are usually surveyed at the attraction end of their trips, but
parking surveys generally seek to collect more detailed information about
parking and access issues. Parking survey procedures are presented in
Chapter 12.0.

B 3.2 Selecting the Proper Typés of Travel Surveys

The selection of the proper types of surveys to use in developing or
enhancing travel models should be based on the type of data required for
the models, each survey type’s survey population, the data available from
each type of survey, and the cost and complexity of fielding the survey.
The cost and complexity of the survey type is related to the actual market-
ing research techniques needed to complete the survey effort.

The Modeling Uses of Survey Data and The Survey Populations

Table 3.1 shows the most common survey population or populations and
the most common data uses for each type of travel survey considered in
this Manual. In selecting the most important and cost-effective travel sur-
veys for modeling purposes, the analyst needs to determine whether the
survey type will truly reach the most appropriate population or universe.
For instance, it is important to note that the survey populations for the
intercept surveys are not the travelers, but instead are the trips them-
selves. Conversely, the general population surveys, such as the household
survey, have populations which are based on the trip-making unit, not the
trip. These distinctions can have important implications on the models
that are developed with these survey data, particularly when the two
types of data are combined.
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Table 3.1 Common Survey Populations and Modeling Uses of

Different Travel
Common Survey Common Modeling
Survey Type Populations Uses of Data
Household Travel Households within a Trip generation, trip
or Activity Surveys pre-specified study area distribution, mode choice,
OR time-of-day of travel,
People within a pre- traveler behavior
specified study area.
Transit On-board Transit passenger trips Mode choice
Surveys on a pre-specified set of
transit services.
Vehicle Intercept or Vehicle-trips on one or Trip distribution, model
External Station more highway segments, validation
Surveys perhaps by direction
OR
Person-trips by vehicle
on those highway
segments.
Commercial Comumercial vehicles Comimercial vehicle travel
Vehicle Surveys garaged within a pre- (generation, distribution,
specified study area time-of-day)
OR
Comumercial vehicle trips
made by those vehicles.
Workplace, Employees of pre- Trip attraction models,
Establishment and specified establishments parking and transit
Special Generator OR cost/subsidy
Surveys All trips to and/or from
the establishment.
Hotel and Visitor Hotel guests at pre- Visitor models
Surveys specified establishments (generation, distribution,
OR time-of-day)
All trips to and/or from
the hotel.
Parking Surveys All vehicles parked at Parking cost (for mode
pre-specified locations choice)
during a pre-specified
time period
OR
All vehicle or person-
trips to those parking
locations.
3-7
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Usually expansion data can be collected in the survey (or along with the
survey) that will allow the modeler to weight the survey results to a dif-
ferent survey universe, but the cost of obtaining these data need to be
considered in deciding whether a particular survey type makes sense. For
instance, the analysis of vehicle intercept surveys generally requires high
quality vehicle count and classification data to expand the survey results.

The most appropriate type of travel survey depends on the data needs of
the surveyor. Usually, travel modeling analysis requirements dictate the
types of surveys that are needed. Household travel surveys are particu-
larly relevant for current travel models. These surveys can provide infor-
mation on the number and distribution of trips being made and the travel
modes being selected by individuals within households, as well as the
household and the individual’s characteristics.

The other survey types can provide specific data that modelers want or
need to develop or enhance travel models. The detailed model plan will
determine the data needs, and therefore the survey types that are needed.

Of course, there are reasons other than travel model development/
enhancement for conducting travel surveys. For instance, transit onboard
surveys are often conducted for developing new transit routes or modify-
ing existing ones. Vehicle intercept surveys are commonly used in site
impact planning. Surveys developed for different reasons can be, and often
are, used in travel modeling efforts, so it is extremely helpful to design
and coordinate these surveys with this in mind.

Travel Survey Data

Travel surveys can be used to collect several kinds of information from
respondents, including:

e Factual information about themselves or their households or other
affiliations (socioeconomic, demographic, employment data);

e Behavioral travel information about one or more trips or travel-related
activities (revealed preference travel data);

o Test-of-knowledge information (data used to determine respondents’
familiarity with a particular subject);

o Attitudinal information and perceptions (data from ratings, rankings,
or comparisons of actual or hypothetical subjects);

e Opinion information (data gathered from open-ended responses);

o Stated response travel information (stated preference data compiled
from tradeoff analyses and other hypothetical choice exercises); and

3-8 ‘ Travel Survey Manual



¢ Longitudinal information (data gathered from the same or similar
respondents over a period of time).

Figures 3.1 through 3.6 show example portions of travel surveys seeking
each of the first six of these data types. The seventh type of data, longi-
tudinal information, can actually be any of the first six types, but tracked
over a period of time through successive surveys.

Each type of survey is well-suited to obtain certain types of these data.
Figure 3.7 summarizes the kinds of data that each type of survey has been
or could be used to collect.

Traveler and household information is commonly obtained from all the
survey types, except surveys of freight movement. The best types of sur-
veys for collecting large volumes of these data are the household travel/
activity survey and the workplace survey with centrally-distributed ques-
tionnaires. These survey types are based on samples of the individuals for
which the socioeconomic/demographic data are being collected, rather
than the trips that they are making, so frequency weighting can be averted.
In addition, when a great amount of these data are needed, the intercept
survey methods may be practically inadequate. The two most common
survey methods for intercept travel surveys, short interviews of travelers
in the course of their travel, and personally distributed mailback question-
naires, have limited lengths so it is difficult to include many socioeco-
nomic or demographic questions in these surveys. Sometimes, the
intercept survey types are used as an initial recruitment followed by a
household travel/activity survey to obtain the more detailed data.

Revealed preference travel data can be obtained from any of the survey
types, but the individual survey types are particularly well-suited for col-
lecting certain types of travel behavior data. Household surveys are
commonly used to obtain detailed travel and activity diary data. The
ability to contact each household member and the ability to use more
complicated questionnaires with this type of survey make it the best
choice for collecting household diary data. Commercial vehicle surveys
can also be used to obtain diary-type information, but generally the sam-
pling units in these surveys are the vehicles, rather than people or house-
holds. Diary data are generally not collected using the other types of
surveys because of the length and complexity of the questions, and
because not all household members can be easily contacted through these
methods.

The other types of surveys are usually used to collect information on the
specific trips that respondents were making when they were intercepted
or observed. The household and commercial vehicle surveys sometimes
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Figure 3.1 Example Factual Information Questions

PERSON NUMBER 1121314616 7| 8 910 1|12
YEAROFBIRTH (19_|19 |19 |19 _|19_{19 |19 |19 |19 |19 _|19__|19_
RELATIONGHIP ssfl olalolaolojaoalo|lolol{o|jaola
OF THIS spwsel D/l Q| O0l0O|O0|lO|o}lolojag|ao}ao
PERSON sonDaghter |l O |l D | Q| Q| O jOJO|O|lO]jQ)]ajaQ
T0 YOU Father/Mother a a Q (| a a Q a a a a Q
Brother/Sister | O | O | Ql Ol O | Q|lQ|jolOolo|lQ]O
OtherRelatedl O |l O | Ol O |lO]|JOf(faolQlaf{ao|Ql|a
NotRelated| Ol |l Q| Ol | OQ|laolo|lajala}la
- Mie| o lo|l olojaoa|lolojlololaojolo
SEX renalel Q| 0| O0|lOQ|lo|O0l0o|0olajo|la]ao
HAVE A YALID vsl ol o|laoa|laolaoalolaoalo|lojo|ala
DRIVER'S NolOQla|lolaolaoajaolojajalo]la]ao
LICENSE?
EmlyedruiTme| 310121 2183(81813|8(8(8/8
AT Employed Part Time
EMPLOYMENT Paremied| O |0 | Q| 0|0 |0l |a|lo|0|a]lao
Unemployed | Q | Q ala|ao Qi a a|la)|a gl a
Finance/Insurance/Real Estate O Q Q Q (] Q Q a a Q] 0 a
el 318 8(8(8|8]lalalalalala
m Z‘,EOYED AgricultureMining] Q | O (@l OO ( QO] afajaogjQ]aa
NDUSTRY Construction | O a a a a Q a a a Q Q (]
IND! whoesaleTrade | @ | QO [ Ol Q|| ajao o]l ol
Gowemment| Ol Q| Ol |0l O|lOQ|OQlQlo|ja]lao
Mamufacturing| Q| @ | Q| Q| |/ OQjalJafalaf{a]lao
Tmnsportaﬂon/CommunicatIons ,
| weties| ala|laojolaolaoalalolalao]laolo
] - mMlaoalojo|laoalolaojo|laoa|lo|lolaolao
- ENROLLED FllTmeStudent ] O | Q | Ol Ol Q| ||l aljojag|lalao
IN SCHOOL? ptTmestudent | @ |l Ol O]l OO ] aifOlojlololala

Source: SCAG Household Travel Survey, 1991 (Part of a Mailed Survey Instrument).
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Figure 3.2 Example Travel Behavior Questions

1995 NATIONWIDE PERSONAL TRANSPORTATION SURVEY TRAVEL DIARY
Complete one line below for each time you traveled from dne place to another on your travel day.
© Remember to record sach gaturn trip to home or work,

© Be 3pecific. Record each place you went on a separate line, even if you stopped N ol on
© The first trip should be the first place you traveled to after 4 a.m.
© The last trip should be to your home, or whersver you ended the day.

SARAH

(30)

Monday 03/13/95

|HOW LONG DID IT

WHERE DID YOU GO? WHAT IS THE ADDRESS, OR WHAT TIME DID [HOW FAR DID YOU .- |WHAT MEANS OF WHOQ WAS WITH YOU?
B [T O AT U TA? |1 ks, 3 e o |Vl b s, e, [THEREY " [comartns n ovmr 3
! Ros ewpud) blan. S ndolefy s Musge e, |3:1S Bom| 3 mibis (ar 10_mmuts | Sop
| Wock 9001 E. washingbn e [2:25 Bom| 22 miles wesubuay walk | 4 minuts | nppne
’| Kestumat EimSl.o 34 . M Bom| 4 bloeks wa lk 10 minuts |2 oo wirkes
1 Drug Stoe 59 fue sSnchdt. lr.yo Rom| 2 blocks walk 5 muoutes |2 cowprkes
° Wb‘:% Q00! E. aain A liz: S 0 om 2 bloeks walk § minubs | 2ivwerkes
I b@g, (e (onter | (03 Wilsan £, 400 Bom| 2) mils walksubudy tar |53 minuts | np one
| Libmary . Mg St.v fisewnd b1, |5:05 Rom| 2% mils (ar ‘I miautes | Son
°[ Home ' Lozl Fyredrlone  |S: 15 Bom| 2 miks tar )S minut® | Sin
° Plaggmgd_Leg@m £)-+S dagst. | 6:30 Dom|  Imile bite 10 moutes (s hushend
0 Hm\eJ 1621 Fyrelerlane  |7.20 Rom|  Imile bike 10 minwtes <on hysbend
7" g:
" i
s o
14 g:
" E

OME No.:2125-0545 Exp.:6/30/96

Source: Nationwide Personal Transportation Survey, 1995 (Part of a mailed survey instrument).




Figure 3.3 Example Test-of-Knowledge Question

Post-Implementation Survey v Pro ing Draft
April 9, 1993

C44. Askif Q.C42 = I:
Can you tell me in as much detail as possible what the advertisements said?

{preliminary precoding list.}
"Showcase” Print and Subway System Ads
Improving the "A" line between 125th and 207th Streets.

"Make the World a Better Place.” 1

More frequent weekend service.
"If only weekends came more often.” 2

Other TA Print wa

"Going your way." 3
New subway cars / overhauled cars. 4
Faster service. "Blue tights and red cape.” 5
Undercover cops. 6
On-time performance better than 90%. 7
Station Managers. - 8
Non-TA Print and Subway System Ads
Fare Increase. "Maybe it’s not just the train that’s taking you for a ride.” 9
Funeral. Funding f ubway. 10
Radio Ads
“Makeover." System improving. Better than before. 11
New subway cars. 12
500 new police officers. 13

Better platform lighting. 14
On-time performance. 15
Decline in crime. 16
Express trains. 17

Source: New York MTA Household Survey, 1993 (Part of a CATI Telephone Survey Instrument).
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Figure 3.4 Example of an Attitude/Perception Question

22. This month, how do you rate BART in each area below:
(Excellent - 1, Very Good - 2, Good - 3, Fair - 4, Poor - 5)

1. On-time performance —_ (30)
2. Station cleanliness

3. Train cleanliness

4. BART personnel

5. Parking

6. Security

7. Train announcements

8. Station announcements

9. Telephone transit information (38)

Source: BART On-Board Survey, 1993 (Part of Personally Distributed Mailback
Survey Instrument).

Figure 3.5 Example of an Opinion Question

21. What one thing could :J TRANSIT do that would most
improve your bus trav «i?

office
use

Source: New Jersey Transit On-Board Survey, 1991 (Part of Personally
Distributed Mailback Survey Instrument).
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Figure 3.6 Examples of Stated Preference Questions

" 19. Anew type of travel called maglev has been proposed. With this system,

high speed trains would travel between cities along specialized elevated
tracks, following the routes of major highways. The train interiors and the
on-board services would be similar to existing airline service. The stations
would offer the same services as small airports.

Suppose these trains were available to you for the trip you were making
when you were given this form. As you did in the last question, please rank
the different travel options described below.

One-way travel
COSt per person, Total time to
Timeontrain | including fares get to and
togetiothe | and the cost to from the train
city youwers | get to and from by car, taxi, or Train
You travel by | traveling to stations public transit frequency Renk

Maglev 3 hours $60 20 minstes | Degparts every
2hours
Magiev | 2%hours $50 60minutes | Departs every
1% hours
Maglev 2 hours $100 SOminutes | Departs every
hour
Maglev 1% hours $75 30 minutes | Departs every
3 hours

20. Now, please rank the services described below from 1 to 4 for the specific

trip you were making when you were given this form.

One-Way Total Travel Time
You travel by Travel Cost (door %o door) Frequency Rank
Auto Same times and costs as your current trip
Maglev $75 3hours Departs every
2 hours
Maglev $125 1% hours Departs every
hour
Magiev $100 2% hours Departs every
2% hours

21. In ranking the options in the last question, what was the most important factor for

choosing the order that you did?

O Mode of travel

(O Travel cost

[ Travel tme

O Frequency of service

[0 A combination of the factors (please ksf)

Source:

NYSDOT and Mass EOTC Vehicle Intercept Survey, 1993 (Part of Vehicle

Intercept Mailback Survey Instrument).
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Figure 3.7 Types of Survey Data Available from Different Travel Surveys

Surveys Before or After Travel Surveys During the Course of Travel (Intercept Surveys)
Workplace/
Commercial  Hotel/ Workplace/
Vehicle Establishment Vehicle  Commercial  Hotel/
Household (Fleet (Centrally- Intercept/ Vehicle Establishment
Travel/ Manager  distributed Transit External  (Intercept  (Intercept Special

Survey Data Activity Surveys) Surveys) Onboard Station Surveys) Surveys)  Generator Parking
Soci ic/d hicd
o ivaem st for nowercis @ O @ ® o o o o o
Revealed preference travel data

- travel diaries (multiple trips) () o O O O O O O O

- activity diaries o @ S O Q Q @) @) @)

- ona specific trip o (=) o ® ® ® o o ®
Attitudinal/ perception d ings,
kg altecannorpoimsy = @ ® [ ® ® o o ® o
Knowledge data ® ® ® (=) (=) =) =) (=) =
Opinion data/open-ended questions (] o o @ (] (] @ @ @
Stated 1 data (stated
e eromey tactott analyess (= S/ © = = S/ S S/ S
Longitudinal (panel) data (] o) ) O O O O O O

Notes:
. Data are commonly collected with this type of travel survey

O Data are sometimes collected with this type of travel survey
e Data could feasibly be collected with this type of survey, but generally are not
O Data are not collected with this survey method

Source: Cambridge Systematics and Barton-Aschman Associates, 1995.




also request data on specific individual trips, such as work trips for house-
holds, or the last trip of a particular type for a commercial vehicle, but
these data are generally obtained with diary-type questions.

Attitudinal/perception questions are commonly asked on all types of
travel surveys. These questions are used to obtain quantitative data that
support policy decisions, but the data are generally not used in formal
demand models. Test-of-knowledge and opinion data provide less quan-
titative information to support policy decisions. These data are most eas-
ily obtained on longer surveys, since questions of these types often need to
be preceded by fairly lengthy descriptions to which individuals are asked
to respond. Open-ended opinion questions are sometimes asked at the end
of transit onboard, vehicle intercept, and other intercept surveys. The
questions are often used to simply allow interested respondents the
opportunity to “sound-off.” Some surveyors believe that this opportunity
encourages individuals to respond to the entire survey. In many cases,
these open-ended responses are not even entered or coded.

Increasingly, travel surveys are being used to obtain stated response data
(usually stated preference data). These types of data are being obtained in
household surveys and in transit onboard and vehicle intercept surveys,
but any type of travel survey could be used to obtain them.

Finally, longitudinal data have been and are being obtained in household
travel/activity surveys. These data may provide those analyzing it with
unique travel behavior insights, including the measurement of how
household travel patterns change over time and the determination of the
relationship between travel and residential choice.

In the following chapters, specific data items commonly collected by each
travel survey type are tabulated and discussed.

Available Survey Methods for Travel Surveys

The most common general methods used for surveying the public in the
US. are:

e Personally administered interviews;

o Self-administered surveys distributed by intercept methods;
o Self-administered surveys distributed to groups;

¢ Telephone interviews; and

o Self-administered mail surveys.
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Each method has its strengths and weaknesses, and each is the optimal
choice for certain circumstances. Some survey methods are more reason-
able than others for certain travel survey types. This section outlines the
steps of the different survey methods and discusses the advantages and
disadvantages of each one.

Personally Administered Interviews

The most traditional survey method is the face-to-face interview, in which
trained interviewers approach potential survey respondents, request their
participation, and ask them the survey questions. Personally adminis-
tered travel interviews can take place in one of four ways:

e In-home Interviews- Respondents are contacted and interviewed
about past and/or future travel they have conducted. Until the 1970s,
this survey method was commonly employed for household travel sur-
veys.

¢ Personal Intercept Interviews — Respondents are contacted and inter-
viewed in the course of their travel. Transit onboard, vehicle intercept,
and some establishment surveys employ this method.

e Workplace Interviews — Respondents are contacted and interviewed at
work. Some commercial vehicle and workplace surveys use this survey
method.

e Central Location Interviews — Respondents are contacted and inter-
viewed at public locations, including shopping malls that attract a rep-
resentative sampling of a travel survey’s population of interest. This
method is not yet common for travel surveys, but its use is increasing
in other surveying fields.

The survey fieldwork procedures for the different personally administered
survey methods and for different travel survey types vary, but in all cases
the process for interviewing each potential respondent is similar to that
which is shown in Figure 3.8.

As Figure 3.8 shows, the first step in the personally administered survey
field process is to contact the respondent. This might involve a fieldworker
knocking on a person’s door for in-home surveys, greeting a transit rider
on a bus or at a station for onboard surveys, or stopping a vehicle at an
interview station for vehicle intercept surveys. At this point, the potential
respondent can immediately refuse to speak with the interviewer or else
he or she could find out what the interviewer wants.
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Figure 3.8 Process Diagram for an Example Personal Interview
Survey

Respondent
Contacted

Y
Refusal
Respondent Agrees to
Participate in Survey
Respondent Respondent
Determined to Be Determined to Be
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The interviewer introduces the study, and the respondent could agree or
refuse to participate. For many studies, some respondents that agree to
participate are not in the survey population of interest for one reason or
another, so they need to be screened out. Screening questions can be as
simple as: “Are you waiting for bus number 5?” or “Are you the head of
the household?” or more complicated, such as a series of questions about
the geography of a person’s current or recent trips. Depending on the
respondent’s answer to the screening questions, the interviewer may ter-
minate the interview. If the respondent is determined to be in the survey
population of interest, then the interview would be conducted. At this
point, the interview could be completed, or the respondent could break it
off or refuse to answer the key questions that are needed for the responses
to be usable.

Table 3.2 summarizes the most commonly cited positive and negative
aspects of personally administered interviews when compared to other
survey methods. The ways that these advantages and disadvantages
affect particular travel surveys are discussed in later chapters.

Self-Administered Surveys Distributed by Intercept Methods

A common variant to personal interviews in travel surveys is the personal
distribution of self-administered surveys to respondents. The respondents
are asked to complete the survey and to return it in some way, usually by
mail or by dropping it in a conveniently located collection bin. Figure 3.9
shows an example of a survey process for this method. The intercept,
recruitment, and screening of respondents is essentially the same as for
the personal interview method, but rather than interviewing the respon-
dent, the fieldworker simply hands them a questionnaire to complete.

A number of outcomes are possible: the respondent could complete the
questionnaire and return it as requested, she or he could simply never
return the questionnaire, or she or he could return the questionnaire in
unusable condition. If a returned questionnaire is unusable but provides
respondent address or telephone information, it might be possible to
recontact the respondent for additional information to make the response
usable.

The advantages and disadvantages of this survey method with respect to
other methods are summarized in Table 3.3.

Self-Administered Surveys Distributed to Groups

For some survey efforts, it is possible to assemble groups of respondents to
complete self-administered surveys. This survey method seeks to combine
the advantages of personal interview surveys, such as having the oppor-
tunity to explain the questionnaire and answer respondent questions, with
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Table 3.2 Personal Interviews

Advantages

Disadvantages

Probably the most effective way of
enlisting respondent cooperation.

Interviewer can answer respondent
questions and probe, if necessary.

Interviewer can administer a reasonably
complex instrument, with special
sequencing; skip patterns, and difficult

instructions; particularly if CAPI is used.

Visual cues or aids can be used.

Can easily combine a self-administered
section of the survey.

The best method for developing a
rapport with respondents and to build
respondent confidence.

When conducted in homes, long and
very detailed interviews are possible.

Likely to cost more than the other
alternatives.

Likely to be the most labor-
intensive method.

Requires a trained staff of
interviewers that is
geographically near the sample.

Fieldwork is likely to take longer
than with the telephone survey
method.

Method is the most susceptible to
disruptions and to crime
problems.
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Figure 3.9 Process Diagram for an Example Intercept/
Self- Administered Survey
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Table 3.3 Self-Administered Surveys Distributed By Intercept
Methods

Advantages

Disadvantages

Lower cost than personal interviews;
because of higher fieldworker
productivity.

Easy to present questions requiring
visual aids.

Good method for asking batteries of
similar questions; and for asking
questions with long or complex
response categories.

Respondent feels more anonymous
than with interview methods.

Very short contact time with
respondents is good for surveying
busy people; and increases the
efficiency of fieldworkers.

Provides access to specific groups
without causing excessive delays to
respondents.

Respondents can be asked to provide
thoughtful and detailed responses.

High nonresponse rates.

Excellent questionnaire design is
required.

Requires respondents to have good
reading and writing skills.

No opportunity to probe or clarify
responses.

Need trained fieldworkers and
supervisors for questionnaire
distribution.

Data editing task could be
substantial, especially if detailed
address information is required.
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the advantages of personally distributed self-administered surveys,
including the ability to ask questions with long sets of response categories
or questions that require extra response time. This survey method is
sometimes used to survey hard-to-survey groups, including ethnic groups
and special-interest groups. Table 3.4 describes the advantages and
disadvantages of group surveys.

Telephone Interviews

In the past 15 years, the telephone interview survey has become an
extremely popular surveying tool, both for transportation surveys and for
other types, as well. As the cost of survey fieldwork has risen, telephone
surveys have become more cost-effective (though less flexible in terms of
content) than traditional in-home interviews. Telephone interviewers can
contact several households in the time it takes a field interviewer to travel
to one particular home, and telephone interviewers can be supervised
much more effectively than field interviewers.

Telephone surveys are limited in that only households with telephones
can be contacted. Nationally, approximately 93 percent of households
have telephones, but this percentage varies from city to city. Households
without phones are more likely to be composed of ethnic minorities, be
poorer, and have lower auto ownership rates than households with
phones.® Since such households are likely to make fewer trips and are less
likely to use an automobile for trips, telephone surveys may bias survey
results to some degree.

There are ways to address the potential bias resulting from non-telephone
households. If they can be identified, households without phones can be
interviewed in person. Alternately, households which share demographic
or other characteristics with non-telephone households can be oversam-
pled. The U.S. Census Public Use Microdata Sample (PUMS) can be used
to identify these characteristics.

There are two types of telephone surveys. In the first, a sample of tele-
phone numbers is drawn from available telephone number lists (either
published directories or lists from previous survey efforts). In the second
type, the sample of numbers is drawn from a random list of numbers.
This is known as a random-digit-dialing (RDD) survey. '

Working off available telephone number lists or directories greatly
enhances the likelihood that an attempted call will be to a working phone
at a private residence, and in most cases allows the surveyor to know the

3Blair A. Cohen, A. Peter Lobe, Elaine Fielding, and Li-Shou Yong, Analysis of
Households Without Phones: Impact for the NPTS 1995, Report to FHWA, December 10,
1993.
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Table 3.4 Self-Administered Surveys Distributed To Groups

Advantages Disadvantages
Lower cost than personal interviews. Not possible to convene groups for
many surveys.

Opportunity to explain the study and Requires a facility for meeting with

answer questions about the the groups.

questionnaire.

Easy to present questions requiring Excellent questionnaire design is
visual aids. required.

Good method for asking batteries of Requires respondents to have good
similar questions; and for asking reading and writing skills.

questions with long or complex
response categories.

Respondent feels more anonymous
than with interview methods.

Respondents can be asked to provide
thoughtful and detailed responses.
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address of the respondent before calling them (this is particularly useful
for survey efforts with specific study areas or studies with geographic area
quotas or targets). However, the rate of unlisted telephone numbers in the
U.S. is high and increasing. Table 3.5 shows the percentage of households
with telephones and the percentage of phone numbers that are unlisted
for 100 metropolitan areas.

Many travel surveyors are willing to accept that a telephone survey will be
unable to include five to 15 percent of the households in an area because
the households have no phones, but most surveyors balk at the idea of
excluding up to half the households in a region from a survey sampling
frame. For this reason, RDD surveys are more commonly used in travel
surveys than surveys with directories. Some travel surveyors have used a
combination of the two approaches to maximize the efficiency of the listed
approach, while compensating for the potential bias with RDD surveys.

Regardless of whether a listed approach or an RDD approach (or a com-
bination of the two) is adopted, the process for conducting individual
telephone surveys is similar to that shown in Figure 3.10. The process dia-
gram assumes that the telephone survey was designed with the following
parameters:

e Up to three attempts will be made to a single telephone number (typical
telephone travel surveys allow for between five and 10 attempts);

¢ Interviewers hang up if there is no answer after 10 rings; and
o Interviewers do not leave messages on answering machines.

Table 3.6 discusses the key advantages and disadvantages of the telephone
interview for travel surveys.

Mail Surveys

Mail surveys are commonly used for travel surveys because of their low
cost and resource requirements; and because of their simplicity. A mail
survey in its most simple form requires obtaining a complete address list
from a source, such as a utilities customer database, sending self-adminis-
tered surveys to the households, and then simply waiting for replies.
Travel surveyors have found that response levels can be enhanced through
the use of pre-notification letters and follow-up letters and questionnaires.

Figure 3.11 shows the process for an example mail survey. In this survey,
a letter is sent to each potential respondent alerting them to the fact that
they will be receiving a mail survey in a few days. Immediately following
the letter, the surveying organization sends the mail survey to all the
addresses, except those for which the prenotification letters were returned
undeliverable. Once the survey materials have been sent, the surveyor
simply waits for responses. After approximately seven days, households
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Table 3.5 Unlisted Rates of the Top 100 MSA Markets for 1989

Percent Percent
MSA w/Phones Unlisted
Akron 95.4 27.2
Albany-Schenectady-Troy 94.4 209
Albuquerque 922 37.1
Allentown-Bethlehem 96.4 28.3
Anaheim-Santa Ana 96.6 539
Atlanta 92.9 31.1
Austin 929 359
Bakersfield 91.8 52.2
Baltimore 95.3 31.6
Baton Rouge 914 25.0
Bergen-Passaic 96.0 38.3
Birmingham 91.8 28.2
Boston-Lawrence-Salem-Lowell-Brockton 95.6 21.2
Bridgeport-Stamford-Norwalk-Danbury 96.6 19.9
Buffalo ‘ 95.0 20.0
Charleston, SC 89.2 23.8
Charlotte-Gastonia-Rock Hill 914 31.5
Chicago 94.1 44
Cincinnati 949 28.0
Cleveland 95.6 28.7
Columbia, SC 91.0 30.3
Columbus, OH 93.8 274
Dallas 92.6 33.8
Dayton-Springfield 93.4 26.0
Denver 95.1 45.5
Detroit 96.0 4.6
El Paso 87.6 404
Fort Lauderdale-Hollywood-Pompano Beach 93.4 26.8
Fort Worth-Arlington 93.7 30.0
Fresno 93.0 57.4
Gary-Hammond 95.8 259
Grand Rapids 96.4 27.6
Greensboro-Winston-Salem-High Point 91.5 23.8
Greenville-Spartanburg 89.3 320
Harrisburg-Lebanon-Carlisle 95.8 259
Hartford-New Britain-Middletown-Bristol 96.1 222
Honolulu 95.4 335
Houston 91.7 414
Indianapolis : 9.3 29.7
Jacksonville 88.5 28.0
Jersey City 88.8 519
Johnson City-Kingsport-Bristol 86.4 219

Bold Face Indicates the 25 MSAs with the Highest Incidence of Unlisted Phones

| | |
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Table 3.5 Unlisted Rates of the Top 100 MSA Markets for 1989

(continued)
Percent Percent
MSA w/Phones Unlisted
Kansas City 95.6 31.3
Knoxville 90.6 245
Lake County, IL 96.6 335
Las Vegas 90.8 62.3
Little Rock-North Little Rock 914 23.8
Los Angeles-Long Beach 93.4 61.2
Louisville 93.7 271
Memphis 92.2 269
Miami-Hialeah 90.8 46.8
Middlesex-Somerset-Hunterdon 97.3 319
Milwaukee 96.6 349
Minneapolis-St. Paul 97.3 24.1
Mobile 88.7 274
Monmouth-Ocean 97.0 224
Nashville 925 30.6
Nassau-Suffolk 97.0 184
New Bedford-Fall River-Attleboro 94.2 30.2
New Haven-Waterbury-Meriden 96.2 20.6
New Orleans 91.6 33.6
New York 89.7 36.8
Newark 94.0 40.1
Norfolk-Virginia Beach-Newport News 913 259
Oakland 95.6 59.2
Oklahoma City 94.2 325
Omaha 96.0 29.7
Orlando 89.6 378
Oxnard-Nentura 95.8 49.5
Philadelphia 95.6 375
Phoenix 91.8 434
Pittsburgh 96.7 28.1
Portland, OR 94.5 39.8
Providence-Pawtucket-Woonsocket 94.8 24.0
Raleigh-Durham 93.2 219
Richmond-Petersburg 93.0 19.0
Riverside-San Bernardino 93.6 539
Rochester, NY 95.1 229
Sacramento 94.6 54.3
Salt Lake City-Ogden 95.2 30.2
San Antonio 92.2 39.7
San Diego 95.0 50.9
San Francisco 95.5 53.2

Bold Face Indicates the 25 MSAs with the Highest Incidence of Unlisted Phones

Travel Survey Manual 3-27



—

Table 3.5 Unlisted Rates of the Top 100 MSA Markets for 1989

(continued)
Percent Percent
MSA w/Phones Unlisted
San Jose 97.0 55.5
Scranton/Wilkes-Barre 96.0 21.6
Seattle 95.7 28.1
Springfield, MA 94.6 26.9
Saint Louis 96.0 29.6
Syracuse 9.1 204
Tacoma 93.8 41.7
Tampa-5t. Petersburg-Clearwater 90.6 25.8
Toledo 94.0 324
Tucson 91.2 46.5
Tulsa 93.6 314
Washington, DC 95.9 26.8
West Palm Beach-Boca Raton-Delray Beach 926 20.9
Wichita 94.3 24.3
Wilmington, DE 95.0 36.7
Worcester-Fitchburg-Leominster 95.0 216
Youngstown-Warren 94.9 285

Bold Face Indicates the 25 MSA’s with the Highest Incidence of Unlisted Phones

Source: Survey Sampling, Inc., 1990.
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Figure 3.10 Process Diagram for an Example Telephone Survey
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Table 3.6 Telephone Interviews

Advantages Disadvantages

Lower costs than in-person interviews. Sampling frame cannot be perfect
because the method omits those
without telephones.

Interviewer can answer respondent Relatively high nonresponse rates

questions and probe, if necessary. are associated with RDD
sampling.

Best method for interviewer to Constraints on the types of

administer very complex instruments, questions that can be asked (no

with special sequencing, skip patterns, visual aids; no observations by

and difficult instructions (especially if interviewers).

CATI is used).

Generally the quickest fieldwork Has been found to be less

schedule. appropriate for personal or
sensitive questions.

Interviewer staffing and supervision and
quality control are superior to in-person
interviews.

A good method for developing a rapport
with respondents and to build
respondent confidence.

Likely to have better response than mail
surveys.
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Figure 3.11 Process Diagram for an Example Mail Survey
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that have not responded are sent a follow-up letter reminding the respon-
dents of the questionnaire, and after a few more days, those who still have
not responded are re-sent the questionnaire.

All the surveys that are returned by respondents are coded and reviewed.
The surveyors then send letters requesting additional information from
respondents whose questionnaires require clarification.

Table 3.7 summarizes the positive and negative aspects of self-administered
mail surveys.

Combinations of Survey Methods

In travel surveys, the basic survey methods are often used in combination
with one another to try to capture the benefits of more than one method.
For instance, the most common approaches for conducting household
travel/activity surveys combine telephone and mail survey techniques.

Figure 3.12 shows the survey methods that are generally used for the dif-
ferent travel surveys.
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Table 3.7 Self-Administered Mail Surveys

Advantages

Disadvantages

Low cost.

Easy to present questions requiring
visual aids.

Good method for asking batteries of
similar questions, and for asking
questions with long or complex
response categories.

Respondent feels more anonymous
than with interview methods.

Minimal staff and facilities
requirements.

Provides access to the widest sample
population.

Respondents can be asked to provide
thoughtful and detailed responses
(e.g., travel or activity diaries).

Very high nonresponse rates.

Excellent questionnaire design is
required.

Requires respondents to have good
reading and writing skills.

No opportunity to probe or clarify
responses.

Need for good mailing addresses.

Data editing task could be
substantial, especially if detailed
address information is required.

Timeliness - respondents often
forget to complete and return forms
for some time after the survey can
be completed. Reminders and
follow-ups extend the survey
period even further.
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Figure 3.12 Survey Methods Used for Different Travel Surveys
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Figure 3.12 Survey Methods Used for Different Travel Surveys (continued)
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4.0 Management and Quality
Control

m41

All travel surveys will be imperfect, but effective management and strict
quality control procedures will greatly enhance the accuracy and validity
of the survey results. This chapter briefly describes some of the man-
agement issues that are common to most survey types. Specific procedures
for maintaining quality standards for each specific type of travel survey
are described in the following chapters.

Travel Survey Quality; Quantity; and Resource
Tradeoffs

Richardson, Ampt and Meyburg claim that:

“The essence of good survey design is being able to make trade-
offs between the competing demands of good design practice in
several areas (such as sample design, instrument design, conduct
of surveys, and data weighting and expansion) so as to arrive at
the most cost-effective, high quality survey that meets the needs
of the client within budget constraints.”

These authors make use of a concept called the “Architects Triangle”; as
shown in Figure 4.1. In survey design, the quality and quantity of data
and the cost of data collection are traded off against each other. The goal
of survey designers is to produce the optimal mix of the three elements.

As the authors point out, survey budgets are generally set prior to the
survey effort, so the survey team is usually in the position of making set
investments in the quantity and quality of data. The quantity of data in
surveys is a function of the number of survey respondents and the amount
of information gathered per respondent. The quality of survey data is
related to the selected survey method, the fieldwork procedures, instru-
ment design, and the representativeness of the chosen sample. It is
ineffective to collect as much information as possible to the exclusion of

1 AJ. Richardson, Elizabeth Ampt, and Arnim Meyburg. Survey Methods for Trans-
port Planning, Eucalyptus Press, Melbourne 1995, page 8.
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Figure 4.1 Richardson's, Ampt's, and Meyburg's "Architect's
Triangle"

Survey Resources
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Source: A.J. Richardson, E.S. Ampt, and A.H. Meyburg, Survey Methods for
Transport Planning, Eucalyptus Press, 1995.
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ensuring that the collected data are representative of the population. On
the other hand, it is not usually Possible to invest in expensive survey
quality control procedures without decreasing sample size (and increasing
the uncertainty of many parameter estimates).

Maintaining Quality in the Travel Survey Process:
Total Survey Design

Recognizing that the critical elements of the success of almost any survey
implementation process are the preset resource (time, staff, and budget)
limitations and the necessary tradeoffs between quality and quantity
concerns, many surveyors endorse the concept of “total survey design.”
Total survey design is defined by two principles:

o Each task of the survey design and implementation is interrelated with
all the other tasks, and design decisions made in one task need to be
consistent with the decisions made in the other tasks.

o The overall usefulness of the survey effort is limited by the weakest
element of the design. It is ineffective to invest large resources into one
element of the survey if the same quality levels cannot be maintained in
the other survey elements.

Dillman has developed these total survey design concepts into a detailed
mail and telephone survey methodology. Many survey efforts have been
based on Dillman’s specific approach, including travel surveys in South-
eastern and Southwestern New Hampshire.®> But regardless of whether
these specific procedures are used, the basic principles of total survey
design should apply to all travel survey design efforts.

Travel survey researchers have been known to spend several person-
months developing, testing, and revising a survey instrument, only to
have it fielded by poorly trained, unsupervised fieldworkers. Similarly, it
is common for an agency to specify in an RFP (request for proposals) a low
level of sampling error for a survey, but not set limits on any not so easily
quantified sources of error, such as non-response.

2 Don Dillman, Mail and Telephone Surveys: The Total Design Method, John Wiley,
New York, 1978.

3 Norman L. Marshall, Kenneth Kaliski, Leslie Rimmer, and Stephen Lawe, Esti-
mating Network Model Parameters from Mail Survey Data in Microcomputers in Trans-
portation, Proceedings of the 4th International Conference on Microcomputers in
Transportation, ASCE 1992, page 109.
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This is not to recommend that one should simply give up on trying to
produce high quality survey instruments or on demanding high levels of
precision. Rather, total survey design means that the entire process and
each of the many areas where errors and biases can creep into the design
should always be considered.

Figure 4.2 summarizes the many aspects of the survey implementation
process that survey designers should consider. If each of the quality
concern questions can be answered, “yes,” the survey effort is likely to be
quite successful. More likely, the answer to many of the questions will be
“I don’t know” or “no.” The challenge is to minimize the negative effects
of these problems with the limited available resources. The survey team
should determine the weak links in the implementation process, and if
possible, divert resources to those areas. Considering all aspects of the
implementation process together will help the survey team to avoid mis-
spending resources on problems which are insignificant, in the greater
scheme of things.

Management of Travel Surveys

The budgeting, staffing, oversight, scheduling, and coordination needs for
each travel survey effort differ, but a few general recommendations can be
made.

Survey Costs

Although travel survey costs are often reported, the total cost to an agency
of conducting travel surveys is often quite difficult to calculate. Typical
travel surveys are collaborative efforts between client agencies and
contractors. The contractor cost can be calculated, but often the internal
costs of an agency are not determined on a project-by-project basis. In
addition, the division of labor between the client agencies and the
contractors is different for every effort, so the cited costs often include dif-
ferent components. Often, when survey designers apply “rules-of-thumb”
in budgeting survey efforts, they find their actual costs are quite different.

The best approach for predicting the costs of a proposed survey effort is to
build it up from specific anticipated labor, facility, and material costs.
Appendix A provides some simplified survey cost calculation worksheets
for different types of surveys.
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Figure 4.2 Travel Survey Quality Concerns
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Has the population been defined correctly?
Have all relevant individuals been included?
Are irrelevant individuals excluded?

Does the sampling frame adequately describe the population?
Is everybody in the population in the frame?

Do members of the population appear on the list only once?
Does the sample frame exclude irrelevant individuals?

Does the sample adequately represent the population?

Does the selected sampling procedure allow for the cost-effective
collection of data?

Can the sample be expanded to the population?

Is the sampling unbiased?

Are respondents available, willing, and able to cooperate?
Are response rates acceptable?
Are non-respondents representative of the population?

Are all potential respondents able to perform the tasks required of
them?

Do the survey questions accomplish the survey team’s goals?
Are all the questions relevant?
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Are interviewers or written questionnaires able to ask the
questions without biasing answers?

Are the answers unambiguous and usable?

Can the survey data be efficiently processed, and transformed into
usable information?

Do survey codes unambiguously assign each answer to one and
only one analytically meaningful category?

Are datasets adequately documented?



Managers and Supervisors of Fieldworkers

To a large extent, the management of a travel survey will depend upon the
management environment of the sponsor agency. By now, many organi-
zations have moved beyond rigid chains-of-command, so generalizing
about the best organizational and management plans for a specific effort
or diagramming the best organizational structure for a survey project is
difficult.

However, regardless of the overall structure of the project, there are a
number of key management tasks that need to be accomplished. First and
foremost, the project will need a proactive hands-on Project Manager.
This person will have the day-to-day responsibility for coordinating the
activities of submanagers and for keeping the data collection effort on
track to achieve the study objectives. Even if most of the survey work and
data analysis will be performed by consultants, the sponsoring agency
project manager should expect to spend a substantial portion of her or his
time on the project. Almost invariably, even with careful planning,
anticipated survey procedures and methods will need to be modified as
the survey effort progresses.

The second key individual in a travel survey effort is the Survey Manager.
Often, this person is the Project Manager for the survey contractor or an
independent consultant specializing in survey research. This person will
be responsible for all phases of the survey effort, with a particular em-
phasis on the specific data collection tasks. The Survey Manager will
direct field supervisors and fieldworkers, and monitor the progress of the
survey work on a continuing basis.

The third manager required in the survey effort is a Travel Demand Man-
ager. Because the outputs of the travel survey project will be travel mod-
eling data, it is extremely important that an individual or individuals with
a strong sense of the impending modeling tasks be included in the survey
design and implementation process. This person will be a key contributor
to the design of the survey, the sampling, and the development of survey
instruments, and it will be his or her responsibility to ensure that the sur-
vey effort produces the desired modeling inputs. In addition, this man-
ager should have input into the data cleaning and coding tasks, and should
direct the programming work. The Travel Demand Manager could be an
agency staff member or a transportation planning consultant.

For smaller surveys, these managers need not be committed to the project
full-time, but larger efforts will easily consume all of their time (and per-
haps some Deputy Manager time, as well). For smaller efforts, the three
management positions may be filled, theoretically, with one or two people,
but this practice is not recommended for two reasons. First, there will be
busy periods where the amount of work at particular critical points in the
survey development will be overwhelming. Second, the quality of the
survey effort will be enhanced by having more managers reviewing the
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ongoing work, especially if the managers are looking at the data collection
effort from different perspectives as a Survey Research Manager and a
Travel Demand Manager would.

Each specific survey task will require one or more field supervisor and
several staff members to actually perform the work. Some of these
workers may be able to work on more than one task if the tasks occur at
different points in time, but generally it is better for staff members to
become specialists in particular tasks. A major advantage of contracting
the survey work to a specialist firm is the level of staff specialization that
these firms can provide.

Oversight Committees, Peer Review Panels and Expert Advice

A number of recent survey efforts have relied upon advice and assistance
from knowledgeable planners and surveyors not directly involved with
the day-to-day survey development tasks. These outside experts can bring
to the project: ;

e A wider breadth of experience than is available on the survey team;

¢ Relatively low-cost management consulting advice;

o A “Board of Directors” oversight function for the survey project;

¢ A sounding board for ideas and potential innovations; and

o A forum to resolve issues on which survey team managers disagree.
One of the most effective quality control mechanisms used in recent travel
survey efforts has been the peer review panel, a group of survey and mod-
eling experts that are convened at the key stages of the survey project
to provide advice and guidance to survey managers. Most recent peer
review panels have consisted of:

o Key staff members from other MPOs with recent survey experience;

o University professors and consultants with expertise in transportation
modeling and travel survey work; and

¢ State and Federal Department of Transportation staff members.
In addition, peer review panel members could also include:

o Staff members from the sponsoring agency that are not directly in-
volved with the survey effort;
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e Staff members from other local transportation agencies; and
¢ Survey researchers with experience outside of travel surveys.

In addition to, or instead of, the peer review panel, some recent travel
survey sponsors have relied on one or more “consultant coaches” to assist
with the survey planning and design work. These coaches are typically
brought in early in the process to help perform preliminary planning tasks
and to help the agency prepare to contract with one or more other con-
sultants to perform the final survey design work and actual data collection.

The use of outside peer review panels and coaches can be cost-effective,
because these individuals are used only at key decision points in the sur-
vey development process and because they are being asked primarily for
advice, rather than for deliverable products.

Schedule

The planning and design of travel surveys can be quite time-consuming.
Allocating adequate time for designing the overall survey, including time
for resolving unexpected difficulties is essential. Managers of many recent
travel survey efforts have found their original schedules to be infeasible
once the detailed complexities of the design effort became apparent. Slip-
page in the design and implementation schedule can be especially dam-
aging in travel surveys that are intended to be season-specific, because in
these cases the inability to complete the fieldwork as planned causes a
delay of a year before actually fielding the survey.

Therefore, as early as possible in the planning process, it is very important
to prepare a realistic survey schedule which anticipates the inevitable dif-
ficulties that will occur. Because different agencies have very different
funding mechanisms and consultant procurement processes, it is impos-
sible to specify the amount of time needed to fully plan and implement a
travel survey, but for large efforts, such as household travel surveys, it is
not uncommon for agencies to begin the preliminary planning process one
year to 18 months in advance of the fieldwork.

Because even simple travel surveys have many interrelated and parallel
tasks, use of computerized CPM or PERT scheduling techniques is recom-
mended. These methods allow the survey team to identify the key mile-
stones in the design and implementation process, as well as crucial deadlines.

Coordination

Many agencies and private companies can be involved in travel sur-
veys in a particular region or state. Agencies should maintain channels of
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communication with all relevant organizations from the inception of any
survey effort. This is especially true if more than one agency will be spon-
soring travel survey work. Travel demand modelers from the separate
agencies will be able to use the survey data much more effectively if the
survey efforts are coordinated.

At the beginning of the survey effort, the sponsoring agency should contact:
o All affected state agencies;

¢ Local and regional planning officials;

e Local and regional elected officials;

e Local and state police;

o Federal agencies that may be involved;

¢ Local transit providers;

e Active public interest groups; and

e Chambers of commerce/business groups (for workplace/establishment
surveys).

In addition, the sponsoring agency may want to consider contacting the
news media if the advance publicity is felt to be important. Alerting the
media of the survey effort may increase the level of cooperation, reduce
the number of complaints about the survey, and head off any potential
negative press once the survey effort is undertaken. Coordination issues
for each survey type are discussed further in the following chapters.

Ethical Issues in Travel Surveying

Managers of travel surveys and surveying and demand modeling con-
tractors should be aware that they have a number of ethical (and legal)
responsibilities to each other, to their staff, and most importantly, to re-
spondents and potential respondents.

Responsibilities of Agencies and Contractors to Each Other

The responsibilities of planning agencies and contractors to one another
should be described as clearly as possible in a formal contract. Both parties
should have a clear understanding of their responsibilities under the
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agreement and those of the other party prior to any work being con-
ducted. Potential problems (and potential remedies) should be identified,
and the responsibilities of each party under various outcomes should be
assigned.

Responsibilities to Fieldworkers

The agency or firm conducting the survey has certain obligations to the
survey fieldworkers, including:

o Providing the basic employer obligations for the state and region;

e Adequately preparing fieldworkers for the survey effort by explaining
the effort and their responsibilities to them; and

¢ Dealing with fieldworkers’ safety-related and personal security-related
concerns.

The first obligation is straightforward, and requires little explanation. The
need to adequately prepare fieldworkers for the survey effort is important
to the analyst because of the potential for incomplete or incorrect data, but
it is also important to fieldworkers. Fieldworkers should have a clear idea
of their and fellow workers’ and supervisors’ responsibilities so that the
potential for conflicts is minimized. In addition, fieldworkers may be put
in the position of describing the survey goals and procedures to potential
respondents or to police officers or other interested parties. Fieldworkers
should not have to worry that they might have to provide deceptive, mis-
leading, or inaccurate information.

The third general obligation to fieldworkers is especially important in
travel surveys where fieldworkers are often asked to interact with moving
vehicles or to spend time in and around high crime locations. The agency
or firm conducting surveys must respect fieldworkers’ assessments of the
safety and security of the planned survey procedures, and should be willing
to take added steps to allay the fieldworkers’ concerns. In this respect, we
offer the following guidelines:*

1. Fieldworkers should be told explicitly that the job does not require
them to go somewhere under circumstances that they feel are unsafe.
Forcing fieldworkers into situations with which they are uncomfort-
able is likely to be unproductive in any case because if the field-
workers are overly concerned about their safety or personal security,
they will not do their best jobs. Reasonable precautionary measures,

* These gﬁidelin&s are modeled after those provided by Floyd J. Fowler, Survey
Research Methods, SAGE Publications, 1988, page 139.

4-10 Travel Survey Manual



such as additional traffic control for roadside surveys and providing
interviewer escorts for transit onboard surveys and home interview
surveys, should be reviewed with fieldworkers and supervisors.

2. Fieldworkers should be briefed (and rebriefed) on safety procedures
and on sensible procedures for reducing the risk of crime.

3. Fieldworkers should be allowed to visit survey sites prior to deciding
whether the safety and security procedures are adequate. Doing so
may allow fieldworkers to more easily object to the proposed work,
but from the survey management viewpoint it is far better to have the
concerns voiced before the day of the actual survey work.

Ideally, the survey agency or firm will be able to make modifications to
the proposed survey procedures that address any fieldworker concerns
about safety and security. If reasonable modifications are not successful in
reducing the level of concern in a fieldworker, the fieldworker should be
replaced. If at all possible, the agency or firm should make an effort to re-
assign the fieldworker to a different task. In such cases it is imperative
that the survey manager advise any potential replacement fieldworkers of
the specific safety and security concerns of the original worker.

Responsibilities to Respondents and Potential Respondents

Travel surveyors must take steps to ensure that respondents are not
deceived, that respondents’ privacy rights are not abused, and that the
standard social research protections for participants are maintained. The
most often cited types of deception with surveys are the use of survey
techniques to disguise sales efforts and the use of survey techniques in
campaigns to collect names and addresses for direct marketing firms.
Fortunately, travel surveys are not typically subject to these types of
deception because the sponsoring agencies usually are not trying to sell
products or services.

It is generally acknowledged that these types of sales activities are detri-
mental to the survey field, and should be condemned, but other ques-
tionable survey activities often escape criticism. Well-meaning survey
managers can easily violate the rights of respondents in an effort to maxi-
mize the amount of useful data from the survey. Common problems are:**

5 David A. Aaker and George S. Day, Marketing Research, 4th edition, John Wiley &
Sons, New York, 1990, page 218.

¢ Ishmael P. Akaah and Edward Riordan, Judgments of Marketing Professionals about
Ethical Issues in Marketing Research: A Replication and Extension, Journal of Marketing
Research, Vol. XXVI (February 1989), pages 112-120.
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Failing to provide the respondent with information about the sponsor-
ship of the study;

Failing to provide the respondent with information about the con-
tracting firm conducting the survey;

Misleading respondents about the time needed for the survey;

Providing respondents with inaccurate information about gift or mone-
tary incentives;

Failing to tell respondents about potential follow-up surveys;

Using techniques to observe or identify respondents without their
knowledge (such as hidden tape recorders in telephone interviews,
one-way mirrors, and ultraviolet ink identification codes on seemingly

anonymous mail surveys);

Failing to take steps to ensure that privacy is maintained throughout
the survey analysis; and

Careless storage and/or disposal of returned questionnaires.

To avoid these problems, Fowler suggests that all survey respondents be
provided with the following information before being asked any questions:

1.

The name of the organization carrying out the research, and for
intercept and telephone surveys, the interviewer’s name.

The sponsor of the study.

An accurate, though brief description of the purposes of the research.
An accurate statement of the extent to which answers are protected
with respect to confidentiality, bearing in mind that some states may
not allow agencies to protect respondents’ confidentiality as much as

other states do.

Assurance that cooperation is voluntary, and that no negative conse-
quences will result to those who decide not to participate.

Assurance that respondents can skip any questions they do not wish to
answer.

Today’s travel surveys generally provide the first four pieces of infor-
mation, but only a few surveys explicitly provide the fifth and the sixth
due to the fear among surveyors that these assurances invite non-response
and due to the fact that most respondents will be familiar enough with
surveys to understand that they have the right to refuse to answer all or
certain questions. If the suggested guidelines are not explicitly followed,
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interviewers should, at a minimum, be instructed to accept refusals (and
item-related refusals) without question and not to push respondents into
revealing information which they are uncomfortable providing.

Protecting respondents’ privacy is an increasingly important issue for
travel surveys. Some surveys ask respondents to provide work schedules
for all household members, travel times and school locations for young
children, specific home and work addresses, and detailed vehicle data,
among other information. Because these data could easily be used against
the respondents, it is incumbent upon the surveying firm or agency to
safeguard the data.

Travel survey data and returned forms should be treated as confidential
business information by those who collect and analyze them. Fowler
suggests that the following precautions be used.’

1. All people who have access to the data or a role in the data collection
should be committed in writing to confidentiality.

2. Links between answers and identifiers should be minimized. Anal-
yses not requiring names and addresses should be performed on data-
sets without these pieces of information.

3. Completed interview schedules and returned questionnaires should
not be accessible to people outside the project team.

4. Identifiers should be removed from completed questionnaires if they
are made available to people outside the survey team.

5. Individuals who could identify respondents from their profile of
answers, such as supervisors in the case of a survey of employees,
should not be permitted to see the actual questionnaire responses.

6. The link between identification numbers and sample addresses and
telephone numbers in data files should be minimized.

7. During analysis, researchers should be careful about presenting data
for very small categories of people who might be identifiable.

8. Upon completion of the modeling work, the project manager is
responsible for seeing that the completed instruments are destroyed or
are securely stored on a continuing basis.

7 Floyd J. Fowler, Survey Research Methods, SAGE Publications, 1988, page 138.
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5.0 Precision and Accuracy in
Travel Surveys

®m 5.1 Objectives of Survey Sampling

A primary goal of most travel surveys is to collect data that allow analysts
to estimate a range of travel-related and socioeconomic parameters that
are often used to develop travel demand models. Ideally, the survey out-
put would be error-free, so that the estimates derived from the sample
would reflect the true value of the parameter in the population and could
be used confidently in later analyses.

In collecting data from a sample of the population, measurement error can
be divided into two types:

e Sampling errors; and
¢ Non-sampling errors/biases.

The “total error” of a parameter estimate derived from a survey sample
reflects both the sampling and non-sampling errors in the collected data.

Sampling errors are the random errors that are introduced into the survey
simply because not every member of the survey population is included in
the drawn sample. Sampling errors reflect the potential variability between
the estimate of a parameter in the sample and its true value in the popula-
tion. These errors affect the precision of the survey results.

Non-sampling errors are the assortment of problems that can occur during
the survey design and data collection stages which may cause survey
measures and parameter estimates to be systematically incorrect. Non-
sampling errors reflect how well the information is collected, and include
non-response biases often caused by refusals and response biases which
reflect a systematic distortion of survey responses. These errors affect the
accuracy of the survey results.

As a result, it can be stated that the goal of sampling is to:

¢ Reduce sampling errors that can cause the parameter estimates and other
measures to be imprecise; and

o Reduce non-sampling errors or survey biases that can cause the measure-
ments to be inaccurate.
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Reliability which is a common social science term, refers to the level of
precision and sampling error in the collected data. The term validity
refers to the accuracy level and bias of the data.

To convey the concepts of accuracy and precision in travel surveys,
Richardson, Ampt, and Meyburg use the analogy of sharpshooters firing
at a target.! Figure 5.1 shows four ways in which a target shooter can hit a
target. The top left target shows the results of a shooter who is both
accurate (shots are centered on the bullseye) and precise (shots are all
consistent with each other). The top right target shows the results of a
precise, but inaccurate shot. This marksman’s shots are consistent with
each other, but are not on target. The bottom left target shows the results
of an accurate, but imprecise shooter. The shots are centered on the bulls-
eye, but they are not well-grouped. The final bullseye shows the results of
a marksman who is neither accurate nor precise in his shooting.

In travel surveys, as in this analogy, precise parameter estimates are reli-
able and consistent whether they are accurate or not. By increasing the
sample size, travel surveyors can improve the precision of parameter
estimates. This is because with a larger sample, the probability that units
outside the sample have different characteristics due to chance is reduced.
As with the targets in the analogy, survey accuracy is defined by how well
a parameter estimate conforms to the true parameter value in the
popluation (as illustrated by the bullseyes.)

Because we can see the targets in Figure 5.1, we are able to make judg-
ments about the success of the different marksmen. Clearly, the top left
target where shots are both precise and accurate is the best outcome, while
each of the others leave something to be desired. Most people would also
argue that the bottom left target (accurate although imprecise shots) repre-
sents the second best outcome because the shots are on target at least, with
the other targets being less desirable.

However, as shown in Figure 5.2, our ability to make judgments about the
success of the different efforts is greatly diminished if the targets are
removed. Without the targets, it is impossible to assess any differences be-
tween the two upper marksmen or the two lower marksmen. It is possible
to discern differences between the upper and lower targets, but we really
need to know whether the shots are on target to select the better of the two

groups.

This later condition is the one faced by travel surveyors. The actual values
of model inputs and parameters are not known - that is exactly why the
survey is being conducted. Travel surveyors are left with the challenging
task of expending scarce study resources to determine the appropriate

1 AJ. Richardson, Elizabeth Ampt, and Amim Meyburg, Survey Methods for
Transport Planning, Eucalyptus Press, Melbourne, 1995, pg. 97.
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Figure 5.1 The Sharpshooters: An Analogy for Survey Accuracy
and Precision
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Source: A.J. Richardson, Elizabeth Ampt, and Armim Meyburg, Survey Methods for
Transport Planning, Eucalytus Press, Melbourne, 1995.
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Figure 5.2 The Difficulty of Measuring Accuracy and Precision in
Travel Surveys
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Source: A.]J. Richardson, Elizabeth Ampt, and Arnim Meyburg, Survey Methods for
Transport Planning, Eucalytus Press, Melbourne, 1995.
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levels of precision and accuracy in parameter estimates without benefit of
the knowledge of the true answers.

The “total error” of a parameter estimate derived from data collected
through a survey is a combination of both the imprecision and inaccuracy
in the survey data. The mean squared error (MSE) is the corresponding
measure of “total error” and is related to the level of precision and accu-
racy in the survey data as follows:

MSE = +/SE? + B? (Eq.5.1)

where:

SE = the standard error of the estimate (a measure of sampling
precision); and

B = the combination of all biases in the estimate (a measure of

accuracy).

In cases where the standard error (SE) of the estimate is very large com-
pared to the bias (B), the “total error” of the estimate is primarily a reflection
of the imprecision of the survey data. Alternatively, in cases where the
precision of the survey data is satisfactory leading to low values of the
standard error (SE), the “total error” of the estimate primarily reflects the
inaccuracy of the survey data and the corresponding biases (B).

The next several sections of this chapter (Section 5.2 through 5.8) discuss
how measures of survey precision levels can be quantitatively measured
and how they are influenced by sample size. The last section of the chapter
(Section 5.9) then discusses bias and accuracy issues. Unfortunately, deter-
mining the level of accuracy (bias) of survey data almost always has to be
a somewhat qualitative exercise. Therefore, the most practical approach
for tackling this problem is to take the steps, and spend the resources nec-
essary to feel comfortable that the parameter estimates are reasonably
accurate and free of bias - that is, to feel fairly sure that the marksman is
on target, and then to spend remaining resources to improve the precision
of estimates (primarily by increasing the sample size).

Sampling Methods and Sample Design

The development of a sample design can be characterized as an iterative
process that is driven in part by the overall objectives of the survey but
is often constrained by the limited resources and the information that is
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readily available on variables of interest. The key issues associated with
sample design are summarized in Figure 5.3, which provides a step-by-
step approach that could ideally be used to address each of the different
dimensions of the sample design process.

However, it is often the case that there will be considerable uncertainty
surrounding each of the key issues associated with sample design. For ex-
ample, a travel survey may serve a variety of multiple objectives, making
it difficult to define a limited number of variables of interest that could be
used as criteria of precision. Furthermore, the limited available resources
often dictate the survey design and methods. Finally, the sample size
calculations are often based on a range of assumptions about the distribu-
tion of the variable of interest in the study population. In light of the
uncertainty that may underlie different aspects of sample design, it would
be useful to adopt an iterative approach to sample design, recognizing the
interrelated decisions on different aspects of sample design and the limita-
tions of the available information used to develop a sample design.

Therefore, to collect travel data for the development of policy-sensitive
and statistically robust demand model inputs and parameters, it is impor-
tant to identify and determine as part of the sample design process:

o The information that needs to be collected through the survey to
provide the greatest degree of support to transportation planners and
decision-making agencies;

o The study population of interest whose travel patterns need to be under-
stood and for which data need to be collected;

o The appropriate sampling frame that has an exhaustive list of members
of the study population from which respondents can be drawn;

o The sampling unit that is required to provide the necessary information
at the level of detail that is needed for the proposed analyses;

o The constraints and their impacts on survey and sampling methods; and

o The sample size that is required to measure the socioeconomic charac-
teristics and travel behavior of the study population in a precise and
accurate manner and to provide policy sensitive and statistically robust
inputs to modeling.

In the following sections we adopt a step-by-step approach to sample
design and we focus on each of the key issues presented in Figure 5.3.

5-6 Travel Survey Manual



Figure 5.3 Key Issues in Sampling for Travel Surveys

1. What are the primary objectives and constraints of the survey?

2. What are the variables of greatest interest and the desired level of precision?
3. How should the study population, sampling frame, and unit be defined?

4. What information is readily available on the variables of interest?

5.  Which sampling method should be used to meet the precision requirements?
6. What sample size is required to satisfy these precision requirements?

7. Are there enough resources to collect such a sample?

8. What is the precision and confidence level corresponding to a smaller sample size?
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What are the Primary Objectives and Constraints of the Survey?

The development of the sample design, the travel survey instrument, and
the data collection method should ideally be driven by the overall objec-
tives of the analysis. The sample size requirements would thus account
for the needs of the model system. Such an approach to sampling method-
ology, sampling frame, sampling unit, and sample size determination
would focus on each individual modeling component and account for the
critical variables most likely to be used in each modeling stage.

However, the available resources allocated to the development and analysis
of a survey often dictate different aspects of the travel survey develop-
ment and data collection. Since budgets are often set prior to any tech-
nical analysis related to sample design, little formal effort is usually given
to the analyses of sample size requirements and considerations of required
precision?.

Furthermore, since data collected through travel surveys are used to sup-
port a variety of different travel modeling analyses (e.g., trip generation,
trip distribution, mode choice, time-of-day) over prolonged periods of
time, such datasets are used for purposes that were not initially intended.
As a result, it is often difficult to identify a single measure or a limited set
of measures that could be used as the ultimate criterion for developing an
optimal sample design. As stated by Fielding and Gunn, no criterion for
optimality can be defined since the data that are collected are used as
inputs to different although interdependent analyses®.

Although the budgetary constraints and the multiple objectives of a sur-
vey further complicate the analysis for sample size requirements, it is
important to recognize them as potential limitations and undertake an
analysis to assess their impacts on the precision of the data that will be col-
lected. Such an analysis allows the examination of the tradeoffs between
sample size for the whole sample and the expected degree of precision for
variables that may be critical to the analysis. Similarly, the analysis of the
tradeoffs between sample size and precision can also be repeated for
market segments of particular interest to the analysis.

2 Pete Fielding and Hugh Gunn. Sample Design Workshop Summary in Ampt, ES.,
Richardson, A.]. and Brog, W. (1985). New Survey Methods in Transport, VNU
Science Press: Utrecht, The Netherlands, pg. 25.

3 Pete Fielding and Hugh Gunn. Sample Design Workshop Summary in Ampt, E.S.,
Richardson, A.J. and Brog, W. (1985). New Survey Methods in Transport, VNU
Science Press: Utrecht, The Netherlands, pg. 25.
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What are the Variables of Greatest Interest and the Desired Level
of Precision?

The identification of the variables of interest follows directly from the
explicit definition of the objectives of the travel survey. A list of variables
of interest that are considered critical to the analysis and reflect the
primary analysis objectives can be listed both for the whole sample
and/or for market segments of particular interest.

For example, a travel survey that is geared towards developing trip gener-
ation models may require a desired level of precision for variables that
reflect the travel patterns of a household or an individual respondent,
such as the total number of daily trips, the trip rate per household mem-
ber, or the mix of trip purposes. Such a survey would likely focus on
determinants of trip making including socioeconomic characteristics such as
household size, number of workers in the household, income, or the level
of automobile ownership.

Similarly, a travel survey that will be developed to estimate the mode choice
behavior of commuters may focus either on the observed mode choice
behavior by seeking a precise estimate of the transit market share for the
whole sample, or for distinct market segments of interest. In this case, the
survey should focus on the variability of variables that determine respon-
dents’ mode choice behavior, including the distribution of travel times
and costs experienced by travelers in the study area.

The definition of a set of variables that are of greater importance to the
survey and the corresponding analyses is critical in determining the re-
quired sample size. In the step-by-step approach outlined in Section 5.4,
sample size requirements are assessed by using a single variable of interest
which has a known mean and variability in the study population. The
sample size estimation process can be repeated for each variable of interest
and under a variety of desired precision and statistical significance options
to arrive at a sample size that satisfies the requirements of the analysis.

Finally, the same process can be repeated for each market segment of
interest. In such a case, the objective of the analysis would be to ensure an
adequate sample size for each distinct market segment of interest so that
the estimates obtained within each of those segments would be accurate
and precise.
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How Should the Study Population, Sampling Frame, and Unit be
Defined?

The definition of the study population, discussed in Section 3.2, is critical
in determining the respondents who would be eligible to be included as
part of the study.

Following the definition of the study population, a sampling frame pro-
vides the means to reach each member of the study population who would
be eligible to be surveyed. A potential limitation of a sampling frame is
that it may provide only a partially complete list of all eligible sampling
units and may thus require to be augmented by additional sources. When
two or more data sources need to be combined, care must also be taken to
minimize the duplicate entries that may appear in both sampling frames.

Finally, the definition of a sampling unit is related to the type of informa-
tion that needs to be collected and the desired degree of detail in the data.
For example, a study focusing on transit users’ travel patterns will be
limited in collecting information from transit riders while a survey aimed
at analyzing activity patterns may use the household as the sampling unit.

What Information is Readily Available on the Variables of
Interest? '

The calculation of the required sample size can be undertaken for each
random variable for which a certain level of precision is required. How-
ever, the sample size calculations based on a particular random variable
rely in turn on existing values for the mean and the variability of that vari-
able in the study population. Thus, it is important to define early in the
sample design process different sources that could provide such informa-
tion including:

e Recent household and/or travel survey(s) undertaken in the same
study area;

e Surveys in the study area that may have been collected for different
purposes;

o Expert or review panels and/or staff from local agencies familiar with
the area;

¢ The 1990 U.S. Census which provides a wealth of socioeconomic and
travel-related information at different levels of geographic detail; or

¢ The Journey-To-Work data from the U.S. Census.
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These sources would be part of the background data assembly task, dis-
cussed in Section 2.2.

Which Sampling Method Should be Used to Meet the Precision
Requirements?

The selection of a sampling method is interrelated with the broad objectives
of the survey; the study population, and the corresponding appropriate
sampling frame, and sampling unit; and the desired level of precision?.
Sampling methods can generally be classified in three different ways.
These categories differentiate probability versus non-probability sampling
methods; single- versus multi-stage sample selection methods; and meth-
ods with a uniform versus differential probability of selecting an element
in the population.

The non-probability methods can be used only in cases where the survey
is not used to make inferences about the travel characteristics or the travel
behavior of the study population as a whole. The non-probability methods
include:

e Convenience sampling such as the administration of a travel survey of
workers in a single office building;

¢ Judgment sampling such as the administration of a vehicle ownership
survey to residents of a higher-income suburb; and

* Quota sampling such as the completion of 50 surveys per city block irre-
spective of and without controlling for differences in residential density.

In most cases, however, it is necessary to use a probability sampling method
to obtain statistically valid estimates of population characteristics. This re-
quires the advance knowledge of, or the ability to assess, the probability of
selection for each member of the sample. To accomplish that, a probability
sampling method is used where each sampling unit has a non-zero prob-
ability of being selected as part of the sample; this probability can be esti-
mated by the analyst. Since this represents the situation for most travel
surveys, the remainder of this chapter focuses on probability-based methods.

Probability sampling methods also allow the analyst to define differ-
ent probabilities of selection for elements of the population in particular
segments of the market and accordingly expand the sample to make it

4 G.A. Churchill.. Marketing Research: Methodological Foundations, The Dryden Press,
1984.
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representative of the study population. The probability sampling methods
allow statistically valid inferences to be made about the population as a
whole and include®:

o Simple random sampling where each population element has the same
probability of being chosen;

o Systematic sampling where sample items are chosen in a systematic
manner (e.g., every 20th name in a telephone directory);

o Stratified sampling where the population is divided into smaller groups
and a random sample is chosen within each group;

o Cluster sampling where a sample of groups is selected and every member
of the group is selected; and

o Choice-based sampling which is a special case of stratified sampling and
groups are formed based on an endogenous variable.

The differences among these methods and their relative merits are
described in detail in Section 5.8. The final choice of sampling method
depends on the distribution of the variables of interest.among the popu-
lation. If all variables of interest - for example, auto ownership levels,
household size, income levels, mode shares, etc. - are evenly distributed in
the population, then a simple random sample of sufficient size may pro-
vide adequate representation of all variables. However, it is often the case
that a very large simple random sample would be needed to obtain a
sufficient representation of different values for particular variables. For
example, there may be few households without cars, or few users of a
particular transit mode. In this case, a stratified or choice-based sampling
plan may be required. The choice of sampling method must be made in
conjunction with the definition of sample size and the constraints on
existing resources.

What Sample Size is Required to Satisfy these Precision
Requirements?

To estimate the total sample size needed to measure the variables of interest
with a pre-determined desired degree of precision and a level of confidence,
the mean value of the variable and its variability in the population need
to be known. Assuming that the sample method, sampling frame, and
sampling unit have been determined and that the proposed data collection

5 AJ. Richardson, ES. Ampt, and A.-H. Meyburg. Survey Methods for Transport
Planning, Eucalyptus Press, 1995.
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method minimizes the sampling bias, the calculation of sample size can be
viewed from two different perspectives. The analyst may be interested in
determining:

o The sample size that would be required to provide a desired degree of
precision under a specific level of statistical confidence for each of the
variables of interest; or alternatively; and

¢ The precision or level of confidence that can be expected for each
variable of interest by collecting information from a given sample size.

The process of determining sample size and relating it to precision and
level of confidence can be conducted either for the whole sample or for indi-
vidual market segments of greater interest. Although the same sampling
principles are used in both cases, collecting an adequate sample for dif-
ferent market segments is expected to result in a larger sample size than
would be required for the whole sample under the same precision and
level of confidence requirements.

Are There Enough Resources to Collect Such a Sample?

The sample size calculations will result in a range of sample size estimates
that would be necessary to satisfy the level of confidence and degree of
precision desired for each of the variables of interest. However, it is likely
that the cost of the survey effort based on the calculated sample sizes may
exceed the budget allocated for the survey. If budget constraints dictate a
sample size that is smaller than the “ideal” calculated sample size, the
corresponding degree of precision and/or the level of confidence would
be lower for at least some of the variables of interest.

In such a case, the methodology for sample size calculations can be further
used to address the tradeoffs between various sample sizes and the cor-
responding degree of precision and level of confidence. Furthermore, at
this stage it is important to explore whether different sampling methods
such as stratification, cluster, or choice-based sampling can be used to
improve the expected precision and level of confidence of particular vari-
ables either for the whole sample or for the market segments of greatest
interest to the analysis.

What is the Precision and Confidence Level Corresponding to a
Smaller Sample Size?

The same methodology used for sample size calculations can be used to
quantify the tradeoffs between sample size, the level of confidence, and
the degree of precision. However, instead of calculating the sample size
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required for a desired degree of precision and level of confidence for the
variables of interest, the question needs to be restated.

Thus, the objective of the analysis is now to calculate the level of confi-
dence and degree of precision that correspond to sample sizes that would
be smaller than the “ideal” sample size. Such calculations allow the ana-
lyst to finalize the iterative sample design process by identifying the
tradeoffs among sample size, level of confidence and degree of precision,
and recognizing the strengths and weaknesses of each alternative sampling
plan. '

Finally, although smaller sample sizes would result in less precise esti-
mates for some variables, a new travel survey would still provide a wealth
of updated detailed data. Thus, a new survey is likely to offer a consid-
erably more accurate picture of travel patterns and socioeconomic charac-
teristics than older dated data sources that are probably used for planning
purposes.

A Brief Discussion of Sampling Principles

A tradeoff between the costs of data collection that reflects the sampling
method, and between the sample size and the quality of the data, which in
turn reflects both the accuracy and the precision of the measures resulting
from the drawn sample, forms the core issue in survey sampling. Since
travel surveys are used to make inferences about the characteristics and
the travel behavior of the study population, it is important to determine
the range of sample sizes that would be required to achieve a desired level
of precision and level of confidence® for selected variables of interest. Al-
ternatively, it is equally important to determine the degree of precision
and level of confidence that would be expected for each variable of inter-
est under a range of sample sizes. Thus, the analysis of sample size seeks
to measure the tradeoffs between sample size and the corresponding
levels of precision and confidence that can be achieved for selected
variables of interest.

Sample size is determined by the distribution of values for the variable
of interest and by the desired degree of precision and level of statistical
significance or confidence. The two pieces of information that convey the
information about the distribution of the variable of interest in the study
population include:

¢ In this chapter, the level of confidence (1-], often taking a value of 95 percent) is
used for discussion purposes instead of the corresponding level of statistical
significance (1, often taking a value of 0.05).
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Sample size is determined by the distribution of values for the variable of
interest and by the desired degree of precision and level of statistical sig-
nificance or confidence. The two pieces of information that convey the
information about the distribution of the variable of interest in the study
population include:

¢ The mean value of the variable in the study population; and
¢ A measure of its variability in the study population.

The mean value (m) provides a measure of the central tendency of the
variable while its variance ([?) and standard deviation ([) provide meas-
ures of the variability /spread of the variable values (Table 5.1). Similarly,
the coefficient of variation (CV), which is equal to the ratio of the standard
deviation of the variable and its mean, provides a measure of the relative
variability of the variable values around the mean.

The most commonly used estimator in sample size determination is the
average value of a variable in the sample denoted by x. The sample
average ( x ) is an estimator of the true mean value in the study population
(m) and its standard error SE (x) provides the basis for estimating sample
size. The standard error of the sample mean x depends on the variability
of the variable in the population (as reflected on its variance, 6?) and the
sample size (n) and is equal to:

This suggests that for a given variability of the variable x in the population
(given by [?) the standard error can be reduced by increasing the sample
size (n). Furthermore, for a given sample size (n) the magnitude of the
standard error will reflect the spread of the variable values in the popu-
lation as captured by the variance (62)- In cases where the variable values
are clustered closely around the mean, the standard error will be small; in
cases where the variable values are spread out, the standard error will
have a correspondingly higher value.

The other two pieces of information that are used to determine sample size
relate to the desired value of the standard error and include:

¢ The degree of precision required for the analysis; and

o The desired of confidence/statistical significance that corresponds to
the estimates used in the analysis.
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Table 5.1 Notation Used in Sample Size Estimation

N: Population size

m: Mean of random variable in the population

x: Estimate of mean (m) from the sample

p: Proportion of discrete random variable in population?
}; Estimate of proportion from the sample

o Variance of random variable in the population

s Estimate of variance from the sample

o Standard deviation of random variable in the population
s: Estimate of standard deviation from the sample

Ccv: Coefficient of variation '

N: Significance level

1% Confidence level

z Z-statistic

D: Absolute precision

d: Relative precision

SE(x): Standard error of the average
n”: Sample size not corrected for finite population

n: Sample size corrected for finite population

1 A discrete variable x; takes a value of 1 if true and 0 otherwise for example, to
calculate transit market share, a value of 1 is used for transit riders and a
value of zero for all others. The proportion of transit riders, p, is equal to:

- 2(%)
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These two pieces of information can in turn be used to calculate the desired
standard error of the average under a variety of precision and level of
confidence scenarios. As outlined in Section 5.4, the integration of the
formulas that calculate the standard error of the average and the corres-
ponding desired standard error allows the calculation of the sample size
for a variable with a given mean population and variance values and under
the desired precision and level of confidence. Since both of these dimen-
sions of the sample design reflect the ability of the sample to precisely
measure the variable of interest, a larger sample needs to be collected to
achieve a higher level of desired precision and/or statistical confidence.

The degree of precision can be expressed either as an absolute (D) or as a
relative deviation (d) from the mean variable value and reflects the
difference between the true mean in the population and its estimate of the
average from the sample (Table 5.1). Thus, for a study population charac-
terized by an average income of $45,000, the desired degree of precision
could be expressed as a D=+$1,800 or as a d=+4 percent deviation from the
mean income. As either measure of deviation decreases, the size of the
sample that is required to achieve the corresponding degree of precision
increases.

The level of confidence (1-I) is expressed as a percentage and represents
the probability that another sample drawn under the same circumstances
from the same study population will result in an estimate of the mean
value of the variable that satisfies a given degree of precision. The level of
confidence is reflected on the corresponding z-statistic value taken from
the standard normal distribution. For a higher level of confidence in the
sample estimates, a larger sample size is required.

Calculation of Sample Size for a Simple Random
Sample

The simple random sampling method provides the foundation upon
which each of the more complex probability sampling methods is based.
According to this sampling method, each population unit has an equal
selection probability.

To estimate the sample size needed to measure any variable with a pre-
determined degree of precision, the following information is required
(Table 5.1): ‘ ‘

¢ The mean variable value in the study population;

e A measure of the variability of this variable in the study population;
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¢ The desired degree of absolute or relative precision; and -
e The desired statistical level of confidence.

The process of calculating the required sample size for a study based on a
simple random sample can be best illustrated by using an example of a
hypothetical household travel survey. A Metropolitan Planning Organi-
zation that covers an area with a population of about 200,000 residents
and 120,000 households, is interested in conducting a household travel
survey to better understand the travel behavior of study area residents.

To accomplish that, the agency planners need to draw a representative
sample of households in the study area. The study area is characterized
by differences in income that are believed to have an important effect on
the travel options available to the study area residents and their resulting
mode choices and travel behavior. Furthermore, one of the primary
thrusts of the modeling effort would be to model the determinants of
transit market share. As a result, the sample size calculation process
needs to be repeated twice, once using household income as the variable
of interest and once using the transit market share as the variable of
interest.

To account for the variability in the study population and to obtain meas-
ures with a reasonable degree of precision, the MPO staff want to collect a
large enough sample that will allow them to estimate the household in-
come within 14% of the mean household income in the study area that is
currently $45,000. Furthermore, to assess the determinants of transit market
under a variety of service improvements, MPO planners want to collect
enough observations to be able to estimate the transit share from the sur-
vey with a relative precision of £10% of the observed transit market share
of 35 percent. For both the household income and the transit market share
estimates that will be obtained from the household survey, MPO planners
want to have a 95 percent confidence level.

The formulas that are used in the sample size calculations are summarized
in Table 5.2. For all practical purposes, the “correction” that applies to the
sample variance (s?) estimate that enters Equation 5.9a has a negligible
impact on sample size and can safely be omitted. Thus, the remainder of
this chapter will rely on the formulas assuming the population variance ¢
in Table 5.2 and Equations 5.2 to 5.9.

The sample size calculations based on household income are presented in
Table 5.3 while the sample size calculations that are based on the transit
market share are shown in Table 5.4. As shown in Table 5.3, a sample size
of just under 500 observations is needed to ensure that the estimate of
average household income from the survey would be within four percent
of the mean income value in the population at a 95 percent confidence
level. Similarly, about 700 observations would be needed to estimate
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Table 5.2 Formulas Used in Sample Size Estimation Based on

Population Variance
N (o
Mean: m = Z (7\/1-) for continuous variables (Eq.5.2)
i=1
N
. X;
Proportion: p = 2 (F’) for discrete variables (Eq.5.2.a)
i=1
. 2 1 2 . .
Variance: ¢ ° = —A—,-z (xi - m) for continuous variables (Eq. 5.3)
i=1
62 =p*(1-p) fordiscrete variables (Eq. 54)
. . o
Coefficient of Variation:. CV = — (Eq.5.5)
m
. - D
Desired Standard Error: SE(x) = — (Eq. 5.6)
Z
- a*
or: SE(x) = £r (Eq.5.7)
Z
G2
Uncorrected Sample Size: n’ = ———— (Eq.5.8)
(SE(x))
2 2°
or: n'=(CV) = (Eq. 5.8a)
nl
Corrected Sample Size*: n = oz (finite population correction) (Eq.5.9)
1+—
N

* If the variance of the sample rather than that of the entire population is used, then s, the sample
standard deviation, should be used rather than [, the population standard deviation. In this case:

n’ -1
1+
N

n= corrected for finite population (Eq. 5.9.a)
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Table 5.3 Sample Size Estimates Based on Household Income

Inputs Formulas Estimates

Population Size N 120,000 SE(x) Inputs: m,d, z
Equation 5.7 SE(x) = $918.4

Mean m $45,000

Standard Deviation [ $20,000

Confidence Level 1-1 95% n’ Inputs: SE(mean), [

Z-Statistic z 1.96 Equation 5.8 n’ 474

Relative Precision d +4% of mean n Inputs: N, n’
Equation 5.9 n= 472

Population Size N 120,000 n’ Inputs: Cv,d,z
Equation 5.8a n'= 474

Coefficient of Variation cv 0.444

Confidence Level 1-1 95% n Inputs: N,n’

Z-Statistic z 1.96 Equation 5.9 = 472

Relative Precision d +4% of mean
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Table 5.4 Sample Size Estimates Based on Transit Market Share

Inputs Formulas Estimates

Population Size N 120,000 SE(x)) Inputs: m,d, z
Equation 5.7 SE(x))=  09%

Transit Share P 35.0%

Standard Deviation c 47.7%

Confidence Level 1-1 95% n’ InputS: SE( e ) [

Z-Statistic z 1.96 Equation 5.8 n'= 713

Relative Precision d +10% of share n Inputs: N, n’
Equation 5.9 n= 709

Population Size N 120,000 n’ Inputs: Cv,d,z
Equation 5.8a n= 713

Coefficient of Variation Ccv 1.363

Confidence Level 1-1 95% n Inputs: N,n’

Z-Statistic z 1.96 = 709

Relative Precision d +10% of share Equation 5.9




transit market share from the survey at the desired precision and confi-
dence levels. As a result, a sample size of 700 observations would ensure
that both variables of interest would be estimated satisfactorily from the
collected survey data.

A Step-by-Step Approach to Sample Size Determination

Although the tables summarize the sample size calculations, a step-by-
step approach to sample size calculations that outlines in greater detail
each of the formulas used in calculating sample size based on the house-
hold income variable is presented below.

Step 1. Estimate the Mean and Standard Deviation or the
Coefficient of Variation

First, estimates of the mean value and its corresponding standard devia-
tion for household income need to be made. These two measures provide
a snapshot of the income distribution and can be calculated based on pre-
vious surveys, census data, or can be derived from estimates provided by
other analysts and expert panels.

Mean: m = $45,000 (See Eq.5.2)
Standard deviation: ¢ = $20,000 (See Eq. 5.3)

In cases where the mean and the standard deviation are not known and
cannot be estimated with a reasonable degree of confidence, the coefficient
of variation could also be used. This measure reflects the relative
magnitude of the standard deviation with respect to the mean and pro-
vides a measure that is readily comparable across different application
environments and travel surveys.

c  $20,000
Coefficient of variation: CV =—=—"——=0.444 (SeeEq.5.5
oefficient of variation = $45.000 ( q- 5.5)

Step 2. Set the Desired Confidence Level

The desired statistical confidence level is set by selecting a confidence
level and calculate the corresponding value for the z-statistic. The values
most often used in sample design and statistical analyses are the 95 per-
cent confidence level and the corresponding z-statistic value of 1.96. Al-
though the z-statistic values vary with the sample size, for a sample with
1,000 or more observations, the values in Table 5.5 can be used.
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Step 3. Determine the Desired Degree of Precision

The acceptable range around the mean household income value reflects
the degree of precision that is desired for the household survey estimates
of income. The desired degree of precision could be defined as relative
(e.g., precision within £ 4 percent of the mean) or absolute (e.g., deviation
of + $1,800 from the mean).

Il
+
I|T

Relative precision: ~ d =14%

Absolute precision: D =+$1,800

Step 4. Calculate the Standard Error of the Average

The desired standard error of the average (SE (x)) encompasses three
pieces of information that are important in sample size determination: the
mean (m) of the variable in the study population, the desired degree of
precision (D or d), and the desired confidence level in the estimate from
the survey (z statistic). By applying Equation 5.7, we obtain:

D

SE(x)—[ ]*m=SE(x)—d*m=SE( )— 196 *$45000 $918.4
Z Z

Step 5. Calculate the Uncorrected Sample Size

An initial value of sample size can now be provided. This uncorrected
sample size value does not account for the size of the study population and
may thus require a correction for the potential finite population effect. By
applying Equation 5.8 we obtain:

o’ $20,000?
Uncorrected Sample Size: n’ = m = 591847 - =474 obs.
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Table 5.5 Correspondence Between Confidence Level and
z-Statistic Values! |

Confidence Level z-Statistic
(1-0)
50.0% 0.67
60.0 0.84
70.0 1.04
80.0 1.28
90.0 1.64
95.0 1.96
99.0 2.58
99.9 3.29

1 RJ.Jessen. Statistical Survey Techniques, Wiley, 1978.
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Step 6. Adjust Sample Size for the Finite Population Correction

A finite population adjustment is not critical if the population for which
we wish to draw inferences is rather large. However, such an adjustment
may have a measurable impact if the sample estimate is smaller than 10
percent of the study population. To adjust for the finite population correc-
tion, an estimate of the size of the study population is needed. Assuming
a population size of N = 120,000 households and by applying Equation 5.9,
we obtain: .

Corrected Sample Size: n= n - = 474 =472 obs.
1+ n 474

1+
N 120,000

Sensitivity of Sample Size to its Determinants

It is important to realize that the required sample size for a simple random
sample depends on a multitude of variables, as shown in Table 5.2. Key
variables include the desired confidence interval and level of precision, the
mean and standard deviation (or variance) of the variable in the population,
and the size of the population. This section demonstrates the sensitivity of
the sample size requirement to each of these variables, using the example
of the previous section. It should be noted that although the patterns
noted here would hold for almost any travel survey context, some of the
results shown are specific to this application. A sensitivity analysis that is
tailored to any problem under study can be set up in a spreadsheet using
the same table structure and the equations presented in Section 5.4.

Sensitivity to Confidence Level

Table 5.6 shows that the required sample size is extremely sensitive to the
chosen confidence interval. Dropping the confidence level from 95 per-
cent to 90 percent in the example would result in a reduction in sample
size by about 30 percent. Conversely, increasing the confidence level to 99
percent would result in a 75 percent increase in the required sample size.
Since the required sample size is proportional to the square of the z-
statistic (as shown in Equations 5.7 and 5.8), the percentage changes in the
sample size would hold for any sample size computation. Given the cost
implications of different sample sizes and the fact that the survey analyst
can choose the desired confidence interval, this is a significant observation.
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Table 5.6 Sensitivity of Sample Size to Confidence Level

Population Standard Confidence Relative Standard Sample

Size Mean Deviation Level z-Statistic Precision Error Size

N m [ 1-1 z d SE(x) n’ n
120,000 $45,000 $20,000 50.0% 0.67 4.0% $2,687 55 55
120,000 45,000 20,000 60.0 0.84 4.0 2,138 88 87
120,000 45,000 20,000 70.0 1.04 4.0 1,731 134 133
120,000 45,000 20,000 80.0 1.28 40 1,404 203 203
120,000 45,000 20,000 90.0 1.64 40 1,095 334 333
120,000 45,000 20,000 95.0 1.96 4.0 918 474 472
120,000 45,000 20,000 99.0 2.58 4.0 698 822 816
120,000 45,000 20,000 99.9 3.29 40 547 1,336 1,322




Sensitivity to the Desired Degree of Precision

Table 5.7 shows that the required sample size is even more sensitive to the
desired level of precision. Equations 5.7 and 5.8 show that the sample size
is inversely proportional to the square of the desired precision level. So
doubling the precision level would cut the required sample size by three
quarters; halving the level would quadruple the required sample size. The
implications of this sensitivity are tremendous given the analyst’s ability
to choose the desired precision level.

Care must be taken, however, not only in defining the precision level, but
the variables to be analyzed. For example, say an area has existing mode
shares of two percent transit and 98 percent auto. If auto mode share is
chosen as the analysis variable, a one percent or two percent precision
level appears quite reasonable, and choosing the two percent level would
require only one quarter of the sample size required for one percent.
However, this implies going from a 50 percent precision level for the esti-
mate of transit mode share to 100 percent. In this case, it would make
sense to choose the transit mode share as the variable of interest. Of
course, since this variable would have a much lower mean, the resulting
required sample size, even if the level of precision went up to five percent
or even 10 percent, would still be greater than that for the auto mode share
since the mean is much smaller (see Equations 5.7 and 5.8 and Table 5.8).

Sensitivity to Mean and Standard Deviation

Since the required sample size is inversely proportional to the square of
the mean and directly proportional to the variance of the analysis variable,
differences (or errors) in the mean and the variance can have a significant
effect on the sample size requirement. For example, Table 5.8 shows that
a 10 percent change in the mean results in approximately a 20 percent
change in the sample size requirement. Table 5.9 shows similar results for
changes in the standard deviation. Given the uncertainty of estimates of
means for certain variables, especially those not included in census data,
this table demonstrates the caution that must be applied when determining
sample sizes based on outside data sources.

Sensitivity to Population Size

Table 5.10 shows the sensitivity of the required sample size to the popu-
lation size. For large populations of over 50,000, the sample size is within
one percent of the theoretical maximum given the population mean and
variance and the desired precision and confidence level. For smaller
populations (which, except in small MPOs or cities, would imply some
sort of market segmentation), the sample size could be reduced somewhat.
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Table 5.7 Sensitivity of Sample Size to Desired Degree of Precision
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Population Standard Confidence Relative Standard Sample

Size Mean Deviation Level z-Statistic Precision Error Size

N m [ 1-1 z d SE(3) n’ n
120,000 $45,000 $20,000 95.0% 1.96 0.5% $ 115 30,353 24,226
120,000 45,000 20,000 95.0 1.96 1.0 230 7,588 7,137
120,000 45,000 20,000 95.0 1.96 2.0 459 1,897 1,868
120,000 45,000 20,000 95.0 1.96 3.0 689 843 837
120,000 45,000 20,000 95.0 1.96 4.0 918 474 472
120,000 45,000 20,000 95.0 1.96 5.0 1,148 304 303
120,000 45,000 20,000 95.0 1.96 100 2,296 76 76
120,000 45,000 20,000 95.0 1.96 15.0 3,444 34 34
120,000 45,000 20,000 95.0 1.96 20.0 4,592 19 19
120,000 45,000 20,000 95.0 1.96 25.0 5,740 12 12
120,000 45,000 20,000 95.0 1.96 30.0 6,888 8 8
120,000 45,000 20,000 95.0 1.96 40.0 9,184 5 5
120,000 45,000 20,000 95.0 1.96 50.0 11,480 3 3




Table 5.8 Sensitivity of Sample Size to the Mean

Population Standard Confidence Relative Standard Sample

Size Mean Deviation Level z-Statistic Precision Error Size

N m [ 1-1 z d SE(x) n n
z;f; 120,000 $10,000 $20,000 95.0% 1.96 4.0% $ 204 9,604 8,892
s 120,000 25,000 20,000 95.0 1.96 40 510 1,537 1,517

120,000 30,000 20,000 95.0 1.96 40 612 1,067 1,058
§ 120,000 35,000 20,000 95.0 1.96 40 714 784 779
g 120,000 40,000 20,000 95.0 1.96 40 816 : 600 597

120,000 45,000 20,000 95.0 1.96 4.0 918 474 472

120,000 50,000 20,000 95.0 1.96 40 1,020 384 383

120,000 60,000 20,000 95.0 1.96 40 1,224 267 266

120,000 70,000 20,000 95.0 1.96 4.0 1,429 196 196
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Table 5.9 Sensitivity of Sample Size to Standard Deviation

Population Standard Coefficient of Confidence Relative  Standard Sample

Size Mean Deviation Variation Level z-Statistic  Precision Error Size

N m [ cv 1-1 z d SE(%) n’ n

120,000 $45,000 $ 5,000 0.111 95.0% 1.96 4.0% $918 30 30
120,000 45,000 10,000 0.222 95.0 1.96 4.0 918 119 118
120,000 45,000 15,000 0.333 95.0 1.96 4.0 918 267 266
120,000 45,000 20,000 0.444 95.0 1.96 4.0 918 474 472
120,000 45,000 25,000 0.556 95.0 1.96 4.0 918 741 736
120,000 45,000 30,000 0.667 95.0 1.96 40 918 1,067 1,056
120,000 45,000 40,000 0.889 95.0 1.96 4.0 918 1,897 1,862
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Table 5.10 Sensitivity of Sample Size to the Finite Population Correction

Population Standard Confidence Relative Standard Sample

Size Mean Deviation Level z-Statistic Precision Error Size Ratio
N m [ 1-1 z d SE(%) n n n/n’
500 $45,000 $20,000 95.0% 1.96 4.0% $918 474 243 51.3%
1,000 45,000 20,000 95.0 1.96 40 918 474 322 67.8
2,000 45,000 20,000 95.0 1.96 40 918 474 383 80.8
3,000 45,000 20,000 95.0 1.96 40 918 474 410 86.3
4,000 45,000 20,000 95.0 1.96 40 918 474 424 89.4
5,000 45,000 20,000 95.0 1.96 40 918 474 433 91.3
10,000 45,000 20,000 95.0 1.96 4.0 918 474 453 95.5
20,000 45,000 20,000 95.0 1.96 40 918 474 463 97.7
30,000 45,000 20,000 95.0 1.96 4.0 918 474 467 98.4
40,000 45,000 20,000 95.0 1.96 40 918 474 469 98.8
50,000 45,000 20,000 95.0 1.96 4.0 918 474 470 99.1
120,000 45,000 20,000 95.0 1.96 4.0 918 474 472 99.5
250,000 45,000 20,000 95.0 1.96 40 918 474 473 99.8
500,000 45,000 20,000 95.0 1.96 40 918 474 474 99.9
1,000,000 45,000 20,000 95.0 1.96 40 918 474 474 100.0
10,000,000 45,000 20,000 95.0 1.96 40 918 474 474 100.0




In summary, the required sample size can be very sensitive to several vari-
ables, especially the desired precision and confidence level set by the survey
analyst. If resource constraints require a reduction in the scope of the sur-
vey, a good deal of reduction in required sample size (and, therefore, cost)
can often be bought by relaxing the confidence level or precision somewhat.

W 5.6 Assessment of Degree of Precision

To quantify the tradeoffs between sample size and the corresponding
degree of precision, the same principles underlying the sample size calcu-
lations can be used. The objective of such an analysis is to calculate the
degree of precision that corresponds to a sample size that would be
smaller than the “ideal” sample size that has already been calculated based
on one or more variables. Such calculations could be repeated for a range
of sample sizes and variables to identify the precision that would be ex-
pected under alternative sample size scenarios for each variable of interest.

To assess the absolute or relative degree of precision that can be expected
for a given sample size and a desired level of confidence, the following
information is required (Table 5.11):

¢ The variance of the variable in the study population (02);

e The desired statistical level of confidence (1-0) and the corresponding
z-statistic;

e The sample size (n) and the population size (N); and

e The mean (m) of the variable in the population (required only in case
the relative degree of precision is to be estimated).

The calculations for the degree of precision that corresponds to a given
sample size can be best illustrated by relying on the same hypothetical
household travel survey example mentioned earlier. The formulas that
are used in the precision calculations are summarized in Table 5.11. First,
the standard error of the average that corresponds to the variance of the
variable and the given sample size and population size is calculated
(Eq. 5.10). Then, the absolute degree of precision can be calculated by
accounting for the z-statistic value that corresponds to the desired level of
statistical confidence (1-o) (Eq. 5.11).

There are two variations to these calculations. First, in cases where the
relative degree of precision needs to be calculated, Equation 5.11 is slightly
modified to take into account the mean value of the parameter (Eq. 5.12).
Second, in cases where the parameter variance and/or its mean are not
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Table 5.11 Formulas for Precision Given Sample Size n

2 -—
Standard Error: SE(x) = ‘/"—*ﬂ-&l'—) (Eq. 5.10)
n

Absolute Precision: D = SE(x)*z (Eq.5.11)
T) *

Relative Precision: d = SEX)*2 (Eq.5.12)
m .

If the coefficient of variation (CV) is used instead of the mean and the standard deviation, the relative
precision is given by the following equation:

2
d= \[(C%* iv% (Eq. 5.13)
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readily available, the coefficient of variation (CV) can be used instead. In
such a case, since the standard error cannot be calculated directly, the
degree of relative precision can be calculated as shown in Equation 5.13.

The precision equations outlined here have been applied to the household
income example used in the previous section. Table 5.12 illustrates the
calculations using two sets of inputs. In the first case, the mean and the
variance of the parameter are assumed known, allowing us to calculate
both the relative and the absolute degree of precision that correspond to a
given sample size and confidence level. In the second case, the relative
degree of precision is calculated based on the coefficient of variation in-
stead of the mean and variance of the variable which are not known with
certainty. Using the “ideal” sample size that was earlier derived based on
household income, the calculations presented in Table 5.12 result in a rela-
tive degree of precision of 4% and a corresponding absolute degree of
precision of £$1,800.

The same process can then be repeated for a range of sample sizes and for
a variety of variables to identify the tradeoffs between sample size and the
corresponding degree of precision that would be expected for variables of
interest to the analysis. Such an analysis would show that for sample sizes
that are smaller than the ideal sample size, a lower degree of precision
would be expected for particular variables. To properly assess the value
of the proposed survey, such a drop in precision would need to be con-
trasted with the possible lack of precision of the existing estimates currently
used for planning purposes.

Assessment of the Confidence Level

An alternative way of assessing the tradeoffs between sample size and the
corresponding quality of data would be by comparing the confidence level
expected for a particular variable under different sample size scenarios.
The principles of such an approach are also rooted in the methodology used
for sample size calculations and the approach would be very similar to the
one used for estimating the degree of precision for a given sample size.
Again, the calculations for the expected confidence level could be repeated
for a range of sample sizes and variables to identify the confidence level
that would be expected under alternative sample size scenarios for each
variable of interest.

To estimate the confidence level corresponding to a given sample size and
a desired degree of precision, the following information is required
(Table 5.13):
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Table 5.12 Degree of Precision for Household Income

Inputs Formulas Estimates

Population Size N 120,000 SE(%) Inputs: N, n, [

Standard Deviation [ $20,000 Equation 5.10 SE(x) = $919

Sample Size n 472

Confidence Level 1-1 95% D Inputs: SE(x), z

Z-Statistic z 1.96 Equation 5.11 D= +$1,801

Mean m $45,000 d Inputs: SE (m), z, m
Equation 5.12 d= +4.0%

Population Size N 120,000

Sample Size n 472

Coefficient of Variation Ccv 0.444 d Inputs: CV,N,n,z
Equation 5.13 = +4.0%

Confidence Level 1-1 95%

Z-Statistic z 1.96




Table 5.13 Formulas for Confidence Level Given Sample Size n

2
Standard Error: SE(x) = T« M (Eq.5.9)
n N
z-statistic: z = D (Eq.5.14)
T SEG) +>
or: = im (Eq. 5.15)
’ SE(x) &>
z-Statistic Confidence Level
0.67 50.0%
0.84 60.0
1.04 70.0
1.28 80.0
1.64 90.0
1.96 95.0
2.58 99.0
3.29 99.9

If the coefficient of variation (CV) is used instead of the mean and standard deviation, the z-statistic
corresponding to the desired confidence level is given by the following equation:

z-statistic: 2= d (Eq. 5.16)

\/(CV)z ,N-n
n N
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e The variance of the variable in the study population (c2);
e The desired absolute or relative degree of precision (D or d);
» The sample size (n) and the population size (N); and

o The mean (m) of the variable in the population (in case the relative
degree of precision is provided).

The calculations for the level of confidence corresponding to a given
sample size are again illustrated by relying on the hypothetical household
travel survey and the formulas that are used are summarized in Table 5.13.
First, the standard error that corresponds to a given sample size, popu-
lation, and variance of the variable is calculated (Eq.5.10). Then, the
z-statistic that corresponds to a given absolute degree of precision can be
calculated (Eq. 5.14) along with the confidence level (1-o) that corresponds
to the calculated z-statistic.

There are two variations to these calculations. First, in cases where the
relative degree of precision is provided, the mean value of the variable is
incorporated into the calculations (Eq. 5.15). Second, in cases where the
variable variance and/or its mean are not readily available, the coefficient
of variation (CV) can be used instead. In such a case, since the standard
error cannot be calculated directly, the confidence level calculations are
based on the relative degree of precision as shown in Equation 5.16.

These level of confidence equations have again been applied to the house-
hold income example used earlier. Table 5.14 illustrates the calculations
using two sets of inputs. In the first case, the mean and the variance of the
variable are assumed known, allowing us to estimate both the level of con-
fidence that correspond to a given sample size and either the relative or
the absolute degrees of precision. In the second case, the confidence level
is calculated based on the coefficient of variation instead of the mean and
variance of the variable. As before, using the “ideal” sample size that was
derived for household income, the calculations presented in Table 5.14 re-
sult in a z-statistic of 1.96 which in turn corresponds to a confidence level
of 95 percent.

The same process can then be repeated for a range of sample sizes and for
a variety of variables to identify the tradeoffs between sample size and the
corresponding confidence levels that would be expected for variables of
interest to the analysis. By definition, the confidence level that corre-
sponds to sample sizes that are smaller than the “ideal” sample size would
be lower than the desired 95 percent confidence level. However, such a
drop in the confidence level would again need to be viewed in light of the
existing data sources and the level of confidence that can be placed on the
existing estimates. Since transportation planning applications often rely
on dated data sources, the value of new information may overshadow the
lower confidence level justifying the collection of new, more detailed travel
and socioeconomic data.
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Table 5.14 Level of Confidence for Household Income

Formulas Estimates
Population Size 120,000 SE(%) Inputs: N,n, [
Standard Deviation $20,000 Equation 5.9 SE(x) = $918.8
Sample Size 472
Absolute Precision + $1,800 of mean z-Statistic Inputs: SE(x),D
Equation 5.13 z= 1.96
Relative Precision + 4% of mean z-Statistic Inputs: SE(x),d
Mean $45,000 Equation 5.14 z= 1.96
Population Size 120,000
Sample Size 472
Coefficient of Variation 0.444 z-Statistic Inputs: CV,N,n,d
Equation 5.15 z= 1.96

Relative Precision

+ 4% of mean




M 5.8 Complex Sample Designs

The selection of a sampling method is also interrelated with the broad
objectives of the survey; the study population and the corresponding
appropriate sampling frame and unit; the desired level of precision, level
of confidence, and accuracy; and the sample size requirements for the
whole sample or specific segments of the market. The simple random
sampling method offers the most straightforward means of selecting a
sample since it results in an unbiased, self-weighting sample that is repre-
sentative of the study population. This method presents many advantages
to the surveyor, including the following:

o If the sample (both recruited and the final respondents) are truly
randomly selected, the survey should be unbiased, eliminating the
need for post-survey weighting.

¢ Every potential respondent is eligible to be recruited at any time. In a
stratified sample, some potential respondents might be members of
strata for which the sample has been filled. It may be impossible to tell
if a respondent is eligible until he has been recruited.

o It is cheaper than the more complex methods, both because no effort is
wasted recruiting ineligible respondents, and because the development
of the sampling plan itself will take fewer resources.

e It is easy to understand and be accepted by non-technical decision
makers and the public.

However, in cases where market segments of particular interest to the
analysis may be underrepresented in a simple random sample design, other
probabilistic methods such as stratified sampling and cluster sampling
may be employed to provide the desired level of precision for variables
and market segments of interest. Furthermore, choice-based sampling pro-
cedures may also be used to enhance the sample in cases where a par-
ticular segment of the population which exhibits a behavior of particular
interest to the study is difficult to reach due to its low incidence in the
population.

Systematic Sampling

With the systematic sampling approach, as opposed to the random selection
of sampling units from a sampling frame, sampling units are selected based
on sequences that are separated by a preset interval. Provided that the
sampling frame order is relatively unbiased, this approach is essentially
equivalent to the simple random sample.
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In personal intercept surveys, field workers could be instructed to approach
every ‘nth’ person passing a certain point. Similarly, random-digit-dialing
(RDD) telephone surveys could be conducted by calling every ‘nth’ tele-
phone number within a pre-specified set of telephone exchanges.

Assuming that the systematic sampling methods is as random as the simple
random sample, the choice between the two survey method is a simple
question of logistics. For intercept surveys, it may be difficult for a survey
field worker to choose a truly random sample; a systematic method would
be much easier.

Stratified Sampling

The stratified sampling method is particularly useful in cases where seg-
ments of the study population need to be studied in greater detail requiring
a greater degree of precision and in cases where the grouping of observa-
tions will result in homogeneous groups of respondents. The homogeneity
of each segment reflects the similarity in socioeconomic characteristics and
travel behavior of respondents within each segment.

This method allows us to identify, focus on, and collect information from
particular segments of the study population (also referred to as strata) of
interest to the analysis by using either uniform or variable sampling rates.
Stratified sampling offers a means of differentiating among strata and
reducing the sampling error within each stratum of interest. Similarly,
stratified sampling can also be used to reduce the amount of data collection
needed by segmenting the survey population into more homogeneous strata
and sampling at a higher rate from strata with a higher degree of vari-
ability /heterogeneity.

The definition of strata can be based on;:

e Geographic boundaries such as strata that correspond to different
towns or counties;

e Characteristics of the travel environment under study such as low-
versus high-density areas, or areas with a good versus poor level of
transit service; or

e Socioeconomic characteristics of the sampling unit such as household
income categories or automobile ownership.

The statistical theory behind the stratified sampling shares many simi-
larities with the discussion presented under simple random sampling.
Since the most likely objective of the analysis under both sampling meth-
ods is to make inferences about the travel behavior of the population as a
whole, a random sample of respondents needs to be drawn within each
stratification stratum.
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The sampling rate within each stratum also often varies across the various
strata. Initially, a uniform sampling rate can be examined as part of the
sample design to allocate the sample size to different strata and to assess
the expected effective yield of observations by stratum. If the resulting
number of observations for particular strata of interest is below the mini-
mum number of observations required for the desired level of precision
for that stratum, a range of variable sampling rates can be considered. In
such a case, higher sampling rates would be used to oversample lower-
incidence strata while lower sampling rates would be applied to higher-
incidence strata.

The two most common forms of stratified sampling in household travel
surveys are geographic and demographic. Geographic stratification may
be done based simply on political boundaries or may include land use or
transportation-based measures to define the stratification areas. Stratifi-
cation simply by political boundaries is most useful when there are other
survey objectives besides demand model development, where differences
based on such boundaries rarely comes into play. However, if infor-
mation about households or travelers were desired for, say, county level
data summaries, then political stratification would make sense.

As an example, consider the 1994 household activity survey conducted in
the Portland, Oregon area by Metro. This survey used 10 geographically-
defined strata for the Oregon part of the Portland metropolitan area.” The
strata are shown in Table 5.15. In this sampling plan, four of the strata (6
though 9) represent individual counties. Five strata represent parts of
Multnomah County, which contains the city of Portland. These strata are
defined by pedestrian environment and transit availability. The tenth
stratum represents a choice-based sample of park-and-ride users.

Demographic stratification has been used in many surveys where the pri-
mary purpose has been to gather information for trip generation models.
Commonly, a two-way cross-classification based on the expected form of
the trip generation models, such as household size by income or auto
ownership, is used. Table 5.16 shows the sampling framework for a 1990
household travel survey in the Pittsburgh, Pennsylvania area? In this
survey, a cross-classification plan using two variables, persons per house-
hold and autos per household, was employed. The agency conducting the
survey, the Southwestern Pennsylvania Regional Planning Commission,
had decided that developing a trip production model for home-based trips
was their survey objective and had found through previous survey efforts
that these two variables were significant in explaining trip production rates.

7 NuStats, Inc. “Sample Productivity Plan.” Technical Memorandum, 1994.

8 Theodore B. Treadway, *Small Scale Stratified Sample Home Interview Survey for
the Pittsburgh Region.” Proceedings of the Fourth National Conference on Trans-
portation Planning Methods Applications, September 1993.
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Table 5.15 Portland Travel Survey Stratification

1. Multnomah County - good pedestrian environment, land use mix, and transit
2. Multnomah County - bad pedestrian environment and transit

3. Multnomah County ~ good pedestrian environment and transit

4. Multnomah County ~ light rail corridor

5. Remainder of Multnomah County

6. Clackamas County

7. Washington County

8. Columbia County (part)

9. Yamhill County (part)

10. Park-and-ride users

Table 5.16 Pittsburgh Travel Survey Stratification

Person/Household
Autos/Household 1 2 3 4 5+ Total
0 25 25 50
1 25 29 50 104
2 52 61 35 29 177
3+ 48 29 25 102
Total 50 106 159 64 54 433

Note: Blank cells are included with those on the right or above. For example, there are 25 samples for 0
autos, 2+ persons and 25 for 1 person, 1+ autos, etc.
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It should be pointed out that in geographic stratification, it may be known
(or approximately known) where a household fits into the stratification
plan before they are recruited. While telephone exchanges provide
imperfect matches with political or census boundaries, there is some cor-
respondence that can be used. However, it will be impossible to deter-
mine a household’s income, number of autos, or number of persons without
asking. This means that under a demographic stratification, there may be
recruitment calls made to households who would cooperate, but would
not fit the required stratification. This reduces the effective response rate
for the survey.

Cluster Sampling

Cluster sampling is a multi-stage sampling method. With this approach,
the sampling units at the first stage are actually groups (clusters) of the
survey elements rather than individual elements. At the second stage, all
of the units within a selected cluster may be included in the sample, or a
second-stage subsample may be drawn randomly within each selected
cluster.

Work place/establishment surveys are examples of cluster surveys. A
small number of establishments is first selected from the population of all
establishments within a study area. Employees and visitors/customers
are then sampled within the selected establishments.

Household surveys can also be conducted using cluster sampling. First,
the study area is divided into tracts and a sample of tracts is drawn.
Second, within each tract, households are drawn randomly and within
each randomly selected household, a respondent may also be drawn at
random. This is particularly effective for in-home interviews so that
survey field workers can minimize travel time between households.
However, for mail and telephone surveys, cluster surveying appears to be
an unnecessary complication.

The statistical theory on cluster sampling again follows the discussion
presented under simple random sampling. Since the most likely objective
of the analysis remains to make inferences about the travel behavior of the
study population, a random sample of sampling units needs to be drawn
at each stage of the cluster sampling.

Cluster sampling would be chosen as a result of a specific choice of survey
type and data collection method, not in response to issues concerning
information about travel behavior which the survey is attempting to
obtain. For certain types of surveys — for example, work place surveys -
cluster sampling is the only practical option. For others, such as surveys
to obtain travel information about entire households, there is no rationale
for choosing cluster sampling unless an in-home survey is being conducted.
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Choice-based Sampling®1?

The choice-based sampling method offers a means of identifying respon-
dents in low-incidence market segments which may need to be represented
in the analysis and collecting the corresponding information. Respon-
dents who belong to such low-incidence market segments are therefore
characterized by their choice behavior that forms the basis for the
sampling frame. Common examples of the use of a choice-based sampling
method is the collection of data from transit users in low-density areas not
adequately served by transit, bicycle users, or intercity bus and rail riders.

The most common use of data collected from choice-based sampling meth-
ods is in the development of mode choice models. Even with the applica-
tion of stratified sampling and variable sampling rates within different
strata, it is possible that the low incidence for particular segments of the
study population may result in too few observations for these groups. A
small number of observations from a particular group makes it difficult to
study the determinants of its behavior and often results in its exclusion
from model development and estimation. However, despite the low
incidence, it is often desirable to account for the behavior of smaller seg-
ments of the population to better understand the factors underlying their
behavior.

Choice-based sampling offers a methodology to augment the existing
sample drawn as a simple random or stratified sample. In particular,
respondents who belong in low incidence segments are intercepted and
recruited for a pre-specified quota of additional surveys. For example,
transit riders in a corridor dominated by automobile traffic can be randomly
sampled at transit stops while bike riders can be contracted and get ran-
domly sampled through clubs that organize activities. As a consequence of
including such observations in the analysis, the variability in the behavior
observed and analyzed increases considerably resulting in an enriched
model and providing valuable insights into behavioral determinants. Fur-
thermore, analytical (weighting) procedures for generating unbiased,
consistent estimates with a choice-based sample can be used to control for
any biases that may be introduced with the combination of randomly
drawn and choice-based samples.

While the recruitment procedures may necessarily be different for respon-
dents that are part of a choice-based recruitment process, the conducting

® M. Ben-Akiva and S. Lerman. Discrete Choice Analysis: Theory and Application to
Travel Demand, The MIT Press, 1985.

19S.R. Lerman, C.F. Manski, and T.J. Atherton. Non-random Sampling in the Calibration of
Disaggregate Choice Models, Final Report prepared by Cambridge Systematics for the
U.S. Department of Transportation, December 1975.
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of the interviews may not have to be. While transit users, for example,
could be asked questions while riding or waiting, they could also simply
be recruited and then contacted for data retrieval in the same way as other
respondents. This provides an opportunity to collect more comprehensive
information. It should also be noted that all information obtained through
a choice-based recruitment process will not necessarily be associated with
the behavior targeted by the sampling method. A transit user may make
other trips by auto or other modes, or may have others in the household
who do so.

Bias in Travel Surveys

Up to this point, this chapter has concentrated on ways of minimizing
sampling errors that arise from and reflect the use of a sample of
respondents, and the inherent variability of their responses. As the
examples have shown, it is possible to determine the impacts of sample
size and sampling strategies on the precision of parameter estimates from
survey data, and to use this information to develop mathematical
estimates of sampling errors. Survey teams can measure and, if resources
permit, decrease sampling errors by increasing sample sizes and
improving sampling strategies. :

The other major sources of errors in survey data are the non-sampling
errors that are associated with survey biases. These errors can be at least
as important as sampling errors, but to reduce their effect, survey teams
need to apply different strategies. Non-sampling errors differ from
sampling errors in that they:

¢ Originate from several unrelated sources;

e Are non-random - they have a constant effect on parameter estimates;

¢ Are almost always unquantifiable; and

¢ Do not improve with increased sample sizes.

Survey bias results from the failure to adequately address the variety of
quality concerns raised in Figure 4.2. The survey design and implemen-
tation problems that are generally responsible for bias include:

e Misidentification of the survey population;

e Imperfect sampling frame and sampling loss (non-coverage);

e Non-response;
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* Poor questions and survey instruments;
e Field worker and interviewer errors; and
¢ Coding, entry, and data processing errors.

The misidentification of the survey population, sampling frame problems,
and sampling loss all have the potential to bias the survey results because
valid units are left out of the sample. If the units that are left out have
different characteristics than those that are in the sample, then the survey
results will be biased.

Table 5.17 shows an example of how an incomplete sampling frame can
bias survey results. In this example, a telephone household survey is being
conducted for an area with 50,000 households. Ten percent of the house-
holds in the region do not have phones, and those households without
phones tend to have lower incomes. The actual percentage of households
with incomes of less than $20,000 is 12 percent, but because only house-
holds with phones are included in the survey, the estimated percentage is
8.3 + 2.7 percent. This estimate assumes that the income distribution of
the survey respondents matches that of the households with telephones.

Non-response is probably the most serious potential bias. Even if the
survey team is able to create a complete and accurate sampling frame, they
still cannot ensure that every sampling unit will be willing or available to
respond to the survey. If the responding units are different than the non-
respondents, which is usually the case, then the survey results will be
biased.

Table 5.18 shows how non-response can affect survey results. The table
continues the example from the previous table. For this example, the
response rate is assumed to be 50 percent, so the survey team needs to con-
tact 6,000 of the 45,000 households with phones. The income distribution
of the 6,000 households should closely resemble the income distribution of
the sampling frame, but the income distribution of survey respondents
may be significantly different. In the example, households with incomes
between $40,000 and $100,000 are more likely to respond than the higher
or lower income households. The effect is that the estimated income distri-
butions are biased. Too few households are assigned to the lowest income
categories, and too many are assigned to the middle-income categories.

The remaining three sources of survey bias - problems with questions and
response categories, interviewer/field worker errors, and survey office
worker errors — contribute to bias because they affect the survey results in
non-random ways. If survey questions are misleading or confusing, then
some percentage of respondents will provide the wrong answer to the
question by accident. Other respondents will skip the particularly con-
fusing questions and questions that seek private information. Additionally,
survey workers can record the wrong answer or influence respondents’
answers in some way when they ask questions, or office staff can miscode
responses or enter them into the database incorrectly.
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Table 5.17 An Example of Bias Due to an Incomplete Sampling Frame

Households
Actual RDD Survey
Income With Without Household Results
- Categories Phones Phones Total Distribution (90% Confidence)
g
wn
g Under $20,000 3,755 2,245 6,000 12.0% 8.3% +/- 2.68%
$20,000-$39,999 8,021 979 9,000 18.0 17.8 +/- 253
§ $40,000-$59,999 8313 687 9,000 18.0 18.5 +/- 252
g $60,000-$79,999 8,075 425 8,500 17.0 17.9 +/- 253
h $80,000-$99,999 9,044 456 9,500 19.0 20.1 +/- 250
$100,000 or more 7,792 208 8,000 16.0 173 +/- 254
All Categories 45,000 5,000 50,000 100.0% 100.0%

Note: Assumes an RDD survey of 3,000 households, a 100% response rate, and no field or office problems.
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Table 5.18 An Example of Bias Due to Non-Response

Sampling RDD Survey
Income Sample Results
Categories Distribution Distribution (90% Confidence)
Under $20,000 3,755 8.3% 500 8.3% 162 54% +/- 1.76%
$20,000 - $39,999 8,021 17.8 1,070 17.8 345 115 +/- 166
$40,000 - $59,999 8,313 185 1,108 185 624 20.8 +/- 166
$60,000 - $79,999 8,075 179 1,076 17.9 589 19.6 +/- 166
$80,000 - $99,999 9,044 20.1 1,207 20.1 768 25.6 +/- 164
$100,000 or more 7,792 17.3 1,039 17.3 512 17.1 +/- 167
All Categories 45,000 100.0% 6,000 100.0% 3,000 100.0%

Note: Assumes an RDD survey of 3,000 households, a 50% response rate, and no field or office problems.



These survey problems can further affect bias levels for the survey results.
Table 5.19 continues the example from the previous tables to illustrate bias
from these sources. In the table, it is assumed that the overall non-
response levels are the same as for Table 5.18. The item non-response rate
for income is 10 percent, so even though the survey team has 3,000 total
responses, only 2,700 of them have valid income categories. As is usually
the case, the respondents who fail to provide income data are not repre-
sentative of the whole sample. They are more likely to be in the highest
income category. The results shown also could include the response
errors that are suspected to be fairly common in income questions.

The total bias of a parameter estimate is the combined effect of these indi-
vidual components. Biases from each individual source can work in the
same direction or work in different directions, so that they partially cancel
out one another. The bias introduced by using the imperfect sampling
frame and the bias introduced by non-response both work to artificially
decrease the estimate of the number of households of the lowest income
category. On the other hand, the imperfect sampling frame biases the
estimated number of households in the highest income category upwards,
while the question wording and the field and office errors decrease the
estimate.

It is important to note that bias is unrelated to sample size. If the
examples from above assumed that the sample size was 10,000 instead of
3,000, only the level of precision would change. The survey team would
be more certain that the actual percentage of households in the lowest
income category is around 5.4 percent (the 90 percent confidence limits
would be + 0.6 percent, rather than + 1.7 percent). Unfortunately, the
actual answer would be 12 percent.

Although it is usually impossible to eliminate all bias, it may be possible
to correct for it. When the magnitude of the total bias of a parameter esti-
mate can be measured through independent means, the total error of an
estimate can be calculated. In these cases, the survey results can often
be weighted so that they more accurately reflect actual conditions. For
instance, for income levels and other socioeconomic measures, the survey
team may be able to use Census data to determine the overall level of bias.

However, for many key survey results, such as trip rates or the socio-
economic characteristics of certain subpopulations, such as transit riders,
there is no way to determine the amount of bias in the sur~ey results. The
only way to determine the actual parameter value would be to conduct
another survey or a census, which would be vulnerable to the same biases.

The most common approach to dealing with potential survey bias is to
take as many steps as possible to limit its presence while designing the
survey, to correct for those biases which can be corrected, and then to
assume that the overall level of bias is negligible compared to the impre-
cision in the survey-derived parameter estimates. In reporting survey error,
surveyors commonly report sampling errors and simply discuss potential
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Table 5.19 An Example of Bias Due to Question Wording, Field Errors, and Office

Errors
Sampling Actual Survey RDD Survey

Income Respondent Results
Categories Distribution Distribution (90% Confidence)
Under $20,000 3,755 8.3% 162 5.4% 145 54% +/- 2.85%
$20,000-$39,999 8,021 17.8 345 11.5 321 11.9 +/- 2.76
$40,000-$59,999 8,313 18.5 624 208 608 22.5 +/- 2.56
$60,000-$79,999 8,075 179 589 19.6 557 20.6 +/- 258
$80,000-$99,999 9,044 20.1 768 25.6 705 26.1 +/- 247
$100,000 or more 7,792 17.3 512 171 364 13.5 +/- 2.64
All Categories 45,000 100.0% 3,000 100.0% 2,700 100.0%

Note: Assumes a survey of 3,000 households, a 50% response rate, and some field and office problems.



biases qualitatively. This approach is probably naively optimistic in many
cases, but the difficulty or impossibility of measuring and correcting for
many biases makes the strategy reasonable and often preferred.

The potential problem with this common approach is illustrated by an
example. Suppose a household travel survey measures the average daily
person trip rate to be 3.4 trips, with a standard deviation of 2.2 trips. The
trip information is collected through travel diaries which require respon-
dents to record all their trips in a 24-hour period. Further suppose that
actual respondent trips can be determined for the period (perhaps through
the use of hand-held GPS tracking devices as many have suggested is
feasible), and that the travel diary data is found to bias the survey results
by 0.1 trips per person.

As Equation 5.1 shows, the “total error” for the survey trip rate estimate is
the combination of the standard error of the survey and the total bias (B).
For smaller sample sizes, the precision errors dominate the bias. For
example, for a sample size of 100:

2
sEz= % - 0.0484
n

B2 = (0.1)2 = 0.01

The sampling error term is roughly five times the bias term. However, as
the sample size increases, the constant bias becomes more important com-
pared to the decreasing sampling error. When the sample size is 500, the
standard error term is about 0.01, approximately the same as the bias term.
When the sample size is 5,000, the bias term dominates the sampling error.
Using the sampling error as a measure of total error is reasonable for
smaller sampling sizes (and larger sampling errors), but as the sample size
increases, the sampling error estimates no longer accurately reflect the
potential error in parameter estimates.
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6.0 Household Travel and Activity
Surveys

N 6.1

Household travel surveys have traditionally provided the most important
data inputs into regional and statewide travel models. These surveys have
generally been the largest and most complex travel survey efforts, and,
therefore, not very many of these efforts have been undertaken on a rou-
tine basis. However, pressures being placed on travel demand modeling
by the CAAA and ISTEA have led to renewed interest into improving the
quality of available survey data in many regions of the country. This has
led to an increased interest in household travel and activity surveys.

In the 1960s and 1970s, household travel surveys were generally designed
as in-home surveys, where survey fieldworkers would actually go in to
sample households and conduct in-person interviews with the household
members. Variations on this method are still widely used in other coun-
tries, but the high costs of fieldwork labor, the logistical difficulties
(including quality control issues and fieldworker security concerns), and
the relatively high rate of telephone availability in the U.S. have led travel
surveyors to use telephone-based or mail survey techniques.

The terms, “Household Travel Survey” and “Household Activity Survey,”
may be used generically to refer to any surveys in which respondents are
contacted at their homes and asked travel-related or activity questions, or
they may be used more specifically to refer to surveys that record detailed
trip information (usually with survey diary methods) and that are used as
inputs to travel behavior models. For the most part, this chapter (like the
other chapters in this manual) is aimed at describing the implementation
of surveys that would be suitable for developing travel demand models.
However, many of the survey elements and procedures described in this
chapter also apply to the other types of household surveys that would fall
under the more generic survey definitions.

Organization of this Chapter

As more and more new household travel and activity survey procedures
are applied, it has become quite difficult to determine the best procedures
for future efforts. This chapter is intended to provide a brief overview of
the available options, to discuss advantages and disadvantages of each
option, and to make recommendations (where possible)} on how to
proceed with each option. The chapter covers common household travel/
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activity concerns, but each household travel/activity survey effort is
somewhat unique, and each is likely to require the resolution of many
issues not covered in this manual.

The first five sections of this chapter cover the steps of the survey imple-
mentation process described in Chapter 2.0. Sections 6.2 through 6.6
discuss the survey design stage, including:

e Assembling Background Information;

e Survey Design;

Survey Organization;

Sampling; and

Drafting and Constructing Survey Instruments.

Then, field implementation aspects of household travel/activity surveys
are addressed in Sections 6.7, 6.8 and 6.9:

¢ Pretesting the Household Travel/ Activity Survey;
¢ Training and Briefing Survey Fieldworkers; and
¢ Interviewing and Questionnaire Distribution.

Finally, the survey data preparation tasks are discussed in the remaining
three sections, 6.10 through 6.12.

¢ Coding and Data Entry;
e Editing and Data Cleaning; and
e Programming and Compilation of Survey Results.

The key issues discussed in each section are briefly outlined in Table 6.1.

Each of the sections begins with a figure presenting the key issues related
to the specific survey implementation step, and outlining the content of
the section. The sections are then organized by these key issues.
However, decisions related to issues at one point in the implementation
process are likely to affect decisions at several other points in the process.
It will soon become obvious to the reader that the survey steps for the
household travel/activity survey are greatly interrelated. Even though
this manual and other guidance documents tend to organize the survey
process into finite steps for the sake of presentation, we recommend that
household travel/activity survey designers understand the process, as a
whole, and the interrelationships between the steps before beginning sur-
vey development.
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Table 6.1 Organization of the Household Travel/Activity Chapter

Chapter Section

Discussion Topics

Section 6.2 - Background Data

Section 6.3 - Survey Design

Section 6.4 — Organization

Section 6.5 — Sampling

Section 6.6 — Questionnaire
Construction

Section 6.7 — Pretesting
Section 6.8 — Training Fieldworkers

Section 6.9 — Fieldwork
Section 6.10 — Coding and Data Entry
Section 6.11 - Editing and Cleaning

Section 6.12 - Compiling Data

Use of Census data to design the household survey.
Use of past survey experience in survey design.
Data for sampling frames.

Design considerations for special data needs.
Selection of survey method (telephone vs. mail, etc.)
Selection of survey techniques (CATI vs. PAP], etc.)
Accuracy enhancing measures (including response
improving steps such as incentives, follow-up)

Staffing needs, including contractors.
Coordination and public participation.

Selecting sampling approach.
Determining sample sizes.
Estimating parameter precision.

Data elements.
Writing questions.
Designing survey materials, including diaries

What to pretest and how to pretest.

Training and briefing topics.
Designing the training and briefing sessions.

Quality control during data collection.
Coding procedures.

Data cleaning tasks.
Validation of survey results.
Imputation of missing responses.

Database structure.
Expansion of data.
Reporting and tabulations.
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6.2 Assembling Background
Information

B Key Issues in Assembling Background Information

1. What data are available about the characteristics of study area
households?

2.  What past survey experiences can be used in designing the new
household travel/activity survey?

What data are available about travel behavior in the study area?
What data are available for developing the survey sampling frame?

What data are available for geocoding household travel/activity
locations?

B Section Summary

Background Data on Study Area Households 6-7
U.S. Census Data 6-7
Other Household Data 6-7

Background Data on Past Survey Efforts 6-8
How information on past surveys can be used 6-8
Use of previous household survey information
in planning the survey 6-8
Use of non-travel related survey information in planning
the survey 6-8

Background Data on Travel Behavior within the Study Area 6-9
Use of transportation planning databases in planning
the survey 6-9
Use of existing travel demand models in planning
the survey 6-9
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6.2 Assembling Background Information

(continued)

Background Data for Developing Sampling Frames
Importance of a high-quality sampling frame
Different types of sampling frames for household
surveys )

Address-based sampling frame data sources
Telephone-based sampling frame data sources
Other lists

Background Data for Geocoding Household Travel/

Activity Survey data
Electronic data sources for geocoding
Low-technology data sources for geocoding

Output of the Background Data Assembly Task

6-10
6-10

6-10
6-10
6-12
6-12

6-13
6-13
6-13

6-13

6-6
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B 6.2 Assembling Background Information

Prior to getting extensively involved in the household travel/activity sur-
vey implementation process, it is highly desirable for a planning agency to
assemble as much relevant background data as possible. As noted in
Chapter 2.0, available independent data sources are useful in three ways:

¢ Inlieu of some or all of the household travel/activity survey work;
¢ For developing household survey samples; and
o For validating the household travel/activity survey results.

The section summary describes the key issues that need to be addressed in
the assembly of background data. These five key issues are described, in
turn, in this section.

Background Data on Study Area Households

Household travel/activity surveys are conducted because the surveyors
and modelers have recognized the unique importance of the household in
travel. In most regional travel models, households are the basic unit of
trip production, and they are usually assumed to be peoples’ unit of travel
decision-making, as well.

Therefore, when beginning a household survey effort, the survey designer
will want to have as much information about study area households as
possible. The best sources of this information are generally U.S. Census
data files and local planning agency datasets.

U.S. Census Data

The most comprehensive database containing detailed information about
persons and households available in the U.S. is the Decennial Census of
Population and Housing. The 1990 Census database contains a wide array
of data on the characteristics of U.S. households and individuals. Relevant
Census data items are discussed in Appendix B of this Manual.

Other Household Data

While the Census data files are likely to include the most detailed house-
hold information available within a region, the data apply to 1990
conditions. Census data are usually significantly outdated before the new
data are collected 10 years later. To the extent possible, travel survey
planners should use locally-updated household data to improve upon the
Census information. The availability and applicability of locally-devel-
oped household data and estimates varies throughout the country.
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Background Data on Past Survey Efforts

The household travel/activity survey team should attempt to locate the
results of all past travel surveys performed in the area. These survey results
will help to:

¢ Determine which survey methods are likely to be the most successful in
the household survey;

e Provide more relevant travel-related data for survey respondents than
the Census or other household data sources;

» Define the range of expected responses to specific questions;

e Help define expected variation in survey results and, thus, help deter-
mine sample sizes and accuracy levels;

¢ Provide measures of cooperation and response rates, and potential non-
response problems;

e Furnish the survey designer with information on how well particular
questions worked; and

¢ Define the specific conditions for coordination between the new survey
and old surveys that may also be used in the travel demand model
development.

Actual survey experiences are invaluable resources in the development of
new surveys. Surveyors should make use of any and all survey tech-
niques from the previous studies. However, the survey designer should
critically review the past efforts to avoid propagating the errors of earlier
surveys.

The last full-fledged household travel survey effort may have occurred too
far in the past to be of much use in deciding the best approaches for the
new survey effort. Nevertheless, the survey designer should examine the
previous household surveys to determine how each piece of data was
used in model development. This is an excellent way to determine the
data and question needs of the new survey.

Survey experiences outside the realm of travel surveys may also be valu-
able in designing household travel/activity surveys. Although an agency
or survey team will have only a small amount of travel survey experience
to build upon, it is likely that the households in the region have been
surveyed extensively on other topics in recent years. These experiences
can help travel survey teams predict:
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e Response and cooperation rates;
o The effects of survey length on response levels and quality;
e The efficacy of different survey methods;

o The efficacy and cost-effectiveness of different response-enhancing
mechanisms, such as incentives; and

e Data collection costs per completed survey.

Assembling this information on past survey efforts usually requires util-
izing the experience and knowledge of survey subcontractors and
consultants (and paid or unpaid advisors).

Background Data on Travel Behavior within The Study Area

All local planning agencies in the U.S. have developed transportation
planning databases that can be used to plan household travel/activity
surveys. Most are based, in part, on the Census data and travel survey
data discussed above, but other data sources will be reflected as well.
Existing trip generation, trip distribution, and mode choice data, and
inventories of transportation infrastructure and services, can be used to:

o Identify the study area boundaries (and thus establish the population
for the household travel/activity survey);

e Provide estimates of the variances of key survey sampling measures;

e Help determine the amount of information respondents are likely to
provide;

e Help determine the range of valid responses for specific survey
questions.

Another type of background data that is useful in designing the household
survey is the existing travel demand models themselves. The household
survey planner should evaluate the models and determine their adequacy
for the new generation of travel models. Some models, or specific aspects
of models, will still be valid. In these cases, the new survey effort should
seek to provide the necessary information to update model parameters to
the current year. Modelers will want to replace other aspects of the mod-
eling system with newer or different statistical approaches. In these cases,
the household survey will need to collect new types of data or more
detailed data than the previous survey effort.
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Background Data for Developing Sampling Frames

The survey designer will also need to investigate the various data sources
that can be used to define the survey “sampling frame.” The sampling
frame is the list of households from which sample households are chosen.
Often, the availability or non-availability of high quality sampling frame
data will determine the best survey method to be used.!

Properly drawn samples provide information appropriate for describing
the elements of the sampling frame - not the survey population. Therefore,
it is imperative to develop a sampling frame that closely approximates the
population of interest. Sometimes, surveyors select samples from a given
sampling frame, and then erroneously make generalizations about pop-
ulations similar to, but not identical to, the population defined by the
sample frame.

For samples of households, the most appropriate sampling frames are
those that will contain the addresses and/or telephone numbers for the
target population of households. Usually, available sampling frames do
not truly include all the elements that their names imply. Omissions are
almost inevitable. For example, telephone directories do not include new
subscribers or householders with unlisted numbers. During the back-
ground data assembly task, survey teams should assess the extent of
omissions (and the resultant extent of bias) in all potential sampling
frames.

Ideally, for a household survey, the address, location, and phone number
of all households within the model study area are known or can be
known. In practice, survey planners usually do not have the ability to
obtain all these data items for all households. The selected survey method
will determine whether address-based data sources or telephone-based
sources (or both) are needed. Household travel/activity surveys that rely
on mail survey methods or in-person methods to recruit respondents will
need to rely on address-based data sources for the sampling frame; survey
methods with telephone recruitment will need a telephone-based sam-
pling frame. During the background data assembly task, survey planners
should evaluate potential sample frame data sources of all types.

Address-based data sources are likely to be more complete than tele-
phone-based data sources, but also usually involve more time and effort to
obtain and to prepare for use by the survey team. Potential address-based
sampling frame data sources include the following:

e Property tax records;

! Sampling frames are discussed in more detail in Chapter 5 of this manual.
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e Public utility records;
e Official town maps; and
¢ Field listings from land-use inventories.

While most of these data sources are maintained by public and quasi-pub-
lic agencies, they are often quite difficult to obtain because of privacy
concerns. Survey planners should be prepared to provide reassurances
that the data will be protected to the maximum extent possible (including
documentation of planned data storage and use procedures).

Address-based data usually requires fairly extensive manipulation by sur-
vey teams. Each data source can be problematic. Property owners listed
in tax roles are not necessarily the persons who reside at a particular
address. Public utility listings may have one address for all units in a
multi-unit complex. Maps and inventories can become out-of-date in very
short periods of time. Survey teams usually need to combine data from
multiple sources to develop address-based sampling frames, and they
usually must perform at least some field verification.

Usually the most appropriate sampling frame for telephone survey meth-
ods is a list of telephone exchanges (or prefixes) within the study- area of
interest from which random-digit-dialing (RDD) respondant selection can
be conducted. Sometimes, telephone survey samples are developed using
telephone directories as the sampling frames. This approach reduces the
cost of contacting respondents, because (unlike the random dialing
approach) it is known that these numbers are for telephones that are in
service, are residences, not businesses, and are within the study area.
However, the high (and increasing) percentage of unpublished and
unlisted telephone numbers in most U.S. cities usually precludes this
approach for household travel surveys. Table 3.5 shows the unlisted rates
for the 100 largest metropolitan areas in the U.S. Some agencies have used
a combination of listed and unlisted numbers for their household sam-
pling frames.

Assuming that an RDD approach is utilized (at least in part), the survey
designer needs to assemble a complete listing of all prefixes for telephone
lines within the modeling study area. Since study area boundaries and
telephone prefix boundaries generally do not coincide, a number of the
prefixes will apply to areas that are both within and outside of the study
area. These prefixes should be included in the compiled list (interview
screening techniques can be used to determine whether respondent con-
tacts with these telephone exchanges live within the study area). The
geographic coverage of telephone exchanges are usually available from
local telephone companies.

In cases where the telephone company data are insufficient, survey
designers generally obtain the information from reverse directories.
Reverse directories present telephone numbers on a geographical basis
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and a numerical basis, rather than by people’s names as standard tele-
phone directories do. There are several publishers of reverse directories,
and nearly every part of the country is covered in one or more of these
directories.

In addition to compiling the list of relevant prefixes, it is usually helpful to
estimate the number of working lines in each prefix and any numerical
ranges of suffixes that are not in service. This information allows the sur-
vey team to generate random telephone numbers in the proportion that
each prefix exists within the sampling areas, so the final sample will be
stratified by prefix. Again, the best source of this information is the local
telephone company, with reverse directories as backup sources.

Professional marketing research firms specializing in telephone surveys
usually keep current information on telephone exchange geography and
the number and ranges of working suffixes. Alternatively, a number of
firms sell randomly generated telephone lists for client-specified geo-
graphic areas. These lists can be tailored to include specified numbers of
listed and unlisted telephone numbers. Unlisted numbers can be *cleaned”
to remove numbers in non-working exchanges or ranges of suffixes and
commercial numbers. Listed numbers can be provided with name and
address information.

In some special cases, it may be desirable to use available lists of telephone
numbers or addresses that have (or are likely to have) a characteristic of
special interest. For instance, to ensure that transit riders were included in
the household survey in sufficient numbers, a few recent household
survey efforts relied partially on lists of telephone numbers of people who
had claimed to be transit riders in other newly completed surveys.
Similarly, there are commercial marketing research firms that develop lists
of telephone numbers of people with particular circumstances and
characteristics. Though not perfect, these lists can greatly improve the
chances of being able to include people of specific types (such as people
who ride transit) in the survey effort. If oversampling of specific hard-to-
reach groups appears to be desirable, the survey designer should seek out
available lists, and look into the possibility of purchasing an enriched
sample.

It is important to note that telephone interview data obtained from
respondents that were identified from non-random lists need to be
expanded carefully. These data cannot be arbitrarily incorporated into an
otherwise random sample. The list-generated data needs to be analyzed
separately from other data, or they need to be adjusted with differential
weights for some or all analyses.

If a telephone-based sampling frame is chosen, the survey designer should
determine whether there are any available data sources for households
without telephones. Generally, there are no lists of such households.
However, there may be reasonably good sources describing the geo-
graphic areas where these households are located. The survey designer
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can use this information to decide whether supplemental sampling of non-
telephone owning households can be accomplished in a cost-effective
manner.

Background Data for Geocoding Household Travel/Activity
Survey Data

As discussed in Chapter 14.0, one of the key elements of processing travel
survey data is the association of activity and travel locations to a pre-
defined geography, such as latitude/longitude (or another planar coordi-
nate system), traffic analysis zones, or census tracts. To accurately and
efficiently geocode household travel/activity survey data, one or more
geographically-referenced databases will be needed. Three types of elec-
tronic data files are commonly used for geocoding purposes:

e Census “TIGER” files;
e Commercially-available address-matching databases; and
o Emergency response data files.

The files are discussed in detail in Chapter 14.0.

In addition to the electronic data files, a host of low-technology geocoding
tools invariably prove to be essential to a household travel /activity survey
effort. These include:

e Up-to-date street maps;
e Telephone directories; and
e Visitor guides to the region.

It is generally a good idea for all survey team members to be aware of the
need for such resources so that these materials can be collected and
assembled.

Output of the Background Data Assembly Task

At the end of the background data assembly task, the survey team should
have a strong understanding of the many data sources that can be used in
the survey design and implementation. In later tasks, the survey team will
use information from these sources to design the survey, develop a sam-
pling strategy, and to code survey responses.
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6.3 Survey Design

B Key Issues in Survey Design

1.  What are the anticipated data needs from the household
travel/activity survey? How do these needs affect the design of the
survey?

2. Which survey method should be employed for the household
travel/activity survey?

3. Given the selected survey method, what data collection techniques
should be employed?

4. What accuracy-enhancing (bias-reducing) measures should be
employed?

M Section Summary

The Data Needed from the Survey and the Survey Design

Implications of the required Data Analyses 6-17
Statement of Goals for the Survey 6-17
The Need to Consider Anticipated Analyses in Survey Design 6-18

Examples of how Anticipated Analyses Affect Survey Design ~ 6-18
The Household Versus the Individual as the

Basic Unit of Analysis 6-18
Cross Sectional Versus Longitudinal Analyses 6-20
Trip Versus Activity Analyses 6-21
The Comprehensiveness of the Travel/ Activity Data 6-23
Stated Response Analyses 6-24
Seasonal Analyses 6-25
Analysis Time Periods 6-26
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6.3 Survey Design

(continued)

Selection of the Survey Method 6-28
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B 6.3 Survey Design

The survey design task requires planners of household travel/activity
surveys to address a series of successively more detailed survey design
issues, beginning with the determination of the survey’s role in the spon-
soring agency’s long-term planning processes, and including the selection
of the best survey methods and data collection techniques. Each survey
design decision needs to be guided by the agency’s time and budget con-
straints and by the practical realities facing transportation agencies today.

The section summary shown above reviews the key issues that the survey
team needs to address during the survey design phase of the project.
These issues frame the lengthy discussion of design issues that follows.

The Data Needed from the Household Travel/Activity Survey and the
Survey Design Implications of the Required Data Analyses

As is the case for any survey effort, the design of a household
travel/activity survey needs to be informed by the foreseeable uses of the
collected data. At the beginning of the design task, the sponsoring agency
should define the goals of the data collection effort. Most household sur-
veys are used as inputs into broadly-defined planning applications, such
as the development or refinement of regional travel demand models.
Other survey efforts are designed for more narrowly focused analyses,
such as infrastructure project analysis. For instance, the California
Department of Transportation (Caltrans) sponsored a recent analysis of
the feasibility of high-speed rail service in California which utilized a
household survey technique. Some household travel/activity surveys are
designed as part of a larger data collection effort. Others are essentially
stand-alone analyses.

It is recommended that the sponsoring agency develop a Statement of
Goals for the survey effort that can be used as a guide in survey design.
This statement should describe:

e The data needs that have led the agency to conclude that survey work
is necessary;

¢ The expected analyses and uses of the survey data; and
e The guiding principles of the data collection.

The Statement of Goals should be as detailed as possible in defining
potential analyses that will rely on the household survey data, because
many types of analyses will not only determine survey question content,
but will also have implications on the choice of overall survey strategies
and survey methods.
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The Statement of Goals is a valuable document for ensuring that the data
collection effort provides the necessary information to the sponsoring
agency. It can be used throughout the survey planning process to help
make survey design decisions, and to provide staff not directly involved
with the survey and other agencies and firms with information on the
survey project.

A wide range of analysis issues affect the overall design of household
travel/activity surveys. Prior to the household travel/activity survey, the
survey team should define specific analyses to the maximum extent possi-
ble. Some analysis issues that affect the overall design of household/travel
activity surveys which survey teams have recently considered include the
following:

e Are the needed data related to entire households or to individuals
within households?

¢ Are the needed data cross-sectional in nature (data representing a sin-
gle point in time), or are the likely analyses going to rely on
longitudinal analyses?

e Do the likely uses of the data involve traditional trip-based analyses or
activity-based modeling approaches?

¢ How complete do the travel/activity data need to be?

e Do the likely analyses require only revealed travel behavior data, or is
there a need to obtain hypothetical choice and attitudinal information,
as well?

e Are the needed data specific to certain seasons of the year?
¢ Are the needed data specific to certain time periods?

Survey teams should consider analysis issues such as these very early in
the survey design process because the selection of survey methods and
techniques will be influenced by them. The implications of each of the
analysis issues listed above are described below.

The Household versus the Individual as the Basic Unit of Analysis

Household travel/activity surveys are usually complex surveys. Provided
that special care is applied in the organization and expansion of the data
for analysis, the survey data can typically be analyzed using several dif-
ferent units of analysis, including households, individuals, vehicles, and
trips or activities.
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However, before any data are collected or any analyses are performed, the
survey team needs to define what the basic unit of analysis will be, the
household or the individual.

For analyses that treat study area households as the tripmaking unit and
the travel decision-making unit, it is necessary to collect survey data about
entire households. For instance, trip generation models are generally
developed at the household level, and thus need survey information on all
trips made by household members over some period of time. On the other
hand, analyses that are based on individuals’ travel behavior require the
survey team to collect data on only a representative sample of study area
residents, so data on only one household member are needed. Stated-
response household surveys often will seek out a single individual within
a household.

The distinction between these two types of analyses is of critical impor-
tance in survey design. Household travel/activity surveys used to obtain
information on entire households are usually longer, much more compli-
cated, and more burdensome for respondents than surveys that obtain
similar information for only a single household member. Among the
issues that need to be addressed for the household-based data collection
are:

e Procedures for identifying individuals within the household, and for
distinguishing between them throughout the survey data collection;

e Procedures for communicating with each household member or having
household members communicate through a designated spokesperson;
and

¢ The potential need for proxies, in which one member of a household
answers the survey questions for a member who cannot, either because
he or she is too young or because he or she is unavailable.

Person-based survey efforts are far less complicated. The key issue for
person-based surveys is how to select the proper household member for
the survey. It is widely acknowledged that asking the household mem-
bers who answer the door, open the mail, or answer the telephone to
participate in a survey leads to a non-representative sample of a study
area, and so travel surveyors have used a number of techniques for ran-
domly selecting a household member. For instance, a common approach
is to select the household member who is the next to have a birthday.

The survey team should determine whether the survey analyses will be
based on household-based analyses or person-based analyses. The survey
effort is significantly reduced if the latter is true, but more importantly, the
analysis needs for household travel/activity surveys typically require that
all household members be included in the survey effort.
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Cross-Sectional versus Longitudinal Analyses

Traditional travel models rely almost exclusively on cross-sectional data,
so household travel/activity surveys which are designed to capture peo-
ple’s behaviors and attitudes at a single point in time have always been
the most appropriate data collection tool. However, in recent years,
researchers have recognized that many of the behaviors that travel models
attempt to forecast are actually related to people’s decisions over time.??
The renewed interest in how people’s behaviors change over time has led
to the use of longitudinal survey designs, such as panel studies, cohort
studies, trend studies, and before-after studies.

From analyses conducted thus far, it appears that longitudinal data collec-
tion efforts, in general, and panel studies, in particular, hold a great deal of
promise for travel demand modeling. Chapter 13.0 discusses survey-
related issues related to the emerging and promising use of longitudinal
analyses and surveys, but as that section discusses, if longitudinal analy-
ses of household travel/activity survey data are anticipated, the survey
team needs to be prepared to make a continuing commitment to high
quality data collection, and to expending significantly more resources to
address:

¢ Additional complexity of the survey recruitment;

¢ Sample maintenance and replacement;

e Wider scope of survey questions;

o Use of responses in past waves to frame questions;

o Attrition (for panel surveys);

o Weighting of longitudinal data; and

e Additional reporting requirements.

Decisions about how to incorporate these issues into the survey design

will certainly affect the cost and time estimates for the survey, and may
also help determine which survey methods and techniques to use.

2 David A. Hensher, Longitudinal Surveys in Transport: An Assessment in Ampt. E.S,,
Richardson, A.]., and Brog, W. (1985). New Survey Methods in Transport, VNU
Science Press: Utrecht, The Netherlands, pp. 77-78.

3 T. Keith Lawton and Ericl. Pas, Survey Methodologies, Resource Paper for
Household Travel Surveys: New Concepts and Research Needs Conference,
Irvine, CA (March 1995).
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Trip versus Activity Analyses

For many years, transportation planners have recognized the fact that
travel is a derived demand - the demand for travel is related to the activi-
ties from which and to which people travel. In the early 1970s, a number
of researchers proposed the development of a new set of models that
would predict the activities in which households would take part, and
then determine the household’s future travel patterns.*

In the past few years, there has been growing interest in looking at activ-
ity-based modeling again. One region is currently developing a prototype
activity-based model system, and a great deal of research is underway to
improve the state-of-the-art in this field.> The initial activity-based model
system differs from conventional modeling approaches in that it predicts
the numbers and types of activities households will perform, then relies
on a set of behavioral rules to forecast how household members will travel
to and from activities. The model system relies on stochastic microsimu-
lation techniques to forecast activity and travel patterns.

The choice between trip-based analyses and activity-based analyses has a
basic effect on the design of household travel/activity surveys. The sur-
vey team needs to determine whether to collect detailed information on
people’s trips directly, or to collect information on people’s activities and
their travel to and from the activities (assuming the respondents need to
travel to the activity).

Household surveys can be divided into three types in this regard:

e Trip-based surveys that directly gather information on people’s trips
over some period, using either diary methods or recall methods;

o Activity-based surveys that gather information on activities to which
respondents need to travel during a set time period; and

o Time Use-based surveys that gather information on all activities in which
respondents participate during a set time period.

The primary advantages of trip-based surveys is that they use the most
efficient data collection approach, in terms of survey time and respondent
burden. Respondents are asked directly about the subject of interest, their
travel. The primary disadvantage of the approach is that typically the

4 §.S. Chapin, Human Activity Pattern in the City, John Wiley & Sons, 1974.

5 R Kitamura, D.Reinke, C.Lula, E].Pas, and R.Pendayala, Data Needs for
Development of Activity based Travel Demand Models: The Implementation of AMOS for
the Metropolitan Washington Council of Governments, Presentation at the 5th National
Conference on Transportation Planning Methods Applications, Seattle: June 1995.
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only information gathered on why the respondent is traveling is a non-
detailed trip purpose. These surveys do not typically provide the infor-
mation to examine the activities that people perform which produce their
travel.

Activity-based surveys were developed as a means to improve upon tra-
ditional trip-based surveys. Surveyors have found that people do a better
job remembering and recording trip information when they are asked
about what they did rather than simply about where they wentt Of
course, the survey also needs to query respondents about their travel to
and from activities, so these questionnaires require more information than
the trip-based approach. This translates into more work for respondents
and longer data retrieval questionnaires, which in turn is likely to trans-
late into higher non-response rates and more complaints about the survey
effort. Although surveys of this type are commonly referred to as activity
surveys, they are generally not suitable for activity-based modeling,
because they do not provide the full set of activities for respondents.

The final type of household survey, the time use-based survey, asks
respondents to record all of their activities over some period of time.
These include activities that take place within people’s homes as well as
those to which respondents need to travel. The surveys also collect the
travel data for any trips between activities. These surveys provide a basis
from which either traditional trip-based modeling approaches or activity-
based modeling approaches may be developed, and because respondents
are asked to record all of their activities over the time period, the number
of trips that are accidentally left out is likely to be smaller than either of
the other types of surveys.

On the other hand, the time use-based surveys are necessarily much
longer than the other types and the respondents are asked to supply a
great deal of personal information. These surveys have been found to be
too invasive by a number of potential respondents in the regions where
they have been fielded. A recent household activity survey in New
Hampshire attempted to record both in-home and out-of-home activities,
but respondent complaints to the Department of Transportation led the
survey team to revise the data collection and analysis approach so only
out-of-home activities were collected.

New generation travel demand models, like TRANSIMS, will likely
require very detailed time use-based survey data.

¢ Peter R. Stopher, Use of Activity-based Diary to Collect Household Travel Data,
Transportation, 1992, Volume 19, pp. 159-176.
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The Comprehensiveness of the Travel/Activity Data

Many analyses require that all travel within a time period for a household
(or for a person within a household) be reported in the survey data. For
instance, to measure daily household trip generation rates, the survey
team would want a full accounting of the trips made by each sample
household in a 24-hour period. On the other hand, some analyses focus
on a few specific trips made by household members, such as work trips or
trips by certain modes.

The distinction between these two types of analyses has a very important
impact on the household travel/activity survey because it is the primary
determinant of whether formal travel or activity diary procedures are
needed, or whether the use of respondent recall will be sufficient.

If the survey team is seeking a complete listing of travel and activities for a
household, as is often the case, recent household travel/activity survey
experience would suggest that the team use either travel or activity dia-
ries, and not rely on respondent recall questions. As Richardson, Ampt,
and Meyburg suggest, one needs only to try to remember in detail what
they did, and where they went yesterday to realize that it is extremely dif-
ficult to obtain reliable and complete information using recall survey
‘questions’ By the early 1980s, the use of travel diaries supplanted recall
surveys for collecting travel model input data. for the simple reason that
they are more effective at capturing people’s trips. Diary methods con-
sistently outperform trip recall questions in capturing;:

e Short trips;
o Off-peak trips; and
e Non-work trips.

Travel and activity diaries are thought to be better than recall methods in
these instances, because:

e Respondents are asked to complete diaries for a pre-specified future
time period, so they are probably more cognizant of their travel during
the particular time period than they would otherwise be; and

¢ Respondents are asked to record travel and activities as they occur, so
the likelihood of forgetting an activity or trip is reduced.

7 AJ.Richardson, Elizabeth Ampt, and Amim Meyburg. Survey Methods for
Transport Planning, Eucalyptus Press, Melbourne 1995, p 155.
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The many diary types are discussed in Section 6.6. The use of the less-
expensive and more simple recall method may be a better approach when:

¢ The survey team is interested only in certain types of travel and
activities;

o The survey data are not being used to develop travel volume estimates
for the person or household; or

o The survey team is willing to weight trip rates according to known (or
estimated) volumes.

The recall method may also serve as a backup approach to try to get
households who have refused to participate in a more detailed diary
survey.

If limited travel or activity information is needed from a household, then a
recall technique might be successful. With careful questioning, and per-
haps interviewer probing, respondents can generally be induced to
remember specific trips in the recent past, particularly if the trips can be
defined specifically (e.g., a trip between home and work) or are somehow
noteworthy or unique for the respondent.

The need (or lack of need) for diaries has an important effect on the selec-
tion of the survey method. If diaries are required, then the chosen survey
method will be required to have a mail or in-person component to
physically get the diaries to the household. If only recall methods are
required, the household travel/activity survey can be accomplished with a
single-contact interview (in-person or telephone) or a simple mail survey.

Stated Response Analyses

The emphasis of household travel/activity surveys has traditionally been
to collect people’s actual travel behavior (their revealed travel prefer-
ences), but as the analysis demands on the survey data are being
increased, travel surveyors have begun to experiment with collecting
hypothetical choice information from household travel/activity surveys.

Stated response survey questions can provide the survéy team with
information such as:

o How people are likely to react to changes in transportation services and
infrastructure;

e How people are likely to react to potential new government policies;
and

¢ Confirmation (or rejection) of revealed preference modeling results.
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This emerging use of stated response techniques and the survey design
issues related to them are described in Chapter 13.0 The key design issues
include:

¢ The added costs and complexity of designing survey questions;

e The potential need for delivering stated-response survey materials to
respondents;

¢ The added burden on respondents of figuring out and answering the
stated-response questions; and

¢ The different analysis requirements of such survey data.

The inclusion of stated response questions on a household travel/activity
survey will affect the decision of the best survey method since these ques-
tions work best when an interviewer is available to answer respondent
questions and to explain the sometimes complex instructions. In addition,
including these exercises will affect the sample selection and the need for
advanced fieldworker training.

Seasonal Analyses

In general, household travel/activity surveys capture travel conditions
over a small period of time during a year. Usually, the data and analyses
are extended to look at other times of the year by factoring trips using
travel volume data, but because it is generally acknowledged that people’s
travel patterns vary between seasons along many dimensions, including
trip purpose, duration, frequency, and destination choice, it is highly
likely that the household travel or activity data represent the time period
for which they were collected to a much higher degree than other periods.

Traditionally, household travel/activity surveys are conducted in either
the Spring or Fall. These seasons coincide with the most common traffic
data collection periods. In addition, they represent time periods when
schools are in session, and when potential respondents are least likely to
be away from their homes on vacation.

However, the survey team should consider the analyses that will need to
be performed before scheduling the household/activity survey. For the
past five years, a primary driving force behind travel demand modeling
has been the need to better measure and track air quality. Most regions
concerned with air quality issues are most interested in Summer condi-
“tions (due to increased ozone levels) and Winter conditions (due to cold
start emissions). Nevertheless, most surveys and models continue to be
for the Spring or Fall, because they seek to capture specific “average” or
“peak” conditions. Agencies whose primary concerns are air quality-
related should determine which season is the most important to have
accurate travel data, and schedule the survey accordingly.
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Some recent household travel/activity survey efforts have collected data
from respondents in more than one season in a year. The survey data are
allowing the sponsoring agencies to compare travel between seasons, and
the resulting analyses of the data are likely to describe “average” travel
conditions better than a single season survey would. Unfortunately, this
approach is not cost-free. First, many agencies do not have the luxury to
add six or nine months on to the survey development schedule to spread
out the data collection. Second, the cost per completed survey is likely to
be higher since there are economies-of-scale related to many survey cost
components. For most common survey methods, it is less expensive to
conduct one large household survey than several smaller ones. Third, to
perform seasonal comparisons, the total sample size is likely to have to be
higher, further increasing costs.

To summarize, the selection of the survey season (or seasons) should be
based on the following considerations:

o Are the expected analyses of the survey data seasonal in nature, like air
quality analyses?

o Are travel patterns in a particular season predictable based on another
season’s travel patterns and available interseasonal travel volume
information?

e How do respondent contact and cooperation rates vary by season for
the different survey methods? What effects do these variations have on
survey cost?

e Do time and budget constraints preclude the possibility of collecting
the household travel/activity survey data over two or more seasons?

Analysis Time Periods

Just as some analyses are related to particular seasons, many transporta-
tion modeling analyses are related to particular days of the week and
hours of the day. Based on the anticipated analyses, the survey team has
three important survey design decisions to make with regard to analysis
time periods:

e How much travel or activity data are needed from each respondent or
respondent household?

o For which weekday time periods are data needed?
e Are data for weekends also needed?
Based on the analysis needs for the survey data, the survey team must

determine the days and hours for which travel or activity information will
be sought. In the U.S, household surveys have traditionally asked that
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respondents record travel or activities over a 24-hour period. Some
smaller survey efforts, including surveys in Keene, NH (1991) and South-
eastern New. Hampshire/Southern Maine (1992) and a survey on Staten
Island (1990), have asked for this information only for peak travel periods,
but most survey efforts collect the full day information, even when only
peak-hour analyses are conducted. In Europe, some travel diary periods
are as long as two weeks, but European respondents are generally much
more tolerant of survey efforts than North American respondents. Diary
periods of this length are not likely to be successful in the U.S.

A few recent major household travel/activity survey efforts in the U.S.
have asked for the data for 48-hour periods. These surveys have sought to
describe day-to-day variation in activities and travel behavior. Although
some of the second day trip information is duplicative of the first day
information, the surveyors have found that the multi-day survey data
better explains day-to-day variation in household and personal trip gen-
eration rates, and provides more mode choice data. In addition, the multi-
day diaries can provide the survey team with insights about travel
behavior that one-day diaries cannot.

The primary reservations that surveyors express about multi-day diaries is
that the increased respondent burden of the multi-day diaries will lead to
higher fatigue levels and higher non-response rates. In addition, many
surveyors worry that because of the fatigue factor, respondents would be
more likely to under-report trips and activities on the later days of the
multi-day diary. Research on the subject confirms that this is a problem
for longer travel periods (seven days or more), but the evidence on two
and three day diary periods is less conclusive. Lawton and Pas have
found that two-day diary periods are not subject to declining trip report-
ing.® On the other hand, the recent Dallas-Fort Worth pretest data showed
that the second day of the 48-hour diary had significantly fewer reported
weekday trips than the first day of the 48-hour diary. The pretest also
recorded slightly fewer reported trips in the first 24 hours of the two-day
diary than in the 24-hour diary.

The collection of multi-day diary data complicates the development of
24-hour travel models because the daily trip patterns within individual
diaries are not independent. Analysts need to account for the depend-
encies in developing 24-hour travel models, or estimate models for the
multi-day period that corresponds to the diary length. Because the recent
multi-day diaries have only just been completed, it has not yet been
shown whether and how the additional data improve travel models.

8 T.Keith Lawton and Eric 1. Pas, Survey Methodologies, Resource Paper for
Household Travel Surveys: New Concept and Research Needs Conference, Irvine,

CA (March 1995).
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In addition to deciding the duration of the diary period, survey teams
must also consider for which days of the week to seek the travel and
activity data. Most transportation planning analyses have traditionally
sought to describe an average weekday’s conditions. This has led most
surveys teams to seek travel information for Tuesdays, Wednesdays, or
Thursdays of non-Holiday weeks. In recent years, a number of agencies
have identified the need for analyses based on special conditions, such as
weekends or Friday afternoon peak periods. Household travel/activity
surveys need to reflect these analysis requirements, and travel survey
teams need to consider the effect that these special investigations have on
required sample sizes, respondent requirements, and survey cost.

Selection of the Survey Method

Once the effects of the likely analyses of the survey results are well-under-
stood, the most basic survey design issue for the household travel/activity
survey is the selection of the survey method to be used. This decision
needs to be based on the strengths and weaknesses of the different survey
methods and the overall goals of the survey team. Most survey imple-
mentation issues that will be encountered (and are discussed in this
chapter) will relate back to the basic selection of the survey method, and
conversely the selection of the survey method should be guided by the
survey team’s preliminary evaluation of later key issues.

The Components of A Household Travel/Activity Survey

To define the universe of available survey method options for household
travel/activity surveys, it is useful to consider the fieldwork components
of a household survey separately. Household surveys consist of the fol-
lowing key components:

e Screening and Recruitment- Enlisting the cooperation of potential
respondents and ensuring that a contact meets the geographic and
demographic requirements of the study (as needed by the travel
demand models);

e Distribution of Materials - Delivery of survey forms and related
documents to respondents; and

e Collection or Retrieval of Survey Responses — Obtaining the survey
responses from the respondents.

The different survey methods can be defined by how they accomplish
each of these component tasks. Some methods combine the basic compo-
nents. Others do not include one of the components. However, decisions
about the three main components, screening and recruitment, distribution
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of materials, and collection of survey responses, define the available survey
methods.

Commonly Used Household Survey Methods

Based on the strengths and weaknesses of the data collection procedures
for each survey component, surveyors have applied many combinations of
recruitment, materials distribution, and data retrieval in their survey
designs. As Figure 6.1 shows, combining all the different methods for
each component of the household travel/activity survey yields more than
a dozen feasible survey methods.

The household travel/activity survey team may want to consider the
strengths and weaknesses of each feasible method for their particular sur-
vey effort. However, because most of these methods have not been
proven to be efficient for household travel/activity surveys, this Manual
focuses on only a few of the methods listed above.

Tables 6.2 through 6.7 summarize the most relevant household travel/
activity survey methods. Table 6.2 discusses the simple single contact
telephone survey, and Table 6.3 describes the basic mail survey. Table 6.4
and Table 6.5 describe the two most common combinations of mail and
telephone survey methods for household travel/activity surveys, the tele-
phone-mailout-mailback survey and the telephone-mail-telephone survey.
These four survey methods are the primary focus of the remaining discus-
sion of household travel/activity surveys.

Table 6.6 describes the simple in-home survey that was commonly used in
the 1960s household travel surveys. Table 6.7 summarizes the two stage
in-home survey method that was developed as an extension to the tradi-
tional in-home survey when the need for travel diaries was recognized.
As Tables 6.6 and 6.7 indicate, in-home methods for household travel/
activity surveys are probably relevant only in very specialized situations.
The use of these two methods is not recommended for most new travel
surveys.

Selection of Data Collection Techniques for Household
Travel/Activity Surveys

Once the survey team has selected one or more methods for further survey
design, the next survey design task is to determine the best data collection
techniques for each method.

As we discuss below, the quality of data collection using mailback surveys
can be enhanced by a number of design factors, but the data collection
techniques for these types of surveys are essentially the same. The
respondent is expected to complete the survey materials as instructed and
to send the completed forms back to the survey team.
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Figure 6.1 Some Feasible Household Survey Methods
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Table 6.2 Household Travel/Activity Survey Methods: The Single-Contact

Telephone Survey

Procedures

1.

2.

Respondent households are selected via RDD methods or a combination of RDD and listed number methods.

Interviewers call potential respondents, and obtain respondent data and respondent travel data (relying upon recall rather than
diary methods).

Advantages and Disadvantages

Because telephone surveys are interviews (rather than self-completion instruments), this method retains a number of the positive
aspects of the traditional in-home interviews, (including the ability to probe for more detailed responses and to assist
respondents if they become confused), but at a substantially lower cost.

This method requires the least amount of time to finish the survey fieldwork. It is the best method for survey teams who need
data immediately (perhaps to study the transportation effects of an unforeseen change in the transportation network from a
strike or a natural disaster).

Households without telephones cannot be reached.
Like the single contact in-home survey, the interview needs to rely on respondent recall of past travel and activities ( a diary
approach is not feasible). The telephone method does not allow for visual aids, nor does it allow interviewers to observe

respondents.

Telephone surveys are the best method to administer a reasonably complex survey instrument, with special sequencing, skip
patterns, and difficult instructions, because CATI techniques can be employed.

Usage of the Method

This method is essentially the application of telephone survey techniques to the traditional single-contact in-home survey
method. Since recalled data are less accurate than diary data, it is not the best approach for collecting comprehensive travel data,
like those needed for regional travel modeling.
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Table 6.2 Household Travel/Activity Survey Methods: The Single-Contact
Telephone Survey (continued)

* However, for analyses that do not require respondents to have any survey materials, the telephone survey is usually an excellent
choice. The survey can be completed quickly, response rates are likely to be superior to mail surveys (even with the incomplete
sampling frame of the telephone method), and the survey team has the ability to supervise and monitor the data collection.

¢ Single-contact telephone surveys are the most common survey method in the U.S. outside of the transportation planning field.
¢ Recent major North American applications of this method in transportation include:

- 1989 New York MTA Comprehensive Telephone Travel Survey - A survey of 20,500 individuals within households
that provided an inventory of trips that were relevant to MTA services;

- 1990 Nationwide Personal Transportation Survey;

- 1991 Toronto Transportation Tomorrow Survey - A survey of 24,500 households that provided household, person, and
travel data for 24-hour periods for all household members;

- 1991 Madison, WI Travel Survey; and

- Countless non-modeling-related surveys by transportation providers and planning agencies.
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Table 6.3 Household Travel/Activity Survey Methods: The Mail Survey

Procedures

1.

2.

3.

4.

Sample households are selected from an address-based sampling frame.
Respondent households are mailed questionnaires with travel diaries, trip questions, and respondent questions.

Respondents record travel and/or activity data for the pre-specified time on the diary forms and complete the other parts of the
questionnaires, and then mail the responses back to the agency.

Follow-up and pre-notification mailings can be used to improve response rates.

Advantages and Disadvantages

Simple mail surveys usually work out to be the lowest cost survey method.

Available sampling frames for mail surveys are superior to other sampling frames. Households without telephones can be
reached, as can households within high-security buildings and subdivisions. :

Mail surveys can use questions requiring the respondent to have the survey materials. They can be used to collect diary data
and to ask questions with complex response categories. On the other hand, mail surveys are not appropriate for questionnaires
with complicated sequencing and skip patterns.

Mail surveys require the least staff and facilities of all the methods.

There are no interviewers, so the survey team loses the ability to probe or clarify responses. In addition, the opportunity for
computer-assisted questioning (which limits the data entry, cleaning, and editing tasks) is lost. Excellent questionnaire design is
essential for mail surveys.

Item non-response tends to be higher in mail surveys than in other types of surveys, because respondents may accidently skip
questions. In addition, with mail surveys, the survey team is unable to ensure that certain questions do not influence how
respondents reply to other questions.

The most common criticism of mail surveys is that the yield low response rates. U.S. evidence suggests that mail survey response
rates do tend to be lower than for other methods, but there are a number of strategies to improve mail survey response. With
response rates for telephone and in-person surveys declining, this disadvantage is becoming less important.




Table 6.3 Household Travel/Activity Survey Methods: The Mail Survey (continued)

Usage of the Method

e For recent household travel/activity surveys in the U.S., the mail survey method has been used as the low-cost approach. Mail
surveys have been performed, for the most part, by agencies that have recognized the need for data, but that had inadequate
data collection budgets. However, there is a tradeoff between cost and data accuracy.

9

* Because of this, many mail survey efforts have had to cut corners so poor survey design and procedures were used, resulting in
low response rates and data that are likely to be more biased than for the other methods..

¢ Survey results are improved somewhat by high-quality survey design, such as that of the recent Chicago household
travel/activity survey. In other parts of the world, mail surveys are commonly used with great success.

* Recent U.S. household travel/activity surveys that have been performed with this method include efforts in:

- Chicago (1990);

- Des Moines (1991);

- Montgomery County, Maryland;
- Tampa-St. Petersburg (1991);

- Portsmouth, NH (1993); and

- Vermont (statewide) (1994).
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Table 6.4 Household Travel/Activity Survey Methods: The Telephone-Mail-

Telephone Survey

Procedures

1.

Respondent households are selected via RDD methods, a combination of RDD and listed telephone number survey methods, or a
combination of address-based sampling and listed telephone number survey methods.

Interviewers call potential respondents, collect some basic respondent information, ask the respondents to participate in a travel
diary survey, and then obtain respondents’ mailing addresses;

Travel or activity diary forms are mailed to respondents, and in most studies, the respondent is called shortly before their diary
effort is scheduled to begin to ensure receipt of the survey materials and to remind them of the diary effort;

Respondents record travel and/or activity data for the pre-specified time on the diary forms that were mailed to them;

Shortly after their diary efforts are completed, respondents are called again and are asked to read the diary information to the
interviewer and to answer more questions about themselves and their travel.

Advantages and Disadvantages

By combining mail and telephone survey methods, the survey team can take advantage of the positive aspects of both.

The mail survey component can be used to ask questions requiring the respondent to have the survey materials. They can be
used to collect diary data and to ask questions with complex response categories.

The telephone survey elements of the method allow survey teams to take advantage of the fact that there are interviewers
(allows probing and clarification of responses), and that there is an opportunity to use CATI for complex skip patterns and
sequencing, as well as for reducing the coding, entry, and editing tasks. ,

The multiple survey methods make this method relatively expensive.

With this method, the survey team is able to sequence questions in ways that ensure that certain questions do not influence how
respondents reply to other questions.

The survey team does not (necessarily) get back the actual diary forms completed by the respondents.
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Table 6.4 Household Travel/Activity Survey Methods: The Telephone-Mail-
Telephone Survey (continued)

¢ The survey frame for multiple-contact survey methods is related to the recruitment method. For this method, respondents are
recruited by telephone and therefore only households with telephones can be included.

Usage of the Method

* Despite its higher costs, the advantages of this method have made it the most commonly used household travel/activity survey
method in the US. ,

¢ Recent applications of this method for household travel/activity surveys have been completed in:

- Albuquerque (1992);

- Atlanta (1991);

- Baltimore (1993);

- Boise (1994);

- Boulder County, CO (1993);

~ Detroit (1994);

-~ Houston (1994);

- Los Angeles (1991);

- Minneapolis-St. Paul (1990);

- Portland, ME (1994);

- Portland, OR (1994/5);

- Raleigh/Durham (1995);

- Sacramento (1991);

- San Francisco-Oakland (1990);
- St Louis (1990);

- Tucson (1993);

- Washington DC (1994);

- California Statewide (1991);

- New Hampshire Statewide (1995); and
- Oregon Statewide (1995).




Table 6.5 Household Travel/Activity Survey Methods: The Telephone-Mailout-
Mailback Survey

Procedures

1. Respondent households are selected via RDD methods or a combination of RDD and listed telephone number survey methods.

2. Interviewers call potential respondents, collect some basic respondent information, ask the respondents to participate in a travel
diary survey, and then obtain respondents’ mailing addresses.

3. Travel or activity dlary forms are mailed to respondents, and in most studies, the respondent is called shortly before their diary
effort is scheduled to begin to ensure receipt of the survey materials and to remind them of the diary effort.

[pnupy Aanung jaavd ],

4. Respondents record travel and/or activity data for the pre-specified time on the diary forms that were mailed to them.
5. Respondents return completed survey materials by mail.

Advantages and Disadvantages
* Like the telephone-mail-telephone survey, this method seeks to combine mail and telephone survey methods, so that the survey
team can take advantage of the positive aspects of both.

* The method is less expensive than the telephone-mail-telephone method because there is no lengthy retrieval call. However, the
response rate to telephone-mailout-mailback surveys tends to be lower.

* Most respondents find the method less burdensome than the telephone-mail-telephone survey, in which the respondents have to
both write down their survey answers and then read them to someone over the phone.

* Thesurvey team does not have the ability to take advantage of CATI during the critical data retrieval phase of the survey, but
the survey team does get the original forms back from respondents, unlike with telephone data retrieval.

* Respondents who are unwilling to endure a long telephone data retrieval interview may still be willing to mail back survey
materials, so the method can be used as a “back-up” to the telephone-mail telephone survey.

2£-9
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Table 6.5 Household Travel/Activity Survey Methods: The Telephone-Mailout-

Mailback Survey (continued)

Usage of the Method

The method has been widely applied in the U.S,, including recent survey efforts in:

- Boston (1991);

- Buffalo (1993);

- Kansas City (1991);

- Little Rock (1993);

- Miami (1993);

- Salt Lake City — Provo (1993).; and

- Seattle (started in 1989, and ongoing).
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Table 6.6 Household Travel/Activity Survey Methods:

The Single Contact In-Home Survey

Procedures

1.

2.

Sample households are selected from an address-based sampling frame.

Interviewers contact potential respondents by going to their homes, where the interviewers proceed to collect the needed

respondent information.

Advantages and Disadvantages

Personal interviews are usually the most effective way to enlist respondent cooperation in surveys, because interviewers can
show credentials and better demonstrate the authenticity of the survey effort, but a growing number of potential respondents are
becoming uncomfortable with being contacted by strangers in their homes.

In-home interviewers can help respondents understand and reply to survey questions better than telephone interviewers,
because they can show respondents what to do as well as describe it. The interviewers can mitigate the biasing effect of having
to obtain information from illiterate (or functionally-illiterate) respondents.

The interview needs to rely on respondent recall of past travel and activities (a diary approach is not feasible with this method).
But given this limitation, the interviewer can administer a reasonably complex survey instrument, with special sequencing, skip
patterns, and difficult instructions. This is particularly true if CAPI techniques are employed.

The method is likely to be quite costly, labor-intensive, and time consuming because of the low productivity of traveling
fieldworkers.

Trained interviewers that are geographically near the study area may be difficult to find.

The method is susceptible to disruptions due to fieldworker errors and to problems with interviewer security. Increasing
fieldworkers’ security generally requires assigning extra staff and thus increasing labor costs.

Usage of the Method

For many years, this was the most common household travel survey approach, but all recent North American household
travel/activity surveys have been conducted by other means. There are no recent North American examples of the application
of this method.

o The method is probably inappropriate for almost any new household survey effort because of the disadvantages cited above.
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Table 6.7 Household Travel/Activity Survey Methods: The Two-Stage In-Home

Survey

Procedures

1. Sample households are selected from an address-based sampling frame.

2. Interviewers contact potential respondents by going to their homes, where the interviewers collect some basic respondent
information, ask the respondents to participate in a travel or activity diary survey, and then give the respondents the diary
materials.

Respondents record travel and/or activity data for some pre-specified time on diary forms provided by the interviewers.
4. After the diary period is completed, the interviewers return to the respondents’ homes, review and clarify the diary answers,

and collect additional respondent information, if needed.

Advantages and Disadvantages

Personal interviews are usually the most effective way to enlist respondent cooperation in surveys, but a growing number of
potential respondents are becoming uncomfortable with being contacted by strangers in their homes.

In-home interviewers can help respondents understand and reply to survey questions better than telephone interviewers. The
interviewers can mitigate the biasing effect of having to obtain information from illiterate (or functionally-illiterate) respondents.

The survey method allows for the use of travel or activity diaries, and both the in-person distribution of the diary methods and
the in-person retrieval of the data will have a positive effect on the quality of the diary data obtained, because interviewers can
ensure that respondents understand what is required. The interviewer can administer a reasonably complex survey instrument,
with special sequencing, skip patterns, and difficult instructions. This is particularly true if CAPI techniques are employed.

The method is even more costly, labor-intensive, and time consuming than the single-contact in-person survey because of the
low productivity of traveling fieldworkers.

Trained interviewers that are geographically near the study area may be difficult to find.

The method is susceptible to disruptions due to fieldworker errors and to problems with interviewer security. Increasing
fieldworkers’ security generally requires assigning extra staff and thus increasing labor costs.
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Table 6.7 Household Travel/Activity Survey Methods: The Two-Stage In-Home

Survey (continued)

It has become relatively common for access to be restricted to residential buildings and subdivisions.

Usage of the Method

This method corrects for one of the fundamental problems of the single-contact in-person survey: the inability to collect diary
information, but because of its very high costs and logistical difficulties, it is not generally considered to be feasible.

The sponsor of the most recent U.S. household survey effort to attempt an in-home data retrieval chose to switch the survey to a
different data collection method after about two-thirds of the survey was completed because of the higher-than-expected costs of
the in-home method.

The method was used for non-telephone owning households in the 1990 San Juan, Puerto Rico Household Travel Survey.

The method would only be reasonable for surveys for which the survey team is willing to pay a premium for data quality, and
even if this is the case, the method can only be considered if the survey area has enough available trained interviewers, the area
is safe (in terms of personal security concerns), and the area does not have high security buildings and gated subdivisions. Given
these issues, this method is not considered feasible in most cases.

Materials for Any Survey Method



Collecting data by interviewing respondents, either by phone or in person,
can be accomplished in more than one way. If the survey team is consid-
ering one of the interview techniques for the household travel/activity
survey, they will need to make the following decisions about the data col-
lection techniques:

e Is the use of qualitative survey techniques viable or desirable for the
survey effort?

e For telephone surveys, should centralized interviewing facilities be
used?

e Should computer-assisted interviewing techniques be employed?

Qualitative Survey Techniques

Typical travel surveys are designed to be highly structured. Whenever
possible, respondents are asked to answer closed-ended questions that
have predetermined response categories. Sometimes a few open-ended
questions are included in the surveys, but usually only when absolutely
necessary. For almost all travel modeling applications, a highly structured
survey instrument is necessary or at least highly desirable.

However, some planners outside of the U.S. have found that removing the
tight structure of the interview is an effective way to obtain information
about how respondents actually think and believe about certain issues.’
These planners have developed and applied household travel surveys that
rely on unstructured (or semi-structured) interactions between respon-
dents and interviewers.

Qualitative surveys (or interactive surveys) are in-depth interviews where
respondents’ answers are used to guide the format and topics of the inter-
view. They are similar to focus group discussions, except they are
conducted on a one-on-one basis, either in-person or by telephone.
Interviewers probe and ask supplementary questions about the most
interesting topics raised in the interview, and in some cases the inter-
viewer will ask purposely biased questions to challenge the strength of a
response or to clarify the respondent’s opinions. Typically, interviewers
work from discussion guides, rather than questionnaires, and the interviews

? For a discussion of several such studies, see Peter Jones. Interactive Travel Survey
Methods: The State-of-the-Art in Ampt, E.S., Richardson, A.J. and Brog, W. (1985).
New Survey Methods in Transport, VNU Science Press: Utrecht, The Netherlands,
pp- 99-127.
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are tape recorded so that responses can be analyzed in detail at a later
date.1?

Unfortunately, the costs related to qualitative surveys and the special
skills needed to perform them often make these surveys infeasible. For
interactive surveys to be successful, the interviewers have to be highly
skilled and must understand the survey topic and the issues facing the
sponsoring agency. Therefore, the number of interviewers that are able to
perform these types of surveys is small. In addition, the analyses of the
tape recorded interviews requires special talents and a significant amount
of time.

In general, travel demand models are designed to use structured data, so
transportation planners typically do not see any reason to perform quali-
tative surveys. However, special household travel/activity surveys that
are seeking to obtain large amounts of opinion and attitude data could
benefit from an interactive approach. Some of the next generation travel
models, like TRANSIMS, will likely benefit from the data available from
qualitative surveys.

The Use of Centralized Telephone Interviewing Facilities

A telephone interviewer can complete his or her task from virtually any
telephone. Many early telephone surveys were conducted from inter-
viewer homes or offices. In these cases, each telephone interviewer was
given a subset of the telephone numbers in the sample. The interviewer
would contact as many of the households as possible, and then after a pre-
specified time they would deliver the completed survey instruments to
survey managers.

A very serious problem with this approach is that the ability to supervise
interviewers as they conduct the surveys is lost. The survey team needs to
rely on the skill and professionalism of the interviewers to conduct the
surveys correctly and without biasing results.

For this reason, it is recommended that all travel telephone surveys be
conducted from centralized locations with supervisors. Supervisors are
able to observe interviewers while they work to ensure that they are fol-
lowing procedures correctly, and if problems are identified, they can be
rectified immediately. Interviewers are able to ask questions if needed,
and if a respondent wishes to speak to a supervisor to verify the authen-
ticity of the survey or to complain, they can be easily transferred. In

19Peter Jones. For a discussion of several such studies, see Peter Jones. Interactive
Travel Survey Methods: The State-of-the-Art in Ampt, E.S., Richardson, A.J. and Brog,
W. (1985). New Survey Methods in Transport, VNU Science Press: Utrecht, The
Netherlands, pp. 104.
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addition, interviewers at centralized locations are able to learn from each
other as they conduct the interviews.

Using a centralized telephone interviewing facility also allows the survey
team to establish regulations on telephone interviewing hours. A common
complaint that telephone survey respondents (and non-respondents) have
is that they were contacted too late at night or at an inconvenient time.
Professional marketing research firms usually have guidelines with regard
to calling times. For instance, many firms avoid making calls after
9:00 p.m. Different limits on calling times are likely to be appropriate for
different survey populations, so survey teams need to establish the
regulations individually for each study.

The central telephone survey location can be either a professional mar-
keting research interviewing facility or a temporary facility fashioned out
of an agency’s or firm’s office. Since most telephone interviewing is con-
ducted in the evenings and on weekends, it is possible to transform an
office into a primitive telephone interviewing facility during off-hours and
then switch back to an office in time for regular business hours. Open
plan offices with individual phone lines, which are currently quite
common, are especially easy to turn into telephone interviewing facilities.

The facilities are not ideal, however, because monitoring calls and pro-
viding general supervision are somewhat difficult. In addition, interviews
that require toll calls are best handled from professional facilities with
WATS lines and other more sophisticated telephone equipment.

The Use of Computer-Assisted Interviewing Techniques

In the past, the most common technique used to record the results of per-
sonal interviews and telephone interviews was the pencil-and-paper
interview (PAPI), in which:

1. Interviewers record answers on survey instruments or on interview
schedules;

2. Trained coders translate the answers into codes, and record them on
coding sheets; and

3. Data entry specialists enter the codes into a computer data file.

However, the widespread availability of desktop and notebook computers
has led to the development and wide acceptance of computer-assisted
telephone interviewing (CATI) and computer-assisted personal inter-
viewing (CAPI) software. Most household travel/activity surveys in the
last few years that have involved telephone interviewing have been per-
formed using CATI techniques.
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CATI Advantages

CATI reduces the three step data collection-coding-data entry process into
one automated, on-line procedure. A computer screen prompts an inter-
viewer to ask a question, then the interviewer records the response, and
the computer codes it and saves it to a data file.

CATI techniques have the following interviewing advantages:!!"2

1. They can be designed to permit the entry of only legal codes in any
particular field (preventing many data entry errors);

2. They can be used to check entries to make sure that they are consistent
with other previously entered data (preventing data inconsistencies);

3. They automatically route interviewers through the interview (ensuring
that respondents are asked all the relevant questions and are not asked
ones that should be skipped);

4. They can use information from previous questions or previous inter-
views to make interview questions or the sequencing of questions
specific to a particular respondent; and

5. They can be used to help combine the survey’s data collection and
management functions; for example, once a telephone interviewer has
finished with one respondent, the CATI system can check whether she
or he has arranged to return a call to another number, or search the
non-contacted numbers for instances where the current time has not
yet been tried.

Appendix C shows an example of a recent household travel survey that
illustrates the advantages of using a CATI approach.

In addition to improving interviewing capabilities and reducing editing
and coding requirements, CATI systems have a number of other advan-
tages, including:*

Floyd J. Fowler, Survey Research Methods, SAGE Publications, 1988, pp. 130-134.

2Peter Jones and John Polak, Computer-based Personal Interviewing: State-of-the-Art
and Future Prospects, Journal of the Market Research Society 1993, Volume 35,
No. 3, p. 222.

13William L. Nicholls Computer-Assisted Telephone Interviewing: A General Introduction
in Groves, RM., Biemer, P.P., Lyberg, L.I, Massey, ].T., Nicholls, W.L., and
Waksberg, J. Telephone Survey Methodology, John Wiley & Sons: New York,
p- 378.
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e Sample Management — The CATI system maintains the sample status
of each case and links input data to the interview and output record.

* On-Line Call Scheduling and Case Management —~ The CATI system
sets the priority, sequence, and timing of calls.

¢ On-Line Monitoring~ The CATI system is able to reproduce any
interviewer’s screen at a supervisor’s terminal where audio monitoring
may occur as well.

e Automatic Recordkeeping — The CATI system stores information on
on-line calls, their outcomes, response rates, and interviewer produc-
tivity, and makes the information accessible to managers in on-line and
printed reports.

CATI Disadvantages

As noted above, CATI systems are now commonly used for household
travel/activity surveys. However, despite the advantages of the com-
puter-assisted techniques discussed above, there are also negative aspects
of the computer-assisted technologies.

First, CATI surveys require a great deal of lead time so that they can be
programmed to produce the desired range-checking, question sequencing,
and calculations. The CATI programs need to be perfect before the survey
is fielded, because interviewers will not generally be able to fix them as
they go along. Testing and debugging complex CATI programs could
take several weeks and require well over a person-month to complete.

Second, even though the systems can be taught to accept only answers
that fall within an acceptable range, they cannot control the quality of data
entry. When a CATI interview is completed, the only record of the inter-
view is the data file. There are no source records like in pencil and paper
interviews to verify that the survey data was entered into the computer
accurately. In addition, it is often difficult for interviewers to include spe-
cial notes or extra information.

Third, if the CATI program is not carefully designed so that interviewers
can avoid collecting duplicative information and can insert missing infor-
mation from previous responses, the CATI interview can take longer than
a pencil-and-paper interview. The paper-and-pencil phone retrieval of
Portland’s two-day diary survey took about the same respondent time as
the CATI retrieval of a one-day diary pretest in Dallas/Forth Worth. The
diary format for the Dallas survey was subsequently modified to allow the
CATI data collection to run much more smoothly.

Finally, CATI systems are highly specialized software routines. Most
agencies do not have the resources to develop software of this nature in
house, so by selecting to use computer-assisted methods, a survey team is
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probably also ensuring that they will need to enlist marketing research
contractors for the survey effort. Most CATI household travel/activity
survey efforts have used the commercial packages that the marketing
research contractors purchased or licensed and have customized for col-
lecting data.

It is possible to combine CATI and PAPI techniques within the same sur-
vey effort. Some recent household travel/activity surveys have used
CATI techniques for recruitment, but PAPI techniques for data retrieval.
It is also possible to combine the techniques within the same survey, such
as by using CATI to retrieve household and person record information
and PAPI to collect trip and activity diary information.

Procedures to Enhance the Accuracy of Household Travel/Activity
Surveys

Along with determining the survey methods and data collection tech-
niques to be used for the household travel/activity survey, the survey
team needs to consider the different available procedures for managing
survey bias and inaccuracy. Chapters 4.0 and 5.0 identified the following
sources of survey bias:

e Misidentification of the survey population;

e Imperfect sampling frames and sampling loss;

e Non-response;

¢ Poor questions and survey instruments;

o Fieldworker and interviewer errors; and

» Coding, data entry, and data processing errors.

Procedures to minimize the last three items in household travel/activity
surveys are discussed in detail later in the chapter, but if the survey team
is to effectively reduce the biases associated with the first three sources of
bias, it will be necessary to address them while the survey is first being
designed. Procedures to improve household travel/activity survey accu-
racy should be viewed as integral to the survey design, rather than

“extras,” and the costs associated with these procedures should be consid-
ered before the final selection of survey methods and techniques are made.
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Procedures for Improving the Identification of the Survey
Population

The survey population for a household travel/activity survey is either the
collection of all households within a study area or some collection of the
people who live within those households. In designing the household
travel/activity survey, the survey team must:

* Ensure that the anticipated analyses can be accomplished with house-
hold-based data, as opposed to data based on other sampling units like
trips within a particular analysis corridor; and

e Define the boundaries of the study area for which analyses will be
required.

In most cases, these concerns will have been addressed prior to the
detailed household travel/activity survey design. Presumably, the antici-
pated analyses have led to the need for household-based data because
otherwise, different (and usually less expensive) types of surveys would
be considered. In addition, the study area for the survey is usually set
independently of the survey design effort based on particular analyses
needs and political boundaries. Definition of the study area boundary is
discussed in a greater detail in Chapter 7.0.

Most regional agencies define the geographical extent of their survey by
county (political) boundaries. Often this is expedient since Metropolitan
areas are defined by county boundaries, and it is easy for executive boards
to understand. In cases where a county may extend very far beyond the
urbanized area boundary, a cordon line may be used to determine areas
for inclusion or exclusion in the survey.

Procedures for Improving the Sampling Frame and For Reducing
Sampling Loss

It is likely that the household travel/activity survey team will be faced
with an imperfect sampling frame. Because all the most common address-
based and telephone-based sampling frames are designed for other pur-
poses, it is not surprising to find that they often need to be cleaned, edited,
and augmented for the survey effort. The most common procedures for
improving the sampling frame for a household travel/activity survey
include:

¢ Field validation of address-based data sources;

¢ Combination and cross-checking of two or more sampling frame data-
bases; and

* Special efforts to include identifiable underrepresented groups.
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Procedures for Reducing Non-Response

Survey non-response is commonly categorized into unit non-response,
referring to the failure of potential respondents to reply to the survey as a
whole, and item non-response, referring to respondents’ failure to
respond to particular items on the survey. Methods to reduce item non-
response are discussed later in the description of questionnaire design.
Methods to reduce unit non-response are described in this section.

Four general approaches are commonly used for reducing unit non-
response in household travel surveys:

e Pre-notification of the survey effort;
¢ Survey follow-up techniques;

e Offering potential respondents tangible incentives to complete the sur-
vey; and

¢ Response facilitators (elements of the mail or telephone surveys that
decrease the likelihood that potential respondents will refuse to
participate).

These approaches can all have a large effect on the overall design and cost
of the household travel/activity survey effort.

Pre-Notification as a Method of Improving Survey Response

Pre-notification of the household travel/activity survey consists of con-
tacting potential respondents by telephone or mail prior to soliciting
participation in the survey. The pre-notification contact is used by
surveyors to build respondent interest in the survey effort, and to help
allay respondent doubts about the validity of the survey. There is evi-
dence that pre-notification improves survey response rates, response
speeds, and response quality.* Another potential benefit of pre-notifica-
tion is that it can provide an early measure of likely response rates and
non-response trends.

Pre-notification can be used for household surveys with mail, telephone,
or in-person methods, or any combination. In theory, the pre-notification
contact can be accomplished in any of the three common ways:

Y4Jacob Hornik. Impact of Pre-Call Request Form and Gender Interaction on Response to a
Mail Survey. Journal of Marketing Research, Vol. XIX (Feb. 1982): p. 144.
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1. Telephone pre-contact;
2. Pre-contact with a letter, brochure, or postcard; and
3. Face-to-face personal pre-contact.

However, in general, the cost of in-person surveying precludes this
approach as a pre-notification procedure. In addition, it is not common
for telephone pre-notification to be used prior to household surveys with
telephone recruitment. In this situation, mail pre-notification or no pre-
notification at all are more commonly used. The short recruitment call
probably achieves many of the same goals of the telephone pre-notification.

Pre-notification of some type is usually always warranted in the case of
mail surveys and surveys with in-home recruitment. Since the sampling
frames for these surveys are usually address-based, respondent phone
numbers are generally not known. Therefore, the most common approach
is to send a postcard or letter of introduction.

In a sense, pre-notification is a sales technique to convince potential
respondents to participate in the survey effort. Consequently, the most
successful pre-notification efforts tend to employ sales techniques.

A few recent household travel/activity surveys have used formal pre-noti-
fication techniques, and those that have seem to have benefited from it.
For instance, prior to conducting recruitment calls for their travel survey,
the Metropolitan Washington Council of Governments (MWCOG) sent
out an introductory letter signed by the directors of the Departments of
Transportation in the region. The letter simply provided an overview of
the survey and the study, and asked for the recipients’ participation in the
upcoming survey. MWCOG estimates that the pre-notification letter
increased survey participation by between five and ten percent.'s

Survey Follow-up‘Techniques for Improving Survey Response

One of the most effective ways to reduce survey non-response is to follow-
up with respondents who do not complete the survey. Survey follow-up
procedures are generally used with mailback surveys, but the concept can
be applied to telephone and in-home surveys, as well.

Survey Follow-Up for Mail and Telephone-Mailout-Mailback Surveys

Mail survey follow-up techniques are used for two reasons:

e To clarify responses on returned questionnaires (corrects item non-
response); and

15Phone conversation with Robert Griffiths of MWCOG, September 22, 1994.
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e To convert refusals and other non-responses into completed usable
responses (corrects overall non-response).

Follow-Up for Item Non-response and for Clarification of Responses
in Mail and Telephone-Mailout-Mailback Surveys

Clarification of responses is generally done by phone to expedite the
process and to ensure that the corrected/edited responses are adequate.
In telephone-mailout-mailback designs, the respondent has been recruited
by phone, so it is relatively easy to recontact him or her to ask about
specific responses (provided that the responses with the problems do not
require the respondent to have any survey materials on hand).

Many recent travel survey efforts have used this technique to clarify and
correct spurious, suspicious, or out-of-range answers. In general, the sur-
veyors found that the number of clarification calls needed was small, and
that because most problems were quickly corrected or clarified, most fol-
low-up calls were short.

To clarify or correct the responses on simple mailout-mailback surveys by
telephone, it may be necessary to request telephone contact information
from respondents. Ironically, asking for this information to correct item
non-response may actually increase the overall non-response rate because
of people’s confidentiality concerns. Surveyors may be able to determine
some respondents’ telephone numbers from telephone directories and/or
reverse directories, but if this approach is adopted, the surveyor must
understand that she or he could end up with different quality data for
those with listed numbers and those without listed numbers. Since the
problems that need to be clarified will probably be minor, the potential
bias is generally ignored.

Follow-Up for Overall Non-response in Mail and Telephone-Mailout-Mailback
Surveys

The second type of follow-up survey seeks to increase the overall response
of the survey by reminding non-respondents that they have not yet com-
pleted the survey. Because the overall response rate for mailback surveys
is generally fairly low, follow-up techniques are often used to increase the
response. Fowler claims that:

“While attractive presentation of the study and good question-
naire design will help, there is no question that the most
important difference between good mail surveys and poor mail
surveys is the extent to which researchers make repeated contact
with non-respondents.”*

16Floyd J. Fowler, Survey Research Methods, SAGE Publications, 1988, p. 54.
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There are several different follow-up approaches for mailout-mailback
surveys, including:

e Follow-Up Postcards - respondents are sent a reminder postcard
stressing the importance of their responses to the survey;

o Follow-Up Letters - respondents are sent a brief letter (usually from an
elected official, such as the one who signs the cover letter for the initial
mailing) restating the goals of the survey and its importance;

e New Survey Materials - respondents are sent a new set of survey
materials under the assumption that they have misplaced the original
set;

¢ Telephone Reminders — respondents are called, reminded about the
survey and are usually asked if they need a new set of survey materials;

o Telephone Retrieval - respondents are called and asked to provide the
survey information by telephone; and

o Combinations of any or all of the above.

The best follow-up method will depend on the available budget, available
time, the initial response rate, and the surveyor’s level of concern about
non-response. Experts differ on the best approach.

The following mail survey sequence is recommended:".18

1. Send pre-notification letter one week prior to the initial survey mailing
or recruitment call;

2. Recruitment call (if chosen method requires it);
3. Initial survey mailing;

4. Send postcard reminder or make telephone reminder call one week
after initial mailing;

5. Send letter and new materials three weeks after initial mailing;

7Dan Dillman, Mail and Telephone Surveys: The Total Design Method, John Wiley &
Sons, New York, 1978.

18AJ. Richardson, Elizabeth Ampt and Arnim Meyburg. Survey Methods for
Transport Planning, Eucalyptus Press, Melbourne, 1995.

YFloyd J. Fowler, Survey Research Methods, SAGE Publications, 1988, p. 54.
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6. Send letter reminder four weeks after initial mailing; and

7. If response rate is still unsatisfactory, after six weeks send letter and
new materials, or make telephone reminder calls for respondents with
listed numbers.

Peterson, Albaum, and Kerin recently compared 27 alternative pre-notifi-
cation and follow-up strategies for mailout-mailback surveys.? Their
results are particularly interesting because they used a survey instrument
that was designed to generate relatively low response rates, similar to
mailed household travel and activity surveys. They compared the contact
strategies based on response rates and cost per completed response.
Figure 6.2 summarizes some of their findings.

The simple mail survey without pre-notification or follow-up yielded a 10
percent net response rate at a cost of $6 per completed response. Intro-
ducing pre-notification increased the -response rate to 11 percent (for
postcard notification) and 14 percent (for letter notification), and increased
survey costs to $8 per completed response. Introducing a single follow-up
contact without pre-notification produced a 13 percent return at a cost of
$9 per response for postcard follow-up, and an 18 percent return at a cost
of $8 per response for a follow-up letter with a copy of the questionnaire.
Combining pre-notification and a single follow-up contact produced
response rates between 15 and 20 percent at costs between $8 and $10 per
response.

As the figure shows, the most successful strategies (in terms of response
rate) involved pre-notification and two follow-up contacts. The cost per
completed response for these strategies are slightly higher than the simple
survey effort, but the response rates were more than double the simple
effort. At these low response levels, the higher response rates almost cer-
tainly would outweigh the slightly higher costs.

Richardson, Ampt, and Meyburg also conclude that pre-notification and
follow-up are cost effective investments for household travel/activity mail
surveys.”! Table 6.8 shows a cost comparison based on a 1993 Australian

VRobert A. Peterson, Gerald Albaum, and Roger A. Kerin, A note on alternative
contact strategies in mail surveys. Journal e i ie
Volume 31, No. 3.

21 A J. Richardson, Elizabeth Ampt and Amim Meyburg. Survey Methods for Transport
Planning, Eucalyptus Press, Melbourne, 1995.
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Figure 6.2 Alternative Contact Strategies for Mail Surveys
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Source: Robert A. Peterson, Gerald Albaum, and Roger A. Kerin, A Note on Alternative Contact Strategies in Mail Surveys,
Journal of the Marketing Research Society, Volume 31, No. 3, 1989.
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Table 6.8 Cost Comparison of a Household Travel Survey With and Without
Survey Follow-Up

Pre- First First Second Third Fourth
Notification Mailing Follow-Up  Follow-Up  Follow-Up  Follow-Up Total
Survey with No Follow-Up
Number of Items Sent Out 20,000 19,400 0 0 0 0
Marginal Direct Cost $ 1.00 $ 7.00 0 0 0 0
Marginal Labor Cost 1.00 2.00 0 0 0 0
Total Marginal Cost $ 200 $ 9.00 0 0 0 0
Cost $40,000 $174,600 0 0 0 0 $214,600
Percent Valid Responses 0% 30% 0% 0% 0% 0% 30%
Cumulative Responses 0 6,000 6,000 6,000 6,000 6,000 6,000
Survey with Follow-Up
Number of Items Sent Out 10,000 9,700 9,700 5,300 4,500 3,500
Marginal Direct Cost % 100 $ 7.00 $ 050 $ 0.60 $ 7.00 $ 050
Marginal Labor Cost 1.00 2.00 100 1.20 2.00 1.00
Total Marginal Cost $ 200 $ 9.00 $ 1.50 $ 1.80 $ 9.00 $ 1.50
Cost $20,000 $87,300 $14,500 $9,540 $40,500 $5,250 $177,140
Percent Valid Responses 0% 30% 11% 6% 9% 4% 60%
Cumulative Responses 0 3,000 4,100 4,700 5,600 6,000 6,000

Source: A.J. Richardson, E.S. Ampt, and A.H. Meyburg, Non-Response Issues in Household Travel Surveys, Resource Paper for
Household Travel Surveys: New Concepts and Research Needs Conference, Irvine, CA (March 1995).



household mail survey. The top of the table shows the costs of a non-fol-
low-up survey design which yields a total of 6,000 returns. The bottom
half of the table shows the costs for the survey design the authors recom-
mend that also yields 6,000 returns. The survey with the extensive follow-
up is estimated to actually cost less. The survey with follow-up also has a
higher response rate, perhaps reducing the amount of bias.

Survey Follow-Up for Telephone and Telephone-Mail-Telephone
Surveys

For telephone and in-home surveys, overall non-response occurs because
of the surveyors inability to contact potential respondents, or because
potential respondents refuse to participate in the survey. Therefore, non-
response-reducing strategies have been designed primarily for the
recruitment stage of the survey, rather than for the retrieval follow-up
stage.

While item non-response is as much or more of a problem with interview
surveys as it is for mailback surveys, for the most part it is dealt with
during the actual interview. If a respondent is unable or unwilling to
answer a specific question, an interviewer probes for an answer or further
explains the question. Follow-up contacts are not likely to improve the
quality of the responses that the initial interviewer is able to get. This is
particularly true if the interviewer is well-trained and the CAPI or CATI
software is designed well to trap inconsistencies, illogical answers, and
errors.

Still, it is relatively easy and common to recontact respondents by tele-
phone to correct problems discovered after the interview. Since the
respondent has already invested a great deal of his or her time into the
interview, clarifying a few questions is generally not a problem. On the
other hand, respondents are likely to get tired of re-answering questions
so follow-up contacts need to be short. If a response has so many ques-
tions or problems that it would require more than a few follow-up
questions, the surveyor should probably classify the response as unusable.

Survey Follow-up Considerations for Diary Surveys

Travel and activity diaries usually ask respondents to record their travel or
activities over a pre-specified period. If a respondent fails to complete the
diary during that period or immediately following the period, she or he is
more likely to forget about certain travel or travel details. Consequently,
in follow-up contracts, most survey teams ask respondents to consider a
different upcoming day (or days) when completing the diary. While this
method is probably preferable to asking respondents to remember travel
and activities a day or a week or even more in the past, it is still not opti-
mal. In expanding the data, the survey team may need to consider the
differences in travel conditions between the desired and actual diary
periods.
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In addition, when reassigning diary periods for respondents, the survey
team should consider potential inconsistencies between the original and
new periods. For instance, if schools are in session during the original
diary period, they should also be in session on the new date. Usually, the
follow-up contact asks respondents to use the same day or days of the
week as the original period as soon as possible after the original period.

The Use of Survey Follow-Up to Measure and Correct for Non-response
Bias

The primary goal of using survey follow-up techniques in household
travel /activity surveys is to reduce the level of non-response in the survey
effort. Another possible advantage of conducting the follow-up is that it
provides the survey team with a means to infer the characteristics of non-
respondents and perhaps to even make corrections. Methods for performing
these procedures are discussed in Section 6.12.

Incentives for Survey Methods

Surveyors often provide respondents with incentives of one type or
another to motivate them to participate in their survey efforts. The most
common incentives that are employed are:

o Prepaid Cash - some denomination sent to the potential respondents
with the survey materials;

e Promised Cash — an offer in which a specified amount of money would
be provided upon completion of the survey;

o Provided Gifts — a gift, such as a pen, key ring, or refrigerator magnet,
enclosed with the survey materials;

¢ Promised Gifts — an offer to provide the potential respondent with a
specified gift upon completion of the survey;

e Lottery — the inclusion of the potential respondent in a lottery drawing;

o Study Results - respondent is promised survey results upon comple-
tion of the study;

e Charitable Contribution - prepaid or promised donation of a specified
dollar amount to a charity in the name of the potential respondent.

Travel survey specialists, like their general marketing research colleagues,
have mixed views on the cost-effectiveness of incentives. Their usefulness
is probably related to the population of the region under study, so broad
generalizations about their effectiveness are difficult to make. However, it
is apparent that incentives do improve response rates and speeds in many
cases. The remaining question for the survey designer is whether the
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benefits of incentives outweigh the investment in providing them and the
potential biases that they may cause.

Based on the recent literature, the prepaid cash incentive is the most con-
sistent incentive method for improving response rates. It is also
considered the least biasing of available incentives as well as easiest to use.
This conclusion is supported by evidence from household travel/activity
surveys, such as the Puget Sound Transportation Panel Survey. In this
effort, three incentive approaches were used; 1) no incentive, 2) $1.00 per
household member prepaid, and 3) $10.00 per household promised incen-
tive. The two groups that received incentives each had diary rates of
slightly more than 60 percent, compared to a return rate of 49 percent for
the group not receiving the incentive.2 2 %4 2

Experience with monetary incentives has revealed that incentives need not
be substantial. The incentive should be a small token of appreciation for
the respondents’ efforts. Ideally, it should build rapport between survey-
ors and respondents, and it should motivate respondents to try to please
the survey sponsors. Larger incentives, especially in the promised form,
take on the feeling of payment for one’s time, and for complex household
travel /activity surveys, even relatively high payments are not likely to be
adequate compensation for many respondents.

Despite the advantages of the prepaid monetary incentive, there are con-
ditions when another incentive type is more reasonable. Agencies may be
able to provide other types of incentives more cost-effectively, or may
have reasons for not wanting to provide the pre-paid incentive. Some-
times agencies can obtain suitable gifts, such as pens, maps, or refrigerator
magnets, at no cost or reduced cost. Gift incentives would probably be
more cost-effective in these cases. A recent household activity survey in
the Boston region (an area with a high rate of state lottery participation)
offered vouchers for a $1.00 state lottery ticket, in part because it did not
require the agency sponsoring the survey to send cash incentives to people
at a time of state government cutbacks.

ZDavid H. Furse and David W. Stewart. Monetary Incentives Versus Promised
Contribution to Charity: New Evidence on Mail Survey Response. Journal of Marketing
Research, Volume XIX (August 1982): p. 375.

B A H. Church. Estimating the Effect of Incentives on Mail Survey Response Rates: A Meta
Analysis. Public Opinion Quarterly, Volume 57 (Spring 1993): pp. 62-79.

#Ananda M. Gajraj, A]. Faria, and John R. Dickinson. A comparison of the effect of
promised and provided lotteries, monetary and gift incentives on mail survey response rate,
speed and cost. Journal of the Market Research Society. Volume32, No.1:
Pp- 150-151.

BMelissa Tooley. Incentives and Rate of Return for Travel Surveys, presented at 5th
Conference on Transportation Planning Applications, Seattle, April 1995.
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Although incentives of all types are used to increase survey response,
evidence suggests that incentives do not have the same appeal for all
respondents. Biases can be created when incentives are used. No known
studies relate incentive conditions to survey measures of respondent
travel, but incentives are known to have different appeals based on the
respondent’s sex, marital status, employment status, property ownership,
and religion.® Therefore it is reasonable to assume that trip generation
estimates could be affected by the use of incentives, as well. Some travel
survey experts do not recommend the use of incentives because they feel
the risk of bias outweighs the potential improvement in response.

Response Facilitators

Although the use of incentives is the most well-known mechanism for
increasing survey response, it is likely that other survey considerations
will have as large or larger effects on survey response and quality. Based
on their experiences and intuitions, survey researchers have developed a
number of survey response facilitators that they believe increase the like-
lihood of survey participation. It is not clear how much these facilitators
affect response rates, because researchers have difficulty isolating them
from other aspects of the survey. However, most survey designers stand
by one or more of them.

During the survey design, the household survey team should decide

which facilitators are most likely to be important for their survey popula-
tion, and they should estimate the costs of providing them.

As Dillman points out:”
Non-response is a serious problem under any circumstances.
Thus each element that might help prevent it - no matter how
trivial — is worthy of design considerations.

Response facilitators include the following:

%David H. Furse and David W. Stewart. Monetary Incentives Versus Promised

Contribution to Charity: New Evidence on Mail Survey Response. Journal of Marketing
Research, Volume XIX (August 1982): p. 363.

ZDan Dillman, Mail and Telephone Surveys: The Total Design Method, John Wiley &
Sons, New York, 1978, p. 161.
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Mail Survey Response Facilitators

* Include a cover letter signed by a high-ranking and popular elected
official.

¢ Personalize the survey materials for each respondent, where possible.

e Use postage stamps on any packages sent to respondents, rather than
prepaid or machine stamped mailings, so the mailing stands out from
direct mail.

¢ Send materials in distinctive envelopes.

e Provide a toll-free telephone number for respondents to call in case
they have questions or complaints.

e Have the return address(es) be within the region under study.

e Have the return address(es) be for the agency or another public organi-
zation, rather than for a private firm.

e Provide the respondent with a deadline for replying to the survey.
¢ Provide brief reassurances of anonymity on the survey materials.

e Provide descriptions on the survey materials of the importance of the
survey and of the specific respondent’s role in the survey.

Telephone Survey Response Facilitators

e Make sure interviewers have local accents or are relatively accent-free.
e Provide reassurances of anonymity at the beginning of the call.

o Provide descriptions of the importance of the survey and of the specific
respondent’s role in the survey.

e Provide a toll-free telephone number for respondents to call in case
they have questions or complaints.

In-Person Survey Response Facilitators

o Select interviewers that are of the same age groups, races, ethnic back-
grounds, and social classes of potential respondents.

o Provide reassurances of anonymity at the beginning of the interview.

e Provide descriptions of the importance of the survey and of the specific
respondent’s role in the survey.
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¢ Provide a toll-free telephone number for respondents to call in case
they have questions or complaints.

These mechanisms are all likely to help improve response rates margin-
ally, but the survey team needs to consider the facilitators as a package.
Simply selecting a few facilitators to improve response will not be as
effective as developing an integrated strategy, using pre-notification, follow-
up, incentives and facilitators that work well together and complement one
another.

Output of the Survey Design Task

By the time the survey team completes the survey design task, they will
have analyzed the output data needs from the household travel/activity
survey, and made decisions about the survey method, data collection
techniques, and the inclusion of different design elements to improve the
quality of the survey results. The survey team will have a clear idea of the
approach (or approaches) that will need to be pretested.

The survey design task outputs will feed directly into the sampling, sur-
vey organization, and survey materials development tasks, but, in reality,
the survey design task will guide all the work conducted on the rest of the
tasks.

It can be helpful at this state of the survey implementation process to pre-
pare a detailed plan for the household travel/activity survey. The survey
team will be in a position to define detailed survey procedures and to lay-
out more accurate schedules and budgets. The detailed survey plan is a
useful document for involving outside agencies and/or technical advisory
committees in the development of the household travel/activity survey.
In addition, the plan organizes the survey team’s tasks, and can be an
effective tool for allocating responsibilities.

By the time the survey design task is winding down, it is likely that the
survey team will already have gotten underway on the organization and
sampling tasks, which are discussed next.
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6.4 Organizing the Household
Travel/Activity Survey

B Key Issues in Organizing the Household Travel/Activity
Survey

1. What are the staffing needs (numbers of people, required skills) of the
household travel/activity survey?

How should contractors be selected and used in the survey effort?

3. How should the survey be coordinated with other transportation
planning activities and other agencies’ ongoing work?

4. What citizens’ participation and advance publicity efforts should be
undertaken?

B Section Summary

Management of the Survey Effort 6-65

Staffing Needs for the Survey 6-65

Hiring Temporary Professionals 6-66

Hiring Contractors 6-66

Agency Coordination 6-70

Advance Publicity 6-70
6-63
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B 6.4 Organizing the Household Travel/Activity Survey

Closely related to the design of the survey is the need to organize and
manage the effort. The section summary page shows the key issues asso-
ciated with the organization of the household travel/activity survey. The
four issues are described in this section.

Management of the Survey Effort

The management structure of travel survey development efforts is dis-
cussed briefly in Section 4.3 of this manual. For household travel and
activity surveys, the survey team managers must provide:

¢ Overall management and leadership of the effort;
¢ Day-to-day management of survey fieldwork; and

e Continuing assessment of the effects of different decisions on the final
analyses to be performed with the survey data.

In almost all cases, the overall leadership role is provided by the sponsor-
ing agency’s project manager. Increasingly, the day-to-day management
of survey fieldwork is being left to survey subcontractors who are able to
provide trained fieldwork staff and specialized facilities. The final man-
agement function is often provided by a combination of in-house staff and
travel demand consultants.

The use of a peer review panel, as described in Section 4.3, is highly rec-
ommended for household travel and activity surveys. If nothing else,
these panels provide an extra set of eyes to catch problems before they
happen, and they are likely to provide much more, including expertise
and experience with most of the challenging issues facing an agency.

Staffing Needs for the Household Travel/Activity Survey

In the early stages of the survey design process, the survey team should
scope out the most likely approach to the household survey, and then
make a preliminary estimate of the labor and skill requirements of the
study. When staff members’ pre-existing schedules are considered, almost
all agencies that perform household surveys find the need to temporarily
increase staffing. This is generally done in one of two ways:

e By bringing relatively low level temporary professionals or students on
to the agency staff for key points of the survey; and/or
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* Hiring survey research contractors and other consultants to provide
specialty services that agency staff members would have to learn to do.

Hiring Temporary Professionals for a Household Travel/Activity
Survey

In most regions, temporary agencies can provide the necessary additional
office support people for the survey effort. In addition, many regions
have one or more universities whose students could be recruited for tem-
porary work.

These sources may also be able to supply survey fieldworkers for con-
ducting telephone and in-home interviews. However, these people will
need to be carefully screened, trained, and briefed on survey interview
techniques prior to conducting any interviews. This means that the tem-
porary employee fieldworkers will need to be lined up well in advance of
the survey effort, probably three to four months at a minimum.

Once the temporary staff have been hired, it is essential that they receive
as much on-the-job-training as possible. Household travel/activity survey
workers’ strengths and weaknesses should be well-understood by survey
managers prior to the beginning of the survey effort.

Hiring Survey Contractors for a Household Travel/Activity Survey

An easier but sometimes more costly approach to organizing the work
force for a household survey is to hire a consultant to perform the survey.
Usually, the consultant would be a survey research firm, or a team
including such a firm. It may also be advantageous to include a
transportation modeling consultant as part of the consultant team, or to
have such a consultant available to the agency through a separate contract.

In most cases, the sponsoring agency will not have access to great
numbers of trained fieldworkers or to special facilities for centralized
telephone interviewing. Survey research firms usually have trained
interviewers on their staffs and may maintain telephone interviewing
facilities that provide toll-free calling throughout the survey area, CATI
capability, and the opportunity for monitoring (either by in-house
supervisors or from outside phones that can be used by agency personnel).
Because of the need for high quality data for travel modeling purposes
and for high response rates to minimize costs, it can be highly efficient to
use a survey research firm.
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Survey designers can identify potential survey research firms through
directories maintained by a number of organizations.® Two such directo-
ries are:

e GreenBook International Directory of Marketing Research Companies and
Services. (American Marketing Association/New York Chapter, Inc.,
New York, NY). Annual. A listing of market research companies
arranged alphabetically, with brief paragraphs that describe the com-
panies’ services. Additional sections list the companies by type of
service offered, by market/industry specialty, by computer programs
used, by company trademarks/service marks, by geographical area,
and by principal personnel.

e MRA Blue Book Research Services Directory. (Marketing Research Asso-
ciation, Inc., Rocky Hill, CT). Annual. More limited in scope than the
GreenBook, this guide focuses on services and facilities of data collec-
tion companies, research companies and suppliers of related services
(data processing, questionnaire coding, field management, etc.) who
are members of MRA. Company listings are alphabetical within each
geographic area, cross-referenced by the type of service or facility
available.

These directories are usually available at business school libraries. In
addition, the survey designer can contact other planning agencies that
have recently completed similar household travel/activity survey efforts
for lists of potential contractors.

The survey sponsoring agency should consider the following factors in
selecting a survey research contractor:

e Marketing research experience and qualifications of key staff members;

o Transportation research experience and qualifications of key staff
members;

e Household travel survey experience and qualifications of key staff
members;

o Range of services offered, including capabilities in research design,
sampling statistics, data collection, and statistical analysis;

e Size and quality of interview and other fieldwork staff;

¢ Interviewer experience levels and pay;

#These and other sources are described by Jane Lappin, Paula Figoni, and Suzanne
Sloan in A Primer on Consumer Marketing Research: Procedures, Methods and Tools

(March 1994).
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¢ Interviewer training standards;

* Available facilities, including telephone survey centers and mail proc-
essing centers;

» Use of in-house facilities versus contract interviewing facilities (many
survey firms contract to other firms to perform telephone and/or in-
person interviews);

e CATI and CAPI capabilities and equipment;

o Foreign language interviewing capabilities;

¢ Coding, editing, and geocoding procedures and capabilities; and

¢ Quality control procedures and client communications procedures.

Consulting firms with expertise in travel modeling can also provide valu-
able insights in the survey development process. Such consultants are
able to provide an understanding of the data needs and problems associ-
ated with model development. In many cases, a consulting team with
both market research and transportation firms will be hired to conduct a
household survey. In others, an agency may have transportation
modeling consultants available through separate arrangements. Some
agencies may have sufficient transportation modeling expertise in-house,
but unless they have very experienced modelers, there is no way to guar-
antee that the survey will be appropriate for use in developing model
datasets. This has been a substantial problem in several recent surveys.

There are advantages to using qualified local consultants if they exist in
the survey area. Surveyors who know the local geography will make
fewer errors in recording and spelling local place names. Survey times
can be shorter if location information is known to the interviewer, and
respondents would be less likely to be exasperated by having to give what
to them is obvious information about well known locations. In some
cases, respondents may feel more comfortable speaking to interviewers
with local accents and knowledge.

The main problem with using local firms is that in many areas, especially
small and mid-size areas, there are few if any local firms with sufficient
transportation survey knowledge and experience. If a non-local firm is
performing the survey, the question then becomes how to provide the
necessary local knowledge. In some cases this local knowledge can be
provided by agency personnel; in others, it may have to be provided
through other consultants. There have been many recent successful sur-
vey efforts conducted by non-local firms.

Survey teams have hired survey subcontractors at several different point
in the household travel/activity survey implementation process. Some-
times, the contractors are brought into the process early in the survey
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design phase, so that the survey team can benefit from the market research
experience of the survey contractor’s key staff during the evaluation and
selection of the survey method, survey techniques, and quality-enhancing
procedures. Other times, when the survey sponsor is comfortable with
making the design decisions alone, or with the help of independent con-
sultants, the survey subcontracting firm is not brought into the project
until the final phases of questionnaire design, just before pretesting.

In either case, it is important that the sponsoring agency recognize the
need to carefully delineate the responsibilities of any contractors in the
Request for Proposal (RFP) and in the services contract. In preparing the
RFP, agency staff should remember that any responsibilities and tasks not
explicitly assigned to the contractor will most likely need to be completed
by themselves. Therefore, spending extra effort on the RFP is usually
worthwhile.

Because RFPs need to be tailored to individual conditions, little specific
guidance can be offered on their development. In general, in developing
RFPs it is helpful to review recent similar RFPs from other agencies. A list
of agencies recently completing household travel/activity surveys is
available in the forthcoming “FHWA Scan of Recent Travel Surveys.” The
scopes-of-work from recent household travel/activity survey RFPs are
shown in Appendix D of this manual.

Because of the nature of survey work, survey firms are not accustomed to
establishing a final fixed contract price for a pre-selected number of
“complete” households. Estimating contact rates, response rates, inter-
view times, and even the number of surveys needed for specific analyses
are usually very difficult prior to the completion of a high-quality pretest.
Setting a fixed price prior to that point, while beneficial from a resources
planning perspective and an agency procurement perspective, can lead to
problems later in the survey. For instance, pretests tend to become pro-
forma tasks, rather than opportunities for careful review of procedures
and for trying innovative procedures, because if the survey cost is fixed,
there is no incentive to look very hard for potential problems.

To avoid these potential problems, it is recommended that agencies con-
sider one or more of the following approaches:

e Select survey contractors primarily on the basis of qualifications and
experience, rather than cost.

e Provide detailed surveying parameters with which contractor prices
can be compared - if detailed assumptions are not provided in the RFP,
proposers may offer cost proposals that are not directly comparable.
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Agency Coordination

The need for coordinating travel survey and demand modeling efforts
with other local agencies is described in Chapter 4.0. Because the house-
hold survey is likely to be the most important survey effort performed in a
region, and because household surveys are not (or at least have not been)
done on a regular basis, it is essential that agencies work cooperatively on
the design and implementation issues.

As soon as possible in the household travel/activity survey development
process, the sponsoring agency should contact:

o All affected state agencies;

¢ Local and regional planning officials;

¢ Local and regional elected officials;

¢ Local and state police;

» Federal agencies that may be involved;
e Local transit providers;

o Active public interest groups; and

e Chambers of commerce/business groups (for workplace/establishment
surveys).

These agencies should be briefed on the survey plans, and should be pro-
vided with the Statement of Goals for the survey. Representatives of these
agencies should be invited to participate in the survey development proc-
ess, and to identify ways in which the survey data could help their
organizations’ planning efforts. Many household travel/activity surveys
can be easily adapted to provide useful data to many different agencies.
However, it is essential that potential data coordination activities be iden-
tified early in the survey design effort to minimize the disruption and
amount of necessary re-design.

Advance Publicity

The survey designer needs to decide whether and how to publicize the
household survey. Generally, telephone-based survey methods are helped
by advance publicity. Potential respondents are more likely to believe that
a telephone interviewer is legitimate if they have heard that the study
would be going on. In addition, respondents are likely to attach a higher
level of importance to a survey effort that has been publicized, and
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therefore consider participating to be more important. A few recent
telephone-mail-telephone household survey efforts ran into some criticism
in part because the efforts were not well-publicized before they began.

If, for some reason, a survey team is using an in-home interview survey
method, they may not want to consider publicizing the effort. The 1973
Travel Survey Manual counsels:?®

“Especially in large urban areas where there is the problem of
individuals posing as interviewers to gain entrance into house-
holds for other purposes, it is often best not to notify the public at
large.”

In fact, the potential for this type of abuse is one good reason to avoid in-
home methods.

Despite the fact that there are documented reports of thieves posing as
household travel/activity survey telephone and in-person interviewers,
most agencies sponsoring recent household travel/activity surveys have
chosen to use some advance publicity. If advance publicity is determined
to be necessary or appropriate, the following efforts could be included:

e An agency press conference explaining how the survey data will be
used to improve regional planning or an agency’s planning efforts;

o Press releases for each major survey design milestone;

¢ Informational meetings with local citizens’ groups and public service
organizations, such as the Lions’ Club or the Rotary;

e A project specific newsletter or prominent display within an agency’s
regular newsletter; and

¢ An informational telephone number that respondents can call to con-
tact the agency if they have questions about the survey effort or are
concerned about the veracity of the survey effort.

®US. Department of Transportation, Federal Highway Administration, Urban
Origin-Destination Surveys, Washington, D.C., 1973 (reprinted 1975), p. 26.
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6.5 Sampling for Household Travel
and Activity Surveys

B Key Issues

1.  What variables are of the greatest interest in designing future

analyses?

2. How are the study population, sampling frame, and sampling unit
defined?

3.  Which sampling method should be used to meet the precision
requirements?

4.  What sample size is required to satisfy these precision requirements?

B Section Summary

Trip Generation 6-75
Trip Distribution 6-78
Mode Choice 6-79
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M 6.5 Sampling for Household Travel and Activity
Surveys

The statistical computations needed to determine sample sizes for travel
surveys are described in Chapter 5.0. For household travel surveys used
to develop travel demand models such as those maintained by metropoli-
tan planning organizations, the study population is usually known. The
sampling unit is the household, and the sampling frame a list of house-
holds by telephone number or address.

Urban travel demand model systems include a number of components to
be estimated for which the survey data are needed. These include:

e Trip generation;
o Trip distribution; and
e Mode choice.

The variables of interest are different for each of theses models. The sam-
pling requirements for each are discussed below.

Trip Generation

The main variable of interest for trip generation models is the number of
trips generated by households for each trip purpose. The household vari-
ables generally used in trip production models include number of persons,
income, auto ownership, number of workers (for work trips), and number
of students (for school trips). Most variables of this type have distribu-
tions that can be obtained from census data, providing a good basis for
computing sample size requirements. The census, however, provides no
information on the number of trips generated (and no information at all
on non-work trips).

If information on the mean and variance (or coefficient of variation) of the
number of trips generated per household were available from another
source — say a previous survey — the required sample size could be com-
puted from Equation 5.7:

2
’ o

" (SE(m))*
where:

c = represents the standard deviation of the population; and
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SE(m) = the standard error for the mean for a given confidence level
and precision level.

Smith used values from some older (1960s) household surveys to deter-
mine the coefficient of variation and computed a typical sample size
requirement of about 900-1,200 households at the 90 percent confidence
level and a precision level of +/-5 percent.® The higher number resulted
from an assumed cross-classification in the trip production model by
income and auto ownership.

This analysis, however, did not take into consideration different trip pur-
poses; ideally one would compute the required sample size for each
purpose in the model and use the largest. With smaller means for the
number of trips by purpose, the standard error may be smaller, resulting
in larger required sample sizes.

In planning for the 1990 Bay Area household survey effort, the MTC esti-
mated necessary sample sizes by trip purpose using data from their 1981
survey effort. Table 6.9 shows the conversion of trip rate information into
sample size estimates for this effort.

Some recent household survey efforts intended for use in developing trip
production models have used smaller sample sizes of around 500 house-
holds, including surveys in the Portland, Maine and Pittsburgh areas.
While information on statistical levels of accuracy and precision have not
been reported, it can be assumed that lower levels of one or both were
found to be acceptable in these areas.

It is common practice to use a stratified sampling plan for collection of trip
generation data. Since trip production models are often cross-classification
models, the survey sample can be stratified according to variables in the
model such as those described above. Information on existing distribu-
tions of the variables is usually available from census data, so required
sample sizes can be computed. This is a good strategy for ensuring suffi-
cient sampling of relatively small but important markets such as
households without autos.

The main difficulty with such a procedure is that it is impossible to tell
which stratum a household is part of until it is recruited. This can be
addressed by collecting a larger sample than necessary to account for the
expected number of responses in the critical cell or by screening house-
holds prior to having them complete the entire survey - basically creating
cell quotas.

®M. E. Smith, “Design of Small-Sample Household-Interview Travel Surveys.”
Transportation Research Board. Transportation Research Record 701, 1979, pp. 29-35.
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Table 6.9 Calculation of Necessary Sample Sizes from Previous
Trip Rate Information

1981 Mean Standard Coefficient of Sample Size (95%
Trip Purpose Trip Rate Deviation Variation Confidence, + 5%
Total Trips 8.713 7.399 0.849 1,108
Vehicle Trips 5.231 5.009 0.958 1,409
Transit Trips 0.558 1.409 2.525 9,798
HBW 1.890 1.883 0.996 1,525
HBSH 2.274 2.778 1.222 2,293
HBSR 1.262 2.034 1.612 3,992
HBSK 0.952 1.883 1.978 6,012
NHB 2.335 3.351 1.435 3,165

Source: C.L.Purvis, Sample Design for the 1990 Bay Area Household Travel Survey: Working
Paper #1 - 1990 MTC Travel Survey, April 1989.
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Trip Distribution

It is now generally recognized that household travel surveys are not
appropriate means of generating acceptable estimates of zone-to-zone
trips.®® While household surveys taken in the 1960s were generally used
for this purpose, they usually had much larger sample sizes, and models
had fewer zones. Presently, travel demand modelers use household sur-
vey data to estimate parameters of trip distribution models rather than
attempt to develop zone-to-zone trip tables directly from the survey data.

Most trip distribution models in U.S. urban areas are gravity models based
on travel times. Some areas use generalized cost instead of travel time, but
generally gravity models are based on one variable. With that in mind,
the variable of interest is the trip length frequency distribution. Again,
Equation 5.7 can be used to estimate the required sample size if the coeffi-
cient of variation and mean are known. Pearson reported in 1974
coefficients of variation of 0.53 for home-based work trips, 0.58 for home-
based non-work trips, and 0.63 for non-home-based trips.2 Using these
numbers, samples sizes of about 600-700 trips per purpose would be
required at the 90 percent confidence level for the +/-5 percent error level.
Since households make several trips per day on average, only a few hun-
dred households would be required to obtain a statistically significant
estimate of the mean trip length. Even if travel time estimates are desired
for different times of day, as long as there are not a large number of differ-
ent time periods (most models use one or two, some three or four), there
should be enough trips to estimate travel time distributions.

The above discussion leads to the conclusion that any survey which is suf-
ficient for the development of trip generation models is likely also
sufficient for the estimation of gravity model parameters.

Some agencies have been developing destination choice (or more accu-
rately attraction choice) models for the purposes of estimating trip tables.
These are generally logit models which are similar in function, and often
variables, to gravity models. If travel time is the only parameter of these
models, then the same analysis as described above for gravity models
holds. However, if other variables are used in the model, the problem
becomes similar to that of mode choice models, as discussed below.

3IM. E. Smith, “Design of Small-Sample Household-Interview Travel Surveys.”
Transportation Research Board. Transportation Research Record 701, 1979,
pp. 29-35. .

32D F. Pearson et al. A Procedure for Estimation of Trip Length Frequency Distributions.
Texas Transportation Institute Report No. TTI-2-10-74-17-1, prepared for the Federal
Highway Administration, April 1974.
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Mode Choice

In most urban areas, the use of household travel surveys for the estimation
of mode choice models is problematic for the following reasons:

¢ In many areas, there are simply too few transit trips to get an accurate
estimate of the distribution of important variables among transit users.

¢ Unless households are recruited at transit stops or on transit vehicles, it
is difficult to determine in advance whether or not there are transit
trips made by the household. Therefore, a stratified sampling approach
with respect to mode would be difficult to implement.

¢ Itis unlikely to have information about the means, standard deviations,
or coefficients of variation of most of the variables in mode choice
models unless another survey had collected them. These variables
include fares, parking and other auto-related costs, and wait and access
times. In addition, data on other variables such as demographic or area
type measures are unlikely to be available weighted by trip (as opposed
to by household).

¢ The logit model formulation does not lend itself to simple derivation of
statistical computation of sample size.

Given these problems, it is rare that a household travel survey sample size
would be based on mode choice model requirements. However, in some
large cities where mode choice models can be developed from survey
data, it is likely that the sample size would have to be much larger than
what would be required for trip generation.

It is possible to develop simple estimates of the required sample size to get
a statistically significant sample of users for each mode using Equation 5.7.
This is done using the sample variance s? in the equation based on the
estimated mode share. For work trips, this is generally available from
census data; for non-work trips, a conservative (high) estimate of transit
(or other rarely used mode) share can be used to develop a conservative
estimate of the sample size requirement. Of course, if there are a large
number of modes to be examined, the computation must be repeated for
each one.

Stratification of the sample can be an efficient means of increasing the
accuracy of the survey data for mode choice purposes. Obviously, if one
could identify transit users before recruitment, better information about
critical variables for transit users could be obtained. Even though this pre-
selection would be very difficult, it is possible to target specific markets
that are easier to define. For example, in Portland, Oregon® the household

3NuStats, Inc. “Sample Productivity Plan,” Technical Memorandum, 1994.
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survey was stratified to include areas near transit lines and with favorable
land use characteristics for non-auto modes. Such geographic stratifica-
tion is not difficult to determine using readily available data such as
census data for planners familiar with transportation in the local area. In
addition, the Portland survey employed choice-based sampling for one
stratum, recruiting park-and-ride users at parking lots.

6-80 Travel Survey Manual



6.6 Drafting and Constructing
Household Travel/Activity
Surveys

1. What data elements are needed from the Household Travel/Activity
Survey and what limitations are there in obtaining the data?

2. What survey instruments are needed for the survey? How should
they be designed?

3. How can the required data elements be developed into questions and
response categories?
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6.6 Drafting and Constructing Household
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B 6.6 Drafting and Constructing Household
Travel/Activity Surveys

The household survey is probably the best travel survey for obtaining the
most detailed data on respondents and their travel patterns. As discussed
in Chapter 3.0, the household survey can include almost any type of sur-
vey question. In addition, the survey may include either interviews or
self-administered questionnaires, or both. Household survey interviews
can either be computer-assisted or manual.

The key issues related to drafting household survey questions and con-
structing the survey instruments for a household travel/activity survey
are listed on the section summary page. The first challenge for the survey
team is to determine what data elements are needed from the household
travel/activity survey. This determination must be based on the antici-
pated analyses and the survey goals, but the data elements of other recent
household travel/activity surveys will help the survey team narrow its
selection. Once the data elements are identified, they need to be devel-
oped into survey questions and response categories. At the same time, the
survey team needs to identify the different survey instruments and mate-
rials that will be needed for the survey effort. The final product of this
task will be the survey materials, which will be a combination of the
products of the three steps.

The three key steps of drafting and constructing household travel /activity
surveys are described below.

Data Elements For Household Travel/Activity Surveys

In most household survey designs, the survey team is in the position to
obtain information on a great number of relevant topics. The analysis and
travel demand modeling plans for the survey results and the survey’s
overall goals will dictate what specific data elements need to be included,
which data elements should be included, and which data elements could
be included, if possible.

Unfortunately, in general, the surveyor does not have the luxury of
including as many data items as possible in a household travel/activity
survey because the length of the survey will affect the quality of responses
and the level of non-response. The tradeoff between survey length and
response quality is discussed below in the section describing the devel-
opment of survey questions, but because it is almost always true that users
of survey data would like more questions than can be asked, the survey
team needs to determine the data elements of the most interest for the sur-
vey effort, and prioritize their inclusion in the final surveys.
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The remainder of this data elements section describes the most common
information sought in household travel/activity surveys. Each survey
team will have different data needs from their surveys, but most household
travel/activity survey efforts have common concerns. Therefore, reviewing
data elements that are frequently collected is a productive exercise.

Two recent research papers provide excellent taxonomies of the recent
content of household travel/activity surveys. Axhausen provides a de-
tailed catalog of many recent household travel/activity surveys, including
many examples of North American, European, and Australian surveys.*
Stecher, Bricka, and Goldenberg provide a breakdown of household
survey data categories and elements from recent North American efforts.?

Applying these taxonomies, household travel and activity survey data
elements can be categorized into the following five categories:

e Household Data - Information on the characteristics of the household
and on the actual physical property in which the household resides.

e Person Data - Demographic, socioeconomic, and employment infor-
mation for one or more members of the household.

e Vehicle Data - Information on the type, ownership, and usage of pri-
vate vehicles available to household members.

e Travel and Activity Data ~ Diary or recall information about the travel
and activities of one or more household members.

e Attitudinal, Opinion, Knowledge and Stated Preference Data -
Information from respondents that provide surveyors and modelers
with the respondents’ views, tastes, and concerns.

Household Data Elements

Table 6.10 lists common household data items for household travel/
activity surveys. These data elements are used to classify respondent
households as independent variables in travel demand models, and to
compare the sampled households with actual study area households for

34K W. Axhausen, Travel Diaries: An Annotated Catalogue, University of London Centre for
Transport Studies Working Paper, November 1994,

3Cheryl C. Stecher, Stacey Bricka, and Leslie Goldenberg, Travel Behavior Survey Data
Collection Instruments, Resource Paper for Household Travel Surveys: New Concepts and
Research Needs Conference, Irvine, CA (March 1995).
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Table 6.10 Household Travel/Activity Survey Household Data

Elements

Data Elements

Information Typically Obtained

Number of people living in the household

Number of full-time, part-time workers,
students, and small children in household

Household income

Language(s) spoken in the household
Number of vehicles available to the household

Location of the residence
Type of dwelling unit.

Own or rent status.
Size of the dwelling unit.

Time at the residence.

Location of previous residence.

Number of telephone lines in the household, and
the number shared with other households.

Number of computers, fax machines, modems,
etc.

Number of visitors staying at household during
the travel or activity diary period.

Seasonal usage of the dwelling unit.

Actual number of people.

Actual numbers of people, or assemble data
from person-based questions (see below)

Income categories based on Census definitions
or the agency’s standard categories.

Aggregation of Census categories.

Actual numbers of wvehicles available (see
vehicle questions below).

Street address, as accurately as needed for
anticipated geographic analyses.

US. Census categories or surveying agency’s
land-use categories.
Dummy variable (check one).

Square footage (used in lieu of, or in addition to,
income questions, particularly in Europe).

Number of years; number of months if less than
a year.
Street address or neighborhood.

Actual numbers; data element is used primarily
for sample expansion.

Actual numbers; data elements are used for
sample expansion and are sometimes used for
analyzing telecommuting issues.

Actual number of people.

Months of the year that the respondent lives at
the sampled dwelling unit.

Sources: Cheryl C. Stecher, Stacey Bricka, and Leslie Goldenberg, Travel Behavior Survey Data Collection
Instruments, Resource Paper for Household Travel Surveys: New Concepts and Research Needs
Conference, Irvine, CA (March 1995). and K.W. Axhausen, Travel Diaries: An Annotated
Catalogue Working Paper of the University of London Centre for Transport Studies (November
1994).
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which Census data are available. Three household data items are par-
ticularly important for most travel survey efforts: household size,
household location, and household income.

The number of people in the household is a key consideration in estimat-
ing household level trip generation rates. The primary challenge for the
household travel/activity survey with regard to this data element is to
define to the respondent what is meant by the term household. In general,
travel survey teams define a household as the total group of people who
usually reside at the sample address, regardless of whether they are
related to each other. Travel survey teams need to consider how they will
account for college students and others whose legal address is at the sam-
ple household, but who live elsewhere. In addition, the travel survey
team must decide how to handle visitors to sample households, particu-
larly for survey efforts with travel or activity diaries.

The geographic location of the household is usually an essential data ele-
ment. Any survey effort that will rely on geographic analyses of some
type needs to accurately and precisely define the household location. If
the location cannot be coded in sufficient detail, the data record usually
cannot be used. Hence, the travel survey team needs to determine the
level of geographic detail necessary for future analyses (are neighborhood
definitions sufficient? are exact addresses needed, or can nearest intersec-
tions and landmarks be used?). In addition, if interview methods are
employed, the travel survey team should determine ways to test the
sufficiency of the geographic data as soon as it is collected, and before
continuing on with other parts of the survey. If the collected data are
unusable, then the interviewer can attempt to clarify the response.

Household income information is commonly used in travel demand mod-
els and other survey-related analyses, but the collection of household
income data is among the more challenging aspects of household travel/
activity survey instrument design. Household income questions almost
always have significant levels of item non-response and refusals. In
addition, many travel surveyors have questioned the validity of the self-
reported income information, based on comparisons with Census income
data and other sources.

The question design issues for this data element are discussed below, but a
more basic decision related to household income is how the survey data,
which is likely to have problems even with the best designs, may be used
for analyses. The non-response workshop of the recent TRB Household
Travel Survey Conference recommended that travel modelers recognize
the inherent limitations of this data element, and that, at a minimum, they
consider combining response categories into a few large categories in an
attempt to improve the data reliability.
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Person Data Elements

Common person-based data elements are shown in Table 6.11. The per-
son-based data elements for household travel/activity surveys are often
used as explanatory variables in trip distribution and mode choice models.
In addition, these data are commonly used to compare the survey respon-
dents to the U.S. Census population for the study area. The data items for
person-based data are generally straightforward, and often include ques-
tions about jobs and workplaces.

Vehicle Data Elements

The recent focus on the interaction between travel demand models and air
quality models has led a number of travel surveyors to ask for detailed
vehicle information in household travel/activity surveys. It remains to be
seen which of the very detailed data elements will prove to have signifi-
cance in travel demand models, so recent surveys have sought many
different elements. Table 6.12 shows some of the data elements that have
recently been sought. Because a number of the listed data elements
require respondents to record information from the vehicles, not all of the
data elements are appropriate for all survey methods. For instance, a sim-
ple telephone survey could not be used to obtain these data elements.

It is often a challenge to define for respondents the vehicles of interest for
the survey. In general, survey teams are interested only in vehicles that
are registered and operable. The survey team needs to determine whether
only vehicles kept by household members should be reported, or whether
all vehicles that respondents could use should be reported. Since informal
car-sharing and borrowing are common in the US,, it is important that
survey teams define before the survey effort what they will need for their
analyses.

Often, vehicle availability data are used in conjunction with U.S. Census
data to expand the survey sample. If this is the case, it is imperative that
the survey question be consistent with the Census vehicle availability
question:

“How many automobiles, vans, and trucks of one-ton capacity or
less are kept at home for use by your household?”

An easier, but usually more costly approach to organizing the workforce
for travel surveys is to hire a consultant to conduct the survey. Consulting
firms who may be qualified to conduct travel surveys include
transportation consultants, survey research firms, and engineering firms.
Often a team combining two or more of these types of firms will be
selected.
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Table 6.11 Household Travel/Activity Survey: Person

Data Elements

Data Elements Information Typically Obtained
Sex Dummy Variable (check one).
Age or year of birth Actual number or year is usually considered to

Race, ethnicity, or nationality

Relationship of the person within the household.

Marital status.
Holds a current driver’s license.
Highest level of education attained

Employment status

Student status

Paid /unpaid Employment.
Location of place(s) of employment.

Time at the place(s) of employment.

Previous job location.

Occupation(s)
Industry(ies)

Work Load
Work schedule.

be preferable to categories with ranges of ages or
birth years.

Census standardized definitions.

Typically only the relationship to the person
completing the survey for the household is
queried; relationship to others in the household
could also be sought.

dummy variable (check one).
dummy variable (check yes or no).
Aggregation of Census standardized definitions.

Variations on categories like full-time, part-time,
retired, unemployed and looking for work,
unemployed and not looking for work, full-time
homemaker, and student. Need to be prepared
for multiple responses and for combined
employment and student status (a full-time
student with a part-time job).

Variations on categories like full-time student,
part-time student, not a student.

' dummy variable (check one).

Street address, as accurately as possible without
incurring item nonresponse.

number of years; number of months if less than
one year or month and year employment began.

Street address or neighborhood.

Aggregation of U.S. Census categories for each
job.

Aggregation of S.I.C. industry categories for
each job.

Hours of work per week.
Usual start and end times.
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Table 6.11 Household Travel/Activity Survey: Person
Data Elements (continued)

Data Elements Information Typically Obtained

Schedule flexibility. Variation on categories like rigid schedule,
formal flextime policy, and informal flextime
policy, and core business hours for those with

flexibility.

Ability to work at home. Days per week or month that person works at
home.

Shift rotations. Frequency of shift changes, and start and end
times for other shifts.

Usual transportation mode(s) to work. Complex data element for respondents who use

multiple modes, or different modes on different
days (see travel questions below).

Employer (or school) provision of parking. dummy variable (check yes or no).
Employer parking subsidies. amount per month, if any.

Cost of parking at work or school. amount per month, excluding subsidies.
Employer transit subsidies. amount per month, if any.

Sources: Cheryl C. Stecher, Stacey Bricka, and Leslie Goldenberg, Travel Behavior Survey Data Collection
Instruments, Resource Paper for Household Travel Surveys: New Concepts and Research Needs
Conference, Irvine, CA (March 1995), and K.W. Axhausen, Travel Diaries: An Annotated
Catalogue Working Paper of the University of London Centre for Transport Studies (November
1994).
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Table 6.12 Household Travel/Activity Survey: Vehicle Data

Elements

Data Elements

Information Typically Obtained

Make, model, and year of each vehicle available
to household members.

Body type of the vehicle.
Fuel used by the vehicle.

Vehicle identification number (VIN).

Odometer reading

Vehicle-miles traveled during the last year
Vehicle owner/leaseholder

Primary driver of the vehicle

Percent usage of vehicle by each household
member.

Usually collected in open-ended questions, with
interviewer probing, as necessary.

Variations on NPTS categories.

Variations on categories like gasoline, diesel,
other.

The alphanumeric codes found behind vehicle
windshields can be translated to detailed make,
model, body type, engine type, etc.

Actual reading at the beginning and/or end of
the travel diary period. Collecting data both at
the beginning and end allows surveyor to check
completeness of diaries.

Respondent estimate of level of usage.

Specific household members, as well as
employer, rental agency, or other.

Specific household members, and possibly non-
household members, as well.

Respondent estimates based on usage over the
last week/month/year.

Sources: Cheryl C. Stecher, Stacey Bricka, and Leslie Goldenberg, Travel Behavior Survey Data Collection
Instruments, Resource Paper for Household Travel Surveys: New Concepts and Research Needs
Conference, Irvine, CA (March 1995). and K.W. Axhausen, Travel Diaries: An Annotated
Catalogue Working Paper of the University of London Centre for Transport Studies (November

1994).
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Travel and Activity Data Elements

Household travel/activity surveys commonly collect a great deal of highly
detailed data on people’s activities and trips. Table 6.13 summarizes
many of the most common data elements. Usually, these detailed data are
collected by means of diaries that either record all respondent trips over a
pre-specified time period or record all the activities that respondents
engage in over a pre-specified period. It is likely that all activity-based
modeling systems will require the use of activity diaries, but conventional
travel demand models can utilize either activity diary data or travel diary
data. As discussed above, the trend among recent household travel/
activity surveys has been toward the use of activity diaries.

If the survey team chooses to use an activity diary to record respondent
activities, a fundamental question that needs to be addressed is whether
and how to categorize activities. As discussed previously in Section 6.3,
the first choice for the survey team is whether to include only activities
that are performed outside the home, or to include both in-home and out-
of-home activities. Recent household surveys have used both techniques.

The next question for the survey team is how to record people’s activities.
Because of the wide range of potential responses, the most accurate
approach for obtaining the information probably involves the use of open-
ended questions, with interviewer probing as necessary. However, this
approach increases the burden both on respondents and interviewers.
Therefore, survey teams have generally defined activity classification
schemes, and have asked respondents to categorize their activities on the
basis of those schemes. Table 6.14 shows some of the activity categories
that have been recently used in household surveys. More classifications of
people’s activities are obtainable from the many time-use surveys con-
ducted since the 1970s. These studies tend to have extremely detailed
classification schemes (some with more than 100 categories) for how peo-
ple spend their time.%

Because of the large number of activities that people perform in a typical
travel diary period, many household activity survey teams have asked
respondents to record only activities that last for more than 30 minutes or
activities that require travel (regardless of how long the activity takes).
This decision rule limits the reportable activities to a manageable number,
but may also dilute the usefulness of the time-use data because many
activities may not be reported. Certain types of activities ~ like meals -
that often take less than 30 minutes and do not involve travel are likely to
be under-reported.

%See A. Szalai (ed.) The Use of Time. Mouton (The Hague), 1972
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Table 6.13 Household Survey: Travel and Activity Data Elements

Data Elements

Information Typically Obtained

Activity or travel purpose

Start and end time of activities

Arrival and departure times or travel time

Name of place where trip started or ended or
where activity took place.

Type of place or land-use of trip end or
activity place.

Address of trip end or activity place.

Travel group size and make-up.
Travel mode.

Chosen private vehicle for the trip (for those
using private auto).

Private vehicles available for the trip (for
private auto users and others).

Driver or passenger (for those using private
auto).

Type of parking (for those who use or could
use private auto).

Parking cost (for those who use or could use
private auto).

Parking payment method (for those who use
or could use private auto).

Private vehicle routing (for those who use
private auto).

Activity or trip purpose categories of sufficient
detail to characterize the trip in the travel demand
models.

In an activity-based approach, activity start and end
times are recorded. Travel times are derived from
the start and end time data.

In a trip-based approach, trip start and end times
are recorded. Activity times are derived from the
trip start and end time data.

Name of location in respondent’s words.

Variations on categories like private home, place of
business, hotel/mote], other.

Street address or nearest intersection.

Number of people traveling together; identification
of other household members in travel group.

Categories designed to exhaust the mode
possibilities for the region, plus an “other” category.

Linked to vehicles described in the vehicle section of
the survey.

Linked to vehicles described in the vehicle section of
the survey.

Dummy variables (check one).

Variations on categories, like: garage, free lot, paid
lot, on-street parking.

Actual (or expected) cost to park, with and without
subsidy.

Variations on categories, like: meters, cash, parking
stickers or passes.

List of major highways used or tracing of travel
route on a map.

Sources: Cheryl C. Stecher, Stacey Bricka, and Leslie Goldenberg, Travel Behavior Survey Data Collection
Instruments, Resource Paper for Household Travel Surveys: New Concepts and Research Needs
Conference, Irvine, CA (March 1995). and K.W. Axhausen, Travel Diaries: An Annotated
Catalogue Working Paper of the University of London Centre for Transport Studies (November
1994).
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Table 6.14 Household Activity Categories for Respondents

Portland, Oregon Household A Proposal fora
Los Angeles Household Activity Survey (1994) New Hampshire Household New York Household
Activity Survey (1993) 28 Categories Activity Survey (1995) Activity Survey
12 Categories All Activities; In-Home and 11 Categories 33 Categories
(Variant of Boston Activities) Out-of-Home Activities Separate In-Home and Separate Home, Work,
No Detail on In-Home Activities Not Separated QOut-of-Home Activities and Other Place Activities
At-Home Activities Household Sustaining Activities In-Home Activities At-Home Activities
Out-of-Home Activities Meals Household Activities Sleep/Napping
Picking Up or Dropping Someone Work Paid Work Meals
plo Work-Related Out-of-Home Activities Pem“;‘ Cafet e
Shopping (General) Errands Dependent Care
Work . . Meals In-Home Amusements
Working at Home Shopping (Major) . Household Business
Work-Related Personal Services Recreation Household Maintenance
School Medical Care School School/School-Related
Shoppmg Professional Services Paid Work WOrking at Home
Social Activities Household Business Shopping (General) At-Home Exercise
Recreation Household Maintenance Shopping (Major) Telephone
Eat Out Household Obligations Chauffeuring Family, Friends AtC&mT::ﬁ "
: isi ’ -Wor vities
Banking/Personal Business Pn.ck Up/. D:T,Off Passengers Cruising for Travel’s Sake Work
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The level of under-reporting can be limited by having interviewers probe
for any at-home activities that could be substituted with activities that take
place outside the home, such as eating out/catalog shopping. High qual-
ity interviewers are essential for an approach like this, because the probing
could greatly increase the data retrieval time if it is not performed effi-
ciently. Another circumstance that time-use and activity-based survey
designs must consider is when activities occur simultaneously or when an
activity (like eating, reading, or paperwork) is completed in the course of
travel.

When trip-based methods are employed, rather than activity-based meth-
ods, a key issue in the design of diaries is the definition of a trip.
Respondents are likely to define the word, ‘trip’ differently than the
survey team members. Therefore, the interviewer or the survey
instruments need to explain the term to respondents so that they will
answer the question as accurately as possible. In most studies, trips are
defined as one-way travel between an origin and a destination other than
the origin. This issue is discussed in more detail later in the section on
question wording.

Attitudinal, Opinion, Knowledge, and Stated Preference Data
Elements

The final data elements that are commonly collected in household
travel /activity surveys are the attitude, opinion, knowledge, and stated
preference data, including the data elements shown in Table 6.15. These
data are not discussed extensively in either the Stecher, Bricka, and Gold-
enberg paper or the Axhausen paper, because of their focus on household
surveys that are used for regional travel model development. Because of
their length and complexity, household travel and activity surveys that are
conducted for purposes of model building should be limited to the collec-
tion of data that will be (or could be) used as model inputs. Survey teams
should resist the temptation to collect “nice-to-know” information without
first understanding exactly how it will be used.

Other types of household travel/activity surveys, such as those performed
for transit agencies, are more likely to employ the types of data elements
listed in the table.

Stated response data have been collected in many different types of
household surveys, including those that are used for regional model
development. The issues related to these data elements are discussed in
Chapter 13.0.
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Table 6.15 Household Travel/Activity Survey Attitudinal,
Opinion, Knowledge and Stated Preference Data

Elements

Data Elements

Information Typically Obtained

Assessment of one or more existing transporta-
tion facilities or services.

Assessment of a proposed transportation facility
or service.

Suggestions for improvements to transportation
facilities or services.

Level of familiarity with transportation facility or
service.

Source of knowledge about facilities or services.

Advertising awareness and recall.

Hypothetical choices.

Rankings or ratings of a facility or service, as a
whole, or of different components or attributes of
the facility or service.

Rankings or ratings of a proposed facility or serv-
ice, based on descriptions provided by the inter-
viewer or in the survey materials.

Open-ended opinion questions.
Knowledge questions about the facility or service.

Variations on categories, like: personal experi-
ence, word-of-mouth, print advertising, radio
advertising, other.

Open-ended questions about which agency ad-
vertisements that respondents remember.

Respondent choices, rankings, or ratings of a set
of choices offered in a stated-response exercise.
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Translating Required Data Elements Into Questions and Response
Categories

Once the survey team and travel demand modeling staff have established
the essential and optional data items to be included in the household
travel/activity survey, survey questions need to be developed that will
produce the data elements accurately and reliably.

A survey question should be included in a household travel/activity sur-
vey interview or questionnaire if the following are true:¥

e The information obtained from the question is relevant to the models
being developed or refined, or to other anticipated analytical efforts.

¢ The question and response categories are expected to be valid measures
of the modeling variables.

¢ The responses can be coded meaningfully for modeling analyses.

¢ Analysts, interviewers (if any), and respondents agree unambiguously
on the meaning of the question and response categories.

e The question and response categories have no wording problems.

e The wording of questions and responses is the same or equivalent to
any measure from other surveys that will be used in the modeling
work.

® Response categories exhaust all meaningful answers that can be
anticipated.

e Response categories are meaningful and understandable to
respondents.

o (For interviews) the questions and response categories are easily
learned by interviewers.

In addition, each survey question should be reviewed in terms of its effect
on the overall survey quality. The following should also be true:

o The benefits in the survey analysis from the question outweigh its costs
in terms of survey length, respondent burden, and increased non-
response.

37Based on Charles Backstrom and Gerald Hursh-Cesar, Survey Research, 2nd edition, John
Wiley & Sons, 1981, pp. 119-122.
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* The information gained from the question is more useful than the
information that would be gained from other questions that will not be
on the survey.

* The question does not provoke respondents to be hostile to the survey
effort or to question the goals of the surveying agency.

In short, a question and its response categories should provide unambigu-
ous, accurate, reliable, and usable information without affecting the
overall validity of the survey effort.

To meet these requirements, the survey team must successfully perform
three tasks in translating data elements into actual survey questions:

1. Determine exact question content and the forms of the questions;
2. Develop the wording for questions and response categories; and
3. Determine how questions should be sequenced.

These tasks are described below.

Determining the Form and Content of the Questions

The survey team needs to operationalize the survey’s required data ele-
ments by defining in more detail what data are needed and by
determining the appropriate question forms to obtain the data.

The list of needed data elements that the survey team assembles while
analyzing the proposed analyses based on the survey data will include a
number of items that will lead directly and logically to the development of
one or more survey questions without much effort. For instance, if one of
the identified needed data elements is whether a person has a valid driv-
ers’ license, the data could be collected by simply asking her or him.

On the other hand, for some data elements there will not be a clear set of
survey questions. These data elements require that the survey team
improve its data definitions and more carefully consider what survey
information is required.

For instance, one data element that is often sought in household
travel/activity surveys is whether an individual had a vehicle available
for a particular trip from home to work. The most straightforward and
commonly employed approach to obtaining this data element is to ask,
“did you have a vehicle available for this trip?,” or some variation.
However, as Axhausen points out, this simple question is riddled with
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ambiguity.® Does answering yes to the question mean that there was a
vehicle at home that the person could have driven, or does it mean that, if
necessary and with advance planning, the person could have arranged to
take a vehicle, perhaps by changing how other household members travel,
or does it mean something else?

Given this problem, the survey team might want to consider the develop-
ment of a series of questions to determine how the household allocates
vehicle usage and how mode choice decisions are made, or they might
want to consider asking questions that would allow them to trace the
usage of all household vehicles throughout the travel period in question.
Before deciding how best to proceed the survey team should re-examine
the expected analyses that will rely on these data elements to find out the
best approach.

As the survey team evaluates the household travel/activity survey’s
needed data elements, they should also consider the types of survey ques-
tions with which the data elements are best matched with. In Chapter 3.0,
different kinds of survey questions, including factual, behavioral, test-of-
knowledge, attitudinal, opinion, and stated response questions, were
defined. However, in developing the survey questions it is useful to
classify questions differently, according to the question form. Figure 6.3
shows a classification scheme for the forms of survey questions. As the
top of the figure shows, survey questions can be either open-ended, which
allow respondents to reply to the questions freely, or closed-ended, which
provide respondents with preset response categories. Open-ended ques-
tions are sometimes useful, particularly when:

¢ The survey team is uncertain about the possible range of responses to a
question;

¢ The question has so many potential responses that providing categories
would be infeasible;

e The survey team needs to have precise information on how respon-
dents think about something;

e The survey team would like to provide respondents with the opportu-
nity to sound off about the survey topic(s); or

¢ The survey team is seeking verbatim remarks to complement the statis-
tical analyses.

38KW Axhausen, Travel Diaries: An Annotated Catalogue, University of London Centre for
Transport Studies Working Paper, November 1994.
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Figure 6.3 Survey Question Forms

Survey Questions
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.
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Nominal Data Ordinal Data Interval Data Ratio Data
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(Response categories (Response categories (Response categories (Response
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on labels; e.g., gender, based on some order; based on some answers according
travel mode, etc.) e.g., ranking of degree of difference) to an objective pre-
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Geographic questions are almost always open-ended, because locations
that individual respondents refer to cannot be foreseen by the survey
team. In addition, questions that ask for respondents’ opinions are gener-
ally open-ended.

However, almost all household travel/activity surveys rely to a large
degree on closed-ended questions for most data elements, because both
data collection and survey processing are greatly facilitated by forcing
responses into a small number of categories. Closed-ended questions
allow respondents to simply pick a reply, rather than to form one from
scratch. In addition, the possibility of respondents providing inappropri-
ate answers or of misinterpreting questions is limited by providing preset
responses. Finally, closed-ended questions are much easier to code than
verbatim respondent replies. '

Because of these advantages, many interview questions that appear to be
open-ended are actually made closed-ended by having interviewers cate-
gorize respondents remarks into preset divisions.

Closed-ended questions are generally of one of four types, nominal, ordi-
nal, interval, or ratio. This classification is useful in question design,
because it is usually easy to determine which of the four categories best
addresses partlcular needed data elements. Because there are relatively
few ways to phrase survey questions in each of the four categories, the
question construction of other survey questions in the category can often
be used as a guide in converting the data element to a useful survey
question.

The Wording of Questions and Response Categories

Before developing the wording for any questions, the survey team should
understand how the survey process and specific questionnaire wording
can bring inaccuracies and biases into the survey results. Two basic sur-
vey question problems can harm the survey effort:

¢ Item non-response; and

¢ Inaccurate replies (response errors).

To minimize the effects of these problems, it is first important to under-
stand what possible motivations respondents might have to be less than
forthcoming or to mislead the surveyor. There are four general reasons
why respondents can provide incomplete or inaccurate information in
surveys:

1. The respondent does not know the answer to a question or questions;

2. The respondent cannot remember the answer to a question or questions;
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3. The respondent misunderstands the question; and
4. The respondent has some motivation not to be totally forthcoming.

While it is not possible for survey teams to eliminate these issues, it is
clear from recent household travel/activity survey efforts that good ques-
tion design can certainly reduce the number of response errors
significantly.

The remainder of this section discusses common survey question wording
problems, and then discusses question wording issues for particular
household travel/activity survey questions, including diaries.

Survey Wording Problems

Each question should be tested by the designer for the potential problems
listed above. To minimize the chances that a respondent will not know,
remember, understand, or be willing to answer survey questions, the sur-
vey team should seek to avoid questions that fall into three broad
categories:

» Confusing questions;
e Ambiguous questions; and
e Loaded questions.

Confusing questions are questions that mix up respondents in some way.
Ambiguous questions are questions which not everyone would agree
mean the same thing. Loaded questions are questions that suggest to
respondents that certain responses are preferable to others. Loaded ques-
tions are usually of the most concern on attitude, opinion, and stated
response questions. Since household/activity questions use these types of
questions infrequently, they are probably less of an issue than misper-
ceived or ambiguous questions.

Tables 6.16, 6.17, and 6.18 provide examples of survey questions that have
these problems. Although these examples are contrived, they illustrate the
many ways question wording can lead to response errors. It is fairly easy
to identify questions that could be potential problems in many recent
household travel/activity survey materials. In most of these cases, the
survey teams probably considered alternative wording but found that the
alternatives introduced wording problems of other types. Ultimately, the
household travel/activity survey team needs to use its judgment, experi-
ence, and the results of carefully-designed pretests to make final decisions
about survey wording.
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Table 6.16 Examples of Confusing Survey Questions

Outside Respondent’s Experience

 Problem - In a description for a stated preference survey, “The agency is considering building a rail
transit system similar to the one in Washington, DC.”

¢ Improvement — “The agency is considering building a rail transit system.”

Technical Terms
e Problem - “Did you use an HOV lane for any part of your work trip? ”

e Improvement — “For any part of your trip from home to work, did you use a carpool lane that
requires autos to have more than two people in them? ”

Overfamiliarity
e Problem - “Did you make any trips on Thursday?”

e Improvement - “Did you go any place for any reason on Thursday?”

Note — The common word “trip” may imply long distance travel to some respondents. The
term should either be defined for respondents at the beginning of the survey or should be
avoided.

Uncommon Idiom
e Problem - “With which mode did you make the trip? "

e Improvement — “How did you get there?” List of modes provided by interviewer or questionnaire.
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Table 6.17 Examples of Ambiguous Survey Questions

Incomplete Questions
e Problem - “Household Income? ”

¢ Improvement — “Combined 1994 Household Income from all sources, before taxes? "

Imprecise
e Problem - “Did you have a vehicle available for this trip? ”

e Improvement - “At the time of the trip, was there a vehicle at the starting point of the trip? ” and
then, if yes, “Could you have taken this vehicle without causing others to change their travel plans? ”

Indefinite in Time
e Problem - “Do you regularly drive to work? "

e Improvement - “Did you drive to work yesterday? ”

Assumes Knowledge
¢ Problem - “If you had made the trip by driving, how much would you have paid to park?”

e Improvement — “Do you know how much it would have cost to park if you had driven?” and then,
if so, “How much would you have had to pay?”

Confusing Two-part Questions

¢ Problem -"Do you think the bus system has improved in the last year, or do you think it still needs
to be upgraded?”

e Improvement — “Did you think the bus system has gotten better or worse in the last year? ” and
then “On a 0 to 10 scale, how would you rate the current bus system?”

Indefinite Comparisons
e Problem - “Do you think the fare for the current inner-city bus routes is fair? ”

o Improvement - “Compared to other transportation services, do you think the fare for the current
bus routes is fair or unfair?”

Indefinite Persons or Places
e Problem - “Does public transit serve your neighborhood?

e Improvement — “Are there any bus stops or transit stations within five blocks of your home? ”
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Table 6.18 Examples of Loaded Questions

Provide Unfair Alternatives
e Problem - “Some people say that Route 66 needs to be widened. Do you agree or disagree? ”

e Improvement - “Some people say that Route 66 needs to be widened. Others say it doesn’t. Which
opinion do you agree with?”

Omit Names of Alternatives

e Problem — In a stated preference question, “Under these circumstances, would you choose to take
the maglev system described above or would you choose to take the other alternative? ”

e Improvement — “Under these circumstances, would you choose to take choice A or choice B?”

Vary Descriptions of Alternatives

e Problem - A stated preference question refers to a two-page description of a proposed new mode
developed by the equipment manufacturer, and asks respondents to select between it and the mode
they use now for different combinations of travel times and costs.

e Improvement — The description of the new mode should be minimized and well-balanced with posi-
tive and negative attributes. All alternatives should receive similar descriptions.

Link Personalities to Questions

e Problem - “Governor Williamson has proposed increases in transit service in the Mudville area.
How do you feel about this proposal? Do you strongly agree, agree, disagree, or strongly disagree
with it?”

e Improvement — “How do you feel about the proposal to increase transit service in the Mudville are?
Do you strongly agree, agree, disagree, or strongly disagree with it?”

Link Institutions to Questions

e Problem - “Please rate the bus service offered by the public transit agency, City Transit: excellent,
good, fair, or poor?”

e Improvement — “Please rate the bus service in your area. Is it excellent, good, fair or poor? ”
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As a general rule, the wording of questions and response categories on
surveys should be aimed at the respondent audience. For household
travel /activity surveys, this means that the wording needs to be designed
for a broad audience with a wide-range of reading and comprehension
abilities, and with differing levels of interest in transportation. The chal-
lenge for the survey team is to word the survey as simply as possible
without boring more advanced respondents.

The following question-writing principles are suggested to achieve this
goal:

e The household travel/activity survey should be understandable by the
average fourth grader. Once a preliminary set of survey questions is
developed, the survey team may want to try administering the ques-
tions to some children to see whether any questions are confusing for
them.

e The household travel/activity survey should hold the interest of intel-
ligent adults who are not involved in transportation planning or
market research. The travel survey team may also want to test this
principle by administering the survey to non-technical friends and
acquaintances. These people can indicate where the survey is tedious
and whether certain questions feel condescending.

e Almost none of the household travel/activity survey respondents will
have a background in transportation planning or surveys, and many
will have little or no interest in the subjects. Survey team members
need to be extremely careful about projecting their level of knowledge
and interest onto potential respondents. In particular, the transporta-
tion planning field is full of jargon and expressions that are not obvious
to non-planners. The survey team needs to be very careful with the use
of many words, including:

- “Trip”

- “Journey”

- “Travel”

- “Activity”

- “Origin”

- “Destination”
- “Mode”

- “Trip purpose”
- “Bus”

- “Shuttle”

- “Transit”

- “Transfer”

This is not to say that such terms should not be used. Rather, the terms
are often central to the information that is being sought, and can be
absolutely necessary in many cases. The survey team needs to be
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aware, however, that these and other terms do not always mean the
same thing to everyone, and for some people, they will mean nothing.
The survey team needs to make sure that the terms are either defined
for respondents, or that the context in which they are being used does
not allow for ambiguity in their meaning.

¢ In addition, marketing research and survey analysis terms and jargon
should be avoided in surveys, because some respondents will resent
being part of an experiment. Among the words to watch for in this
regard are:

- “Questionnaire”
- “Research”
- “Data”

Question Wording Issues for the Household TravellActivity Survey

In household travel/activity surveys, a few question types are known to
be problematic. Three particular question types are discussed here:

e Questions about household income;
¢ Questions about personal property; and
e Activity and travel diary questions.

Questions About Household Income

Household income questions usually have the highest levels of non-
response of all the survey questions. Recent survey efforts have reported
item non-response rates for household income questions of more than 10
percent. Unfortunately, the people who refuse to answer income ques-
tions are usually not representative of the whole population. Research
indicates that those who refuse to answer income questions are more
likely than the population as a whole to have higher income levels.* In
addition, some recent U.S. survey efforts, such as a recent statewide effort
in New Hampshire, have found that households in the lowest income
categories are less likely to complete these surveys. This may be due to
either a higher income non-response rate for this group or to an overall
higher unit non-response. Therefore, analyses of income data with
significant non-response are likely to be biased.

Many surveyors believe that the income question has a high response
error level, as well. Many respondents who are unwilling to provide accu-
rate income information sometimes make up an answer, rather than

3A.J. Richardson, Elizabeth Ampt, and Arnim Meyburg. Survey Methods for
Transport Planning, Eucalyptus Press, Melboume 1995, p. 303.
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simply refusing to answer it. Also, some respondents will not know their
total household income or will be confused about which types of income
to include in their estimates. It is difficult to determine the magnitude of
the response error, because it is impossible to tell valid responses from
invalid ones.

Because of the perception of response error, some surveyors believe that
there is a practical maximum number of income categories beyond which
the data are probably too inaccurate and the question either takes too long
in an interview or takes up too much space on the mail survey form.
These practitioners believe the survey team should limit the number of
income categories to between 8 and 12.

It is generally accepted by travel surveyors and market researchers that
the household income question should, if possible, be the last question on
the survey. If the question is asked earlier in the survey, the likelihood of
the respondent not completing the survey is increased. In addition, once a
respondent refuses to answer a question, the likelihood that he or she will
refuse to answer others, as well, increases. For some survey efforts, such
as those where more than one household member are interviewed, asking
income as the very last question is not always feasible. In these cases, sur-
vey teams should attempt to sequence the income question after other
demographic questions and after the collection of any other descriptive
information that may be used in survey expansion.

A number of wording and questionnaire design techniques have been
tried to reduce the level of non-response and improve the quality of data
from income questions on household travel/activity surveys. Unfortu-
nately, many of the techniques contradict each other, and their success
may be specific to certain survey populations. Since careful comparisons
are not usually made, it is impossible to say how effective each is.

If the survey team identifies the need for a survey question about house-
hold income, they should consider evaluating alternative wording and
questionnaire designs as part of the survey pretest to identify the best
solution for their area. The form of the income question can be varied, so
that pretest respondents receive different questions. The preliminary
pretest results may indicate that one question form is superior to others.
Alternatively, if a survey team is using one or more focus groups for
developing the questionnaire, the focus group participants can be asked to
assess the relative invasiveness of different question forms.

Some recent household travel/activity survey teams using telephone data
retrieval have reported some success with asking for household income
information in a series of choices, rather than by listing all the categories.
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The question is structured, as follows:

For 1992, will your household’s total income from all sources, before
taxes and any other deductions from pay be less than $35,000, or
$35,000 or more?

Ask all with household income less than $35,000: Will it be under
$20,000, or $20,000 to 35,0007

Ask all with household income $35,000 or more: Will it be more than
$35,000 and less than $60,000, or $60,000 or more?

The simple choice questions continue until the desired level of categoriza-
tion is achieved. In this type of question structure, the first query ($35,000
in the example) is usually set near the median household income, or a lit-
tle lower.

This approach can be useful, because in some cases, partial data can be
collected from people who would not have responded to the usual income
question. On the other hand, the question lengthens the interview at a
point where most respondents really would like the interview to be over.

Travel surveyors have tried different approaches of leading into the
income question. Some surveys have re-stressed confidentiality and the
study goals before asking the question. The household income question
on the 1994 Boise survey is worded:

Now a question just for statistical and travel forecasting purposes, we
need to know your total household income before taxes. I will read sev-
eral ranges to you. Please stop me when we reach the right one
(interviewer then reads categories in ascending order).

Other travel surveyors believe the best approach to asking income is to
include the question at the end of a series of short factual demographic
questions. The income question is asked in the same quick way as the
other demographic questions. The hope is that the respondent will sense
that the income question is just another question that will be used to dif-
ferentiate groups of people, and that the respondent will simply fall into
the rhythm of answering questions.

In telephone-mail-telephone surveys, some surveyors believe that difficult
questions, like income, should always be deferred until the retrieval call.
On the other hand, some telephone-mail-telephone surveys have asked
the income question at the end of both the recruitment interview and the
data retrieval interview. Surveyors have found that some people who ref-
use to supply the information in the recruitment (which is a “cold call”)
will answer the question during the data retrieval (presumably, they have
been convinced of the survey’s legitimacy).
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Similarly, some household travel surveys have asked all adult members of
the household to answer the question, in the hopes that if one household
member is reluctant to give out the information, others may not be. Of
course, methods that seek the information more than once may lead to
consistency questions if the survey team ends up with more than one
household income estimate for a household.

Questions about People’s Property

Usually the only questions on the household travel/activity survey that
have significant non-response problems are those that ask about house-
hold income. However, as household travel/activity surveys become
more detailed, a few other questions need to be carefully worded and pre-
sented. In particular, questions about people’s property that might
interest enterpr