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PREFACE

We wrote this book with a specific purpose in mind. We are all survey methodol-
ogists — students of the theories and practices of the various data collection and
analysis activities that are called “survey research.” Surveys (in a form that would
be recognizable today) are approximately 60-80 years old. Over the past two
decades a set of theories and principles has evolved that offer a unified perspec-
tive on the design, conduct, and evaluation of surveys. This perspective is most
commonly labeled the “total survey error” paradigm. The framework guides mod-
ern research about survey quality and shapes how practicing survey professionals
approach their work. The field arising out of this research domain can appropri-
ately be called “survey methodology.”

We increasingly noticed a mismatch, however, between the texts related to
surveys and how the science of surveys was evolving. Many survey research texts
focused on the application of tools and deemphasized the theories and science
underlying those tools. Many texts told students to do things that were no longer
or never supported by the methodological research in the area. In short, there were
books that emphasized “how to do” surveys but neglected the science underlying
the practices that were espoused.

Most harmful we thought was the impression conveyed to those who read the
texts that surveys were merely a recipe-like task — if step-by-step instructions
were followed, high quality would be guaranteed. In contrast, we saw surveys as
requiring the implementation of principles in unique ways to fit a particular sub-
stantive purpose for a particular target population.

These issues became particularly important to us when the demand for a one
semester graduate level (and senior undergraduate level) course became obvious
at the Joint Program in Survey Methodology (JPSM), a consortium graduate pro-
gram funded by the US Federal statistical agencies in which the authors teach.
The students would often have advanced education in another field (e.g., eco-
nomics, statistics, psychology) but no formal exposure to the field of survey
methodology. We planned a 14-week lecture course with exercises and examina-
tions. Its first edition was Fall 1998, and we immediately suffered from the
absence of a text that could accompany the lectures and motivate the exercises.

We began to envision a text describing the basic principles of survey design
discovered in methodological research over the past years and the guidance they
offered for decisions that are made in the execution of good quality surveys. We
wanted to include exercises that would help integrate an understanding of the
field. We wanted to convey that the field is based on experimental and other
research findings and that practical survey design was not a mere matter of judg-
ment and opinion but rather the result of a body of research findings.

We drafted this book over several years. After we wrote the first couple of
chapters, we hit a dry spell, which was ended when our colleague Nancy

XV
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PREFACE

Mathiowetz kicked us back in gear. We appreciated her energy in getting us going
again.

The manuscript profited greatly from the critique of our student colleagues.
The text had a dry-run in the Summer of 2003 in a class at the University of
Michigan Survey Research Center Summer Institute in Survey Research
Techniques, “Introduction to Survey Research Techniques,” taught by Maria
Krysan and Sue Ellen Hansen. We thank these instructors for helping improve the
manuscript. We learned much from the criticisms and ideas of both Krysan and
Hansen and the students in the class: Nike Adebiyi, Jennifer Bowers, Scott
Compton, Sanjay Kumar, Dumile Mkhwanazi, Hanne Muller, Vuyelwa
Nkambule, Laurel Park, Aaron Russell, Daniel Spiess, Kathleen Stack, Kimiko
Tanaka, Dang Viet Phuong, and Christopher Webb.

It is fair to say that this book strongly reflects the lessons taught by many of
our own mentors. One deserves special mention. All of the authors were friends
and students of Charlie Cannell (some formally; all informally). Charles F.
Cannell began his survey career with Rensis Likert at the US Department of
Agriculture, Division of Program Surveys. Cannell later joined Likert and others
in founding the University of Michigan Survey Research Center in 1946. He was
the first director of field operations at the Center and had a long and distinguished
career in survey methodology. In memory of Charlie and his work, the Institute
for Social Research (the larger institute of which the SRC is part) established the
Charles F. Cannell Fund in Survey Methodology. All royalties that result from the
sales of this text will be contributed to this fund. The endowment from the fund
is designated for support of young scholars developing their research careers in
survey methodology. We can think of no better use.

We designed the text to be used in a class where the participants had taken
one or more courses in statistics. The key relevant skill is the reading of statisti-
cal notation, including summation signs, notation for expected values, and simple
algebraic manipulation of summed quantities. Some chapters present quantitative
analyses using regression and logistic regression models, and students unfamiliar
with linear modeling need some help in understanding these resuits.

This book has 12 chapters, in the order that they are presented in the semes-
ter-length course on survey methodology called “Fundamentals of Survey

* Methodology” at the JPSM. We envision instructors will want to assign additional

readings—often from one or more review articles referenced in the chapters.

The first two chapters (“Introduction to Survey Methodology” and
“Inference And Error In Surveys™) are conceptual in nature. Chapter 1 presents
six example surveys that are used throughout the book to illustrate various prin-
ciples and practices. The instructor can supplement the text by displaying the Web
pages of these surveys in the class and leading class discussions about the key
design features and products of the surveys.

The second chapter presents the key components of the total survey error par-
adigm. Again, at this early stage in the class, we’ve found that providing students
examples of key error components by referencing the example surveys helps stu-
dent understanding. A defining characteristic of surveys as we see them is that
they are designed to produce statistical descriptions of populations. Although
there are computer programs that will calculate statistics, we think it is critical
that a survey methodologist understand the calculations that underlie those statis-
tics. Hence, the book routinely presents statistical notation along with a concep-
tual discussion of what is being calculated.

PREFACE

The treatment of Chapter 2 would be a good time to devote a class to statistical
notation, which, once it is learned, will help the students be more comfortable
throughout the rest of the book

Starting with Chapter 3 (“Target Populations, Sampling Frames, and
Coverage Error”), each chapter deals with a different component of total survey
error and the methodological research discoveries that guide best practices. The
focus of these chapters is deliberately the research on which best practices in sur-
vey research are based. We have often found students beginning the study. of sur-
vey methodology with the perspective that their opinions on a specific design fea-
ture are diagnostic of the best practices. The material that is presented in Chapters
3-11 attempts to show that there are scientific studies of survey methods that
inform best practice; opinions are of little value unless they are research-based.
Some of these studies do not have intuitively obvious findings. Hence, a student
of the field must review the past methodological literature and at times do novel
research to determine good design. There are two devices in the text that can help
convey this perspective on the field. One is the set of embedded references to
research in the discussions. The other is the presentation of illustrative boxes that
give short descriptions of classic research in the domain covered in the chapter.
These are summaries that describe the design, findings, limitations, and impact of
the research. The full articles on this research can be used as supplementary read-
ings, which could be discussed in class. There are also suggested supplementary
readings at the end of each chapter.

Chapter 4 (“Sample Design and Sampling Error”) uses more statistical nota-
tion than most of the other chapters. When many participants in the course need
remedial instruction in reading and understanding statistical notation, we’ve
referred them to the small monograph by Kalton, An Introduction to Survey
Sampling, (Sage, 1983). In some editions of the course we have spent three weeks
on the coverage and sampling chapters.

Each of Chapters 5-10 is normally covered in one week of the course. We
have found it useful to emphasize the parallels between equations expressing cov-
erage error and nonresponse error. We have also emphasized how the basic prin-
ciples of intraclass correlations apply both to sample clustering effects and inter-
viewer variance.

Chapter 11 (“Principles and Practices Related to Scientific Integrity”) is
included not just as sensitivity training but because it includes both conceptual
frameworks underlying ethical treatment of human subjects and also recent the-
ory and practice regarding disclosure analysis of survey data. Again we describe
how research, as well as judgement, can affect decisions related to ethical issues.

We wrote Chapter 12 (“FAQs About Survey Methodology”) in a very differ-
ent style. It is a tradition in the course, in a review session prior to the final exam-
ination, to have an open question section. At this time, we found students asking
the kind of questions that come from attempts to integrate their learning of spe-
cific lessons with their larger world view. Hence, we constructed a “frequently
asked questions” format, including those global questions and offering our
answers to them.

The manuscript was greatly improved by the editorial wisdom of Sarah
Dipko and Sonja Ziniel. Adam Kelley assisted in computer-based processing of
figures and tables. Lisa VanHorn at Wiley is a production editor with a wonder-
ful sense of when intervention is needed and when it isn’t. We thank them all.
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It was greatf fun writing this book, assembling our views on key research
areas, and debating how to convey the excitement of survey methodology as an
area of knowledge. We hope you have as much fun as we did.
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CHAPTER ONE

S

AN INTRODUCTION TO SURVEY
METHODOLOGY

A Note to the Reader

You are about to be exposed to a system of principles called “survey methodology” for
collecting information about the social and economic world. We have written this book
in an attempt to describe the excitement of designing, conducting, analyzing, and eval-
uating sample surveys. To appreciate this fully, use the devices we have placed in each
chapter to enrich your memory of the material. Throughout the book you’ll see boxes
with illustrations and examples of key principles, terminology notes, and highlights of
classic research studies in the field. In the outside margin of each page you'll find key
terms, at the point they are defined. At the end of each chapter is a set of exercises that
you can use to test your understanding of that chapter’'s material. The best strategy is
to read the text through, then, at the end of each chapter, go back, read the boxes, and
review the key terms.

At 8:30 AM on the day before the first Friday of each month, a group of econo-
mists and statisticians enter a soundproof and windowless room in a building at
2 Massachusetts Avenue, NE, in Washington, DC, USA. Once those authorized
are present, the room is sealed.

Those in the room are professional staff of the US Bureau of Labor Statistics
(BLS), and their task is to review and approve a statistical analysis of key eco-
nomic data. Indeed, they have spent the week poring over sets of numbers, com-
paring them, examining indicators of their qualities, looking for anomalies, and
writing drafts of a press release describing the numbers. They write the press
release in simple language, understandable by those who have no technical
knowledge about how the numbers were produced.

At 8:00 AM the next day, a group of journalists assemble in a monitored
room in the nearby main Department of Labor building, removed from any con-
tact with the outside world. The BLS staff enter the room and then reveal the
results to the journalists. The journalists immediately prepare news stories based
on the briefing. At exactly 8:30 AM, they simultaneously electronically transmit
their stories to their news organizations and sometimes telephone editors and pro-
ducers.

The statistics revealed are the unemployment rate of the prior month and the
number of jobs created in the prior month. The elaborate protections and security
used prior to their release stem from the enormous impact the numbers can have
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on society. Indeed, in months when the numbers signal important changes in the
health of the US economy, thousands of stock market investors around the world
make immediate buy and sell decisions. Within 45 minutes of the announcement,
trillions of dollars can move in and out of markets around the world based on the
two numbers revealed at 8:30 AM.

Both the unemployment rate and the jobs count result from statistical sur-
veys. A household survey produces the unemployment rate; an employer survey,
the jobs count. The households and employers surveyed have been carefully
selected so that their answers, when summarized, reflect the answers that would
be obtained if the entire population were questioned. In the surveys, thousands of
individual people answer carefully phrased questions about their own or their
company'’s attributes. In the household survey, professional interviewers ask the
questions and enter the answers onto laptop computers. In the employer survey,
the respondents complete a standardized questionnaire either on paper or elec-
tronically. Complex data processing steps follow the collection of the data, to
assure internal integrity of the numbers.

These two numbers have such an impact because they address an important
component of the health of the nation’s economy, and they are credible.
Macroeconomic theory and decades of empirical results demonstrate their impor-
tance. However, only when decision makers believe the numbers do they gain
value. This is a book about the process of generating such numbers through sta-
tistical surveys and how survey design can affect the quality of survey statistics.
In a real sense, it addresses the question of when numbers from surveys deserve
to be credible and when they do not.

1.1 INTRODUCTION

This chapter is an introduction to survey methodology as a field of knowledge, as
a profession, and as a science. The initial sections of the chapter define the field
so that the reader can place it among others. At the end of the chapter, readers will
have a sense of what survey methodology is and what survey methodologists do.

A “survey” is a systematic method for gathering information from (a sample
of) entities for the purposes of constructing quantitative descriptors of the attrib-
utes of the larger population of which the entities are members. The word “sys-
tematic” is deliberate and meaningfully distinguishes surveys from other ways of
gathering information. The phrase “(a sample of)” appears in the definition
because sometimes surveys attempt to measure everyone in a population and
sometimes just a sample.

The quantitative descriptors are called “statistics.” “Statistics” are quantita-
tive summaries of observations on a set of elements. Some are “descriptive statis-
tics,” describing the size and distributions of various attributes in a population
(e.g., the mean years of education of persons, the total number of persons in the
hospital, the percentage of persons supporting the President). Others are “analytic
statistics,” measuring how two or more variables are related (e.g., a regression
coefficient describing how much increases in income are associated with
increases in years of education; a correlation between education and number of
books read in the last year). That goal sets surveys apart from other efforts to
describe people or events. The statistics attempt to describe basic characteristics
or experiences of large and small populations in our world.
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Almost every country in the world uses surveys to estimate their rate of
unemployment, basic prevalence of immunization against disease, opinions about
the central government, intentions to vote in an upcoming election, and people’s
satisfaction with services and products that they buy. Surveys are a key tool in
tracking global economic trends, the rate of inflation in prices, and investments in
new economic enterprises. Surveys are one of the most commonly used methods
in the social sciences to understand the way societies work and to test theories of
behavior. In a very real way, surveys are a crucial building block in a modern
information-based society.

Although a variety of activities are called surveys, this book focuses on sur-
veys that have the following characteristics:

1) Information is gathered primarily by asking people questions.

2) Information is collected either by having interviewers ask questions and
record answers or by having people read or hear questions and record
their own answers.

3) Information is collected from only a subset of the population to be
described — a sample — rather than from all members.

Since “ology” is Greek for “the study of,” survey methodology is the study
of survey methods. It is the study of sources of error in surveys and how to make
the numbers produced by surveys as accurate as possible. Here the word, “error,”
refers to deviations or departures from the desired outcome. In the case of sur-
veys, “error” is used to describe deviations from the true values applicable to the
population studied. Sometimes, the phrase “statistical error” is used to differenti-
ate this meaning from a reference to simple mistakes.

The way each of the above steps is carried out ~ which questions are asked,
how answers are collected, and which people answer the questions — can affect
the quality (or error properties) of survey results. This book will describe how to
conduct surveys in the real world and how to evaluate the quality of survey
results. It will describe what is known, and not known, about how to minimize
error in survey statistics. Most of all, this book will attempt to distill the results
of 100 years of scientific studies that have defined the theories and principles, as
well as practices, of high-quality survey research.

1.2 A BrIer HISTORY OF SURVEY RESEARCH

Converse (1987) has produced an important account of the history of survey
research in the United States, and we recount some of the highlights here. There
are four perspectives on surveys that are worth describing: the purposes to which
surveys were put, the development of question design, the development of sam-
pling methods, and the development of data collection methods.

1.2.1 The Purposes of Surveys

Perhaps the earliest type of survey is the census, generally conducted by govern-
ments. Censuses are systematic efforts to count an entire population, often for
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Schuman (1997) on “Poll” Versus
“survey’!

What is the difference between a poll
and a survey? The word “poll” is most
often used for private sector opinion
studies, which use many of the same
design features as studies that would be
called “surveys.” “Poll” is rarely used to
describe studies conducted in govern-
ment or scientific domains. There are,
however, no clear distinctions between
the meanings of the two terms. Schuman
notes that the two terms have different
roots: “Poll' is a four letter word, gener-
ally thought to be from an ancient
Germanic term referring to ‘head,” as in
counting heads. The two-syllable word
‘survey,’ on the other hand, comes from
the French survee, which in turn derives
from Latin super (over) and videre (to
look). The first is therefore an expression
with appeal to a wider public, the
intended consumers of results from
Gallup, Harris, and other polls. The sec-
ond fits the needs of academicians in
university institutes who wish to empha-
size the scientific or scholarly character
of their work.” (page 7)
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purposes of taxation or political representation.
In the United States, the constitution stipulates
that a census must be conducted every ten years,
to reapportion the House of Representatives
reflecting current population residence patterns.
This gives the statistics from a census great
political import. Because of this, they are often
politically contentious (Anderson, 1990).

A prominent early reason for surveys was to
gain understanding of a social problem. Some
people trace the origins of modern survey
research to Charles Booth, who produced a land-
mark study titled Life and Labour of the People
of London (1889-1903) (http://booth.ise.
ac.uk/). As Converse recounts it, Booth spent his
own money to collect voluminous data on the
poor in London and the reasons they were poor.
He wrote at least 17 volumes based on the data
he collected. He did not use methods like the
ones we use today — no well-defined sampling
techniques, no standardized questions. Indeed,
interviewer observation and inference produced
much of the information. However, the Booth
study used quantitative summaries from system-
atic measurements to understand a fundamental
societal problem.

In contrast to studies of social problems,
journalism and market research grew to use sur-
veys to gain a systematic view of “the man on
the street.” A particular interest was reactions to
political leaders and preferences in upcoming

elections. That interest led to the development of modern public opinion polling.

In a related way, market research sought knowledge about reactions of “real”
people to existing and planned products or services. As early as the 1930s there
was serious research on what programs and messages delivered via the radio
would be most popular. The researchers began to use surveys of broader samples
to produce information more useful to commercial decision makers.

Over the early 20th century, public opinion polling and market research,
sometimes done by the same companies, evolved to use mail surveys and tele-
phone surveys. They often sampled from available lists, such as telephone, dri-
ver’s license, registered voter, or magazine subscriber listings. They collected
their data primarily by asking a fixed set of questions; observations by interview-
ers and proxy reporting of other people’s situations were not part of what they
needed. These features were directly tied to the most important difference
between what they were doing and what those who had gone before had done:
rather than collecting data about facts and objective characteristics of people, the
polling and market research surveyors were interested in what people knew, felt,
and thought.

The measurement of attitudes and opinions is a key foundation of the mod-
e management philosophies that place much weight on customer satisfaction.
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Customer satisfaction surveys measure expectations of purchasers abou.t the qgal-
ity of a product or service and how well their expectations were rne"t in specific
transactions. Such surveys are ubiquitous tools of management to improve the
performance of their organizations. N N
Politicians and political strategists now believe opinion polls are critical to
good decisions on campaign strategy and messages to the public about important
issues. Indeed, a common criticism of modern politicians is that they rely too
heavily on polling data to shape their personal opinions, choosing t.o reflect the
public’s views rather than provide leadership to the public about an issue.

1.2.2 The Development of Standardized Questioning

The interest in measuring subjective states (i.e., characteristics that cannot be
observed, internalized within a person) also had the effect of focusing attention
on question wording and data collection methods. When collecting factual mfor-
mation, researchers had not thought it important to carefully word questions.
Often, interviewers were sent out with lists of objectives, such as age, occupation,
education, and the interviewers would decide on how the questions would be
worded. Experienced researchers often did the interviewing, with great confi-
dence that they knew how to phrase questions to obtain good answers.

However, the market research and polling organizations were doing large
pumbers of interviews, using newly hired people with no special background in
the social sciences. Of necessity, researchers needed to specify more carefully the
information sought by the survey. Further, researchers found that small changes
in wording of an attitude question sometimes had unusually large effects on the
answers.

Thus, early in the development of opinion surveys, attention began to be paid
to giving interviewers carefully worded questions that they were to ask exactly
the same way for each interview. Also, as interviewers were used more to ask
questions, it was found that how they asked questions and recorded answers could
affect the results. This led eventually to researchers training and supervising
interviewers more formally than earlier.

Question wording also was influenced as the academics started to pay some
attention to what the commercial researchers were doing. Psychometricians, psy-
chologists who quantify psychological states, had been interested in how to put
meaningful numbers on subjective states. Measuring intelligence was the first
effort in this direction. However, people such as Thurstone also worked on how
to assign numbers to attitudes, feelings, and ratings (e.g., Thurstone and Chave,
1929).

For the most part, their approaches were extremely cumbersome and were
used primarily when they could get captive college student volunteers to fill out
lengthy, highly redundant questionnaires. Such instruments were not going to be
useful for most survey interviews with representative samples; they took too long
to measure one or a few attitudes. Rensis Likert in his PhD dissertation (Likert,
1932), however, demonstrated that a single, streamlined question, with a scaled
set of answers, could accomplish much the same thing as a lengthy series of
paired comparisons. Likert applied the work to surveys (and later founded the
University of Michigan Survey Research Center in 1946).
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1.2.3 The Development of Sampling Methods

Early researchers, such as Booth, essentially tried to collect data on every element
of a defined population. Such censuses avoided problems of errors arising from
measuring just a subset of the population, but were clearly impractical for large
populations. Indeed, the difficulty of analyzing complete census data led to early
efforts to summarize a census by taking a sample of returns. Early efforts to sam-
ple would study a “typical” town, or they would purposively try to collect indi-
viduals to make the samples look like the population — for example, by interview-
ing about half men and half women, and trying to have them distributed geo-
graphically in a way that is similar to the population.

Although the theory of probability was established in the 18th century, its
application to practical sample survey work was largely delayed until the 20th
century. The first applications were the taking of a “1 in N” systematic selection
from census returns. These were “probability samples;” that is, every record had
a known nonzero chance of selection into the sample.

A big breakthrough in sampling came from people who did research on agri-
culture. In order to predict crop yields, statisticians had worked out a strategy they
called “area probability sampling.” This is just what it sounds like: they would
sample areas or plots of land and find out what farmers were doing with those
plots in the spring (for example, if they were planting something on them and, if
0, what) in order to project what the fall crops would look like. The same tech-
nique was developed to sample households: by drawing samples of geographic
blocks in cities or tracts of land in rural areas, listing the housing units on the
blocks or rural tracts, then sampling the housing units that were listed, samplers
found a way to give all households, and by extension the people living in them, a
chance to be sampled. The attraction of this technique included the elimination of
the need for a list of all persons or all households in the population prior to draw-
ing the sample.

The Depression and World War 11 were major stimuli for survey research.
One of the earliest modern probability samples was drawn for the Monthly
Survey of Unemployment, starting in December, 1939, led by a 29-year-old stat-
istician, Morris Hansen, who later became a major figure in the field (Hansen,
Hurwitz, and Madow, 1953). During the war, the federal government became
interested in conducting surveys to measure people’s attitudes and opinions, such
as interest in buying war bonds, as well as factual information. Considerable
resources were devoted to surveys during the war, and researchers who were
recruited to work with the government during the war later came to play critical
roles in the development of survey methods. When the war was over, methodol-
ogists understood that in order to produce good population-based statistics it was
necessary to attend to three aspects of survey methodology: how questions were
designed; how the data were collected, including the training of interviewers; and
how samples were drawn.,

Probability samples are the standard by which other samples are judged.
They are routinely used by almost all government statistical agencies when data
are used to provide important information for policy makers. They are used for
surveys used in litigation. They are used for measurement of media audience
sizes, which in turn determine advertising rates. In short, whenever large stakes
ride on the value of a sample, probability sampling is generally used.

SOME EXAMPLES OF ONGOING SURVEYS
1.2.4 The Development of Data Collection Methods

The gathering of information in early surveys was only one step more qrgapized
than talking to as many people as possible about some topic. Th; quahtat1v§ inter-
views produced a set of verbal notes, and the task of summarizing them w1Fh sta-
tistics was huge. Surveys grew to be popular tools because of the evolution of
methods to collect systematic data cheaply and quickly. o

Mailed paper questionnaires offered very low costs for measuring hte'rate
populations. Indeed, by 1960 a formal test of census procedures based on ma%led
questionnaires succeeded to an extent that the 1970 census was largely a mailed
questionnaire survey. Further, mailed questionnaires proved to be much cheaper
than sending interviewers to visit sample cases. On the other hand, mailefl SUrveys
were subject to the vagaries of the postal service, which, even when it worked
perfectly, produced survey periods that lasted months, not weeks.

With the spread of telephone service throughout the country, market
researchers first saw two advantages of using the medium as a data collection
tool. It was much faster than mail questionnaire surveys, and it was still cheaper
than face-to-face surveys. For decades, however, the mode suffered from the clear
lack of coverage of telephones among the poor and more transient members of the
society. By the 1990s, however, almost all market research had moved away from
the face-to-face survey and much scientific research was close behind in the aban-
donment of that mode. It was largely the federal government that continued to
rely on face-to-face household surveys.

Like many fields of human activity, huge leaps in the efficiencies of surveys
came from the invention of the computer. One of the first computers made in the
United States was used in processing decennial census data. Survey researchers
quickly recognized how computers could reduce the large amount of human
resources needed to conduct surveys. Survey researchers first used computers to
perform the analysis steps of a survey, then they began to use them to assist in
checking the raw data for clerical errors, then to assist them in coding text
answers, then in the data collection step itself. Now computers (from handheld
devices to networked systems) are used in almost every step of survey design,
data collection, and analysis. The fastest growing application is the development
of Web surveys.

As these various developments evolved, the field also developed a set of per-
formance guidelines. Empirical studies demonstrated the value of various sample
designs on the quality of statistics. Interviewer training guidelines improved the
standardization of interviewers. Standards about computing and reporting
response rates offered the field measures useful in comparing surveys.

In the 60 years following the advent of surveys, a great deal has been learned
about how to design data collection systems to improve the quality of survey sta-
tistics. However, as can be seen from this short history, the basic elements of good
survey methodology were defined in the first half of the 20th century.

1.3 SoME EXAMPLES OF ONGOING SURVEYS

One way to understand the range of survey methods and the potential of surveys
to provide information is to give some examples. The following is a brief descrip-
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tion of six surveys. We have chosen them to use as examples throughout the book
for several reasons. First, they are all ongoing surveys. They are done year after
year. By definition, that means that the sponsors think that there is a continuous
need for the kind of information that they provide. That also means that someone
thinks they are important. These are not particularly typical surveys. They do not
include public opinion, political, or market research studies. They do not include
any one-time surveys, which are highly prevalent. All of these surveys are funded
by government sources.

However, they do differ from one another in numerous ways. One reason we
chose this set is they do give a sense of the range of topics that are addressed by
surveys and the variety of survey designs that are used. They also were chosen
because they provide examples of excellence in survey research. Hence, they will
provide opportunities for us to discuss how different methodological problems
are addressed and solved.

In the brief summaries and charts provided, we describe some of the basic
characteristics of each survey:

1) their purposes

2) the populations they try to describe

3) the sources from which they draw samples

4) the design of the way they sample people

5) the use of interviewers

6) the mode of data collection

7) the use of computers in the collection of answers

Readers should think about these surveys in two different ways. First, think of
them as information sources — what can we learn from them, what questions they
answer, what policies and decisions they inform; in short, why they are con-
ducted. Second, compare the design features above in order to see how different
survey design features permit the surveys to achieve their different purposes.

1.3.1 The National Crime Victimization Survey

How much crime is there in the United States? Are crimes increasing in frequency
or going down in frequency? Who gets victimized by crimes? Every society seeks
answers to these questions. In the United States, the answers were sought through
quantifying crime in a period of great public concern about organized crime. In
the 1930s, the International Association of Chiefs of Police began a collection of
administrative record counts. The method rested on the reporting of crimes to
police in jurisdictions around the country, based on the administrative records
kept by individual sheriffs, transit police, city police, and state police offices.
Police chiefs had designed the record systems to have legal documentation of the
circumstances of the crime, the victim of the crime, the offender, and any relevant
evidence related to the crime. Individual staff members completed the paperwork
that produced the administrative records. However, many crimes only come to the
attention of the police if a citizen decides to report them. Often, the decision to
produce a record or to label an incident was left to a relatively low-level police
officer. For years, these records were the key information source on US crime.

SOME EXAMPLES OF ONGOING SURVEYS

Over the years, several weaknesses in the statistics from police records
pecame obvious. Sometimes a new mayor, fulfilling a pledge to reduce cr.im‘?,
created an environment in which more police officers chose not to label an inci-
dent as a crime, thus not producing an administrative record. Further, the StEl.tIS-
tics were tainted by different jurisdictions using different definitions for crime
categories. When police believed that the crime would never be §olveq, they
encouraged the resident not to file a formal report. There was growing evidence
in some jurisdictions that relations between the public and the police were poor.
Fear of the police among the public led to avoidance of reporting criminal inci-
dents. The police officers themselves carried with them attitudes toward subpop-
ulations that led to classifying an incident as a crime for one group but not for
another group. It was becoming clear that, whereas major crimes like homicide
were well represented in the record systems, the records tended to miss more
minor, often unreported, crimes. Some jurisdictions kept very detailed, complete
records, whereas others had very shoddy systems.

Thus, over the decades many began to distrust the value of the statistics to
address the simplest question: “How much crime is there in the US?” Further, the
simple counts of crimes were not giving policy makers clear information about
the characteristics of crimes and their victims, information helpful in considering
alternative policies to reducing crime. The President’s Commission on Law
Enforcement and the Administration of Justice, established by President Johnson,
noted in a task force report that, “If we knew more about the character of both
offenders and victims, the nature of their relationships and the circumstances that
create a high probability of crime conduct, it seems likely that crime prevention
programs could be made much more effective” (President’s Commission, 1967,
as cited in Rand and Rennison, 2002).

In the late 1960s, criminologists began exploring the possibilities of using
surveys to ask people directly whether they were a victim of a crime. This forced
a conceptually different perspective on crime. Instead of a focus on the incident,
it focused on one actor in the incident — the victim. This shift of perspective pro-
duced clear contrasts with the police reported crime record systems. Most obvi-
ously, homicide victims can’t report! Victimizations of young children might not
be well reported by their parents (who may not know about incidents at school),
and the children may not be good respondents. Crimes against companies present
problems of who can report them well. For example, if someone starts a fire that
burns down an apartment building, who are the victims — the owner of the prop-
erty, the renters of the apartments, the people visiting during the fire? From one
perspective, all are victims, but asking all to report the arson as a victimization
may complicate the counts of crimes. Victims can sometimes report that an
unpleasant event occurred (e.g., someone with no right of entry entered their
home). However, they cannot, as do police, gather the information that asserts
intent of the offender (e.g., he was attempting a theft of a television).

On the other hand, using individual reporters, a survey can cover victimiza-
tions reported to the police and those not reported to the police. This should pro-
vide a more complete picture of crime, if there are crimes not reported to the
police. Indeed, self-reported victimizations might be a wonderful addition to sta-
tistics on police-reported crimes, as a way to compare the perceived victimization
in a society with the officially reported victimization status. Moreover, the survey
has the advantage of utilizing standard protocols for the measurement of victim-
izations across the country.
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However, the notion of using a national survey to measure victimization
faced other problems. Although all police agencies in the United States could be
asked to report statistics from their record systems, it was financially impossible
to ask all persons in the United States to report their individual victimizations. If
a “representative” sample could be identified, this would make the victimization
survey possible. Thus, in contrast to the record data, the survey would be subject
to “sampling error” (i.e., errors in statistics because of the omission of some per-
sons in the population).

But could and would people really report their victimizations accurately?
Survey methodologists studied the reporting problem in the late 1960s and early
1970s. In methodological studies that sampled police records and then went back
to victims of those crimes, they found that, in large part, they provided reports that
mirrored the data in the records. However, Gottfredson and Hindelang (1977)
among others noted that one problem was a tendency for persons to misdate the
time of an incident. Most incidents that were important to them were reported as
occurring more recently than they actually did. By and large, however, the pattern
of reporting appeared to justify the expense of mounting a completely separate
system of tracking crime in the country.

When all the design features were specified for the survey approach, it was
clear that there were inevitable differences between the police reports and the vic-
tim reports (Rand and Rennison, 2002). The abiding strength of the survey was
that it could measure crimes that are not reported to the police or for which police
do not make formal documentation. However, the survey would be subject to
sampling error. On the other hand, the police-reported crimes include some vic-
tims who are not residents of the country, and these would be missed in a survey
of the US household population. Further, the police report statistics include homi-
cides and arson, but do not include simple assault, Police reports exclude rapes of
males; the survey could include rapes of both sexes. Some crimes have multiple
victims, who could report the same incident as occurring to them (e.g., household
crimes, group thefts); the survey would count them as multiple crimes, and the
police reports as one incident, generally. The police report statistics depend on
voluntary partnerships between the federal government and thousands of jurisdic-
tions, but jurisdictions vary in their cooperation; the survey (using traditional
methods) would suffer from some omissions of persons who are homeless or tran-
sient and from those who choose not to participate. The methodological work
suggested that the survey would tend to underreport crimes where the offender is
well known to the victim. There was also evidence that the survey would under-
report less important crimes, apparently because they were difficult to remember.
Finally, both systems have trouble with repeated incidents of the same character.
In the survey method, repeated victimizations of the same type were to be counted
once as “series incidents” (e.g., repeated beatings of a wife by her husband); the
police-reported series would have as many reports as provided to the police. The
National Crime Victimization Survey (NCVS) (Table 1.1) has its roots within the
US Department of Justice in 1972. The current Bureau of Justice Statistics has the
mission of collecting and disseminating statistical information on crimes, crimi-
nal offenders, victims of crimes, and the operations of justice systems at all lev-
els of government. The Bureau of Justice Statistics contracts with the US Census
Bureau to collect the data in the NCVS.

The NCVS asks people to report the crimes they have experienced in the 6
months preceding the interview. If they asked people to report for 12 months, the
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Table 1.1. Example Survey: National Crime Victimization Survey (NCVS)

SponSOF
Collector

Purpose

Year Started
Target Population
Sampling Frame
Sample Design

Sample Size
Use of Interviewer
Mode of Administration

Computer Assistance

Reporting Unit
Time Dimension
Frequency

Interviews per Round
of Survey

Levels of Observation
Web Link

US Bureau of Justice Statistics
IUS Census Bureau

Main objectives are to:

¢ develop detailed information about the victims and
consequences of crime

e estimate the number and types of crimes not reported to

the police _
e provide uniform measures of selected types of crimes
o permit comparisons over time and by types of areas

1973 (previously called the National Crime Survey, 1973-
1992)

Adults and children 12 or older, civilian and
noninstitutionalized

US households, enumerated through counties, blocks, listed
addresses, lists of members of the household

Multistage, stratified, clustered area probability sample, with
sample units rotating in and out of the sample over three years

About 42,000 households — 76,000 persons
interviewer administered
Face-to-face and telephone interviews

Paper questionnaire for 70% of the interviews, both face-to-
face and telephone interviews; computer assistance for 30%
of the interviews

Each person age 12 or older in household reports for self
Ongoing rotating panel survey of addresses
Monthly data collection

Sampled housing units are interviewed every six months over
the course of three years

Victimization incident, person, household

http:/fwww.ojp.usdoj.gov/bjs/cvict. htm

11

researchers could learn about more events per interview; it would be a more effi-
cient use of interview time. However, early studies showed that there is a marked
drop-off in the accuracy of reporting when people are asked to remember events
that happen more than 6 months in the past. In fact, there is undetreporting of
crimes even when the questions ask about the past 6 months. The accuracy of
reporting would be higher if the questions asked about only one or two months —
or better yet, only a week or two. However, as the reporting period gets shqrter,
fewer and fewer people have anything to report, so more and more interviews
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provide minimal information about victimization. The designers of the survey
chose 6 months as a reasonable point at which to balance reporting accuracy and
the productivity of interviews.

The sample for the NCVS is drawn in successive stages, with the goal of giv-
ing every person 12 years old and older a known chance of selection, and thereby
producing a way to represent all age eligible persons in the United States. (The
jargon for this is a “multistage, stratified clustered area probability sampie,”
which will be described in Chapter 4.) The sample is restricted to persons who are
household members, excluding the homeless, those in institutions, and in group
quarters. (The survey methodologists judged that the cost of covering these sub-
populations would be prohibitively expensive, detracting from the larger goals for
the survey.) The sample is clustered into hundreds of different sample areas (usu-
ally counties or groups of counties) and the sample design is repeated samples of
households from those same areas over the years of the study. The clustering is
introduced to save money by permitting the hiring of a relatively small group of
interviewers to train and supervise, who travel out to each sample household to
visit the members and conduct interviews. Further, to save money all persons 12
years and over in the household are interviewed; thus, one sample household
might produce one interview or many.

A further way to reduce costs of the survey is to repeatedly measure the same
address. When the design randomly identifies a household to fall into the NCVS
sample, the interviewer requests that, in addition to the first interview, the house-
hold be willing to be visited again six months later, and then again and again, for
a total of seven interviews over a three-year period. In addition to saving money,
this produces higher-quality estimates of change in victimization rates over years.
This design is called a “rotating panel design” because each month, different peo-
ple are being interviewed for the first time, the second time, the third time, the
fourth time, the fifth time, the sixth time, and the last (seventh) time. Thus, the
sample is changing each month but overlaps with samples taken six months pre-
viously.

Each year, the NCVS collects interviews from about 42,000 households con-
taining more than 76,000 persons. About 92% of the sample households provide
one or more interviews; overall, about 87% of the persons eligible within the sam-
ple households provide an interview. The interviews contain questions about the
frequency, characteristics, and consequences of criminal victimizations the
households may have experienced in the previous six months. The interview cov-
ers incidents of household victimization and personal victimization — rape, sexual
assault, robbery, assault, theft, household burglary, and motor vehicle theft. An
interviewer visits those households and asks those who live there about crimes
they have experienced over the past six months. One person in the household acts
as the informant for all property crimes (like burglary, vandalism, etc.); each per-
son then reports for him- or herself about personal crimes (e.g., assault, theft of
personal items). The interview is conducted in person in the first wave; subse-
quent waves attempt whenever possible to use telephone interviewers calling
from two different centralized call centers. Thus, the NCVS statistics are based on
a mix of telephone (60%) and face-to-face interviews (40%).

The questionnaire asks the respondent to remember back over the past six
months to report any crimes that might have occurred. For example, the questions
in the box ask about thefts.

SOME EXAMPLES OF ONGOING SURVEYS

I'm going to read some examples that will give you an idea of the kinds of crimes this
study covers.

As | go through them, tell me if any of these happened to you in the last 6 months, that
is since _ _(MONTH) _ _(DAY), 20_ _

Was something belonging to YOU stolen, such as: _
a) Things that you carry, like luggage, a wallet, purse, briefcase, book
b) Clothing, jewelry, or calculator
c) Bicycle or sports equipment
d) Things in your home — like a TV, stereo, or tools_
e) Things from a vehicle, such as a package, groceries, camera, or cassette tapes

If the respondent answers “yes, someone stole my bicycle,” then the inter-
viewer records that and later in the interview asks questions about details of the
incident. Figure 1.1 shows the kind of statistics that can be computed from the
NCVS. The percentages of households reporting one or more crimes of three dif-
ferent types (property crimes, vandalism, and violent crime) are.displayed for the
years 1994-2000. Note that the percentages are declining, showing a reduced fre-
quency of crime over the late 1990s. Policy makers watch these numbers closely
as an indirect way to assess the impact of their crime-fighting programs.
However, other research notes that when the nation’s economy is strong, with low
unemployment, crime rates tend to decline.

“Crime at Lowest Point in 25 Years, Fed Says” reads the headline on CNN
on December 27, 1998. “Fewer people in the United States were the victims of
crimes last year than at any time since 1973, the Justice Department reported
Sunday,” reads the first line. Later in the story, “President Bill Clinton applauded
the new crime figures Sunday. They ‘again show that our strategy of more police,
stricter gun laws, and better crime prevention is working,” he said in a statement.”
These findings result from the NCVS. The statement attributing drops in crime.t to
policies promoted by the current administration is common, but generallyl with-
out strong empirical support. (It is very difficult, given available information, to
link changes in crime rates to policies implemented.)

NCVS data have informed a wide audience concerned with crime and crime
prevention. Researchers at academic, government, private, and nonprofit research
institutions use NCVS data to prepare reports, policy recommendations, scholarly
publications, testimony before Congress, and documentation for use in courts (US
Bureau of Justice Statistics, 1994). Community groups and government agencies
use the data to develop neighborhood watch and victim assistance and compensa-
tion programs. Law enforcement agencies use NCVS findings for training. The
data appear in public service announcements on crime prevention and crime doc-
umentaries. Finally, print and broadcast media regularly cite NCVS findings
when reporting on a host of crime-related topics.

1.3.2 The National Survey on Drug Use and Health

What percentage of people in the United States use illicit drugs? Are rates of
usage higher among the poor and less educated than among others? How does

13
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Figure 1.1 Percentage of US households experiencing a crime,
by type of crime by year, based on the 1994-2000
National Crime Victimization Survey.
(Source: www.ojp.usdoj.gov/bjs/)

drug use change as people get older? Are rates of usage changing over time? Do
different groups tend to use different drugs? Is use of alcoholic beverages related
to drug use? Are the rates of usage changing over time? Do different states have
different drug usage patterns? Each year the National Survey on Drug Use and
Health (NSDUH) draws samples of households from each state of the union.
Interviewers visit each sampled home and ask questions of each sample person
about their background and other relatively nonsensitive information. To collect
data on drug usage, the interviewers provide a laptop computer to the respondent,
who dons headphones to listen to a voice recording of the questions and keys in
the answers on the laptop keyboard. Every year, the NSDUH produces estimates
of rates of usage of several different kinds of drugs. The data are used to inform
US federal government drug policy, aimed at reducing demand and supply of ille-
gal drugs.

The first national household survey attempt to measure drug use was con-
ducted in 1971. The survey oversampled persons 12 to 34 years old in order to
have enough cases to make separate estimates of that age group because it was
suspected to have the highest prevalence of drug use. There was early concern
about the US population’s willingness to be interviewed about drug use. The
designers were concerned about response rates. In the early rounds, personal visit
interviewers contacted sample households and asked questions of sample persons.
When the interviewer came to sensitive questions about drug use, the interviewer
noted that the data would be held confidential, and switched the questioning from
oral answers to a self-administered mode, with respondents writing down their
answers on an answer sheet, placing the completed form in a sealed envelope and
accompanying the interviewer to mail it.

=
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Table 1.2. Example Survey: National Survey of Drug Use and Health (NSDUH)

Sponsor

Collector

Purpose

Year Started
Target Population
Sampling Frame
Sample Design

Sample Size
Use of Interviewer

Mode of Administration
Computer Assistance

Reporting Unit
Time Dimension
Frequency

Interviews per Round of
Survey

Levels of Observation
Web Link

Substance Abuse and Mental Health Services Administration
(SAMHSA)

RTI International

Main objectives are to:

o provide estimates of rates of use, number of users, and
other measures related to illicit drug, alcohol, and tobacco
use at the state and national level

« improve the nation’s understanding of substance abuse

o measure the nation’s progress in reducing substance
abuse

1971 (formerly named National Household Survey on Drug
Abuse)

Noninstitutionalized adults and children 12 or olderin the
United States

US households, enumerated through US counties, blocks, and
lists of members of the households

Multistage, stratified clustered area probability sample within
each state

136,349 housing units; 68,126 persons (2002 NSDUH)

Interviewer-administered,  with  some self-administered
questionnaire sections for sensitive questions

Face-to-face interview in respondent’s home, with portions
completed by respondent alone

Computer-assisted personal interview (CAPI), with audio
computer-assisted self-interview (ACASI) component

Each person age 12 or older in household reports for self
Repeated cross-sectional survey
Conducted annually

One

Person, household
hitp://iwww.samhsa.gov/hhsurve y/hhsurvey.html

This first survey set many of the ongoing features of the design. Like the

NCVS, the NSDUH targets the household population and noninstitutional group
quarters (e.g., shelters, rooming houses, dormitories). It covers persons who are
civilian residents of US housing units and 12 years of age or older. Ovet the years,
the sample has grown and has recently been redesigned to provide independent
samples of each of the 50 states, with about 70,000 persons measured each year.
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This permits the survey to provide separate estimates of drug use for eight of the
largest states each year and for the other states through combining data over sev-
eral years. The design also oversamples youths and young adults, so that each
state’s sample is distributed equally among three age groups (12 to 17 years, 18
to 25 years, and 26 years or older). In contrast to the NCVS, each sample person
is interviewed only once. A new sample is drawn each year, and estimates for the
year are based on that new sample. (The label for this is a “repeated cross-section
design.”) About 91 percent of households provide the screening interview (that
measures household composition), and 79 percent of the selected individuals, the
full interview.

Although the survey is sponsored by a federal government agency, the
Substance Abuse and Mental Health Services Administration, it is conducted
under contract by RTT International. This structure is common for large household
surveys in the United States but is rarer in other countries. The United States
developed over its history an ongoing partnership between survey research organ-
izations in the private sector (both commercial, nonprofit, and academic) and the
federal and state governments, so that much of the governmental survey informa-
tion is collected, processed, and analyzed by nongovernmental staff.

The survey covers a wide set of drugs (e.g., alcohol, prescription drugs). The
designers periodically update its measurement procedures, with special focus on
how it could get more accurate self-reports of drug use. The interviewers now use
laptop computers (the process is called “computer-assisted personal interview-
ing” or CAPI) to display questions and store answers. It also uses audio computer-
assisted self-interviewing (ACASI), which has the respondent listen to questions
via earphones attached to a laptop computer, see the questions displayed, and
enter his/her responses using the keyboard. Increases in reporting of drug use
appear to be produced by this technique versus having an interviewer administer
the survey [e.g., 2.3 times the number of persons reporting cocaine use (Turner,
Lessler, and Gfroerer, 1992, p. 299)]. The survey has increasingly tried to help
guide policy on drug treatment and prevention.

By creating statistics from self-reports of the same drugs each year, NSDUH
can provide the United States with net changes over time in drug use. Much of the
methodological research of the NSDUH has been focused on the fact that drug
use tends to be underreported. By comparing statistics over time, using the same
method, the hope is that any underreporting problems remain relatively consistent
over time and thus the change from year to year is an accurate gauge of differ-
ences over time. For example, Figure 1.2 shows that there are small increases
between 1999 and 2001 in the use of marijuana, psychotherapeutic drugs, and hal-
lucinogens. Such increases could be cause for reassessment of programs attempt-
ing to reduce the supply of drugs and to treat those abusing the drugs.

“Clinton Proposes Holding Tobacco Industry Accountable for Teen
Smoking,” is the headline in the CNN story of February 4, 2000. The first line
reads, “To crack down on smoking by minors, President Bill Clinton wants to
make the tobacco industry pay $3000 for every smoker under the age of 18, and
also proposes raising the tax on cigarettes by another 25 cents per pack.” Later,
“The administration says there are currently 4.1 million teen smokers, according
to the latest National Household Survey of Drug Abuse conducted by the
Department of Health and Human Services.” Policy makers watch the NSDUH as
evidence of success or failure of current antidrug policies. Activist governments
tend to propose new programs when the data suggest failure.

SOME EXAMPLES OF ONGOING SURVEYS
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Figure 1.2 Percentage of persons reporting illicit drug use in past month,

by drug type by year, 1999-2001. (Source: NSDUH.)

1.3.3 The Survey of Consumers

Are people optimistic or pessimistic about their financial future? Are they plan-
ning to make major purchases (e.g., automobiles, refrigerators) in the near fuhge?
Do they think they are better off now than they were a few years ago? Me the rich
more optimistic than the poor? Are levels of optimism changing over time?

Tn 1946, the economist George Katona discovered that asking people about
their views of their personal and the nation’s economic outlook could provide use-
ful information about the future of the entire nation’s economy. This stemmed
from the basic finding that people’s attitudes about the future affect their behav-
jor on consumer purchases and savings. Further, the individual decisions on pur-
chases and savings are an important component of the health of the economy.
Since that time, the University of Michigan Survey Research Center has con-
ducted an ongoing survey of consumer attitudes. The survey is not financed solely
by the federal government (despite the fact that its statistics form part of the US
Leading Economic Indicators), but by a consortium of commercial entities and
the Federal Reserve Board, the organization that makes monetary policy for the
country.

Each month, the Survey of Consumers (SOC) telephones a sample of phone
numbers, locates the household numbers among them, and selects one adult from
those in the households. The target is the full household population, but to reduce
costs, only persons in households with telephones are eligible. [Those without
telephones tend to be poorer, to live in rural areas, and to be more transient (see
Chapter 3).] The sample is drawn using a “random digit dialing” design, which
samples telephone numbers in working area codes and prefixes. (Not .all of the
resulting sample numbers are household numbers; some are nonworking, com-
mercial, fax, or modem numbers.) Each month about 500 interviews are con-

random digit
dialing
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Table 1.3. Example Survey: Surveys of Consumers (SOC)

Survey Name Survey of Consumers
Sponsor University of Michigan
Collector Survey Research Center, University of Michigan
Purpose Main objectives are to:

e measure changes in consumer attitudes and expectations

e understand why such changes occur

e evaluate how they relate to consumer decisions to save,
borrow, or make discretionary changes

Year Started 1946

Target Population Noninstitutionalized adults in the coterminous United States
(omits Hawaii and Alaska)

Sampling Frame Coterminous US telephone households, through lists of
working area codes and exchanges

Sample Design List-assisted random digit dial sample, randomly selected
aduit

Sample Size 500 adults

Use of Interviewer Interviewer administered

Mode of Administration Telephone interview

Computer Assistance Computer-assisted telephone interviewing (CATI)

Reporting Unit Randomlly selected adult
Time Dimension Two-wave panel of persons
Frequency Conducted monthly

Interviews per Round Two; reinterview conducted six months after initial interview on
of Survey subset of wave 1 respondents

Levels of Observation Person, household

Web Link http://athena.sca.isr.umich.edu/

ducted. Currently about 60% of selected adults in the households provide an inter-
view. When a sample household is contacted, interviewers attempt to take an
interview and then call again 6 months later for a followup interview. Thus, the
SOC, like the NCVS, is a rotating panel design. After the data are collected, there
are statistical adjustments made to the estimates in an attempt to repair the omis-
sion of nontelephone households and nonresponse. Each month, statistics about
consumer confidence are computed, using a mix of cases from the first-wave
interview and from the second-wave interview.

The interview contains about 50 questions about personal finance, business
conditions, and buying conditions. The telephone interviewers working in a cen-
tralized telephone interviewing facility use a computer-assisted interviewing sys-

SOME EXAMPLES OF ONGOING SURVEYS

tem, which uses desktop computers to display the qu.estions, accept responses,
and route the interviewer to the next appropriate question. .

Each month, the Consumer Sentiment Index is published, which has been
found predictive of future national economic growth. Thi.s indi.cator, compme.d
with a set of others, forms the Index of Leading Economic Indlc:ators, w!nch 18
used by economic forecasters in advising on macroeconomic poycy and mv'est-
ment strategies. It is interesting and awe-inspiring to many that simple questions
on a survey can predict important shifts in something as complex. as the US econ-
omy. For example, Figure 1.3 shows a plot of two series of St:&tlSthS. One. is the
answer to the question, “How about people out of work during the coming 12
months — do you think that there will be more unemployment than now, about the
same, or less?” The figure compares an index based on the answers to this ques-
tion (see left y axis) to the actual annual change in the unemployment rate (right
y axis). The consumer expectation index is the dark line and the actual percent-
age point change in the unemployment rate is the light line. Note that consumer
expectations have consistently anticipated changes in the une.mploymer'lt rate
months in advance. It has been shown that consumer expectations contain pre-
dictive information about future changes in unemployment that are not captured
by other economic information (Curtin, 2003).

Financial investment firms and stock markets watch the consumer confi-
dence statistics. They appear to believe that they are credible predictors of later
behaviors. On June 15, 2002, The New York Times, ran an article entitled,
“Falling Consumer Confidence Sends the Dow Lower,” describing sentiments of
those investing in the US stock exchanges, which led to a short-term decline in
stock prices because of increased selling. To illustrate the complexity of the infor-
mation impact on the markets, the same article lists a car bomb in Pakistan as
another possible cause of the drop. There are many sources of information that
affect financial decision makers’ behaviors. It is clear that one of them is the
ongoing measure of consumer confidence.
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Figure 1.3 Consumer unemployment expectations and actual change in the
US unemployment rate, 1969-2003. (Source: Curtin, 2003.)
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1.3.4 The National Assessment of Educational Progress

What level of skills do elementary school children have in basic mathematics, .

reading, and writing? Do some schools foster more learning than others? Do chil-
dren from lower-income families and racial/ethnic subgroups perform more or
less well? Are there areas of the country or states where the children’s achieve-
ment on mathematics and verbal tasks differ? How does the United States com-
pare to other countries? Are achievement levels changing over time?

For many decades, there have been examinations that different school dis-
tricts have given to their students from time to time. State boards of education
often link state funding to the testing, so that whole states might administer the
same test. Indeed, over the past few decades, politicians, with the support of par-
ents, have urged more accountability by public schools, and this has led to wide-
spread testing.

Unfortunately, despite the prevalence of testing, there was too little unifor-
mity of the assessments. Each state, and sometimes each school district, makes
independent decisions about which tests to use. Hence, the comparability of
assessments over areas is low. Furthermore, not all schools use the standardized
assessments. Often, districts with low levels of funding omit the assessments,
Hence, the answers to the questions above are not coming systematically from
administrative procedures used in the schools around the country. (Note how this
resembles the situation with the NCVS and police reports of crime.)

The spur to uniform assessments of educational performance coincided with
an increasing role of the federal government in education during the 1960s
(Vinovskis, 1998). But creating a statistical survey to provide uniform statistics
was politically controversial. This is a great example of how survey statistics can
become so important that they themselves become a political issue.

First, some states did not want to be compared to others on assessment
scores; hence, there was more support for a national survey limited to national
estimates than one providing individual estimates for each state. Second, there
was opposition to making the assessment a tool to provide individual student
evaluations, for fear that the statistical purposes of the survey could be under-
mined by special efforts of schools, parents, and students to perform so well on
the assessments that they would not reflect the national performance. There was
also political opposition arguing that the money spent on assessments might be
better spent on improving education itself. Finally, there were political ideologies
that clashed. Some believed strongly in local control over schools and saw a
national assessment of education as a threat that the federal government sought
control over education.

Despite all these issues, the US Department of Education launched the
National Assessment of Educational Progress (NAEP) in 1969 to produce
national assessment summaries, and state-based samples (permitting accurate
estimates for each state) were added in 1990. The NAEP is really a collection of
surveys with three separate assessments: the “main national” (which provides the
annual national figures), “main state” (which provides the state estimates), and
“trend” (which is used for assessing change over time). Each of these assessments
consists of four components: Elementary and Secondary School Students Survey,
School Characteristics and Policies Survey, Teacher Survey, and Students with
Disabilities or Limited English Proficiency (SD/LEP) Survey (for the main
NAEP) or Excluded Student Survey (for the trend NAEP). In 1985, the Young
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Table 1.4. Example Survey: National Assessment of Educational Progress

(NAEP)
/——— .

Sponsor National Center for Education Statistics, US Department of
Education

Collector Westat

purpose Main objectives are to:
o assess the academic performance of fourth, eighth, and

twelfth graders in a range of subjects

e reflect current educational and assessment practices
¢ measure change over time

Year Started 1969

Target Population

Sampling Frame

Sample Design

Sample Size

Use of Interviewer

Mode of Administration

Computer Assistance
Reporting Unit

Time Dimension
Frequency

Interviews per Round of
Survey

Levels of Observation
Web Link

National NAEP — schoolchildren in grades 4, 8, and 12
State NAEP — schoolchildren in grades 4 and 8

US elementary and secondary school children, through US
counties or groups of counties, listed schools and students
within schools

Multistage, stratified clustered area probability sample of
primary sampling units (PSUs); sample of schools within PSU
drawn, classrooms of students

2,000 schools and 100,000 students (National NAEP)
100 schools and 2,500 students per subject grade (State
NAEP sample size per state) [typical sample sizes]

None; self-administered background questionnaires
completed by students, teachers, and principals; cognitive
assessments completed by students; proctored by survey
administrators

Paper-and-pencil self-administered questionnaires and
cognitive assessment instruments

None

Students, teachers, school principals
Repeated cross-sectional survey
Conducted annually

One

Student, class, school

http://nces.ed.gov/nationsreportcard/sitemap.asp

Adult Literacy Study was also conducted nationally as part of NAEP, under a
grant to the Educational Testing Service and Response Analysis Corporation; this
study assessed the literacy skills of persons 21- to 25-year-old. In addition, NAEP
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conducts a high school transcript study. In this book, we will concentrate our
remarks on the main national NAEP.

The National Center for Education Statistics, a federal government statistical
agency, sponsors NAEP, but the data are collected through a contract, like
NSDUH. The Educational Testing Service, a company that conducts the
Scholastic Aptitude Test (SAT) and other standardized tests, develops the assess-
ments. Westat, a survey firm, designs and selects the sample, and conducts the
assessments in sample schools. NCS Pearson, another testing and educational
assessment firm, scores the assessments.

The national NAEP selects students enrolled in schools in the 50 states and
the District of Columbia in grades 4, 8, and 12. The sample design is clustered
into primary sampling units (counties or groups of counties), just like NCVS and
NSDUH (this is a cost-saving effort for obtaining cooperation from school admin-
istrators and for the administration of the assessments). After the stage of sam-
pling areas, schools are selected. Within each sampled school, students from the
appropriate grades are selected directly, so that they are spread over different
classes in the school. NAFP measures different subjects over the years. Further,
the design assigns different assessments to different students in each selected
school. The content of the tests vary randomly over students, while measuring the
same subject.

Each assessment is built around a well-specified and evaluated conceptual
framework. These frameworks define the set of knowledge that underlies various
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Figure 1.4 Average scale scores on grade 12 mathematics assessment,
by year by type of school. (Source: US Department of Education,
Institute of Education Sciences, National Center for Education
Statistics, National Assessment of Educational Progress (NAEP),

levels of sophistication of the student’s understanding. A complicated and lengthy
consensus process involving teachers, curriculum experts, parents, school admin-
istrators, and the general public produces the framework. Then experts in the field

write and pretest individual questions representing the components of the frame-
work. In contrast to the surveys reviewed above, there are multiple questions
measuring the different components within the framework. For example, in the
mathematics framework, there would be different types of mathematical knowl-
edge within the framework (e.g., for 4th grade, addition, subtraction, multiplica-
tion, division).

The NAEP is used as an important indicator of the performance of the
nation’s schools. Funding advocates for educational initiatives use the informa-
tion to justify levels and targets of funds. NAEP provides results regarding sub-
ject-matter achievement, instructional experiences, and school environment for
populations of students (e.g., fourth graders) and subgroups of those populations
(e.g., female students, Hispanic students). The results are highly watched statis-
tics within the political and policy domains. Figure 1.4 presents the average
scores (scaled so that 500 is a perfect score) on the mathematics assessment for
high school seniors by type of school. This shows a very common finding: that
students in private schools tend to attain higher scores, that Catholic schools are
in the middle, and that public schools have the lowest average scores. Much of
this is related to what types of students attend these schools. There in no uni-
formly increasing trend in the scores of students; for example, the year 2000
scores appear to decline except among the Catholic school students. However, all
were higher than their corresponding scores in 1990. When declines in the scores
occur, there is usually some public discussion and policy debate about the alter-
native causes of the decline and the desirability of change in educational policies.

A CNN story of June 20, 2003 led with “Are Little Kids Smarter than High
Schoolers?” The story was:

1990, 1992, 1996, and 2000 Mathematics Assessments.)

“Fourth graders are showing they are better readers, while the
skills of 12th graders are declining, the government said in a
report Thursday. ... Overall, less than one-third of fourth
graders and eighth graders showed they could understand and
analyze challenging material. That skill level, defined as profi-
cient, is the focal point of the test. Among high school seniors,
36 percent hit the mark. Four years ago, 29 percent of the fourth
grader were proficient. That increased to 31 percent in 2002, It
is those younger students who are at the center of a national
push to improve basic education. Among the seniors, the per-
centage of those who reached the highest skill level dropped
from 40 percent. ... ‘“There are no scientific answers as to why
our high school seniors have performed so poorly on this read-
ing assessment, but we’re still searching for solutions to these
daunting challenges,’ said Education Secretary Rod Paige. ‘At
the same time, we know what works to teach youngsters to
read, and we know that all children can learn.’””

These are complex results and require more analysis to disentangle whether
there are group differences between the 12th graders of 2002 and the 12th graders
0of 1998, based on experiences they had in grammar school, or whether there are
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contemporaneous education policies producing the results. The absence of firm
data on the causes produces many alternative speculations from policy makers
about the alternative solutions. Despite the complexity of disentangling causes of
the assessment levels, understanding these phenomena requires the kind of uni-
form measurement that NAEP offers.

1.3.5 The Behavioral Risk Factor Surveillance System

How many people exercise, smoke cigarettes, or wear seatbelts? Do the stateg
within the United States vary on these phenomena? How do such health-related
behaviors vary across the states? Do people exhibit more or fewer healthy behav-
iors as they get older? Is there change over time in health behaviors that are asso-
ciated with public health education programs in the states?

Since 1965, the National Center for Health Statistics had been providing
annual US survey estimates on a wide variety of health behaviors and conditions
(e.g., self-reported health conditions, frequency of visits to doctors, self-reported
exercise, and other risk-related behaviors). The survey estimates, coupled with
biomedical research, clearly indicated that individual personal behaviors affected
premature morbidity and mortality. Much public health policy and oversight rests
at a state level, however, and there were no comparable set of statistics at the state
level. State health agencies have a lead role in determining resource allocation to
reduce health risks linked to behaviors.

Since the early 1980s, the Behavioral Risk Factor Surveillance System
(BRFSS) coordinated by the US Centers for Disease Control and Prevention has
provided state-level survey estimates of key health factors. In contrast to all the
surveys described above, BRESS involves a partnership of individual states with
assistance from the Federal Centers for Disease Control. The states determine the
questions and conduct the survey. The Federal Centers for Disease Control and
Prevention coordinate the definition of a core set of questions, develop standards
for the survey data collection, perform the postdata collection processing of the
data, and distribute a national combined data set. The core questions ask about
current health-related perceptions, conditions, and behaviors (e.g., health status,
health insurance, diabetes, tobacco use, selected cancer screening procedures, and
HIV/AIDS risks) and questions on demographic characteristics.

Like the SOC, BRFSS uses random-digit-dialed samples of the telephone
household population. Unlike SOC, each state draws an independent sample, and
arranges for the data collection via computer-assisted telephone interviewing.
Most states uses commercial or academic survey organizations under contract.
Some collect the data themselves. The sample sizes vary across the states. In each
sample household, an adult (18 years old or older) is selected to be interviewed.

The survey publishes annual estimates of rates of smoking and other risky
health behaviors for each of the states. The estimates are used as social indicators
of the health status of the population and guide government health policies that
might affect health-related behavior. For example, the three Figure 1.5 maps show
the dramatic increase in obesity in the US in the 1990s. The statistic is presented
separately for each state, using a different shading to denote the outcome. In 1994,
there were no states with more than 20% of the adult population who were obese;
that is, with a body mass index equal to 30 or more. By 2001, over half of the
states had that prevalence of obesity. By tracking trends like this at a state level,
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Table 1.5. Example Survey: Behavioral Risk Factor Surveillance System

(BRFSS)

Sponsor

Collector

Purpose

Year Started
Target Population

Sampling Frame
Sample Design

Sample Size
Use of Interviewer
Mode of Administration

Computer Assistance

Reporting Unit
Time Dimension
Frequency

Interviews per Round
of Survey

Levels of Observation
Web Link

US Centers for Disease Control and Prevention

Varies by state — for the 1998 BRFSS, 21 state or
jurisdictional health departments collected their own data,
whereas 31 used outside contractors

The main objectives of the BRFSS are to:
1) collect uniform, state-specific data on preventive
health practices and risk behaviors that are linked to
chronic diseases, injuries, and preventable infectious

diseases in the adult population

2) enable comparisons between states and derive
national-level conclusions

3) identify trends over time

4) allow states to address questions of local interest

5) permit states to readily address urgent and emerging
health issues through addition of topical question
modules

1984
US adult household population

US telephone households, through lists of working area codes
and exchanges, then lists of household members

Varies by state. For the 1999 BRFSS, all but three states
(Alaska, California, and Hawaii) used probability designs

Average state sample size of 3,075 (1999 BRFSS)
Interviewer-administered
Telephone interview

Computer-assisted telephone interview (CATI) in 50 areas;
two areas use paper-and-pencil interviews (PAPI)

Randomly selected adult
Repeated cross-sectional survey
Condubted annually

One

Person
http://www.cdc.gov/nccdphp/briss

state public health officials can both compare their state to others and compare
trends over time in their state. States use BRFSS data to establish and track State
health objectives, plan health programs, or implement a broad array of disease
Prevention activities.
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Figure 1.5a Percentage of state adults who are obese (body mass index > 30)

by state, 1994, BRFSS. (Source: BRFSS, CDC.)
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Figure 1.5b Percentage of state adults who are obese (body mass index > 30)

by state, 1998, BRFSS. (Source: Mokdad et al. Journal of the
American Medical Association 1999;282:16.)
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Figure 1.5¢ Percentage of state adults who are obese (body mass index > 30)

by state, 2001, BRFSS. (Source: Mokdad et al. Journal of the
American Medical Association 2003;289:1.)

SOME EXAMPLES OF ONGOING SURVEYS

The BRFSS data quickly enter the national debate. Although there were other
indicators of obesity problems in the US population, the BRFSS helped present a
Jocal perspective to the problem. The March 6, 2003 Washington Post ran the
story, “When Spotlight Shines, San Antonio Citizens Seem to Swell to Fill It —
City in Texas Called Obesity Capital of US” detailing the data. Policy officials
acted. On May 14, 2003, the same paper ran a story entitled, “Health Costs of
Obesity Near Those of Smoking. HHS Secretary Presses Fast-Food Industry.”
Then on July 2, 2003, the Washington Post ran an article titled, “Slimming Down
Oreos: Kraft Plans to Make Its Food Products Healthier,” describing plans to
reduce portion size, alter content, and change marketing strategies within US
school cafeterias.

Survey data like those of BRFSS can make a difference when they measure
important issues and have the credibility to gain the attention of decision makers.

1.3.6 The Current Employment Statistics Program

How many jobs were created in the US economy in the last month? Are some
industries changing their employment counts more rapidly than others? Which
industries are growing; which are declining? Are large employers producing most
of the employment change or does the dynamic nature of the job market lie
among new, small firms? Are there regional differences in growth or decline in
jobs?

The Current Employment Statistics (CES) program of the US Bureau of
Labor Statistics is a focus of the story that opens this chapter. CES is one of two
parallel surveys that attempt to provide monthly estimates of the employment sit-
uation. The CES is a survey of employers that asks for six different pieces of
information — the total number of employees on the payroll, number of women
employees, number of production workers, the total payroll of the production
workers, the total hours worked by production workers, and the total number of
overtime hours by production workers. The Current Population Survey (CPS) is
a household survey that asks residents whether they are employed or looking for
work. That survey produces a monthly rate statistic — the unemployment rate.

The sample of the CES is large — over 160,000 employers per month. The
sample is drawn from a list of active employers who have registered their com-
pany with the state unemployment insurance agency. The sample design gives
large employers very high probabilities of selection (some are permanently in the
sample) and small employers small probabilities. Once an employer falls in the
sample, it is repeatedly measured over months and years. Smaller employers
rotate out of the sample and are “replaced” by other smaller employers; larger
employers tend to stay in the sample for a longer time. CES is conducted as a part-
nership between the federal Bureau of Labor Statistics and the state employment
security agencies.

The CES differs from the other surveys described above in that it uses many
different methods of collecting the data simultaneously. Indeed, an employer is
given great freedom to choose the method of delivering the answers to the six
questions each month. Paper forms can be completed and mailed or faxed back to
the Bureau of Labor Statistics. The respondent can use touchtone data entry,
whereby the employer uses a telephone keypad to enter the digits of the answers
in response to a recorded voice. The respondent can enter the data on a special
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Table 1.6. Example Survey: Current Employment Statistics (CES)

Sponsor

Collector

Purpose

Year Started

Target Population

Sampling Frame

Sample Design

Sample Size

Use of Interviewer

Mode of Administration

Computer Assistance

Reporting Unit

US Bureau of Labor Statistics, US Department of Labor

US Bureau of Labor Statistics, State Employment Security
Agencies

The main objective of the CES is to produce monthly
estimates of employment, hours, and earnings for the nation,
states, and major metropolitan areas.

1939
US employers

US employers filing unemployment insurance tax records with
State Employment Security Agencies

Originally quota sample; then a probability sample was fully
implemented in 2002

About 160,000 business establishments

Most seif-administered; about 25% of respondents interviewed
by telephone

Many sample units (about 30%) use touchtone data entry
(TDE) to complete the interview by phone keypad, with
prerecorded questions read to the respondent and answers
entered by pressing touchtone phone buttons. Other modes
used include mail, fax, Web entry, electronic data interchange,
and computer-assisted telephone interviewing (CATI).

Touchtone data entry (TDE), electronic data interchange
(EDI), Web entry, computer-assisted telephone interviewing
(CATI)

Contact person at establishment

SOME EXAMPLES OF ONGOING SURVEYS

and periods of rapid growth. For example, the recessions of the .early 1980 and
carly 1990s are followed by periods of high growth in number of jobs. The level-
ing off of the growth during the early 2000 recession is also obvious.

Statistics like these are important because they are used by the Federal
Reserve, the White House, and by Congress to consider changes in econon?if: pol—
icy. It is common that periods of recession contain many statements by pohtlclfms
that the economy must be stimulated in order to create jobs for the country. Fayly
or unfairly, political regimes rise and fall because of the values of such statistics.

1.3.7 What Can We Learn From the Six Example Surveys?

All of these are large-scale, national, repeated surveys. Five have lengthy histo-
ries — the Current Employment Statistics Program dates back to 1939, the Survey
of Consumers originated in 1946, NAEP began in 1969, and the NCVS and
NSDUH were started in the early 1970s. All of these are used by government
agencies and social scientists as indicators of the status of society or the economy.

The design features of the surveys are tailored to fit their purposes. The tar-
get populations for these surveys are varied — for example, the NCVS aims to
describe adults and children age 12 or older, whereas the CES survey has a target
population of employers. The NCVS, NSDUH, and NAEP surveys all draw sam-
ples of households in two steps — first sampling geographic areas, then sampling
from created lists of households within those areas. The Survey of Consumers and
BRFSS draw samples of telephone numbers from all possible numbers within
working area codes and exchanges. Then the numbers are screened to find those
associated with households.

The example surveys use varying data collection methods. The NAEP survey
does not use interviewers: respondents complete self-administered forms and
assessments. The NCVS, BRFSS, and SOC all rely on interviewers to collect
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150,000
Time Dimension Longitudinal panel survey of employers
)]
Frequency Conducted monthly g
>
Interviews per Round Variable % 100,000 4
of Survey E
Levels of Observation  Establishment, employer kS
Web Link http.//www.bls.gov/ceshome.htm é 50,000 +
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secure Web page. The respondent can send electronic records directly to BLS for 0 . ' ' ' ' r ' ' : r r T
processing. The respondent can orally deliver the data in response to a telephone 1941 1951 1961 1971 1981 1991 2001

interviewer. These different methods, while each requiring some cost to develop,
appear to fit different employers; the overall cooperation rate with the survey can
be increased by allowing the sample employers to use a method easiest for them.

To illustrate how CES tracks the US economy, Figure 1.6 shows the total
number of jobs in nonfarm employers between 1941 and 2001. Looking at the
trend over so many decades, it is easy to see periods of no or slow growth in jobs

Year

Figure 1.6 Number of employees of all nonfarm employers in thousands,
annual estimates 1941-2002, Current Employment Statistics.
(Source: www.data.bls.gov)



30

INTRODUCTION TO SURVEY METHODOLOGY

answers. The NSDUH uses both techniques, with some questions self-adminis-
tered and others asked by interviewers. Another dimension on which the surveys
vary is the use of computer assistance. The NAEP uses paper forms, followed by
electronic processing of the forms. The CES uses many different types of com-
puter assistance, including touchtone data entry, electronic data interchange, and
computer-assisted telephone interviewing.

All of the surveys are ongoing in nature. This is because they all are designed
to measure change in the phenomena they study. All of the designs supply esti-
mates of change at the national level, measuring how population means and totals
have changed over time. Those that collect data from the same people more than
once, such as the CES, SOC, and the NCVS, can measure changes in individuals
or employers, as well as overall changes in the population.

Many of the qualities and costs of a survey are determined by these kinds of
design features. The first questions to ask about a new survey are:

1) What is the target population (whom is it studying)?

2) What is the sampling frame (how do they identify the people who have
a chance to be included in the survey)?

3) What is the sample design (how do they select the respondents)?

4) What is the mode of data collection (how do they collect data)?

5) Is it an ongoing survey or a one-time survey?

Reread the tables that accompany Sections 1.3.1-1.3.6 to get an overview of the
purpose and design of each example of survey. Throughout this book, we will
refer to these surveys to illustrate specific methodological issues.

1.4 WHAT IS SURVEY METHODOLOGY?

Survey methodology seeks to identify principles about the design, collection, pro-
cessing, and analysis of surveys that are linked to the cost and quality of survey
estimates. This means that the field focuses on improving quality within cost con-
straints, or, alternatively, reducing costs for some fixed level of quality. “Quality”
is defined within a framework labeled the total survey error paradigm (which will
be discussed further in Chapter 2). Survey methodology is both a scientific field
and a profession.

Within the scientific side of surveys, the achievement of high-quality survey
results requires applying principles from several traditional academic disciplines.
Mathematics, especially the principles of probabilities or chance events, is key to
knowing the relative frequency of various outcomes. A whole subfield of statis-
tics is devoted to the principles of sampling and inference from sample results to
population results. Thus, the elements of sampling and analysis are historically
grounded in the mathematical sciences.

However, because human beings often are involved either as interviewers or
respondents, a variety of principles from the social science disciplines also apply
to surveys. When we turn to the study of how data collection protocols affect sur-
vey estimates, the psychologists have been the leading sources of knowledge.
Furthermore, social psychology provides the framework for understanding how

WHAT IS SURVEY METHODOLOGY?

interviewer behaviors may influence the activities of respondents, both when they
are recruited as respondents and during the survey interview. When it comes to
understanding question design, cognitive psychology offers principles regarding
how memories are formed, how they are structured, and what devices are helpful
to the recall of memories relevant to the answers to survey questions. Sociology
and anthropology offer principles of social stratification and cultural diversity,
which inform the nature of reactions of subpopulations to requests for survey-
based measurement or to particular questions. Computer science provides princi-
ples of database design, file processing, data security, and human-computer inter-
action.

Because survey methodology has this inherently multidisciplinary nature, it
has only recently developed as a unified field. The scientific side of survey
methodology was practiced largely outside traditional academic disciplines. For
example, the important developments in probability sampling theory applied to
surveys largely took place in large government survey organizations in the 1930s
and 1940s. The major early texts in sampling were written by scientists with feet
ﬁnﬁly planted in applied survey environments such as the US Bureau of the
Census (e.g., Hansen, Hurwitz, and Madow, Sample Survey Methods and Theory,
1953; Deming, Some Theory of Sampling, 1950). Many of the early scientific
contributions regarding survey data collection came from staff in government
agencies conducting surveys of the military and citizenry during World War IL
Major early texts in interviewing similarly were written by scientists in academic
survey organizations, grappling with practical survey problems (Kahn and
Cannell, The Dynamics of Interviewing, 1958; Hyman, Interviewing in Social
Research, 1954).

It is consistent that the research literature or survey methodology is widely
scattered. There is a concentration of survey methods in statistical journals:
Journal of the American Statistical Association (Applications section), Journal of
Official Statistics, and Survey Methodology. An important outlet for reports of
survey methods studies is the Proceedings of the Survey Research Methods
Section of the American Statistical Association. However, an interdisciplinary
journal, Public Opinion Quarterly, is another major outlet for survey methods
papers, and there are many papers on survey methods in journals of the various
academic disciplines and applied fields such as health, criminology, education,
and market research.

The field also has active professional associations, which act as gathering
places for both scientists and professionals. There are four professional associa-
tions for which survey methodology is a central focus. The American Statistical
Association has a large membership in the Survey Research Methods Section.
The American Association for Public Opinion Research (and its international
counterpart, the World Association for Public Opinion Research) is an association
of commercial, academic, and government survey researchers. The International
Association for Survey Statisticians is a component of the International Statistical
Institute. The commercial survey organizations have created a trade association,
the Council of American Survey Research Organizations, which promotes activ-
ities of benefit to the members. All of these organizations, including the Survey
Research Methods Section of ASA, are interdisciplinary, including members with
a wide array of formal training backgrounds in mathematical, social, or various
applied sciences.
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Survey methodology is also a profession, a set of occupational classes
devoted to the design, collection, processing, and analysis of survey data.
Throughout the world, there are specialists in survey methods found in academia,
governments, and commerce. In the United States, the academic sector containg
survey researchers who use the method to investigate discipline-based questions
in sociology, political science, public health, communications studies, psychol-
ogy, criminology, economics, transportation studies, gerontology, and many other
fields. On campuses in the United States, there are over 100 survey research cen-
ters that have permanent staffs, providing survey capabilities for faculty and staff
on their campus. The federal government plays an even larger role than academia
in collecting and commissioning surveys. The Bureau of the Census, the
Department of Agriculture, and the Bureau of Labor Statistics all collect survey
data themselves, and over 60 other agencies commission numerous surveys,
Moreover, in the United States, the survey efforts of the private commercial sec-
tor, including polls, political surveys, and market research, are several times
larger than the combined effort of the agencies of the federal government.

Because the field of survey methodology did not develop within a single aca-
demic discipline, education in the field historically was rather haphazard.
Professionals in the field are not certified, although from time to time discussions
regarding the desirability of certification are held. Formal training in survey and
marketing research techniques has existed for some years. Training in survey
methods can be found in undergraduate and graduate departments in all the social
sciences and in professional schools of all kinds. For those who specialize in sur-
vey methodology, almost invariably an apprenticeship in an organization that
conducts surveys is part of the training process. Practical experience in solving
the real challenges that designing and executing surveys entail is a complement
to formal classroom training. One way to think about the purpose of this book is
that it is designed to provide the intellectual foundation needed to understand and
address the problems that survey research projects pose.

1.5 THE CHALLENGE OF SURVEY METHODOLOGY

Surveys are not the only way to collect information about large populations.
There is no “right” way. Administrative record systems of governments and busi-
nesses sometimes offer all the necessary data for good decision making for those
covered by the systems. Qualitative investigations, involving trained ethnogra-
phers or sociologists, offer the possibility of rich encounters with deep under-
standing of the perspectives of the subjects. Observations of behaviors of persons
can yield quantitative information about the frequency of events in public spaces.
Randomized experiments in controlled settings can answer important questions
about whether various stimuli cause behaviors.

However, in administrative record systems, the researchers have little control
over the measurement, and their results may be tainted by data of poor quality.
Ethnographic investigations often use small groups of informants, limiting the
studies’ ability to describe large populations. Observations of persons are limited
to a tiny fraction of all human behaviors. Randomized experiments face chal-
lenges of applicability in the real world.

THE CHALLENGE OF SURVEY METHODOLOGY

Conversely, surveys often limit their measures to those that can be standard-
ized and repeated over large numbers of persons. Surveys are conducted in the
uncontrolled settings of the real world and can be affected by those settings.
Surveys gain their inferential power from the ability to measure groups of persons
that form a microcosm of large populations, but rarely achieve perfection on this
dimension. Part of the task of a survey methodologist is making a large set of
decisions about thousands of individual features of a survey in order to improve
it. Some of the most important decisions include:

1) How will the potential sample members be identified and selected?

2) What approach will be taken to contact those sampled, and how much
effort will be devoted to trying to collect data from those who are hard
to reach or reluctant to respond?

3) How much effort will be devoted to evaluating and testing questions that
are asked?

4) What mode will be used to pose questions and collect answers from
respondents?

5) (If interviewers are involved) How much effort will be devoted to train-
ing and supervising interviewers?

6) How much effort will be devoted to checking the data files for accuracy
and internal consistency?

7) What approaches will be used to adjust the survey estimates to correct
for errors that can be identified?

Each of these decisions has the potential to affect the quality of estimates that
emerge from a survey. Often, though not always, there are cost implications of
how these decisions are made; making the decision that involves more effort or
that has a better chance of minimizing error in the survey often costs more money.

There is a methodological research literature that provides the intellectual
basis for understanding the implications of these various decisions on data qual-
ity. One of the most important goals of this book is to document what currently is
known, and in some cases not known, about how these decisions affect data qual-
ity and the credibility of the data.

The second goal of this book is to convey an understanding of the concept of
total survey error and how to use it. Essentially, all surveys involve some kinds of
compromises with the ideal protocol. Some of those compromises are based on
cost. Researchers have to decide how much to invest in each of the components
of a survey listed above. When there is a finite budget, researchers often have to
weigh the merits of spending more on one aspect of the survey, while reducing
costs on another. For example, a researcher might decide to increase the size of
the survey sample and offset those added costs by spending less on efforts to max-
imize the rate of response.

One challenge for the survey methodologist is to figure out how best to use
the available resources — how to balance the investments in each of the compo-
nents of a survey to maximize the value of the data that will result. Recognizing
that each aspect of a survey has the potential to affect the results, the survey
methodologist takes a total survey error approach. Rather than focusing on just
one or a few of the elements of a survey, all the elements are considered as a
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whole. A survey is no better than the worst aspect of its design and execution. The
total survey error approach means taking that broad perspective and ensuring that
no feature of the survey is so poorly designed and executed that it undermines the
ability of the survey to accomplish its goals.

In a similar way, in some cases there are only imperfect solutions to survey
design problems. All the approaches available to solve a particular problem may
have pluses and minuses. The survey methodologist has to decide which of a set
of imperfect options is best. Again, the total survey error approach is to consider
the various ways that the options will affect the quality of the resulting data and
choose the one that, on balance, will produce the most valuable data.

Survey methodology is about having the knowledge to make these tradeoff
decisions appropriately, with as much understanding as possible of the implica-
tions of the decisions. When a well-trained methodologist makes these decisions,
it is with a total survey error perspective, considering all the implications of the
decisions that are at stake and how they will affect the final results.

1.6 AsBourt THIS Book

This book describes how the details of surveys affect the quality of their results.
The second chapter is a discussion of what we mean by “error” in surveys. It turns
out that this is a potentially confusing topic, because there is more than one kind
of error that affects survey estimates. Different disciplines also use different
words to describe the same or similar concepts. The focus of all the subsequent
chapters is on how to minimize error in surveys. Understanding what is meant by
error is an essential first step to understanding the chapters that follow.

The subsequent chapters take on different aspects of the design and execu-
tion of surveys. They lay out the decisions that face researchers, why they are
potentially important, and what our science tells us about the implications of the
available choices. Which choice is best often depends on the survey’s goals and
other features of the design. In a few cases, there is a clear best practice, an
approach to carrying out surveys that consistently has been found to be critical to
creating credible data. The chapters attempt to give readers an understanding of
how these choices should be made. Throughout the book, we mix practical con-
crete examples (often drawn from the six example surveys described previously)
with the general discussion of knowledge and principles, so readers can under-
stand how the generalizations apply to real decisions.

The last two chapters cut across the others. In Chapter 11, we discuss issues
related to the ethical conduct of survey research. In the final chapter, we answer
a set of common questions that survey methodologists are asked. When readers
have completed the book, we expect that they will have a solid foundation on
which to build through reading, additional course work, and practical experience
in order to become survey methodologists.

ABOUT THIS BOOK

KEYWORDS
analytic statistic repeated cross-section design
area probability sample rotating panel design

census sampling error

descriptive statistic statistic
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brfss/usersguide. htm.

Centers for Disease Control (2003), BRFSS Questionnaires, http://www.cdc.gov/
brfss/brfsques.him.

Current Employment Statistics

US Bureau of Labor Statistics (2003), BLS Handbook of Methods, http://www.bls.
gov/opub/hom/home. htm.

US Bureau of Labor Statistics, Monthly Labor Review, hitp://www.bls.gov/opub/
miv/mlvhome.htm. (Web site contains frequent articles of relevance to CES.)

EXERCISES

1) Find the Web page for the National Crime Victimization Survey (first go to
http://www.ojp.usdoj.gov/ and look for the Bureau of Justice Statistics). Find
the questionnaire of the NCVS and identify what types of victimizations are
collected from the household respondent and what types of crimes are col-
lected on each self-respondent.

2} Go to the BRFSS Web site (Attp://www.cdc.gov/brfss/) and complete the
training regimen that interviewers are offered on the Web site.

3) Read the most recent annual report from the NSDUH (http://www.samhsa.
gov/oas/nhsda.htm). For what drugs did the prevalence of use increase over
the recent years?

4) Go to the technical notes for the Current Employment Statistics program
(http:/fwww.bls.gov/web/cestnl.htm). What is the current distribution of
respondents by the various methods of returning the data to BLS?

5) Read the latest press release on the consumer confidence index from the
Survey of Consumers Website {(http.//www.sca.isrumich.edu/main.php), then
go to a news service Web site to search for “consumer confidence.” Compare
the news treatment of the statistics to the report from the survey. What is the
same; what is different?

EXERCISES

6) Go the Website of the National Assessment of Educational Progress
(htip://nces. ed.gov/nationsreporicard/). Find the latest assessment report;
read it to find comparisons with the past report. Try to find explanations for
the changes that were observed. Do the authors cite reasons from the survey
data themselves or do they cite possible external causes, not measured in the

survey?
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CHAPTER TWO

[ m—

INFERENCE AND ERROR IN
SURVEYS

2.1 INTRODUCTION

Survey methodology seeks to understand why error arises in survey statistics.
Chapters 3 through 11 describe in detail strategies for measuring and minimizing
error. In order to appreciate those chapters, and to understand survey methodol-
ogy, it is first necessary to understand thoroughly what we mean by “error.”

As the starting point, let us think about how surveys work to produce statis-
tical descriptions of populations. Figure 2.1 provides the simplest diagram of
how it works. At the bottom left is the raw material of surveys — answers to ques-

Characteristics of
the population

Characteristics
of the sample

Characteristics
of a respondent

~ Statistical
computing

Respondent
answers to
questions

Figure 2.1 Two types of survey inference.
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INFERENCE AND ERROR IN SURVEYSY

tions by an individual. These have value to the extent they are good descriptors
of the characteristics of interest (the next-higher box on the left). Surveys, how-
ever, are never interested in the characteristics of individual respondents per se.
They are interested in statistics that combine those answers to summarize the
characteristics of groups of persons. Sample surveys combine the answers of indi-
vidual respondents in statistical computing steps (the middle cloud in Figure 2.1)
to construct statistics describing all persons in the sample. At this point, a survey
is one step away from its goal — the description of characteristics of a larger pop-
ulation from which the sample was drawn.

The vertical arrows in Figure 2.1 are “inferential steps.” That is, they use
information obtained imperfectly to describe a more abstract, larger entity.
“Inference” in surveys is the formal logic that permits description about unob-
served phenomena based on observed phenomena. For example, inference about
unobserved mental states, like opinions, is made based on answers to specific
questions related to those opinions. Inference about population elements not
measured is made based on observations of a sample of others from the same pop-
ulation. In the jargon of survey methodology, we use an answer to a question from
an individual respondent to draw inferences about the characteristic of interest to
the survey for that person. We use statistics computed on the respondents to draw
inferences about the characteristics of the larger population.

These two inferential steps are central to the two needed characteristics of a
survey:

1) Answers people give must accurately describe characteristics of the
respondents.

2) The subset of persons participating in the survey must have characteris-
tics similar to those of a larger population.

When either of these two conditions is not met, the survey statistics are subject to
“error.” The use of the term “error” does not imply mistakes in the colloquial
sense. Instead, it refers to deviations of what is desired in the survey process from
what is attained. “Measurement errors” or “errors of observation” will pertain to
deviations from answers given to a survey question and the underlying attribute
being measured. “Errors of nonobservation” will pertain to the deviations of a sta-
tistic estimated on a sample from that on the full population.

Let us give an example to make this real. The Current Employment Statistics
(CES) program is interested in measuring the total number of jobs in existence in
the United States during a specific month. It asks individual sample empioyers to
report how many persons were on their payroll in the week of the 12th of that
month. (An error can arise because the survey does not attempt to measure job
counts in other weeks of the month.) Some employer’s records are incomplete or
out of date. (An error can arise from poor records used to respond.) These are
problems of inference from the answers obtained to the desired characteristic to
be measured (the leftmost vertical arrows in Figure 2.1).

The sample of the employers chosen is based on lists of units of state unem-
ployment compensation rolls months before the month in question. Newly created
employers are omitted. (An error can arise from using out-of-date lists of employ-
ers.) The specific set of employers chosen for the sample might not be a good
reflection of the characteristics of the total population of employers. (An error can
arise from sampling only a subset of employers into the survey.) Further, not all
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selected employers respond. (An error can arise from the absence of answers frgm
some of the selected employers.) These are problems of inference from statistics
on the respondents to statistics on the full population.

One’s first reaction to this litany of errors may be that it seems impossible for
surveys ever to be useful tools to describe large populations. Don’t despair!
Despite all these potential sources of error, carefully designed, conducted, and
analyzed surveys have been found to be uniquely informative tools to describe the
world. Survey methodology is the study of what makes survey statistics more or
Jess informative.

Survey methodology has classified these various errors illustrated with the
CES example above into separate categories. There are separate research litera-
tures for each error because each seems to be subject to different influences and
have different kinds of effects on survey statistics.

One way of learning about surveys is to examine each type of error in turn —
or studying surveys from a “quality” perspective. This is a perspective peculiar to
survey methodology. Another way of learning about surveys is to study all the
survey design decisions that are required to construct a survey — identification of
the appropriate population to study, choosing a way of listing the population,
selecting a sampling scheme, choosing modes of data collection, etc. This is an
approach common to texts on survey research (e.g., Babbie, 1990; Fowler, 2001).

2.2 THE LIFECYCLE OF A SURVEY FROM A DESIGN PERSPECTIVE

In the next sections (2.2-2.3) we will describe the two dominant perspectives
about surveys: the design perspective and the quality perspective. From the
design perspective, discussed in this section, survey designs move from abstract
ideas to concrete actions. From the quality perspective, survey designs are distin-
guished by the major sources of error that affect survey statistics. First, we tackle
the design perspective.

A survey moves from design to execution. Without a good design, good sur-
vey statistics rarely result. As the focus moves from design to execution, the
nature of work moves from the abstract to the concrete. Survey results then
depend on inference back to the abstract from the concret. Figure 2.2 shows that
there are two parallel aspects of surveys — the measurement of constructs and
descriptions of population attributes. This figure elaborates the two dimensions of
inference shown in Figure 2.1. The measurement dimension describes what data
are to be collected about the observational units in the sample — what is the sur-
vey about? The representational dimension concerns what populations are
described by the survey —~ who is the survey about? Both dimensions require fore-
thought, planning, and careful execution.

Because Figure 2.2 contains important components of survey methods, we
will spend some time discussing it. We will do so by defining and giving exam-
ples of each box in the figure.

2.2.1 Constructs

“Constructs™ are the elements of information that are sought by the researcher.
The Current Employment Statistics survey attempts to measure how many new
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Figure 2.2 Survey lifecycle from a design perspective.

jobs were created in the past month in the United States; the National Assessment
of Education Progress measures knowledge in mathematics of school children;
the National Crime Victimization Survey (NCVS) measures how many incidents
of crimes with victims there were in the last year. The last sentence can be under-
stood by many; the words are simple. However, the wording is not precise; it is
relatively abstract. The words do not describe exactly what is meant, nor exactly
what is done to measure the constructs. In some sense, constructs are ideas. They
are most often verbally presented.

For example, one ambiguity is the identity of the victim of the crime. When
acts of vandalism occur for a household (say, a mailbox being knocked down),
who is the victim? (In these cases, NCVS distinguishes crimes against a house-
hold from crimes against a person.) When graffiti is spray painted over a public
space, who is the victim? Should “victimization” include only those crimes
viewed as eligible for prosecution? When does an unpleasant event rise to the
level of a crime? All of these are questions that arise when one begins to move
from a short verbal description to a measurement operation. Some constructs
more easily lend themselves to measurements than others.

Some constructs are more abstract than others. The Survey of Consumers
(SOC) measures short-term optimism about one’s financial status. This is an atti-
tudinal state of the person, which cannot be directly observed by another person.
It is internal to the person, perhaps having aspects that are highly variable within
and across persons (e.g., those who carefully track their current financial status
may have well-developed answers; those who have never thought about it may
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have to construct an answer de novo). In contrast, the National Survey on Drug
Use and Health measures consumption of beer in the last month. This is a con-
struct much closer to observable behaviors. There are a limited number of ways
this could be measured. The main issues are simply to decide what kinds of drinks
count as beer (e.g., does nonalcoholic beer count?) and what units to count (12-
ounce cans or bottles is an obvious choice). Thus, the consumer optimism con-
struct is more abstract than the construct concerning beer consumption.

2.2.2 Measurement

Measurements are more concrete than constructs. “Measurements” in surveys are
ways to gather information about constructs. Survey measurements are quite
diverse — soil samples from the yards of sample households in surveys about toxic
contamination, blood pressure measurements in health surveys, interviewer
observations about housing structure conditions, electronic measurements of traf-
fic flow in traffic surveys. However, survey measurements are often questions
posed to a respondent, using words (e.g., “During the last 6 months, did you call
the police to report something that happened to YOU that you thought was a
crime?”). The critical task for measurement is to design questions that produce
answers reflecting perfectly the constructs we are trying to measure. These ques-
tions can be communicated orally (in telephone or face-to-face modes) or visually
(in paper and computer-assisted self-administered surveys). Sometimes, however,
they are observations made by the interviewer (e.g., asking the interviewer to
observe the type of structure of the sample housing unit or to observe certain
attributes of the neighborhood). Sometimes they are electronic or physical meas-
urements (e.g., electronic recording of prices of goods in a sample retail store,
taking a blood or hair sample in a health-related survey, taking a sample of earth
in a survey of toxic waste, taking paint samples). Sometimes questions posed to
respondents follow their observation of visual material (e.g., streaming video
presentation of commercials on a laptop, presentation of magazine covers).

2.2.3 Response

The data produced in surveys come from information provided through the sur-
vey measurements. The nature of the responses is determined often by the nature
of the measurements. When questions are used as the measurement device,
respondents can use a variety of means to produce a response. They can search
their memories and use their judgment to produce an answer [e.g., answering the
question, “Now looking ahead, do you think that a year from now you (and your
family living there) will be better off financially, or worse off, or just about the
same as now?” from the SOC]. They can access records to provide an answer
(e.g., looking at the employer’s personnel records to report how many nonsuper-
visory employees were on staff on the week of the 12th, as in the CES). They can
seek another person to help answer the question (e.g., asking a spouse to recall
when the respondent last visited the doctor).

Sometimes, the responses are provided as part of the question, and the task
of the respondent is to choose from the proffered categories. Other times, only the
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question is presented, and the respondents must generate an answer in their own
words. Sometimes, a respondent fails to provide a response to a measurement
attempt. This complicates the computation of statistics involving that measure,

2.24 Edited Response

In some modes of data collection, the initial measurement provided undergoes 3
review prior to moving on to the next. In computer-assisted measurement, quan-
titative answers are subjected to range checks, to flag answers that are outside
acceptable limits. For example, if the question asks about year of birth, numbers
less than 1890 might lead to a follow-up question verifying the stated year. There
may also be consistency checks, which are logical relationships between two dif-
ferent measurements. For example, if the respondent states that she is 14 years old
and has given birth to 5 children, there may be a follow-up question that clarifies
the apparent discrepancy and permits a correction of any errors of data. With
interviewer-administered paper questionnaires, the interviewer often is instructed
to review a completed instrument, look for illegible answers, and cross out ques-
tions that were skipped in the interview.

After all of the respondents have provided their answers, further editing of
data sometimes occurs. This editing may examine the full distribution of answers
and look for atypical patterns of responses. This attempt at “outlier detection”
often leads to more careful examination of a particular completed questionnaire,

To review, edited responses try to improve on the original responses obtained
from measurements of underlying constructs. The edited responses are the data
from which inference is made about the values of the construct for an individual
respondent.

2.2.,5 The Target Population

We are now ready to move to the right side of Figure 2.2, moving from the
abstract to the concrete with regard to the representational properties of a survey.
The first box describes the concept of a “target population.” This is the set of units
to be studied. As denoted in Figure 2.2, this is the most abstract of the population
definitions. For many US household surveys, the target population may be “the
US adult population.” This description fails to mention the time extents of the
group (e.g., the population living in 2004); it fails to note whether to include those
living outside traditional households; it fails to specify whether to include those
who recently became adults; it fails to note how residency in the United States
would be determined. The lack of specificity is not damaging to some discus-
sions, but is to others. The target population is a set of persons of finite size,
which will be studied. The National Crime Victimization Survey targets those
aged 12 and over, who are not in active military service, who reside in noninsti-
tutionalized settings (i.e., housing units, not hospitals, prisons, or dormitories).
The time extents of the population are fixed for the month in which the residence
of the sample person is selected.

!
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2.2.6 The Frame Population

The frame population is the set of target population
members that has a chance to be selected into Fhe
survey sample. In a simple case, the “sampling
frame” i8 @ listing of all units (e.g., p-eople, employ-
ers) in the target population. Sometungs, however,
the sampling frame is a set of units imperfectly
linked to population members. For example, the
SOC has as its target population the US adult
household population. It uses as its sampling frame
a list of telephone numbers. It associates each per-
son to the telephone number of his/her household.

ote that there are complications in that some per-
sons have no telephone in their household and oth-
ers have several different telephone numbers.) The
National Survey on Drug Use and Health uses a
sampling frame of county maps in the United
States. Through this, it associates each housing unit
with a unique county. It then associates each person
in the target population of adults and children age
12 or older with the housing unit in which they live.
(Note there are complications for persons without
fixed residence and those who have multiple resi-

dences.)

2.2.7 The Sample

A sample is selected from a sampling frame. This sample is the group from which
measurements will be sought. In many cases, the sample will be only a very small

Iflustration — Populations of
Inference and Target Populations

Often, survey statistics are con-
structed to describe a population that
cannot easily be measured. For
example, the Surveys of Consumers
attempts to estimate consumer senti-
ment among US adults in a specific
month. Each minute, households are
being formed through family or rent-
sharing arrangements; being dis-
solved through death, divorce, and
residential mobility; being merged
together, etc. The household popula-
tion of a month is different at the
beginning of the month than at the
end of the month. Sometimes, the
phrase “population of inference” is
used for the set of persons who at
any time in the month might be eligi-
ble. The “target population” describes
the population that could be covered,
given that the frame is set at the
beginning of the month and contact
with sample households occurs
throughout the month.

sampling
frame

fraction of the sampling frame (and, therefore, of the target population).

2.2.8 The Respondents

In almost all surveys, the attempt to measure the selected sample cases does not
achieve full success. Those successfully measured are commonly called “respon-
dents” (“nonrespondents” or “unit nonresponse” is the complement). There is
usually some difficulty in determining whether some cases should be termed
“respondents” or “nonrespondents,” because they provide only part of the infor-
mation that is sought. Decisions must be made when building a data file about
when to include a data record with less than complete information and when to
exclude a respondent altogether from the analytic file. “Item missing data™ is the
term used to describe the absence of information on individual data items for a
sample case successfully measured on other items. Figure 2.3 is a visual portrayal
of the type of survey and frame data and the nature of unit and item nonresponse.

respondenis

non-
respondents

unit non-
response

item missing
data
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Figure 2.3 Unit and item nonresponse in a survey data file.

The figure portrays a data file; each line is a data record of a different sample per-
son. The left columns contain data from the sampling frame, on ali sample cases.
Respondents have longer data records containing their answers to questions. The
nonrespondents (at the end of the file) have data only from the sampling frame.
Here and there throughout the respondent records are some individual missing
data, symbolized by a “m.” One example of item missing data from the CES is
missing payroll totals for sample employers who have not finalized their payroll
records by the time the questionnaire must be returned.

2.2.9 Postsurvey Adjustments

After all respondents provide data and a set of data records for them is assembled,
there is often another step taken to improve the quality of the estimates made from
the survey. Because of nonresponse and because of some coverage problems
(mismatches of the sampling frame and the target population), statistics based on
the respondents may depart from those of the full population the statistics are
attempting to estimate. At this point, examination of unit nonresponse patterns
over different subgroups (e.g., the finding that urban response rates are lower than
rural response rates) may suggest an underrepresentation of some groups relative
to the sampling frame. Similarly, knowledge about the type of units not included
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in the sampling frame (e.g., new households in the SOC, new employers in the
CES) may suggest an underrepresentation of certain types of target population
members. We will learn later that “weighting” up the underrepresented in our cal-
culations may improve the survey estimates. Alternatively, data that are missing
are replaced with estimated responses through a process called “imputation.”
There are many different weighting and imputation procedures, all labeled as
“postsurvey adjustments.”

2.2.10 How Design Becomes Process

The design steps described above typically have a very predictable sequence. It is
most common to array the steps of a survey along the temporal continuum in
which they occur, and this is the order of most texts on “how to do a survey.”
Figure 2.4 shows how the objectives of a survey help make two decisions,
one regarding the sample and another regarding the measurement process. The
decision on what mode of data collection to use is an important determinant of
how the measurement instrument is shaped (e.g., “questionnaire” in Figure 2.4).
The questionnaire needs a pretest before it is used to collect survey data. On the
right-hand track of activities, the choice of a sampling frame, when married to a
sample design, produces the realized sample for the survey. The measurement

Define research objectives

/\

Choose mode |, | Choose sampling
of collection | f frame
Construct and pretest Design and

guestionnaire select sample

N Recruit and
measure sample

A 4

Code and edit data

h 4

Make postsurvey adjustments

!
Perform analysis

Figure 2.4 A survey from a process perspective.

weighting
imputation

postsurvey
adjustments

mode of data
collection
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instrument and the sample come together during a data collection phase, during
which attention is paid to obtaining complete measurement of the sample (ie,
avoiding nonresponse). After data collection, the data are edited and coded (i.c.,
placed into a form suitable for analysis). The data file often undergoes some post-
survey adjustments, mainly for coverage and nonresponse errors. These adjust-
ments define the data used in the final estimation or analysis step, which forms
the statistical basis of the inference back to the full target population. This book
takes the perspective that good survey estimates require simultaneous and coor-
dinated attention to the different steps in the survey process.

Measurement Representation
Construct Target
7z Population
Y

b 4

h 4 Sampling
Measurement Frame
Yi Yc

Measurement
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Error

Sampling
Error

Nonresponse
Error

Adjustment
Error

Error
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Figure 2.5

Survey lifecycle from a quality perspective.
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2.3 THE LIFECYCLE OF A SURVEY FROM A QUALITY
PERSPECTIVE

we used Figure 2.2 to describe key terminology in surveys. The same figure is
useful to describe how survey methadologists think about quality. Figure 2.5 has
added in ovals a set of quality concepts that are common in survey methodology.
Each of them is placed in between successive steps in the survey process, to indi-
cate that the quality concepts reflect mismatches between successive steps. Most
of the ovals contain the word “error” because that is the terminology most com-
monly used. The job of a survey designer is to minimize error in survey statistics
by making design and estimation choices that minimize the gap between two suc-
cessive stages of the survey process. This framework is sometimes labeled the
wotal survey error” framework or “total survey error’ paradigm.
There are two important things to note about Figure 2.5:

1) Each of the quality components (ovals in Figure 2.5) has verbal descrip-
tions and statistical formulations.

2) The quality components are properties of individual survey statistics
(i.e., each statistic from a single survey may differ in its qualities), not of
whole surveys.

The next sections introduce the reader both to the concepts of different quality
components and to the simple statistical notation describing them. Since the qual-
ity is an attribute not of a survey but of individual statistics, we could present the
statistics for a variety of commonly used statistics (e.g., the sample mean, a
regression coefficient between two variables, estimates of population totals). To
keep the discussion as simple as possible, we will describe the error components
for a very simple statistic, the sample mean, as an indicator of the average in the
population of some underlying construct. The quality properties of the sample
mean will be discussed as a function of its relationship to the population mean.

We will use symbols to present a compact form of description of the error
concepts, because that is the traditional mode of presentation. The Greek letter
(mu) will be used to denote the unobservable construct that is the target of the
measurement. The capital letter ¥ will be used to denote the measurement meant
to reflect 1 (but subject to inevitable measurement problems). When the measure-
ment is actually applied, we obtain a response called y (lower case).

The statistical notation will be

4, = the value of a construct, (e.g., reported number of doctor visits) for
the ith person in the population, i = 1,2,..., N

Y = the value of a measurement (e.g., number of doctor visits) for the ith
sample person, i =1,2,..., »n

y,= the value of the response to application of the measurement (e.g., an
answer to a survey question)

¥,, = the value of the response after editing and other processing steps.

total survey
error
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In short, the underlying target attribute we are attempting to measure is L, but
instead we use an imperfect indicator, Y, which departs from the target because
of imperfections in the measurement. When we apply the measurement, there are
problems of administration. Instead of obtaining the answer ¥, we obtain instead,
¥, the response to the measurement. We attempt to repair the weakness in the
measurement through an editing step, and obtain as a result Vi which we call the
edited response (the subscript p stands for “post-data collection”).

2.3.1 The Observational Gap between Constructs and Measures
The only oval in Figure 2.5 that does not contain the word “error” corresponds tg
mismatches between a construct and its associated measurement. Measurement
theory in psychology (called “psychometrics”) offers the richest notions relevant
to this issue. Construct “validity” is the extent to which the measure is related to
the underlying construct (“invalidity” is the term sometimes used to describe the
extent to which validity is not attained). For example, in the National Assessment
of Educational Progress, when measuring the construct of mathematical abilities
of 4th graders, the measures are sets of arithmetic problems. Each of these prob-
lems is viewed to test some component of mathematical ability. The notion of
validity is itself conceptual — if we knew each student’s true mathematical ability,
how related would it be to that measured by the set of arithmetic problems?
Validity is the extent to which the measures reflect the underlying construct.

In statistical terms, the notion of validity lies at the level of an individual
respondent. It notes that the construct (even though it may not be easily observed
or observed at all) has some value associated with the ith person in the popula-
tion, traditionally labeled as p, implying the “true value” of the construct for the
ith person. When a specific measure of Y is administered (e.g., an arithmetic prob-
lem given to measure mathematical ability), simple psychometric measurement
theory notes that the result is not 4, but something else:

The Notion of Trials Y=y +¢;

i i

What does it mean when someone
says that a specific response to a sur-
vey question is just “one trial of the
measurement process?” How can
one really ask the same question of
the same respondent multiple times
and learn anything valuable? The
answer is that “trials” are a concept, a
model of the response process. The
model posits that the response given
by one person to a specific question
is inherently variable. If one could
erase all memories of the first trial
measurement and repeat the ques-
tion, somewhat different answers
would be given.

that is, the measurement equals the true value plus
some error term, £, the Greek letter epsilon, denot-
ing a deviation from the true value. This deviation
is the basis of the notion of validity. For example, in
the NAEP we might conceptualize mathematics
ability as a scale from 0 to 100, with the average
ability at 50. The model above says that on a partic-
ular measure of math ability, a student (i) who has a
true math ability of, say, 57, may achieve a different
score, say, 52. The error of that measure of math
ability for the ith student is (52 — 57) = -3, because
Y=52=p+¢=57+ ().

One added feature of the measurement is nec-
essary to understand notions of validity — a single
application of the measurement to the ith person is
viewed as one of an infinite number of such meas-
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urements that could be made. For example, the answer to a survey question about
how many times one has been victimized in the last six months is viewed as just
one incident of the application of that question to a specific respondent. In the lan-

age of psychometric measurement theory, each survey is one trial of an infinite

qumber of trials.
Thus, with the notion of trials, the response process becomes

Y;/ :/u'i+£il'

Now we need two subscripts on the terms, one to denote the element of the pop-
ulation (7) and one to denote the trial of the measurement (#). Any one application
of the measurement (7) is but one trial from a conceptually infinite number of pos-
sible measurements. The response obtained for the one survey conducted (¥, for
the tth trial) deviates from the true value by an error that is specific to the one trial
€, )- That is, each survey is one specific trial, #, of a measurement process, and
the deviations from the true value for the ith person may vary over trials (requir-
ing the subscript #, as in ¢,). For example, on the math ability construct, using a
particular measure, sometimes the ith student may achieve a 52 as above, but on
repeated administrations might achieve a 59 or a 49 or a 57, with the error corre-
spondingly +2 or —8 or 0, respectively. We don’t really administer the test many
times; instead we envision that the one test might have achieved different out-
comes from the same person over conceptually independent trials.

Now we are very close to defining validity for this simple case of response
deviations from the true value. Validity is the correlation of the measurement, Y,
and the true value, £, measured over all possible trials and persons:

£,[(, =D -/ [VE, - D7 JE, () |

where i is merely the mean of the £, over all trials and all persons and Y is the
average of the Y. The £ at the beginning of the expression denotes an expected
or average value over all persons and all trials of measurement. When y and p
covary, moving up and down in tandem, the measurement has high construct
validity. A valid measure of an underlying construct is one that is perfectly corre-
lated to the construct.

Later we will become more sophisticated about this notion of validity, noting
that two variables can be perfectly correlated but produce different values of some
of their univariate statistics. Two variables can be perfectly correlated but yield
different mean values. For example, if all respondents underreport their weight by
5 pounds, then true weight and reported weight will be perfectly correlated, but
the mean reported weight will be 5 pounds less than the mean of the true weights.
This is a point of divergence of psychometric measurement theory and survey sta-
tistical error properties.

23.2  Measurement Error: the Observational Gap between the

Ideal Measurement and the Response Obtained

The next important quality component in Figure 2.5 is measurement error. By
“measurement error” we mean a departure from the true value of the measure-
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ment as applied to a sample unit and the value provided. For example, imagine
that the question from the National Survey on Drug Use and Health (NSDUH) js.
“Have you ever, even once, used any form of cocaine?” A common finding (see
Section 5.3.5 and 7.3.7) is that behaviors that are perceived by the respondent a5
undesirable tend to be underreported. Thus, for example, the true value for the
response to this question for one respondent may be “yes,” but the respondent wi]|
answer “no” in order to avoid the potential embarrassment of someone learning
of his/her drug use.

To the extent that such response behavior is common and systematic acrosg
administrations of the question, there arises a discrepancy between the respondent
mean response and the sample true mean. In the example above, the percentage
of persons reporting any lifetime use of cocaine will be underestimated. In statis-
tical notation, we need to introduce a new term that denotes the response to the
question as distinct from the true value on the measure, Y, f for the ith person. We
call the response to the question y, so we can denote the systematic deviation
from true values as (y, — Y). Returning to the CES example, the count for non-
supervisory employees might be 12 for some employer but the report to the ques-
tion is 15 employees. In the terminology of survey measurement theory, a
response deviation occurs to the extent that y, # Y, in this case, y, — ¥ = 15-12
=3.

In our perspective on measurement, we again acknowledge that each act of
application of a measure is but one of a conceptually infinite number of applica-
tions. Thus, we again use the notion of a “trial” to denote the single application
of a measurement. If response deviations described above are systematic, that is,
if there is a consistent direction of the response deviations over trials, then

“response bias” might result. “Bias” is the difference between the expected value |

(over all conceptual trials) and the true value being estimated. Bias is a system-
atic distortion of a response process. There are two examples of response biases
from our example surveys. In the NSDUH, independent estimates of the rates of

use of many substances asked about, including cig-

The Notion of Variance or Variable

arettes and illegal drugs, suggest that the reporting
is somewhat biased, that is, that people on average
tend to underreport how much they use various sub-
stances. Part of the explanation is that some people

Errors

Whenever the notion of errors that
are variable arises, there must be an
assumption of replication (or trials) of
the survey process. When the esti-
mates of statistics vary over those
replications, they are subject to vari-
able error. Variability at the response
step can affect individual answers.
Variability in frame development, like-
lihood of cooperation with the survey
request, or characteristics of sam-
ples, can affect survey statistics.

Usually variance is not direcily
observed because the replications
are not actually performed.

are concerned about how use of these substances |
would reflect on how they are viewed. It also has |

been found that the rates at which people are vic-
tims of crimes are somewhat underestimated from
survey reports. One likely explanation is that some
individual victimizations, particularly those crimes

that have little lasting impact on victims, are forgot- |

ten in a fairly short period of time. Whatever the ori-
gins, research has shown that survey estimates of
the use of some substances and of victimization
tend to underestimate the actual rates. Answers to
the survey questions are systematically lower than
the true scores; in short, they are biased. In statisti-
cal notation, we note the average or expected value
of the response over ftrials as E(Y,), where, 8

I
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pefore, t denotes a particular trial (or application) of the measurement. Response

pias occurs when
E(y)#7.

In addition to systematic underreporting or overreporting that can produce
piased reports, there can be an instability in the response behavior of a person,
roducing another kind of response error. Consider the case of a survey question
in the SOC: “Would you say that at the present time, business conditions are bet-
ter or worse than they were a year ago?” A common perspective on how respon-
dents approach such a question is that, in addition to the words of the individual
question and the context of prior questions, the respondent uses all other stimuli
in the measurement environment. But gathering such stimuli (some of which
might be memories generated by prior questions) is a haphazard process, unpre-
dictable over independent trials. The result of this is variability in responses over
conceptual trials of the measurement, often called “variability in response devia-
tions.” For this kind of response error, lay terminology fits rather well — this is an
example of low “reliability” or “unreliable” responses. (Survey statisticians term
this “response variance” to distinguish it from the error labeled above, “response
bias.”) The difference between response variance and response bias is that the lat-
ter is systematic, leading to consistent overestimation or underestimation of the
construct in the question, but response variance leads to instability in the value of
estimates over trials.

2.3.3  Processing Error: the Observational Gap between the
Variable Used in Estimation and that Provided by the

Respondent

What errors can be introduced after the data are collected and prior to estimation?
For example, an apparent outlier in a distribution may have correctly reported a
value. A respondent in the National Crime Victimization Survey may report being
assaulted multiple times each day, an implausible report that, under some editing
rules, may cause a setting of the value to missing data. However, when the added
information that the respondent is a security guard in a bar is provided, the report
becomes more plausible. Depending on what construct should be measured by the
question, this should or should not be altered in an editing step. The decision can
affect processing errors.

Another processing error can arise for questions allowing the respondent to
phrase his or her own answer. For example, in the Surveys of Consumers, if a
respondent answers “yes” to the question, “During the last few months, have you
heard of any favorable or unfavorable changes in business conditions?” the inter-
viewer then asks, “What did you hear?” The answer to that question is entered
into a text field, using the exact words spoken by the respondent. For example,
the respondent may say, “There are rumors of layoffs planned for my plant. I’'m
worried about whether I’1l lose my job.” Answers like this capture the rich diver-
sity of situations of different respondents, but they do not yield themselves to
quantitative summary, which is the main product of surveys. Hence, in a step
often called “coding,” these text answers are categorized into numbered classes.

reliability

response
variance

processing
error

coding
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For example, this answer might be coded as a member of a class labeled,
“Possible layoffs at own work site/company.” The sample univariate summary of
this measure is a proportion falling into each class (e.g., “8% of the samplg
reported possible layoffs at own work site/company”).

What errors can be made at this step? Different persons coding these texy
answers can make different judgments about how to classify the text answerg,
This generates a variability in results that is purely a function of the coding sys.
tem (e.g., coding variance). Poor training can prompt all coders to misinterpret 5
verbal description consistently. This would produce a coding bias.

In statistical notation, if we were considering a variable like income, subject
to some editing step, we could denote processing effects as the difference betweep
the response as provided and the response as edited. Thus, y, = response to the sur-
vey question, as before, but ¥,, = the edited version of the response. The process-
ing or editing deviation is simply 0,y

2.3.4 Coverage Error: the Nonobservational Gap between the
Target Population and the Sampling Frame

The big change of perspective when moving from the left side (the measurement
side) of Figure 2.2 to the right side (the representation side) is that the focus
becomes statistics, not individual responses. Notice that the terms in Figure 2.5
are expressions of sample means, simple statistics summarizing individual values
of elements of the population. Although there are many possible survey statistics,
we use the mean as our illustrative example.

Sometimes, the target population (the finite population we want to study)
does not have a convenient sampling frame that matches it perfectly. For exam-

Ineligible units

N

Covered Population

Ineligible units

A 4
Undercoverage

Undercoverage

Frame
population

Target
population

Figure 2.6 Coverage of a target population by a frame.
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ple, in the United States there is no updated list of residents that can be used as a
sampling frame of persons. In contrast, in Sweden there is a population register,
an updated list of names and addresses of almost all residents. Sample surveys of
the target population of all US residents often use sampling frames of telephone
qumbers. The error that arises is connected to what proportion of US residents can
pe reached by telephone and how different they are from others on the statistics
in question. Persons with lower incomes and in remote rural areas are less likely
to have telephones in their homes. If the survey statistic of interest were the per-
centage of persons receiving unemployment compensation from the government,
it is likely that a telephone survey would underestimate that percentage. That is,
there would be a coverage bias in that statistic.

Figure 2.6 is a graphical image of two coverage problems with a sampling
frame. The target population differs from the sampling frame. The lower and left
portions of elements in the target population are missing from the frame (e.g.,
nontelephone households, using a telephone frame to cover the full household
population). This is labeled “undercoverage” of the sampling frame with respect
to the target population. At the top and right portions of the sampling frame are a
set of elements that are not members of the target population but are members of
the frame population (e.g., business telephone numbers in a telephone frame try-
ing to cover the household population). These are “ineligible units,” sometimes
labeled “overcoverage” and sometimes the existence of “foreign elements.”

In statistical terms for a sample mean, coverage bias can be described as a
function of two terms: the proportion of the target population not covered by the
sampling frame, and the difference between the covered and noncovered popula-
tion, First, we note that coverage error is a property of a frame and a target pop-
ulation on a specific statistic. It exists before the sample is drawn and thus is not
a problem arising because we do a sample survey. It would also exist if we
attempted to do a census of the target population using the same sampling frame.
Thus, it is simplest to express coverage error prior to the sampling step. Let us
express the effect on the mean on the sampling frame:

Mean of the entire target population
Mean of the population on the sampling frame
Mean of the target population not on the sampling frame

Il

Total number of members of the target population

= Total number of eligible members of the sampling frame (“covered” ele-
ments)

U = Total number of eligible members not on the sampling frame (“not cov-

ered” elements)

Y
X
Y,
N
C

The bias of coverage is then expressed as

_ - U,-
YC—Yzﬁ(YC—YU).

That is, the error in the mean due to undercoverage is the product of the coverage
tate (U/N) and the difference between the mean of the covered and noncovered
cases in the target population. The left side of the equation merely shows that the
Coverage error for the mean is the difference between the mean of the covered
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Figure 2.7 Samples and the sampling distribution of the mean.

population and the mean of the full target population. The right side is the result
of a little algebraic manipulation. It shows that the coverage bias is a function of
the proportion of the population missing from the frame and the difference
between those on and off the frame. For example, for many statistics on the US
household population, telephone frames describe the population well, chiefly
because the proportion of nontelephone households is very small, about 5% of the
total population. Imagine that we used the Surveys of Consumers, a telephone
survey, to measure the mean years of education, and the telephone households had
a mean of 14.3 years. Among nontelephone households, which were missed due
to this being a telephone survey, the mean education level is 11.2 years. Although
the nontelephone households have a much lower mean, the bias in the covered
mean is

Y, -Y =0.05(14.3 years - 11.2 years) = 0.16 years

or, in other words, we would expect the sampling frame to have a mean years of
education of 14.3 years versus the target population of 14.1 years.

Coverage error on sampling frames results in sample survey means estimat-
ing the ¥ and not the Y and, thus, coverage error properties of sampling frames
generate coverage error properties of sample based statistics.

|
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2.3.5 Sampling Error: The Nonobservational Gap between the
Sampling Frame and the Sample

One error is deliberately introduced into sample survey statistics. Because of cost
or logistical infeasibility, not all persons in the sampling frame are measured.
Instead, 2 sample of persons is selected; they become the sole target of the meas-
urement. All others are ignored. In almost all cases, this deliberate “nonobserva-
tion” introduces deviation from the achieved sample statistics and the same sta-
tistic on the full sampling frame.

For example, the National Crime Victimization Survey sample starts with the
entire set of 3,067 counties within the United States. It separates the counties by
population size, region, and correlates of criminal activity, forming separat.e
groups or strata. In each stratum, giving each county a chance of selection, it
selects sample counties or groups of counties, totaling 237. All the sample per-
sons in the survey will come from those geographic areas. Each month of the
sample selects about 8,300 households in the selected areas and attempts inter-
views with their members.

As with all the other survey errors, there are two types of sampling error:
sampling bias and sampling variance. Sampling bias arises when some members
of the sampling frame are given no chance (or reduced chance) of selection. In
such a design, every possible set of selections exclude them systematically. To the
extent that they have distinctive values on the survey statistics, the statistics will
depart from the corresponding ones on the frame population. Sampling variance
arises because, given the design for the sample, by chance many different sets of
frame elements could be drawn (e.g., different counties and households in the
NCVS). Each set will have different values on the survey statistic.

Just like the notion of trials of measurement (see Section 2.3.1), sampling
variance rests on the notion of conceptual replications of the sample selection.
Figure 2.7 shows the basic concept. On the left appear illustrations of the differ-
ent possible sets of sample elements that are possible over different samples. The
figure portrays S different sample “realizations,” different sets of frame elements,
with frequency distributions for each (the x axis is the value of the variable and
the y axis is the number of sample elements with that value). Let us use our exam-
ple of the sample mean as the survey statistic of interest. Each of the S samples
produces a different sample mean. One way to portray the sampling variance of
the mean appears on the right of the figure. This is the sampling distribution of
the mean, a plotting of the frequency of specific different values of the sample
mean (the x axis is the value of a sample mean and the y axis is the number of
samples with that value among the S different samples). The dispersion of this
distribution is the measure of sampling variance normally employed. If the aver-
age sample mean over all S samples is equal to the mean of the sampling frame,
then there is no sampling bias for the mean. If the dispersion of the distribution
on the right is small, the sampling variance is low. (Sampling variance is zero
only in populations with constant values on the variable of interest.)

The extent of the error due to sampling is a function of four basic principles
of the design:

1) Whether all sampling frame elements have known, nonzero chances of
selection into the sample (called “probability sampling”)
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2) Whether the sample is designed to control the representation of key sub.
populations in the sample (called “stratification™)

3) Whether individual elements are drawn directly and independently or iy
groups (called “element” or “cluster” samples)

4) How large a sample of elements is selected

Using this terminology, the NCVS is thus a stratified, clustered probability sam.
ple of approximately 8,300 households per month.

Sampling bias is mainly affected by how probabilities of selection are
assigned to different frame elements. Sampling bias can be easily removed by
giving all elements an equal chance of selection. Sampling variance is reduceq
with big samples, with samples that are stratified, and samples that are not clus-
tered.

In statistical terms,

¥, = Mean of the specific sample draw, sample s; s =1,2,...,§

Y, = Mean of the total set of elements in the sampling frame

These means (in simple sample designs) have the form:

C
>y,
i=1

>y _
==l and Y. =——.
n e

5

Vs

“Sampling variance” measures how variable are the y, over all sample realiza-
tions. The common measurement tool for this is to use squared deviations of the

!

sample means about the mean of the sampling frame, so that the “sampling vari- |

ance” of the mean is

S(.-E)

S

When sampling variance is high, the sample means are very unstable. In that sit-
uation, sampling error is very high. That means that for any given survey with that
kind of design, there is a larger chance that the mean from the survey will be com-
paratively far from the true mean of the population from which the sample was
drawn (the sample frame).

2.3.6 Nonresponse Error: The Nonobservational Gap between the
Sample and the Respondent Pool

Despite efforts to the contrary, not all sample members are successfully measured
in surveys involving human respondents. Sometimes, 100% response rates are
obtained in surveys requiring sampling of inanimate objects (e.g., medical records
of persons, housing units). Almost never does it occur in sample surveys of

l
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pumans. For example, in the SOC, about 30-35% of the sample each month either
eludes contact or refuses to be interviewed. In the main (nationwide) National
Assessment of Educational Progress (NAEP) about 17% of the schools refuse
pam'cipation, and within cooperating schools about 11% of the students are not
measured, either because of absences or refusal by their parents.

Nonresponse error arises when the values of statistics computed based only
on respondent data differ from those based on the entire sample data. For exam-
ple, if the students who are absent on the day of the NAEP measurement have
Jower knowledge in the mathematical or verbal constructs being measured, then
NAEP scores suffer nonresponse bias — they systematically overestimate the
nowledge of the entire sampling frame. If the nonresponse rate is very high, then
the amount of the overestimation could be severe.

Most of the concern of practicing survey researchers is about nonresponse
pias, and its statistical expression resembles that of coverage bias described in

Section 2.3.1:

7, = Mean of the entire specific sample as selected

7. = Mean of the respondents within the sth sample

¥, = Mean of the nonrespondents within the sth sample
n, = Total number of sample members in the sth sample
r. = Total number of respondents in the sth sample

m_ = Total number of nonrespondents in the sth sample

The nonresponse bias is then expressed as an average over all samples of

(y/- —ym)'

Thus, nonresponse bias for the sample mean is the product of the nonresponse
rate (the proportion of eligible sample elements for which data are not collected)
and the difference between the respondent and nonrespondent mean. This indi-
cates that response rates alone are not quality indicators. High response rate sur-
veys can also have high nonresponse bias (if the nonrespondents are very distinc-
tive on the survey variable). The best way to think about this is that high response
rates reduce the risk of nonresponse bias.

23.7 Adjustment Error

The last step in Figure 2.5 on the side of errors of nonobservation is postsurvey
adjustments. These are efforts to improve the sample estimate in the face of cov-
erage, sampling, and nonresponse errors. (In a way, they serve the same function
as the edit step on individual responses, discussed in Section 2.3.3).

The adjustments use some information about the target or frame population,
or response rate information on the sample. The adjustments give greater weight
to sample cases that are underrepresented in the final data set. For example, some
adjustments pertain to nonresponse. Imagine that you are interested in the rate of
Personal crimes in the United States and that the response rate for urban areas in
the National Crime Victimization Survey is 85% (i.e., 85% of the eligible sample

nonresponse
error

nonresponse
bias
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persons provide data on a specific victimization), but the response rate in the reg; |

of the country is 96%. This implies that urban persons are underrepresented in the
respondent data set. One adjustment weighting scheme counteracts this by creat.
ing two weights, w, = 1/0.85 for urban respondents and w, = 1/0.96 for other
respondents. An adjusted sample mean is computed by

r
wi.y.ri
i=1

yrw = r 2

Ew,.
i=1

which has the effect of giving greater weight to the urban respondents in the com-
putation of the mean. The error associated with the adjusted mean relative to the
target population mean is

which would vary over different samples and applications of the survey. That is,
adjustments generally affect the bias of the estimates and the variance (over sam-
ples and implementations of the survey). Finally, although postsurvey adjust-
ments are introduced to reduce coverage, sampling, and nonresponse errors, they
can also increase them, as we will learn later in Chapter 10.

2.4 PurTING IT ALL TOGETHER

The chapter started by presenting three perspectives on the survey. The first, por- '

trayed in Figure 2.2, showed the stages of survey design, moving from abstract
concepts to concrete steps of activities. Next, in Figure 2.4, we presented the steps
of a survey project, from beginning to end. Finally, in Figure 2.5, we presented
the quality characteristics of surveys that the field associates with each of the
steps and the notation used for different quantities. The quality components focus
on two properties of survey estimates: errors of observation and errors of nonob-
servation. Errors of observation concern successive gaps between constructs,
measures, responses, and edited responses. Errors of nonobservation concern suc-
cessive gaps between statistics on the target population, the sampling frame, the
sample, and the respondents from the sample.

For some of these errors we described a systematic source, one that produced
consistent effects over replications or trials (e.g., nonresponse). We labeled these
“biases.” For others, we described a variable or random source of error (e.g.,
validity). We labeled these as “variance.” In fact, as the later chapters in the book
will show, all of the error sources are both systematic and variable, and contain
both biases and variances.

The reader now knows that the quantitative products of surveys have their
quality properties described in quantitative measures. Look again at Figure 2.5,
showing how the notation for a simple sample mean varies over the development
of the survey. This notation will be used in other parts of the text. Capital letters
will stand for properties of population elements. Capital letters will be used for
the discussions about measurement, when the sampling of specific target popula-

ERROR NOTIONS IN DIFFERENT KINDS OF STATISTICS

tion members is not at issue. In discussions about inference to the target popula-
tion through the use of a sample, capital letters will denote population elements
and lower case letters will denote sample quantities. The subscripts of the vari-
ables will indicate either membership in subsets of the population (i.e., i for the
jth person, o1 p for postprocessed datum).

2.5 ERROR NOTIONS IN DIFFERENT KINDS OF STATISTICS

The presentation above focused on just one possible survey statistic—the sample
mean—to illustrate error principles. There are many other statistics computed
from surveys (e.g., correlation coefficients, regression coefficients).

Two uses of surveys, linked to different statistics, deserve mention:

1) Descriptive uses (i.e., how prevalent an attribute is in the population;
how big a group exists in the population; the average value on some
quantitative measure)

2) Analytic uses (i.e., what causes some phenomenon to occur; how two
attributes are associated with one another)

Many surveys are done to collect information about the distribution of character-
istics, ideas, experiences, or opinions in a population. Often, results are reported
as means or averages. For example, the NCVS might report that 5% of the peo-
ple have had their car stolen in the past year.

In contrast, statements such as, “Women are more likely to go to a doctor
than men,” “Republicans are more likely to vote than Democrats,” or “Young
adults are more likely to be victims of crime than those over 65 are all statements
about relationships. For some purposes, describing the degree of relationship is
important. So a researcher might say that the correlation between a person’s fam-
ily income and the likelihood of voting is 0.23. Alternatively, the income rise
associated with an investment in education might be described by an equation,
often called a “model” of the income generation process:

]'n(yi) = ﬁo +.lei + ﬁzx,-za

where y, is the value of the ith person’s income, and x, is the value of the ith per-
son’s educational attainment in years.

The hypothesis tested in the model specification is that the payoff in income
of educational investments is large for the early years and then diminishes with
additional years. If the coefficient f, is positive and B, is negative, there is some
support for the hypothesis. This is an example of using survey data for causal
analysis. In this case, the example concerns whether educational attainment
causes income attainment.

. Are statistics like a correlation coefficient and a regression coefficient sub-
Ject to the same types of survey errors as described above? Yes. When survey data
are used to estimate the statistics, they can be subject to coverage, sampling, non-
fesponse, and measurement errors, just as can simple sample means. The mathe-
matical expressions for the errors are different, however. For most survey statis-
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tics measuring relationships, the statistical errors are properties of crossproductg
between the two variables involved (e.g., covariance and variance properties),

The literatures in analytic statistics and econometrics are valuable for under.
standing errors in statistics related to causal hypotheses. The language of error
used in these fields is somewhat different from that in survey statistics, but many
of the concepts are similar.

Thus, the kind of analysis one is planning, and the kinds of questions one
wants to answer can be related to how concerned one is about the various kinds
of error that we have discussed. Bias, either in the sample of respondents answer.
ing questions or in the answers that are given, is often a primary concern for thoge
focused on the goal of describing distributions. If the main purpose of a survey is
to estimate the percentage of people who are victims of particular kinds of crime,
and those crimes are systematically underreported, then that bias in reporting wil]
have a direct effect on the ability of the survey to achieve those goals. In contrast,
if the principal concern is whether old people or young people are more likely to
be victims, it could be that the ability of the survey to accomplish that goal would
be unaffected if there was consistent underreporting of minor crimes. If the bias
was really consistent for all age groups, then the researcher could reach a valid
conclusion about the relationship between age and victimization, even if all the
estimates of victimization were too low.

2.6 SUMMARY

Sample surveys rely on two types of inference — from the questions to constructs,
and from the sample statistics to the population statistics. The inference involves
two coordinated sets of steps — obtaining answers to questions constructed to mir-
ror the constructs, and identifying and measuring sample units that form a micro-
cosm of the target population.

Despite all efforts, each of the steps is subject to imperfections, producing
statistical errors in survey statistics. The errors involving the gap between the
measures and the construct are issues of validity. The errors arising during appli-
cation of the measures are called “measurement errors.” Editing and processing
errors can arise during efforts to prepare the data for statistical analysis. Coverage
errors arise when enumerating the target population using a sampling frame.
Sampling errors stem from surveys measuring only a subset of the frame popula-
tion. The failure to measure all sample persons on all measures creates nonre-
sponse error. “Adjustment” errors arise in the construction of statistical estimators
to describe the full target population. All of these error sources can have varying
effects on different statistics from the same survey.

This chapter introduced the reader to these elementary building blocks of the
field of survey methodology. Throughout the text, we will elaborate and add to
the concepts in this chapter. We will describe a large and dynamic research liter-
ature that is discovering new principles of human measurement and estimation of
large population characteristics. We will gain insight into how the theories being
developed lead to practices that affect the day-to-day tasks of constructing and
implementing surveys. The practices will generally be aimed at improving the
quality of the survey statistics (or reducing the cost of the survey). Often, the
practices will provide new measurements of how good the estimates are from the
survey.
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1) A recent newspaper article reported that “sales of handheld digital devices
(e.g., Palm Pilots, PDAs) are up by nearly 10% in the last quarter, while sales
of laptops and desktop PCs have remained stagnant.” This report was based
on the results of an on-line survey in which 9.8% of the more than 126,000
respondents said that they had “purchased a handheld digital device between
January 1 and March 30 of this year.” E-mails soliciting participation in this
survey were sent to individuals using an e-mail address frame from the five
largest commercial Internet service providers (ISPs) in the United States.
Data collection took place over a 6-week period beginning May 1, 2002. The
overall response rate achieved in this survey was 53%. Assume that the
authors of this study wanted to infer something about the expected purchases
of US adults (18 years old +).
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a) What is the target population?

b) Based on this chapter and your readings, briefly discuss how the desigy
of this survey might affect the following sources of error (2—4 sentenceg
each):

e coverage error
e TNONresponse error
e measurement error

c) Without changing the duration or the mode of this survey (i.e., computer
assisted, self-administration), what could be done to reduce the errors
you outlined in (b)? For each source of error, suggest one change that
could be made to reduce this error component, making sure to justify
your answer based on readings and lecture material (1-2 sentences
each).

d) To lower the cost of this survey in the future, researchers are consider-
ing cutting the sample in half, using an e-mail address frame from only
the two largest ISPs. What effect (if any) will these changes have on
sampling error and coverage error (1-3 sentences each)?

Describe the difference between coverage error and sampling error in survey
statistics.

Given what you have read about coverage, nonresponse, and measurement
errors, invent an example of a survey in which attempting to reduce one error
might lead to another error increasing. After you have constructed the exam-
ple, invent a methodological study design to investigate whether the reduc-
tion of the one error actually does increase the other.

This chapter described errors of observation and errors of nonobservation.

a) Name three sources of error that affect inference from the sample from
which data were collected to the target population.

b) Name three sources of error that affect inference from the respondents’
answers to the underlying construct.

¢) For each source of error you mentioned, state whether it potentially
affects the variance of estimates, biases the estimates, or both.

For each of the following design decisions, identify which error sources
described in your readings might be affected. Each design decision can affect
at least two different error sources. Write short (2—4 sentences) answers t0
each point.

a) The decision to include or exclude institutionalized persons (e.g., resid-
ing in hospitals, prisons, military group quarters) from the sampling
frame in a survey of the prevalence of physical disabilities in the United
States.

b) The decision to use self-administration of a mailed questionnaire for a
survey of elderly Social Security beneficiaries regarding their housing
situation.

EXERCISES

c¢) The decision to use repeated calls persuading reluctant respondents in a
survey of customer satisfaction for a household product manufacturer.

d) The decision to reduce costs of interviewing by using existing office per-
sonnel to interview a sample of patients of a health maintenance organ-
ization (HMO) and thereby increase the sample size of the survey. The
topic of the survey is their use of prescription medications.

¢) The decision to increase the number of questions about assets and
income in a survey of income dynamics, resulting in a lengthening of the
interview.
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TARGET POPULATIONS,
SAMPLING FRAMES, AND
COVERAGE ERROR

3.1 INTRODUCTION

Sample surveys describe or make inferences to well-defined populations. This
chapter presents the conceptual and practical issues in defining and identifying
these populations. The fundamental units of populations are referred to as “ele-
ments.” The totality of the elements forms the full population. In most household
populations, elements are persons who live in households; in NAEP and other
school samples, the elements are often students within the population of schools;
in business surveys like CES, the element is an establishment. Elements can be
many different kinds of units, even in the same survey. For example, in a house-
hold survey, in addition to persons, the inference might also be made to the hous-
ing units where the persons live, or to the blocks on which they live, or to the
churches that they attend. In short, statistics describing different populations can
be collected in a single survey when the populations are linked to units from
which measurements are taken.

Surveys are unique among the common research tools in their concern about
a well-specified population. For example, when conducting randomized biomed-
ical experiments, the researcher often pays much more attention to the experimen-
tal stimulus and the conditions of the measurement than to the identification of
the population under study. The implicit assumption in such research is that the
chief purpose is identifying the conditions under which the stimulus produces the
hypothesized effect. The demonstration that it does so for a variety of types of
subjects is secondary. Because surveys evolved as tools to describe fixed, finite
populations, survey researchers are specific and explicit about definitions of pop-
ulations under study.

32 POPULATIONS AND FRAMES

The “target population” is the group of elements for which the survey investiga-
tor wants to make inferences using the sample statistics. Target populations are
ﬁnite in size (i.e., at least theoretically, they can be counted). They have some
time restrictions (i.e., they exist within a specified time frame). They are observ-
able (i.e., they can be accessed). These aspects of target populations are desirable

elements

target
population
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for achieving clear understanding of the meaning of the survey statistics and for
permitting replication of the survey.

The target population definition has to specify the kind of units that are ele-
ments in the population and the time extents of the group. For example, the tar.
get population of many US household surveys is persons 18 years of age or older,
— “adults” who reside in housing units within the United States. A “household”
includes all the persons who occupy a housing unit. A “housing unit” is a house,
an apartment, a mobile home, a group of rooms, or a single room that is occupied
(or if vacant, is intended for occupancy) as separate living quarters. Separate liy-
ing quarters are those in which the occupants live and eat separately from any
other persons in the building and which have direct access from the outside of the
building or through a common hall. The occupants may be a single family, one
person living alone, two or more families living together, or any other group of
related or unrelated persons who share living arrangements. Not all persons in the
United States at any moment are adults; not all adults reside in housing units
(some live in prisons, long-term care medical facilities, or military barracks).

Not all US national household surveys choose this target population. Some
limit the target population to those living in the 48 coterminous states and the
District of Columbia (excluding Alaska and Hawaii). Others add to the target pop-
ulation members of the military living on military bases. Still others limit the tar-
get population to citizens or English speakers.

Since the population changes over time, the time of the survey also defines
the target population. Since many household surveys are conducted over a period
of several days, weeks, or even months, and since the population is changing
daily as persons move in and out of the US households, the target population of
many household surveys is the set of persons in the household population during
the survey period. In practice, the members of households are “fixed” at the time
of first contact in many surveys.

There are often restrictions placed on a survey data collection operation that
limit the target population further. For example, in some countries it may not be
possible to collect data in a district or region due to civil disturbances. These dis-
tricts or regions may be small in size, and dropped from the population before
sample selection begins. The restricted population, sometimes called a “survey
population” is not the intended target population, and yet it is realistically the
actual population from which the survey data are collected. For example, the CES
target population consists of all work organizations with employees in a specific
month. Its survey population, however, consists of employers who have been in
business for several months (long enough to get on the frame). A survey organi-
zation may note the restriction in technical documentation, but users of available
public use data may not make a clear distinction between the target population
(e.g., persons living in the country) and the survey population (e.g., persons liv-
ing in the country, except for districts or regions with civil disturbances).

A set of materials, or “sampling frame,” is used to identify the elements of
the target population. Sampling frames are lists or procedures intended to identify
all elements of a target population. The frames may be maps of areas in which ele-
ments can be found, time periods during which target events would occur, or
records in filing cabinets, among others. Sampling frames, at their simplest, con-
sist of a simple list of population elements. There are populations for which lists
are readily available, such as members of a professional organization, business
establishments located in a particular city or county, or hospitals, schools, and
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other kinds of institutions. There are registries of addresses or of persons in a
qumber of countries that also serve as sampling frames of persons.

There are many populations, though, for which lists of individual elements
are not readily available. For example, in the United States lists are seldom avail-
able in one place for all students attending school in a province or state, inmates
in prisons, or even adults living in a specific county. There may be lists of mem-
pers in a single institution or cluster of elements, but the lists are seldom collected
across institutions or combined into a single master list. In other cases, lists may
have to be created during survey data collection. For example, lists of housing
units are often unavailable for household surveys. In area sampling, well-defined
geographic areas, such as city blocks, are chosen in one or more stages of selec-
tion, and staff are sent to selected blocks to list all housing units. The cost of cre-
ating a list of housing is thus limited to a sample of geographic areas, rather than
a large area.

When available sampling frames miss the target population partially or
entirely, the survey researcher faces two options:

1) Redefine the target population to fit the frame better.
2) Admit the possibility of coverage error in statistics describing the origi-
nal target population.

A common example of redefining the target population is found in telephone
household surveys, where the sample is based on a frame of telephone numbers.
Although the desired target population might be all adults living in US house-
holds, the attraction of using the telephone frame may persuade the researcher to
alter the target population to adults living in telephone households. Alternatively,
the researcher can keep the full household target population and document that
approximately 6% of the US households are missed because they have no tele-
phones. Using a new target population is subject to the criticism that the popula-
tion is not the one of interest to the user of the survey statistics. Maintaining the
full household target population means that the survey is subject to the criticism
that there is coverage error in its statistics. Clearly, these are mostly labeling dif-
ferences for survey weaknesses that are equivalent — the telephone survey will
still be an imperfect tool to study the full adult household population.

A more dramatic example of the options above could affect NAEP, the sur-
vey of students in US schools. Imagine that the target population was all school
children in the United States, but the sampling frame consisted only of children
in public schools. Because children in private schools on average come from
wealthier families, their mathematical and verbal assessment scores often exceed
those of public school children. The choice of redefining the target population to
fit the frame (and reporting the survey as describing public school children only)
would be subject to the criticism that the survey fails to measure the full student
population — in essence, the survey is not fully relevant to the population of inter-
est to US policy makers. Using the target population of all students (and report-
ing the survey as describing all students), but noting that there may be coverage
error for private school students, leads to coverage errors. In short, the first option
focuses on issues of relevance to different users of the survey; the second option
focuses on statistical weaknesses of the survey operations.
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3.3 COVERAGE PROPERTIES OF SAMPLING FRAMES

Although target and survey populations can be distinguished, a central statistica]
concern for the survey researcher is how well the sampling frame (the available
materials for sample selection) actually covers the target population. In Figure 2 ¢
in Chapter 2, the match of sampling frame to target population created three
potential outcomes: coverage, undercoverage, and ineligible units.

When a target population element is in the sampling frame, it is labeled ag
“covered” by the frame. There can be elements in the target population that dg
not, or cannot, appear in the sampling frame. This is called “undercoverage,” and
such eligible members of the population cannot appear in any sample drawn for
the survey. A third alternative, “ineligible units,” occurs when there are units op
the frame that are not in the target population (e.g., business numbers in a frame
of telephone numbers when studying the telephone household target population).

A sampling frame is perfect when there is a one-to-one mapping of frame ele-
ments to target population elements. In practice, perfect frames do not exist; there
are always problems that disrupt the desired one-to-one mapping.

It is common to examine a frame to measure the extent to which each of four
problems arises. Two of these have already been discussed briefly above: under-
coverage and ineligible or foreign units. The other two concern cases in which a
unit is present in the frame, and it maps to an element in the target population, but
the mapping is not unique, not one to one. “Duplication” is the term used when
several frame units are mapped onto the single element in the target population,
In sample surveys using the frame, the duplicated elements may be overrepre-
sented. “Clustering” is the term used when multiple elements of the target popu-
lation are linked to the same single frame element. In sample surveys using the
frame, the sample size (in counts of elements) may be smaller or larger depend-
ing on the clusters selected. There are also cases in which multiple frame units
map to multiple target population elements, many-to-many mappings. We con-
sider this more complicated problem only briefly in this section, viewing the
problem as a generalization of a combination of duplication and clustering.

3.3.1 Undercoverage

Undercoverage is the weakness of sampling frames prompting the greatest fears
of coverage error. It threatens to produce errors of omission in survey statistics
from failure to include parts of the target population in any survey using the
frame. For example, in telephone household surveys where the target population
is defined as persons in all households, undercoverage occurs because no tele-
phone sampling frame includes persons in households without telephones. This is
true for the BRFSS and SOC. In many countries of the world, because telephone
subscription requires ongoing costs, poor persons are disproportionately not cov-
ered. In countries in which mobile telephones are replacing fixed-line service,
younger persons are likely to be uncovered by frames limited to line telephone
numbers because they are adopting the new technology more quickly. As we will
discuss in Section 3.5, the impact on survey statistics (whether based on censuses
or surveys) of noncoverage depends on how those on the frame differ from those
not on the frame.

COVERAGE PROPERTIES OF SAMPLING FRAMES

The causes of coverage problems depend on
the processes used to construct the sampling
frame. Those processes may be under the control
of the survey design, or they may be external to
the survey (when a frame is obtained from an
outside source). For example, in some household
surveys, the survey sample is initially based on a
list of areas, such as counties, blocks, enumera-
tion areas, or other geographic units; then on lists
of housing units within selected blocks or enu-
meration areas; and finally, on lists of persons
within the households. These samples are called
“grea frame samples” or “area probability
samples.” Coverage problems can arise at all
three levels.

In area probability designs, each selected
area incurs a second frame development, in
which survey staffs develop sampling frames of
housing units, usually using addresses to identify
them. Staffs are sent to sample areas, such as a
block or group of blocks, and instructed to list all
housing units in them. The task is considerably
more difficult than it may appear. A boundary
such as a street or road, railroad tracks, or river
or other body of water are relatively fixed and
readily identified. Whether a particular housing
unit is in or out of the area, and should or should
not be listed, is relatively easily determined.
Boundaries based on “imaginary lines” based on
lines of sight between natural features such as the
top of a mountain or ridge, are open to interpre-
tation, and more difficult to identify under field
conditions. Whether a particular housing unit is
in the area or not also becomes a matter of inter-
pretation. Housing units that are widely sepa-
rated from others may be left out of the listing
because of boundary interpretation errors. These
will be part of the noncovered population.

Housing unit identification is not a simple
task in all cases. A housing unit is typically
defined to be a physical structure intended as a
dwelling that has its own entrance separate from
other units in the structure and an area where
meals may be prepared and served. Single family
or detached housing units may be readily identi-
fied. However, additional units at a given loca-
tion may not be easily seen when walls or other
barriers are present. Gated communities or
locked buildings may prevent inspection alto-
gether. 1t is also possible to miss a unit in rural

Robinson, Ahmed, das Gupta, and
Woodrow (1993) on US Decennial
Census Coverage

In 1993, Robinson et al. assessed the
completeness of coverage in the census
of 1990 using demographic analysis.

Study design: Demographic analysis
uses administrative data on population
change: births, deaths, immigration, and
emigration. This yields counts of per-
sons by age, race, and gender, inde-
pendent of the census, which enumer-
ates people through mail questionnaires
and enumerator visits. Robinson et al.
compared these independent population
estimates with the census population
counts and calculated the net census
undercount as well as the net under-
count rate.

Findings: The overall estimated net
undercount in the 1990 Census was
4.68 million, or 1.85%. The estimate for
males exceeded the one for females
(2.79% vs. 0.94%) and the net under-
count of Blacks was higher than that of
non-Blacks (5.68% vs. 1.29%). Black
men age 25-64 as well as Black males
and females age 0-9 had higher than
average net undercount.

Limitations of the study: The undercount
estimates assume no error in demo-
graphic analysis. Net undercount meas-
ures are not able to reflect their different
components in detail, the omission of
persons from the census (undercount),
and the duplication of persons of the
census (overcount). In addition, defini-
tional differences in demographic cate-
gories complicate the comparison.

Impact of the study: This study provided
empirical support for ethnographic stud-
ies identifying transient membership,
unrelated individuals in large house-
holds, and young children of divorced
parents as underreported in listings of
the household members.
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areas or under crowded urban conditions because it is not visible from publi;
areas. Housing units located along alleyways or narrow lanes with an entrance not
clearly visible from a public street can be easily missed during listing. Each
missed unit may contribute to undercoverage of the target population.

Housing units in multiunit structures are also difficult to identify. Externg)
inspection may not reveal multiple units in a particular structure. The presence of
mailboxes, utility meters (water, gas, or electricity), and multiple entrances are
used as observational clues about the presence of multiple units. Hiddey
entrances, particularly those that cannot be seen from a public street, may be
missed.

There are also living arrangements that require special rules to determing
whether a unit is indeed a housing unit. For example, communal living arrange-
ments are not uncommon in some cultures. A structure may have a single
entrance, a single large communal cooking area, and separate sleeping rooms for
families related by birth, adoption, or marriage. Procedures must be established
for such group quarters, including whether the unit is to be considered a house-
hold, and whether the single structure or each sleeping room is to be listed.

Institutions must also be identified, and listing rules established. Some instj-
tutions are easily identified, such as prisons or hospitals. Caretaker housing units
on the institutional property must be identified, however, even if the institution
itself is to be excluded. Other institutions may not be as easily identified. For
example, prison systems may have transition housing in which prisoners still
under the custody of the system live in a housing unit with other inmates,
Procedures must be established for whether such units are to be listed as housing
units, or group quarters, or excluded because of institutional affiliation. Similarly,
hospitals or other health care systems may use detached housing units for care of
the disabled or those requiring extended nursing care. To the extent that housing
units are left off a list because staff is uncertain about whether to include them,
coverage error in survey statistics might arise.

Another common concern about undercoverage in household surveys stems
from the fact that sampling frames for households generally provide identification
of the housing unit (through an address or telephone number) but not identifiers
for persons within the household. (Countries with population registers often use
the registry as a sampling frame, skipping the household frame step.) In a census
or a survey using a frame of addresses, but with a target population of persons, a
small sampling frame of persons in each household must be developed.
Interviewers list persons living in the household, but if the listings are not accu-
rate reflections of who lives in the household, coverage problems arise.

The frames of persons in household surveys generally list “residents” of the
household. Residency rules must be established so that an interviewer can deter-
mine, based on informant reports, whether to include persons in the household
listing. Two basic residency rules are used in practice. In the de facto rule used in
census and some survey operations, persons who slept in the housing unit the pre-
vious night are included. This rule is typically reserved for shorter-term data col-
lection activities to avoid overcoverage of individuals who may have frequent
residence changes, could appear in more than one housing unit across a short time
period, and be overrepresented in the sample. It is easy to apply, because the def-
inition is relatively clear. Undercoverage may arise for individuals traveling and
staying in institutions (such as a hotel) the previous evening, even though the per-
son usually sleeps in the household in the evening.

COvERAGE PROPERTIES OF SAMPLING FRAMES

A more common residency rule in surveys is the de jure rule, based on “usual
residence,” who usually lives in the housing unit. This rule can be straightforward
to apply for many individpals, but there are also many c?'rgumstances where the
application of the rule is difficult. Usual remdepcy for md1v.1duals whc.)sg eml?loy—
ment requires travel, such as sales representatives, truck drivers, or airline Pﬂots,
may be unclear. If the informant says that the housing unit is their usual remdepce
when not traveling, the rule uses the residence for the majority of some time
period (such as the previous year or month). If the 1_nd1v1dua1 11_1tends to use the
housing unit as their residence (for those who have just moved into the unit) the
de jure rule will include them as usual residents.

Most US household censuses and surveys use such procedures, and their cov-
erage properties are well documented. Younger males (18-29 years old), espe-
cially those in minority racial groups, appear to have looser ties with households.
They may live with their parents some days of the week, with friends on other
days. Similarly, young children in poorer households, especially those without
two parents, may live with their mother some time, their grandparents sometimes,
their father or other relative other times. In such housing units, when the inter-
viewer asks the question, “Who lives here?” it appears that such persons are dis-
proportionately omitted (see Robinson, Ahmed, das Gupta, and Woodrow, 1993;
box on page 71) and are a source of undercoverage.

Sometimes, the set of persons residing in a housing unit are not approved by
legal authority. For example, a rental agreement for an apartment may specify that
only one family of at most five persons can occupy the unit. However, poor per-
sons may share rental expenses among several families in violation of the agree-
ment. They may be reluctant to report the additional family as residents of the
unit. If social welfare rules limit eligibility to married couples, an unmarried
woman may fail to report a male resident in the unit. This leads to systematic
omissions of certain types of persons (de la Puente, 1993).

In some cultures, certain individuals are not considered to be part of the
household, even though they fit the usual resident requirements of the de jure
rule. Infants, for example, may not be considered residents, and left off the list.
Indeed, the fit between the traditionally defined “household” and the population
is a ripe area for research in survey methodology. So central has been the use of
the household as a convenient sampling unit that most survey research employs it
for person-level surveys. When people are only ambiguously related to housing
units, however, the practice needs scrutiny.

In an establishment survey, the creation, merger, and death of establishments
are important factors in undercoverage. The definition of an establishment, par-
ticularly with very large and very small firms, is difficult to apply in practice.
Firms with many locations, such as franchised establishments, may have to be
separated into multiple establishments based on geographic location. Firms with
several offices or factories, warehouses, or shipping locations may also have to be
listed separately. The distinction between a survey-defined establishment and a
business unit in a firm may be difficult to determine.

Establishments may be in existence for very short periods of time, or may be
80 small that they are not included in available frames. For example, the CES
misses newly established employers for a period of months. Establishment frames
may be in part based on administrative registries, but these can be out of date or
incomplete, particularly for newly created establishments. Mergers or subdivision
of firms complicate administrative record keeping, and may lead to overcoverage
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as well as undercoverage. Keeping establishment frames up to date is a sizable
and ongoing task.

Undercoverage is a difficult problem to identify and to solve. If populatiop
elements do not appear in the frame, additional frames might be used to try to
identify them (see multiple frame surveys in Section 3.6.3). In telephone house.
hold surveys, nontelephone households may be covered through the use of an areg
sampling frame that in principle covers all households, regardless of telephone
subscription. There are techniques for expanding the coverage of the frame
through respondent reports about other population elements (see multiplicity
techniques in Section 3.6.2), but in US household surveys, proxy reports about
other households or persons are increasingly restricted due to human subjects’®
concerns about privacy.

3.3.2 Inmeligible Units

Sometimes, sampling frames contain elements that are not part of the target pop-
ulation. For example, in telephone number frames, many of the numbers are non-
working or nonresidential numbers, complicating the use of the frame for the tar-
get population of households. In area probability surveys, sometimes the map
materials contain units outside the target geographical area. When the survey staff
visits sample areas to list housing units, they sometimes include unoccupied or
business structures that appear to be housing units.

When interviewers develop frames of household members within a unit, they
often use residence definitions that do not match the meaning of “household” held
by the informant. Parents of students living away from home often think of them
as members of the household, yet many survey protocols would place them at col-
lege. The informants might tend to exclude persons unrelated to them who rent a
room in the housing unit. Studies show that children in shared custody between
their father and mother disproportionately are omitted from household listings.

Although undercoverage is a difficult problem, “ineligible” or “foreign”
units in the frame can be a less difficult problem to deal with, if the problem is
not extensive. When foreign units are identified on the frame before selection
begins, they can be purged with little cost. More often, foreign or ineligible units
cannot be identified until data collection begins. If few in number, after sampling
they can be identified in a screening step and dropped from the sample, with a
reduction in sample size. If the prevalence of foreign units is known, even approx-
imately, in advance, additional units can be selected, anticipating that some will
be screened out. For example, it is known that approximately 15% of entries in
residential portions of national telephone directories are numbers that are no
longer in service. To achieve a sample of 100 telephone households, one could
select a sample of 100/(1 — 0.15) = 118 entries from the directory, expecting that
18 are going to be out-of-service numbers.

When the proportion of foreign entries is very large, the sampling frame may
not be cost-effective to use. In telephone household surveys in the United States,
for example, one frame contains all the known area code—prefix combinations
(the first six digits of a US 10 digit phone number). Surveys based on the frame
are often called "random digit dialed surveys.” Of all the possible 10 digit phone
numbers in the frame, more than 85% of the numbers are not in service (foreign
units). It is time-consuming to screen numbers with that many foreign units.

|
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Target Population Frame Population

Elements Elements
Ronald Smith
Alicia Smith 734-555-1000
Thomas Smith
Joyce Smith

Harold Jones » 734-555-1004

Thomas Bates \
Jane Bates » 734-555-1012

Figure 3.1 Cluster of target population elements associated
with one sampling frame element.

Other sampling frames and sampling techniques have been developed that are
more cost-effective for selecting telephone households (some of these are
described in Section 4.8).

3.3.3 Clustering of Target Population Elements Within Frame

Elements

As mentioned previously, multiple mappings of frame to population (clustering)
or population to frame (duplication) are problems in sample selection. A sample
of adults living in telephone households (the target population) using a telephone
directory (the sampling frame) illustrates each of these problems.

A telephone directory lists telephone households in order by surname, given
name, and address. When sampling adults from this frame, an immediately obvi-
ous problem is the clustering of eligible persons that occurs. “Clustering” means
that multiple elements of the target population are represented by the same frame
element. A telephone listing in the directory may have a single or two or more
adults living there.

Figure 3.1 illustrates clustering. The left side of the figure shows seven dif-
ferent target population elements, persons who live in telephone households. The
Smith family (Ronald, Alicia, Thomas, and Joyce) lives in the same household,
which has the telephone number 734-555-1000, the sampling frame element. All
the Smith’s are associated with only one frame element, even though together
they may form four elements of the target population.

One way to react to clustering of target population elements is by simply
selecting all eligible units in the selected telephone households (or all eligible
units in a cluster). With this design, the probability of selection of the cluster
applies to all elements in the cluster.

Clustering poses important issues that often lead to subsampling the cluster.
First, in some instances it may be difficult to collect information successfully
from all elements in the cluster. In telephone surveys, nonresponse sometimes
increases when more than one interview is attempted in a household by telephone.

multiple
mappings

clustering
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Second, when interviews must be conducted at more than one point in time, inj.
tial respondents may discuss the survey with later respondents, affecting thejr
answers. In opinion surveys, an answer to a question may be different if the
respondent is hearing the question for the first time, or has already heard the ques-
tion from another person who has already completed the interview. Even answers
to factual questions may be changed if respondents have talked among them-
selves. Third, if the clusters are different in size (as in the case of clusters of adults
at the same telephone number), control of sample size may become difficult. The
sample size of elements is the sum of the cluster sizes, and that is not under the
direct control of the survey operation unless cluster size is known in advance.

To avoid or reduce these problems, a sample of elements may be selected
from each frame unit sampled (the cluster of target population members). In the
case of telephone household surveys of adults, one adult may be chosen at ran-
dom from each sampled household. All efforts to obtain an interview are concen-
trated on one eligible person, contamination is eliminated within the household,
and the sample size in persons is equal to the number of households sampled.

In the case of telephone and other household surveys in which a single eligi-
ble element is chosen, the development of the within-household frame of eligible
persons, the selection of one of them, and the interview request is done in real
time, at the time of data collection. Since the primary responsibility of the inter-
viewer is data collection, and since interviewers are seldom statistically trained to
draw good samples, simple procedures have been designed to allow selection dur-
ing data collection of a single element rapidly, objectively, and with little or no
departures from randomization. One widely used procedure (Kish, 1949) desig-
nates in advance a particular element on a newly created frame of eligible ele-
ments in the household. In order to maintain objectivity in selection, the elements
are listed in a well-defined and easily checked order (say, by gender, and then by
age within gender). When data collection is implemented by computer-assisted
methods, the selection can be randomly made by computer at the time of listing,
avoiding the need for a designated element to be selected in advance.

One difficulty that arises with these procedures is that early in the first con-
tact with the household, the interviewer must ask for a list of eligible persons.
Such a request may arouse suspicion about the intent of the interviewer, and lead
to nonresponse, especially in telephone surveys. Alternative selection procedures
have been devised, such as the “last birthday” method. The informant is asked to
identify the eligible person in the household whose birthday occurred most
recently. Given a specific time for the data collection, this assigns zero chance of
selection to all but one person in the household (that person whose birthday was
most recent). If, on the other hand, the survey data collection is continuous over
time, probabilities of selection are equal across persons. Although the procedure
does not yield a probability sample, for time-limited surveys, it has no apparent
biases if correct responses were obtained. In practice, the choice of the eligible
person may be influenced by subjective criteria used by the respondent. Repeated
studies show a tendency for the person who answers the telephone to self-identify
as that person who had the most recent birthday (suggesting response error). In
the United States, there is a tendency for females to identify as having had the
most recent birthday. Hence, the procedure is, in practice, typically biased.

After sample selection, there is one other issue that needs to be addressed in
this form of cluster sampling — unequal probabilities of selection. If all frame ele-
ments are given equal chances, but one eligible selection is made from each, then
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clements in large clusters have lower overall probabilities of selection than ele-
ments in small clusters. For example, an eligible person chosen in a telephone
household containing two eligibles has a chance of one half of being selected,
givenl that the household was sampled, whereas those in a household with four eli-
gibles have a one in four chance.

The consequence of this kind of sampling is that the sample ends up overrep-
resenting persons from households with fewer eligibles, at least relative to the tar-
get population. In other words, more eligibles are in the sample from smaller
households than one would find in the target population. If, for some variables
collected in the survey instrument, there is a relationship between cluster size and
the variable, the sample results will not be unbiased estimates of corresponding
target population results. For example, persons living in households with more
persons tend to be victims of crime more often than persons living in smaller
households.

Some compensation must be made during analysis of the survey data in order
to eliminate this potential source of bias. Selection weights equal to the number
of eligibles in the cluster can be used in survey estimation. Weighting and
weighted estimates are described in detail in Chapter 10.

3.3.4 Duplication of Target Population Elements in Sampling
Frames

The other kind of multiple mapping between frame and target populations that
arises is duplication. “Duplication” means that a single target population element
is associated with multiple frame elements. In the telephone survey example, this
may arise when a single telephone household has more than one listing in a tele-
phone directory. In Figure 3.2, Tom Clark, a target population member, has two
frame elements associated with him: the telephone numbers 314-555-9123 and
314-555-9124. Muttiple listings of the target population of households may occur
because the household has more than one telephone number assigned to it, or

Target Population Frame Population

Elements Elements

314-555-9123

Tom Clarke » 314-555-9124

Pat Wallman

Henry Thomas » 314-555-9156

Joel Blinker

Zack Horowitz » 314-555-9173

Jill Horowitz » 314-555-9222

Amelia Miller

> 314-555-9274

Figure 3.2 Duplication of target population elements
by more than one sampling frame element.

duplication
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because individuals within the household request and pay for additional listingg
in the directory. For example, in towns with universities and colleges, unrelateq
students often rent housing together, and acquire a single telephone number for
the household. One listing in the directory is provided with the telephone sub.
scription, and one person is given as the listed resident. Other residents may adg
listings for the same phone number under different names. This gives multiple
frame listings for one household.

The problem that arises with this kind of frame problem is similar to that
encountered with clustering. Target population elements with multiple frame
units have higher chances of selection and will be overrepresented in the sample,
relative to the population. If there is a correlation between duplication and vari-
ables of interest, survey estimates will be biased. In survey estimation, the prob-
lem is that both the presence of duplication and the correlation between duplica-
tion and survey variables are often unknown.

The potential for bias from duplication can be addressed in several ways. The
sampling frame can be purged of duplicates prior to sample selection. For exam-
ple, an electronic version of a telephone directory can be sorted by telephone
number, and duplicate entries for the same number eliminated. When the frame
cannot be easily manipulated, though, purging of duplicates may not be cost-
effective.

Duplicate frame units may also be detected at the time of selection, or during
data collection. A simple rule may suffice to eliminate the problem, designating
only one of the frame entries for sample selection. Any other duplicate entries
would be treated as foreign units, and ignored in selection. For example, one
selection technique is that only the first entry in the directory is eligible. At the
time of contact with the telephone household, the household informant can be
asked if there is more than one entry in the directory for the household. If so, the
entry with the surname that would appear first is identified. If the selection is for
another entry, the interview would be terminated because the selection was by
definition a foreign unit.

Another solution, as in the case of clustering, is weighting. If the number of
duplicate entries for a given population element is determined, the compensatory
weight is equal to the inverse of the number of frame elements associated with the
sampled target element. For example, if a telephone household has two phone
lines and three total entries in the directory (identified during data collection by
informant report), the household receives a weight of /4 in a sample using the
directory frame and a weight of % in a sample using an RDD frame.

3.3.5 Complicated Mappings between Frame and Target
Population Elements

It is also possible to have multiple frame units mapped to multiple population ele-
ments. For example, in telephone household surveys of adults, one may encounter
a household with several adults who have multiple entries in the directory. This
many-to-many mapping problem is a combination of clustering and duplication.
For example, in Figure 3.3 the three member Schmidt household (Leonard, Alice,
and Virginia) has two telephone number frame clements (403-555-5912 and 403-
555-5919). They might represent three target population elements mapped onto
two sampling frame elements. A common solution to this problem is to weight
survey results to handle both problems simultaneously. The compensatory weight
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Target Population Frame Population
Elements Elements

403-555-5912

Leonard Schmidt 403-555-5919
Alice Schmidt

Virginia Schmidt 403-555-5916
Paul Lehmann <

Justin Lehmann =) 403-555-5917

403-555-5922
403-555-5927

Theresa Placht
Janet Ferguson

v v

Figure 3.3 Clustering and duplication of target population
elements relative to sampling frame elements.

for person-level statistics is the number of adults (or eligibles) divided by the
number of frame entries for the household. In the example, the weight for the
Schmidt household member selected would be 5. More complicated weighting
methods may be required for more complicated many-to-many mappings occur-
ring in other types of surveys.

3.4 CoMMON TARGET POPULATIONS AND THEIR FRAME ISSUES

Given the description of different frame problems above, we are now ready to
describe some common target populations and frame issues they present. Surveys
most commonly target the household population of a geographical area; employ-
ees, customers, or members of an organization; or organizations and groups.
Some surveys are designed to select events such as surgical procedures or trips
taken by car.

34.1 Households and Persons

In the United States, the common sampling frames for households are area frames
(lists of area units like census tracts or counties), telephone numbers, telephone
listings, and mailing lists. The area frame, because it is based on geographical
units, requires an association of persons to areas, accomplished through a resi-
dency linking rule (de facto or de jure). Such a frame requires multiple stages
when used to sample persons. First, a subset of area units is selected; then listings
of addresses are made. If good maps or aerial photographs are available, the frame
offers theoretically complete coverage of residences. The frame suffers undercov-
erage if the listing of residences within selected area units misses some units. The
frame suffers duplication when one person has more than one residence. The
frame suffers clustering when it is used to sample persons because multiple per-
sons live in the final frame. These are the frame issues for the NCVS and
NSDUH.
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Another household population frame is that associated with telephone num-
bers for line telephones in housing units. This fails to cover about 6% of US
households. A minority of households has more than one line number and are
“over” covered. There are many nonresidential numbers on the frame that have to
be screened out when it is used for person-level samples. These are the frame
issues for BRFSS and SOC, both of which are random digit dialed surveys, using
the telephone number frame.

The frame of listed residential telephone numbers in the United States ig
smaller than the telephone number frame. Commercial firms derive the frame
from electronic and printed telephone directories. They sell samples from the
frame to mass mailers and survey researchers. For uses in household surveys, it
is much more efficient because most of the nonworking and nonresidential num-
bers are absent. However, a large portion of residential numbers, disproportion-
ately urban residents and transient persons, is not listed in the directory. There are
duplication problems because the same number can be listed under two different
names, typically names of different members of the same household.

With the growing interest in Web surveys, there is much attention paid to the
possibility of developing a frame of e-mail addresses for the household popula-
tion. The e-mail frame, however, fails to cover large portions of the household
population (see Section 5.3.3). It has duplication problems because one person
can have many different e-mail addresses, and it has clustering problems because
more than one person can share an e-mail (e.g., smithfamily@aol.com).

Mobile or cell phones are rapidly replacing fixed-line service in many coun-
tries. As early as the mid-1990s in Finland, for example, fixed-line telephone sub-
scriptions began to decline while mobile phone subscribers rapidly increased
(Kuusela, 1996). This shift represented a loss of fixed-line telephone coverage
because cell phone numbers were not included in the existing frames. The cover-
age loss was greatest among younger persons and those just forming households
independent of their parents.

In addition, mobile phones differ from line phones in that they are often asso-
ciated with one person, not an entire household (as with line phones). Eventually,
telephone surveys will sample mobile phone numbers, and this will require move-
ment away from the household as a frame and sampling unit. At the present time,
though, there are a number of frame problems associated with a mix of clustering
and duplication occurring in fixed-line and cell service telephone numbers that
are unsolved. There is much methodological research to be conducted in this area.

3.4.2 Customers, Employees, or Members of an Organization

Most surveys that study populations of customers, employers, or members of
organizations use a list frame. Sometimes, the list frame is an electronic file of
person records; other times it can be a physical set of records. Such record sys-
tems have predictable coverage issues. Undercoverage issues stem from the out-
of-date files. New employees or customers tend to be missed if the files require
several administrative steps before they are updated.

Similarly, the lists can contain ineligible elements, especially if persons leav-
ing the organization are not purged from the list quickly. For example, in a file of
customers, some of the customers may have experienced their last transaction so
long ago that in their minds they may not perceive themselves as customers. In
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addition, there may be some ambiguity about whether a person should be counted
as a member of the organization. In surveys of employees of a business, how
should “contract” employees be treated? Although they may work day to day at
the business, they are employees of another company that has a contract to sup-
ply services to the business.

Duplication of elements within a frame of employees or members can occur,
put is rarer than with the household frames. In a frame of customers, duplication
is inherent if the record is at the level of a transaction between the customer and
the organization. Every person who is a customer has as many records as transac-
tions they had with the organization. Hence, the survey researcher needs to think
carefully about whether the target population is one of people (i.e., the customers)
or transactions or both.

Survey researchers attempt to learn how and why the list was developed as
part of the evaluation of alternative frames. For example, payroll lists of employ-
ees of a hospital may fail to cover volunteer and contract staff, but records from
a security system producing identification cards may do so. Learning how and
why the frame is updated and corrected is important. For example, payroll records
for employees on monthly pay periods may be updated less frequently than those
for daily or weekly pay periods. Updating procedures for temporary absences
may complicate coverage issues of the frame. If an employee is on extended med-
ical leave, is his/her record still in the frame? Should the target population include
such persons? All of these issues require special examination for each survey con-
ducted.

3.4.3 Organizations

Organizational populations are diverse. They include churches, businesses, farms,
hospitals, medical clinics, prisons, schools, charities, governmental units, and
civic groups. Sampling frames for these populations are often lists of units. Of all
the types of organizational populations, perhaps businesses are the most frequent
target population for surveys.

Business populations have distinct frame problems. First, a very prominent
feature of business populations is their quite large variation in size. If the target
population of software vendors is chosen, both Microsoft (with revenues over $20
billion per year) and a corner retail outlet that may sell $5,000 in software per year
should be in the frame. Many business surveys measure variables where size is
related to the variables of interest (e.g., estimates of total employment in the
industry). Hence, coverage issues of business frames often place more emphasis
on including the largest businesses than the smallest businesses.

Second, the business population is highly dynamic. Small businesses are
born and die very rapidly. Larger businesses purchase others, merging two units
into one (e.g., Hewlett-Packard buys Compaq and becomes a single corporation).
Assingle business splits into multiple businesses (e.g., Ford Motor Company splits
off its parts division, creating Visteon, an independent company). This means that
frame populations need to be constantly updated to maintain good coverage of
new businesses and to purge former businesses from the lists.

Third, the business population demonstrates a distinction between a legally
defined entity and physical locations. Multiunit, multilocation companies are
common (e.g., McDonald’s has over 30,000 locations in the world, but only one
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corporate headquarters). Hence, surveys of businesses can study “enterprises,”
the legally defined entities, or “establishments,” the physical locations. Some
legally defined businesses may not have a physical location (e.g., 2 consulting
business with each employee working on his/her own). Some locations are the
site of many businesses owned by the same person.

Besides the business population, other organizational populations exhibit
similar features, to larger or smaller extents. These characteristics demand that the
survey researcher think carefully through the issues of variation in size of organ-
ization, the dynamic nature of the population, and legal and physical definitions
of elements.

3.4.4 Events

Sometimes, a survey targets a population of events. There are many types of
events sampled in surveys: a purchase of a service or product, marriages, preg-
nancies, births, periods of unemployment, episodes of depression, an automobile
passing over a road segment, or a criminal victimization (like those measured in
the NCVS).

Often, surveys of events begin with a frame of persons. Each person has
either experienced the event or has not. Some have experienced multiple events
(e.g., made many purchases) and are in essence clusters of event “elements.” This
is how the NCVS studies victimizations as events. It first assembles a frame of
persons, each of whom is potentially a cluster of victimization events. NCVS
measures each event occurring during the prior six months and then produces sta-
tistics on victimization characteristics.

Another logical frame population for event sampling is the frame of time
units. For example, imagine wanting to sample the visits to a zoo over a one-year
period. The purpose of the survey might be to ask about the purpose of the visit,
how long it lasted, what were the most enjoyable parts of the visit, and what were
the least enjoyable parts. One way to develop a frame of visits is to first concep-
tually assign each visit to a time point, say, the time of the exit from the zoo. With
this frame, all visits are assigned to one and only one point in time. If the study
involves a sample, then the research can select a subset of time points (say, 5-
minute blocks) and attempt to question people about their visit as they leave dur-
ing those 5-minute sample blocks.

Some time-use surveys (which attempt to learn what population members are
doing over time) use electronic beepers that emit a tone at randomly chosen
moments. When the tone occurs, the protocol specifies that the respondent report
what they were doing at the moment (e.g., working at the office, watching televi-
sion, shopping) (see Csikszentmihalyi and Csikszentmihalyi, 1988; Larson and
Richards, 1994).

Surveys that study events may involve multiple populations simultaneously.
They are interested in statistics about the event population, but also statistics
about the persons experiencing the event. Whenever these dual purposes are
involved, various clustering and duplication issues come to the fore. In a study of
car purchases, for the event element of a purchase by a family, which persons
experienced the event — the legal owner(s), all family members, or just the poten-
tial drivers of the car? The NCVS produces statistics like the percentage of house-
holds experiencing a crime (based on the household units) and the percentage of
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household break-ins occurring while the residents were at home (based on the
incident population). Careful thinking about the most informative population for
different statistics is important in choosing the target and frame populations.

3.4.5 Rare Populations

“Rare populations” is a term that is used to describe small target groups of inter-
est to researchers. Sometimes, what makes a population rare is not its absolute
size but its size relative to available frames that cover it. For example, consider
the population of welfare recipients in the United States. If there were 7.5 million
persons receiving welfare benefits in a population of 280 million, the population
would be rare principally because it forms less than 3% of the total population.
When chosen as target populations, rare populations pose considerable problems
for identifying suitable sampling frames.

The there are two basic approaches to building sampling frames for rare pop-
ulations. First, lists of rare population elements themselves can be made. For
example, one can attempt to acquire lists of welfare recipients directly (although
these might be kept confidential) through records in welfare disbursement offices.
Sometimes, no single list has good coverage and multiple lists are assembled (see
the discussion of multiple frame designs in Section 3.6.3). Second, and more
commonly, a frame that includes the rare population as a subset of elements can
be screened. For example, the household population can be screened to locate
families that receive welfare payments. If all elements of the rare population are
members of the larger frame population, complete coverage of the rare population
is possible (albeit at the expense of screening to locate the rare population).

3.5 CoOVERAGE ERROR

There are remedies for many of the sampling frame problems discussed in Section
3.3, but the remedies do not always eliminate coverage error. Undercoverage is a
difficult problem, and may be an important source of coverage error in surveys.
It is important to note, though, that coverage error is a property of sample statis-
tics and estimates made from surveys. One statistic in a survey may be subject to
large coverage errors; another from the same survey can be unaffected by the
same coverage issues. In the jargon of survey methodology, undercoverage,
duplication, clustering, and other issues are problems of a sampling frame.
Coverage error is the effect of those problems on a survey statistic.

The nature of coverage error in a simple statistic like the sample mean was
presented in Section 2.3.4. Recall that if a mean is being estimated, the coverage
bias was given as

Y.-Y=

z|<

(f-%),

where ¥ denotes the mean for the total population, Y, and ¥, are the means in the
population of the eligible units on the frame (covered) and not in the frame (not
covered), respectively, U is the total number of target population elements off the
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frame and N is the full target population. Thus, the error due to not covering the
N-C units left out of the frame is a function of the proportion “not covered” and
the difference between means for the covered and the not covered.

The survey (regardless of its sample size) can only estimate the mean of the
covered, I—’; The extent to which the population of U noncovered units is large, or
there is a substantial difference between covered and undercovered, determines
the size of the bias, or coverage error. The proportion not covered will vary across
subclasses of the eligible persons. That is, undercoverage could be higher for the
total sample than for a particular subgroup. In addition, since coverage error
depends on the difference of estimates between covered and undercovered, cov-
erage error can vary from one statistic to another, even if they are based on the
same subclass of eligible units.

3.6 REDUCING UNDERCOVERAGE

Remedies for common frame problems such as duplication, clustering, many-to-
many mappings, undercoverage, and foreign units in frames have been examined
in Section 3.3. However, specific remedies for undercoverage, and consequent
coverage error, were not addressed in detail in that section. There is a general
class of coverage improvement procedures that involve frame supplementation
designed to reduce coverage error more specifically.

3.6.1 The Half-Open Interval

Frames that are slightly out of date, or that provide reasonably good coverage
except for some kinds of units, may be brought up to date through additions in
update listing operations during or shortly before data collection. If there is a log-
ical order to the list, it may be possible to repair the frame by finding missing
units between two listed units.

No. Address
1 101 Elm Street

Selection?

103 Elm Street, Apt. 1
103 Elm Street, Apt. 2
107 Elm Street Yes
111 Elm Street
302 Oak Street
306 Oak Street

Njfoloa]lb,]lw]N

Figure 3.4 Address list for area household survey block.
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Maple Street

Figure 3.5 Sketch map for area household survey block.

Consider, for example, address or housing unit lists used in household sur-
veys (see Figure 3.4). These lists may become out of date and miss units quickly.
They may also have missed housing units that upon closer inspection could be
added to the list. Since address lists are typically in a particular geographic order,
it is possible to add units to the frame only for selected frame elements, rather
than updating the entire list. That is, frames can be updated after selection and
during data collection.

One such tool is called the “half-open interval.” Consider the example of one
block with the address list shown in Figure 3.4. The geographic distribution of
addresses is available for the block in a sketch map shown in Figure 3.5. Suppose
that an address from this frame has been selected: 107 Elm Street. From an area
frame perspective, the address of 107 Elm Street will be viewed not as a physical
structure but a geographic area bounded by “property lines” from 107 Elm Street
up to but not including the next listed address, 111 Elm Street. List order defines
what mathematicians would define from set theory as a half-open interval for
each address appearing on the list. The interval begins with 107 Elm Street (the
closed end of the interval) and extends up to but does not include 111 Elm Street
(the open end of the interval).

When an interviewer arrives at the selected address, he inspects the “half-
open interval” associated with 107 Elm Street to determine if there are any newly
constructed units or any missed units in the interval. If a new or missed unit is dis-
covered, the interviewer adds it to the list, selects it as a sample unit, and attempts
to conduct an interview at all addresses in the interval. All addresses in the half-
open interval thus have the same probability of selection (that of the selected
address), and missed or newly constructed units are automatically added to the
frame during data collection.

On occasion, the number of new addresses found in a half-open interval is
too large for the interviewer to be able to sustain the added workload. For
instance, if a new apartment building with 12 apartments had been constructed

half-open
interval

85



86

multiplicity
sampling

POPULATIONS, FRAMES, AND COVERAGE ERROR

between 107 and 111 Elm Street, the interviewer would be faced with conducting
13 interviews instead of an expected single household interview. In such
instances, the additional addresses may be subsampled to reduce the effect of thig
clustering on sample size and interviewer workload. Subsampling, as for cluster-
ing in sample frames, introduces unequal probabilities of selection that must be
compensated for by weighting (see Chapter 10 for discussion of weighting and
weighted estimates). In continuing survey operations, it is also possible to set
aside such added units into a separate “surprise” stratum (see Kish and Hess,
1959) from which a sample of missed or newly constructed units are drawn with
varying probabilities across additional samples selected from the frame.

Similar kinds of linking rules can be created for coverage checks of other
logically ordered lists that serve as frames. For example, a list of children attend-
ing public schools ordered by address and age within address could be updated
when the household of a selected child is visited and additional missed or recently
born children are discovered in the household.

3.6.2 Multiplicity Sampling

The half-open interval concept supplements an existing frame through informa-
tion collected during the selection process. Some frame supplementation methods
add elements to a population through network sampling. This is commonly
termed “multiplicity sampling.” A sample of units can be selected, and then all
members of a well-defined network of units identified for the selected units.

For instance, a sample of adults may be selected through a household survey,
and asked about all of their living adult siblings. The list of living adult siblings
defines a network of units for which information may be collected. Of course, the
network members have multiple chances of being selected, through a duplication
in the frame, since they each could be selected into the sample as a sample adult.
The size of the network determines the number of “duplicate chances” of selec-
tion. If an adult sample person reports two living adult siblings, the network is of
size three, and a weight of /4 can be applied that decreases the relative contribu-
tion of the data from the network to the overall estimates. This “multiplicity” sam-
pling and weighting method (Sirken, 1970) has been used to collect data about
networks to increase sample sizes for screening for rare conditions, such as a dis-
ease. The method does have to be balanced against privacy concerns of individu-
als in the network. In addition, response error (see Chapter 7) such as failing to
report a sibling, including someone who is not a sibling, or incorrectly reporting
a characteristic for a member of the network, may contribute to errors in the net-
work definition and coverage as well as in the reported levels of a characteristic.

“Snowball sampling” describes a closely related, although generally non-
probability, method to supplement a frame. Suppose an individual has been found
in survey data collection who has a rare condition, say blindness, and the condi-
tion is such that persons who have the condition will know others who also have
the condition. The sample person is asked to identify others with the condition,
and they are added to the sample. Snowball sampling cumulates sample persons
by using network information reported by sample persons. Errors in reports, iso-
lated individuals who are not connected to any network, and poorly defined net-
works make snowball sampling difficult to apply in practice. It generally does not
yield a probability sample.

REDUCING UNDERCOVERAGE

Although multiplicity sampling offers theoretical attraction to solve frame
problems, there is much research left to be conducted on how to implement prac-
tical designs. These include problems of measurement error in reports about net-
works, nonresponse etror arising from incomplete measurement of networks, and
yariance inflation of multiplicity estimators.

3.6.3 Multiple Frame Designs

Coverage error can sometimes be reduced by the use of multiple frames, in sev-
eral ways. A principal frame that provides nearly complete coverage of the target
population may be supplemented by a frame that provides better or unique cov-
erage for population elements absent or poorly covered in the principal frame. For
example, an out-of-date set of listings of housing units can be supplemented by a
frame of newly constructed housing units obtained from planning departments in
governmental units responsible for zoning where sample addresses are located.
Another example concerns mobile homes that may be present on an address list
but poorly covered. A supplemental frame of mobile home parks may be added to
the principal address list to provide better coverage of the population residing in
mobile homes.

At times, the supplemental frame may cover a completely separate portion of
the population. In most cases, though, supplemental frames overlap with the prin-
cipal frame. In such cases, multiple frame sampling and estimation procedures are
employed to correct for unequal probabilities of selection and possibly to yield
improved precision for survey estimates.

Suppose, for example, that in a household survey random digit dialing
(RDD) is used to reach US telephone households. RDD will, in principle, cover
all telephone households in the country, but it fails to cover approximately 6% of
the households that do not have telephones. Figure 3.6 shows the telephone frame
as a shaded subset of the area frame of housing units. A remedy to undercoverage

Non-telephone households

N

Household telephone
numbers

A 4

Non-household numbers

RDD frame

Figure 3.6 Dual frame sample design.
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is a supplementary area frame of households. Under such a dual frame design, 5
sample of households is drawn from an area frame, but it will require visits to
households, considerably more expensive than contact by telephone. Together,
the two frames provide complete coverage of households. For the NCVS,
Lepkowski and Groves (1986) studied the costs and error differences of an RDD
and an area frame. They found that for a fixed budget most statistics achieve g
lower mean square error when the majority of the sample cases are drawn from
the telephone frame (based on a simulation including estimates of coverage, non-
response, and some measurement error differences).

These two frames overlap, each containing telephone households. The data
set from this dual frame survey combines data from both frames. Clearly, tele-
phone households are overrepresented under such a design since they can be
selected from both frames.

There are several solutions to the overlap and overrepresentation problem,
One is to screen the area household frame. At the doorstep, before an interview is
conducted, the interviewer determines whether the household has a fixed-line
telephone that would allow it to be reached by telephone. If so, the unit is not
selected and no interview is attempted. With this procedure, the overlap is elimi-
nated, and the dual frame sample design has complete coverage of households.

A second solution is to attempt interviews at all sample households in both
frames, but to determine the chance of selection for each household. Households
from the nonoverlap portion of the sample, the nontelephone households, can
only be selected from the area frame, and thus have one chance of selection.
Telephone households have two chances, one from the telephone frame and the
other from the area household frame. Thus, their chance of selection is
Prop T Paves = Prop * Poew Where p, - and p_denote the chances of selection for
the RDD and area sample households. A compensatory weight can be computed
as the inverse of the probability of selection: 1/p___for nontelephone households
and 1/(p,,p *+ Pos = Prop * P, for telephone households, regardless of which
frame was used.

A third solution was proposed by Hartley (1962) and others. They suggested
that the overlap of the frames be used in estimation to obtain a more efficient esti-
mator. They proposed that a dual frame (in their case, multiple frame) design be
examined as a set of nonoverlapping domains, and results from each domain com-
bined to obtain a target population estimate. In the illustration in Figure 3.6, there
would be three domains: nontelephone households (Non-tel), RDD telephone
households (RDD-tel), and area sample telephone households (area-tel). The
RDD-tel and area-tel households are combined with a mixing parameter chosen
to maximize mathematically the precision of an estimate (say a mean). The tele-
phone and nontelephone domains are combined using a weight that is the propor-
tion of the telephone households in the target population, say . The dual frame
estimator for this particular example is

y = (1 - n7iel )pnun—lzl + We/ |:9pRDD—Iel + (1 _6 )pm'en—re/:l’

where 6 is the mixing parameter chosen to maximize precision.

The dual frame illustration in Figure 3.6 is a special case of the multiple
frame estimation approach. The method can be applied to more complex situa-
tions involving three or more frames, where the overlap creates more domains.

REDUCING UNDERCOVERAGE

Even in dual frame sampling, there
are at least four domains: frame 1
only, frame 2 only, frame 1 sample
overlapping with frame 2, and frame
2 sample overlapping with frame 1.
(Although the last two are intersec-
tions of the two frames, which frame
they are actually sampled from may
affect the survey statistics; hence
they are kept separate.) These kinds
of designs are found in agriculture
surveys. Suppose that a sample is to
be drawn in a state of farm holdings
that have a particular kind of live-
stock, say dairy cows. Suppose also
that there is a list of dairy farmers
available from the state department
of agriculture, but it is known to be
out of date, having some dairy farms
listed that no longer have dairy cows
and not listing small farms with dairy
cows. A second area frame is used to
draw a sample of all farms. There
will be four domains: list frame only,
area frame only, list frame also found
on area frame, and area frame also
found on list frame. Again, screen-
ing, weighting, or multiple frame
estimation may be used to address
the overlap problem.

One last example of more recent
interest concerns Web survey design.
Suppose that a list of e-mail
addresses is available from a com-
mercial firm. It is inexpensive to use
for self-administered surveys, but it
has foreign elements (addresses that
are no longer being used, persons
who are not eligible) and lacks com-
plete coverage of the eligible popula-
tion. A second supplementary RDD
frame can be used to provide more
€xpensive and complete coverage of
eligible persons in all telephone
households. Samples would be
drawn from each frame, interviews
conducted with sample eligible per-
sons in both, and a dual frame esti-
mation procedure used to combine
results from these overlapping

Tourangeau, Shapiro, Kearney, and Ernst
(1997) and Martin (1999) on Household
Rosters

Two studies on why persons are omitted from list-
ings of household members inform survey practice.

Study designs: The Tourangeau et al. study
mounted a randomized experimental design of
three different rostering procedures: asking for
names of all living at the unit, asking for names of
all who spent the prior night at the unit, and asking
for initials or nicknames of all those who spent the
prior night. Follow-up questions asked whether all
persons listed fulfilled the definition of living in the
unit. Face-to-face interviews were conducted in
644 units on 49 blocks in three urban areas. The
Martin study used an area probability sample of
999 units. Roster questions asked for all persons
with any attachment to the household during a two-
month period. Reinterviews were conducted on a
subsample with further questions about residency.
In both studies, follow-up questions after the roster
asked whether all persons listed fulfilled the defini-
tion of living in the unit.

Findings: The Tourangeau et al. study found that
after probes to identify usual residence, only the
technique of asking for initials produced more than
the standard procedure. They conclude that con-
cealment of the identity of some residents con-
tributes to undercoverage. The Martin study found
inconsistent reporting for unrelated persons, per-
sons away from the home for more than a week,
and persons not contributing to the financial
arrangements of the unit. Martin concluded that
informant’s definitions of households do not match
the survey’s definition, causing underreporting.

Limitations of the studies: There was no way to
know the true household composition in either
study. Both assumed that follow-up questions pro-
ducing larger counts of persons were more accu-
rate reports.

Impact of the studies: They helped to document the
size of household listing errors. They demon-
strated that both comprehension of the household
definition and reluctance to report unusual compo-
sition produce the undercoverage of household
listings.
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frames. There is much methodological research to be conducted in these mixes of
frames and modes (see more in Section 5.4 regarding these issues).

3.64 Increasing Coverage While Including More Ineligible
Elements

The final coverage repair arises most clearly in coverage of persons within sam.
ple households (first described in Section 3.3.3), as part of a survey to produce
person-level statistics. When a housing unit is identified for measurement, the
interviewer attempts to make a list of all persons who live in the household. There
appear to be consistent tendencies of underreporting of persons who are inconsis-
tent residents of the household or who fail to fit the household informant’s native
definition of a “household.”

Both Tourangeau, Shapiro, Kearney, and Ernst (1997) and Martin (1999)
investigated what happens when questions about who lives in the unit are altered
to be more inclusive. The typical question that generates the frame of persons
within a household is “Who lives here?”” Additional questions included who slept
or ate there the previous evening, who has a room in the unit, who has a key to
the unit, who receives mail at the unit, who usually is at the home but was away
temporarily, etc. (see box on page 89). The questions appeared to increase the
number of different people mentioned as attached to the household.

The next step in the process is the asking of questions that determine whether
each person mentioned did indeed fit the definition of a household member
according to the survey protocol. After such questions, those mentioned who have
households elsewhere are deleted.

In essence this repair strategy “widens the net” of the frame and then trims
out those in the net who were erroneously included. The burden of the strategy is
that it requires more time and questions to assemble the frame of eligible persons
in the household. Many times, this questioning is one of the first acts of the inter-
viewer, at which point continued cooperation of the household informant is most
tenuous. Hence, at this writing, adoption of the new approach is limited.

3.7 SUMMARY

Target populations, sampling frames, and coverage are important topics in survey
design because they affect the nature of the inference that can be made directly
from survey data. The problems that arise when comparing frame to target popu-
lation have remedies, many of which are standard approaches in survey research.
They are also not necessarily complete corrections to the coverage error that may
arise.

Coverage errors exist independent of the sampling steps in surveys. The sam-
ple selection begins with the frame materials. Samples can be no better than the
frames from which they are drawn. We examine in the next chapter how samples
for surveys are drawn. The discussion assumes that the kind of coverage errors
and frame problems examined here are considered separately from the issues of
how to draw a sample that will yield precise estimates for population parameters.
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EXERCISES

1) Name two conditions (whether or not they are realistic) under which there
would be no coverage error in a statistic from a telephone survey attempting
to describe the target population of adults in US households.

2) Using one of the six example surveys (see Chapter 1), give an example of
how altering the definition of the target population or the definition of the
sampling frame could eliminate a coverage error in a resulting survey statis-
tic. (Mention the survey statistic you have in mind, the target population, and
the sampling frame.)

3) Name three concerns you would have in transforming an area probability
face-to-face survey into a Web survey attempting to estimate the same statis-
tics.

4)  You are interested in the target population of farm operators in a three-county
area encompassing 360 square miles. You lack a list of the farm operations
and instead plan on using a grid placed on a map, with 360 square-mile seg-
ments. You plan to draw a sample of farm operations by drawing a sample of
Square-mile segments from the grid. Identify three problems with using the
frame of 360 square-mile grids as a sampling frame for the target population
of farm operations in the three-county area.
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5) Five years after the last census, you mount a household survey using a tejg.
phone number frame. If a selected telephone number is a household numbe;
interviewers ask to speak to the person most knowledgeable about the healtﬂ
of the household members. After the survey is over, someone suggests eva].
vating your survey by comparing the demographic distributions (i.e., age,
sex, race/ethnicity, gender) of your “most knowledgeable” health informangg
to the demographic distributions of adults from the last census. Comment oy
the wisdom of this suggestion.

v

CHAPTER FOUR

S

SAMPLE DESIGN AND
SAMPLING ERROR

4,1 INTRODUCTION

The selection of the elements from a sampling frame to include in a survey is a
critical part of the survey process. A survey needs a well-developed question-
naire, highly trained and motivated interviewers, excellent field supervision and
management, a data collection mode matched to the type of information to be
collected, and a well-conceived editing plan. However, if the sample is chosen
haphazardly or with subjective selection of elements, there may be little hope of
making inferences to the population that was the target of the investigation.

In the fall of 1998, the US National Geographic Society (NGS) launched
“Survey 2000,” a Web-based survey, designed to measure, among other things,
the frequency of the population’s movie attendance, museum visits, book read-
ing, etc. Invitations on the NGS Web site and in the NGS magazines urged peo-
ple to complete the survey. There were over 80,000 visitors to the survey Web
page and over 50,000 completions of the questionnaire (Witte, Amoroso, and
Howard, 2000).

A little earlier, in 1997, the US National Endowment for the Arts sponsored
the Survey of Public Participation in the Arts (SPPA) (National Endowment for
the Arts, 1998). The SPPA was a telephone survey with sample telephone house-
holds selected based on randomly generated telephone numbers. Its response rate
was approximately 55%, and it contained interview data from over 12,000 adults.
It measured many of the same behaviors as did the NGS survey.

The results of the SPPA survey based on more rigorous sampling methods,
however, were dramatically different than those of the NGS self-selected Web
survey. For example, about 60% of the NGS respondents reported seeing live the-
ater in the last 12 months, compared to about 25% for musical theater and 16%
for nonmusical theater in the SPPA. Similarly, about 77% of the NGS respon-
dents but only 35% of the SPPA respondents reported visiting an art museum or
gallery.

How the sample of a survey is obtained can make a difference. The self-
selected nature of the NGS survey, coupled with its placement on the National
Geographic Society’s Web site, probably yielded respondents more interested
and active in cultural events (Couper, 2000).

Contrast the NGS survey with one of our example surveys, say, the Survey
of Consumers (SOC). The SOC selects households for participation in the survey
&t random from among all telephone households in the country, except those in
Alaska and Hawaii. “Random” or “chance” selection means that all human influ-
ence, both known and unknown, is removed from the selection process. Random

random
selection

93



CHAPTER TWO

——

INFERENCE AND ERROR IN
SURVEYS

2.1 INTRODUCTION

Survey methodology seeks to understand why error arises in survey statistics.
Chapters 3 through 11 describe in detail strategies for measuring and minimizing
error. In order to appreciate those chapters, and to understand survey methodol-
ogy, it is first necessary to understand thoroughly what we mean by “error.”

As the starting point, let us think about how surveys work to produce statis-
tical descriptions of populations. Figure 2.1 provides the simplest diagram of
how it works. At the bottom left is the raw material of surveys — answers to ques-

Characteristics of
the population

Characteristics
of the sample

Statistical
computing

Characteristics
of a respondent

\\
&\‘"
Respondent
answers to
questions

Figure 2.1 Two types of survey inference.
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tions by an individual. These have value to the extent they are good descriptorg
of the characteristics of interest (the next-higher box on the left). Surveys, hoy.
ever, are never interested in the characteristics of individual respondents per 5o
They are interested in statistics that combine those answers to summarize the
characteristics of groups of persons. Sample surveys combine the answers of ind;.
vidual respondents in statistical computing steps (the middle cloud in Figure 2.)
to construct statistics describing all persons in the sample. At this point, a survey
is one step away from its goal — the description of characteristics of a larger pop.
ulation from which the sample was drawn.

The vertical arrows in Figure 2.1 are “inferential steps.” That is, they use |

information obtained imperfectly to describe a more abstract, larger entity,
“Inference” in surveys is the formal logic that permits description about unob.-
served phenomena based on observed phenomena. For example, inference about
unobserved mental states, like opinions, is made based on answers to specific
questions related to those opinions. Inference about population elements not
measured is made based on observations of a sample of others from the same pop-
ulation. In the jargon of survey methodology, we use an answer to a question from
an individual respondent to draw inferences about the characteristic of interest to
the survey for that person. We use statistics computed on the respondents to draw
inferences about the characteristics of the larger population.

These two inferential steps are central to the two needed characteristics of a
survey:

1) Answers people give must accurately describe characteristics of the
respondents.

2) The subset of persons participating in the survey must have characteris-
tics similar to those of a larger population.

When either of these two conditions is not met, the survey statistics are subject to
“error.” The use of the term “error” does not imply mistakes in the colloquial
sense. Instead, it refers to deviations of what is desired in the survey process from
what is attained. “Measurement errors” or “errors of observation” will pertain to
deviations from answers given to a survey question and the underlying attribute
being measured. “Errors of nonobservation” will pertain to the deviations of a sta-
tistic estimated on a sample from that on the full population.

Let us give an example to make this real. The Current Employment Statistics
(CES) program is interested in measuring the total number of jobs in existence in
the United States during a specific month. It asks individual sample employers to
report how many persons were on their payroll in the week of the 12th of that
month. {An error can arise because the survey does not attempt to measure job
counts in other weeks of the month.) Some employer’s records are incomplete or
out of date. (An error can arise from poor records used to respond.) These are
problems of inference from the answers obtained to the desired characteristic to
be measured (the leftmost vertical arrows in Figure 2.1).

The sample of the employers chosen is based on lists of units of state unem-
ployment compensation rolls months before the month in question. Newly created
employers are omitted. (An error can arise from using out-of-date lists of employ-
ers.) The specific set of employers chosen for the sample might not be a good
reflection of the characteristics of the total population of employers. (An error can
arise from sampling only a subset of employers into the survey.) Further, not all
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d employers respond. (An error can arise from the gbsence of answers frgm
sk f the selected employers.) These are problems of inference from statistics
some 9 espondents to statistics on the full population. . '
on 82 re’s first reaction to this litany of errors may be that it seems impossible fpr
Ol: ever to be useful tools to describe large populgtions. Don’t despair!
e all these potential sources of error, carefully designed, conductgd, and
Des}i,lZd surveys have been found to be uniquely informative tools to describe the

allarlld Survey methodology is the study of what makes survey statistics more or
wore-

fos 1s]Jil(-)vﬂer;alg:Ieet.hodc:)lo,gy has clagsified these various errors illustrated with the
CES example above into separate categories. The-re are se?parate r;s;arch hterria(;
wures for each error because each seems 'cot bte ts'ub]ect to different influences a
i i effects on survey statistics.

have(;iifzrvzr;t gtlf;rgjig about surveysyis to examine each type of ferror n tgrn -

studying surveys from 2 “quality” perspective. This is 2 perspectwe peculiar to
0 methodology. Another way of learning about surveys 1s to stgdy gll the
suurr“/,z‘;fl design decisions that are required to construct a survey — identlﬁca‘uor.l of
ihe appropriate population to studyf choosing a way of hstlpg thi: p(%p]);iliaitsoii
selecting 2 sampling scheme, choosing modes of data .co.llectlonf ; c. o
approach common to texts on survey research (e.g., Babbie, 1990; Fowler, .

2.2 THE LIFECYCLE OF A SURVEY FROM A DESIGN PERSPECTIVE

In the next sections (2.2-2.3) we will describe the two dominagt perspectnt/lel:s
about surveys: the design perspective e?nd the quahty' perspective. Frotr)ntr et
design perspective, discussed in this section, survey designs move from adg te.lc-
ideas to concrete actions. From the quality perspective, survey deSIgns are dis ILdn

guished by the major sources of error that affect survey statistics. First, we tackle

i ctive.

e dzsgﬁlrlvi;rzzves from design to execution. Without a gc')od design, gqod sglr-
vey statistics rarely result. As the focus moves from design to execution, . e
nature of work moves from the abstract 10 the concrete. Survey results t ;n
depend on inference back to the abstract from the concret. Figure 2.2 shows t a:;
there are two parallel aspects of surveys — the measurement of cgnstrugts anf
descriptions of population attributes. This figure elaborate§ the two .dlmensmns )

inference shown in Figure 2.1. The measurement dimension describes yvhat data
are to be collected about the observational units in the sample — what is the sur-
vey about? The representational dimension concerns .what .populatlpnsf are
described by the survey — who is the survey about? Both dimensions require fore-

ing, and careful execution.

thougletc’:;ﬂsagl?g\g;re 2.2 contains important components of survey r{lefhods, we
will spend some time discussing it. We will do so by defining and giving exam-

ples of each box in the figure.

2.2.1 Constructs

“Constructs” are the elements of information that are sought by the researcher.
The Current Employment Statistics survey attempts to measure how many new
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Measurement Representation

Construct Target
Population

Measurement Sampling
Frame
¥
Response SaIme
d Respondents
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Response Postsurvey
Adjustments

= Survey Statistic |¢==

Figure 2.2 Survey lifecycle from a design perspective.

Jobs were created in the past month in the United States; the National Assessment
of Education Progress measures knowledge in mathematics of school children;
the National Crime Victimization Survey (NCVS) measures how many incidents
of crimes with victims there were in the last year. The last sentence can be under-
stood by many; the words are simple. However, the wording is not precise; it is
relatively abstract. The words do not describe exactly what is meant, nor exactly
what is done to measure the constructs, In some sense, constructs are ideas. They
are most often verbally presented.

For example, one ambiguity is the identity of the victim of the crime. When
acts of vandalism occur for a household (say, a mailbox being knocked down),
who is the victim? (In these cases, NCVS distinguishes crimes against a house-
hold from crimes against a person.) When graffiti is spray painted over a public
space, who is the victim? Should “victimization” include only those crimes
viewed as eligible for prosecution? When does an unpleasant event rise to the
level of a crime? All of these are questions that arise when one begins to move
from a short verbal description to a measurement operation. Some constructs
more easily lend themselves to measurements than others.

Some constructs are more abstract than others. The Survey of Consumers
(SOC) measures short-term optimism about one’s financial status. This is an atti-
tudinal state of the person, which cannot be directly observed by another person.
It is internal to the person, perhaps having aspects that are highly variable within
and across persons (e.g., those who carefully track their current financial status
may have well-developed answers; those who have never thought about it may

|
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to construct an answer de rovo). In contrast, the National Surv§y on Drug
pave d Health measures consumption of beer in the last month. This is a con-
U Etu;nuch closer to observable behaviors. There are a limited number of ways
oy ould be measured. The main issues are simply to decide what kinds of drinks
thlj:t as beer (e.g., does nonalcoholic beer count?) and what units to- cqunt (12-
" ce cans or bottles is an obvious choice). Thus, the consumer optumsm con-
(s)nu-ﬁct is more abstract than the construct concerning beer consumption.

2.2.2 Measurement

Measurements are more concrete than constructs. “Measurements” in surveys Eie
ways to gather information about constructs. Survey megsurements are tqul'e
diverse — soil samples from the yards of sample h(?useholds in surveys .about. oxic
contamination, blood pressure measurements in healt.h surveys, 1nterv1ewicr
observations about housing structure conditions, electronic measurements of t.ra -
fic flow in traffic surveys. However, survey measurements are often. ques’uonls1
posed to a respondent, using words (e.g., “During the last 6 months, did you ca
the police to report something that happenefl to YOU that you thought w;s a
crime?”). The critical task for measurement is to de§1gn questions that produce
answers reflecting perfectly the constructs we are trying to measure. These. ques-
tions can be communicated orally (in telephone or face-to-face moqes) or visually
(in paper and computer-assisted self—admin%'stered surveys): Somet@es, hlowevetr,
they are observations made by the interviewer (g.g., askmg the interviewer to
observe the type of structure of the sample housing unit or to obserye certain
attributes of the neighborhood). Sometimes they are elec‘tromc or physwa.l meas-
urements (e.g., electronic recording of prices of goods in a sample retail store,
taking a blood or hair sample in a health-related survey, ‘Fakmg a Sample of earth
in a survey of toxic waste, taking paint samples). Som.etlmes quest10n§ pose'd to
respondents follow their observation of visual m‘aterlal (e.g.,.streammg video
presentation of commercials on a laptop, presentation of magazine covers).

2.2.3 Response

The data produced in surveys comie from information prgvided through the sur-
vey measurements. The nature of the responses is determined often by the nat}lre
of the measurements. When questions are used as the measurement device,
respondents can use a variety of means to produce a response. They can .search
their memories and use their judgment to produce an answer [e.g., answering the
question, “Now looking ahead, do you think that a year from now you (and your
family living there} will be better off financially, or worse off, or Just about the
same as now?” from the SOC]. They can access records to provide an answer
(e.g., looking at the employer’s personnel records to report. how many nonsuper-
visory employees were on staff on the week of the 12th, as in the CES). They can
seek another person to help answer the question (e.g., asking a spouse to recall
when the respondent last visited the doctor). .

Sometimes, the responses are provided as part of the questlon', and the task
of the respondent is to choose from the proffered categories. Other times, only the
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question is presented, and the respondents must generate an answer in their owp
words. Sometimes, a respondent fails to provide a response to a measurement
attempt. This complicates the computation of statistics involving that measure.

2.2.4 Edited Response

In some modes of data collection, the initial measurement provided undergoes a
review prior to moving on to the next. In computer-assisted measurement, quan-
titative answers are subjected to range checks, to flag answers that are outside
acceptable limits. For example, if the question asks about year of birth, numbers
less than 1890 might lead to a follow-up question verifying the stated year. There
may also be consistency checks, which are logical relationships between two dif-
ferent measurements. For example, if the respondent states that she is 14 years old
and has given birth to 5 children, there may be a follow-up question that clarifies
the apparent discrepancy and permits a correction of any errors of data. With
interviewer-administered paper questionnaires, the interviewer often is instructed
to review a completed instrument, look for illegible answers, and cross out ques-
tions that were skipped in the interview.

After all of the respondents have provided their answers, further editing of
data sometimes occurs. This editing may examine the full distribution of answers
and look for atypical patterns of responses. This attempt at “outlier detection”
often leads to more careful examination of a particular completed questionnaire.

To review, edited responses try to improve on the original responses obtained
from measurements of underlying constructs. The edited responses are the data
from which inference is made about the values of the construct for an individual
respondent.

2.2.5 The Target Population

We are now ready to move to the right side of Figure 2.2, moving from the
abstract to the concrete with regard to the representational properties of a survey.
The first box describes the concept of a “target population.” This is the set of units
to be studied. As denoted in Figure 2.2, this is the most abstract of the population
definitions. For many US household surveys, the target population may be “the
US adult population.” This description fails to mention the time extents of the
group (e.g., the population living in 2004); it fails to note whether to include those
living outside traditional households; it fails to specify whether to include those
who recently became adults; it fails to note how residency in the United States
would be determined. The lack of specificity is not damaging to some discus-
sions, but is to others. The target population is a set of persons of finite size,
which will be studied. The National Crime Victimization Survey targets those
aged 12 and over, who are not in active military service, who reside in noninsti-
tutionalized settings (i.e., housing units, not hospitals, prisons, or dormitories).
The time extents of the population are fixed for the month in which the residence
of the sample person is selected.

|
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2.2.6 The Frame Population

The frame population is the set of target population
members that has a chance to be selecte‘c‘l into Fhe
qurvey sample. In a simple case, the “sampling
frame’” is a listing of all units (e.g., pgople, employ-
ers) in the target population. Somet1.me§, however,
the sampling frame is a set of units imperfectly
linked to population members. For example, the
SOC has as its target population the US adult
household population. It uses as its sampling frame
a list of telephone numbers. It associates each per-
son to the telephone number of his/her household.
(Note that there are complications in that some per-
sons have no telephone in their household and oth-
ers have several different telephone numbers.) The
National Survey on Drug Use and Health uses a
sampling frame of county maps in the .Umte.d
States. Through this, it associates each housing unit
with a unique county. It then associates each person
in the target population of adults and children age
12 or older with the housing unit in which they live.
(Note there are complications for persons with01.1t
fixed residence and those who have multiple resi-

dences.)

2.2.7 The Sample

A sample is selected from a sampling frame. This sample ig the group from which
measurements will be sought. In many cases, the sample will be only a very small

lllustration — Populations of
Inference and Target Populations

Often, survey statistics are con-
structed to describe a population that
cannot easily be measured. For
example, the Surveys of Consumers
attempts to estimate consumer senti-
ment among US adults in a specific
month. Each minute, households are
being formed through family or rent-
sharing arrangements; being dis-
solved through death, divorce, and
residential mobility; being merged
together, etc. The household popula-
tion of a month is different at the
beginning of the month than at the
end of the month. Sometimes, the
phrase “population of inference” is
used for the set of persons who at
any time in the month might be eligi-
ble. The “target population” describes
the population that could be covered,
given that the frame is set at the
beginning of the month and contact
with sample households occurs
throughout the month.

sampling
frame

fraction of the sampling frame (and, therefore, of the target population).

2.2.8 The Respondents

In almost all surveys, the attempt to measure the selected sample cases does not

achieve full success. Those successfully measured are commonly called “respog-
dents” (“nonrespondents” or “unit nonresponse” is the complement). There is
usually some difficulty in determining whether some cases should be te.rmed
“respondents” or “nonrespondents,” because they prov1de' ogly part of the infor-
mation that is sought. Decisions must be made when building a data file about
when to include a data record with less than complete information and whfen to
exclude a respondent altogether from the analytic file. “Item missing Qata” is the
term used to describe the absence of information on individual data items for a
sample case successfully measured on other items. Figure? 2.3 is. a visual portrayal
of the type of survey and frame data and the nature of unit and item nonresponse.

non-

unit non-
response

data
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Figure 2.3 Unit and item nonresponse in a survey data file.

The figure portrays a data file; each line is a data record of a different sample per-
son. The left columns contain data from the sampling frame, on all sample cases.
Respondents have longer data records containing their answers to questions. The
nonrespondents (at the end of the file) have data only from the sampling frame.
Here and there throughout the respondent records are some individual missing
data, symbolized by a “m.” One example of item missing data from the CES is
missing payroll totals for sample employers who have not finalized their payroll
records by the time the questionnaire must be returned.

2.2.9 Postsurvey Adjustments

After all respondents provide data and a set of data records for them is assembled,
there is often another step taken to improve the quality of the estimates made from
the survey. Because of nonresponse and because of some coverage problems
(mismatches of the sampling frame and the target population), statistics based on
the respondents may depart from those of the full population the statistics are
attempting to estimate. At this point, examination of unit nonresponse patterns
over different subgroups (e.g., the finding that urban response rates are lower than
rural response rates) may suggest an underrepresentation of some groups relative
to the sampling frame. Similarly, knowledge about the type of units not included
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frame (e.g., N€W households in the SOC, new employers 1n fche
suggest an underrepresentation of certain types of target populatloln

CES) maywe will learn later that “weighting” up the underrepresented in our cal-

mempt’«;:-may improve the survey estimates. Alternatively, data that are missing

culatlo

placed with estimated responses through a process called “imputation.
are 1€
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2.2.10 How Design Becomes Process

eps described above typically have a very predictable sequence. It is
n to array the steps of a survey along the temporal contmuuril in
this is the order of most texts on “how to doa survey.
how the objectives of a survey help make two decisions,
le and another regarding the measurement process. The
decision on what mode of data collection to use ts an importgni Qet;rirn;?:gt :)f
how the measurement instrument is shapgd.(e.g., questionnaire md é . .the.
The questionnaire needs a pretest bcfpre it is used t.o collect sur\llley aan.ied e
right-hand track of activities, the ghowe of a sampling frame, vthen n;asurement
sample design, produces the realized sample for the survey. 1he m
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instrument and the sample come together during a data collection phase, dur'mg
which attention is paid to obtaining complete measurement of the sample (e,
avoiding nonresponse). After data collection, the data are edited and coded (e,
placed into a form suitable for analysis). The data file often undergoes some post.
survey adjustments, mainly for coverage and nonresponse errors. These adjust.
ments define the data used in the final estimation or analysis step, which formg
the statistical basis of the inference back to the full target population. This bogk
takes the perspective that good survey estimates require simultaneous and coor.
dinated attention to the different steps in the survey process.
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23 THE LIFECYCLE OF A SURVEY FROM A QUALITY
PERSPECTIVE

Wwe used Figure 2.2 to describe key terminology in surveys. The same figure is
useful to describe how survey methodologists think about quality. Figure 2.5 has
added in ovals a set of quality concepts that are common in survey methodology.
Each of them is placed in between successive steps in the survey process, to indi-
cate that the quality concepts reflect mismatches between successive steps. Most
of the ovals contain the word “error” because that is the terminology most com-
monly used. The job of a survey designer is to minimize error in survey statistics
py making design and estimation choices that minimize the gap between two suc-
cessive stages of the survey process. This framework is sometimes labeled the
«total survey error” framework or “total survey error” paradigm.
There are two important things to note about Figure 2.5:

1) Each of the quality components (ovals in Figure 2.5) has verbal descrip-
tions and statistical formulations.

2) The quality components are properties of individual survey statistics
(i.e., each statistic from a single survey may differ in its qualities), not of
whole surveys.

The next sections introduce the reader both to the concepts of different quality
components and to the simple statistical notation describing them. Since the qual-
ity is an attribute not of a survey but of individual statistics, we could present the
statistics for a variety of commonly used statistics (e.g., the sample mean, a
regression coefficient between two variables, estimates of population totals). To
keep the discussion as simple as possible, we will describe the error components
for a very simple statistic, the sample mean, as an indicator of the average in the
population of some underlying construct. The quality properties of the sample
mean will be discussed as a function of its relationship to the population mean.

We will use symbols to present a compact form of description of the error
concepts, because that is the traditional mode of presentation. The Greek letter i
(mu) will be used to denote the unobservable construct that is the target of the
measurement. The capital letter ¥ will be used to denote the measurement meant
to reflect 41 (but subject to inevitable measurement problems). When the measure-
ment is actually applied, we obtain a response called y (lower case).

The statistical notation will be

i, = the value of a construct, (e.g., reported number of doctor visits) for
the ith person in the population, i = 1,2,..., N

Y = the value of a measurement (e.g., number of doctor visits) for the ith
sample person, i = 1,2,..., n

y,= the value of the response to application of the measurement (e.g., an
answer to a survey question)

¥, = the value of the response after editing and other processing steps.

total survey
error
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In short, the underlying target attribute we are attempting to measure is i, but
instead we use an imperfect indicator, Y, which departs from the target because
of imperfections in the measurement. When we apply the measurement, there are
problems of administration. Instead of obtaining the answer ¥, we obtain instead,
7, the response to the measurement. We attempt to repair the weakness in the
measurement through an editing step, and obtain as a result y_, which we call the
edited response (the subscript p stands for “post-data collection”).

2.3.1 The Observational Gap between Constructs and Measures
The only oval in Figure 2.5 that does not contain the word “error” corresponds to
mismatches between a construct and its associated measurement. Measurement
theory in psychology (called “psychometrics”) offers the richest notions relevant
to this issue. Construct “validity” is the extent to which the measure is related to
the underlying construct (“invalidity” is the term sometimes used to describe the
extent to which validity is not attained). For example, in the National Assessment
of Educational Progress, when measuring the construct of mathematical abilities
of 4th graders, the measures are sets of arithmetic problems. Each of these prob-
lems is viewed to test some component of mathematical ability. The notion of
validity is itself conceptual — if we knew each student’s true mathematical ability,
how related would it be to that measured by the set of arithmetic problems?
Validity is the extent to which the measures reflect the underlying construct.

In statistical terms, the notion of validity lies at the level of an individual
respondent. It notes that the construct (even though it may not be easily observed
or observed at all) has some value associated with the ith person in the popula-
tion, traditionally labeled as u, implying the “true value” of the construct for the
ith person. When a specific measure of ¥is administered (e.g., an arithmetic prob-
lem given to measure mathematical ability), simple psychometric measurement
theory notes that the result is not i, but something else:

The Notion of Trials

Y= +e;

What does it mean when someone
says that a specific response to a sur-
vey question is just “one ftrial of the
measurement process?” How can
one really ask the same question of
the same respondent multiple times
and learn anything valuable? The
answer is that “trials” are a concept, a
mode] of the response process. The
model posits that the response given
by one person to a specific question
is inherently variable. If one could
erase all memories of the first trial
measurement and repeat the ques-
tion, somewhat different answers
would be given.

that is, the measurement equals the true value plus
some error term, £, the Greek letter epsilon, denot-
ing a deviation from the true value. This deviation
is the basis of the notion of validity. For example, in
the NAEP we might conceptualize mathematics
ability as a scale from 0 to 100, with the average
ability at 50. The model above says that on a partic-
ular measure of math ability, a student (i) who has a
true math ability of, say, 57, may achieve a different
score, say, 52. The etror of that measure of math
ability for the ith student is (52 — 57) = -5, because
Y =52=p+¢&=57+(-5).

One added feature of the measurement is nec-
essary to understand notions of validity — a single
application of the measurement to the ith person is
viewed as one of an infinite number of such meas-
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yrements that could be made. For example, the answer to a survey quleStiOIl ab_out
how many times one has been victimized in the last six months is viewed as just
one incident of the application of that question to a speciﬁfs respon.dent. In t_he lap-
guage of psychometric measurement theory, each survey is one trial of an infinite
number of trials.

Thus, with the notion of trials, the response process becomes
Y, =1,+€;.

it

Now we need two subscripts on the terms, one to denote the element of th.e pop-
ulation (i) and one to denote the trial of the measurement (2). Any one applicatton
of the measurement (7) is but one trial from a conceptually infinite number of pos-
sible measurements. The response obtained for the one survey conducted (¥, fpr
the #h trial) deviates from the true value by an error that is specific to the one trial
(€, )- That is, each survey is one specific trial, #, of a measurement process, agd
the deviations from the true value for the ith person may vary over trials (rgqulr—
ing the subscript £, as in g,). For example, on the math ability construct, using a
particular measure, sometimes the ith student may achieve a 5.2 as above, but on
repeated administrations might achieve a 59 or a 49 or a 57, .w?th the error corre-
spondingly +2 or —8 or 0, respectively. We don’t really administer the test many
times; instead we envision that the one test might have achieved different out-
comes from the same person over conceptually independent trials.

Now we are very close to defining validity for this simple case of response
deviations from the true value. Validity is the correlation of the measurement, Y,
and the true value, jt, measured over all possible trials and persons:

E, [, -, ~ )| VE T E = |

where i is merely the mean of the y, over all trials and all persons and Y is the
average of the Y, The E at the beginning of the expression denotes an expected
or average value over all persons and all trials of measurement. When yand (@
covary, moving up and down in tandem, the measurement has high construct
validity. A valid measure of an underlying construct is one that is perfectly corre-
lated to the construct. ‘ .

Later we will become more sophisticated about this notion of validity, noting
that two variables can be perfectly correlated but produce different values of some
of their univariate statistics. Two variables can be perfectly correlated but yield
different mean values. For example, if all respondents underreport their weight by
5 pounds, then true weight and reported weight will be perfectly correlate(.i, but
the mean reported weight will be 5 pounds less than the mean of the true weights.
This is a point of divergence of psychometric measurement theory and survey sta-
tistical error properties.

232 Measurement Error: the Observational Gap between the
Ideal Measurement and the Response Obtained

The next important quality component in Figure 2.5 is measurement error. By
“measurement error” we mean a departure from the true value of the measure-
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ment as applied to a sample unit and the value provided. For example, imagine
that the question from the National Survey on Drug Use and Health (NSDUH) is:
“Have you ever, even once, used any form of cocaine?”” A common finding (see
Section 5.3.5 and 7.3.7) is that behaviors that are perceived by the respondent as
undesirable tend to be underreported. Thus, for example, the true value for the
response to this question for one respondent may be “yes,” but the respondent will
answer “no” in order to avoid the potential embarrassment of someone learning
of his/her drug use.

To the extent that such response behavior is common and systematic across
administrations of the question, there arises a discrepancy between the respondent
mean response and the sample true mean. In the example above, the percentage
of persons reporting any lifetime use of cocaine will be underestimated. In statis-
tical notation, we need to introduce a new term that denotes the response to the
question as distinct from the true value on the measure, Y, for the ith person. We
call the response to the question y, so we can denote the systematic deviation
from true values as (y, — ¥)). Returning to the CES example, the count for non-
supervisory employees might be 12 for some employer but the report to the ques-
tion is 15 employees. In the terminclogy of survey measurement theory, a
response deviation occurs to the extent that y, # Y, in this case, y, - ¥,= 15 - 12
=3.

In our perspective on measurement, we again acknowledge that each act of
application of a measure is but one of a conceptually infinite number of applica-
tions. Thus, we again use the notion of a “trial” to denote the single application
of a measurement. If response deviations described above are systematic, that is,
if there is a consistent direction of the response deviations over trials, then
“response bias” might result. “Bias” is the difference between the expected value
(over all conceptual trials) and the true value being estimated. Bias is a system-
atic distortion of a response process. There are two examples of response biases
from our example surveys. In the NSDUH, independent estimates of the rates of

use of many substances asked about, including cig-

The Notion of Variance or Variable

arettes and illegal drugs, suggest that the reporting
is somewhat biased; that is, that people on average
tend to underreport how much they use various sub-
stances. Part of the explanation is that some people

Errors

Whenever the notion of errors that
are variable arises, there must be an
assumption of replication (or trials) of
the survey process. When the esti-
mates of statistics vary over those
replications, they are subject to vari-
able error. Variability at the response
step can affect individual answers.
Variability in frame development, like-
lihood of cooperation with the survey
request, or characteristics of sam-
ples, can affect survey statistics.

Usually variance is not directly
observed because the replications
are not actually performed.

are concermned about how use of these substances
would reflect on how they are viewed. It also has
been found that the rates at which people are vic-
tims of crimes are somewhat underestimated from
survey reports. One likely explanation is that some
individual victimizations, particularly those crimes
that have little lasting impact on victims, are forgot-
ten in a fairly short period of time. Whatever the ori-
gins, research has shown that survey estimates of
the use of some substances and of victimization
tend to underestimate the actual rates. Answers to
the survey questions are systematically lower than
the true scores; in short, they are biased. In statisti-
cal notation, we note the average or expected value
of the response over trials as E(Y,), where, as
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pefore, t denotes a particular trial (or application) of the measurement. Response
bias occurs when

E (y,)#Y.

In addition to systematic underreporting or overreporting that can produce
biased reports, there can be an instability in the response behavior of a person,
producing another kind of response error. Consider the case of a survey question
in the SOC: “Would you say that at the present time, business conditions are bet-
ter or worse than they were a year ago?” A common perspective on how respon-
dents approach such a question is that, in addition to the words of the individual
question and the context of prior questions, the respondent uses all other stimuli
in the measurement environment. But gathering such stimuli (some of which
might be memories generated by prior questions) is a haphazard process, unpre-
dictable over independent trials. The result of this is variability in responses over
conceptual trials of the measurement, often called “variability in response devia-
tions.” For this kind of response error, lay terminology fits rather well — this is an
example of low “reliability” or “unreliable” responses. (Survey statisticians term
this “response variance” to distinguish it from the error labeled above, “response
bias.”) The difference between response variance and response bias is that the lat-
ter is systematic, leading to consistent overestimation or underestimation of the
construct in the question, but response variance leads to instability in the value of
estimates over trials.

2.3.3 Processing Error: the Observational Gap between the
Variable Used in Estimation and that Provided by the
Respondent

What errors can be introduced after the data are collected and prior to estimation?
For example, an apparent outlier in a distribution may have correctly reported a
value. A respondent in the National Crime Victimization Survey may report being
assaulted multiple times each day, an implausible report that, under some editing
rules, may cause a setting of the value to missing data. However, when the added
information that the respondent is a security guard in a bar is provided, the report
becomes more plausible. Depending on what construct should be measured by the
question, this should or should not be altered in an editing step. The decision can
affect processing errors.

Another processing error can arise for questions allowing the respondent to
phrase his or her own answer. For example, in the Surveys of Consumers, if a
respondent answers “yes” to the question, “During the last few months, have you
heard of any favorable or unfavorable changes in business conditions?” the inter-
viewer then asks, “What did you hear?” The answer to that question is entered
into a text field, using the exact words spoken by the respondent. For example,
the respondent may say, “There are rumors of layoffs planned for my plant. I'm
worried about whether I’1l lose my job.” Answers like this capture the rich diver-
sity of situations of different respondents, but they do not yield themselves to
quantitative summary, which is the main product of surveys. Hence, in a step
often called “coding,” these text answers are categorized into numbered classes.

reliability

response
variance

processing
error

coding
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For example, this answer might be coded as a member of a class labeled,
“Possible layofts at own work site/company.” The sample univariate summary of
this measure is a proportion falling into each class (e.g., “8% of the sample
reported possible layoffs at own work site/company”).

What errors can be made at this step? Different persons coding these text
answers can make different judgments about how to classify the text answers.
This generates a variability in results that is purely a function of the coding sys-
tem (e.g., coding variance). Poor training can prompt all coders to misinterpret a
verbal description consistently. This would produce a coding bias.

In statistical notation, if we were considering a variable like income, subject
to some editing step, we could denote processing effects as the difference between
the response as provided and the response as edited. Thus, y, = response to the sur-
vey question, as before, but V= the edited version of the response. The process-
ing or editing deviation is simply A

2.3.4 Coverage Error: the Nonobservational Gap between the
Target Population and the Sampling Frame

The big change of perspective when moving from the left side (the measurement
side) of Figure 2.2 to the right side (the representation side) is that the focus
becomes statistics, not individual responses. Notice that the terms in Figure 2.5
are expressions of sample means, simple statistics summarizing individual values
of elements of the population. Although there are many possible survey statistics,
we use the mean as our illustrative example.

Sometimes, the target population (the finite population we want to study)
does not have a convenient sampling frame that matches it perfectly. For exam-

Ineligible units

Covered Population

Ineligible units
A

Undercoverage

Undercoverage

Frame
population

Target
population

Figure 2.6 Coverage of a target population by a frame.
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ple, in the United States there is no updated list of residents that can be used as a
gampling frame of persons. In contrast, in Sweden there is a population register,
an updated list of names and addresses of almost all residents. Sample surveys of
the target population of all US residents often use sampling frames of telephone
aumbers. The error that arises is connected to what proportion of US residents can
be reached by telephone and how different they are from others on the statistics
in question. Persons with lower incomes and in remote rural areas are less likely
to have telephones in their homes. If the survey statistic of interest were the per-
centage of persons receiving unemployment compensation from the governmeni,
it is likely that a telephone survey would underestimate that percentage. That is,
there would be a coverage bias in that statistic.

Figure 2.6 is a graphical image of two coverage problems with a sampling
frame. The target population differs from the sampling frame. The lower and left
portions of elements in the target population are missing from the frame (e.g.,
nontelephone households, using a telephone frame to cover the full household
population). This is labeled “undercoverage” of the sampling frame with respect
to the target population. At the top and right portions of the sampling frame are a
set of elements that are not members of the target population but are members of
the frame population (e.g., business telephone numbers in a telephone frame try-
ing to cover the household population). These are “ineligible units,” sometimes
labeled “overcoverage” and sometimes the existence of “foreign elements.”

In statistical terms for a sample mean, coverage bias can be described as a
function of two terms: the proportion of the target population not covered by the
sampling frame, and the difference between the covered and noncovered popula-
tion. First, we note that coverage error is a property of a frame and a target pop-
ulation on a specific statistic. It exists before the sample is drawn and thus is not
a problem arising because we do a sample survey. It would also exist if we
attempted to do a census of the target population using the same sampling frame.
Thus, it is simplest to express coverage error prior to the sampling step. Let us
express the effect on the mean on the sampling frame:

Mean of the entire target population

Mean of the population on the sampling frame

Mean of the target population not on the sampling frame

Total number of members of the target population

Total number of eligible members of the sampling frame (“covered” ele-
ments)

U = Total number of eligible members not on the sampling frame (“not cov-
ered” elements)

I

I

.
I
Y
N
c

The bias of coverage is then expressed as

- U,=
YC—Y=7V_-(YC— Y )-

That is, the error in the mean due to undercoverage is the product of the coverage
rate (U/N) and the difference between the mean of the covered and noncovered
cases in the target population. The left side of the equation merely shows that the
coverage error for the mean is the difference between the mean of the covered
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Figure 2.7 Samples and the sampling distribution of the mean.

population and the mean of the full target population. The right side is the result
of a little algebraic manipulation. It shows that the coverage bias is a function of
the proportion of the population missing from the frame and the difference
between those on and off the frame. For example, for many statistics on the US
household population, telephone frames describe the population well, chiefly
because the proportion of nontelephone households is very small, about 5% of the
total population. Imagine that we used the Surveys of Consumers, a telephone
survey, to measure the mean years of education, and the telephone households had
a mean of 14.3 years. Among nontelephone households, which were missed due
to this being a telephone survey, the mean education level is 11.2 years. Although
the nontelephone households have a much lower mean, the bias in the covered
mean is

17C ~Y = 0.05(14.3 years - 11.2 years) =0.16 years

or, in other words, we would expect the sampling frame to have a mean years of
education of 14.3 years versus the target population of 14.1 years.

Coverage error on sampling frames results in sample survey means estimat-
ing the )_’C and not the Y and, thus, coverage error properties of sampling frames
generate coverage error properties of sample based statistics.
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2.3.5 Sampling Error: The Nonobservational Gap between the
Sampling Frame and the Sample

One error is deliberately introduced into sample survey statistics. Because of cost
or logistical infeasibility, not all persons in the sampling frame are measured.
Instead, a sample of persons is selected; they become the sole target of the meas-
urement. All others are ignored. In almost all cases, this deliberate “nonobserva-
tion” introduces deviation from the achieved sample statistics and the same sta-
tistic on the full sampling frame.

For example, the National Crime Victimization Survey sample starts with the
entire set of 3,067 counties within the United States. It separates the counties by
population size, region, and cotrelates of criminal activity, forming separate
groups or strata. In each stratum, giving each county a chance of selection, it
selects sample counties or groups of counties, totaling 237. All the sample per-
sons in the survey will come from those geographic areas. Each month of the
sample selects about 8,300 households in the selected areas and attempts inter-
views with their members.

As with all the other survey errors, there are two types of sampling error:
sampling bias and sampling variance. Sampling bias arises when some members
of the sampling frame are given no chance (or reduced chance) of selection. In
such a design, every possible set of selections exclude them systematically. To the
extent that they have distinctive values on the survey statistics, the statistics will
depart from the corresponding ones on the frame population. Sampling variance
arises because, given the design for the sample, by chance many different sets of
frame elements could be drawn (e.g., different counties and households in the
NCVS). Each set will have different values on the survey statistic.

Just like the notion of trials of measurement (see Section 2.3.1), sampling
variance rests on the notion of conceptual replications of the sample selection.
Figure 2.7 shows the basic concept. On the left appear illustrations of the differ-
ent possible sets of sample elements that are possible over different samples. The
figure portrays S different sample “realizations,” different sets of frame elements,
with frequency distributions for each (the x axis is the value of the variable and
the y axis is the number of sample elements with that value). Let us use our exam-
ple of the sample mean as the survey statistic of interest. Each of the S samples
produces a different sample mean. One way to portray the sampling variance of
the mean appears on the right of the figure. This is the sampling distribution of
the mean, a plotting of the frequency of specific different values of the sample
mean (the x axis is the value of a sample mean and the y axis is the number of
samples with that value among the S different samples). The dispersion of this
distribution is the measure of sampling variance normally employed. If the aver-
age sample mean over all S samples is equal to the mean of the sampling frame,
then there is no sampling bias for the mean. If the dispersion of the distribution
on the right is small, the sampling variance is low. (Sampling variance is zero
only in populations with constant values on the variable of interest.)

The extent of the error due to sampling is a function of four basic principles
of the design:

1) Whether all sampling frame elements have known, nonzero chances of
selection into the sample (called “probability sampling™)
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2) Whether the sample is designed to control the representation of key sub-
populations in the sample (called “stratification”) ‘

3) Whether individual elements are drawn directly and independently or in
groups (called “element” or “cluster” samples)

4) How large a sample of elements is selected

Using this terminology, the NCVS is thus a stratified, clustered probability sam-
ple of approximately 8,300 households per month.

Sampling bias is mainly affected by how probabilities of selection are
assigned to different frame elements. Sampling bias can be easily removed by
giving all elements an equal chance of selection. Sampling variance is reduced
with big samples, with samples that are stratified, and samples that are not clus-
tered.

In statistical terms,

¥, = Mean of the specific sample draw, sample s; 5 =1,2,...,.5

}7C = Mean of the total set of elements in the sampling frame

These means (in simple sample designs) have the form:
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“Sampling variance” measures how variable are the y, over all sample realiza-
tions. The common measurement tool for this is to use squared deviations of the
sample means about the mean of the sampling frame, so that the “sampling vari-
ance” of the mean is

g(i—i)z

S

When sampling variance is high, the sample means are very unstable. In that sit-
uation, sampling error is very high, That means that for any given survey with that
kind of design, there is a larger chance that the mean from the survey will be com-
paratively far from the true mean of the population from which the sample was
drawn (the sample frame).

2.3.6 Nonresponse Error: The Nonobservational Gap between the
Sample and the Respondent Pool

Despite efforts to the contrary, not all sample members are successfully measured
in surveys involving human respondents. Sometimes, 100% response rates are
obtained in surveys requiring sampling of inanimate objects (e.g., medical records
of persons, housing units). Almost never does it occur in sample surveys of
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humans. For example, in the SOC, about 30-35% of the sample each month either
eludes contact or refuses to be interviewed. In the main (nationwide) National
Assessment of Educational Progress (NAEP) about 17% of the schools refuse
participation, and within cooperating schools about 11% of the students are not
measured, either because of absences or refusal by their parents.

Nonresponse error arises when the values of statistics computed based only
on respondent data differ from those based on the entire sample data. For exam-
ple, if the students who are absent on the day of the NAEP measurement have
lower knowledge in the mathematical or verbal constructs being measured, then
NAEP scores suffer nonresponse bias — they systematically overestimate the
imowledge of the entire sampling frame. If the nonresponse rate is very high, then
the amount of the overestimation could be severe.

Most of the concern of practicing survey researchers is about nonresponse
bias, and its statistical expression resembles that of coverage bias described in
Section 2.3.1:

¥, = Mean of the entire specific sample as selected

¥, = Mean of the respondents within the sth sample
¥,.= Mean of the nonrespondents within the sth sample
n_= Total number of sample members in the sth sample
r, = Total number of respondents in the sth sample

m_= Total number of nonrespondents in the sth sample

The nonresponse bias is then expressed as an average over all samples of

- m,

Y-y, =
n

¥

(5;1' _ym)'

Thus, nonresponse bias for the sample mean is the product of the nonresponse
rate (the proportion of eligible sample elements for which data are not collected)
and the difference between the respondent and nonrespondent mean. This indi-
cates that response rates alone are not quality indicators. High response rate sur-
veys can also have high nonresponse bias (if the nonrespondents are very distinc-
tive on the survey variable). The best way to think about this is that high response
rates reduce the risk of nonresponse bias.

2.3.7 Adjustment Error

The last step in Figure 2.5 on the side of errors of nonobservation is postsurvey
adjustments. These are efforts to improve the sample estimate in the face of cov-
erage, sampling, and nonresponse errors. (In a way, they serve the same function
as the edit step on individual responses, discussed in Section 2.3.3).

The adjustments use some information about the target or frame population,
or response rate information on the sample. The adjustments give greater weight
to sample cases that are underrepresented in the final data set. For example, some
adjustments pertain to nonresponse. Imagine that you are interested in the rate of
personal crimes in the United States and that the response rate for urban areas in
the National Crime Victimization Survey is 85% (i.e., 85% of the eligible sample

nonresponse
error

nonresponse
bias
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persons provide data on a specific victimization), but the response rate in the rest
of the country is 96%. This implies that urban persons are underrepresented in the
respondent data set. One adjustment weighting scheme counteracts this by creat-
ing two weights, w, = 1/0.85 for urban respondents and w, = 1/0.96 for other
respondents. An adjusted sample mean is computed by

which has the effect of giving greater weight to the urban respondents in the com-
putation of the mean. The error associated with the adjusted mean relative to the
target population mean is

@l'w - Y)!

which would vary over different samples and applications of the survey. That is,
adjustments generally affect the bias of the estimates and the variance (over sam-
ples and implementations of the survey). Finally, although postsurvey adjust-
ments are introduced to reduce coverage, sampling, and nonresponse errors, they
can also increase them, as we will learn later in Chapter 10.

2.4 PurTING IT ALL TOGETHER

The chapter started by presenting three perspectives on the survey. The first, por-
trayed in Figure 2.2, showed the stages of survey design, moving from abstract
concepts to concrete steps of activities. Next, in Figure 2.4, we presented the steps
of a survey project, from beginning to end. Finally, in Figure 2.5, we presented
the quality characteristics of surveys that the field associates with each of the
steps and the notation used for different quantities. The quality components focus
on two properties of survey estimates: errors of observation and errors of nonob-
servation. Errors of observation concern successive gaps between constructs,
measures, responses, and edited responses. Errors of nonobservation concern suc-
cessive gaps between statistics on the target population, the sampling frame, the
sample, and the respondents from the sample.

For some of these errors we described a systematic source, one that produced
consistent effects over replications or trials (e.g., nonresponse). We labeled these
“biases.” For others, we described a variable or random source of error (e.g.,
validity). We labeled these as “variance.” In fact, as the later chapters in the book
will show, all of the error sources are both systematic and variable, and contain
both biases and variances.

The reader now knows that the quantitative products of surveys have their
quality properties described in quantitative measures. Look again at Figure 2.5,
showing how the notation for a simple sample mean varies over the development
of the survey. This notation will be used in other parts of the text. Capital letters
will stand for properties of population elements. Capital letters will be used for
the discussions about measurement, when the sampling of specific target popula-

ERROR NOTIONS IN DIFFERENT KINDS OF STATISTICS

tion members is not at issue. In discussions about inference to the target popula-
tion through the use of a sample, capital letters will denote population elements
and lower case letters will denote sample quantities. The subscripts of the vari-
ables will indicate either membership in subsets of the population (i.e., i for the
ith person, or p for postprocessed datum).

2.5 ERROR NOTIONS IN DIFFERENT KINDS OF STATISTICS

The presentation above focused on just one possible survey statistic—the sample
mean—to illustrate error principles. There are many other statistics computed
from surveys (e.g., correlation coefficients, regression coefficients).

Two uses of surveys, linked to different statistics, deserve mention:

1) Descriptive uses (i.e., how prevalent an attribute is in the population;
how big a group exists in the population; the average value on some
quantitative measure)

2) Analytic uses (i.e., what causes some phenomenon to occur; how two
attributes are associated with one another)

Many surveys are done to collect information about the distribution of character-
istics, ideas, experiences, or opinions in a population. Often, results are reported
as means or averages. For example, the NCVS might report that 5% of the peo-
ple have had their car stolen in the past year.

In contrast, statements such as, “Women are more likely to go to a doctor
than men,” “Republicans are more likely to vote than Democrats,” or “Young
adults are more likely to be victims of crime than those over 65” are all statements
about relationships. For some purposes, describing the degree of relationship is
important. So a researcher might say that the correlation between a person’s fam-
ily income and the likelihood of voting is 0.23. Alternatively, the income rise
associated with an investment in education might be described by an equation,
often called a “model” of the income generation process:

In(y,) =B, + B,x; + ﬁlxi27

where y, is the value of the ith person’s income, and x, is the value of the ith per-
son’s educational attainment in years.

The hypothesis tested in the model specification is that the payoff in income
of educational investments is large for the early years and then diminishes with
additional years. If the coefficient B is positive and f3, is negative, there is some
support for the hypothesis. This is an example of using survey data for causal
analysis. In this case, the example concerns whether educational attainment
causes income attainment.

Are statistics like a correlation coefficient and a regression coefficient sub-
ject to the same types of survey errors as described above? Yes. When survey data
are used to estimate the statistics, they can be subject to coverage, sampling, non-
response, and measurement errors, just as can simple sample means. The mathe-
matical expressions for the errors are different, however. For most survey statis-
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tics measuring relationships, the statistical errors are properties of crossproducts
between the two variables involved (e.g., covariance and variance properties).

The literatures in analytic statistics and econometrics are valuable for under-
standing errors in statistics related to causal hypotheses. The language of error
used in these fields is somewhat different from that in survey statistics, but many
of the concepts are similar.

Thus, the kind of analysis one is planning, and the kinds of questions one
wants to answer can be related to how concerned one is about the various kinds
of error that we have discussed. Bias, either in the sample of respondents answer-
ing questions or in the answers that are given, is often a primary concern for those
focused on the goal of describing distributions. If the main purpose of a survey is
to estimate the percentage of people who are victims of particular kinds of crime,
and those crimes are systematically underreported, then that bias in reporting will
have a direct effect on the ability of the survey to achieve those goals. In contrast,
if the principal concern is whether old people or young people are more likely to
be victims, it could be that the ability of the survey to accomplish that goal would
be unaffected if there was consistent underreporting of minor crimes. If the bias
was really consistent for all age groups, then the researcher could reach a valid
conclusion about the relationship between age and victimization, even if all the
estimates of victimization were too low.

2.6 SUMMARY

Sample surveys rely on two types of inference — from the questions to constructs,
and from the sample statistics to the population statistics. The inference involves
two coordinated sets of steps — obtaining answers to questions constructed to mir-
ror the constructs, and identifying and measuring sample units that form a micro-
cosm of the target population.

Despite all efforts, each of the steps is subject to imperfections, producing
statistical errors in survey statistics. The errors involving the gap between the
measures and the construct are issues of validity. The errors arising during appli-
cation of the measures are called “measurement errors.” Editing and processing
errors can arise during efforts to prepare the data for statistical analysis. Coverage
errors arise when enumerating the target population using a sampling frame.
Sampling errors stem from surveys measuring only a subset of the frame popula-
tion. The failure to measure all sample persons on all measures creates nonre-
sponse error. “Adjustment” errors arise in the construction of statistical estimators
to describe the full target population. All of these error sources can have varying
effects on different statistics from the same survey.

This chapter introduced the reader to these elementary building blocks of the
field of survey methodology. Throughout the text, we will elaborate and add to
the concepts in this chapter. We will describe a large and dynamic research liter-
ature that is discovering new principles of human measurement and estimation of
large population characteristics. We will gain insight into how the theories being
developed lead to practices that affect the day-to-day tasks of constructing and
implementing surveys. The practices will generally be aimed at improving the
quality of the survey statistics (or reducing the cost of the survey). Often, the
practices will provide new measurements of how good the estimates are from the
survey.
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EXERCISES

1) A recent newspaper article reported that “sales of handheld digital devices
(e.g., Palm Pilots, PDAs) are up by nearly 10% in the last quarter, while sales
of laptops and desktop PCs have remained stagnant.” This report was based
on the results of an on-line survey in which 9.8% of the more than 126,000
respondents said that they had “purchased a handheld digital device between
January 1 and March 30 of this year.” E-mails soliciting participation in this
survey were sent to individuals using an e-mail address frame from the five
largest commercial Internet service providers (ISPs) in the United States.
Data collection took place over a 6-week period beginning May 1, 2002. The
overall response rate achieved in this survey was 53%. Assume that the
authors of this study wanted to infer something about the expected purchases
of US adults (18 years old +).
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2)

3)

4)

5)
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a) What is the target population?

b) Based on this chapter and your readings, briefly discuss how the design
of this survey might affect the following sources of error (2—4 sentences
each);

e coverage error
e nonresponse error
e measurement error

c) Without changing the duration or the mode of this survey (i.e., computer
assisted, self-administration), what could be done to reduce the errors
you outlined in (b)? For each source of error, suggest one change that
could be made to reduce this error component, making sure to justify
your answer based on readings and lecture material (1-2 sentences
each).

d) To lower the cost of this survey in the future, researchers are consider-
ing cutting the sample in half, using an e-mail address frame from only
the two largest ISPs. What effect (if any) will these changes have on
sampling error and coverage error (1-3 sentences each)?

Describe the difference between coverage error and sampling error in survey
statistics.

Given what you have read about coverage, nonresponse, and measurement
errors, invent an example of a survey in which attempting to reduce one error
might lead to another error increasing. After you have constructed the exam-
ple, invent a methodological study design to investigate whether the reduc-
tion of the one error actually does increase the other.

This chapter described errors of observation and etrors of nonobservation.

a) Name three sources of error that affect inference from the sample from
which data were collected to the target population.

b) Name three sources of error that affect inference from the respondents’
answers to the underlying construct.

¢) For each source of error you mentioned, state whether it potentially
affects the variance of estimates, biases the estimates, or both.

For each of the following design decisions, identify which error sources
described in your readings might be affected. Each design decision can affect
at least two different error sources. Write short (24 sentences) answers to
each point.

a) The decision to include or exclude institutionalized persons (e.g., resid-
ing in hospitals, prisons, military group quarters) from the sampling
frame in a survey of the prevalence of physical disabilities in the United
States.

b) The decision to use self-administration of a mailed questionnaire for a
survey of elderly Social Security beneficiaries regarding their housing
situation.

EXERCISES

c)

d)

The decision to use repeated calls persuading reluctant respondents in a
survey of customer satisfaction for a household product manufacturer.
The decision to reduce costs of interviewing by using existing office per-
sonnel to interview a sample of patients of a health maintenance organ-
ization (HMO) and thereby increase the sample size of the survey. The
topic of the survey is their use of prescription medications.

The decision to increase the number of questions about assets and
income in a survey of income dynamics, resulting in a lengthening of the
interview.
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CHAPTER THREE

|

TARGET POPULATIONS,
SAMPLING FRAMES, AND
COVERAGE ERROR

3.1 INTRODUCTION

Sample surveys describe or make inferences to well-defined populations. This
chapter presents the conceptual and practical issues in defining and identifying
these populations. The fundamental units of populations are referred to as “ele-
ments.” The totality of the elements forms the full population. In most household
populations, elements are persons who live in households; in NAEP and other
school samples, the elements are often students within the population of schools;
in business surveys like CES, the element is an establishment. Elements can be
many different kinds of units, even in the same survey. For example, in a house-
hold survey, in addition to persons, the inference might also be made to the hous-
ing units where the persons live, or to the blocks on which they live, or to the
churches that they attend. In short, statistics describing different populations can
be collected in a single survey when the populations are linked to units from
which measurements are taken.

Surveys are unique among the common research tools in their concern about
a well-specified population. For example, when conducting randomized biomed-
ical experiments, the researcher often pays much more attention to the experimen-
tal stimulus and the conditions of the measurement than to the identification of
the population under study. The implicit assumption in such research is that the
chief purpose is identifying the conditions under which the stimulus produces the
hypothesized effect. The demonstration that it does so for a variety of types of
subjects is secondary. Because surveys evolved as tools to describe fixed, finite
populations, survey researchers are specific and explicit about definitions of pop-
ulations under study.

3.2 POPULATIONS AND FRAMES

The “target population” is the group of elements for which the survey investiga-
tor wants to make inferences using the sample statistics. Target populations are
finite in size (i.e., at least theoretically, they can be counted). They have some
time restrictions (i.e., they exist within a specified time frame). They are observ-
able (i.e., they can be accessed). These aspects of target populations are desirable

elements

farget
population
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for achieving clear understanding of the meaning of the survey statistics and for
permitting replication of the survey.

The target population definition has to specify the kind of units that are ele-
ments in the population and the time extents of the group. For example, the tar-
get population of many US household surveys is persons 18 years of age or older,
— “adults” who reside in housing units within the United States. A “household”
includes all the persons who occupy a housing unit. A “housing unit” is a house,
an apartment, a mobile home, a group of rooms, or a single room that is occupied
(or if vacant, is intended for occupancy) as separate living quarters. Separate liy-
ing quarters are those in which the occupants live and eat separately from any
other persons in the building and which have direct access from the outside of the
building or through a common hall. The occupants may be a single family, one
person living alone, two or more families living together, or any other group of
related or unrelated persons who share living arrangements. Not all persons in the
United States at any moment are adults; not all adults reside in housing units
(some live in prisons, long-term care medical facilities, or military barracks).

Not all US national household surveys choose this target population. Some
limit the target population to those living in the 48 coterminous states and the
District of Columbia (excluding Alaska and Hawaii). Others add to the target pop-
ulation members of the military living on military bases. Still others limit the tar-
get population to citizens or English speakers.

Since the population changes over time, the time of the survey also defines
the target population. Since many household surveys are conducted over a period
of several days, weeks, or even months, and since the population is changing
daily as persons move in and out of the US households, the target population of
many household surveys is the set of persons in the household population during
the survey period. In practice, the members of households are “fixed” at the time
of first contact in many surveys.

There are often restrictions placed on a survey data collection operation that
limit the target population further. For example, in some countries it may not be
possible to collect data in a district or region due to civil disturbances. These dis-
tricts or regions may be small in size, and dropped from the population before
sample selection begins. The restricted population, sometimes called a “survey
population” is not the intended target population, and yet it is realistically the
actual population from which the survey data are collected. For example, the CES
target population consists of all work organizations with employees in a specific
month. Its survey population, however, consists of employers who have been in
business for several months (long enough to get on the frame). A survey organi-
zation may note the restriction in technical documentation, but users of available
public use data may not make a clear distinction between the target population
(e.g., persons living in the country) and the survey population (e.g., persons liv-
ing in the country, except for districts or regions with civil disturbances).

A set of materials, or “sampling frame,” is used to identify the elements of
the target population. Sampling frames are lists or procedures intended to identify
all elements of a target population. The frames may be maps of areas in which ele-
ments can be found, time perieds during which target events would occur, or
records in filing cabinets, among others. Sampling frames, at their simplest, con-
sist of a simple list of population elements. There are populations for which lists
are readily available, such as members of a professional organization, business
establishments located in a particular city or county, or hospitals, schools, and

pOPULATIONS AND FRAMES

other kinds of institutions. There are registries of addresses or of persons in a
aumber of countries that also serve as sampling frames of persons.

There are many populations, though, for which lists of individual elements
are not readily available. For example, in the United States lists are seldom avail-
able in one place for all students attending school in a province or state, inmates
in prisons, or even adults living in a specific county. There may be lists of mem-
bers in a single institution or cluster of elements, but the lists are seldom collected
across institutions or combined into a single master list. In other cases, lists may
have to be created during survey data collection. For example, lists of housing
units are often unavailable for household surveys. In area sampling, well-defined
geographic areas, such as city blocks, are chosen in one or more stages of selec-
tion, and staff are sent to selected blocks to list all housing units. The cost of cre-
ating a list of housing is thus limited to a sample of geographic areas, rather than
a large area.

When available sampling frames miss the target population partially or
entirely, the survey researcher faces two options:

1) Redefine the target population to fit the frame better.
2) Admit the possibility of coverage error in statistics describing the origi-
nal target population.

A common example of redefining the target population is found in telephone
household surveys, where the sample is based on a frame of telephone numbers.
Although the desired target population might be all adults living in US house-
holds, the attraction of using the telephone frame may persuade the researcher to
alter the target population to adults living in telephone households. Alternatively,
the researcher can keep the full household target population and document that
approximately 6% of the US households are missed because they have no tele-
phones. Using a new target population is subject to the criticism that the popula-
tion is not the one of interest to the user of the survey statistics. Maintaining the
full household target population means that the survey is subject to the criticism
that there is coverage error in its statistics. Clearly, these are mostly labeling dif-
ferences for survey weaknesses that are equivalent — the telephone survey will
still be an imperfect tool to study the full adult household population.

A more dramatic example of the options above could affect NAEP, the sur-
vey of students in US schools. Imagine that the target population was all school
children in the United States, but the sampling frame consisted only of children
in public schools. Because children in private schools on average come from
wealthier families, their mathematical and verbal assessment scores often exceed
those of public school children. The choice of redefining the target population to
fit the frame (and reporting the survey as describing public school children only)
would be subject to the criticism that the survey fails to measure the full student
population — in essence, the survey is not fully relevant to the population of inter-
est to US policy makers. Using the target population of all students (and report-
ing the survey as describing all students), but noting that there may be coverage
error for private school students, leads to coverage errors. In short, the first option
focuses on issues of relevance to different users of the survey; the second option
focuses on statistical weaknesses of the survey operations.
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3.3 COVERAGE PROPERTIES OF SAMPLING FRAMES

Although target and survey populations can be distinguished, a central statistica]
concern for the survey researcher is how well the sampling frame (the available
materials for sample selection) actually covers the target population. In Figure 2.6
in Chapter 2, the match of sampling frame to target population created three
potential outcomes: coverage, undercoverage, and ineligible units.

When a target population element is in the sampling frame, it is labeled as
“covered” by the frame. There can be elements in the target population that do
not, or cannot, appear in the sampling frame. This is called “undercoverage,” and
such eligible members of the population cannot appear in any sample drawn for
the survey. A third alternative, “ineligible units,” occurs when there are units on
the frame that are not in the target population (e.g., business numbers in a frame
of telephone numbers when studying the telephone household target population),

A sampling frame is perfect when there is a one-to-one mapping of frame ele-
ments to target population elements. In practice, perfect frames do not exist; there
are always problems that disrupt the desired one-to-one mapping.

It is common to examine a frame to measure the extent to which each of four
problems arises. Two of these have already been discussed briefly above: under-
coverage and ineligible or foreign units. The other two concern cases in which a
unit is present in the frame, and it maps to an element in the target population, but
the mapping is not unique, not one to one. “Duplication” is the term used when
several frame units are mapped onto the single element in the target population,
In sample surveys using the frame, the duplicated elements may be overrepre-
sented. “Clustering” is the term used when multiple elements of the target popu-
lation are linked to the same single frame element. In sample surveys using the
frame, the sample size (in counts of elements) may be smaller or larger depend-
ing on the clusters selected. There are also cases in which multiple frame units
map to multiple target population elements, many-to-many mappings. We con-
sider this more complicated problem only briefly in this section, viewing the
problem as a generalization of a combination of duplication and clustering.

3.3.1 Undercoverage

Undercoverage is the weakness of sampling frames prompting the greatest fears
of coverage error. It threatens to produce errors of omission in survey statistics
from failure to include parts of the target population in any survey using the
frame. For example, in telephone household surveys where the target population
is defined as persons in all households, undercoverage occurs because no tele-
phone sampling frame includes persons in households without telephones. This is
true for the BRFSS and SOC. In many countries of the world, because telephone
subscription requires ongoing costs, poor persons are disproportionately not cov-
ered. In countries in which mobile telephones are replacing fixed-line service,
younger persons are likely to be uncovered by frames limited to line telephone
numbers because they are adopting the new technology more quickly. As we will
discuss in Section 3.5, the impact on survey statistics (whether based on censuses
or surveys) of noncoverage depends on how those on the frame differ from those
not on the frame.

COVERAGE PROPERTIES OF SAMFLING FRAMES

The causes of coverage problems depend on
the processes used to construct the sampling
fame. Those processes may be under the control
of the survey design, or they may be external to
the survey (when a frame is obtained from an
outside source). For example, in some household
surveys, the survey sample is initially based on a
list of areas, such as counties, blocks, enumera-
tion areas, or other geographic units; then on lists
of housing units within selected blocks or enu-
meration areas; and finally, on lists of persons
within the households. These samples are called
“area frame samples” or “area probability
samples.” Coverage problems can arise at all
three levels.

In area probability designs, each selected
area incurs a second frame development, in
which survey staffs develop sampling frames of
housing units, usually using addresses to identify
them. Staffs are sent to sample areas, such as a
block or group of blocks, and instructed to list all
housing units in them. The task is considerably
more difficult than it may appear. A boundary
such as a street or road, railroad tracks, or river
or other body of water are relatively fixed and
readily identified. Whether a particular housing
unit is in or out of the area, and should or should
not be listed, is relatively easily determined.
Boundaries based on “imaginary lines” based on
lines of sight between natural features such as the
top of a mountain or ridge, are open to interpre-
tation, and more difficult to identify under field
conditions. Whether a particular housing unit is
in the area or not also becomes a matter of inter-
pretation. Housing units that are widely sepa-
rated from others may be left out of the listing
because of boundary interpretation errors. These
will be part of the noncovered population.

Housing unit identification is not a simple
task in all cases. A housing unit is typically
defined to be a physical structure intended as a
dwelling that has its own entrance separate from
other units in the structure and an area where
meals may be prepared and served. Single family
or detached housing units may be readily identi-
fied. However, additional units at a given loca-
tion may not be easily seen when walls or other
barriers are present. Gated communities or
locked buildings may prevent inspection alto-
gether. It is also possible to miss a unit in rural

Robinson, Ahmed, das Gupta, and
Woodrow (1993) on US Decennial
Census Coverage

In 1993, Robinson et al. assessed the
completeness of coverage in the census
of 1990 using demographic analysis.

Study design. Demographic analysis
uses administrative data on population
change: births, deaths, immigration, and
emigration. This yields counts of per-
sons by age, race, and gender, inde-
pendent of the census, which enumer-
ates people through mail questionnaires
and enumerator visits. Robinson et al.
compared these independent population
estimates with the census population
counts and calculated the net census
undercount as well as the net under-
count rate.

Findings: The overall estimated net
undercount in the 1990 Census was
4.68 million, or 1.85%. The estimate for
males exceeded the one for females
(2.79% vs. 0.94%) and the net under-
count of Blacks was higher than that of
non-Blacks (5.68% vs. 1.29%). Black
men age 25-64 as well as Black males
and females age 0-9 had higher than
average net undercount.

Limitations of the study: The undercount
estimates assume no error in demo-
graphic analysis. Net undercount meas-
ures are not able to reflect their different
components in detail, the omission of
persons from the census (undercount),
and the duplication of persons of the
census (overcount). In addition, defini-
tional differences in demographic cate-
gories complicate the comparison.

Impact of the study: This study provided
empirical support for ethnographic stud-
jes identifying transient membership,
unrelated individuals in large house-
holds, and young children of divorced
parents as underreported in listings of
the household members.
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areas or under crowded urban conditions because it is not visible from public
areas. Housing units located along alleyways or narrow lanes with an entrance not
clearly visible from a public street can be easily missed during listing. Each
missed unit may contribute to undercoverage of the target population.

Housing units in multiunit structures are also difficult to identify. External
inspection may not reveal multiple units in a particular structure. The presence of
mailboxes, utility meters (water, gas, or electricity), and multiple entrances are
used as observational clues about the presence of multiple units. Hidden
entrances, particularly those that cannot be seen from a public street, may be
missed.

There are also living arrangements that require special rules to determine
whether a unit is indeed a housing unit. For example, communal living arrange-
ments are not uncommon in some cultures. A structure may have a single
entrance, a single large communal cooking area, and separate sleeping rooms for
families related by birth, adoption, or marriage. Procedures must be established
for such group quarters, including whether the unit is to be considered a house-
hold, and whether the single structure or each sleeping room is to be listed.

Institutions must also be identified, and listing rules established. Some insti-
tutions are easily identified, such as prisons or hospitals. Caretaker housing units
on the institutional property must be identified, however, even if the institution
itself is to be excluded. Other institutions may not be as easily identified. For
example, prison systems may have transition housing in which prisoners still
under the custody of the system live in a housing unit with other inmates.
Procedures must be established for whether such units are to be listed as housing
units, or group quarters, or excluded because of institutional affiliation. Similarly,
hospitals or other health care systems may use detached housing units for care of
the disabled or those requiring extended nursing care. To the extent that housing
units are left off a list because staff is uncertain about whether to include them,
coverage error in survey statistics might arise.

Another common concern about undercoverage in household surveys stems
from the fact that sampling frames for households generally provide identification
of the housing unit (through an address or telephone number) but not identifiers
for persons within the household. (Countries with population registers often use
the registry as a sampling frame, skipping the household frame step.) In a census
or a survey using a frame of addresses, but with a target population of persons, a
small sampling frame of persons in each household must be developed.
Interviewers list persons living in the household, but if the listings are not accu-
rate reflections of who lives in the household, coverage problems arise.

The frames of persons in household surveys generally list “residents” of the
household. Residency rules must be established so that an interviewer can deter-
mine, based on informant reports, whether to include persons in the household
listing. Two basic residency rules are used in practice. In the de facto rule used in
census and some survey operations, persons who slept in the housing unit the pre-
vious night are included. This rule is typically reserved for shorter-term data col-
lection activities to avoid overcoverage of individuals who may have frequent
residence changes, could appear in more than one housing unit across a short time
period, and be overrepresented in the sample. It is easy to apply, because the def-
inition is relatively clear. Undercoverage may arise for individuals traveling and
staying in institutions (such as a hotel) the previous evening, even though the per-
son usually sleeps in the household in the evening,

COVERAGE PROPERTIES OF SAMPLING FRAMES

A more common residency rule in surveys is the de jure rule, based on “usual
residence,” who usually lives in the housing unit. This rule can be straightforward
to apply for many individuals, but there are also many circumstances where the
application of the rule is difficult. Usual residency for individuals whose employ-
ment requires travel, such as sales representatives, truck drivers, or airline pilots,
may be unclear. If the informant says that the housing unit is their usual residence
when not traveling, the rule uses the residence for the majority of some time
period (such as the previous year or month). If the individual intends to use the
housing unit as their residence (for those who have just moved into the unit) the
de jure rule will include them as usual residents.

Most US household censuses and surveys use such procedures, and their cov-
erage properties are well documented. Younger males (18-29 years old), espe-
cially those in minority racial groups, appear to have looser ties with households.
They may live with their parents some days of the week, with friends on other
days. Similarly, young children in poorer households, especially those without
two parents, may live with their mother some time, their grandparents sometimes,
their father or other relative other times. In such housing units, when the inter-
viewer asks the question, “Who lives here?” it appears that such persons are dis-
proportionately omitted (see Robinson, Ahmed, das Gupta, and Woodrow, 1993;
box on page 71) and are a source of undercoverage.

Sometimes, the set of persons residing in a housing unit are not approved by
legal authority. For example, a rental agreement for an apartment may specify that
only one family of at most five persons can occupy the unit. However, poor per-
sons may share rental expenses among several families in violation of the agree-
ment. They may be reluctant to report the additional family as residents of the
unit. If social welfare rules limit eligibility to married couples, an unmarried
woman may fail to report a male resident in the unit. This leads to systematic
omissions of certain types of persons (de la Puente, 1993).

In some cultures, certain individuals are not considered to be part of the
household, even though they fit the usual resident requirements of the de jure
rule. Infants, for example, may not be considered residents, and left off the list.
Indeed, the fit between the traditionally defined “household” and the population
is a ripe area for research in survey methodology. So central has been the use of
the household as a convenient sampling unit that most survey research employs it
for person-level surveys. When people are only ambiguously related to housing
units, however, the practice needs scrutiny.

In an establishment survey, the creation, merger, and death of establishments
are important factors in undercoverage. The definition of an establishment, par-
ticularly with very large and very small firms, is difficult to apply in practice.
Firms with many locations, such as franchised establishments, may have to be
separated into multiple establishments based on geographic location. Firms with
several offices or factories, warehouses, or shipping locations may also have to be
listed separately. The distinction between a survey-defined establishment and a
business unit in a firm may be difficult to determine.

Establishments may be in existence for very short periods of time, or may be
so small that they are not included in available frames. For example, the CES
misses newly established employers for a period of months. Establishment frames
may be in part based on administrative registries, but these can be out of date or
incomplete, particularly for newly created establishments. Mergers or subdivision
of firms complicate administrative record keeping, and may lead to overcoverage
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as well as undercoverage. Keeping establishment frames up to date is a sizable
and ongoing task.

Undercoverage is a difficult problem to identify and to solve. If population
elements do not appear in the frame, additional frames might be used to try to
identify them (see multiple frame surveys in Section 3.6.3). In telephone house-
hold surveys, nontelephone households may be covered through the use of an area
sampling frame that in principle covers all households, regardless of telephone
subscription. There are techniques for expanding the coverage of the frame
through respondent reports about other population elements (see multiplicity
techniques in Section 3.6.2), but in US household surveys, proxy reports about
other households or persons are increasingly restricted due to human subjects’
concerns about privacy.

3.3.2 Imeligible Units

Sometimes, sampling frames contain elements that are not part of the target pop-
ulation. For example, in telephone number frames, many of the numbers are non-
working or nonresidential numbers, complicating the use of the frame for the tar-
get population of households. In area probability surveys, sometimes the map
materials contain units outside the target geographical area. When the survey staff
visits sample areas to list housing units, they sometimes include unoccupied or
business structures that appear to be housing units.

When interviewers develop frames of household members within a unit, they
often use residence definitions that do not match the meaning of “household” held
by the informant. Parents of students living away from home often think of them
as members of the household, yet many survey protocols would place them at col-
lege. The informants might tend to exclude persons unrelated to them who rent a
room in the housing unit. Studies show that children in shared custody between
their father and mother disproportionately are omitted from household listings.

Although undercoverage is a difficult problem, “ineligible” or “foreign”
units in the frame can be a less difficult problem to deal with, if the problem is
not extensive. When foreign units are identified on the frame before selection
begins, they can be purged with little cost. More often, foreign or ineligible units
cannot be identified until data collection begins. If few in number, after sampling
they can be identified in a screening step and dropped from the sample, with a
reduction in sample size. If the prevalence of foreign units is known, even approx-
imately, in advance, additional units can be selected, anticipating that some will
be screened out. For example, it is known that approximately 15% of entries in
residential portions of national telephone directories are numbers that are no
longer in service. To achieve a sample of 100 telephone households, one could
select a sample of 100/(1 — 0.15) = 118 entries from the directory, expecting that
18 are going to be out-of-service numbers.

When the proportion of foreign entries is very large, the sampling frame may
not be cost-effective to use. In telephone household surveys in the United States,
for example, one frame contains all the known area code—prefix combinations
(the first six digits of a US 10 digit phone number). Surveys based on the frame
are often called “random digit dialed surveys.” Of all the possible 10 digit phone
numbers in the frame, more than 85% of the numbers are not in service (foreign
units). It is time-consuming to screen numbers with that many foreign units.
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Target Population Frame Population

Elements Elements
Ronald Smith
Alicia Smith 734-555-1000
Thomas Smith
Joyce Smith

Harold Jones » 734-555-1004

Thomas Bates \
Jane Bates » 734-555-1012

Figure 3.1 Cluster of target population elements associated
with one sampling frame element.

Other sampling frames and sampling techniques have been developed that are
more cost-effective for selecting telephone households (some of these are
described in Section 4.8).

3.3.3 Clustering of Target Population Elements Within Frame
Elements

As mentioned previously, multiple mappings of frame to population (clustering)
or population to frame (duplication) are problems in sample selection. A sample
of adults living in telephone households (the target population) using a telephone
directory (the sampling frame) illustrates each of these problems.

A telephone directory lists telephone households in order by surname, given
name, and address. When sampling adults from this frame, an immediately obvi-
ous problem is the clustering of eligible persons that occurs. “Clustering” means
that multiple elements of the target population are represented by the same frame
element. A telephone listing in the directory may have a single or two or more
adults living there.

Figure 3.1 illustrates clustering. The left side of the figure shows seven dif-
ferent target population elements, persons who live in telephone households. The
Smith family (Ronald, Alicia, Thomas, and Joyce) lives in the same household,
which has the telephone number 734-555-1000, the sampling frame element. All
the Smith’s are associated with only one frame element, even though together
they may form four elements of the target population.

One way to react to clustering of target population elements is by simply
selecting all eligible units in the selected telephone households (or all eligible
units in a cluster). With this design, the probability of selection of the cluster
applies to all elements in the cluster.

Clustering poses important issues that often lead to subsampling the cluster.
First, in some instances it may be difficult to collect information successfully
from all elements in the cluster. In telephone surveys, nonresponse sometimes
increases when more than one interview is attempted in a household by telephone.

multiple
mappings

clustering
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Second, when interviews must be conducted at more than one point in time, inj-
tial respondents may discuss the survey with later respondents, affecting their
answers. In opinion surveys, an answer to a question may be different if the
respondent is hearing the question for the first time, or has already heard the ques-
tion from another person who has already completed the interview. Even answers
to factual questions may be changed if respondents have talked among them-
selves. Third, if the clusters are different in size (as in the case of clusters of adults
at the same telephone number), control of sample size may become difficult. The
sample size of elements is the sum of the cluster sizes, and that is not under the
direct control of the survey operation unless cluster size is known in advance.

To avoid or reduce these problems, a sample of elements may be selected
from each frame unit sampled (the cluster of target population members). In the
case of telephone household surveys of adults, one adult may be chosen at ran-
dom from each sampled household. All efforts to obtain an interview are concen-
trated on one eligible person, contamination is eliminated within the household,
and the sample size in persons is equal to the number of households sampled.

In the case of telephone and other household surveys in which a single eligi-
ble element is chosen, the development of the within-household frame of eligible
persons, the selection of one of them, and the interview request is done in real
time, at the time of data collection. Since the primary responsibility of the inter-
viewer is data collection, and since interviewers are seldom statistically trained to
draw good samples, simple procedures have been designed to allow selection dur-
ing data collection of a single element rapidly, objectively, and with little or no
departures from randomization. One widely used procedure (Kish, 1949) desig-
nates in advance a particular element on a newly created frame of eligible ele-
ments in the household. In order to maintain objectivity in selection, the elements
are listed in a well-defined and easily checked order (say, by gender, and then by
age within gender). When data collection is implemented by computer-assisted
methods, the selection can be randomly made by computer at the time of listing,
avoiding the need for a designated element to be selected in advance.

One difficulty that arises with these procedures is that early in the first con-
tact with the household, the interviewer must ask for a list of eligible persons.
Such a request may arouse suspicion about the intent of the interviewer, and lead
to nonresponse, especially in telephone surveys. Alternative selection procedures
have been devised, such as the “last birthday” method. The informant is asked to
identify the eligible person in the household whose birthday occurred most
recently. Given a specific time for the data collection, this assigns zero chance of
selection to all but one person in the household (that person whose birthday was
most recent). If, on the other hand, the survey data collection is continuous over
time, probabilities of selection are equal across persons. Although the procedure
does not yield a probability sample, for time-limited surveys, it has no apparent
biases if correct responses were obtained. In practice, the choice of the eligible
person may be influenced by subjective criteria used by the respondent. Repeated
studies show a tendency for the person who answers the telephone to self-identify
as that person who had the most recent birthday (suggesting response error). In
the United States, there is a tendency for females to identify as having had the
most recent birthday. Hence, the procedure is, in practice, typically biased.

After sample selection, there is one other issue that needs to be addressed in
this form of cluster sampling — unequal probabilities of selection. If all frame ele-
ments are given equal chances, but one eligible selection is made from each, then
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elements in large clusters have lower overall probabilities of selection than ele-
ments in small clusters. For example, an eligible person chosen in a telephone
household containing two eligibles has a chance of one half of being selected,
given that the household was sampled, whereas those in a household with four eli-
gibles have a one in four chance.

The consequence of this kind of sampling is that the sample ends up overrep-
resenting persons from households with fewer eligibles, at least relative to the tar-
get population. In other words, more eligibles are in the sample from smaller
households than one would find in the target population. If, for some variables
collected in the survey instrument, there is a relationship between cluster size and
the variable, the sample results will not be unbiased estimates of corresponding
target population results. For example, persons living in households with more
persons tend to be victims of crime more often than persons living in smaller
households.

Some compensation must be made during analysis of the survey data in order
to eliminate this potential source of bias. Selection weights equal to the number
of eligibles in the cluster can be used in survey estimation. Weighting and
weighted estimates are described in detail in Chapter 10.

3.3.4 Duplication of Target Population Elements in Sampling
Frames

The other kind of multiple mapping between frame and target populations that
arises is duplication. “Duplication” means that a single target population element
is associated with multiple frame elements. In the telephone survey example, this
may arise when a single telephone household has more than one listing in a tele-
phone directory. In Figure 3.2, Tom Clark, a target population member, has two
frame elements associated with him: the telephone numbers 314-555-9123 and
314-555-9124. Multiple listings of the target population of households may occur
because the household has more than one telephone number assigned to it, or

Target Population Frame Population

Elements Elements

314-555-9123

Tom Clarke » 314-555-9124

Pat Wallman

Henry Thomas » 314-555-9156

Joel Blinker

Zack Horowitz » 314-555-9173

Jill Horowitz » 314-555-9222

Amelia Miller » 314-555-9274

Figure 3.2 Duplication of target population elements
by more than one sampling frame element.

duplication
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because individuals within the household request and pay for additional listings
in the directory. For example, in towns with universities and colleges, unrelated
students often rent housing together, and acquire a single telephone number for
the household. One listing in the directory is provided with the telephone sub-
scription, and one person is given as the listed resident. Other residents may add
listings for the same phone number under different names. This gives multiple
frame listings for one household.

The problem that arises with this kind of frame problem is similar to that
encountered with clustering. Target population elements with multiple frame
units have higher chances of selection and will be overrepresented in the sample,
relative to the population. If there is a correlation between duplication and vari-
ables of interest, survey estimates will be biased. In survey estimation, the prob-
lem is that both the presence of duplication and the correlation between duplica-
tion and survey variables are often unknown.

The potential for bias from duplication can be addressed in several ways. The
sampling frame can be purged of duplicates prior to sample selection. For exam-
ple, an electronic version of a telephone directory can be sorted by telephone
number, and duplicate entries for the same number eliminated. When the frame
cannot be easily manipulated, though, purging of duplicates may not be cost-
effective.

Duplicate frame units may also be detected at the time of selection, or during
data collection. A simple rule may suffice to eliminate the problem, designating
only one of the frame entries for sample selection. Any other duplicate entries
would be treated as foreign units, and ignored in selection. For example, one
selection technique is that only the first entry in the directory is eligible. At the
time of contact with the telephone household, the household informant can be
asked if there is more than one entry in the directory for the household. If so, the
entry with the surname that would appear first is identified. If the selection is for
another entry, the interview would be terminated because the selection was by
definition a foreign unit.

Another solution, as in the case of clustering, is weighting. If the number of
duplicate entries for a given population element is determined, the compensatory
weight is equal to the inverse of the number of frame elements associated with the
sampled target element. For example, if a telephone household has two phone
lines and three total entries in the directory (identified during data collection by
informant report), the household receives a weight of /4 in a sample using the
directory frame and a weight of % in a sample using an RDD frame.

3.3.5 Complicated Mappings between Frame and Target
Population Elements

It is also possible to have multiple frame units mapped to multiple population ele-
ments. For example, in telephone household surveys of adults, one may encounter
a household with several adults who have multiple entries in the directory. This
many-to-many mapping problem is a combination of clustering and duplication.
For example, in Figure 3.3 the three member Schmidt household (Leonard, Alice,
and Virginia) has two telephone number frame elements (403-555-5912 and 403-
555-5919). They might represent three target population elements mapped onto
two sampling frame elements. A common solution to this problem is to weight
survey results to handle both problems simultaneously. The compensatory weight
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Target Population Frame Population
Elements Elements

403-555-5912
Leonard Schmidt 403-555-5919
Alice Schmidt
Virginia Schmidt 403-555-5916
Paul Lehmann <
Justin Lehmann 403-555-5917

Theresa Placht » 403-555-5922
Janet Ferguson » 403-555-5927

A

Figure 3.3 Clustering and duplication of target population
elements relative to sampling frame elements.

for person-level statistics is the number of adults (or eligibles) divided by the
number of frame entries for the household. In the example, the weight for the
Schmidt household member selected would be /. More complicated weighting
methods may be required for more complicated many-to-many mappings occur-
ring in other types of surveys.

3.4 CoMMON TARGET POPULATIONS AND THEIR FRAME ISSUES

Given the description of different frame problems above, we are now ready to
describe some common target populations and frame issues they present. Surveys
most commonly target the household population of a geographical area; employ-
ees, customers, or members of an organization; or organizations and groups.
Some surveys are designed to select events such as surgical procedures or trips
taken by car.

3.4.1 Households and Persons

In the United States, the common sampling frames for households are area frames
(lists of area units like census tracts or counties), telephone numbers, telephone
listings, and mailing lists. The area frame, because it is based on geographical
units, requires an association of persons to areas, accomplished through a resi-
dency linking rule (de facto or de jure). Such a frame requires multiple stages
when used to sample persons. First, a subset of area units is selected; then listings
of addresses are made. If good maps or aerial photographs are available, the frame
offers theoretically complete coverage of residences. The frame suffers undercov-
erage if the listing of residences within selected area units misses some units. The
frame suffers duplication when one person has more than one residence. The
frame suffers clustering when it is used to sample persons because multiple per-
sons live in the final frame. These are the frame issues for the NCVS and
NSDUH.
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Another household population frame is that associated with telephone num-
bers for line telephones in housing units. This fails to cover about 6% of US
households. A minority of households has more than one line number and are
“over” covered. There are many nonresidential numbers on the frame that have to
be screened out when it is used for person-level samples. These are the frame
issues for BRFSS and SOC, both of which are random digit dialed surveys, using
the telephone number frame.

The frame of listed residential telephone numbers in the United States is
smaller than the telephone number frame. Commercial firms derive the frame
from electronic and printed telephone directories. They sell samples from the
frame to mass mailers and survey researchers. For uses in household surveys, it
is much more efficient because most of the nonworking and nonresidential num-
bers are absent. However, a large portion of residential numbers, disproportion-
ately urban residents and transient persons, is not listed in the directory. There are
duplication problems because the same number can be listed under two different
names, typically names of different members of the same household.

With the growing interest in Web surveys, there is much attention paid to the
possibility of developing a frame of e-mail addresses for the household popula-
tion. The e-mail frame, however, fails to cover large portions of the household
population (see Section 5.3.3). It has duplication problems because one person
can have many different e-mail addresses, and it has clustering problems because
more than one person can share an e-mail (e.g., smithfamily@aol.com).

Mobile or cell phones are rapidly replacing fixed-line service in many coun-
tries. As early as the mid-1990s in Finland, for example, fixed-line telephone sub-
scriptions began to decline while mobile phone subscribers rapidly increased
(Kuusela, 1996). This shift represented a loss of fixed-line telephone coverage
because cell phone numbers were not included in the existing frames. The cover-
age loss was greatest among younger persons and those just forming households

independent of their parents.

In addition, mobile phones differ from line phones in that they are often asso-
ciated with one person, not an entire household (as with line phones). Eventually,
telephone surveys will sample mobile phone numbers, and this will require move-
ment away from the household as a frame and sampling unit. At the present time,
though, there are a number of frame problems associated with a mix of clustering
and duplication occurring in fixed-line and cell service telephone numbers that
are ungolved. There is much methodological research to be conducted in this area.

3.4.2 Customers, Employees, or Members of an Organization

Most surveys that stady populations of customers, employers, or members of
organizations use a list frame. Sometimes, the list frame is an electronic file of
person records; other times it can be a physical set of records. Such record sys-
tems have predictable coverage issues. Undercoverage issues stem from the out-
of-date files. New employees or customers tend to be missed if the files require
several administrative steps before they are updated.

Similarly, the lists can contain ineligible elements, especially if persons leav-
ing the organization are not purged from the list quickly. For example, in a file of
customers, some of the customers may have experienced their last transaction so
long ago that in their minds they may not perceive themselves as customers. In
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addition, there may be some ambiguity about whether a person should !ae cou;xlted
as a member of the organization. In surveys of employees of a busmes,s(,1 ov:
should “contract” employees be treated? Although they may work day to day ai
the business, they are employees of another company that has a contract to sup-
ices to the business.
oy Sg;;licaﬁon of elements within a frame of employees or members can oeeur,
put is rarer than with the household frames. In a frgme of customers, duphcatxog
is inherent if the record is at the level of a transaction between the customer an
the organization. Every person who is a customer has as many records as tranlig;l;
tions they had with the organization. Hen.ce, t'he survey researgher needs to thi
carefully about whether the target population is one of people (i.e., the customers)
ions or both.
> trzlilsra:/cet;oilessearchers attempt to learn how and why the list was developed as
part of the evaluation of alternative frames. For example, payroll lists of employ-
ees of a hospital may fail to cover volunteer and contract staff, but yecords frorg
a security system producing identification cards may do so. Learning how arcx1
why the frame is updated and corrected is important. For example, payroll rec;}?r ]
for employees on monthly pay periods may be updated less frequently than those
for daily or weekly pay periods. Updating procedures for ’femporary ab;enczs
may complicate coverage issues of the frame. If an employee 1s on exte'nde. niled—
ical leave, is his/her record still in the frame? Should the tgrget population include
such persons? Al of these 1ssues require special examination for each survey con-

ducted.

3.43 Organizations

Organizational populations are diverse. They inclu(.ie.: churches, businesses, farms(i
hospitals, medical clinics, prisons, schools, chantles, govemmental @1t56?n11
civic groups. Sampling frames for these populations are often lists of umt;r. a .
the types of organizational populations, perhaps businesses are the most frequen
lation for surveys. .

targe]éﬁgiiiss populations iave distinct frame problerqs. .Firs.t, a very prominent
feature of business populations is their quite large variation 1n size. If the target
population of software vendors is chosen, both Microsoft (w1tt.1 revenues over $20
billion per year) and a corner retail outlet that may sel} $5,000 in software per year
should be in the frame. Many business surveys measure variables where size is
related to the variables of interest (e.g., estimates of total employment 1n the
industry). Hence, coverage issues of business frames oftfsn place more emphasis
on including the largest businesses than the smallest bugmesses. '

Second, the business population is highly dynamic. Small bl‘lsmesses are
born and die very rapidly. Larger businesses purchase others, plergmg two gnlts
into one (e.g., Hewlett-Packard buys Compaq and becomes a single corporatlolg).
A single business splits into multiple businesses (e.g., Ford Motor Company sp ;ts
off its parts division, creating Visteon, an independent compapy). This means t| a;
frame populations need to be constantly updated to mam‘tam good coverage 0
new businesses and to purge former businesses from the hs.ts.

Third, the business population demonstrates a distil_:\ctloq between a .legally
defined entity and physical locations. Multiunit, mu?nlocanon companies are
common (e.g., McDonald’s has over 30,000 locations in the world, but only one
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corporate headquarters). Hence, surveys of businesses can study “enterprises,”
the legally defined entities, or “establishments,” the physical locations. Some
legally defined businesses may not have a physical location (e.g., a consulting
business with each employee working on his/her own). Some locations are the
site of many businesses owned by the same person.

Besides the business population, other organizational populations exhibit
similar features, to larger or smaller extents. These characteristics demand that the
survey researcher think carefully through the issues of variation in size of organ-
ization, the dynamic nature of the population, and legal and physical definitions
of elements.

3.4.4 Events

Sometimes, a survey targets a population of events. There are many types of
events sampled in surveys: a purchase of a service or product, marriages, preg-
nancies, births, periods of unemployment, episodes of depression, an automobile
passing over a road segment, or a criminal victimization (like those measured in
the NCVS).

Often, surveys of events begin with a frame of persons. Each person has
either experienced the event or has not. Some have experienced multiple events
(e.g., made many purchases) and are in essence clusters of event “elements.” This
is how the NCVS studies victimizations as events. It first assembles a frame of
persons, each of whom is potentially a cluster of victimization events. NCVS
measures each event occurring during the prior six months and then produces sta-
tistics on victimization characteristics.

Another logical frame population for event sampling is the frame of time
units. For example, imagine wanting to sample the visits to a zoo over a one-year
period. The purpose of the survey might be to ask about the purpose of the visit,
how long it lasted, what were the most enjoyable parts of the visit, and what were
the least enjoyable parts. One way to develop a frame of visits is to first concep-
tually assign each visit to a time point, say, the time of the exit from the zoo. With
this frame, all visits are assigned to one and only one point in time. If the study
involves a sample, then the research can select a subset of time points (say, 5-
minute blocks) and attempt to question people about their visit as they leave dur-
ing those 5-minute sample blocks.

Some time-use surveys (which attempt to learn what population members are
doing over time) use electronic beepers that emit a tone at randomly chosen
moments. When the tone occurs, the protocol specifies that the respondent report
what they were doing at the moment (e.g., working at the office, watching televi-
sion, shopping) (see Csikszentmihalyi and Csikszentmihalyi, 1988; Larson and
Richards, 1994).

Surveys that study events may involve multiple populations simultaneously.
They are interested in statistics about the event population, but also statistics
about the persons experiencing the event. Whenever these dual purposes are
involved, various clustering and duplication issues come to the fore. In a study of
car purchases, for the event element of a purchase by a family, which persons
experienced the event — the legal owner(s), all family members, or just the poten-
tial drivers of the car? The NCVS produces statistics like the percentage of house-
holds experiencing a crime (based on the household units) and the percentage of
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household break-ins occurring while the residents were at home (based on the
incident population). Careful thinking about the most informative population for
different statistics is important in choosing the target and frame populations.

3.4.5 Rare Populations

“Rare populations” is a term that is used to describe small target groups of inter-
est to researchers. Sometimes, what makes a population rare is not its absolute
gize but its size relative to available frames that cover it. For example, consider
the population of welfare recipients in the United States. If there were 7.5 million
persons receiving welfare benefits in a population of 280 million, the population
would be rare principally because it forms less than 3% of the total population.
When chosen as target populations, rare populations pose considerable problems
for identifying suitable sampling frames.

The there are two basic approaches to building sampling frames for rare pop-
ulations. First, lists of rare population elements themselves can be made. For
example, one can attempt to acquire lists of welfare recipients directly (although
these might be kept confidential) through records in welfare disbursement offices.
Sometimes, no single list has good coverage and multiple lists are assembled (see
the discussion of multiple frame designs in Section 3.6.3). Second, and more
commonly, a frame that includes the rare population as a subset of elements can
be screened. For example, the household population can be screened to locate
families that receive welfare payments. If all elements of the rare population are
members of the larger frame population, complete coverage of the rare population
is possible (albeit at the expense of screening to locate the rare population).

3.5 COVERAGE ERROR

There are remedies for many of the sampling frame problems discussed in Section
3.3, but the remedies do not always eliminate coverage error. Undercoverage is a
difficult problem, and may be an important source of coverage error in surveys.
It is important to note, though, that coverage error is a property of sample statis-
tics and estimates made from surveys. One statistic in a survey may be subject to
large coverage errors; another from the same survey can be unaffected by the
same coverage issues. In the jargon of survey methodology, undercoverage,
duplication, clustering, and other issues are problems of a sampling frame.
Coverage error is the effect of those problems on a survey statistic.

The nature of coverage error in a simple statistic like the sample mean was
presented in Section 2.3.4. Recall that if a mean is being estimated, the coverage
bias was given as

- U,
YC—Yzﬁ(YC— 2 )

where ¥ denotes the mean for the total population, )_’C and I_Z are the means in the
population of the eligible units on the frame (covered) and not in the frame (not
covered), respectively, U is the total number of target population elements off the
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frame and N is the full target population. Thus, the error due to not covering the
N—C units left out of the frame is a function of the proportion “not covered” and
the difference between means for the covered and the not covered.

The survey (regardless of its sample size) can only estimate the mean of the
covered, Yc The extent to which the population of U noncovered units is large, or
there is a substantial difference between covered and undercovered, determines
the size of the bias, or coverage error. The proportion not covered will vary across
subclasses of the eligible persons. That is, undercoverage could be higher for the
total sample than for a particular subgroup. In addition, since coverage error
depends on the difference of estimates between covered and undercovered, cov-
erage error can vary from one statistic to another, even if they are based on the
same subclass of eligible units.

3.6 REDUCING UNDERCOVERAGE

Remedies for common frame problems such as duplication, clustering, many-to-
many mappings, undercoverage, and foreign units in frames have been examined
in Section 3.3. However, specific remedies for undercoverage, and consequent
coverage error, were not addressed in detail in that section. There is a general
class of coverage improvement procedures that involve frame supplementation
designed to reduce coverage error more specifically.

3.6.1 The Half-Open Interval

Frames that are slightly out of date, or that provide reasonably good coverage
except for some kinds of units, may be brought up to date through additions in
update listing operations during or shortly before data collection. If there is a log-
ical order to the list, it may be possible to repair the frame by finding missing
units between two listed units.

No. Address Selection?

1 101 Elm Street

103 Elm Street, Apt. 1
103 Elm Street, Apt. 2
107 Elm Street Yes
111 Elm Street
302 Oak Street
306 Oak Street

N|jo|lolbh|lW]IDN

Figure 3.4 Address list for area household survey block.
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Half-open
interval

Elm Street /
! 1
101 | | 103 | | 107 / [ 1
1
3 L : O
&3 302 | | =
B 2
- 306

Maple Street

Figure 3.5 Sketch map for area household survey block.

Consider, for example, address or housing unit lists used in household sur-
veys (see Figure 3.4). These lists may become out of date and miss units quickly.
They may also have missed housing units that upon closer inspection could be
added to the list. Since address lists are typically in a particular geographic order,
it is possible to add units to the frame only for selected frame elements, rather
than updating the entire list. That is, frames can be updated after selection and
during data collection.

One such tool is called the “half-open interval.” Consider the example of one
block with the address list shown in Figure 3.4. The geographic distribution of
addresses is available for the block in a sketch map shown in Figure 3.5. Suppose
that an address from this frame has been selected: 107 Elm Street. From an area
frame perspective, the address of 107 Elm Street will be viewed not as a physical
structure but a geographic area bounded by “property lines” from 107 Elm Street
up to but not including the next listed address, 111 Elm Street. List order defines
what mathematicians would define from set theory as a half-open interval for
each address appearing on the list. The interval begins with 107 Elm Street (the
closed end of the interval) and extends up to but does not include 111 Elm Street
(the open end of the interval).

When an interviewer arrives at the selected address, he inspects the “half-
open interval” associated with 107 Elm Street to determine if there are any newly
constructed units or any missed units in the interval. If a new or missed unit is dis-
covered, the interviewer adds it to the list, selects it as a sample unit, and attempts
to conduct an interview at all addresses in the interval. All addresses in the half-
open interval thus have the same probability of selection (that of the selected
address), and missed or newly constructed units are automatically added to the
frame during data collection.

On occasion, the number of new addresses found in a half-open interval is
too large for the interviewer to be able to sustain the added workload. For
instance, if a new apartment building with 12 apartments had been constructed

half-open
interval
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between 107 and 111 Elm Street, the interviewer would be faced with conducting
13 interviews instead of an expected single household interview. In such
instances, the additional addresses may be subsampled to reduce the effect of this
clustering on sample size and interviewer workload. Subsampling, as for cluster-
ing in sample frames, introduces unequal probabilities of selection that must be
compensated for by weighting (see Chapter 10 for discussion of weighting and
weighted estimates). In continuing survey operations, it is also possible to set
aside such added units into a separate “surprise” stratum (see Kish and Hess,
1959) from which a sample of missed or newly constructed units are drawn with
varying probabilities across additional samples selected from the frame.

Similar kinds of linking rules can be created for coverage checks of other
logically ordered lists that serve as frames. For example, a list of children attend-
ing public schools ordered by address and age within address could be updated
when the household of a selected child is visited and additional missed or recently
born children are discovered in the household.

3.6.2 Multiplicity Sampling

The half-open interval concept supplements an existing frame through informa-
tion collected during the selection process. Some frame supplementation methods
add elements to a population through network sampling. This is commonly
termed “multiplicity sampling.” A sample of units can be selected, and then all
members of a well-defined network of units identified for the selected units.

For instance, a sample of adults may be selected through a household survey,
and asked about all of their living adult siblings. The list of living adult siblings
defines a network of units for which information may be collected. Of course, the
network members have multiple chances of being selected, through a duplication
in the frame, since they each could be selected into the sample as a sample adult.
The size of the network determines the number of “duplicate chances” of selec-
tion. If an adult sample person reports two living adult siblings, the network is of
size three, and a weight of /4 can be applied that decreases the relative contribu-
tion of the data from the network to the overall estimates. This “multiplicity” sam-
pling and weighting method (Sirken, 1970) has been used to collect data about
networks to increase sample sizes for screening for rare conditions, such as a dis-
ease. The method does have to be balanced against privacy concerns of individu-
als in the network. In addition, response error (see Chapter 7) such as failing to
report a sibling, including someone who is not a sibling, or incorrectly reporting
a characteristic for a member of the network, may contribute to errors in the net-
work definition and coverage as well as in the reported levels of a characteristic.

“Snowball sampling” describes a closely related, although generally non-
probability, method to supplement a frame. Suppose an individual has been found
in survey data collection who has a rare condition, say blindness, and the condi-
tion is such that persons who have the condition will know others who also have
the condition. The sample person is asked to identify others with the condition,
and they are added to the sample. Snowball sampling cumulates sample persons
by using network information reported by sample persons. Errors in reports, iso-
lated individuals who are not connected to any network, and poorly defined net-
works make snowball sampling difficult to apply in practice. It generally does not
yield a probability sample.

REDUCING UNDERCOVERAGE

Although multiplicity sampling offers theoretical attraction to solve frame
problems, there is much research left to be conducted on how to implement prac-
tical designs. These include problems of measurement error in reports about net-
works, nonresponse error arising from incomplete measurement of networks, and
variance inflation of multiplicity estimators.

3.6.3 Multiple Frame Designs

Coverage error can sometimes be reduced by the use of multiple frames, in sev-
eral ways. A principal frame that provides nearly complete coverage of the target
population may be supplemented by a frame that provides better or unique cov-
erage for population elements absent or poorly covered in the principal frame. For
example, an out-of-date set of listings of housing units can be supplemented by a
frame of newly constructed housing units obtained from planning departments in
governmental units responsible for zoning where sample addresses are located.
Another example concerns mobile homes that may be present on an address list
but poorly covered. A supplemental frame of mobile home parks may be added to
the principal address list to provide better coverage of the population residing in
mobile homes.

At times, the supplemental frame may cover a completely separate portion of
the population. In most cases, though, supplemental frames overlap with the prin-
cipal frame. In such cases, multiple frame sampling and estimation procedures are
employed to correct for unequal probabilities of selection and possibly to yield
improved precision for survey estimates.

Suppose, for example, that in a household survey random digit dialing
(RDD) is used to reach US telephone households. RDD will, in principle, cover
all telephone households in the country, but it fails to cover approximately 6% of
the households that do not have telephones. Figure 3.6 shows the telephone frame
as a shaded subset of the area frame of housing units. A remedy to undercoverage

Non-telephone households

Household telephone
numbers

A 4

Non-household numbers

RDD frame

Figure 3.6 Dual frame sample design.
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is a supplementary area frame of households. Under such a dual frame design, a
sample of households is drawn from an area frame, but it will require visits to
households, considerably more expensive than contact by telephone. Together,
the two frames provide complete coverage of households. For the NCVS,
Lepkowski and Groves (1986) studied the costs and error differences of an RDD
and an area frame. They found that for a fixed budget most statistics achieve 3
lower mean square error when the majority of the sample cases are drawn from
the telephone frame (based on a simulation including estimates of coverage, non-
response, and some measurement error differences).

These two frames overlap, each containing telephone households. The data
set from this dual frame survey combines data from both frames. Clearly, tele-
phone households are overrepresented under such a design since they can be
selected from both frames.

There are several solutions to the overlap and overrepresentation problem.
One is to screen the area household frame. At the doorstep, before an interview is
conducted, the interviewer determines whether the household has a fixed-line
telephone that would allow it to be reached by telephone. If so, the unit is not
selected and no interview is attempted. With this procedure, the overlap is elimi-
nated, and the dual frame sample design has complete coverage of households.

A second solution is to attempt interviews at all sample households in both
frames, but to determine the chance of selection for each household. Households
from the nonoverlap portion of the sample, the nontelephone households, can
only be selected from the area frame, and thus have one chance of selection.
Telephone households have two chances, one from the telephone frame and the
other from the area household frame. Thus, their chance of selection is
Prop T Pora = Prop * P Where p.-and pdenote the chances of selection for
the RDD and area sample households. A compensatory weight can be computed
as the inverse of the probability of selection: 1/p, _ for nontelephone households
and 1/(p,,, + P,.. - Prop * P.,..) for telephone households, regardless of which
frame was used.

A third solution was proposed by Hartley (1962) and others. They suggested
that the overlap of the frames be used in estimation to obtain a more efficient esti-
mator. They proposed that a dual frame (in their case, multiple frame) design be
examined as a set of nonoverlapping domains, and results from each domain com-
bined to obtain a target population estimate. In the illustration in Figure 3.6, there
would be three domains: nontelephone households (Non-tel), RDD telephone
households (RDD-tel), and area sample telephone households (area-tel). The
RDD-tel and area-tel households are combined with a mixing parameter chosen
to maximize mathematically the precision of an estimate (say a mean). The tele-
phone and nontelephone domains are combined using a weight that is the propor-
tion of the telephone households in the target population, say . The dual frame
estimator for this particular example is

)—; = (1 - W;e/ )pnon—/el + W/tel I:epRDD—tel + (1 -0 )pal‘ea—le[ :I ’

where 8 is the mixing parameter chosen to maximize precision.

The dual frame illustration in Figure 3.6 is a special case of the multiple
frame estimation approach. The method can be applied to more complex situa-
tions involving three or more frames, where the overlap creates more domains.

REDUCING UNDERCOVERAGE

Even in dual frame sampling, there
are at least four domains: frame 1
only, frame 2 only, frame 1 sample
overlapping with frame 2, and frame
2 sample overlapping with frame 1.
(Although the last two are intersec-
tions of the two frames, which frame
they are actually sampled from may
affect the survey statistics; hence
they are kept separate.) These kinds
of designs are found in agriculture
surveys. Suppose that a sample is to
be drawn in a state of farm holdings
that have a particular kind of live-
stock, say dairy cows. Suppose also
that there is a list of dairy farmers
available from the state department
of agriculture, but it is known to be
out of date, having some dairy farms
listed that no longer have dairy cows
and not listing small farms with dairy
cows. A second area frame is used to
draw a sample of all farms. There
will be four domains: list frame only,
area frame only, list frame also found
on area frame, and area frame also
found on list frame. Again, screen-
ing, weighting, or multiple frame
estimation may be used to address
the overlap problem.

One last example of more recent
interest concerns Web survey design.
Suppose that a list of e-mail
addresses is available from a com-
mercial firm. It is inexpensive to use
for self-administered surveys, but it
has foreign elements (addresses that
are no longer being used, persons
who are not eligible) and lacks com-
plete coverage of the eligible popula-
tion. A second supplementary RDD
frame can be used to provide more
expensive and complete coverage of
eligible persons in all telephone
households. Samples would be
drawn from each frame, interviews
conducted with sample eligible per-
sons in both, and a dual frame esti-
mation procedure used to combine
results from these overlapping

Tourangeau, Shapiro, Kearney, and Ernst
(1997) and Martin (1999) on Household
Rosters

Two studies on why persons are omitted from list-
ings of household members inform survey practice.

Study designs: The Tourangeau et al. study
mounted a randomized experimental design of
three different rostering procedures: asking for
names of all living at the unit, asking for names of
all who spent the prior night at the unit, and asking
for initials or nicknames of all those who spent the
prior night. Follow-up questions asked whether all
persons listed fulfilled the definition of living in the
unit. Face-to-face interviews were conducted in
644 units on 49 blocks in three urban areas. The
Martin study used an area probability sample of
999 units. Roster questions asked for all persons
with any attachment to the household during a two-
month period. Reinterviews were conducted on a
subsample with further questions about residency.
In both studies, follow-up questions after the roster
asked whether all persons listed fulfilled the defini-
tion of living in the unit.

Findings: The Tourangeau et al. study found that
after probes to identify usual residence, only the
technique of asking for initials produced more than
the standard procedure. They conclude that con-
cealment of the identity of some residents con-
tributes to undercoverage. The Martin study found
inconsistent reporting for unrelated persons, per-
sons away from the home for more than a week,
and persons not contributing to the financial
arrangements of the unit. Martin concluded that
informant’s definitions of households do not match
the survey's definition, causing underreporting.

Limitations of the studies: There was no way 1o
know the true household composition in either
study. Both assumed that follow-up gquestions pro-
ducing larger counts of persons were more accu-
rate reports.

Impact of the studies: They helped to document the
size of household listing errors. They demon-
strated that both comprehension of the household
definition and reluctance to report unusual compo-
sition produce the undercoverage of household
listings.
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frames. There is much methodological research to be conducted in these mixes of
frames and modes (see more in Section 5.4 regarding these issues).

3.6.4 Increasing Coverage While Including More Ineligible
Elements

The final coverage repair arises most clearly in coverage of persons within sam-
ple households (first described in Section 3.3.3), as part of a survey to produce
person-level statistics. When a housing unit is identified for measurement, the
interviewer attempts to make a list of all persons who live in the household. There
appear to be consistent tendencies of underreporting of persons who are inconsis-
tent residents of the household or who fail to fit the household informant’s native
definition of a “household.”

Both Tourangeau, Shapiro, Kearney, and Emst (1997) and Martin (1999)
investigated what happens when questions about who lives in the unit are altered
to be more inclusive. The typical question that generates the frame of persons
within a household is “Who lives here?” Additional questions included who slept
or ate there the previous evening, who has a room in the unit, who has a key to
the unit, who receives mail at the unit, who usually is at the home but was away
temporarily, etc. (see box on page 89). The questions appeared to increase the
number of different people mentioned as attached to the household.

The next step in the process is the asking of questions that determine whether
each person mentioned did indeed fit the definition of a household member
according to the survey protocol. After such questions, those mentioned who have
households elsewhere are deleted.

In essence this repair strategy “widens the net” of the frame and then trims
out those in the net who were erroneously included. The burden of the strategy is
that it requires more time and questions to assemble the frame of eligible persons
in the household. Many times, this questioning is one of the first acts of the inter-
viewer, at which point continued cooperation of the household informant is most
tenuous. Hence, at this writing, adoption of the new approach is limited.

3.7 SUMMARY

Target populations, sampling frames, and coverage are important topics in survey
design because they affect the nature of the inference that can be made directly
from survey data. The problems that arise when comparing frame to target popu-
lation have remedies, many of which are standard approaches in survey research.
They are also not necessarily complete corrections to the coverage error that may
arise.

Coverage errors exist independent of the sampling steps in surveys. The sam-
ple selection begins with the frame materials. Samples can be no better than the
frames from which they are drawn. We examine in the next chapter how samples
for surveys are drawn. The discussion assumes that the kind of coverage errors
and frame problems examined here are considered separately from the issues of
how to draw a sample that will yield precise estimates for population parameters.
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EXERCISES

1) Name two conditions (whether or not they are realistic) under which there
would be no coverage error in a statistic from a telephone survey attempting
to describe the target population of adults in US households.

2) Using one of the six example surveys (see Chapter 1), give an example of
how altering the definition of the target population or the definition of the
sampling frame could eliminate a coverage error in a resulting survey statis-
tic. (Mention the survey statistic you have in mind, the target population, and
the sampling frame.)

3) Name three concerns you would have in transforming an area probability
face-to-face survey into a Web survey attempting to estimate the same statis-
tics.

4) You are interested in the target population of farm operators in a three-county
area encompassing 360 square miles. You lack a list of the farm operations
and instead plan on using a grid placed on a map, with 360 square-mile seg-
ments. You plan to draw a sample of farm operations by drawing a sample of
square-mile segments from the grid. Identify three problems with using the
frame of 360 square-mile grids as a sampling frame for the target population
of farm operations in the three-county area.
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5) Five years after the last census, you mount a household survey using a tele-
phone number frame. If a selected telephone number is a household number,
interviewers ask to speak to the person most knowledgeable about the health
of the household members. After the survey is over, someone suggests eval-
uating your survey by comparing the demographic distributions (i.e., age,
sex, race/ethnicity, gender) of your “most knowledgeable” health informants
to the demographic distributions of adults from the last census. Comment on
the wisdom of this suggestion.

CHAPTER FOUR

SAMPLE DESIGN AND
SAMPLING ERROR

4.1 INTRODUCTION

The selection of the elements from a sampling frame to include in a survey is a
critical part of the survey process. A survey needs a well-developed question-
paire, highly trained and motivated interviewers, excellent field supervision and
management, a data collection mode matched to the type of information to be
collected, and a well-conceived editing plan. However, if the sample is chosen
haphazardly or with subjective selection of elements, there may be little hope of
making inferences to the population that was the target of the investigation.

In the fall of 1998, the US National Geographic Society (NGS) launched
“Survey 2000,” a Web-based survey, designed to measure, among other things,
the frequency of the population’s movie attendance, museum visits, book read-
ing, etc. Invitations on the NGS Web site and in the NGS magazines urged peo-
ple to complete the survey. There were over 80,000 visitors to the survey Web
page and over 50,000 completions of the questionnaire (Witte, Amoroso, and
Howard, 2000).

A little earlier, in 1997, the US National Endowment for the Arts sponsored
the Survey of Public Participation in the Arts (SPPA) (National Endowment for
the Arts, 1998). The SPPA was a telephone survey with sample telephone house-
holds selected based on randomly generated telephone numbers. Its response rate
was approximately 55%, and it contained interview data from over 12,000 adults.
It measured many of the same behaviors as did the NGS survey.

The results of the SPPA survey based on more rigorous sampling methods,
however, were dramatically different than those of the NGS self-selected Web
survey. For example, about 60% of the NGS respondents reported seeing live the-
ater in the last 12 months, compared to about 25% for musical theater and 16%
for nonmusical theater in the SPPA. Similarly, about 77% of the NGS respon-
dents but only 35% of the SPPA respondents reported visiting an art museum or
gallery.

How the sample of a survey is obtained can make a difference. The self-
selected nature of the NGS survey, coupled with its placement on the National
Geographic Society’s Web site, probably yielded respondents more interested
and active in cultural events (Couper, 2000).

Contrast the NGS survey with one of our example surveys, say, the Survey
of Consumers (SOC). The SOC selects households for participation in the survey
at random from among all telephone households in the country, except those in
Alaska and Hawaii. “Random” or “chance” selection means that all human influ-
ence, both known and unknown, is removed from the selection process. Random

random
selection
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numbers, used to identify the selected elements, are such that they display no
sequential order for single, double, triple, etc. digits. The selection also controls
the sample distribution geographically, making sure it is spread over the spatia]
dimension like the target population. The random sampling mechanism and geo-
graphic controls are designed to avoid the selection of a sample that has higher
imcomes, or fewer members of ethnic or racial monorities, or more females, or
any of a number of other distortions when compared to the entire US population.

Essentially, in its simplest form, the kind of sample selection used in care-
fully designed surveys has three basic features:

1) A list, or combinations of lists, of elements in the population (the sam-
pling frame described in Chapter 3)

2) Chance or random selection of elements from the list(s)

3) Some mechanism that assures that key subgroups of the population are
represented in the sample

It is important to note that random selection alone does not guarantee that a given
sample will be representative. For example, there are many random samples of
telephone households from a list of all such households in the 48 coterminous
states that, by chance, consist only of households from the urban areas of the
country. They are randomly selected, but they do not represent the entire country.
So both randomized selection and techniques for assuring representation across
population subgroups need to be used in well-designed samples.

When chance methods, such as tables of random numbers, are applied to all
elements of the sampling frame, the samples are referred to as “probability sam-
ples.” Probability samples assign each element in the frame a known and nonzero
chance to be chosen. These probabilities do not need to be equal. For example,
the survey designers may need to overrepresent a small group in the population,
such as persons age 70 years and older, in order to have enough of them in the
sample to prepare separate estimates for the group. Overrepresentation essentially
means that the members of the small group of interest have higher chances of
selection than everyone else. That is, probability selection is used, but the proba-
bilities are not equal across all members of the sample.

Section 2.3 makes the distinction between fixed errors or biases and variable
errors or variance. Both errors can arise through sampling. The basis of both sam-
pling bias and sampling variance is the fact that not all elements of the sampling
frame are measured. If there is a systematic failure to observe some elements
because of the sample design, this can lead to “sampling bias” in the survey sta-
tistics. For example, if some persons in the sampling frame have a zero chance of
selection and they have different characteristics on the survey variable, then all
samples selected with that design can produce estimates that are too high or too
low. Even when all frame elements have the same chance of selection, the same
sample design can yield many different samples. They will produce estimates that
vary; this variation is the basis of “sampling variance” of the sample statistics. We
will use from time to time the word “precision” to denote the levels of variance.
That is, if the sampling variance of a survey statistic is low, we will say it has high
precision.

SAMPLES AND ESTIMATES
4.2 SAMPLES AND ESTIMATES

Not all samples for surveys are selected using chance methods. Many surveys use
haphazardly or purposefully selected samples. For example, mall intercept sur-
veys approach individuals entering a mall asking each one for an interview, and
continue sampling until a desired number of interviews are completed. These hap-
hazard or convenience selection methods have a shared weakness — there is no
direct theoretical support for using them to describe the characteristics of the
larger frame population. Probability sampling provides the payoff of statistical
inference, the ability to make statements about the population with known levels
of confidence using data from a single sample.

Understanding sampling requires understanding some important concepts
about phenomena unobserved in doing a survey. Figure 4.1 displays the distribu-
tion of values of a variable Y in a frame population. Using the example of the
Survey of Consumers, this frame population consists of all adults in households
with telephone service. We never observe this full distribution. We never know it
perfectly. We conduct the survey to learn about it. The distribution has a mean,
which we will describe in capital letters as Y. This mean is unknown to us and
estimating it is the purpose of the survey. The spread of the distribution of the
individual values of ¥, called Y, is labeled as S°, the population element variance.

Remember that the capital letters in this chapter will always refer to charac-
teristics of the frame population, and will be unknown to us.

Figure 4.2 repeats a figure from Chapter 2, illustrating the process of estima-
tion or inference that we perform in a sample survey. When probability selection
methods are used, there is not one single sample that can be selected, but many.

(Variance of this population element distribution called S$2)
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Figure 4.1 Unknown distribution for variable Y in frame population.
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variance) in the sample realization will be used as estimates of S” in the frame
popull;ii::::)llll}.l, we will estimate variance of the sampling distribution of the sample
mean [look at the ¥(¥) in Figure 4.3] using compgtatiogs on one sample reahzil-
tion. Another term for the variance of the sampling distribution of thp sample
mean is the “sampling variance of the mean.,” the square rf)qt of which is Fhe
wstandard error of the mean.” If this notation is new to you, it is worth spending
2 moment committing it to memory. Figure 4.3 might help. Make sure you com-
mit this notation to memory; it will help you understarlld what follc.st.

When analysts want to estimate the frame population mean using the sample
mean from a given sample survey (one rea.lization)‘, they imploy the stat'nd.ari
error to develop confidence limits for a given estimate. 'Conﬁdence limits
describe a level of confidence that the means from all the dlffer.ent samplc? real-
izations will lie within a certain distance of the full frame population mean (ignor-
ing coverage, nonresponse, and all the other errors of surveys). Fgr example, sup-
pose that we estimate the average age of the sample of adults in the Suryey qf
Consumers as y =42 years. We have estimated that the standard error of this esti-
mate is 2.0. Confidence limits can be formed for the actual mean in the popula-
tion by adding to and subtracting from the mean the standard error, or some mul-
tiple of it. For example, a 68% confidence interval for the mean age is based on
one standard error on each side of the estimate, (42 — 2.0, 42 + 2.0) = (40, 44).
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Figure 4.2 Distributions of y variable from sample realizations
samples and the sampling distribution of the mean.
sample These alternatives, called “realizations,” are portrayed on the left of Figure 4.2, A |
realization ~ “sample realization” is one set of frame elements selected using a specific sam-
ple design. Each sample design can yield many possible sample realizations. The
number of possible realizations is a function of the number of units in the sample,
the number in the frame, and the sample design. (Keep in mind that in survey
research, we do a survey based on only one of these realizations.) In order to
understand this idea, it is necessary to consider the variability in sample results
from one possible sample realization to another.
With Figure 4.2 we can describe other key terms in sampling theory. In some
sense, you should think of each survey as one realization of a probability sample
sample design among many that could have occurred. It is conventional to describe attrib-
utes of the sample realizations using lower case letters. So each sample realiza-
element . o .
. tion has a mean and a variance of the distribution of values of y in the sample real-
variance ization. The sample mean is called ¥, which summarizes all of the different val-
sampling  ues of y on the sample elements, and the variance of the distribution of »s in the
variance  sample realization is labeled as s2. We will describe sample designs where values
of the mean  of ¥ from one sample realization will be used to estimate ¥ in the frame popula-

tion. We will describe sample designs where the values of s* (the sample element
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Type of Distribution for Y Variable
Distribution Distribution San_1p|ir_19
within Sample within Frame Distribution
Realizations Population of Mean
Known for
one sample
Status realization Unknown Unknown
Number of i=12,...,n i=12,....N s=12,..,S
elements
Values for an 17 Y Vs
element
Mean y Y E(ys)
Variance of s? S? V()
distribution
Standard deviation s S Se(y)
of distribution

Figure 4.3 Key notation for sample realization, frame population,
and sampling distribution of sample means.
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Do not confuse the different “vari-
ances” discussed. Each frame
population has its own distribution
of Yvalues, S the population ele-
ment variance, estimated by &7
the sample element variance from
any given sample realization.
These are each different from the
sampling variance of the sample
mean, labeled V(¥), estimated by
using sample realization data,
using v(¥). Capital letters denote
frame population quantities; lower
case letters generally denote
sample quantities.

The interpretation of these limits is that for 68% of
the samples drawn from the same population using
the same sampling method, similarly computed
intervals will include the actual population mean
68% of the time. For a commonly used 95% limit,
we multiply the standard error by 1.96 (from the ¢
distribution), or
(42 — 1.96%2.0, 42 + 1.96%2.0) = (38, 46). Again, in
95% of the samples drawn in exactly the same way
from this population, this interval will include the
actual mean population age.

The standard error of a sample statistic is a
measure of the spread, or variability, of the statistic
across the possible sample realizations from the
same design. The notation used for the standard error
is se(¥). It is the square root of the sampling variance
w(¥), that is,

Warning

sampling
fraction

probability
sample

The standard error and sampling variance depend on a number of features of the
sample design or method used to select the sample. Typically, larger samples cho-
sen using a given sampling technique have smaller variances of the mean.
Samples selected using clusters of elements have larger standard errors. Samples
that divide the population into groups and select from the groups independently
can have smaller standard errors. Larger standard errors mean wider confidence
limits, and vice versa.

In sampling for surveys, one additional measure appears in the consideration
of sampling variability — the sampling fraction f= n/N, which is merely the frac-
tion of units selected into the sample (of size ») from among all the N elements in
the frame population. When we want to make inferences or statements about the
population using the sample data, the inverse of this sampling fraction, F' = (1//)
= (N/n) reverses the sampling operation and projects the » sample elements to the
N population elements.

Summarizing the discussion thus far, we do surveys to discover properties of
unknown distributions of variables that describe something in the frame popula-
tion. Probability samples assign known, nonzero chances of selection to each
frame element. Their benefits are that we can use one sample realization to esti-
mate characteristics of the frame population within known levels of confidence.
If the statistic of interest on the frame population is the sample mean, we can use
the mean computed on the sample realization, estimate the standard error of the
mean, and construct confidence limits on the mean.

As we noted in Section 2.3.5, the extent of the error due to sampling is a
function of four basic principles of the design:

1) How large a sample of elements is selected

2) What chances of selection into the sample different frame population
elements have

3) Whether individual elements are drawn directly and independently or in
groups (called “element” or “cluster” samples)

SIMPLE RANDOM SAMPLING

4) Whether the sample is designed to control the representation of key sub-
populations in the sample (called “stratification™)

This chapter is organized around these features. The chapter begins with the sim-
plest sample design, in order to document the basics of probability sampling.

4.3 SIMPLE RANDOM SAMPLING

Simple random sampling, or SRS, is often used as a basic design to which the
sampling variance of statistics using other sample designs are compared. Simple
random samples assign an equal probability of selection to each frame element,
equal probability to all pairs of frame elements, equal probability to all triplets of
frame elements, etc. One way to think about a simple random sample is that we
would first identify every possible sample of size » distinct elements within a
frame population, and then select one of them at random. Sample designs assign-
ing equal probabilities to all individual elements of a frame population are called
“gpsem” for Equal Probability SElection Method.

In practice, one never writes down all possible samples of size #. It is just too
time consuming for a large population. For example, the number of possible sam-
ples of size 300 different adults for the Survey of Consumers drawn from the pop-
ulation of over 180 million adults in the United States is enormous. To select an
SRS, random numbers can be applied directly to the elements in the list. SRS uses
list frames numbered from ! to N. Random numbers from 1 to N are selected from
a table of random numbers, and the corresponding population elements are cho-
sen from the list. If by chance the same population element is chosen more than
once, we do not select it into the sample more than once. Instead, we keep select-
ing until we have » distinct elements from the population. (This is called sampling
“without replacement.”)

From an SRS, we compute the mean of the variable y, as

-1\
y—[njz,yi;

which is merely the sum of all the sample y, values divided by the total number
of elements in the sample. The sampling variance of the mean can be estimated
directly from one sample realization as

the element variance of »,’s in the sample realization divided by the sample size,
then multiplied by (1 — /). The term (1 — f) is referred to as the finite population
correction, or fpc. The finite population correction factor equals the proportion of
frame elements not sampled or (1 — f), where fis the sampling fraction. As a fac-
tor in all samples selected without replacement, it acts to reduce the sampling
variance of statistics. If we have a situation where the sample is a large fraction
of the population, where fis closer to 1, then the fpc acts to decrease the sampling

99

simple random
sample

epsem

sampling
without
replacement

finite
population
correction



100

SAMPLE DESIGN AND SAMPLING ERROR

the estimated sampling variance of a propor-
tion leads to the common approximation for
the sampling variance of a proportion of pg/n,
where ¢ = (1 — p), and the finite population
correction is ignored.

variance. Often, the frame population is so large

Comment relative to the sample that the fpc is ignored.
When fis small, the fpc is close to 1, and
(1-f)
= p(1-p), :
n-1 ()= s
v(y)= s

which is merely the element variance for y
divided by the sample size. The sampling vari-
ance, the standard error of the mean, and the
width of the confidence interval, depend on just

two factors — how variable the values of the »’s
are across the sample elements and how large the sample is. If the y’s are quite
variable (i.e., S* is large), then the sampling variance of the mean will be large,
and the confidence limits wide. A larger » reduces the sampling variance, improv-
ing the quality of the estimate.

Lastly, it is useful to note that v(¥) is only a sample based estimate of the
sampling variance of the sample mean. There is an actual population value V()
that is being estimated here, and v(y) is, in SRS, an unbiased estimate for M(¥).
Confidence limits, such as the 95% limits, for the actual population mean
Y are computed as y £1.96(se(y)), adding to and subtracting from the mean
twice the standard error.

There is a closely related result for proportions that yields a well-known for-
mula. Suppose that in the Survey of Consumers the characteristic of interest y, is
whether or not an adult thinks the economy is at present better than it was a year
ago. Then, y, is a binary variable, taking on two values: 1 if the adult thinks the
economy better, and 0, otherwise. The mean y of these values is called a “propor-
tion,” often using the notation p, and the proportion always lies between 0.0 and
L.0.

For this type of variable, the sampling variance of the mean for an SRS has
a simpler form:

V(p)=(1n_—_f1)p(1—p)-

Here, the sampling variance of p depends not only on the fpc and the sample size
but also on the value of p itself. This is a great convenience in estimating v(p),
since one does not need to have all the individual y, values, but only the propor-
tion itself.

How large a sample should be taken to achieve the goals of a survey? Sample
sizes are determined in several different ways. One way is to try to find a sample
size such that the confidence limits obtained from the subsequent sample will not
exceed some value. For example, in the Survey of Consumers, suppose the spon-
sor wants to have a large enough sample such that the 95% confidence limits for
the proportion thinking the economy is better are from 0.28 to 0.32, an interval
that contains 4 points. What standard error does this imply?

Given an expected proportion of 0.30, these limits imply that the “half width”
of the confidence interval, or half of 1.96(se(¥)), must be equal to 0.01, or the
standard error should be 0.01. Since the standard error of the mean is (1 — f)s”/#,
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we have to solve for n. We will need an estimate of s°, how-
ever, in order to get a value for the sample size n.

We might get a value to approximate s’ for our survey
from a calculation on data from a prior survey on the same
population, from another survey measuring the same charac-
teristic in a slightly different population, or from a small pilot
survey where we compute s°. We will never have an exact
value of S?to use instead of one of these approximations, and

Comment

The vast majority of US sur-
veys do NOT use simple ran-
dom samples. They imple-
ment some stratification
(Section 4.5) andfor some
clustering (Section 4.4).

a choice must be made to use a value that is the best one we

can manage to get with reasonable cost.

In the case of proportions, though, the problem is much easier. Since, approx-
imately, s’= p(1 — p), if we guess, even with some degree of error, a value of p in
advance, we can estimate a s” to use in sample size calculations. For example, in
the BRFSS, we might expect a proportion obese in the low income population of
p=0.3. Then, s’ = p(1 —p) =03 (1 - 0.3) = 0.21. That is, the element variance
would be 0.21. If we want a 95% confidence interval for p of (0.28, 0.32), (which
implies a standard error of p of 0.01), then

2
p=—S = 921 500,

In some instances, the population size  is small enough that we suspect that
the fpc may not, for reasonable sample sizes, be close to 1.0. In these cases, it is
customary to adjust the needed sample size to account for the fpc. For example,
suppose we mounted the BRFSS estimating obesity in a population of N = 10,000
adults in a medium-sized town. What would the effect of the fpc be on the needed
sample size of 2,100, before adjusting for the fpc? We should anticipate some ben-
efits of a small population, reducing the needed sample size. We adjust this SRS
sample size as

n

n=—,
n
+(7y)
or, in this case, as

n=— 29053

2.100
1*( /0,000)

Because the frame population is so small, we need only 1,736 adults rather than
the 2,100 to achieve a standard error of 0.01.

There is a popular misconception that the proper way to compute sample size
is based on some fraction of the population. It is assumed that if you select the
same fraction of two populations, regardless of their size, the samples will yield
equally precise results. As the above calculations show, that is simply not true.
Once the population size is large, the sample size needed for a given standard
error does not change, even if another population even larger is to be studied. For
¢xample, the same sample size is needed for the United States as is needed for the
People’s Republic of China, despite the fact that China has five times the popula-
tion of the United States.
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The example above chooses a sample size to provide a predetermined stap-
dard error for a key statistic. This does not usually happen. Instead, an investiga-
tor might have allocated a certain amount of money to conduct the survey. The
question then becomes, “How large a sample size can I afford?” When this is the
question asked, the investigator tries to estimate what standard error is possible,
given guesses about what S* might be for a given statistic.

It is also important to keep in mind that surveys often ask respondents many
questions, and many statistics can be computed from each survey. For a given
sample size, the levels of precision of different statistics will vary. The single
sample size chosen is often a compromise among issues such as the how much
the investigator is willing to spend for the survey, which statistics are most impor-
tant for the investigator, and what levels of precision are obtained for them with
different budget allocations.

4.4 CLUSTER SAMPLING

Often, the cost of a simple random sample is exorbitant. Cluster samples do not
select frame elements directly, but groups of frame elements jointly.

For example, even if there were a population register for the United States,
listing every person in the population, face-to-face surveys would still not use
simple random samples because of the costs of sending interviewers all over the
country. This occurs when populations are geographically wide-spread, such as
the population of adults that is the target of the NCVS, or the population of 4th,
8th, and 12th graders in the NAEP. Similarly, if there is no frame listing directly
all the elements of the population, the cost of developing a frame of elements
could be very expensive. A widespread population often does not appear on a sin-
gle list but many lists (as in lists of 4th graders in each elementary school in the
country) or there may be no list of the elements at all (as for individuals aged 12
years and older for the NCVS).

One way to construct frames at reasonable cost is to sample clusters of ele-
ments and then collect a list of elements only for the selected clusters. And when
a sample cluster is selected and visited, it makes sense to interview or collect data
from more than one element in each cluster also to save costs. To simplify the
presentation, consider first the case where we have a widespread population, and
we can obtain a list of clusters for them. Further, suppose that each of the clusters
is of exactly the same size. This would never be the case in practice, but it is a
useful assumption in order to start with less-complicated results for standard
errors of a mean or proportion.

Figure 4.4 illustrates a simple clustered frame. Imagine that we have a small
village of six city blocks pictured on the left of the figure. On each block there are
10 houses, represented either as crosses or circles. There are a total of 60 house-
holds in the village. Half of the village consists of rich households (labeled as
crosses in the figure) and half of poor households (Iabeled as circles in the fig-
ure). Notice that the poor persons tend to live next to other poor persons, and the
rich persons, next to other rich persons. This is the typical pattern of residential
segregation by income that is seen around the world.

If we plan a sample of size 20 households from this village using a clustered
design of city blocks, we would sample two blocks for each sample realization. If
we merely drew two random numbers from 1 to 6, all of the sample realizations

CLUSTER SAMPLING

Frame Population Samples of Two Distinct Blocks

© © © ©© @) Block Proportion
Ct] 1 © © , © Numbers 'O
© © o © 1,2 19/20 = .95 *
2,3 17/20 = .85 *
00| |© © 1,3 16/20 = .80 *
Second St. 2.4 13/20 = .65
@ © © © 1,4 12/20 = .60
@ o|zle © 2,6 11/20 = .55
©30|g| @4 2 1,6 10/20 = 50
© o|=a o 25 10/20 = .50
o o oG 3.4 10/20 = .50
First St. 1,5 9/20 = 45
RN a o 3,6 8/20 = .40
o a o © 3,5 7120 - .35*
o 5 6 4,6 4/20 = .20
a 2 Y o 45 3/20 = 15 *
o O + R+ R+ 5,6 120 = .05 *

Figure 4.4 A bird’s eye view of a population of 30 “a” and 30 “©” households
clustered into six city blocks, from which two blocks are selected.

possible are displayed on the right of the figure. Remember that the proportion of
poor households (the circles) is 0.50. Across the 15 sample realizations, the aver-
age proportion is 0.50; that is, the sample design yields an unbiased estimate of
the proportion of poor households. However, look at the large variability in the
estimated proportion of poor households across the 15 different sample realiza-
tions! Six of the fifteen different samples yield estimates of 0.80 or more, or 0.20
or less. The true proportion is 0.50; these are extremely poor estimates. The sam-
pling variance of the estimated mean (proportion in this case) is very high. This
reflects the damaging effect of clustering when the survey statistic itself is highly
variable across the clusters.

How do we compute statistics for clustered samples? Let us use NAEP as an
illustration. For example, suppose that for the NAEP, we could obtain a list of all
A=40,000 4th grade classrooms in the United States, and that each of those class-
rooms has exactly B =25 students. We do not have a list of the 4*B =N = 40,000
*25 = 1,000,000 students, but we know that when we get to a classroom, we can
easily obtain a list of the 25 students there.

The sampling procedure is simple: chose a sample of a classrooms using
SRS, visit each classroom, and collect data from all students in each sample class-
room. If we select g = 8 classrooms, our sample size is » = 8%25 = 200 students.
It should be clear that this is not the same kind of sampling as an SRS of elements.
There are many SRS samples of size 200 students that cannot possibly be chosen

(Proportion “©" Households in Realization)
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Analyzing clustered survey
data with typical software
packages will produce esti-
mated standard errors that
are too low. See Chapter 10 to
learn how to get proper esti-

mates.

Commentary

in this kind of a design. For instance, some SRS sample real-
izations consist of exactly one student in each of 200 class-
rooms. None of these are possible cluster samples of 209
students from 8 classrooms.

Statistical computations get a little more complex with
cluster samples because we need to think of the survey data
set as consisting of student records, grouped into class.
rooms. Hence, we need some notation to reflect both sty-
dents and classrooms. Suppose that we obtain for each of
our 200 sample students test score y g, for the fBth student in

ath classroom, and we compute the mean test score

iiyaﬁ

= _ o=l b=l
7 aB
Thus, there are o¢=1, 2, ... , a classrooms in the sample; and $=1,2, ..., B stu-

dents in each sample classroom. This mean is computed exactly as before, except
that we first add all the test scores within a classroom, and then add classroom
sums, and finally divide by the sample size.

The sampling variance of this mean is different from the SRS sampling vari-
ance. The randomization in the selection is applied only to the classrooms. They
are the sampling units, and depending on which classrooms are chosen, the value
of ¥ will vary. In one sense, everything remains the same as SRS, but we treat
the clusters as elements in the sample.

In this case,

— 1-
5)=(2L e
a
where s2 is variability of the mean test scores across the a classrooms.
That is,

g =[L}Z(z -5,

a—1 a=|

where j; is the mean test score in classroom o We use “between cluster variance”
in the case of cluster sampling, instead of the element variance s°.

Suppose that a sample of eight classrooms yielded the following mean test
scores for the 4th graders: 370, 370, 375, 375, 380, 380, 390, 390, for a mean of
378.75. Then,

s =(L}i(ya ~y) =62.5, and v(y)z[l_f]sj =7.81.

a-1)7 a

We have noted above that clustering tends to increase the standard error of
the mean over that expected from a simple random sample of the same size.
Suppose an SRS of size n = 200 were chosen from this population, and we
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obtained the same mean (i.e., 378.75). In addition, assume the 200 student test
scores have an element variance of s*= 500. Then

V(}7)=(ﬂ]5’2 =2.50,

n

instead of 7.81. We note immediately that the sampling variance of the cluster
sample mean is larger. It is in fact larger by the ratio

~3

s ) 7814

Vo (f) )

o
<

We have more than tripled the sampling variance of the mean by selecting class-
rooms of students instead of students directly! This implies an increase in the
standard error and the confidence limits of 77% (because V313 = 1.77) due to the
clustering effect.

This statistic & is referred to as the design effect. It is a widely used tool in
survey sampling in the determination of sample size, and in summarizing the
effect of having sampled clusters instead of elements. It is defined to be the ratio
of the sampling variance for a statistic computed under the sample design [in this
case, v(¥)] divided by the sampling variance that would have been obtained from
an SRS of exactly the same size [v_ (¥)]. Every statistic in a survey has its own
design effect. Different statistics in the same survey will have different magni-
tudes of the design effect.

If this result showing a big increase in sampling variance of the mean were
true in general, why would anyone select clusters instead of elements? The rea-
son is that the cost of an element or nonclustered design may be too high to pay.
In order to obtain the frame of all students to draw the SRS, we may have to visit
all 40,000 classrooms to collect individual lists. Further, the sample of 200 may
lie in that many classrooms, requiring many more recruitment efforts than with
merely eight sample classrooms. In this trade-off of costs and precision, the larger
standard error of the mean from the classroom sample might sometimes be
acceptable in order to make the survey costs fit the budget.

44.1 The Design Effect and Within-Cluster Homogeneity

Cluster samples generally have increased sampling variance relative to element
samples. It is a result of mean test scores varying across the classrooms. With test
score differences across classrooms, it also means that we have a tendency to have
similarity or homogeneity of test scores within classrooms. The more variability
between cluster means, the more relatively homogeneous the elements are within
the clusters.

Another way of thinking about clustering effects asks, “What new informa-
tion about the population do we obtain by adding to the sample one more element
from the same cluster?” If in the extreme, all the students in a classroom have the
Same test score, once we know one test score for a student in a classroom, the
other 24 measurements in the room are unnecessary. We could have saved a lot of
money by only getting a test score from a single child in each classroom.

105

design effect



106

intracluster
homogeneity

roh

SAMPLE DESIGN AND SAMPLING ERRO}

Table 4.1. Mean Roh Values for Area Probability Surveys about
Female Fertility Experiences in Five Countries by Type

of Variable
Country and Year of Survey

Type of Peru uUs S. Korea Malaysia  Taiwan
Variable 1969 1970 1973 1969 1973
Socio-

economic 0.126 — 0.081 0.045 0.016
Demographic 0.024 0.105 0.025 0.010 0.025
Attitudinal 0.094 0.051 0.026 0.017 0.145
Fertility

experiences 0.034 0.019 0.009 0.025 0.014

Source: Kish, Groves, and Krotki, 1976.

One way to measure this clustering effect is with an intraclass correlation
among element values within a cluster, averaged across clusters. This correlation |
measures the tendency for values of a variable within a cluster to be correlated
among themselves, relative to values outside the cluster. The intracluster homo- |
geneity, denoted ro for “rate of homogeneity,” is almost always positive (greater |
than zero). In addition, we can link this rok to the design effect that summarizes |
the change in sampling variance as we go from an SRS of size n to a cluster sam- |
ple of size n: & = 1+(b - 1)roh. That is, the increase in sampling variance we
observed for the school classroom example actually depends on the amount of
homogeneity among students in classrooms on test scores, and on the size of the
sample taken from each classroom, b. In the illustration, b = B = 25, or all chil-
dren are taken in a sample cluster. One could also draw only a subsample of stu-

dents into the sample in each classroom. We will turn to subsampling in the next
section. :

For now, we note that d* will increase as rok increases. Rok will vary across
types of variables. Variables with larger rates of homogeneity within clusters will
have larger design effects for their means. For example, Table 4.1 presents some
roh values from area probability samples in different countries, using clusters that |
were similar to counties in the United States. In general, this table shows higher
roh values for socioeconomic variables and lower ones for attitudes and fertility
experiences of women. The finding of higher roh values for socioeconomic vari-
ables follows from the residential segregation of rich and poor households com-
mon to most countries. This means that design effects for means on socioeco-
nomic variables are higher on average than those on attitudes or fertility experi-
ences.

The larger the subsample size, the larger the design effect. The subsample
size b magnifies the contribution of the homogeneity to the sampling variance.
The illustration above yields a moderately large value of d* because we elected to
take all students in each sample classroom. If we select only b = 10 students in a
classroom, d* will drop. Of course, we would have to increase the number of clus-
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ers from 8 t0 20 in order to_mainta'm the over-
all sample size, and thereby increase the cost' of
data collection. The dependence of the design
effect on b, the number of sample cases per
cJuster, also means that means computed for
subclasses of a sample will tend to have lower
design effects than means computed on the full
Sam?;;e worst case for our sample would be if
we had roh = 1, and we selected. b=B=25
pecause d> would be at its maximum value.
Alternatively, if roh =0, then d” is equal to one;
we cannot do any better than an unclustere_d
sample of students directly, as long as roh 18
e.
pOSﬂIlBVut how do we get an estimate of roh tp
understand the homogeneity for a given vari-
able and cluster definition? A s'mflple way to get
an approximate value for roh is to extract it
directly from d”. For our example of a sample
of classrooms, we already know that d* = 3.13
= 1 + roh(25 students - 1). We can estimate roh

as

(¢-1)

roh = (b—l) .
In this case, we have
roh = (—3—15_—1) =0.0885.
(25—1)

That is, there is a modest level of homogeneity
present (the value of roh is closer to zero thgn
one), and it is magnified by the subsample size
b.

In survey sampling estimation systems,
roh is often estimated routinely. The process 18
always the same. Compute w(7) for the sample
design actually used to select sample elements.
Then treat the cluster sample elements as
though they had been selected by SRS, and

compute
v(y)= (L;—f)sz

using the cluster sample data. Finally, compute
d*, and then compute

Kish and Frankel (1974) on Design
Effects for Regression Coefficients

Kish and Frankel (1974) discovered that
many of the sample design impacts on
sample means had analogues for aqalytl-
cal statistics, like correlation coefficients,
multiple correlation coefficients, and
regression coefficients

Study design: In a simutation study, 200
to 300 repeated clustered subsamples
were drawn from a Current Population
Survey data set of 45,737 households in

3,240 primary sampling units. The GPS is |

a multistage area probability sample, and
the subsamples used the same stages as
the base design. The subsample designs
varied, with 6, 12, or 30 strata, and pro-
duced on average sample household
counts of 170, 340, and 847, respectivelly.
Two multiple regression equatic_:ns with
eight coefficients each, correlation, anq
multiple correlation coefficients were esti-
mated. Sampling distributions for the sta-
tistics were estimated by studying the
average values and dispersion of values
from the 200 to 300 samples.

Findings: The design effects for the corre-
lation and regression coefficients tended
to be greater than 1.0, but less than the
average design effect for sample means.
The multiple correlation coefficient hgd
larger design effects than the other statis-
tics.

Limitations of the study: The study simu-
lated a sampling distribution of complex
statistics by drawing repeated subsam-
ples of identical design from a larger sam-
ple survey. The study itself cannot
address how the design of the base sur-
vey affected the empirical results

Impact of the study. The stuc_iy led the
widespread caution about design effect§
on analytic statistics, which .had previ-
ously been fargely ignored in practical
analysis of complex survey data,
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(4*-1)
(b-1)

roh =

How can one use estimates of roh in practice? Say we have computed a value
for roh from a prior survey on the same or similar topic from virtually t'he Same
population. Then, to estimate the sampling variance under a new design, first
compute a new design effect > = 1+(b, - 1)roh ,, where b is the new number
of sample elements per cluster and ro/ , is the ro value from the prior survey.
Now take this new manufactured design effect and multiply it by an estimate of
the SRS variance for the mean of the new sample, say

v(y)z(ﬁ]sz,

n

with s* estimated from a prior survey, and » determined from the new design.

There is one other way to view d?. It is a measure of the loss in precision we
incur by sampling clusters. Suppose we think about this loss in terms of sample
size. In the illustration, the number of sample students in the sample is 200. But
with the large increase in sampling variance reflected in d*= 3.13, we really do
not have the equivalent of an SRS of size 200. Instead, we really have effectively
the much smaller sample size of an SRS that achieves the same v(¥)=7.81. In this
case, the effective sample size is r7,, = 200/3.13 = 64. The “effective gample §ize”
for a statistic is the SRS sample size that would yield the same sampling variance
as achieved by the actual design.

4.4.2 Subsampling within Selected Clusters

Above, we mentioned that one could reduce the effect of clustering on the sam-
pling variance of the mean test score by reducing the sample size within selected
clusters (e.g., the number of students selected per classroom). This attemp‘.ts.some
compromise, a dampening of the harmful effects of clustering on the precision of
results. Our example design chose eight sample classrooms of 25 students each to
yield 200 selected students. We could randomly select 10 of the 25 students from
a selected classroom. With that subsampling, a sample of 200 students wou@d
have to be spread over 20 classrooms. The &, the number of selected students in
a classroom, moves from 25 to 10, while g, the number of selected classrooms,
moves from 8 to 20.

What are the gains of subsampling? The design effect for the sample mean
goes down and the precision of the sample mean increases. The design effect 1s
now d? = 1+(10 - 1)(0.0885) = 1.80 (instead of 3.13 with 25 sample students per
sample classroom), and the effective sample size increases ton, = 200/1.80 =111
(instead of 64). The sample mean is more precise even thougﬂ the total number
of students in the sample has not changed.

Spreading a cluster sample over more clusters while keeping the overall
number of sample elements fixed usually increases total costs. For our example,
the negotiations to gain cooperation of each sample school to perform the tests on
its students would be extensive. In contrast, however, the cost of testing one more
student within the sample school would be trivial. We have increased the cost of
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the study, but also reduced the sampling
variance of the mean from the cluster
sample of classrooms.

In summary, changing our unit of
sample selection from an element, as in
SRS, to a cluster of elements reduces
costs, but the cost reduction comes at the
price of higher sampling variance for the
mean, or larger sample sizes to obtain the
same sampling variance. The increase in
sampling variance is measured by a
design effect. The sampling variance for a
cluster sample mean is driven by the rate
of homogeneity and how many elements
are selected in each cluster.

There are other sampling techniques
that can have the opposite effect of clus-
ter sampling. We turn now to one of those
- stratification.

4.5 STRATIFICATION AND
STRATIFIED SAMPLING

Probability sample designs can be made
better with features to assure representa-
tion of population subgroups in the sam-
ple. Stratification is one such feature. The
technique is, at first view, straightforward
to use. On a frame of population ele-
ments, assume that there is information
for every element on the list that can be
used to divide elements into separate
groups, or “strata.” Strata are mutually
exclusive groups of elements on a sam-
pling frame. Bach frame element can be
placed in a single “stratum” (the singular
of “strata”). In stratified sampling, inde-
pendent selections are made from each
stratum, one by one. Separate samples are
drawn from each such group, using the
same selection procedure (such as SRS in
each stratum, when the frame lists ele-
ments) or using different selection proce-
dures (such as SRS of elements in some
sirata, and cluster sampling in others),
Figures 4.5 and 4.6 illustrate how
stratification works. Figure 4.5 lists a
Population of 20 persons in alphabetical
order. Imagine that the frame is a list of

Cochran (1961) on How Many Strata to Use

Cochran (1961) addressed the question of how
many different categories should be used for a
stratifying variable. For example, if two strata
are better than one, are seven strata better
than six?

Study design: Cochran analyzed different con-
ditions involving y, the survey variable, and x,
the stratifying variable, assuming strata of
equal sizes. He examined the stratification
effects on the sampling variance of the mean
given different levels of correlation between y
and x. Cochran also displayed some real
examples.

Findings: Most of the stratification gains are
obtained with six or fewer categories (strata)
on a stratifying variable. The table shows
reduced sampling variance from additional
strata on the same variable, but at a diminish-
ing rate of return for each additional stratum.
With larger correlations between the stratifying
variable (x) and the survey variable (y), creat-
ing more strata pays off. The real data follow
the simulation results.

Design Effects for the Stratified Mean

Simulated
Correlation
between x and y Real Data
College City

No. of Enroll-  Sizes
Strata 0.99 0.85 ments
2 0.265 0.458 0.197 0.295
3 0.129 0.358 0.108 0.178
4 0.081 0.323 0.075 0.142
6 0.047 0.298 0.050 0.104
Infinity  0.020 0.277

Limitations of the study: The study used a lin-
ear model to describe the x—y relationship;
other results apply with more complex relation-
ships.

Impact of the study: The study guided practice
to a relatively small number of strata on each
stratifying variable.
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members of a professional organization. In addition to the name of the frame e]e.
ment, the list contains a grouping variable — Low, Medium, High, Highest _
which indicates the level of experience in the membership organization. Fop
example, “Bradburn, N.” is in the “High” group of experience; “Cochran, W i
in the “Highest” group. Each of the four experience groups contains five frame
elements. We plan to mount a survey measuring attitudes toward the organizatjoy
and expect that the attitudes might vary across the four different experience
groups. If we ignore the frame information about experience, we might draw gy
SRS. For simplicity of illustration consider an SRS of size » = 4. Figure 4.5 pres.
ents one such realization, based on the random numbers 9, 13, 14, and 18. Notice
that the experience distribution in that sample realization is one in the “low”
group, two in the “medium” group, and one in the “high” group. The realization
misses any elements of the “highest” group, fully 20% of the frame population.
Another realization of the design might have four “highest” group members or
four “low” group members. Using SRS, there is little control over the representa-
tion of experience group members in each sample realization.

Figure 4.6 shows the same frame population, prepared for a stratified element
sample. First, we sort the frame by group (notice in the figure that the “highest”
experience members are listed first, then the “high” experience members, and so
on). Then an SRS is selected within each group. To keep the total sample size the
same, we draw an SRS of size 1 from each group, attaining the same sample size

Record Name Group
1 Bradburn, N. High
2 Cochran, W. Highest
3 Deming, W. High
4 Fuller, W. Medium One SRS of Size 4
5 Habermann, H. Medium
6 Hansen, M. Low
7 Hunt, J. Highest
8 Hyde, H. High
9 Kalton, G. Medium — ————— Kgiton, G.
10 Kish, L. Low
11 Madow, W. Highest
12 Mandela, N. Highest
13 Norwood, J. Medium — =————— Norwood, J.
14 Rubin, D. Low ——) RUbDIN, D.
15 Sheatsley, P. Low
16 Steinberg, J. Low
17 Sudman, S. High
18 Wallman, K. High —— \\allman, K.
19 Wolfe, T. Highest
20 Woolsley, T. Medium

Figure 4.5 Frame population of 20 persons sorted alphabetically,
with SRS sample realization of size n = 4.
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Record Name Group
2 Cochran, W. Highest One Stratified Random
7 Hunt, J. Highest Sample of Total Size 4
11 Madow, W. Highest
12 Mandela, N. Highest
19 Wolfe, T. Highest ———) \\Olfe, T.
1 Bradburn, N. High =) Bradburn, N.
3 Deming, W. High
8 Hyde, H. High
17 Sudman, S. High
18 Wallman, K. High
4 Fuller, W. Medium — Fuller, W.
5 Habermann, H.  Medium
9 Kalton, G. Medium
13 Norwood, J. Medium
20 Woolsley, T. Medium
6 Hansen, M. Low
10 Kish, L. Low
14 Rubin, D. Low — Rubin, D.
15 Sheatsley, P. Low
16 Steinberg, J. Low

Figure 4.6 Frame population of 20 persons sorted by group,
with stratified element sample of size n, =1
from each stratum.

of 4 with the same sampling fraction, 1/5. Figure 4.6 shows one realization of that
design. Note that each group is represented by one sample element. Indeed, every
realization of the stratified design would have each of the four groups (strata) rep-
resented by one and only one sample element. The realizations that include only
those “low” or “highest” in experience are eliminated from occurring. To the
extent that the key survey variables vary across the groups, this yields smaller
standard errors on the overall sample mean.

To estimate population values, such as a mean or proportion, the strata
results must be combined. An estimate of the population mean or proportion can
be computed in each stratum, and these combined across strata to give an estimate
for the population. The combining method will depend on how the sample is
divided up across the strata.

45.1 Proportionate Allocation to Strata

Proportionate allocation is identical to selecting the sample in each stratum with
the same probabilities of selection — an equal probability selection method, or
epsem. That is, if we let f, = n,/N, denote the sampling fraction for stratum %, then
proportionate allocation as described in the last paragraph is the same thing as
selecting samples independent from each stratum with the same sampling frac-
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tions. In other words, f, = f for all strata. For example, one can choose a sampjg
size n, for stratum /4 such that the proportion of elements from a given stratum iy
the sample, #,/n, is the same as the proportion of elements in the population,
N/N (here N, is the number of population elements in stratum 7). We let #, <
N,/N denote this population proportion for each stratum.

To obtain estimates for the whole population, results must be combineq
across strata. One method weights stratum results by the population proportiong
W,. Suppose we are interested in estimating a mean for the population, and we
have computed means y, for each stratum. The stratified estimate of the popula-
tion mean is called y, with the subscript sz denoting “stratified. It is computed by

H
¥y, = 2 W,y, = weighted sum of strata means.
h=1

In this formulation, each stratum mean contributes to the total an amount that is
proportionate to the size of its stratum.,

The sampling variance ofy is also a combination of values across strata, but
it is more complicated. Let us consider a particular type of stratified sampling in
which we have elements in each stratum, and we select an SRS of size #, in stra-
tum /. Thus, the sampling variance for the Ath stratum mean j; can be given as

v()_’h ) = [l;—fh}?;a

h

the sampling variance computed for a simple random sample of size n, . The ele-
ment variances within strata, the s7’s, are estimated separately for each stratum,
and are the within stratum element variances around the mean y:

l lll, _
Sf = [ﬁ ];(J’m Vi )2~

Thus, in stratified random sampling, we must compute not one element variance
as in SRS, but one for each stratum.

For j;,, we combine these SRS sampling variance estimates as

W(5,)= S (i]

h=1 n(,

where we “weight” each stratum’s SRS variance by the square of the population
proportion W,

How does the precision of a stratified sample mean compare to those from an
SRS of equal size? As we did for cluster sampling, we will compare the sampling
variance for a stratified sample (in this case, a stratified random sample with SRS
in each stratum) to the sampling variance for an SRS of the same size. Thus, the
design effect for stratified random sampling is given as

Table 4.2. Proportionate Stratified Random Sample Results from a School Population Divided Into Three Urbanicity Strata

7
sample stratum

T

stratum sampling

Nh

sample stratum
element variance

proportion of  stratum sampie

population

schools on

mean

fraction

size

frame

Stratum

0.06
0.06
0.06

192
240

0.4

0.5

3200
4000

Central city schools

Other urban schoois

48

0.1

800

Rural schools

0.06

480

1.0

8000

Total
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Neyman (1934) on Stratified Random
Sampling

Neyman (1934) addressed the simple
problem of how to choose a sample at a
time when there was great controversy
about purposive selection versus random
selection.

Study design: Neyman presents the work
of other researchers, mostly about social
problems, like poverty, birth rates, etc.
Some had argued that separating the sam-
pling frame into separate groups that were
different from one another and then picking
some units was important to “represent’
the population. Others were arguing that
random sampling giving each person an
equal chance of selection through random-
ization was important.

Findings: Neyman observed that the two
designs each had merits and could be
combined. Through examples and some
mathematical reasoning, he showed that
separating the population into “strata,” as
he called them, which had different values
on the key statistic of interest, could be
done prior to random selection. By sam-
pling from each stratum using random
sampling, confidence limits could be
derived. Further, by using higher sampling
fractions in strata with large internal vari-
ability on the key variables, the confidence
limits of the statistic from the stratified sam-
ple could be minimized for any given sam-
ple size.

Limitations of the study: Optimal alloca-
tions could vary for different statistics from
the same survey. Implementing the alloca-
tion required knowledge of population vari-
ances within strata. The findings ignore
nonresponse, coverage, and measurement
errors in the survey.

Impact of the study. The paper was a fun-
damental breakthrough and encouraged
the use of stratified probability sampling
throughout the world.
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v(7,) ,,ZWZ[I fh]

d2: =

w00 (B

This design effect can be less than one, or
equal to one, or even greater than one. The
value of the design effect depends a great dea]
on how large a sample is drawn from each
stratum, which is known as the sample alloca-
tion across strata.

Of course, the estimation procedure for
proportions is similar to the one for means,
and actually can use the same formula,
However, the estimation for proportions is
often written in terms of proportions, as

H
psl = 2 W/]p/l
h=1

and

"(p,) zW,f(l f’i} 0-p,)

Consider an example from NAEP’s
School Characteristics and Policy Survey,
which samples schools. To simplify some-
what, imagine a frame separated by urban
location. Suppose there are N = 8,000 schools
in the frame, and a stratified sample of » =
480 is to be selected. Table 4.2 presents the
frame population divided into three strata.
Further, assume we decide to allocate the
sample proportionally across strata, so that a
sampling fraction of 0.06 is used in each stra-
tum. Once the sample is selected, the survey
asks principals of the 480 schools how many
noncollege preparatory or “vocational”
classes are offered in the fall term. We com-
pute a mean number of vocational classes for
each stratum, and we compute an element
variance s? as well. See the results of this
stratified sampling in Table 4.2.

Although the sampling fractions aré
equal in all strata, the strata sample sizes dif-
fer. The means and element variances also
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vary across the strata, as we might expect. The rural schools have a higher mean
aumber of vocational classes. Element variances increase as the mean number of
yocational classes increase.

If we simply computed an unweighted mean across the 480 sample cases, we
would have a biased mean because it would give too high a weight to rural
schools. In this case, the unweighted mean would be simply

y=(6+5+8)/3=63.

We need to use a mean that weights each stratum by its proportion in the frame
population, which in this case would be y :

7, =(0.4x6)+(0.5%5)+(0.1x8) =5.7.

This yields a lower mean because the unweighted mean overrepresented the rural
schools.

One of the problems with weighted estimation like this is that standard sta-
tistical software does not automatically compute weighted averages of strata
means. Instead, it computes weighted means where there is a weight for each indi-
vidual case. It is possible to translate this weighted sum of stratum means into the
kind of weighted sum of individual elements used in standard software. In partic-
ular, suppose we look at the stratified mean estimator y, from a different perspec-

Nh =
N yh'

This form of the computation does not display how it could be a function of val-
ues on individual data records. With a little algebra, you can show that this is
equivalent to

tive:

=3 -3

h=

y 1y

P = ZZW,,,yh, ZZW,,, :

=1 i=1 =1 i=]

where w, is a weight variable on the data set, and is equal to w,, = (N,/n,) for all
of the elements, i, in the Ath stratum. In short, the weighted mean is the ratio of
the weighted total to the sum of the weights. This is the computing formula used
by SPSS, STATA, or SAS in computing the weighted mean. Notice that the value
of the weight for each element is merely the inverse of its sampling probability.

The sampling variance of y, is most easily represented as a weighted sum of
variances across the strata. If simple random sampling has been used in each stra-
tum, then

ys, 2 W} (variance of k-th stratum mean)
h=l
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{52}
n n, 713

=(0.4)’ {1_0'06 ](5)+(0.5)2 [ﬂ](4)+ (0.1)° [1_fé06 ](7)

192 240
=0.00920.

That is, the estimation of the variance is a stratum-by-stratum calculation,
followed by a combining of stratum results. This underscores that the key to strat-
ification gains is finding groups that have low internal variation on survey vari-
able.

The 95% confidence interval for the estimated mean of 5.7 visits uses the
estimated mean and standard error. First, compute the standard error of the mean,

= () =0.00920 = 0.096.

Then, construct the 95% confidence interval around the mean as
ytz_, XSe(f) =57 i(1.96)(0.096) or (5.5,5.9).

It is also useful to examine the design effect of the mean for this sample. The
estimated sampling variance for the stratified random sample has been computed.
The design effect requires that the simple random sampling variance for a sample
of the same size be estimated. For the sample shown in Table 4.1, a separate cal-
culation shows that s> = 5.51 for the sample of 480. With a SRS of 480 sample
schools, then the sampling variance of the mean is given as

Voo (7) =[l_f]sz =[1_0'O6 ](5.51)=0.0108.

n 480
Hence, the design effect is estimated as

v(y,) 0. 00920 _

d* =
v, (7) 00108 ~

That is, the proportionate stratified random sample has a sampling variance that
is about 85% of what a simple random sample of the same size would have
obtained. This translates to a decrease in the standard error (and the confidence
interval widths) of about

100*(1-~/0.85) = 8%

These kinds of gains from proportionate allocation are almost always guar-
anteed, provided that the stratification itself is effective. Stratification almost
always leads to gains in precision when: (1) the frame is divided into groups that
are substantively meaningful — groups that differ from one another on the study
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variables; and (2) proportionate allocation is used. Stratification, then, is a process
that first seeks frame variables that are likely to be correlated with the kinds of
yariables to be measured in the survey. Even variables with modest levels of cor-
relation with respect to survey variables can lead to good stratification.

What can we do without frame information to use in stratification?
Fortunately, this “no information™ case is quite rare in practice. There is almost
always some kind of information for each sample case that can be used to group
population elements into groups that are going to be different with respect to the
survey variables. For example, when a list of names is used, rough gender and
ethnicity strata can be formed based only on the names. Perfection in classifying
cases into strata is not necessary to achieve some of the precision gains of strati-
fication.

4.5.2 Disproportionate Allocation to Strata

In addition to proportionate allocation there are other allocations that can lead to
smaller sampling variances than for simple random samples of the same size.
There is one allocation in every problem that produces the smallest sampling vari-
ance for the sample mean that can be obtained for any allocation. This allocation
is named after its inventor, Jerzy Neyman. The allocation is more complicated
than the proportionate, or equal sample size, allocations, but a brief examination
will uncover an important design principle.

The Neyman allocation for a stratified sample is one of the many dispropor-
tionate allocations available. It just happens to be one that has the smallest sam-
pling variance than any other element sample of the same size. The Neyman allo-
cation requires that we know not only the 7, for each stratum, but also either the
standard deviations

. 2
Sh - Sh H

or some values that are themselves proportionate to them.
Compute the product W, S, for each stratum, and sum these products Z w,S,
across the strata. Then the Neyman allocation sample sizes are b=l

That is, the sample sizes are made proportionate not to the W, but to the WS,
Thus, if the stratum is large, allocate more of the sample to it, just as in propor-
tionate allocation. However, if the stratum has more variability among the ele-
ments, as when

S, = S/?

is larger, then also allocate more sample to the stratum. In other words, when
there is higher element variance in a stratum, increase the size of the sample taken

Neyman
allocation
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from the stratum, relative to other strata that have lower element variance. Thig
has great intuitive appeal. If some parts of the population have large variability,
we need larger samples from them to achieve more stable sample survey statis-
tics.

The Neyman allocation can lead to very large gains in precision over simple
random sampling, and even over proportionate allocation. However, there are
several weaknesses to the method. For one, it does not necessarily work well for
proportions. When working with proportions, very large differences in the pro-
portions between strata are needed, and it may be difficult to find variables that
will achieve the large differences that are needed. Second, Neyman allocation
works well for one variable at a time, If the survey is collecting data on more than
just that one variable, the Neyman allocation for the other variables may differ
from the one for the first. And it is possible that the Neyman allocation for pri-
mary variable of interest will not work well for the other variables, so much so
that the design effects for the other variables are actually greater than one.

Disproportionate allocation to strata without good information about the
within stratum variances (s2) can be dangerous, leading to increases in overall
standard errors. For example, one naive allocation is to assign equal numbers of
sample cases to each stratum, even though the strata are of different sizes. If such
a design were used in the illustration of Table 4.2, each stratum might be assigned
160 sample schools, totaling the same 480 as with proportionate sampling. Such
a design, however, would have achieved a sampling variance of the stratified
mean of 0.0111 instead of the 0.0108 of a simple random sample (or the 0.0092
of the proportionate stratified design).

There is much research left to be done on disproportionate allocation in sam-
ple design. The Neyman allocation addresses a survey with a single purpose in
mind: the estimation of the population mean. However, most surveys are done to
estimate scores, hundreds, or thousands of statistics simultaneously. Optimizing
the design for just one statistic is generally not desirable, so the practicing survey
researcher cannot rely on Neyman allocation for just one. There have been some
serious studies of how to improve sample designs for multipurpose samples
(Kish, 1988), but practical tools have yet to be developed. Further, Neyman allo-
cation ignores coverage, nonresponse, and measurement errors that might vary
over strata in the design.

Despite these complications, stratification and careful allocation of the sam-
ple are important tools in sample design and selection. Stratified sampling can
achieve the goal of obtaining a sample that is representative of the population for
every possible sample that can be drawn, a goal that cannot be obtained through
purely random selection. Practical sampling invariably uses some kind of stratifi-
cation, and yields sampling variances that are smaller than those obtained if no
stratification had been used.

4.6 SYSTEMATIC SELECTION

Systematic selection is a simpler way to implement stratified sampling. The basic
idea of systematic sampling is to select a sample by taking every kth element in
the population. Determine the population and sample sizes, and compute the sam-
pling interval & as the ratio of population to sample size. Then choose a random
number from 1 to £, take it, and select every kth element thereafter.

SYSTEMATIC SELECTION

Figure 4.7 displays the same example as Figure 4.6, illustrating a stratified
element sample. It shows a frame population of 20 members of a professional
organization, sorted into four strata based on experience in the organization
(“highest” to “low”). In stratified element sampling, there was a sample of size
one drawn from each of four strata, implementing a sampling fraction of 1/5 in
each stratum. A systematic selection on this same sort order can provide many of
the same advantages of stratified element sampling. The sampling fraction of 1/5
iranslates to a systematic selection interval of k= 1/f=5. To implement a system-
atic selection, first choose a “random start” (in this case, from 1 through 5); in
Figure 4.7 this is RS = 2. The first selected element is the second on the list, the
next selected element is the (2 + 5) = 7th on the list; the third is the (7 + 5) = 12th
on the list; the fourth is the (12 + 5) = 17th on the list. (If we kept going like this,
the next number would be 22, beyond the total number of 20 frame elements.)
The figure illustrates how this process always achieves representation of cases
from each successive group of five elements in the listing order. In this case,
every five elements is one of the strata in the original stratified element sample,
so the systematic selection attains the same representational properties of the
stratified element design.

The systematic selection process is thus much easier to apply than simple
random or stratified random selection. The selection process does have a couple
of drawbacks. For one, the interval k is not always an integer. What should be

Record Name Group Systematic Selection, RS = 2
1 Cochran, W. Highest
2 Hunt, J. Highest ——) HUNE, J.
3 Madow, W. Highest
4 Mandela, N. Highest
5 Wolfe, T. Highest
6 Bradburn, N. High
7 Deming, W. High =) Deming, W.
8 Hyde, H. High
9 Sudman, S. High
10 Wallman, K. High
11 Fuller, W. Medium
12 Habermann, H.  Medium —) Habermann, H.
13 Kalton, G. Medium
14 Norwood, J. Medium
15 Woolsley, T. Medium
16 Hansen, M. Low
17 Kish, L. Low — Kish, L.
18 Rubin, D. Low
19 Sheatsley, P. Low
20 Steinberg, J. Low

Figure 4.7 Frame population of 20 persons sorted by group,
with systematic selection, selection interval = 5,
random start = 2.
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done if k has a decimal part to it? There are a number of methods to handle “frac-
tional intervals” in systematic selection. One is to round the interval to the near-
est integer. For example, suppose a sample of 1,000 is to be selected from a pop-
ulation of 12,500, requiring an interval of 12.5. The interval could be rounded up
to 13. A problem arises, though: the sample size will no longer be 1,000. After a
random start from 1 to 13, the sample would either be 961 or 962. If the interval
were rounded down to 12, the sample size would be 1,041 or 1,042. Rounding the
interval gets back to an integer, but the price is a departure from the desired sam-
ple size.

A second approach is to treat the list as circular. Calculate the interval, and
round it up or down (it actually doesn’t matter which is done). Suppose we choose
the interval of 12 for this illustration. Choose a starting place anywhere on the list,
by choosing, say, a random number from one to 12,500. Suppose the start is
12,475. Start there, and begin counting every 12th element: 12,475, 12,487, and
12,499 are the first three selections. Since the end of the list has been reached,
continue counting from the end of the list back around to the beginning — 12,500,
1,2, ..., 11. The next selection is the 11th element from the beginning of the list,
Continue counting and selecting until the needed 1,000 elements are chosen.

A third method directly using the fractional intervals is also available. It
includes the fraction in the interval, but rounds after the fractional selection num-
bers have been calculated. This turns out to be an easy type of selection method
when the sampler has a calculator handy. Start by choosing a random number than
includes the decimal value. If the interval is 12.5, choose a random number from
0.1 to 12.5 by choosing a three digit random number from 001 to 125, and then
inserting a decimal before the last digit. This random number, with inserted dec-
imal, is the starting selection number. Then continue by counting every 12.5 ele-
ments — add 12.5 to the start, and add 12.5 to that number, and 12.5 to the next,
and so on, until the end of the list is reached. Then go back and drop the decimal
portion of each of these numbers. The sample will be of exactly the needed size.

For example, suppose the random start were 3.4. Then the selection numbers
would be 3.4, 15.9, 28.4, 40.9, 53.4, and so on. “Rounded” down by dropping the
decimal portion of the selection number, the sample is the 3rd, the 15th, the 28th,
the 40th, the 53rd, and so on, elements. Notice that the “interval” between the
selections is not constant. First it is of size 12, and then 13, and then 12, and so
on. The interval between the actual selections varies, and it averages 12.5.

Systematic sampling from an ordered list is sometimes termed “implicitly
stratified sampling” because it gives approximately the equivalent of a stratified
proportionately allocated sample. Thus, for systematic samples from ordered lists,
there will be gains in precision compared to simple random selection for every
survey variable that is correlated with the variables used to do the sorting.

Axn important type of sorting of some kinds of elements is by geography. For
many kinds of units, geographic location is correlated with characteristics of the
units. For example, suppose a survey were conducted to estimate average number
of employees per firm in a state with 12,500 firms, and the firms were sorted geo-
graphically by their location from the southeast corner of the state to the north-
west in some fashion. Those firms in or near large metropolitan areas would have
larger numbers of employees than those firms in rural areas. Sometimes, firms
would tend to be grouped together geographically by size. A systematic sample
drawn from the geographical list would implicitly stratify firms by size, and lead
to gains in precision compared to simple random selection.

COMPLICATIONS IN PRACTICE
4.7 COMPLICATIONS IN PRACTICE

In the discussion of cluster sampling in Section 4.4,
only the rather limited case of clusters of exactly the
same size was considered. In practice, clusters sel-
dom contain the same number of elements. There is
a selection technique that is often used to select
clusters of unequal size. It sets up a design that
selects the sample in multiple stages. This is a very
common design in large surveys, and hence impor-
tant to understand. We will illustrate the technique
using a two-stage example.

Suppose that a sample of 21 housing units is to
be selected from a frame population of nine blocks
that have a total of 315 total housing units, And sup-
pose that the number of housing units in the nine
blocks are, respectively: 20, 100, 50, 15, 18, 43, 20,
36, and 13. The sample of 21 housing units from
315 housing units produces a sampling fraction of
=21/315=1/15.

Imagine we decide to select the sample by first
randomly choosing three blocks, at a sampling rate
of f,, .= 3/9=1/3, and then subsampling housing
units from each block at random with a sampling

Comment

Look again at Figure 4.7. Notice that
there are only five possible sample
realizations from the systematic
selection. Random start 1 selects ele-
ments (1,6,11,16); random start 2
selects (2,7,12,17); random start 3
selects (3,8,13,18); random start 4
selects (4,9,14,19); and random start
5 selects (5,10,15,20). Only these
five realizations of the sample design
are possible. The sampling variance
of the sample mean is a function of
the variation across these five real-
izations. (One by-product of selecting
just one of them in a survey is that an
unbiased estimate of the sampling
variance is not possible. Generally,
variance estimates assuming SRS or
a stratified element sample are used
in practice for systematic samples.)

rate for housing units of /, = 1/5. The overall probability of selection for a hous-
ing unit is the product of the probability of selecting its block and the probability
of selecting the housing unit, given that its block was selected. Across the two
stages of selection, the sampling probability for selecting housing units is thus

I = Jotoers = T 2(1/3)(1/5) = 1/15,

the desired fraction. One would expect, on average, a sample of size (1/15)*315

= 21 to be obtained. This is a two-stage sample design; the first stage selects
blocks; the second, housing units on the selected blocks. Multistage designs

two-stage
design

always have this nested property. First, “primary” selections are made; then,
within the selected primary units, “secondary” units, and so on. Some ongoing
sample surveys like the NCVS can have four or more stages in parts of their

designs.

However, when this procedure is applied to the housing units in the nine
blocks, the sample size of 21 will only rarely be achieved. For example, suppose
the blocks of size 100, 50, and 43 are selected. Then the number of selected hous-
ing units would be the second-stage fraction applied to the three blocks,

x:(%](100+50+43)=39

selected housing units, much larger than the expected 21 selected housing units.
On the other hand, if the block sample chose the 4th, 5th, and 9th blocks, the sam-

ple would be of size
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x=[é](15+18+13):9

selected housing units. This variation in the achieved number of selected housing
units would cause logistical problems in completing the survey, but also causes
statistical inefficiencies. The logistical problems arise in anticipating how many
questionnaires need to be prepared or interviewers, hired. The statistical problems
arise through the loss of precision that results from a lack of control by design
over the total number of sample households. Hence, there are methods to reduce
this lack of control over sample size.

4.7.1 Two-Stage Cluster Designs with Probabilities Proportionate
to Size (PPS)

What is needed with a two-stage sample from blocks of unequal size is a method
to select housing units (or whatever the elements are) with equal chances, and yet
control the sample size to be the same across possible samples. One way to do this
would be to select three blocks at random, but then take exactly seven housing
units in each. That would achieve the same sample size each time, no matter
which blocks were chosen. Unfortunately, the selection does not give equal
chances of selection to all housing units. Housing units from small blocks would
tend to be overrepresented in such a sample, because once their block was chosen
they would have a higher chance of selection than housing units in a much larger
block.

The method referred to as “probability proportionate to size” or PPS,
addresses this problem by changing the first- and second-stage selection chances
in such a way that when multiplied together the probability is equal for every ele-
ment, and the sample size is the same from one sample to the next.

Consider, for example, Table 4.3, in which blocks are listed in order, with
their sizes in terms of housing units, and the cumulative number of housing units

Table 4.3. Block Housing Unit Counts and Cumulative Counts for a
Population of Nine Blocks

Housing Units on Selection Numbers for the

Block Block a Cumulative Block

1 20 20 001-020

2 100 120 021-120€ 039
3 50 170 121-170€ 144
4 15 185 171-185

5 18 203 186-203

6 43 246 204-246

7 20 266 247-266€ 249
8 36 302 267-302

9 13 315 303-315

COMPLICATIONS IN PRACTICE

jven for each block across the list. Assume that we are attempting the same over-
all probability of selection of housing units, 1/15, and that the same number of
sample blocks, 3, as used in the example above. Draw three random numbers
from 1 to 315; say, 039, 144, and 249. Find on the cumulative list the first block
with 2 cumulative size that first includes the given random number. Blocks 2
(with cumulative measure 120, the first larger than 039), 3 (the first with cumu-
lative measure larger than 144), and 7 (the first with cumulative measure greater
than 249) are chosen.

These blocks have now been chosen with probabilities that are not all the
same. For example, the first chosen block, with 100 housing units, had a much
greater chance of being selected for this sample than did the first block on the list
with only 20 units. For each of the three random selections, it had a chance of
being selected of 100 out of 315 or 3x100/315 = 300/315. The second chosen
block had a chance of selection of (number of random selections)#(probability of
block being selected once) = 3%50/315 = 150/315. The third chosen block had a
much smaller chance of selection, 3¥20/315 = 60/315. To compensate for these
unequal selection probabilities, probability proportionate to size selection
chooses housing units within blocks with chances that are inversely proportion-
ate to the block selection rates. For example, choose a sampling rate in the first
chosen block for housing units such that the product of the first-stage rate,

Foe =3%100/315=300/315,

is “balanced” by this within block rate to obtain the overall desired sampling rate
of f=1/15. In this case, if housing units were sampled within the block at a rate
of

g, =) 2l 7
" (300/315) 300 100

the overall rate would be achieved, since for the first block

300 7 1
= * = —— —_— = —.
f ﬁy/ack f}m (315 ](100] 15

That is, once the first chosen block has been selected, subsample housing units at
the rate of 7/100 or select at random 7% of them. Similarly for the second chosen
block, select housing units within it with the rate 7/50, or an overall rate of

150 73_1
- * Sl V== ==
f ﬁlﬂt‘k f;m [315 ][ 50 ] 15

-take exactly seven housing units from the second chosen block. The same would
be done in the third chosen block.

This kind of a pps procedure yields equal chance selection for elements, and
itends up with the same number of elements being chosen from each cluster. Thus
it achieves epsem and fixed sample size.
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There are several problems that arise with the application of this method in
practice. First, the choice of random numbers in the first stage may choose the
same block more than once. For example, the random numbers could have been
039, 069, and 110, choosing the second block three times. This “with replace-
ment” selection of the blocks is acceptable, but often a sample of three distinct
blocks is preferred. There are several methods to achieve a sample of distinct
blocks, and not all of them are epsem for elements. One involves systematic selec-
tion of block with pps, but it is beyond the scope of this volume to consider thig
method here (see Kish, 1965).

A second problem arises when some of the blocks do not have sufficient
numbers of elements to yield the required subsample size. Suppose, for example,
that the third chosen block in the example had only six housing units in it. Then
it would be impossible to get a sample of seven housing units, at least distinct
ones as in simple random sampling, from the block. In cases like this, where there
are under-sized blocks that can be identified in advance of selection, a simple
solution is to link blocks to form units that are of sufficient size. So the seventh
block in the list, if too small, could be linked to the sixth, reducing the total num-
ber of units from nine to eight. The pps selection could be applied to these eight
units, cumulating size across them and proceeding as above.

Finally, it is also possible to have blocks that are too large. For example, sup-
pose the second block had a size of 120 instead of 100. Then its first-stage sam-
pling probability would exceed 1.0 (3¥120/315 = 360/315). In other words, it
would always be selected, regardless of the random start. One common remedy
for this kind of a block is to take it out of the list, and choose housing units from
within it directly. So, in this case, a sample would be drawn from block 2 with
probability 1/15, or a sample of size

s, :[%](120): 3

housing units. In addition, a sample would be drawn from the remaining eight
blocks with pps, choosing two blocks and housing units within them at the over-
all rate f= 1/15.

4.7.2 Multistage and Other Complex Designs

Many surveys based on probability methods use sample designs that are combi-
nations of techniques discussed in previous sections. They employ stratification
of clusters, selection of clusters, and subsampling of clusters. The subsampling
may extend to three or four stages. There may also be unequal probabilities of
selection, and other complexities introduced into selection to make it practical to
select a sample with available resources.

Subsampling through multiple stages of selection is often used in situations
in which a list of population elements is completely lacking. It is cost-effective,
as discussed in Section 4.4, to select a sample of clusters of elements, and then
obtain or create a list of elements for each of the sample clusters. However, if the
clusters selected in the first stage are large, having many elements, creating a list
1s still not feasible. Multistage sampling is used to further reduce the size of the
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listing task by identifying and choosing another set of clusters within the selected
first-stage clusters. It may be the case that even the second-stage units are too
large to create lists of elements, and a third stage of selection may be needed. The
multistage selection continues until a unit of small enough size to create a list at
reasonable cost is obtained.

This kind of multistage selection arises most often in the context of a widely
used procedure called “area sampling.” Area sampling chooses areas, such as
counties, blocks, enumeration areas, or some other geographic unit defined by
government agencies, as sampling units.

There is much methodological research that is needed to make multistage
cluster designs more efficient. Sampling theory provides some tools for guiding
decisions on how many first-stage, second-stage, third-stage, etc., selections to
make for different precision targets. However, optimization requires knowledge
of both variation in key statistics across the different stages of selection and rela-
tive costs of selections at different stages. Cost models in complex data collec-
tions (e.g., knowing the costs of recruiting interviewers who are residents of the
primary areas, of traveling to second-stage areas, of contact attempts, etc.) need
to be seriously studied and made more useful at the design phase. The use of com-
puter-assisted methods has given survey researchers more administrative data
useful for such design decisions, and these should be used in future research.

More research is needed also for cluster designs when the purpose of the sur-
vey is both to describe the population of clusters and the population of elements
within clusters. For example, NAEP selects schools, then students within sample
schools. The data could be useful for studying properties of schools and proper-
ties of students. In recent years, there have been important new developments in
statistical models that measure effects on some phenomena that stem from multi-
ple levels (e.g., impact on assessment scores from the student’s, her parent’s, her
teacher’s, and her school’s attributes). Sample designs to maximize the precision
of such models need further development.

4.7.3 How Complex Sample Designs are Described: The Sample
Design for the NCVS

We can combine all the lessons of sample design above to examine one of our
example surveys in detail — the National Crime Victimization Survey (NCVS).
Recall that the target population of the NCVS is the civilian noninstitutionalized
household population age 12 years old and older. We note that in the United States
there is no list of names and addresses of such persons, so one problem in the
sample design is frame development. The design is based on a multistage list and
area probability design.

Below appears the description of the sample design that is provided users of
the National Crime Victimization Survey when the survey data are requested
(Interuniversity Consortium for Political and Social Research, 2001). We present
the description and then offer comments on each section of it.

The NCVS sample consists of approximately 50,000 sample
housing units selected with a stratified, multistage cluster
design. The Primary Sampling Units (PSUs) composing the
first stage of the sample were counties, groups of counties, or
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large metropolitan areas. PSUs are further grouped into strata.
Large PSUs were included in the sample automatically and
each is assigned its own stratum. These PSUs are considered to
be self-representing (SR) since all of them were selected. The
remaining PSUs, called non-self-representing (NSR) because
only a subset of them was selected, were combined into strata
by grouping PSUs with similar geographic and demographic
characteristics, as determined by the Census used to design the
sample.

Comment: The first-stage selection units are area based units — counties and
groups of counties. Some are so large (like the problem treated in Section 4.7.1)
that they are in all realizations of the design. These are called self-representing
units (e.g., New York, Los Angeles, Chicago, and other big urban counties).

Prior to 1995, the sample was drawn from the 1980 decennial
Census. From January, 1995 until December, 1997, the sample
drawn from the 1990 Census was phased in. Since January,
1998 the complete NCVS sample has been drawn from the
1990 Census.

Comment: This means that the probabilities of selection of the primary sampling
units are based on population counts from the 1990 Census for these data files.
Ideally, the probabilities of selection would be based on current data. If the meas-
ure is out of date, the result is variation in realized sample size across the sample
units.

The current design consists of 84 SR PSUs and 153 NSR strata,
with one PSU per stratum selected with probability proportion-
ate to population size.

Comment: The primary sampling units are stratified before selection takes place.
There are 153 strata used in the design, based on region, size of PSU, and other
variables.

The sample of housing units within a PSU was selected in two
stages. These stages were designed to ensure a self-weighting
probability sample of housing units and group quarters
dwellings within each of the selected areas. (That is, prior to
any weighting adjustments, each sample housing unit had the
same overall probability of being selected.) The first stage con-
sisted of selecting a sample of Enumeration Districts (EDs)
from designated PSUs. (EDs are established for each decennial
Census and are geographic areas ranging in size from a city
block to several hundred square miles, and usually encompass-
ing a population of 750 to 1,500 persons.) EDs were systemat-
ically selected proportionate to their 1980 or 1990 population
size. In the second stage, each selected ED was divided into
segments (clusters of about four housing units each), and a
sample of segments was selected.

COMPLICATIONS IN PRACTICE

Comment: The nested stages of selection are 1) PSUs (counties or county
groups); 2) enumeration districts (census units of about 1,000 persons); 3) groups
of adjacent housing units (about 4 housing units) called “segments.” Then every
housing unit in a selected segment is designated for interviewing.

The segments were formed from the list of addresses compiled
during the 1980 and 1990 Censuses. However, procedures
allow for the inclusion of housing constructed after each decen-
nial Census enumeration. A sample of permits issued for the
construction of new residential housing is drawn, and for juris-
dictions that do not issue building permits, small land area seg-
ments are sampled. These supplementary procedures, though
yielding a relatively small portion of the total sample, enable
persons living in housing units built after each decennial
Census to be properly represented in the survey. In addition,
units in group quarters known as special places were also
selected in special place segments. These units, such as board-
ing houses and dormitories, constitute a small portion of the
total sample. The sample design results in the selection of about
50,000 housing units and other living quarters.

Comment: There are problems with using lists of addresses covered by the last
decennial .census. There may have been new construction of units since the last
census. Multiple frames are used to update the list of addresses on the census
frame. Thus, the NCVS is a multiple frame design (see Section 3.6.3). For other
survey organizations, the address lists from the last decennial census are not
available. These organizations will send interviewers to sample blocks in order to
have them list all of the addresses, or housing units, in the sample blocks. These
are returned to a central facility where they are keyed, and then a sample selected
for the last household listing operation to identify eligible persons.

Because of the continuing nature of the National Crime
Victimization Survey, a rotation scheme was devised to avoid
interviewing the same household indefinitely. The sample of
housing units is divided into six rotation groups, and each
group is interviewed every six months for a period of three and
a half years. Within each of the six rotation groups, six panels
are designated. A different panel is interviewed each month
during the six month period.

Comment: After the entire sample is defined, six random subgroups are defined
and enter the sample over consecutive months. These “rotation groups” are part
of the rotating panel nature of the NCVS. In any given month, some sample mem-
bers are providing their first interview, some, their second, some, their third, and
80 on. Those providing their first interview are “rotating into” the panel for the
first time. Those providing their seventh interview will “rotate out” of the NCVS.

An interviewer visits each selected housing unit, make a listing of all persons
who are household members, and then attempts to collect NCVS data on all those
12 years old and older.
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What results from all of this is a sample of persons, clustered into housing
units, that are clustered into segments, that are clustered into enumeration dis-
tricts, that are clustered into primary sampling units. Stratification takes place
before selection at the segment level (through spatial groups), at the enumeration
district level (again, through spatial ordering), and at the primary sampling unit
level. Probabilities proportionate to size are introduced at all stages, but the over-
all probability of selection of each person is equal within each frame used in the
sample.

4.8 SamMpPLING PERSONS IN US TELEPHONE HOUSEHOLDS

A large number of surveys in the United States employ the telephone as a medium
of interviewing. When telephone interviewing is used, the sampling frame most
often used is one containing telephone numbers, each of which might be assigned
to a household. Persons in the household of a selected telephone number are then
listed and one or more selected. Because telephone samples are prevalent in the
United States, there is well-developed information about the telephone number
sampling frame.

Telephone numbers in the United States are 10 digit numbers with three
parts:

734 — 764 — 8365
Area Code — Prefix — Suffix

At this writing, there are about 275 area codes in the United States that contain
working household numbers. Prefixes are restricted in range from 2XX to 9XX,
where the Xs can be any digit from 0 to 9. This means that there are about 800
possible prefixes in each area code. For each prefix, there are 10,000 possible
individual phone numbers (i.e., 0000-9999), and this level has the largest change
over time, as subscribers move in and out of the population. From this we can
observe that there are 2.2 billion possible telephone numbers in that frame. In
2000, there were approximately 100 million households, with about 94 million
having at least one line telephone subscription. If every household had one and
only one telephone number, the percentage of household numbers among all pos-
sible numbers would be 0.4%. That is, most of the frame would contain ineligi-
ble numbers for a household survey. This is the simplest “random digit dialed”
sample design. It takes all working area code—prefix combinations that are work-
ing and appends to them at random four-digit random numbers (from 0000 to
9999). The resulting ten-digit numbers are the same numbers, among which we
would expect that a very small percentage would be working household numbers.

Such designs are so inefficient that they are never used. At the current time,
if the frame were restricted to prefixes that are activated (about 80,000 in the
United States), about 16% of the possible numbers would be working household
numbers (Attp://www.surveysampling.com). This offers a large boost in efficiency.
But even this efficiency is improved by separating the prefixes into smaller sets
of numbers.

The use of the numbering plan is such that household numbers cluster in cer-
tain series. A common series is the 100 block of numbers, representing 100 con-
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secutive numbers within an area code—prefix combination (e.g., 734-764-8365
lies in the 100 block defined by 734-764—8300 to 734—764-8399). As it turns out,
about 2.5 million blocks have one or more listed telephone numbers. In those
blocks, the rate of working household numbers is much higher. Thus, many prac-
tical uses of random digit dialing, like those used in BRFSS and SOC, limit the
sample to 100 blocks with some minimum number of listed numbers. By limiting
the frame, there is more undercoverage of telephone households, but very large
increases in the proportion of numbers that are household numbers.

In addition to the random digit dialed frame, there are alternative telephone
number frames, but they suffer from problems of undercoverage of the telephone
household population. The most obvious alternative is the set of numbers listed in
the residential sections of telephone directories across the country. There are com-
mercial companies that assemble these numbers into electronic files. A large por-
tion of numbers are not listed in these directories, either because they are newly
activated (and thus missed the printing date of the directory) or the subscriber
requested that the number remain unlisted. In large urban areas it is common that
less than half of the households have their numbers listed in the directory. Hence,
using telephone directories as a frame would severely limit the coverage of the
frame.

The frame based on all numbers in working area codes and prefixes is
becoming less efficient over time. In the early 1990s, two changes occurred to the
US telephone system that added more area codes and prefixes. First, there was a
large increase in the use of telephone numbers to facilitate fax transmissions and
computer electronic communication via modems. This led to the creation of new
telephone numbers, some of which are installed in homes, which are not prima-
rily used for voice communication. When dialed, they are often answered by an
electronic device or never answered at all.

Second, to reduce the cost of telephone service, local area competition was
introduced. Prior to the early 1990s, one company was authorized to provide tele-
phone service for a given area (the so-called telephone exchange). The system
was changed so that more than one company could offer service in the same area.
In addition, the new company could offer service to customers that would allow
them to retain their previous telephone number, a service known as telephone
number portability. However, the telephone numbering system is also a billing
system. The area code—prefix combination is assigned to a single company for
billing purposes for its customers. If the new company allowed its customers to
retain their old number, the billing system would be confused. To allow correct
billing, the new company was given an area code—prefix combination to use for
billing that contained “shadow” or “ghost” numbers. When the customer places a
call from their retained telephone number, the bill for the call is transferred to the
“shadow” number. But this addition of new area code—prefix combinations
enlarged the pool of available telephone numbers much faster than the number of
telephone households increased. The result was a drop in the proportion of tele-
phone numbers that were actually assigned to households.

This change in the telephone system led to an increase in the number of acti-
vated area codes and prefixes in the United States. Figure 4.8 shows how the tele-
phone system changed between 1986 and 2002. The figure presents on the x axis
the number of phone numbers within a block of 100 consecutive phone numbers
that are listed in a phone directory. It is based on dividing all the active area
code—prefix combinations into such 100 blocks of numbers (i.e., there are about
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Figure 4.8 Incidence of listed phones in working 100 blocks,
1986 and 2002. (Source: Survey Sampling, Inc.)

2.5 million such 100 blocks). In 1986, the modal number of listed numbers in the
population of 100 blocks in the United States was about 55; in 2002 it was about
25 — a dramatic decline in the density of listed household numbers.

In short, telephone surveys face a trade-off between one frame — listed num-
bers — which fails to cover large portions of telephone households, but contains a
very high percentage of eligible numbers, and the RDD frame, which covers all
numbers but also contains large number of ineligible numbers. With such a situ-
ation, various more complex design alternatives have been developed, usually
implementing some stratification connected to oversampling of portions of the
RDD frame (e.g., list assisted sampling; see Tucker, Lepkowski, and Pierkarski,
2002), cluster samples that oversampling 100 blocks densely filled with house-
hold numbers, dual-frame designs that combine RDD frame and the listed frame
(e.g., Traugott, Groves, and Lepkowski, 1987), and other schemes that enjoy the
benefits of the RDD frame but attempt to reduce the costs of screening through
nonresidential numbers. There is much methodological research that needs to be
conducted on US telephone sample designs. As mobile telephones become more
prevalent, there will be many research questions about how to blend frames of the
line and mobile telephones, how to optimize the allocation between frames, how
to measure overlaps of frames, and how to minimize nonresponse errors of such
mixed mode designs.

4.9 SUMMARY

Sample design is the most fully developed component of survey research. Most
of the practices of sample design are deduced from theorems in probability sam-
pling theory. Simple random sampling is a simple base design that is used for the
comparison of all complex sample designs. There are four features of sample
design on which samples vary:

KEYWORDS

1) The number of selected units on which sample statistics are computed
(other things being equal, the larger the number of units, the lower the
sampling variance of statistics)

2) The use of stratification, which sorts the frame population into different
groups that are then sampled separately (other things being equal, the
use of stratification decreases the sampling variance of estimates)

3) The use of clustering, which samples groups of elements into the sample
simultaneously (other things being equal clustering increases the sam-
pling variance as a function of homogeneity within the clusters on the
survey statistics)

4) The assignment of variable selection probabilities to different elements
on the frame (if the higher selection probabilities are assigned to groups
that exhibit larger variation on the survey variables, this reduces sam-
pling variance; if not, sampling variances can be increased with variable
selection probabilities)

Much of sample design is dictated by properties of the sampling frame. If there is
no frame of elements, clustered samples are often used. If there are auxiliary vari-
ables on the frame (in addition to the identifying variables for the element), these
are often used as stratifying variables.

KEYWORDS

area sampling rotation group

cluster sample sample element variance
confidence limits sample realization
design effect sampling bias

effective sample size sampling fraction

epsem sampling variance

finite population correction sampling variance of the mean
fractional interval sampling without replacement
intracluster homogeneity segments

Neyman allocation simple random sample

precision standard error of the mean
probability proportional to size (PPS)  strata

probability sample stratification

probability selection stratum

random selection systematic selection

roh two-stage design

For MoORE IN-DEPTH READING

Kish, L. (1965), Survey Sampling, New York: Wiley.

Lohr, S. (1999), Sampling: Design and Analysis, Pacific Grove, CA: Duxbury
Press.

131



132

SAMPLE DESIGN AND SAMPLING ERROR

EXERCISES

1)

2)

3)

4

We have a small frame population consisting of eight students with the fo]-
lowing exam grades: 72, 74, 76, 77, 81, 84, 85, 91

a) Compute the frame population mean and variance.

b) Identify all possible simple random samples of size 2. Compute the
mean of each possible sample and make a histogram of the sample
means.

c) Identify all the possible simple samples of size 6. Compute their means
and make a histogram of the sample means. (Hint: It is easiest to do this
using the results of (b). How does the distribution differ from that in
(7

d) Use the formula on page 99 to compute the sampling variance of the
sample mean for a simple random sample of size 2. Is it equal to the vari-
ance of the distribution in (b)? Compare these results and explain why
they are the same or different.

Use the same population of eight people from Exercise 1. However, now
stratify them into two groups as follows:

Low scores:
High scores:

72,74, 76, 77
81, 84, 85, 91

a) Identify all possible simple random samples of size 6, taking three from
each stratum. Compute their means and make a histogram of the sample
means. How does the distribution of these sample means compare with
the unstratified version from Exercise 1?

b) Calculate the true variance of a stratified sample mean for a sample of
size 6, with three students sampled from each stratum.

Design effects are useful ratios to evaluate the precision of statistics for dif-
ferent sample designs.

a) What is the definition of the design effect?

b) Is the design effect of a stratified element sample likely to be larger or
smaller than 1.07

c) Isthe design effect of an unstratified clustered sample likely to be larger
or smaller than one?

d) For a single-stage clustered sample, the intraclass correlation for a key
variable is 0.016 and the cluster size is 10. Calculate the design effect for
the mean of that key variable.

A survey is to be conducted to study work loss from acute iliness in a plant
with 1,200 workers. For planning purposes, it is assumed that the mean num-
ber of days lost per year is 4.6 and that the standard deviation is 2.7 days lost
per year. Assume that the sample is to be selected by simple random sam-

pling.

4

|

EXERCISES

5)

6)

7

a) What sample size is needed to produce an estimate of the mean number
of days lost with a standard error of 0.15?

b) Now suppose that a proportionate stratified sample is selected with six
strata, formed by the cross-classification of sex and age (in three age
groups). Consider the sample size necessary to achieve a standard error
for the mean of 0.15. Will the sample size for the proportionate stratified
design be smaller, the same, or larger than that computed in (a)? Briefly
justify your answer.

Draw a PPS systematic sample, using X  as the measure of size, from the fol-
lowing list of blocks, using a random start of 6 and an interval of 41.

Block X Selections

o

Cumulative X,

32
18
48
15
37
26
12
45
46
21

CQOWoOO~NULAWN-=-

—_

The frame population for an education survey includes 2,000 high schools,
each containing 1,000 students. An epsem sample of » = 3,000 students 1s
selected in two stages. At the first stage, 100 schools are sampled and at the
second stage 30 students are selected in each sampled school. Of the sampled
students, 30% reported having access to computers at home and the standard
error of this percentage was 1.4%. You may ignore finite population correc-
tions and approximate (n — 1) by n throughout this question. Estimate:

a) The design effect for the sample percentage

b) The within-school intraclass correlation for students’ access to comput-
ers at home

b) The standard error for the sample percentage with a sample design that
selected 300 schools and 10 students per school

A proportionate stratified sample of 1,000 persons was selected from a list of
12,000 registered voters in a city and information was collected on whether
the households in which the sampled persons were living had central air con-
ditioning. In one stratum, 10 registered voters were selected by simple ran-
dom sampling. The results for this stratum, tabulated by the number of reg-
istered voters in the household, are as follows (with 1 indicating the presence
of central air conditioning and 0 indicating its absence):
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8)

SAMPLE DESIGN AND SAMPLING ERROR

Number of Registered Air Conditioning
Case Number Voters Indicator

1 1 1

2 1 0

3 1 1

4 2 1

5 2 1

6 2 0

7 3 0

8 3 0

9 3 1
10 4 1

For this stratum, estimate:

a) The percentage of registered voters living in households with central air
conditioning

b) The percentage of households with central air conditioning

¢) Why are the overall sample estimates of these percentages likely to be
biased estimates of the percentage of the population and the percentage
of households in the city with central air conditioning?

A stratified sample was selected to estimate annual visits to a doctor. The
results of the study are as follows:

Stratum N, W, n, f, Y, A 87
Young 3200 040 192 0.06 1152 6 5
Middle aged 4000 0.50 240 0.06 1200 5 4
Old 800 0.10 48  0.06 384 8 7
Total 8000 1.00 480 0.06 2736

The table contains for each stratum the stratum size (,), the proportion of
the population (), the sample size (#,), the sampling fraction (f,), the total
number of doctor visits (,), the mean number of doctor visits (3,), and the
sample element variance (s;). Show all work and do as many calculations as
possible.

a) Compute the unweighted mean of the strata means.

b) Compute the properly weighted stratified mean.

c) Compute the sampling variance of the mean from (b) and a 95% confi-
dence interval for that mean.

EXERCISES

9) A medical practice has records for 900 patients. A simple random sample of

300 records was selected. Of the 300 patients involved, 210 had private
health insurance.

a) Estimate the percentage of patients with private health insurance and the
standard error of this estimate. Calculate a 95% confidence interval for
the population percentage.

b) The study is to be repeated in another medical practice that has 1,000
patients. A standard error of 2.5% for the sample percentage of patients
with private health insurance is required. What sample size is needed for
a simple random sample to achieve this level of precision? For planning
purposes, assume that the population percentage is 50%.
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CHAPTER FIVE

——

METHODS OF DATA COLLECTION

No matter how good its sample design, a survey will yield biased results if the rest
of the survey design is not appropriate to its purpose. This includes writing and
testing & measurement instrument, typically a questionnaire (see Chapters 7 and
8). In addition, if interviewers are used, they must be recruited, trained, and super-
vised (see Chapter 9). This chapter focuses on another key decision that affects
the survey — that is, the method of data collection used.

The term “data collection” is a little misleading, since it implies that the data
already exist and merely need to be gathered up (see Presser, 1990). Survey data
are usually produced or created at the time of the interview or completion of the
questionnaire. In other words, they are a product of the data collection process —
a notion that underscores the importance of this step. Despite this, we will use the
usual terminology of “data collection” here. As Figure 5.1 shows, all design

aspects flow through the
data collection process to Define research objectives

produce survey estimates.
This chapter focuses on / \

decisions related to the
choice of a data collection Choose mode |, | Choose sampling
method and the implica- of collection | o
tions of such decisions on
costs and errors in surveys. !

Sur_"eys have tradiﬁo‘_l' Construct and pretest Design and
ally relied on three basic questionnaire select sample
data collection methods:

mailing paper question-

naires to respondents, who .| Design and implement |,
fill them out and mail them - data collection

back; having interviewers

call respondents on the tele- 4

phone and ask them the Code and edit data
questions in a telephone

interview; and sending 1

interviewers to the respon-

dents’ home or office to Make postsurvey adjustments

administer the questions in |
face-to-face (FTF) inter- . i
views. The computer revo- ' Perform analysis

lution has altered each of
these traditional methods
and added new ones to the

Figure 5.1 A survey from a process perspective.
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mix. This chapter focuses on the decisions related to the choice of a data collec-
tion method and the implications of such decisions on costs and errors in surveys,
There are two basic issues that affect the choice of a data collection method:

1) What is the most appropriate method to choose for a particular research
question?

2) What is the impact of a particular method of data collection on survey
errors and costs?

To answer these questions, both the survey designers and the analysts of the data
must understand the data collection process. From the design perspective, the
decisions made at the outset will often determine how the data can be collected,
with implications for costs, data quality, nonresponse, coverage, and so on. From
the analytic perspective, understanding how the data were collected is critical to
evaluating the quality of the resulting estimates. Thus, whether one is faced with
choosing the mode or that decision has already been made, understanding the
details of the particular method(s) used is an important part of understanding the
quality of the data obtained.

5.1 ALTERNATIVE METHODS OF DATA COLLECTION

Over the past 25 years or so, survey methodologists have invented many new
methods of collecting survey data. The possibilities are even more numerous
since surveys sometimes use multiple methods simultaneously. For instance, the
method used to contact sample units may not be the same method used to collect
the data. Different modes of data collection may be used for different parts of the
interview, or one method may be used initially and another method used during
later follow-up. For example, in past years, the National Survey on Drug Use and
Health (NSDUH) used interviewer administration for some items but self-admin-
istration for others. In a longitudinal survey (which collects data from the same
respondents several times), one mode may be used in the first wave of the survey,
but another mode may be used for later waves. For example, the National Crime
Victimization Survey (NCVS) interviews respondents up to seven times; it uses
face-to-face interviews in the initial round but attempts to conduct telephone
interviews in later rounds. Face-to-face interviews are used for first time inter-
views because they have been found to boost response rates and to motivate the
respondents to provide accurate information in later waves. Later rounds use tele-
phone interviews to save money over face-to-face methods.

In the first few decades of the survey research enterprise, “mode” typically
meant either face-to-face (or personal-visit) interviews or mail surveys. In the late
1960s, telephone surveys became more common, and their use grew dramatically
in the following decades. Early mode-comparison studies contrasted these three
methods. Much of the mode effects literature has its roots in the face-to-face ver-
sus telephone comparisons of the 1970s, and later expanded to include other
methods. For example, Groves and Kahn’s (1979) study compared a national
sample (clustered in 74 counties and metropolitan areas) interviewed face-to-face
with two national telephone samples, one clustered in the same primary areas and
one selected via random digit dialing throughout the United States. Their study
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compared response rates, costs, coverage, and measurement error by mode of
administration. On the whole, the telephone and face-to-face interviews yielded
similar results, providing further impetus to the use of telephone interviews to
gather survey data.

With the proliferation of new data collection methods in recent years, largely
associated with the introduction of computers to the survey process, survey mode
now encompasses a much wider variety of methods and approaches, including
combinations of different approaches or mixed-mode designs. Some on the most
common methods of data collection in use now are:

1) Computer-assisted personal interviewing (CAPI), in which the computer
displays the questions on screen, the interviewer reads them to the
respondent, and then enters the respondent’s answers

2) Audio computer-assisted self-interviewing (audio-CASI or ACASI), in
which the respondent operates a computer, the computer displays the
question on screen and plays recordings of the questions to the respon-
dent, who then enters his/ answers

3) Computer-assisted telephone interviewing (CATI), the telephone coun-
terpart to CAPI

4) Interactive voice response (IVR), the telephone counterpart to ACASI
(and, therefore, also called telephone ACASI, or T-ACASI), in which the
computer plays recordings of the questions to respondents over the tele-
phone who then respond by using the keypad of the telephone or saying
their answers aloud

5) Web surveys, in which a computer administers the questions on a Web
site

Figure 5.2 presents a more comprehensive list of current methods of data col-
lection and traces the relations among them. All of the methods have their roots
in the traditional trio of mail surveys, telephone interviews, and face-to-face inter-
views. The best way to read the figure is to move from left to right, the dimension
that reflects both the passage of time and the increased use of computer
assistance. The original mailed paper questionnaire survey was first enhanced
with the use of optical character recognition (OCR) for printed responses and later
with intelligent character recognition (ICR) for handwriting, using machines to
read and code answers from completed questionnaires; this has evolved to the use
of fax delivery of self-administered paper questionnaires. This branch of develop-
ment used computers in the processing stage of a survey. The other branch of evo-
lution from mail used computer assistance in capturing the data. For populations
with personal computers (often business populations), survey researchers sent
computer disks containing software presenting the survey questions and captur-
ing data (disk by mail method). The respondent returned the disk upon comple-
tion of the survey. With the onset of the Internet, the questionnaire could be sent
by e-mail to the respondent (e-mail method), and then later via Web pages (Web
method). These methods are collectively known as computerized self-adminis-
tered questionnaires (CSAQ).

The evolution of methods using the telephone network first led to telephone
interviewers’ terminals connected to mainframe computers, then terminals con-
nected to minicomputers, then individual networked personal computers. CATI

CAPI

ACASI

CATI

IVR
T-ACASI

Web

OCR
ICR

disk by mail

CSAQ
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Figure 5.2 The evolution of survey technology.

software presented to the interviewers questions in the interview, the interviewers
read the questions, and the software received and checked answers entered on the
keyboard. Some business surveys, with limited data needs, used touchtone data
entry (TDE). TDE had respondents call a toll-free number, hear recorded voice
requests for data items, and enter the data using the keypad of their telephone. An
advance in this area was interactive voice response (IVR or T-ACASI), in which
the interviewer initiates the call before switching the respondent over to the auto-
mated system.

The evolution of the face-to-face mode followed two paths — one was
replacement technologies for the paper questionnaire that interviewers used; the
other was the self-administered questionnaires interviewers sometimes gave t0
respondents as part of a face-to-face protocol. Computer-assisted personal inter-
viewing (CAPI) replaced the paper questionnaire, using laptop computers to dis-
play questions and receive data input. For the self-administered questionnaires
(SAQ) that were sometimes handed to respondents to complete, computer assis-
tance took various forms. The first was a short transition technology — use of the
Sony Wallanan cassette tape player to provide audio delivery of questions that
were answered by the respondent using a paper data form. The second was vari-
ous computer-assisted self-interviewing (CASI) approaches, including laptops
presenting text questions and accepting responses (text-CASI), an enhancement
that delivers the questions in audio form also (ACASI), and a further enhance-
ment that presents graphical stimuli as part of the measurement (video-CASI).

Note that Figure 5.2 charts the progression from older (paper-based) tech-
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nologies to newer, computer-based methods (see Couper and Nicholls, 1998 for a
discussion of these different technologies). This list is by no means exhaustive,
and new technologies or variations of existing methods are continually evolving.
Clearly, it is no longer enough simply to refer to “mode effects” in surveys. We
need to be explicit about what methods are being compared and what features of
the design are likely to account for any effects we may observe. The different
methods of data collection differ along a variety of dimensions — the degree of
interviewer involvement, the level of interaction with the respondent, the degree
of privacy for the respondent, which channels of communication are used, and the
degree of technology use. The sections below discuss these.

5,1.1 Degree of Interviewer Involvement

Some survey designs involve direct face-to-face interactions between an inter-
viewer, on the one hand, and the respondent or informant, on the other. For exam-
ple,in a face-to-face interview, the interviewer reads the survey questions to the
respondent. Other survey designs (e.g., a mail survey) involve no interviewers at
all. Between these extremes, there are a variety of approaches, such as self-
administered questionnaires (SAQs) completed as part of an interviewer-admin-
istered survey, with the interviewer present during completion, like the NSDUH
use of ACASI for sensitive drug use measurement in the context of a personal-
visit survey. Other variants involve interviewer recruitment and persuasion over
the telephone before transfer to an automated system; this method is sometimes
referred to as “recruit and switch” interactive voice response (IVR). Other meth-
ods do not utilize interviewers in any way at all.

The continuum of interviewer involvement has many implications for survey
quality and cost. Interviewer-administered surveys use a corps of trained,
equipped, and motivated persons, requiring supervision, monitoring, and support.
It is common that interviewer costs form a large portion of total costs in inter-
viewer-assisted surveys. Use of interviewers affects the entire organization of the
data collection effort.

Interviewers, however, can be effective recruiters of the sample persons,
potentially affecting the nonresponse error features of the survey statistics.
Section 6.7 shows how the interviewers’ ability to address the sample persons’
questions and concerns about the survey can lead to higher cooperation rates.
Callbacks from interviewers appear to be effective reminders of the survey
request to respondents who have not taken the time to respond.

Interviewers can also assist in clarifying, probing, and motivating respon-
dents to provide complete and accurate responses. This appears to be directly
related to the percentage of questions unanswered in a survey questionnaire.
However, in addition, the presence of an interviewer may harmfully affect the
answers provided, especially to sensitive questions (see Section 5.3.5). With
interviewer-administered surveys, such attributes of the interviewers as their race
and sex and such task-related behaviors as the way they ask the questions can
affect the answers (see Section 9.2.2). Indeed, almost all interviewer effects on
respondent answers appear to be related to their important role in defining the
social context of the measurement. For example, a question about racial attitudes
may be interpreted differently depending on the race of the interviewer. Thus,
interviewers can both increase and decrease the quality of survey statistics.
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5.1.2 Degree of Interaction with the Respondent

Face-to-face or personal-visit surveys have a high degree of interaction with the
respondent. The interview is often conducted in the respondent’s home, with the
answers being provided by the respondent to the interviewer. Telephone inter-
views, like the BRFSS, involve less direct contact with the respondent. Other sur-
veys, such as agricultural surveys that measure crop yield, involve minimal inter-
action with the respondent — essentially seeking the farmer’s permission to do the
direct measurement on the crop. Still other surveys, especially those involving
administrative records, involve no contact at all with the sample unit — field staff
simply extracts the necessary information from the records. For example, part of
NAEP involves periodic examination of high school course transcripts from sam-
ples of students, based on the administrative record systems of the sample
schools.

The more the data emerge from the interaction between the respondent and
an interviewer, the more control the researcher has, at least in principle, over the
measurement process. If a survey is based solely on adminisirative records, then
the quality and content of the records are determined before the survey begins.
Similarly, the coverage of the target population by the administrative records is
out of the control of the researcher. On the other hand, the more that the data
emerge during an interaction with a human respondent, the more they are suscep-
tible to the vagaries of the particular data collection situation.

When administrative records are used, the nature of the questionnaire con-
struction process should be informed by the nature of the record-keeping systems
(Edwards and Cantor, 1991) not merely by the nature of the respondents’ ability
to comprehend the questions and access their memories to get the answers.
Further, not all respondents will have access to the records needed to respond to
all questions. Thus, with modes that cannot be easily used by multiple respon-
dents, the completeness of the survey data depends on the sample person contact-
ing others in the sample unit (e.g., household, business, or farm).

The researcher typically has less control over this dimension. The nature of
the measurement being sought and the availability of administrative records may
determine whether it is necessary to interact with a respondent or a less intrusive
approach can be taken. Whether it makes sense to ask a farmer about crop yield
or to measure this more objectively in the field may be determined by the partic-
ular research questions being asked. There is a growing tendency for surveys to
combine objective measures (administrative records, direct observation, transac-
tion data, etc.) with direct questioning of survey respondents. There is increasing
recognition that respondents and records provide complementary information and
that the combination may help overcome the weaknesses of each source of infor-
mation. However, we should acknowledge that the error properties of the various
sources of information might differ.

5.1.3 Degree of Privacy

Surveys can be conducted in a variety of settings, in part dictated by the mode of
data collection, and these settings can differ in how much privacy they offer the
respondent while completing the survey. Both the presence of the interviewer and
the presence of other persons may affect respondents’ behavior. To the extent that
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others may overhear the questions or see the answers provided by the respon-
dents, their privacy is compromised.

In survey measurement, the principles underlying privacy effects are often
similar to those involving issues of confidentiality of data. The presence of an
interviewer implies that at least that person, in addition to the researcher, will be
aware that the respondent was asked a question. With oral response by the respon-
dent, the interviewer knows the answer. If there are other persons present during
the interview or questionnaire filling process (e.g., other household members, a
colleague in a business setting, passers-by in interviews taken in public settings),
then others can overhear the interviewer-respondent interaction or see the ques-
tionnaire being completed. The loss of privacy implies a loss of control by the
respondents over who knows that they were survey respondents. In some situa-
tions, it implies that the respondents’ answers will be known by those who have
nothing to do with the survey.

The impact of the privacy of the setting is likely to increase when the infor-
mation sought is sensitive or potentially embarrassing to the respondent. For
example, as its name implies, the National Survey on Drug Use and Health
focuses on an extremely sensitive topic: illicit drug use. At one extreme, in face-
to-face surveys conducted in the respondent’s home, there is often little control
over the presence of other family members. Exit surveys and group-administered
surveys (e.g., in a classroom setting) also have low privacy. For example, the
NAEP assessments are conducted in sample classrooms, in which all students in
the classroom are simultaneously administered the examination.

The degree of privacy may depend on the proximity of respondents to each
other (see Beebe, Harrison, McRae, Anderson, and Fulkerson, 1998). At the other
extreme, a self-administered survey completed in a private room in a clinic or in
a laboratory setting offers considerable privacy to the respondent. Threats to pri-
vacy come both from other members of the household (e.g., admitting in the pres-
ence of one’s parents that one has used illicit drugs) and from the mere presence
of the interviewer. For example, it may be difficult to admit negative attitudes
towards a target group when the interviewer is a member of that group.

A variety of methods have been used to improve reporting by increasing the
privacy of the responses. For example, paper-based, self-administered question-
naires (SAQs) have long been used as part of a face-to-face survey to elicit infor-
mation of a sensitive nature. This is the original rationale of NSDUH using self-
administration for measures of drug and alcohol use. This method has evolved
along with data collection technology into various forms of computer-assisted
self-interviewing (CASI) in which the respondents interact directly with the lap-
top computer for a portion of the interview. In the case of audio-CASI, the ques-
tions need not even be visible on the screen — the respondent hears the questions
through headphones and enters the answer into the computer. Similar techniques
~ variously called interactive voice response (IVR) or telephone audio-CASI —
have evolved for telephone surveys, in part to increase privacy for the respondent
while answering sensitive questions.

5.1.4 Channels of Communication

“Channels of communication” is a phrase that denotes the various sensory modal-
lties that humans use to obtain information from their external world. Various
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combinations of sight, sound, and touch can be used to communicate; each com-
bination may yield different issues of comprehension, memory stimulation, socia]
influence affecting judgment, and response hurdles. Survey modes vary in how
they communicate the questions to the respondents, and in how the respondents
communicate their answers to the survey researchers. Interviewer-administered
surveys are principally aural — the interviewer reads the questions out loud and
the respondent answers in like fashion. Mail surveys are visual — the respondent
reads the questions and writes the answers on paper. Some surveys offer a mix of
different communication channels. For example, face-to-face surveys can employ
visual aids (such as show cards that list the response options for a question). CAS]
can be text only (visual), audio plus text, or audio only. Further, words and pic-
tures are distinct tools. Hence, another distinction between data collection
approaches may be the use of verbal stimulus and response material only (as in
the telephone mode) versus the use of other visual stimuli (such as pictures,
videos, and so on). The introduction of computers to the data collection process
(CAPI and CASI) and the use of the World Wide Web have greatly expanded the
type of material that can be presented to respondents in surveys (see Couper,
2001).

Early research in the social psychology of telecommunications studied the
effect of different combinations of visual and aural channels of communication.
For example, Short, Williams, and Christie (1976) identified a greater sense of
“social presence” in the video channel of communication. “Social presence” is the
psychological sense that a subject is aware of and in direct contact with the full
person of the other actor, including his or her emotional state, indicating a single
focus on the interaction (versus some multitasking). Social presence thus is a
function of the salience to the subject of the other actor in an interaction. Short,
Williams, and Christie found in a set of experiments that the audio channel com-
plicates joint tasks that depend on reading the emotional states of actors engaged
in the task. From the survey perspective, this might suggest that interviewers
would tend to have smaller effects on the comprehension of questions in the tele-
phone mode than in the face-to-face mode, in which nonverbal cues from the
interviewer could be read by the respondent.

In the same vein, an interviewer in a face-to-face survey is more likely to
pick on nonverbal indicators of reluctance or confusion, leading the intérviewer
to offer encouragement or clarification, even without explicit requests from the
respondent. In self-administered surveys where no such multi-channel communi-
cation occurs, such intervention is not possible.

Much of the earlier research on survey mode effects, especially telephone
versus face-to-face comparisons, focused on the issue of the channels of commu-
nication. More recently, attention is being focused on the visual/aural differences
between mail or Web surveys, on the one hand, and interviewer-administered sur-
veys or telephone self-administered surveys, on the other. For example, primacy
effects are more prevalent in visual modes of data collection, whereas recency
effects are more common in auditory modes. With a primacy effect, presenting an
option first (or at least near the beginning of the list) increases the chances that
respondents will choose that option. With a recency effect, the opposite happens
— putting an option at or near the end of the list increases its popularity (see
Section 7.3.6).

Research on both mail and Web surveys is also showing that visual syntax —
the layout of the question and answer elements on the page or screen — affects the
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answers provided. Thus, principles of visual design and visual communication are
germane to understanding how measurement error can be reduced in self-admin-
istered surveys.

51.5 Technology Use

Finally, survey data collection methods can vary on the degree and type of tech-
nology used (see Fuchs, Couper, and Hansen, 2000). Mail surveys, for example,
use paper-based methods for data collection. Other than literacy and a pencil, no
specialized skills or equipment are needed. In Web surveys, the respondent inter-
acts with the survey instrument via the Internet, using their own hardware (com-
puter, modem, etc.) and software (ISP, browser). In computer-assisted interview-
ing, the interviewer uses technology provided by the survey organization. The
technology used and how it is used may have implications for standardization
(who controls the equipment), degree and type of training required (e.g., CAPI
interviewers require more training in the care and handling of the laptop computer
and in data transmission issues than CATI interviewers in a centralized facility),
coverage (Web surveys require access to the Internet; mail surveys require only
the ability to read and write), and the costs of data collection. Technology can be
used to reduce measurement error, through automated routing in complex ques-
tionnaires, edit checks, and other tools. On the other hand, the increased complex-
ity of computerized instruments may introduce other types of errors (such as pro-
gramming errors).

One issue in the use of technology is the degree of control exercised over the
respondent. At one extreme, a paper SAQ places few constraints on the respon-
dent. At the other extreme, CASI instruments may impose such constraints as
restricting the range of possible answers, requiring an answer before proceeding,
and limiting navigation around the instrument. Although cleaner data may result
(see Chapter 10), these constraints may affect the way respondents answer the
survey questions. For example, in a meta-analysis of social desirability distortions
in various modes of test administration, Richman, Kiesler, Weisband, and
Drasgow (1999) found that giving respondents the ability to backtrack to review
or change previous answers reduced social desirability effects.

Related to this, there is an increasing recognition that the design of a comput-
erized instrument—whether it be CAPI, the Web, or some other method—can
affect interviewer and respondent behavior and, hence, influence measurement
error. Increasingly, principles of human-computer interaction and user-centered
design are being applied to improve the design of such instruments.

5.1.6 Implications of these Dimensions

There are several implications of this broadened array of data collection tools at
the survey researcher’s disposal. One implication is that when we talk about a
method of data collection, we need to be explicit about the particular method
used. It is no longer sufficient to say that one type of survey (e.g., a personal-visit
survey or an interviewer-administered survey) is better or worse than another type
(e.g., a telephone survey or a self-administered survey), without being explicit
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about the particular implementation of each survey in terms of each of the five
dimensions described here.

A related implication is that it is harder to make broad generalizations about
the results of mode comparisons. The effect of a particular data collection method
on a particular source of error may depend on the specific combination of meth-
ods used. The research literature does not yet cover all variations. As new meth-
ods are being developed, studies comparing them to the methods they may
replace must be done. For this reason, theory is important to inform our expecta-
tions about the likely effect of a particular approach. Such theory is informed by
past mode-effects literature as well as by an understanding of the features or ele-
ments of a particular design.

Furthermore, surveys often combine different methods, in mixed-mode or
hybrid designs. As we already noted, the National Crime Victimization Survey
interviews part of the sample face-to-face (e.g., those completing their first inter-
view) while interviewing the rest over the telephone. Although this combination
may reduce overall costs, it may also affect nonresponse, coverage, and measure-
ment error. Similarly, like NSDUH, many surveys now use a self-administered
component (whether on paper or computer) to supplement an interviewer-admin-
istered survey. The choice of when to do this, what questions to include in the
self-administered component, and so on, must be made in light of the survey error
and cost implications of the various options. We return to the issue of mixed-
mode designs later in this chapter (see Section 5.4).

Mode choices explicitly involve trade-offs and compromises. Survey designs
are increasingly complex and often serve a variety of different needs. What might
be best for one part of the survey, or for minimizing one source of error, may have
implications for other parts of the survey or other error sources. For example,
direct interaction with the computer, as in audio-CASI, may minimize some types
of measurement error, but have an impact on nonresponse. Older or less-educated
respondents may be reluctant to respond via computer (Couper and Rowe, 1996).
No one data collection method is best for all circumstances. The choice of a par-
ticular approach must be made within the context of the particular objectives of
the survey and the resources available.

5.2 CHOOSING THE APPROPRIATE METHOD

If there is no one ideal mode for all survey applications, how does one go about
choosing the appropriate method for a particular study? There are many consid-
erations that need to be weighed in reaching a decision. These include the various
sources of survey error as well as cost considerations (which could be viewed
broadly to include logistical, personnel, time and other organizational issues). At
times, the choice is fairly evident. For example, it would not make sense to do a
survey to assess literacy by mail, since those low in literacy would be unable to
comprehend the questions. Similarly, it would be hard to assess literacy over the
telephone. How would one measure literacy without giving the respondent some-
thing to read and evaluating their ability to do so? These considerations imply a
method involving face-to-face interaction. The NAEP measures knowledge of
reading and mathematics as a way to assess the performance of schools. Situating
the measurement in the school environment is appropriate because that is where
the learning is focused.
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At other times, some alternatives can easily be eliminated from considera-
tion. For example, if one is estimating the prevalence of Internet use, doing so in
a Web survey makes little sense (although this has not stopped some researchers
from doing so). Estimating how many persons are having trouble getting medical
care (as the BRFSS does) just from using medical record surveys would similarly
miss the point.

But for a vast array of other survey designs, there are genuine trade-offs that
can be made between alternative approaches, and the survey researcher must
weigh the relative importance of a variety of factors in reaching a decision.
Depending on the importance of coverage error, say, relative to measurement
error or costs, one may reach different decisions on choice of method.

Despite the wide range of choices, there are obviously logical groupings of
some methods. For example, telephone surveys are often considered as alterna-
tives to face-to-face surveys, probably because both use interviewers and frame
coverage issues are similar. Hence, the BRFSS, a telephone survey, could indeed
be conducted by personal visit (with improved coverage of the household popu-
lation), but would be much more expensive. The NCVS conducts first interviews
by face-to-face methods and then switches to the telephone for most interviews in
later waves.

Mail surveys are possible alternatives to telephone surveys of list frames con-
taining both addresses and telephone numbers. Web surveys are being proffered
as a replacement technology for mail surveys, intercept-based methods, and even
telephone surveys, but few studies have contrasted Web surveys with face-to-face
surveys, for example. The CES, given its longitudinal nature and target popula-
tion of businesses, can offer many modes to its sample units because after the ini-
tial list frame based on employer names and addresses, it can acquire identifica-
tions for other modes (e.g., telephone numbers, e-mail addresses).

If one were to array the different methods in a multidimensional space based
on the dimensions we distinguished earlier, some methods will be closer to one
another, others more distant. Typically, the more proximate methods are consid-
ered as reasonable alternatives to each other, and these comparisons dominate the
mode comparison literature.

5.3 ErrEcCTS OF DIFFERENT DATA COLLECTION METHODS ON
SURVEY ERRORS

Much of what we know about the relative strengths and weaknesses of different
modes of data collection comes from mode comparison studies. Typically, these
are field experiments that assign a random subset of sample units to one mode and
the rest to a second mode. Several meta-analyses have also advanced our under-
standing of the effect on mode (e.g., Goyder, 1985; de Leeuw and van der
Zouwen, 1988). It is not easy to carry out such mode comparison studies, and the
information they provide about alternative designs is often limited. It is important
to understand these issues when drawing conclusions about the relative merits of
alternative approaches.

We do not attempt an exhaustive review of all possible mode comparisons
here. We focus on a subset of key comparisons, including face-to-face versus tele-
phone, telephone versus mail, and mail versus Web.
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5.3.1 Measuring the Marginal Effect of Mode

Survey estimates from different modes can differ for any number of reasons. For
example, different sampling frames could be used (e.g., an RDD frame for a tee.
phone sample, an area probability frame for face-to-face). The frame populationg
could vary (e.g., in mail versus Web comparisons, not all frame elements may
have access to the Web). Nonresponse may differ across mode. For these reasons,
identifying specific sources of the differences between modes is often difficult,
For some comparisons, this can be done — for example, by excluding nonphone
households in comparisons of face-to-face versus telephone surveys, any effects
of differential coverage of the household population is removed. Similarly, to
remove the confounding of frame population differences, comparisons of mail
and Web surveys could be restricted to those persons with Web access in each
mode. Table 5.1, reproduced from Groves (1989, Figure 11.1) illustrates the
design issues that arise in a comparison of two modes: telephone versus face-to-
face interviewing. Similar issues arise for other mode comparisons.

One strategy for mode comparisons is to treat each mode as a package of fea-
tures and to look for the net differences between them. This strategy addresses the
practical question of whether different conclusions would be derived from a sur-
vey in one mode versus another. The best methods are chosen for each mode (e.g.,
face-to-face versus telephone) without trying to make every aspect strictly com-
parable. This may require, for example, different interviewing corps, different
sampling frames, or somewhat different instruments designed to be optimal for
each mode. This approach is often used when a survey is considering replacing
one mode with another. The focus is on whether the resulting estimates are simi-
lar or different, regardless of the particular reasons behind any differences. When
the Current Population Survey switched from paper to computer administration,
this strategy was used to assess both the overall impact of the change in mode and

Table 5.1. Design Issues in Research Comparing Face-to-Face
and Telephone Surveys

Design feature Important questions

Same frame or frames with equivalent

Sampling frame coverage of the telephone population?

Same interviewers? Same hiring and training?

Interviewers .
Same experience?

Is telephone interviewing centralized? |s

ervision . :
Superv supervisory contact equivalent?

Respondent rule Same respondent selection procedures?

Questionnaire Identical questionnaires? Visual aids?
Callback rules Same rules? Equivalently enforced?
Equivalent efforts?

Use of CATI/CAPI?

Refusal conversion

Computer assistance
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of the implementation of a revised
CPS  questionnaire  (Cohany,
polivka, and Rothgeb, 1994).

A different strategy for mode
comparisons focuses on understand-
ing the causes or mechanisms under-
lying any differences between two
modes. It often uses a single frame.
This approach attempts to isolate
one particular factor (e.g., the chan-
pel of communication) by randomly
assigning respondents to one mode
or the other after an initial screening
step (to eliminate coverage and non-
response  differences). Another
example is the evaluation of the
impact of technology, by converting
a paper telephone questionnaire to
CATI without any corresponding
enhancements to the instrument or
use of advanced CATI features. This
approach often requires compro-
mises in design, i.e., not redesigning
the survey to take advantage of the
unique strengths of each alternative.
Sometimes, these studies are con-
ducted within the context of a longi-
tudinal survey. Typically, the first
wave receives a face-to-face inter-
view, and later waves some other
mode. Method comparisons are thus
confounded with other differences
between the waves.

Many of the mode comparison
studies in the literature can be
arrayed along a continuum from the
more practically-oriented designs
(that compare bundles of features) to
the more theoretically-oriented
approaches (that attempt to isolate
the effects of specific design fea-
tures). There is no set of findings
that permits the practitioner to mix
and match optimally individual fea-
tures of different methods of data
collection. Many of the common
backages of features (e.g., regarding
interviewer behavior, question for-
mat, and populations covered) have
been studied, however. Combining

Hochstim (1967) on Personal Interviews Versus
Telephone Interviews Versus Mail
Questionnaires

Hochstim (1967) reported one of the earliest and
most influential comparisons of survey modes.

Study design. Face-to-face interviewers visited a
sample of 350 blocks in Alameda County,
California, and enumerated households in 97% of
2,148 housing units. The study then assigned at
random face-to-face, telephone interviewing, or
mail questionnaire modes to each sample unit. Two
different surveys were then conducted, using the
same design. If the originally assigned mode gen-
erated a nonresponse, the case was assigned to
the other modes. The first study concerned general
medical, familial, and demographic characteristics;
all household members in a unit were included. The
second concerned use of the Pap smear, with
women 20 years or older as respondents. For the
latter, visits fo medical providers elicited record
information about the survey reports.

Findings: The face-to-face mode generated the
highest initial response rate before reassignment of
modes for uncompleted cases. Costs per com-
pleted case were highest for the face-to-face inter-
view, with the telephone and the mail questionnaire
survey being within 12% of one another. There
were no differences among modes on demographic
variables, and few substantive differences. There
was more item-missing data and more mentions of
socially undesirable behaviors (e.g., drinking alco-
holic beverages) in the mail mode. When survey
reports were compared to medical records for Pap
smear tests and pelvic examinations, there were no
differences among modes in agreement rates.

Limitations of the study: The experimental groups
were not single modes but mixes of a dominant
mode and secondary modes, weakening inference
about mode differences. The use of one county as
a target population and focus on health and medical
conditions limited use of findings to other surveys.

Impact of the study: The similarity of results across
modes forced a reconsideration of “preferred”
modes. The costs and social desirability sensitivi-
ties across modes were replicated in later studies.
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the results from several such studies, we can build a picture of the relative advan-
tages and disadvantages of different modes in terms of various sources of survey
error and costs.

The next several sections focus on empirical evidence of differences and sim-
ilarities between modes in terms of various sources of survey error and cost.

5.3.2 Sampling Frame and Sample Design Implications of Mode
Selection

The available sampling frames often affect the choice of method. For example,
mail surveys make the most sense when there is a list frame that includes a mail-
ing address for each element. Conversely, the desired mode of data collection may
dictate the sampling frame. If the design calls for telephone interviews with a
sample of the general population, then almost certainly a telephone number frame
will be used. The choice of a mode of data collection and the basic sampling strat-
egy are often made simultaneously.

Almost all surveys that use area probability frames start out conducting face-
to-face interviews, though they may switch to less-expensive methods of data col-
lection in subsequent rounds (assuming they interview the respondents more than
once). Telephone number frames are used almost exclusively with telephone
interviewing or IVR.

Method choice often has indirect sample design implications. Because of the
expense of face-to-face interviews, this mode of data collection is almost always
used with clustered samples, even though clustering reduces sample efficiency. In
contrast, mail and Web surveys gain no cost savings through clustered sample
designs. (See Chapters 3 and 4 for a discussion of alternative sampling designs
and frames.)

A final consideration involves mode implications for designs that sample a
single respondent from within a household. Within-household selection is often
best done by interviewers rather than left to the respondent. Surveys that require
a listing of all household members with a subsequent random selection of a sam-
ple person tend to produce fewer errors in coverage when done face-to-face than
over the phone. This has led to the development of several alternative procedures
to minimize the intrusiveness of this approach (see Chapters 3 and 4). Attempting
an equivalent strategy in a self-administered survey is unlikely to yield much suc-
cess. Similarly, surveys that require screening (e.g., for age eligibility) are best
done by trained interviewers. Hence, an unsolved weakness of most self-admin-
istered methods is researcher control over who actually answers the questions.
Much research remains to be done on this issue.

5.3.3 Coverage Implications of Mode Selection

Because mode and sampling frame choices are often linked, so too are mode
choice and coverage of the target population. For example, an RDD frame gener-
ates a list of telephone numbers, which makes initial contact by telephone the
most reasonable choice for studying the household population. The coverage
properties of telephone directory frames are typically much worse, but they do
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usually yield mailing addresses. Using reverse directory lookups for RDD-gener-
ated numbers typically yields addresses only for about half of the numbers. List
frames of e-mail addresses lend themselves to Web surveys, unless other informa-
tion is available. As these examples demonstrate, some modes become more
attractive or feasible depending on the frame information available, Still, one
should not lose sight of the coverage properties associated with various sampling
frames.

In terms of coverage of the household population, the combination of area
probability frames and face-to-face interviews is viewed as the gold standard by
which all others are compared. But even for such personal visit surveys, we typ-
ically restrict the population of interest in some way for a variety of cost, effi-
ciency, or coverage reasons. For example, frames are often limited to the civilian
(military personnel excluded), noninstitutionalized (prisons, hospitals, and other
institutions excluded) household (homeless persons and transients excluded) pop-
ulation in the contiguous United States (Alaska, Hawaii and territories excluded
for cost reasons). In short, some subgroups of the population are harder to include
in sample surveys than others, and these are often excluded for cost or efficiency
reasons. Most of our example surveys are restricted to the civilian household pop-
ulation.

The telephone coverage rate for the United States (defined as the proportion
of households with telephones) has been above 90% for a couple of decades
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Figure 5.3 Percentage of US households with telephones
computers, and internet access, by year.
(Source: BLS, Current Population Surveys.)
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(92.9% in 1980, 94.8% in 1990), and is currently at about 94% (see Figure 5.3),
Those not covered by telephone differ from those covered on several key dimey.
sions, especially socioeconomic variables (Thornberry and Massey, 1988). ko,
some surveys — e.g., those focusing on crime victimization, drug use, unemploy.
ment, and welfare receipt — this may be an issue.

For mail surveys, no general population list exists in the United States. Some
proxies exist — such as voter registration lists — and are often used for statewide
mail surveys on particular topics. Obviously, not every adult resident in a state ig
registered to vote; approximately 70% of eligible US adult citizens were regjs-
tered to vote in November, 2000 (Bureau of the Census, 2002). Thus, mail syr-
veys are more often used for surveys of specialized populations, for which 3
frame or list exists. The coverage properties (and, hence, noncoverage error) are
highly dependent on the particular list used. (In countries that maintain popula-
tion registers, this absence of a national mailing list is less of a problem, as mail-
ing addresses are theoretically available for all residents. But just because a list
exists does not mean it is complete and accurate.)

Turning to Web or Internet surveys, the last few years have seen a rapid rise
in the proportion of US households with access to the Internet (see Figure 5.3),
As of September 2001, about half of all households had Internet access. But
unlike other modes of contact (e.g., mail, telephone), access to or use of the tech-
nology does not mean that the sample person can actually be reached with the
technology; most Web surveys start by contacting the sample person via e-mail,
No good frame has been developed for sampling the Internet population (see
Couper, 2000, for a review). In addition to a noncoverage rate of close to 50%,
the differences between those with access and those without are large enough to
be of concern to those interested in making inference to the full household popu-
lation. Evidence on demographic differences can be found in the series of reports
on the digital divide by the US National Telecommunications Information
Administration (NTIA). For example, although 84% of those with some graduate
education use the Internet, only 13% of those with less than high school educa-
tion do so. Similarly, data from the Pew Internet Project Report for February 2001
reveals that whereas 75% of persons 18-25 years old were online, only 15% of
those 65 or older were online. The differences between those online and those not
— the so-called “digital divide” — are not limited to demographic characteristics
(see Robinson, Neustadt], and Kestnbaum, 2002).

For establishment surveys, like the CES, the US government agencies use
frames that they control, which have the name and address of the firm, but gen-
erally no reliable telephone number. For that reason, many establishment surveys
begin with a mail contact attempt. Those choosing the telephone method are gen-
erally forced to match telephone numbers to the frame of company addresses.
Survey researchers outside the Federal government mounting business surveys
have access to commercial frames, some of which offer both telephone and mail-
ing address identifications, thus permitting both telephone and mail modes.

Thus, the coverage properties of different modes need to be considered when
choosing or evaluating a mode for a particular purpose. The fact that those not
accessible by telephone in the household population are more likely to be poor
and unemployed may make this an unsuitable mode for an unemployment survey
or a survey of welfare recipients, whereas coverage may be a smaller concern for
surveys on a variety of political issues. In the latter case, several factors outweigh
concerns about coverage in the choice of mode:

"ﬂ'
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1) Speed is sometimes of the essence (the half-life of the estimates pro-
duced by political polls is extremely short).

2) High levels of precision may not be most important to the users of the
survey.

3) The inference is often to those likely to participate in an election, a vari-
able correlated with telephone ownership.

Because the coverage of common target populations by different methods of
data collection is constantly changing, the survey methodologist needs ongoing
assessment. New frames for the new methods (e.g., Web surveys) are likely to
develop over time. Coverage research will be necessary to give practical guidance
to survey researchers.

53.4 Nonresponse Implications of Mode Selection

The choice of mode can also affect nonresponse rates and nonresponse bias, and
much of the research on mode differences has focused on response rates. In addi-
tion to several two-mode and three-mode comparisons, there are several meta-
analyses of response rates within (e.g., Heberlein and Baumgartner, 1978; Yu and
Cooper, 1983; Edwards, Roberts, Clarke, DiGuiseppi, Pratap, Wentz and Kwan,
2002; de Leeuw and de Heer, 2002) and across (Goyder, 1985; Hox and de
Leeuw, 1994) modes. For example, Goyder (1985) assembled response rate and
other information for 112 face-to-face surveys and 386 mail surveys for a meta-
analysis. He found that, controlling for such variables as number of contacts, type
of sample, and sponsorship, “response on questionnaires and interviews is essen-
tially reducible to a common model, but that ‘inputs’ into that model have tradi-
tionally been greater on interviews.” (Goyder, 1985, p. 246). Put differently, face-
to-face surveys have higher response rates on the average than mail surveys, but
some of that difference reflects the number of contact attempts and other vari-
ables. Hox and de Leeuw (1994) undertook a meta-analysis of 45 studies that
explicitly compare response rates obtained from mail, telephone, or face-to-face
surveys. They conclude that, on the average, face-to-face surveys have the high-
est response rates, followed by telephone, then mail. Similarly, Groves and
Lyberg (1988) noted that telephone surveys tend to get lower response rates than
face-to-face surveys.

What principles might underlie these differences? Section 6.7 notes the role
of the interviewer in overcoming obstacles to delivering the survey request,
answering questions, and addressing concerns of the sample persons. The effec-
tiveness of this role appears to vary by the sponsor of the survey and the experi-
ence of the interviewer. Some of the higher response rates in face-to-face surveys
probably arise because of greater credibility that the interviewers are who they
say they are. The telephone mode, dependent only on the audio channel, strips
away the ability to present physical evidence (e.g., identification cards, signed
official letters). In the absence of this, the interviewers’ abilities to recruit sample
persons decline. In self-administered surveys that have no personal recruitment
effort, sample persons may assign even less legitimacy and importance to the
request. The ability to tailor persuasion strategies to address a sample person’s
concerns is highest with face-to-face contact, and is minimal in self-administered
Surveys.
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For interviewer-administered surveys, there is no evidence that the technol-
ogy used (for example, CATI or CAPI) affects response rates. In reviewing stud-
jes that compared computer-assisted methods with their paper counterparts,
Nicholls, Baker, and Martin (1997) found no significant differences in either non-
contact or refusal rates. Likewise, CASI methods have little effect on nonresponse
rates; this is not surprising since they are typically part of an interviewer-admin-
istered survey.

However, for self-administered surveys, paper-based methods tend to obtain
higher response rates than their electronic equivalents (e-mail and Web). In sev-
eral experimental comparisons, the mail surveys significantly outperformed e-
mail surveys in terms of response rates (see Couper, Blair, and Triplett, 1999; for
an exception, see Schaefer and Dillman, 1998). Similarly, in direct comparisons,
mail surveys tend to produce higher response rates than surveys conducted via the
Web (see Couper, 2001b, for a review; for an exception, see McCabe, Boyd,
Couper, Crawford, and d’Arcy, 2002). Whether this is due to fundamental differ-
ences between modes or it simply reflects the absence of well-tested strategies for
inducing respondents to complete Web surveys remains to be seen.

In general, though, it is not very clear whether there are inherent differences
across modes that directly affect response rates or whether the different methods
as typically implemented vary in the number of contacts, the methods used to
elicit cooperation, the delivery of incentives and other persuasive or legitimizing
materials, and so on. For example, Cook, Heath and Thompson (2000) undertook
a meta-analysis of 68 Internet (Web or e-mail) surveys, and found that number of
contacts, personalized contacts, and precontacts were associated with higher
response rates. These same variables are known to affect response rates in mail
surveys and similar variables affect response rates in telephone and face-to-face
surveys as well.

Different methods of data collection also vary in how much information is
available to determine whether a sample case is in fact a nonrespondent and, if so,
why (see, e.g., Diliman, Eltinge, Groves, and Little, 2002). For example, in mail
surveys, it can be hard to distinguish ineligible units (e.g., bad addresses) from
nonresponding units. Some questionnaires are explicitly returned as undeliver-
able (PMR or postmaster returns) and others come back completed, but for the
remainder there is no easy way to tell whether the questionnaire ever actually
reached the intended target. Similarly, in telephone surveys, a repeated “ring no
answer” outcome may indicate a nonworking number or someone who is away
during the field period of the survey. In face-to-face surveys, the interviewers can
usually determine the eligibility of a selected housing unit by observation.

The richness of information available about the nonresponse process also
typically varies by mode. A noncontact in a telephone survey yields little infor-
mation about the possible causes or potential strategies to overcome the problem,
other than making repeated call attempts. Initial interactions in telephone surveys
are typically also much shorter than those in face-to-face surveys (Couper and
Groves, 2002), again yielding less information on causes or correlates. Mail sur-
veys typically yield very little information on the process of nonresponse.
However, Web surveys provide somewhat more detail (Bosnjak and Tuten, 2001;
Vehovar, Batagelj, Lozar Manfreda, and Zaletel, 2002) when prespecified sam-
ples are used. Web surveys allow the researcher to distinguish, for example,
between someone who does not access the survey at all, someone who logs onto
the survey but fails to complete any questions, and someone who completes a
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large proportion of the questions but then decides not to continue.

The strengths of a method in one area of nonresponse are often counterbal-
anced by weaknesses in others. For example, mail surveys have fewer access
problems and are a cheaper method of making contact with a person, household,
or establishment than interviewer-administered methods. But the ability to obtain
cooperation from the sample person is reduced by the lack of personal contact.
The cost of repeated telephone calls is much lower than repeated visits in per-
sonal-visit surveys, but the increasing use of a variety of access controls (answer-
ing machines, caller ID) is reducing the rate of contact in telephone surveys. The
per-call cost for a personal-visit survey is much higher, but the likelihood of gain-
ing cooperation given contact may also be higher than for other methods, given
the presence of the interviewer and the ability to tailor persuasive strategies to the
particular concerns raised by the sample person (Groves and Couper, 1998).
Groves and Lyberg (1988) note that the lion’s share of nonresponse in telephone
surveys is associated with refusals. Thus, the ability to persuade reluctant persons
may depend on the richness of the media (e.g., in mail, motivational messages are
limited to written materials) and the feedback provided by the potential respon-
dent (permitting varying levels of tailoring).

In summary, not only do nonresponse rates differ across modes, but the rea-
sons for nonresponse may differ, too. The latter may have more serious implica-
tions for nonresponse bias. For example, mail surveys may have greater nonre-
sponse bias than interviewer-administered surveys because the content of the sur-
vey is revealed to the sample person when he or she decides whether to take part.
The decision whether to take part may be determined in part by the sample per-
son’s reaction to the survey content, which may well depend on his or her values
on the variables of interest. In interviewer-administered surveys, the content of
the survey is often disguised behind vague euphemisms (such as “health and
social life” for drug use or sex surveys) to avoid response decisions based on the
topic of the survey. It is clear that ongoing methodological research is needed to
discover the mechanisms that underlie nonresponse differences across methods.

5.3.5 Measurement Quality Implications of Mode Selection

Mode can also affect the quality of the data collected. We focus on three aspects
of data quality here — the completeness of the data, the extent that answers are dis-
torted by social desirability bias, and the extent the data show other response
effects. “Social desirability bias” refers to the tendency to present oneself in a
favorable light. Survey respondents exhibit this bias when they overreport
socially approved behaviors (like voting) and underreport socially disapproved
behaviors (like using illicit drugs). The mode of data collection may affect the
level of social desirability bias. “Response effects” refer to measurement prob-
lems in surveys due to such features of the questions as their exact wording, the
order in which they list the answer categories, or the order of the questions. For
example, the answers may change when slightly different wording is used in the
question or when the order of two related items is varied.

With respect to data completeness, more questions go unanswered in self-
administered questionnaires than in those surveys administered by interviewers
(Tourangeau, Rips, and Rasinski, 2000). There are three possible reasons for this:

social
desirability
bias

response
effects
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(1) respondents do not understand the question (and interviewers are not there to
help), (2) respondents do not follow the instructions in the questionnaire, or (3)
respondents are not willing to give an answer (and interviewers are not there to
encourage them to do so). Although there are exceptions (e.g., de Leeuw, 1992,
this general trend is supported by the mode comparison literature (¢.g., Brogger
et al., 2002; Van Campen, Sixma, Kerssens, and Peters, 1998; O’Toole,
Battistutta, Long, and Crouch, 1986).

Less conclusive evidence exists for differences in rates of missing data in
telephone versus face-to-face surveys. Groves and Kahn (1979) found higher
overall rates of missing data on the telephone, as did Jordan, Marcus, and Reeder
(1980), and Kormendi and Noordhoek (1989) for several income questions.
Several other studies report equivalent rates (Aquilino, 1992; Aneshensel,
Frerichs, Clark, and Yokopenic, 1982; Dillman, 1978; Hochstim, 1967). The
increased impersonality of the telephone (which may encourage respondents to
provide sensitive information) may be offset by the ability of interviewers in the
face-to-face mode to reassure respondents about the legitimacy of the survey and
the confidentiality of their responses. As noted above, the technology used may
also affect item-missing data. Computer-assisted methods also tend to produce
lower missing data rates than paper-based surveys, primarily through eliminating
items that are inadvertently skipped — to the extent that the instrument is pro-
grammed correctly. As Martin, O’Muircheartaigh, and Curtice (1993) found, for
example, CAPI produced significantly lower item-missing data rates than similar
paper surveys, but the rate of “do not know” and “refused” responses did not dif-
fer by method.

Another measure of completeness of response is the length of responses to
open-ended questions. “Open-ended questions” allow respondents to formulate
an answer in their own words. For example, many surveys ask respondents to
describe their occupation. The answers are then classified by trained coders. By
contrast, closed questions require respondents to select an answer from among the
options listed as part of the question. In one of the first comparisons between
face-to-face and telephone surveys, Groves and Kahn (1979) found significantly
higher numbers of codable responses to open-ended questions in the personal-
visit survey. They attributed this to the faster pace of the telephone interview and
the absence of nonverbal cues that more information may be desired (see also
Groves, 1979). Kérmendi and Noordhoek (1989) obtained similar results. Few
comparisons exist between self- and interviewer-administered surveys on this
dimension. On the one hand, we may expect longer responses in mail surveys, as
there are fewer time pressures on respondents, and they can write as much (or as
little) as they desire. On the other hand, an interviewer can be quite successful in
eliciting further information from the respondent through careful probing. De
Leeuw (1992) compared the responses to four open-ended items, and found no
differences between mail- and interviewer-administered methods for two of them,
longer responses for one, and shorter responses for another. Bishop, Hippler,
Schwarz, and Strack (1988) found that respondents were more likely to give mul-
tiple answers to an open question on what they would most prefer in a job in a
self-administered form than in a telephone interview. They attributed this to the
inability to probe and clarify such responses in the self-administered condition.
Comparisons of paper-based versus computerized surveys suggest no impact of
computer-assisted interviewing on the responses to open-ended questions. 'In
comparisons of CAPI (Bernard, 1989) and CATI (Catlin and Ingram, 1988) with
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equivalent paper-and-pencil methods, no
differences were found in the length or
quality (codability) of responses to ques-
tions on industry and occupation.
Although there are as yet no empirical
studies comparing the length of open-
ended responses in mail to those in Web
surveys, we expect few if any such differ-
ences, other than differences that can be
attributed to design variables (e.g., length
of entry field) rather than mode.

In summary, then, interviewer admin-
istration and computer assistance seem to
reduce the rate of missing data relative to
self-administration and paper-based data
collection. Face-to-face interviews also
seem to yield fuller responses to open-
ended questions than telephone interviews.

Some of the clearest differences in the
literature on mode effects involve socially
desirable responding. This refers to the
tendency of survey respondents to present
themselves in a favorable light; for exam-
ple, nonvoters may claim to have voted,
smokers may deny smoking, and those
who are intolerant of minorities may give
misleading answers to questions assessing
their  attitudes toward minorities.
Respondents are often reluctant to reveal
embarrassing information about them-
selves in a survey, and the mode of data
collection appears to affect their willing-
ness to admit to undesirable attitudes or
behaviors. In general, the presence of an
interviewer increases social desirability
effects — the overreporting of socially
desirable behaviors such as voting, church
attendance, exercise and healthy eating,
and so on, and the underreporting of
socially undesirable behaviors such as
drug and alcohol use, sexual behavior, and
the like. Self-administered methods thus
usually produce fewer social desirability
effects than interviewer-administered
methods.

Figure 5.4 shows the results of two
large studies that compared the data on
illicit drug use obtained in face-to-face
interviews and self-administered question-
naires. Both studies asked about the use of

The Tourangeau and Smith (1996) Study
of Mode Effects on Answers to Sensitive
Questions

In 1996, Tourangeau and Smith compared
CAPI, CASI, and ACASI on reports about sex-
ual behavior.

Study design: A randomized experiment was
embedded in an area probability sample sur-
vey of 643 respondents 18—45 years old from
32 segments in the Chicago area, with a
response rate of 56.8%. Within each seg-
ment, the interview used either CAPI, CASI,
or ACAS| for the entire sample household.
Key outcomes were levels of reporting illicit
drug use and sexual behavior and unit nonre-
sponse rates.

Findings: ACASI and CASI generally elicited
higher levels of reporting of drug use and sex-
ual behavior. For example, the proportion of
respondents reporting ever using marijuana
was 48% higher using ACASI and 29% higher
using CASI than using CAPI. The proportion
reporting experiencing anal sex was 421%
higher in ACASI, and 204% higher in CASI.
Men reported fewer sexual partners and
women more sexual partners in ACASI and
CASI than in CAPI (suggesting fewer social
desirability effects with the self-administered
modes). There were no important nonre-
sponse differences among the three modes.

Limitations of the study: There was no way to
validate the results of different modes.
However, most questions used have been
shown to produce underreports of socially
undesirable behaviors. The sample consisted
of relatively young, well-educated urban resi-
dents who may have used CASI and ACASI
with greater ease than others.

Impact of the study: The study added empiri-
cal support to the theory that the increased
privacy offered respondents by self-adminis-
tered modes leads to more accurate reporting
of socially undesirable attributes. For that rea-
son, many surveys measuring sensitive attrib-
utes use self-administration.
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Figure 5.4 Ratio of proportion of respondents reporting illicit drug use

response order
effects

in self-administered versus interviewer-administered
questionnaires, by time period by drug.

several drugs, including marijuana and cocaine, during the past month and past
year and over the respondent’s lifetime. The figure plots the ratio between the pro-
portions of respondents admitting they had used each drug in each time period
under self-and interviewer-administration of the questions. For example, Turner,
Lessler, and Devore (1992) found that respondents were 2.46 times more likely to
report that they had used cocaine in the past month when the questions were self-
administered than when they were administered by an interviewer. The results are
similar (though less striking) in the study by Schober, Caces, Pergamit, and
Branden (1992).

Within interviewer-administered methods, telephone interviews appear to be
less effective than personal interviewing in eliciting sensitive information, and the
data typically show a higher social desirability bias (e.g., Groves and Kahn, 1979;
Henson, Roth, and Cannell, 1977; Johnson, Hoagland and Clayton, 1989; de
Leeuw and van der Zouwen, 1988; Aquilino, 1992). However, several studies
have found the opposite effect (e.g., Sykes and Collins, 1988; Hochstim, 1967) or
no differences (e.g., Mangione, Hingson, and Barrett, 1982) between face-to-face
and telephone interviews. The deLeeuw and van der Zouwen study is particularly
telling since it is a meta-analysis reviewing a large number of mode comparisons.

A number of studies have explored mode differences in response effects.
Response effects refer to a number of measurement problems in surveys, such as
question order effects (in which the answers change depending on the order of the
questions) and response order effects. “Response order effects” refer to changes
in the distribution of the answers as a result of changes in the order in which the
possible answers are presented. In some cases, respondents tend to select the first
or second answer category presented to them (a primacy effect). In other cases,
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they favor the options presented at the end of the list (a recency effect). Bishop,
Hippler, Schwarz, and Strack (1988) concluded that question order and response
order effects are significantly less likely to occur in a self-administered survey
than in a telephone survey, whereas question form and wording effects are prob-
ably just as likely to occur with one mode of data collection as another. These dif-
ferences appear to arise from the ability of respondents in self-administered sur-
veys to see entire groups of questions before they answer them.

However, the direction of response order effects seems to depend, in part, on
the method of data collection. When the questions are delivered aurally, respon-
dents are likely to select the last options presented; when the questions are deliv-
ered visually, they are likely to select the one presented at the beginning of the list
(Schwarz, Hippler, Deutsch and Strack, 1985; Tourangeau, Rips, and Rasinski,
2000). In terms of question order, although mail surveys do not deliver the items
in as strictly a controlled sequence as interviewer-administered surveys (thereby
reducing question order effects), the placement of questions on the same or dif-
ferent page, and visually linked or separated (Schwarz, Hippler, Deutsch, and
Strack, 1991) may increase or decrease such context effects respectively. In sim-
ilar fashion, we expect a scrollable Web survey, where all of the questions are vis-
ible to respondents, to have fewer such order effects than a Web survey in which
the items are presented sequentially to the respondent by the software. Again,
these examples point to the importance of clarifying what is meant by mode — in
particular, how an instrument is designed and delivered in a particular mode.

Other response styles that have been investigated with regard to mode
include acquiescence (the tendency to answer affirmatively regardless of the con-
tent of the question) and extremeness (the tendency to choose scale endpoints). It
is often hard to disentangle these effects from social desirability and response
order effects. Even so, the results are generally mixed, with some studies finding
more acquiescence and more extremeness in telephone than in face-to-face inter-
views (e.g., Jordan, Marcus and Reeder, 1980; Groves, 1979) and in telephone
than mail (e.g., Tarnai and Dillman, 1992), but others (e.g., de Leeuw, 1992) find-
ing no differences among modes.

To this point, we have briefly reviewed a variety of different measurement
effects and contrasted several modes of data collection on these dimensions. But
how does one generalize from these comparisons to newer or emerging forms of
data collection? In general, the aural modes (i.e., interviewer-administered, IVR,
and audio-CASI) deliver the questions in sequence to a respondent. Upon answer-
ing one question, the respondent gets the next question in a predetermined order.
In predominantly visual modes (i.e., mail, paper SAQ), the respondent is not con-
strained by the order in which questions are presented in the questionnaire, but
can answer the questions in any order. Therefore, we expect fewer context effects
(e.g., question order or response order) in visual modes, and this is borne out by
the research evidence. However, Web surveys can be designed to resemble either
paper questionnaires (e.g., by using a single scrollable HTML form) or inter-
viewer-administered surveys (by successively revealing one or more questions at
a time using separate forms). The scrollable designs are likely to produce fewer
context effects. Thus, the context effects may not be a property of the mode itself,
but rather how the instrument is designed for that mode.

Thus far, our focus has been on measurement error differences between
methods. This requires the collection of comparable data across modes. However,
we can also consider alternative modes in terms of the measurement opportuni-
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The de Leeuw and van der Zouwen
(1998) Meta-Analysis of Data Quality in
Telephone and Face-to-Face Surveys

In 1988, de Leeuw and van der Zouwen
reported a meta-analysis (i.e., a statistical
summary and synthesis of documented
research studies) of 31 comparisons of
face-to-face and telephone surveys.

Study design: A total of 28 studies between
1952 and 1986 compared telephone and
face-to-face surveys in published journals
and unpublished papers. Quality measures
included comparisons of survey answers to
record data, absence of social desirable
bias, item-missing data, number of
responses (to open questions), similarity
across modes, and unit nonresponse
rates.

Findings: The average response rate for
face-to-face surveys was 75%; for tele-
phone, 69%. Differences between modes
in detectable social desirability bias and
rates of item-missing data were small and
inconsistently found, but when present,
tended to favor the face-to-face interview
over the telephone. There was evidence
that the mode differences themselves
declined over time, with later studies show-
ing smaller effects.

Limitations of the study: As with all meta-
analyses, the findings are limited to a set of
studies that could be found at the time. No
studies included the effects of computer-
assistance. Most studies confounded non-
response and measurement error differ-
ences. Some studies included the nontele-
phone households in the face-to-face data,
confounding coverage differences with
measurement differences. Hence, the
“data quality’ includes errors of observa-
tion and nonobservation. All studies were
conducted before 1986, a period when
telephone surveys were less common.

Impact of the study: The study added sup-
port for the growing use of telephone sur-
veys in a wide variety of substantive fields.
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ties they provide. For example, show cards
(listing response alternatives) or other visual
aids (e.g., pictures) are a useful adjunct to
face-to-face surveys, but are more difficult to
employ in telephone surveys. Show cards
may alter some response effects, and they can
be used to improve recall and recognition of a
variety of subjects (e.g., magazine readership,
ad testing, pill cards, etc.). Other additions to
the traditional methods of survey measure-
ment may be possible depending on the data
collection method. For example, personal-
visit surveys can include observations (e.g., of
the house, neighborhood, etc.) or physical
measures (height, weight, etc.). The collection
of physical samples (hair, urine, blood, etc.)
from the respondents or their environment
(radon, water quality, etc.) is facilitated by
face-to-face data collection, although is not
impossible in other modes of data collection
(e.g., Etter, Perneger, and Ronchi, 1998). In
addition, computer-assisted data collection
methods permit the measurement of response
latencies (i.e., the amount of time passing
between delivery of a question and the
respondent’s delivery of an answer) and other
data that would be difficult to obtain using
paper-based methods. Similarly, the ability to
randomize questions and response options (to
both measure and reduce question and
response order effects) is facilitated by com-
puter-assisted interviewing (CAI).

5.3.6  Cost Implications

Survey costs are commonly divided into two
types — fixed and variable. The fixed costs
refer to costs that are incurred regardless of
the sample size. For example, the costs of
developing, pretesting, and programming the
questionnaire are fixed costs; they do mnot
depend on the size of the sample. The variable
or pet-case costs refer to the costs incurred in
contacting the sample cases, interviewing
them, following up with nonrespondents, and
so on. They vary depending on the number of
sample cases that are fielded. We would be
remiss in our review of alternative methods of
data collection if we did not discuss the rela-
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tive costs of alternative approaches. The cost of different methods of data collec-
tion depends on a number of operational details. For example, the relative impact
of interviewer travel costs is reduced in a local survey versus a national survey;
this may affect comparisons of the relative costs of face-to-face and telephone
interviews. Similarly, the number of callback attempts or follow-up mailings may
affect the relative costs of mail versus telephone. The cost differential between
mail and Web surveys may depend on the size of the sample, with Web having
proportionately larger fixed costs and mail having larger variable costs.

Despite these caveats, and the fact that relatively few studies provide a
detailed reporting of costs, we can offer some generalizations. Personal-visit sur-
veys are typically much more expensive than telephone surveys. The ratio of
costs, when reported, cluster around 2; that is, personal-visit surveys cost twice as
much per case as telephone surveys (see Warner, Berman, Weyant, and Ciarlo,
1983; Weeks, Kulka, Lessler, and Whitmore, 1983; Van Campen, Sixma,
Kerssens, and Peters, 1998). Our experience, however, suggests that the typical
ratio for national surveys is higher than this, ranging from 5 or 10 to 1. A key
component of the cost of face-to-face interviewing is the time taken by an inter-
viewer to travel to selected segments. Each successive callback adds appreciably
to the cost of the survey. In addition, because they are dispersed, field interview-
ers typically need to be more highly trained and experienced than those in cen-
tralized telephone facilities, where the task is less complex and centralized super-
vision is possible. When computer-assisted interviewing is used, the ratio
between the cost of face-to-face and telephone interviews is likely to increase
because of the added equipment costs. Each interviewer in a field interviewing
setting must be provided with a laptop computer, and it is put to less use than the
desktop computers in a centralized telephone facility. On the other hand, the fixed
costs of developing the CAI instrument are not affected by mode, so that the over-
all cost differential may depend on the sample size.

The cost differences between telephone and mail are generally smaller, yield-
ing ratios of between 1.2 (e.g., Hochstim, 1967; Walker and Restuccia, 1984) to
around 1.7 (e.g., McHorney, Kosinski, and Ware, 1994; O’Toole, Battistutta,
Long, and Crouch, 1986; Warner, Berman, Weyant, and Ciarlo, 1983). Again, this
may depend on the number of mailings or callbacks, as well as a variety of other
factors (sample size, use of computers, etc.).

Although there are many claims that Web surveys are significantly cheaper
than mail surveys, the relative costs of the two methods may depend on what is
included in the cost estimate and on the volume of work. Web surveys typically
have larger fixed costs than mail surveys, reflecting both general infrastructure
costs and the costs of developing and testing the particular survey questionnaire.
On the other hand, if the survey is fully electronic (i.e., e-mail is used for invita-
tions and reminders), the per-case costs of a Web survey are close to zero. By con-
trast, the fixed costs of a mail survey are usually smaller, but the variable costs
(printing, postage, keying or scanning, etc.) are larger than those of Web surveys.
The relative cost of these two methods depends in large part on the number of
sample cases over which the fixed costs are amortized.

There are obviously many other components that factor into the cost struc-
ture of a particular survey. For example, the inclusion of an audio-CASI compo-
nent in a face-to-face survey increases the costs relative to interviewer adminis-
tration, but may increase data quality. Similarly, adding a mailout to a telephone
survey (to increase legitimacy or to deliver an incentive) increases costs, but may
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improve response rates. It should be clear that broad generalizations about refa-
tive costs of different modes should be treated with caution, but that cost factors,
like other elements of survey quality, involve trade-offs among many different
design elements.

If, as expected, future survey designs will involve multiple methods of data
collection, research into cost models for different methods will be needed. If sur-
vey researchers desire to use their resources in an optimal fashion (i.e., to maxi-
mize the quality of statistics within a given budget constraint), then both the error
properties of different methods and their relative costs must be studied.

5.3.7 Summary on the Choice of Method

For a new cross-sectional survey, the choice of method of data collection can be
made by weighing the relative impact of the various sources of error on the over-
all estimates, and with consideration of other factors such as cost, timeliness,
availability of staff and other resources, and so on. Because of its expense, face-
to-face interviewing is generally only used in large-scale, federally-funded sur-
veys that place a premium on high rates of coverage of the target population, high
response rates, and high levels of data quality. Three of our example surveys (the
NCVS, NSDUH, and NAEP) rely primarily on in-person data collection, at least
in the first interview with respondents, in order to achieve the required coverage,
response rates, and data quality. Two of the others (the SOC and BRESS) rely on
data collection by telephone. The CES is a classic mixed-mode survey.

For ongoing data collection efforts with an existing time series, the calculus
regarding the switch to a new method becomes more complex. The advantages of
the new mode also have to be weighed against possible perturbations in the time
series. In such cases, care must be taken in the transition from one method to
another, often with the use of split-sample experiments to assess the impact of the
mode switch. Longitudinal or panel surveys considering a mode switch face sim-
ilar challenges. The decision to switch from a single mode of data collection to
multiple modes (see Section 5.4) also requires similar care. Many of the mod.e
comparison studies reviewed above were designed and conducted to inform deci-
sions about switching particular studies from one method of data collection to
another.

In general, the measurement error properties of alternative modes of data col-
lection are fairly well known. Where equivalent modes are compared (e.g., face-
to-face versus telephone; mail versus Web), the resulting estimates are often not
very different. The notable exceptions appear to involve highly sensitive behav-
jors, such as drug use, sexual behavior, and the like (see Figure 5.4), where self-
administered methods appear to have a consistent advantage. But for a large array
of nonthreatening survey items, interviewer-administered surveys yield similar
results whether administered by telephone or face-to-face, and self-administered
methods yield similar results whether they are done on paper or via the Web. The
differences — and hence the key trade-offs — are often with respect to errors of
nonobservation (coverage and nonresponse) and efficiency considerations (time,
costs, etc.).

_—

USING MULTIPLE MODES OF DATA COLLECTION

1. One mode for some respondents, another for others

* e.g., telephone survey, with FTF component for those without telephones
* e.g., mail survey with Web response option

2. One mode for recruitment, another for survey administration
* e.g., mail invitation for Web survey
* e.g., telephone recruitment for IVR survey

3. One mode for data collection, another for reminders or follow-up
* e.g., telephone reminders for mail or Web survey

4. One mode for one wave of a pane) survey, another for others
* e.g., first wave of panel is FTF, subsequent waves by telephone or mail

5. One mode for main part of the interview, another mode for some subset of items
L * e.g., audio-CAS| for sensitive items

Figure 5.5 Five different types of mixed mode designs.

5.4 UsING MULTIPLE MODES OF DATA COLLECTION

Many surveys use multiple modes of data collection. Although there are many
reasons for using more than one mode in a survey, three reasons are especially
common. The first reason is that using a blend of methods may reduce costs.
Typically, this entails attempting to collect data from each case with the least
expensive mode (mail) first, then moving to the next most expensive mode (tele-
phone) to collect data from nonrespondents to the initial mail attempt, and,
finally, resorting to face-to-face interviewing for the remaining cases. In such
designs, costlier methods are applied to successively fewer cases. The US Census
2000 employed such a design, beginning with mail questionnaires and moving to
face-to-face interviewing for follow-up with nonrespondents. (CATI, IVR, and
Web data collection were also used in some circumstances.)

A second reason for mixing modes is to maximize response rates.
Establishment surveys such as the Current Employment Statistics (CES) program
employ multiple methods of data collection, including Web, fax, touchtone data
entry (inbound [VR), telephone, and mail. Concerns about nonresponse (and the
importance of timeliness) outweigh concerns about any mode effects that may be
introduced. Offering a mix of modes allows respondents to select the one that is
most convenient for them.

A third reason for employing mixed modes is to save money in a longitudinal
survey. As we noted, the CPS and NCVS use face-to-face interviews for respon-
dents in their first wave of data collection. This maximizes the response rate (typ-
ically, losses to nonresponse are worst in the initial round of a longitudinal sur-
vey) and also allows the interviewers to obtain telephone numbers for later
rounds. The bulk of the data thereafter can be collected by telephone, reducing the
data collection costs.
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But the method mixes described above are only some of the possibilities. The
mode may be respondent-specific (e.g., some respondents are interviewed face-
to-face, others by telephone; or some respond by mail, others by Web), stage-spe-
cific (e.g., recruitment done by telephone, survey completed using IVR; or initial
response by mail, with telephone reminder calls), or even question-specific (e.g.,
some items answered using audio-CASI, others administered by an interviewer).
Figure 5.5 lists various types of mixed-mode approaches (see also Dillman and
Tarnai, 1988).

The rise of mixed-mode data collection is due in large part to the research
findings summarized above, indicating that alternative modes generally yield
similar results, but often have different coverage, nonresponse, and cost proper-
ties. Once telephone surveys were found to perform similarly to face-to-face sur-
veys in terms of measurement error, for example, they were increasingly used not
only to replace face-to-face surveys (i.e., mode switches) but also to supplement
them (mixed-mode designs). A similar trend is evident with ‘Web surveys supple-
menting data collection by mail. The logic of mixed-mode designs is to exploit
the advantages of one mode (e.g., the reduced costs of telephone surveys) while
neutralizing the disadvantages (e.g., coverage) through a combination of meth-
ods. Mixed-mode design thus involves explicit trade-offs of one source of error
for another.

A key distinction can be made between those designs that obtain all the data
for one set of questions using the same mode, and those that obtain answers to the
same questions from different respondents using different modes. Where data are
obtained from different subsets of the sample using different methods, it is criti-
cal to ensure that any effects of the mode can be disentangled from other charac-
teristics of the sample. This is especially true when respondents choose which
mode they prefer, or when access issues determine the choice of mode. This is
either done by conducting or reviewing carefully designed mode comparisons
prior to the study (as in the case of telephone and face-to-face surveys) or by
embedding mode comparisons into the study in question, with a small subsample
being randomly assigned to the mode. This helps ensure that differences between
the two datasets reflect true differences in the population rather than the mode of
data collection.

The design of a mixed-mode survey may reflect different considerations
from the design of a single-mode survey. Instead of optimizing the design features
for one particular mode, the instruments and procedures need to be designed to
ensure equivalence across modes. For example, this may mean designing a Web
survey instrument to resemble as much as possible the paper version, rather than
building in the complex skips, randomization, edit checks, and the like that are
possible with Web surveys. Similarly, decisions must be made whether the use of
show cards in a face-to-face survey changes the measurement in a mixed-mode
design that includes telephone interviewing. The goal is to keep the essential sur-
vey conditions as similar as possible across modes.

Mixed-mode designs add other operational complexities to the data collec-
tion process. Case management becomes more critical to avoid duplication — that
is, to avoid collecting data from a single respondent via two modes. The timing
of case transfers from one mode to another must also be carefully considered.
Given that different types of error may occur in different modes — particularly
when self-administered and interviewer-administered modes are mixed — the da‘fa
cleaning and merging process must take note of this in creating a single analytic

SUMMARY

file. However, on balance, mixed-mode designs are increasingly preferred for a
number of reasons, most notably reducing costs, increasing the speed of data col-
lection, and increasing response rates. We are likely to see even more creative use
of mixed-mode designs in the future in pursuit of these goals.

5.5 SuMMARY

Although mail, telephone, and face-to-face methods were the three dominant
modes in past decades of survey research, there are now a multitude of data col-
lection methods. The methods vary on whether and how they use interviewers,
how much they require direct interaction with the sample persons, the extent of
privacy they provide the respondent during measurement, what channels of com-
munication they employ, and whether and how they use computer assistance.
Each of these features can have impacts on the statistical error properties of sur-
vey results.

Choosing the method of a survey requires considering coverage and contact
information on the sampling frame for the method, the appropriateness of the
topic to the method, cost constraints of the survey, and the value of timely results.

Survey methodology contains many randomized experimental studies of the
effects of data collection method. Some attempt to measure the pure effect of
channels of communications; others compare different typical packages of design
features common to a method. Face-to-face and telephone modes generally use
sampling frames that offer better coverage of the household population than mail
and e-mail frames. The typical ranking of methods by response rates are face-to-
face surveys, telephone surveys, mail surveys, and Web surveys. Most of these
results are based on household surveys of adult target populations; other popula-
tions might produce different rankings. Interviewers appear to act as effective
agents to improve response rates. Self-administered modes achieve lower
response errors due to social desirability effects. Interviewer-administered modes
tend to achieve lower item-missing data rates. Methods using aural presentation
of questions tend to generate recency effects in response selection on closed-
ended questions. Methods using visual presentation of all response options tend
to produce primacy effects.

The data collection methods vary greatly in their required costs. The typical
ranking of costs from highest to lowest is face-to-face surveys, telephone surveys,
mail surveys, and Web surveys. The cost comparisons are sensitive to the sample
size because the methods vary on the relative sizes of fixed costs (independent of
sample size) and variable costs (increasing with sample size).

Mixed-mode designs are increasing in frequency as a way to gain better bal-
ancing of costs and errors in survey results. Longitudinal surveys often begin with
a face-to-face interview and move to cheaper methods in later waves.

The proliferation of modes is likely to continue as new technologies are
exploited to reduce costs and improve the quality of survey data. It will thus be
increasingly important to understand how the methods differ from each other, and
the characteristics or dimensions underlying such differences. Understanding
these properties is essential for making informed decisions of which mode or
modes to use for a particular study, for evaluating and adopting new and possibly
currently untested modes, and for combining different methods in innovative
ways to minimize survey costs and survey errors.
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EXERCISES

1) A nonprofit public policy “think tank” organization is planning to conduct a
survey examining the condition of low-income families nationwide. Tl.le
questionnaire covers many topics including family income, participation 11
state-run welfare programs and health insurance programs for low-income
families, children’s education and health status, and employment status of
parents. Low-income families in rural and inner city areas are of special
interest to the researchers. The researchers are considering two modes — a
CATI telephone survey, or CAPI face-to-face interviews. Discuss the advan-
tages and disadvantages of each mode choice for this project.

2) Briefly describe two advantages and two disadvantages of using interviewers
for survey data collection.

EXERCISES

3) Name one advantage and one disadvantage of using a self-administered ques-

4)

5)

6)

7)

8)

tionnaire to collect information regarding sexual behavior/history during a
face-to-face interview.

Which of the following modes of data collection is least likely to produce
question order effects: face-to-face, telephone, or mail? Provide a reason for
your answer.

Identify which mode (telephone, face-to-face, mail) is most desirable for
household surveys, if each criterion below were of highest priority. Explain
your choice of mode in each case.

a) The survey is completed quickly.

b) The survey costs are low for a given sample size.

¢) The response rate is high.

d) Populations speaking a language different from the majority are well
measured.

Indicate whether you agree or disagree with each of the following statements.
In each case, provide a reason for your answer.

a) Coverage error is a major concern in CAPI surveys of the US household
population.

b) Coverage error is a major concern in Web-based surveys of the US
household population.

¢) The large number of respondents in Web-based surveys means that we
are able to obtain better survey statistics (i.e., estimates that describe the
population).

d) Centralized CATI increases interviewer variance relative to centralized
telephone interviewing using paper and pencil methods.

e) CAPI surveys are more expensive than paper-and-pencil surveys.

Your market research firm has been asked to conduct an Internet survey to
see if people would purchase a new beverage product. The client has
requested that estimates and “margin of error” data be available in two
weeks, and apparently has ample money to finance the project. Your boss is
not sure she wants to take the job, and has asked you to do a point-counter-
point presentation that outlines the benefits and drawbacks of conducting a
survey on the World Wide Web. Give two advantages and two disadvantages
of this mode of data collection. Second, make a recommendation about
whether or not your boss should take the job.

What if, instead of a Web based survey above, the client wanted to conduct
a TDE (touchtone data entry) survey? Mention two limitations of TDE for
survey data collection.
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9) The Governor of your state has asked you to design a survey to assess the
views of residents of the state toward public transportation and to evaluate
how likely they would be to use alternative modes of transportation. Which
mode of data collection would you recommend be used for this study, and

why?

10) The American Statistical Association wishes to do a survey of its me.m‘t.)e}rs in
the United States on their views toward the certification of statisticians.
Which mode of data collection would you recommend for survey? Give three
reasons for your choice.

11) In comparing statistics from a telephone survey to similar ones from a face-
to-face survey, what three differences between the two designs can be con-
founded with the medium of communication.

12) Give two reasons why face-to-face household surveys often obtain response
rates higher than comparable telephone household surveys.

13) A survey has been designed to study differential access to health care among
persons with different income levels and different health insurance coverage.
The funding for the study is suddenly cut by about 25%. In a discussion of
how to redesign the study in light of the reduced funding, the client suggests
that the study shift from a face-to-face interview based on an area prob.abil-
ity sample of households to a telephone interview of a random digit dlalled
sample. The sample size in terms of interviewed individuals could be main-
tained if we follow the client’s suggestion. Identify two sources of error that
need to be addressed in considering the desirability of the client’s suggestion.
Give an example of how the proposed design change might affect each of the

€rror sources.

14) Give two attractions and two detractions of a mixed-mode design that moves
from a mail survey to phone on the remaining nonrespondents, then to face-
to-face on those still nonrespondents.

CHAPTER SIX

NONRESPONSE IN SAMPLE
SURVEYS

6.1 INTRODUCTION

Chapters 1 and 2 described how survey researchers use the term “nonresponse”
for the failure to obtain measurements on sampled units. Sometimes the failure
is complete — the person chosen for the sample refuses to cooperate with the sur-
vey request entirely (e.g., Sample Person: “I never participate in surveys; please
don’t call me again.”). Sometimes the failure affects only one item in the survey
measurement (e.g., Interviewer: “What was your total family income last year?”
Respondent: “I don’t know that; my wife keeps those records.”). The total fail-
ure is termed “unit nonresponse;” the partial failure is called “item nonresponse.”

Nonresponse can affect the quality of survey statistics. If the nonrespondents
have different values on variables that are components of the statistic, the value
of the statistic on the respondents may differ from that on the total sample. When
the departure is a systematic one, endemic to all implementations of the survey
design, it is called “nonresponse bias.” On some simple statistics (like the sam-
ple mean), nonresponse bias is a function of the proportion of sample cases non-
respondent and the differences on the statistic between respondents and nonre-
spondents (see Section 2.3.6). Nonresponse rates (the percentage of eligible sam-
ple cases that are nonrespondent) in most household surveys have increased over
time in the United States and Western Europe, inciting concerns that nonresponse
bias is also increasing.

In most modes of surveys, there are three principal sources of nonresponse
that appear to have different causes — failure to deliver the survey request to the
sample person, failure to gain the cooperation of a contacted sample person, and
inability of the sample person to provide the requested data. They appear to affect
different types of statistics produced by surveys.

This chapter provides the reader with the essential concepts and practices
involving nonresponse. It first describes (Section 6.2) the various different
sources of nonresponse, and what rescarch has taught us about their potential
causes and effects. Then it reviews how response rates are computed and how
survey administrators attempt to maximize response rates during data collection.

6.2 THREE MAJOR TYPES OF UNIT NONRESPONSE

Methodological research has found that three types of unit nonresponse have dis-
tinctive causes and, for many surveys, distinctive effects on the quality of survey
statistics. They are:

unit
nonresponse

item
nonresponse
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1) The failure to deliver the survey request (e.g., “noncontacts,” failure to
locate the sample unit, postmaster returns mail surveys)

2) The refusal to participate (e.g., a contacted person declines the request)

3) The inability to participate [e.g., a contacted person cannot understand
the language(s) of the questionnaire]

6.2.1 Unit Nonresponse Due to Failure to Deliver the Survey

Request

Nonresponse due to noncontact or failure to deliver the survey request misses
sample persons whose activities make them unavailable in the specific mode of
data collection. The key concept is the “contactability” of sample units — whether
they are accessible to the survey researcher. Figure 6.1 shows a basic diagram of
the influences acting on the contactability of sample units.

In household surveys, if we knew when people were at home and accessible
to us, we could make a successful contact in one attempt. However, the accessi-
ble times of sample units are generally unknown; hence, interviewers are asked
to make multiple calls on a unit. Some sample units have “access impediments™
that prevent strangers from contacting them (e.g., locked apartment buildings,
telephone answering machines). People who throw away mail from unfamiliar
sources often are missed in mail questionnaire surveys. People who are rarely at
home often remain uncontacted even after repeated call attempts by interviewers.
People who have call blocking services on their telephones often are not aware of
the attempts of telephone interviewers to reach them.

For example, about 2% of sample households in NSDUH are never contacted
at the screening stage. The same statistic in SOC is much higher. In NSDUH,
these noncontacted units are likely to be disproportionately in multiunit structures
and other structures with access impediments. Because SOC is a telephone sur-

Access
Social impediments
environmental
attributes 1
Accessible
at-home

Sociodemographic
attributes

patterns

Likelihood
of contact

Number
of calls

Timing
of calls

Figure 6.1 Causal influences on contact with sample household.
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Figure 6.2 Percentage of eligible sample households by calls to first contact,
for five surveys. (Source: Groves, Wissoker, Greene, McNeeley,

and Montemarano, 2001.)

vey, such structures do not necessarily pose contact problems in SOC; instead
houses with caller ID and call blocking devices tend to be disproportionately non-
contacted.

Because interviewers do not know when sample persons are home and when
they are not, their supervisors instruct them to make repeated calls on sample
units until the first contact is achieved. In practice, the percentage of successful
calls declines with each successive call. For example, Figure 6.2 shows the per-
centage of sample US households contacted by call number, among those never
yet contacted over five different household surveys, some telephone, some face-
to-face. About half of the contacted households are reached in the first call. With
each succeeding call, a smaller and smaller percentage is reached. Variation
across the surveys in the figure probably reflect violation in sample design varia-
tion and calling rules after the first call.

What predicts how many calls are required to gain first contact in household
surveys? There are two principal answers:

1) Calls in the evening and on weekends are more productive than calls at
other times.
2) Some populations have different accessibility likelihoods than others.
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Sample persons tend to be more accessible to interviewers when they are at
home. When are people at home? Most households in the United States have very
predictable schedules. For those who are employed out of the home, most are
away from home at set times, often the same periods each week. Most employed
persons in the United States are away from home from 8:00 AM to 6:00 PM
Monday through Friday. If interviewers call at those times, proportionately fewer
persons are reached. As Figure 6.3 shows, the best times appears to be Sunday
through Thursday evenings from 6:00 PM to 9:00 PM local time, regardless of
call attempt number. Those evenings share the feature that the next day is a work
day. Friday and Saturday evenings are different, with lower rates of contact in
general. Times during the day on the weekends are better than times durin.g the
day during the work week. As it turns out, there are very few households in the
United States where no one is ever at home in the evening.

There are systematic differences in noncontact rates across subpopulations in
the United States. The easiest households to contact tend to be those in which
someone is almost always at home. These include households with persons who
are not employed outside the house, either because they are retired, they care for
young children not yet in school, or some other reason.

One measure of difficulty of accessing different types of persons is the mean
number of calls required to achieve the first contact with someone in the house-
hold. Persons in households that have some access impediments require more
calls to first contact. These include apartment buildings with locked central
entrances, gated communities, or rural residences with locked gates. In telephone
surveys, numbers connected to caller ID, or other screening devices require more
calls to first contact. Persons who live in urban areas tend to require more calls to
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Figure 6.3 Percentage of households contacted among those
previously uncontacted, by call number by time of day.
(Source: National Survey of Family Growth, Cycle 6.)
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first contact (partly because they tend to be single-person households in units with
access impediments).

Mail, e-mail, and Web surveys ( modes that do not use interviewers to make
contact) make the survey request accessible to the sample person continuously
after it is sent. That is, in a mail survey, once the mail questionnaire is received
by the household, it remains there until some household member does something
with it. This can be at any time of the day or day of the week. Thus, the number
of attempts required to gain contact with the sample unit has a different pattern.
Section 5.3.4 notes that one attribute of these self-administered modes is that the
researcher cannot easily differentiate a questionnaire that has not been seen by the
sample household from one that has been seen and rejected.

In short, in interviewer-assisted surveys some of the noncontact arises
because of different at-home patterns of subpopulations as well as the number of
different persons in the household. Other noncontacts arise from access impedi-
ments. The former affects all modes of data collection. The latter is specific to
individual modes. For example, gated communities or inaccessible apartment
buildings affect the productivity of face-to-face interviewers but not necessarily
telephone interviewers. Thus, the composition of noncontacts can vary by mode.
A corollary of this is that surveys that implement multiple modes of data collec-
tion can reduce the noncontact rate.

There are unanswered research issues about noncontact nonresponse that
need to be tackled in the future. Most noncontact nonresponse is likely to be inde-
pendent of the purpose of the survey. That is, the sample unit is not difficult to
contact because of the topic of the survey but rather because of a set of influences
that would be present for any survey request. This implies that nonresponse error
would arise only for statistics related to those influences. Research into why sam-
ple units are difficult to contact may yield practical guidance for researchers on
when nonresponse error might arise from noncontact and when it would not.

6.2.2 Unit Nonresponse Due to Refusals

It could well be argued that the essential societal ingredients for surveys to gain
cooperation of sample persons are rare in human history (Groves and Kahn, 1979,
p- 227). Success requires the willingness of persons to respond to a complete
stranger who calls them on the telephone, mails them a request, or visits their
home. The persons must have little fear of physical or financial harm from the
stranger, of reputational damage from the interaction, or of psychological distress
caused by the interview. The sample persons must believe the pledge of confiden-
tiality that the interviewer proffers; they must believe that they can speak their
minds and report intimate details without recrimination or harm. Think, for a
moment, about whether there are societies right now in the world that miss one or
more of those ingredients.

Despite the ubiquity of surveys, in most countries they are not daily (or even
frequent) experiences of individual persons. But the frequencies of surveys have
increased over time. For some years, a survey was conducted that asked persons
whether they had participated in any other survey in the past few years. In 1980,
the percentage reporting participating in the last year was about 20%; in 2001,
about 60%. [These are likely to be overestimates because they do not represent
the answers of nonrespondents to the survey that asked about past participation
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(Sheppard, 2001)]. In the United States, two types of survey efforts are mf)st com-
mon. First, many service-providing organizations conduct customer satisfaction
surveys, which collect ratings of the quality of the service. Seconc!, every two
years, legislative elections produce large numbers of surveys, especially in con-
gressional districts with close races. Outside of these circumstances, the fre-
quency of survey requests to most people is low.

It is useful to examine the nature of survey requests compared to the nature
of other encounters the public frequently experiences. The most common types of
encounters with, or requests from, strangers involve sales calls, business or serv-
ice calls, fundraising or political activities, and surveys. These encounters differ
on a number of different dimensions, briefly discussed below.

Frequency of experience.

This may vary depending on the mode of contact. For example, door-to-door sales
have all but disappeared in the United States, supplanted by the rapid rise of tele-
marketing. Service calls are usually at the request of the householder, and are
therefore not unanticipated. Door-to-door fundraising or political campaigning
may be less rare than sales, but are still an infrequent experience for most house-
holds. The likelihood that a telephone call, mailed solicitation, or e-mail message
from a stranger is a sales request is much higher than it being a survey request.

Level of public knowledge.

For many business contacts and for some national long-standing charitable organ-
izations or political parties, name recognition for large segments of the populat'ion
would be high. When survey sponsors are universities or government agencies,
sometimes the population may have prior knowledge about the requestor.

Use of incentives.

Charities and surveys at times use incentives as a way to provide some token of
appreciation for granting the request. Charities sometimes send address labels,
calendars, kitchen magnets, and other small tokens of appreciation. Surveys often
offer money or gifts. Sales and service requests rarely offer such inducements.

Persistence at contact. .
Sales and fundraising requests rarely utilize multiple attempts. If reluctance is
expressed on first contact with the household in a sales call on the. telephone, for
example, the caller tends to dial the next number to solicit. Profit is generally pot
maximized by effort to convince the reluctant to purchase the product or service.
Surveys and service requests are quite different. Probability sample surveys often
make repeated callbacks to sample households, attempting to obtain part101p§t10n
of the household. Business communication will generate repeated calls until the
issue is resolved.

Nature of the request. '
One of the biggest differences among these encounters is the nature of what is
being asked of the householder. In sales, typically it is money in exchange for
some good or service. Service calls usually involve money in exchange for some
service the household requested. Fundraising or charitable requests often involve
donation of money, goods, or time. Surveys are usually seeking a householders’
time and information.

THREE TYPES OF UNIT NONRESPONSE

Groves and Couper (1998) put forward the
hypothesis that when persons are approached with a
survey request, they attempt quickly to discern the
purpose of the encounter with an interviewer. Since
the encounter was not initiated by the householders,
they value returning to their original pursuits. The
fact that there are common reasons for requests,
purposes of requests, and institutions that are mak-
ing requests, may lead to standardized reactions to
requests. These might be default reactions that are
shaped by experiences over the years with such
requests.

Business requests for clarification of orders,
billing issues, and other reasons are bolstered by the
fact that the requestor provides products or services
valued by the household. The interpretation of char-
ities and religious requests may be filtered through
opinions and attitudes of householders about the
group. Sales requests may generate default rejec-
tions, especially among householders repeatedly
exposed to undesired sales approaches.

Survey requests, because they are rare relative
to the other requests, might easily be confused by
bouseholders and misclassified as a sales call, for
example. When this occurs, the householder may
react for reasons other than those pertinent to the
survey request. The fact that surveys often use
repeated callbacks is probably an effective tool to
distinguish them from sales calls. When surveys are
conducted by well-known institutions that have no
sales mission, interviewers can emphasize the spon-
sorship as a means to distinguishing themselves
from a salesperson.

There are several findings from survey

What Interviewers Say

Interviewers are trained to provide
various pieces of information quickly
in their introduction:

On the telephone, “Hello, my name is
Mary Smith. | am calling from the
University of Michigan in Ann Arbor.
Here at the University we are cur-
rently working on a nationwide
research project. First, | would like to
make sure | dialed the right number.
Is this 301-555-22227"

OR

In face-to-face encounters, “Hello, my
name is Mary Smith, and | work for
the University of Michigan’s Survey
Research Center. Let me show you
my identification. The University of
Michigan is conducting a nationwide
survey, and we are interested in talk-
ing to people about their feelings on a
variety of topics, including their feel-
ings about the economy, the upcom-
ing presidential elections, and some
important issues facing the country
these days. You should have received
a letter from the University of
Michigan telling you about this sur-
vey. “

methodological research that support the hypothesis that some sample persons

may misidentify the intent of the survey interviewer:

1) Decisions to decline a request are made quickly (on the telephone most

refusals take place in less than 30 seconds).

2) Persons who refuse at one point, often accept when recontacted (so-
called refusal conversion rates often lie between 25% and 40%).

3) Some survey interviewers are trained to attempt to avoid the misattribu-
tion (e.g., they say “I'm not selling anything” early in the call).

The speed of decision making suggests that persons focus on a small number of
features of the request that are salient to them. Interviewer introductions on tele-
phone and face-to-face surveys are often quite brief (see box on this page). Some
persons might choose the sponsorship of the survey as most salient; others, the
vocal atiributes of the interviewer; still others, the topic of the survey. In some
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self-administered surveys (e.g., mailed paper question-
naires), seeing the questions makes more salient the purpose
of the measurement.

Why Unit Nonresponse Occurs.

The causes of nonresponse are of growing interest to survey
methodologists. There are many theoretical frameworks that
have been applied to the survey participation problem, but
they all involve influences that arise at four different levels:

1) The social environment [e.g., large urban areas tend to
generate more refusals in household surveys; house-
holds with more than one member generate fewer
refusals than single person households (Groves and
Couper, 1998)]

2) The person level [e.g., males tend to generate more
refusals than females (Smith, 1983)]

3) The interviewer level [e.g., more-experienced inter-
viewers obtain higher cooperation rates than less-expe-
rienced interviewers (Groves and Couper, 1998)]

4) The survey design level (e.g., incentives offered to sam-
ple persons tend to increase cooperation)

The first two influences are out of the control of the
researcher. For example, there are events that have nothing to
do with a survey request affecting how people react to the

opportunity
cost

social
isolation

topic interest

oversurveying

leverage-
alience theory

request (e.g., the Tuskegee experiment on syphilis among African American men
is often cited as an influence on lower response rates in that population, see page
351). The last two influences, the interviewer level and the survey design level
are features that the researcher can manipulate to increase response rates (this is
discussed in Section 6.7).

The theoretical perspectives that are most commonly applied to survey par-
ticipation include “opportunity cost” hypotheses, based on the notion that busy
persons disproportionately refuse to be interviewed because the cost of spending
time away from other pursuits is more burdensome than for others. They include
notions of “social isolation,” which influence persons at the high and low ends of
the socioeconomic spectrum to refuse survey requests from the major institutions
of the society; notions of “topic interest,” which fuel hypotheses about how the
“interested” disproportionately responding may induce nonresponse error in key
statistics; and notions of “oversurveying” that suggest fatigue from survey
requests. There are many variants of these concepts that arise in different disci-
plines. Unfortunately, there seems to be spotty support for any one theory explain-
ing the phenomenon.

One theoretical perspective that attempts to describe the underpinnings of
these behaviors is called “leverage-salience theory” (Groves, Singer, and
Corning, 2000). Under the theory, different persons place different importance on
features of the survey request (e.g., the topic of the survey, how long the interview
might take, the sponsor of the survey, what the data will be used for). Some per-
sons may positively value some attribute; others, negatively. Of course, these dif-

THREE TYPES OF UNIT NONRESPONSE

Person 1 Person 2

Figure 6.4 Two sample persons with different leverages
for attributes of a survey request.

ferences are generally unknown to the survey researcher. When the survey
approach is made to the sample person, one or more of these atiributes are made
salient in the interaction with the interviewer or the survey materials provided to
the sample person. Depending on what is made salient and how much the person
negatively or positively values the attribute, the result could be a refisal or an
acceptance.

. In Figure 6.4, two different sample persons are represented by a scale, which
if tilted to the right implies an acceptance, and to the left, a refusal. Prior to the
exposure to the survey request, Person 1 most positively values the topic of the
survey; Person 2, is quite uninterested in the topic. Person 1 has limited free time
.and 18 very sensitive to the time demands of a request; Person 2 has no sensitiv-
%ty toward the burden of the interview. Person 1 is only mildly sensitive to an
mncentive offer; Person 2 is quite positively disposed to receiving a cash incentive,
When the interviewer makes contact, she emphasizes the sponsor of the survey
and the incentive (this emphasis is represented in the figure by the size of the ball
Vf/eights placed on the scale hooks). The result of request is that Person 1 is more
likely to accept the request than Person 2. Using the metaphor of a scale, the value
the sample person places on a specific attribute of the request is called the “lever-
age” of the request. How important the attribute becomes in the description of the
request is called its “salience.” There are several implications of this theory:

1) People have many different reasons for acceding to — or declining — a
survey request, and these are not known at the outset by the requestor.

2) No one introduction is suitable to address the concerns of diverse sam-
ple persons.

3) Interviewers must have ways of learning the concerns to make salient
those attributes given positive leverage by the sample person.
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We discuss this in more detail in Section 6.7.

Surveys that make their requests without using interviewers make more or
less salient various attributes of the request, generally through words or symbols
in the survey materials. These might include prominent display of the sponsor of
the survey on envelopes and stationery, or muted display of the sponsorship. They
might include a cash incentive affixed to the cover letter in a prominent position.
It might involve placing sensitive questions toward the end of the questionnaire,
attempting to mute their saliency prior to the decision of the sample person.

6.2.3 Unit Nonresponse Due to the Inability to Provide the
Requested Data

Sometimes, sample persons are successfully contacted and would be willing to be
respondents, but cannot. Their inability stems from a myriad of sources.
Sometimes they cannot understand any of the languages that could be used in the
survey. Sometimes, they are mentally incapable of understanding the questions or
retrieving from memory the information requested. Sometimes they have physi-
cal health problems that prevent them from participating. Sometimes, because of
literacy limitations, they are unable to read or understand the materials in a mail
survey. Sometimes in business surveys, establishments do not have the necessary
information available in the format or time frame required by the survey.

Since the reasons for their inability to comply with the survey request are
diverse, statistics affected by nonresponse are diverse as well. For example, in a
survey measuring the health characteristics of a population, the inability to
respond for health reasons portends nonresponse biases. Estimates of the well-
being of the population would be overestimated because of the systematic failure
to measure the unhealthy. On the other hand, estimates of the political attitudes of
the population in the same survey may not be as severely affected by the same
causes of nonresponse.

There has been relatively little methodological research into the causes and
effects of unit nonresponse of this type. In many household surveys, the relative
amount of such nonresponse is small. However, in studies of the elderly or immi-
grant populations, the rates can rise to substantial levels. For such designs,
research discoveries have yet to be made regarding the role played by the inter-
viewer, the method of data collection, features of the languages used, and charac-
teristics of the sample persons.

6.3 How DOES NONRESPONSE AFFECT THE QUALITY OF SURVEY
STATISTICS?

Sometimes, nonresponse harms the quality of survey statistics; sometimes, it does
not. The principles that determine when it hurts and when it does not are clear,
but, in practice, researchers cannot know which situation they are facing.

Bias flows from nonresponse when the causes of the nonresponse are linked
to the survey statistics measured. For example, if one is mounting a survey whose
key statistic is the percentage of persons who are employed outside the home and
live by themselves, as Figure 6.5 shows, the value of the statistic is heavily
affected by noncontact nonresponse. The figure shows estimated nonresponse

EFFECTS OF NONRESPONSE ON SURVEY STATISTICS

bias for four different surveys. Imagine that we were interested in estimating what
percentage of households contained only one person. For statistics like that, there
are external sources of estimates from the Census Bureau, which have very high
accuracy. If one would make only one call attempt on the households, the survey
would disproportionately miss households with one person because they tend to
be at home less frequently. The value of the statistic is 27% to 35% underesti-
mated if the design calls for a maximum of one call. A two-call survey overesti-
mates the statistic by 20% to 32%. This statistic is sensitive to noncontact error
because noncontact is partially caused by the amount of hours the sample person
spends at home, accessible to the interviewer. In contrast, it is quite likely that
another statistic, say the percentage of persons who report an interest in politics,
is not as heavily affected by the noncontact rate.

Similar logic underlies how refusal nonresponse etror is generated. If the
cause of the refusal is related to key statistics of the survey, the refusal rates por-
tend nonresponse error in those statistics. Evidence for this is not plentiful; but
one example involves a comparison of a survey design that uses an incentive for
respondents and one that does not. The incentive acted to increase the coopera-
tion of sample persons who were not interested in the survey about physician-
assisted suicide, a topic then being debated in the community. One statistic was
whether the respondent was involved in the community (e.g., a member of a civic
organization, attendee at political events). In the survey with the incentive, about
70% of the respondents reported such activity. In the survey design without the
incentive, about 80% reported such activity (Groves, Singer, and Comning, 2000).
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Figure 6.5 Percentage nonresponse bias for estimated proportion of single person
households, by number of calls required to reach the household, for
four surveys. (Source: Groves, Wissoker, Greene, McNeeley, and

Montemarano, 2001.)
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Figure 6.6 Causal diagrams illustrating ignorable and nonignorable
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nonresponse from influences on decision to participate.

To generalize this, we can use causal diagrams to illustrate. In Figure 6.6, we
address causal mechanisms affecting nonresponse. The first is labeled an “ignor-
able” causal mechanism, portraying a survey estimating the average kilowatts per
hour of electricity used by a sample of households. The figure notes that the
extent to which the house is occupied affects utility consumption (i.e., through
electrical appliance use, heating/air conditioning consumption) arnd the likelihood
of an interview, here labeled “response propensity.” The figure relates to the case
of nonresponse through noncontact. Those households rarely at home cause high
noncontact rate, and while they are away from home their utility usage is low. We
introduce a new term in the figure, “ignorable nonresponse,” to denote that, if we
knew when people were at home and thus contacted them, we could remove any
harmful effects of noncontact nonresponse.

The case on the right side of the figure resembles a real case in US history,
at the beginning of the HIV epidemic. When public health officials argued for a
national prevalence survey of HIV, several survey design options were investi-
gated, all including some sort of blood draw for testing prevalence of the HIV
virus. Response rates without a cash incentive were low; with an incentive, quite
high. However, a record-check study showed that, despite the overall effective-
ness of the incentive, for HIV-positive persons the incentive had little effect and
low cooperation rates among them remained (Horvitz, Weeks, Visscher, Folson,
Massey, and Ezzati, 1990). In short, the results were consistent with the hypoth-
esis that HIV-positive persons, because of the then powerful stigma of the disease,
were afraid that participation in the survey would harm their standing in the com-
munity and refused. In short, the status underlying the key statistic of the survey,
the percentage of persons HIV positive, was a cause of the response propensity.
Respondents tended to have much lower HIV-positive rates than the nonrespon-
dents because of this causal influence. The resulting survey severely underesti-
mated the proportion HIV positive. This case is labeled, “nonignorable nonre-
sponse,” because even if the causal influence is known, there is no way that the
statistic among respondents can be made free of nonresponse bias (without mak-
ing heroic assumptions about the status of the nonrespondents).

Nonresponse can affect both descriptive statistics, like the means and per-
centages discussed above and analytic statistics like regression coefficients.
Figure 6.7 shows how a regression coefficient, the slope of a line fitted to obser-

COMPUTING RESPONSE AND NONRESPONSE RATES

vat.ions on two variables, x and y, can be affected by nonresponse. The hollow
points in the graph represent nonrespondent cases; the filled points, respondent
cases. There are two lines in the graph, one is a regression line based on the
respondent cases only; the other, on all cases. The positive slope of the line (often
used to indicate the predictive power of the x variable) is larger among the
respondents than for the total sample. This would yield a conclusion based on the
respondents of a stronger relationship between x and y than is true for the full
sample. For further examples of such selection bias, see Heckman (1979) and
Berk (1983).

In contrast to these cases, there are several examples in which higher versus
lower nonresponse rates apparently have no effect on survey statistics. Thus, non-
response rates are sometimes ignored by survey users, under the assumption that
they do not affect the quality of survey results.

Nonresponse caused by the attribute being measured is the nonignorable sort.
Unfortunately, in most cases the researcher does not have enough information to
know whether nonresponse is caused by some of the attributes important to the
survey. Hence, there is no empirical way to determine what response rate is opti-
mal given the available survey budget. The answer to this question is a function
of what is being estimated in the survey and what processes are producing the
nopresponse. In the absence of this knowledge, it is common practice to maxi-
mize response rates within the cost constraints of the survey.

6.4 CoMPUTING RESPONSE AND NONRESPONSE RATES

From Chapter 1, we learned that nonresponse is a source of error in survey statis-
tics. Most of the concern of practicing survey researchers is on nonresponse bias,

and its statistical expression resembles that of coverage bias described in Section
1.8.1:

respondent line \

full sample
line

X

Figure 6.7 Hiustration of effect of unit nonresponse
on estimated regression line.
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= Mean of the entire specific sample as selected

= Mean of the respondents within the sth sample

= Mean of the nonrespondents within the sth sample

= Total number of sample members in the sth sample
= Total number of respondents in the sth sample

= Total number of nonrespondents in the sth sample
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The nonresponse bias is then expressed as an average over all samples of

The nonresponse rate is thus one component of nonresponse bias in a simple sta-
tistic like a mean or percentage. If the nonresponse rate is nof zero, bias can c-)cc?ur
to the extent that the respondents differ from the nonrespondents on the statistics
of interest. The tricky part is that the values for nonrespondents are usually not

The above formula assumes that nonresponse is deterministic — that is, given
a fixed survey design, everyone in the target population will ei‘Fher always b@ a
respondent or always be a nonrespondent. Groves, Presser 'fmd Dipko (2004) give
a more general expression for the bias in a mean or proportion, based on the more
realistic assumption that nonresponse may be probabilistic:

bias(y,) = Cov(r,¥)+ EK%—J( y.-¥ )}.

$

This equation shows that the bias mainly reflects the covariance bet\yeen th'e
probability of becoming a respondent (r) and the values of the substantive vari-
able of interest (1); the final term is the product of the expecteq nonresponse ra'te
and the full bias of the mean. The bias formulas are more complicated for analytic
statistics like subgroup differences or regression coefficients.

These two equations imply that when there is no relatio.n' between the_phe—
nomenon of interest (say, political attitudes) and the probability of becoming a
respondent in the survey — that is, no difference beWeen the requnde'nts and non-
respondents on the variables of interest — there will not be any bias in the survey
estimates. ' '

It is important to note that there is no simple relationship betyveen nonre-
sponse rates and nonresponse errors. For example, if the charact.erlstlcs of nonre-
spondents become more distinctive (i.e., an unusual subpopulation on the y vat;ll-
able) as the nonresponse rate becomes small, there may be no reduction in the
nonresponse error with lower nonresponse rates. _ o

The simple formula m /n , however, belies the complexity of computation o
response and nonresponse rates. Since nonresponse rates are components of non-
response errar, there is a checkered history of unethically present.m'g deﬂat‘ed esg-
mates of nonresponse to give the appearance of high-quality stgtls’ucs. Thls. prob-
lem has been the focus of several committees of professional associations
(Frankel, 1983; and American Association for Public Opinion Research, 2000).

COMPUTING RESPONSE AND NONRESPONSE RATES

The guidelines of the American
Association for Public Opinion
Research (AAPOR) can be found at
http:/fwww.aapor.org. That Web site
provides several different response rate
computations, depending on the survey
design used. In general, there are three
complications  with  calculating
response rates:

1) Some sampling frames con-
tain units that are not target
population members, forcing a
screening step to determine
eligibility (e.g., telephone sur-
veys of households when the
frame contains business num-
bers). With such designs, there
i uncertainty about the eligi-
bility of nonrespondent cases
and, hence, what the denomi-
nator of the response rate
should be.

2) Some sample frames consist
of clusters of sample ele-
ments, where the count of ele-
ments is unknown at the time
of sampling (e.g., a survey of
school children chosen from a
sample of schools). When a
full cluster is nonrespondent,
it is unclear how many sample
elements are nonrespondent.

3) Unequal probabilities of
selection are assigned to dif-
ferent elements in the sam-
pling frame (e.g., oversamples
of minority ethnic groups). In
this case, it is unclear whether
selection weights should be
used in the computation of
response rates (see Groves,
1989).

One way to approach the first two prob-
lems is to estimate the value of the
denominator, using either external
information or information from other
cases. Thus the response rate might be

Merkle and Edelman (2002) on How
Nonresponse Rates Affect Nonresponse
Error

Merkle and Edelman (2002) present an observa-
tional study that finds no relationship between
nonresponse rates and nonresponse error.

Study design: Exit polls use a probability sample
of voting places, with interviewers selecting a
systematic random sample of voters exiting the
voter station. For each sample voting place, the
difference between the Democratic and
Republican vote percentages was compared
between respondents and the public vote totals.

Findings: The response rates at the sample
places varied from 10 to 90%, mostly falling in
the 45-75% range. The plot below has a point for
each voting place; the x axis is the response rate
for the sample place; the y axis is the error of the
difference between Democratic and Republican
vote percentages. There is no apparent relation-
ship between response rate and total error of the
estimated difference. A good predictor of coop-
eration was how far away from the exit door the
interviewer was asked to stand.

Signed error by response rate
for sample voting site

.
o

Signed Error
[w)

0.0 0.2 04 0.6 0.8 1.0
Response Rate
(Source: Merkle and Edelman, 2002.)

Limitations of the study: Because of lack of ran-
domization of interviewers to sample place, there
could be a confounding of interviewer effects and
true differences in cooperation likelihoods.
Further, the exit poll is a unique setting, unlike
most other surveys.

Impact of the study: The study offers an example
of the absence of nonresponse error when non-
response causes are unrelated to the statistic.
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!
I+R+NC+0+e(UH +UO)
where
1= Complete interview
R= Refusal and breakoff
NC=  Noncontact

= Other eligible
UH= Unknown if household/occupied HU
UO = Unknown eligibility, other
e= Estimated proportion of cases of unknown eligibility that are eligible

An estimate of e can be obtained from the current survey, e.g., (/ + R + NC + 0)
/(I+ R+ NC + O + ineligibles chosen into sample). Alternatively, some special
methodological studies might be mounted to learn e, by studying a sample of
cases with initially unknown eligibility to learn more about them. Finally, if no
estimate of ¢ can be obtained, it is recommended that two response rates are pre-
sented — one including (UH + UO) in the denominator and the other excluding
the term. This produces a range of response rates within which the true response
rate must lie. More sophisticated modeling approaches to estimating e in an RDD
telephone survey are presented in Brick, Montaquila, and Scheuren (2002).

The third problem in estimating response rates arises when (as described in
Section 4.5.1 - 4.5.2), unequal probabilities of selection are used. For example, if
a community survey about city services oversampled areas where poor persons
lived (stratum 1), using twice the sampling fraction as other areas (stratum 2),
how should the response rate be computed? There are often two response rate
issues in such a design. One is a comparison of the response rates in the poor areas
(stratum 1) versus the response rate in the nonpoor areas (stratum 2). These would
be relevant to the analysis that compares means of the two strata. In this case, the
two response rates would use the same approach as above. If, however, the inter-
est was in the overall sample mean, which, as noted in Section 4.5.1 - 4.5.2, must
use selection weights, w, then the response rate for the overall sample might use
the same weights, adjusting each sample element for the selection probability it
received.

A variety of other rates are used for different purposes. For example, refusal
rates [e.g., R/(I+R)] and refusal conversion rates (initial refusals that were sul?se-
quently interviewed) are used to evaluate interviewer performance. For estabhslll-
ment surveys, coverage rates (the proportion of the total being measured that 18
accounted for by the respondent units) are used to reflect that when estimating
things like output or number of employees, missing Wal-Mart is not the same as
missing the corner convenience store. For surveys such as NAEP, in which selec-
tion occurs over several levels (e.g., schools and pupils), compound rates are cal-
culated to reflect nonresponse at each level.

6.5 TRENDS IN RESPONSE RATES OVER TIME

Some notion of varjation in response rates can be attained by examining the
trends in response rate over time for ongoing surveys. For example, Figure 6.8

TRENDS IN RESPONSE RATES OVER TIME

shows the response rate for the NCVS. The NCVS attempts interviews with all
household members 12 years old and older. The NCVS reports response rates at
the household level and the person level. The household nonresponse rate meas-
ures the percentage of households in which no household member was success-
fully interviewed. This is top (dashed) line in Figure 6.8. It shows relatively sta-
ble values, ranging between 3 and 4 percentage points (a household response rate
of 96%-97%). The lowest line (a shadow line) is the household refusal rate; it
similarly shows a relatively consistent level over the years. The solid black line is
the person-level refusal rate, which is the ratio of all sample household members
enumerated who refused the interview request to all those enumerated. In short,
it is an estimate of the percentage of persons providing an interview, once access
to the household has been achieved. This nonresponse component is rising over
the years, nearly tripling in the years covered by the chart.

Figure 6.9 shows the response rate trend for the Current Population Survey
conducted for the Bureau of Labor Statistics by the US Census Bureau, which
produces the monthly unemployment rates for the United States. A very different
trend is displayed — for many years an overall consistent nonresponse rate of
about 4% to 5%, but a continually increasing refusal rate. This is an example of
a survey that kept the overall nonresponse rate low by reducing the noncontact
rate over the years, in the face of higher refusals. What happened in 1994? There
was a large change in the interviewing protocol in that year, moving to a com-
puter-assisted personal interviewing design and a new questionnaire. One possi-
ble explanation for the impact is that the short questionnaire (8—12 minutes) was
often taken on the doorstep with a paper questionnaire, but could not be done that
way with a laptop computer and, hence, refusal rates increased (see Couper,
1996).

Both of the above nonresponse rates are quite low but the increasing trends
are common. Both studies are well-funded face-to-face surveys; both are con-
ducted by the Federal government. In general, response rates for other surveys are
lower, with academic surveys somewhat lower and private sector surveys consid-
erably lower.

14 = = = Nonresponse rate == Refusal rate
| = Person refusal rate

12
10
8

Percent

6
4
2
0

Figure 6.8 Household nonresponse rate, household refusal rate, and
person refusal rate for the National Crime Victimization
Survey by year. (Source: US Census Bureau, 2003.)
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Figure 6.9 Nonresponse and refusal rates for the Current Population
Survey by year. (Source: US Census Bureau.)

Figure 6.10 shows overall nonresponse and refusal rates for the Survey of
Consumers (SOC). The survey has much much higher nonresponse rates than
NCVS or CPS. The overall nonresponse rate shows a steadily increasing trend,
from percentages in the 30s in the 1980s to percentages near 40 more recently.
The refusal rate shows a similarly increasing trend. At the same time, the percent-
age of the interviews that were taken only after an initial refusal climbed from
about 7% to about 15% of the interviews. Again, the lesson is clear — response
rates have declined over time without increased effort by the interviewing staffs.

Figure 6.11 presents nonresponse rates for the Behavioral Risk Factor
Surveillance System (BRFSS). Because there are individual nonresponse rates for
each state conducting Behavioral Risk Factor Surveillance System (BRFSS), the
graph shows the median nonresponse rate among all reporting states. The figure
shows nonresponse rates that are more like the SOC than NCVS. This probably
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Figure 6.10 Nonresponse rate and refusal rate for the Survey of
Consumers by year. (Source: Surveys of Consumers.)
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Figure 6.11 Median nonresponse rate across states, Behavioral Risk
Factor Surveillance System, 1987—2001. (Source: BRFSS.)

results both from the telephone mode (versus the face-to-face mode of NCVS)
and the fact that the US government is only an indirect sponsor of the surveys.
The overall nonresponse rate increases from the percentages in the 30s to percent-
ages near 50 in the later years.

Increasing nonresponse rates are not only a phenomenon of the United States.
A study of nonresponse trends in 16 European countries in the 1970-1990s found
that the noncontact rate increased on average 0.2% per year and the refusal rate
0.3% per year (de Leeuw and Hox, 2002).

These are results from household surveys. Surveys of business establish-
ments are most often conducted using mail questionnaires or the telephone (or
some combination of both). There is less evidence of increasing nonresponse in
business surveys (Atrostic and Burt, 1999).

6.6 ITEM NONRESPONSE

All the discussion above centers on unit nonresponse (the failure to obtain any
measures on a sample unit). [tem nonresponse is a severe problem in some kinds
of surveys. Item nonresponse occurs when a response to a single question is miss-
ing. For example, a respondent to the Survey of Consumers may willingly partic-
ipate, and start answering questions, but when the interviewer asks about family
income in the last year, they may refuse to give an answer to that question.

The impacts of item nonresponse on a statistic are exactly the same as that
for unit nonresponse, but the damage is limited to statistics produced using data
from the affected items. Thus, the expression on page 182 for a sample mean
applies to the combined effects of unit and item nonresponse.

It often appears that the causes of item nonresponse are different from those
of unit nonresponse. Whereas unit nonresponse arises from a decision based on a
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Response Path

1. Available
Information can
be retrieved

with minimal effort

2. Accessible
Information can
be retrieved with
efforts or prompts

Response Outcome

Substantive

3. Generatable

Information is not
exactly known but
can be estimated

4. Inestimable
Information is not
known/no basis
for estimating

Response

Item
Nonresponse

Figure 6.12 Beatty-Herrmann model of response process for item-missing data.

brief description of the survey, item nonresponse occurs after the measurement
has been fully revealed. The causes of item nonresponse that have been studied in
methodological research include: (a) inadequate comprehension of the intent of
the question, (b) judged failure to retrieve adequate information, and (c) lack of
willingness or motivation to disclose the information (see Beatty and Herrmann,
2002; Krosnick, 2002). However, research in this area is in its infancy. Most of
the methodological research on question wording (see Chapter 7) has focused on
properties of the questions that change the substantive answers. A research pro-
gram in the causes of item-missing data would be of great utility to practitioners.

There is evidence for item-missing data arising from respondents’ judging
that they do not have adequately precise answers. Some experiments show per-
sons failing to give a specific income value but willingly providing an estimate
within an income category [e.g., between $50,000 and $75,000 (Juster and Smith,
1997)]. Evidence for the effect of motivation for the respondent role is that open
questions (requiring the respondents to write in answers they invent) tend to have
larger missing data than closed questions (requiring the respondents to choose
from a list of answers).

Figure 6.12 is a model of the response process posited by Beatty and
Herrmann which distinguishes four levels of cognitive states regarding the infor-
mation sought by the survey question: available, accessible, generatable, and

DESIGN FEATURES TO REDUCE UNIT NONRESPONSE

inestimable. The four states are ordered by level of retrieved knowledge suitable
for a question response. They posit both errors of commission (reporting an
answer without sufficient knowledge) and errors of omission (failing to report an
answer when the knowledge exists). Social influence to give an answer may pro-
duce data with measurement errors. Item-missing data can arise legitimately (for
those in an “inestimable™ cognitive state) or as a response error (for those with the
knowledge available). The latter situation might arise when social desirability
influences a respondent to refuse to answer a question (or answer, “don’t know”)
instead of revealing a socially unacceptable attribute.

The tools used to reduce item nonresponse are reduction of the burden of any
single question, the reduction of psychological threat or increase in privacy (e.g.,
self-administration), and interviewer actions to clarify or probe responses. The
strategies used to compensate for item nonresponse are often quite different from
those for unit nonresponse, as in the former case the analyst usually has a rich
vector of other responses with which to adjust. Thus, imputation is most often
used for item-missing data, whereas weighting class adjustments are more com-
mon for unit nonresponse (see Chapter 10).

6.7 DESIGN FEATURES TO REDUCE UNIT NONRESPONSE

At this point in the chapter, we have noted that nonresponse error can harm the
quality of survey statistics, that the extent of harm is a function of how the influ-
ences toward nonparticipation relate to the statistic in question, and that the larger
the nonresponse rate, the larger the risk of nonresponse error (other things being
equal). In general, the only visible part of the quality impacts of nonresponse is
the nonresponse rate. Hence, much effort of survey researchers has been focused
on reducing the nonresponse rates.

Figure 6.13 decomposes the participation into three steps: contact, the initial
decision regarding participation, and the final decision regarding participation.
The last step arises because many survey designs use repeated efforts to address
the concerns of reluctant respondents.

We have learned in Section 5.3.4 that the different modes of data collection
tend to have different average response rates. The typical finding is that face-to-
face surveys have higher response rates than telephone surveys. Telephone sur-
veys have higher response rates than self-administered paper and Web surveys,
other things being equal. It is a common finding that the use of interviewers in
face-to-face and telephone surveys increases response rates, both because of
higher success at delivering the survey request and because of their effectiveness
in addressing any concerns about participation that sample persons may have.

There are several features in Figure 6.13 that address interviewer actions.
First, leverage-salience theory of survey participation offers several deductions
about interviewer behavior. Recall that different sample persons are likely to vary
in how they evaluate the survey request (assigning different “leverages” to differ-
ent attributes). Since these are unknown to the interviewer, the interviewer must
somehow discern them in order to gain their cooperation.

One further deduction from leverage-salience theory is that training inter-
viewers to recite the same introductory description to each sample person will not
be effective. This appears to have empirical support. When Morton-Williams
(1993) compared response rates for interviewers instructed to recite a standard
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Figure 6.13 Tools for reducing unit nonresponse rates.

script to those trained to address the sample persons in a freer manner, the
unscripted interviewers had higher response rates (see box on the Morton-
Williams study on page 194). Groves and Couper (1998) propose two principles
of interviewer behavior that may underlie the Morton-Williams experimental
findings — maintaining interaction and tailoring. Expert interviewers appear to
engage the sample persons in extended conversations (whether or not they are
pertinent to the survey request). The interviewers “maintaining interaction” in
such a way attempt to gain information about the concerns of the sample person.
Effective interviewers then “tailor” their remarks to the perceived concerns of the
sample person. This tailoring appears to explain some of the tendency for experi-
enced interviewers to achieve higher cooperation rates than novice interviewers.
They carefully observe the verbal and nonverbal behavior of the persons in order
to discern their concerns. When they form hypotheses about those concerns, the
interviewers “tailor” their behavior to the concerns. They customize their descrip-
tion of the survey to those concerns.

DESIGN FEATURES TO REDUCE UNIT NONRESPONSE

Figure 6.13 also indicates that if the initial decision of
the sample person does not yield an interview, surveys seek-
ing high response rates often make further efforts to bring the
person into the respondent pool. These can involve switching
interviewers, changing to a different mode, or sending per-
suasion letters. Finally, when the refusal decision appears
final (or when all efforts to contact the sample unit have
failed), then there are a variety of postsurvey features that are
used. First, two-phase designs can be introduced whereby a
sample of nonrespondents are followed up using a different
recruitment protocol. Second, statistical adjustments can be
made at the analysis stage (these are discussed in Chapter
10).

The remainder of this section briefly reviews the litera-
ture on methods to increase response rates. The literature is
a large one, consisting of several books (Goyder, 1987,
Brehm, 1993; Groves and Couper, 1998; and Groves,
Dillman, Eltinge, and Little, 2002), as well as hundreds of
articles in scientific journals. The research that produced
these methods often used randomized experimental designs
to compare two ways of designing a survey protocol. One
sample of persons received one protocol; another, the other.
That protocol that produced the highest response rate was
judged to be preferable. Sometimes, the researcher had avail-
able external indicators of the characteristics of sample per-
son, and thus could estimate whether increasing the response
rate increased the quality of the survey statistics. Usually,
however, the purpose of the studies is to demonstrate how to
achieve higher response rates whether or not they improved

What Interviewers Say
about Approaching
Sample Households

In focus groups, interviewers
describe how they prepare
for a visit to a sample house-
hold:

“l use different techniques
depending on the age of the
respondent, my initial impres-
sion of him or her, the neigh-
borhood, etc.”

“I try to use a ‘gimmick’ in my
attire when visiting HUs.
Bright colors, interesting pins,
jewelry — nothing somber or
overly ‘professional’ or cold
looking — fun items of attire
like ceramic jewelry, scarves
tied in odd ways. If my [initial
drive through of the neighbor-
hood] spots cats or dogs in
windows, doors, | make a
note and wear something like
a cat pin on my coat, etc.”

the survey statistics. We use Figure 6.13 to organize the discussion.

Number and timing of attempts to access the sample person.

In both self-administered questionnaires and interviewer-assisted surveys it has
been repeatedly found that the larger the number of sequential attempts to deliver
the survey request to the person, the higher the likelihood of successfully contact-
ing them. Goyder (1985) and Heberlein and Baumgartner (1978) show that
repeated efforts to gain access to the sample units tends to reduce nonresponse.
For US telephone and face-to-face surveys, contact with household samples is
easier on Sunday through Thursday evenings (the nights preceding work days)
and during the day on the weekends. Only a tiny minority of households can be

reached only during the daytime weekday hours.

Data collection period.

The longer the data collection period, the higher the likelihood that all persons are
made aware of the survey request. How short is too short? It is noteworthy that
the Current Population Survey is conducted in about 10 days and achieves near
100% contact rates. Thus, with proper staffing of interviewers such surveys can
make initial contact with the vast majority of persons in a relatively short time.
Mail surveys need longer periods because of the time requirements of the postal

service.
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Interviewer workload.

Each sample case assigned to an interviewer requires time to contact. In house-
hold surveys, only about 50% of the first contact atternpts are successful using
usual calling rules. If too many cases are assigned to an interviewer, insufficient
effort will be given to some cases. Botman and Thornberry (1992) note when
there is insufficient time or too many cases to work, nonresponse can increase,
both noncontacts (because of insufficient effort to access the sample units) and
refusals (because of inadequate refusal conversion effort).

Interviewer observations.

The face-to-face mode has a distinct advantage in making contact with sample
households — the ability of an interviewer to observe characteristics of the sample
unit. Sometimes, these are visual observations (e.g., toys in the yard imply that
children are resident); sometimes they are the result of neighbors providing infor-
mation about the sample unit. Interviewers documenting what informants say in
intermediate contacts can be useful to survey managers. When informants ask
questions about the survey, it portends higher odds of their eventual consent
(Groves and Couper, 1998).

Sponsorship.

In most countries of the world, the central government survey organizations attain
higher cooperation rates than academic or private sector survey organizations.
When the sponsor of the survey has some connection to the target population
(e.g., a membership organization) the strength of the connection is related to the
response propensities. For example, random half samples in a face-to-face survey
were assigned to US Census Bureau and University of Michigan Survey Research
Center interviewers. The cases assigned to the Census Bureau refused at a 6%
rate; those assigned to the Michigan interviewers refused at a 13% rate (National
Research Council, 1979). Many speculate that the higher response rates by gov-
ernments arise from the widespread understanding that democratic government
institution legitimately need information from the residents to benefit them.

Prenotification.

An advance letter mailed to a sample household can generate higher rates of
cooperation than no such prenotification (e.g., see Traugott, Groves, and
Lepkowski, 1987; for a contrary finding, see Singer, Van Hoewyk, and Maher,
2000). Its effect, however, may be dependent on the agency of the letter author,
perhaps as evidenced by the stationery. For example, in a randomized experiment
the same letter written on a market research letterhead received a lower response
rate than one using a university letterhead. In fact, the market research company
letter generated a lower response rate than no letter at all (Brunner and Carroll,
1969). Interviewers appear to value such letters, and for that reason alone they are
standard practice in most scientific surveys.

Incentives.

Offering an extrinsic benefit to participation increases cooperation rates (see box
on page 193). Cash incentives tend to be more powerful than in-kind incentives
of similar value. Incentives paid prior to the survey request are more powerful
than those offered contingent on the survey being completed. Higher incentives
are more powerful, but some studies report diminishing returns as the amount
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rises (Singer, 2002). If the incentive
effect is powerful enough, the total
cost of the survey can actually decline
because of lower interviewer costs or
followup costs (see the box on this

page).

Burden.

There is very mixed evidence of coop-
eration rate impacts of interviews that
require many minutes/hours to com-
plete or are cognitively burdensome.
There is evidence that perceived length
of time or complexity of self-adminis-
tered instruments reduces cooperation.
For example, in examining a large
number of surveys, both Heberlein and
Baumgartner (1978) and Goyder
(1985) found that each additional page
of a self-administered questionnaire
reduced the response rate by 0.4 per-
centage points.

Respondent rules.

Surveys that permit several alternative
persons in a household to provide the
survey information tend to have higher
cooperation rates than those selecting a
random adult respondent. Similarly,
surveys that permit proxy reporting
have higher response rates than those
requiring self-report.

Interviewer introductory behavior.

Especially in telephone surveys, the
first few seconds of interviewer inter-
action affect cooperation rates. There
is little empirical research on this, but
what exists suggests that variation in
inflection and speed of communication
are related to higher cooperation rates
(Oksenberg, Coleman, and Cannell,
1986). Morton-Williams (1993) shows
that rigid scripting of interviewers’
introductory remarks can increase
refusals (see the box on page194).

Interviewer/household matching.
There is no research but much specula-
tion that matching interviewers with

Berlin, Mohadjer, Waksberg, Kolstad, Kirsch,
Rock, and Yamamoto (1992) on Incentives
and Interviewer Productivity

Berlin et al. (1992) discovered that offering
incentive can reduce total survey costs.

Study design: Three randomized treatment
groups promised no incentive, a $20 incentive,
or a $35 incentive upon the completion of literacy
assessments in a pretest of the National Survey
of Adult Literacy. The interviewer began with
background questions and then gave the
respondent the assessments for self-completion.
The study used an area probability sample of
over 300 segments of census blocks with about
2800 housing units, with each segment assigned
to one of the treatments.

Findings: The incentives brought into the respon-
dent pool lower education groups that had in the
past tended to be nonrespondent. As shown
below, the $35 incentive achieved the highest
response rates; the no-incentive condition, the
lowest.

Incentive Level

None $20 $35

Response Rate 64% T71% 74%
Interviewer costs $130 $99 $94
Incentive costs 0 20 35
Total costs $130 $119 $129

With fewer interviewer hours per case, the $20
incentive more than paid for itself, relative to no
incentive. The $35 incentive group was not as
cost-effective, even though its response rate was
higher.

Limitations of the study. Applying the resulis to
other studies is limited by the fact that the survey
task (i.e., self-completion of literacy assessment
packages) is unusual, the survey was sponsored
by a government agency, and the number of pri-
mary areas was small (16). This produced stan-
dard errors that themselves were rather unsta-
ble.

Impact of the study: The finding that giving incen-
tives could save money was counterintuitive and
important.




Morton-Williams (1993) on
Tailoring Behavior by Interviewers

Morton-Williams (1993) presented the
results of a randomized experiment in
Britain that supports the value of inter-
viewers' tailoring their introductory
remarks to the concerns of the sample
person.

Study design: Fourteen of 30 inter-
viewers were asked to use a scripted
introduction to a face-to-face survey;
the compiement were asked to use
their own judgment about the content
of their remarks. All interviewers were
asked to give their own names, iden-
tify their organization, show an identity
card, mention the indepedence of
their organization, describe the sur-
vey, and note how the address was
selected. The scripted introduction
specified the exact words the inter-
viewers were fo use.

Findings: The scripted interviewers
obtained a 59% response rate; the
unscripted, a 76% response rate.

Limitations of the study. The descrip-
tion does not specify how interviewers
or how housing units were assigned to
the treatment groups. Hence, there
may be some confounding with true
differences among units to cooperate
and the treatment groups. The statisti-
cal analysis does not appear to
account for the interviewer component
of variability; it is not clear that the
response rate differences are beyond
those expected by chance, given the
small numbers of interviewers.

Impact of the study: The experiment
was the first to support the growing
evidence that scripting interviewers in
the recruitment phase of a survey may
harm cooperation rates.
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sample persons in a way that improves the likeli-
hood of trust and acceptance of the interviewer
improves cooperation. For example, Nealon (1983)
shows that female interviewers obtained higher
cooperation rates than male interviewers for a sam-
ple of spouses of farm operators. Similar practices
of using “indigenous” interviewers are common in
anthropological studies.

Interviewer switches.

It is common for data collection supervisors to
replace the interviewer who receives an initial
refusal with another interviewer who has character-
istics that might be more acceptable to the sample
person (e.g., often attempting to match attributes as
the prior paragraph noted). The new interviewer
reviews the history of the case, including any docu-
mentation on the initial refusal, then approaches
the sample unit again. This can be viewed as a
naive form of tailoring, by manipulating some
characteristics of the interviewer to be more
amenable to the concerns of the sample person. For
example, a male face-to-face interviewer who
appears to frighten an elderly woman living alone
can be replaced with an older female interviewer.

Mode switches.

There are many designs that begin with a cheaper
mode of data collection (e.g., mail questionnaires)
and then use more expensive modes (e.g., lele-
phone and face-to-face) for nonrespondents from
the first mode. In single-mode surveys, the clear
pattern is that face-to-face surveys can achieve
higher response rates than telephone surveys or
mailed self-administered surveys. Mixing the
modes allows one to optimize resources to improve
cooperation.

Persuasion letters.

It is common to send persons who initially refuse to
be interviewed a letter reinforcing the serious pur-
pose of the survey and notes that an interviewer
will call again on the house to address any con-
cerns. Common practice attempts to tailor the let-
ters to expressed concerns of the sample unit (e.g.,
sending letters emphasizing confidentiality to those
persons concerned about their privacy).

This brief review suggests that there are a number of methods employed to
reduce nonresponse in surveys. Some of these are based on firm research evi-
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dence; others are based on practical experience. Not all techniques work in all cir-
cumstances. Examples of failed replications of experiments can be found. The
challenge for the practitioner is to determine the strategies likely to be most suc-
cessful given a particular design and target population.

The final two boxes in Figure 6.13 are tools that require different statistical
analysis techniques. Two-phase sampling draws a probability sample of nonre-
spondents, for whom new methods of contact and request for participation are
used. Those sampled who are thereby measured are used to estimate the charac-
teristics of all the nonrespondents existent at time of the sampling. Postsurvey
adjustment (see Chapter 10) is a technique of using existing respondents in ways
that compensate for those nonrespondents who were missed (e.g., giving more
weight in the analysis to urban respondents than rural ones when the response
rates in urban areas are lower).

Despite the well-developed methodological literature on ways to increase
response rates, there are many unanswered research questions. These include:

1) When efforts to interview reluctant respondents succeed, do they pro-
vide responses more tainted by measurement errors?

2) When do efforts to increase response rates affect nonresponse errors and
when do they not?

3) How should efforts to reduce noncontact versus refusal rates be balanced
against one another?

4) Considering both sampling error and nonresponse error, given a fixed
budget, when can the researcher justify less than full effort to reduce
nonresponse rates?

The research discoveries in this arena are likely to be very important for the future
development of the field, because survey designs are now devoting large portions
of their research budgets to nonresponse reduction, with little scientific basis for
this practice.

6.8 SUMMARY

Surveys produce numbers that attempt to describe large populations by measur-
ing and estimating only a sample of those populations. When the designated sam-
ple cannot be completely measured and estimates are based only on responding
cases, the quality of survey statistics can be threatened. There are two types of
nonresponse — unit nonresponse and item nonresponse.

In their simplest form, nonresponse rates are the ratios of eligible sample
units that were not measured to the total number of eligible units in the sample.
In practice, nonresponse rates are sometimes difficult to compute because the eli-
gibility of nonrespondents remains unknown and the sample design assigns vary-
ing probabilities of selection to different frame elements.

Not all nonresponse hurts the quality of survey estimates. Nonresponse pro-
duced by causes that are related to key survey statistics is the most harmful kind
(e.g., failure to contact persons who are rarely at home in a survey of how they
use their time). Such nonresponse is termed “nonignorable” nonresponse.
Nonresponse can harm the quality both of descriptive and analytic statistics.

two-phase
sampling

postsurvey
adjustment
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Different statistics in the same survey can vary in their magnitudes of nonre-
SpONSE eITor.

There are three classes of unit nonresponse that have different causes, and
hence affect the quality of survey statistics in different ways — inability to gain
access to the sample unit, failure to gain the cooperation upon delivery of the sur-
vey request, and the sample unit’s inability to provide the data sought.

Despite continuing ignorance about when nonresponse matters and when it
does not, there is a strong set of professional norms to increase the response rates
of surveys. Guidelines of most survey professional organizations describe efforts
to obtain high response rates.

There are many tools that survey researchers have to increase the response
rates in surveys. These include repeated callbacks, long data collection periods,
small interviewer workloads, using interviewer observations to guide their behav-
jors, advance letters, using trusted sponsors, short questionnaires, use of proxy
respondents, tailoring of interviewer behavior to the concerns of the ngple per-
son, matching interviewer and sample person characteristics, persuasion letters
for initial refusals, mode and interviewer switches for reluctant respondents, and
two-phase samples for nonresponse. Almost all of the methods require spending
more time or effort contacting or interacting with the sample units. This generally
increases the costs of surveys. '

An important remaining challenge to survey researchers regar@mg non-
response is determining when it decreases the quality of survey statistics and
when it does not. More research is needed on this issue. Without it, there is no
guarantee that efforts to increase response rates are wise. Without it, there is no
way to justify being satisfied with low response rates.
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EXERCISES
EXERCISES

1) The distribution of final case results for an RDD telephone survey conducted
on a sample of 2,000 randomly generated telephone numbers covering the
contiguous 48 United States (excluding Alaska and Hawaii) plus the District
of Columbia is shown below. The topic of the survey is the household’s recy-
cling activity — availability of recycling pickups in the household’s city/town,
and the household’s use thereof. All phone numbers were dialed a maximum
of 20 times, covering weekdays and weekends, daytime and evenings, until
one of these final results was achieved. (You might want to consult the
“Survey Methods” section of Attp.//www.aapor.org).

Completed interviews 614
Refusals 224
Answering machine on every call 180
Never answered on every call 302
Contacted, but no interview for

other than refusal reasons 127
Businesses/nonresidences 194
Nonworking numbers 486

Compute the response rate in three different ways, as follows:

a) Assume all unanswered numbers are eligible.
b) Assume all unanswered numbers are ineligible.
c) Estimate eligibility among the unanswered numbers.

2) You conducted a survey of 1,500 randomly selected county school systems
nationwide. Your study aims to examine factors related to whether or not
school systems offers sex education programs/classes, comparing school sys-
tems located in areas where the majority of the local population belongs to a
conservative religious group (CRG) to those in areas where the members of
conservative religious groups represent a minority of the local population.

Majority CRG Minority CRG

Sample Size 500 1000
Response Rate 50% 60%
Responding School Systems 250 600
Percent Offering | Respondents 5% 50%

Sex Education Nonrespondents 0% 35%

You obtained the sample results in the table, and from external sources you
already know which school systems offer sex education programs/classes.

197



3)

4)

5)

6)

NONRESPONSE IN SAMPLE SURVEYS

Assume the sample sizes represent the proportions in the population (i.e.,
an equal probability sample). The estimate of the overall percent of school
systems offering sex education, as computed based on responding school
system reports, is thus 36.8%, computed as follows:

Majority CRG: 5%-250 = 12.5
Minority CRG: 50% - 600 = 300
12.5+300=312.5
312.5/ 850 = 36.8%

Estimate the nonresponse error in the estimate of “percent of school systems
offering sex education” of the full sample.

You have studied the effects of incentives on cooperation in surveys.

a) Describe the reasoning behind the common effect that prepaid incentives
have larger net effects on cooperation rates than promised incentives.
b) Describe why incentives can sometimes reduce the cost of a survey.

You are completing a telephone survey of members of a professional organ-
ization, regarding their level of activity in support of the organization. You
face the decision about whether to use some funds to increase the response
rate over that currently achieved, which is 80%. A key indicator to be esti-
mated from the survey is the percentage of members who attend every
monthly meeting of the local chapter of the organization. With the 80%
response rate, the current estimate is that 42% of the membership attends
monthly meetings.

a) Isitpossible that, in truth, over half of the membership attends monthly
meetings?

b) What arguments would you make regarding the likely characteristics of
the nonrespondents on the attendance measure?

Briefly explain the relationship between the nonresponse rate and the bias of
nonresponse for an estimate of the population mean.

You are planning a survey about health care practices in a population of par-
ticipants in the past year’s US masters’ swimming competitions. The survey
interview consists of questions about what diet and exercise regimens the
respondent pursues. The same questionnaire was used in a general population
survey recently. You discover that a randomized experiment regarding a $10
incentive produced a 20 percentage point increase in response rates. Identify
one reason to expect the incentive to have similar effects and one reason why
the incentive may have different effects for the survey you are planning.

EXERCISES

7

Given what you have learned about the effect of advance letters on survey
cooperation rates, make a choice of which organization’s stationery to use for
the letter in the following three surveys. Assume your goal is to maximize
cooperation rates. Choose whether to use the sponsoring organization’s let-
terhead (the organization paying for the survey) or the data collection orga-
nization’s letterhead (the organization collecting the data); then explain the

reason for your decision.

Which
Data organization’s Reason
collection Target stationery for for
Sponsor organization  population  advance letter? answer?
Commercial  Academic
credit survey us
company center households
Commercial
Federal market Low-income
government research households
firm
Highway Presidents
construction Nonprofit of highway
. research .
lobbying i construction
organization organization companies

8) What subpopulations within the household population of the United States
tend to be noncontact nonrespondents in surveys with restricted time periods
for the data collection?

9) a) Identify three methods to increase response rates.

b) Identify subgroups for whom one of the methods you listed in (a) do not
appear to be as effective as for other subgroups.



CHAPTER SEVEN

QUESTIONS AND ANSWERS
IN SURVEYS

As we pointed out in Chapter 5, surveys use a variety of methods to collect infor-
mation about their respondents. Perhaps the most common is the use of the ques-
tionnaire, a standardized set of questions administered to the respondents in a
survey. The questions are typically administered in a fixed order and often with
fixed answer options. Usually, interviewers administer a questionnaire to the
respondents, but many surveys have the respondents complete the questionnaires
themselves. Among our six example surveys, three (the NCVS, the SOC, and the
BRFSS) rely almost exclusively on interviewer administration of the questions,
and the other three (the NSDUH, the NAEP, and the CES) mix interviewer
administration with self-completion of the questions by the respondents. Over the
last 20 years or so, survey questionnaires have increasingly taken electronic
form, with computer programs displaying the questions either to the interviewer
or directly to the respondent. But whether an interviewer is involved or not, and
whether the questionnaire is a paper document or a computer program, most sur-
veys rely heavily on respondents to interpret a preestablished set of questions and
to supply the information these questions seek.

7.1 ALTERNATIVES METHODS OF SURVEY MEASUREMENT

Surveys do not always force respondents to construct answers during the inter-
view. For example, many surveys collect information from businesses or other
establishments, and such surveys often draw information from company records.
For these, the questionnaire may be more like a data recording form than like a
script for the interview, and the interviewer may interact with the records rather
than with a respondent. (The CES survey sometimes comes close to this model.)
Similarly, education surveys may supplement data collected via questionnaires
with data from student transcripts; and health surveys may extract information
from medical records instead of relying completely on respondents’ reports about
their medical treatment or diagnosis. Even when the records are the primary
source of the information, the respondent may still play a key role in gaining
access to the records and in helping the data collection staff extract the necessary
information from them. Some surveys collect the data during interviews but ask
respondents to assemble the relevant records ahead of time to help them supply
accurate answers. For instance, the National Medical Expenditure Survey and its
successor, the Medical Expenditure Panel Survey, encouraged the respondents to
keep doctor bills and other records handy to help answer questions about doctor

questionnaire
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visits and medical costs during the interviews. Sometimes, recor(.is might be
extremely helpful to the respondents as they answer the survey questions, but.the
necessary records just do not exist. For example, few househol'ds keep detailed
records of their everyday expenses; if they did, they would be in a much b.et.ter
position to provide the information sought by the US Bureau of Labor Stat1s.tlcs
in its Consumer Expenditure Survey (CES), which tracks household spending.
These and other surveys attempt to persuade the respondents to create.contempo-
raneous record-like data by keeping diaries of the relevant events. Like surveys
that rely on existing records, diary surveys shift the burden from the respondents’
memories to their record keeping. '

Another type of measurement used in surveys involves standardlzeq psycho-
logical assessments. Many educational surveys attempt to relate educational out-
comes to characteristics of the schools, teachers, or parents of the students; cog-
nitive tests are used in such studies to provide comparable measurements across
sample students. One of our example surveys, the thional Assessment c?f
Educational Progress (NAEP), leans heavily on standardized tests of academic
achievement for its data. . . .

This chapter focuses on the issues raised by survey questlonnalres..Vu'tu.ally
all surveys use questionnaires, and even when surveys do not use questionnaires,
they still rely on standardized data collection instruments, 'such as .record abstr_ac-
tion forms or diaries. Many of the principles involved in creating and testing
questionnaires apply to these other types of standardized instruments as well.

7.2  COGNITIVE PROCESSES IN ANSWERING (QUESTIONS

Almost all surveys involve respondents answering questions put to them by an
interviewer or a self-administered questionnaire. Several researchers have
attempted to spell out the mental processes set in motiqn by survey questions.
Most of the resulting models of the response process include four groups of
processes: “comprehension” (in which respondents interpret the ques‘tcl_ons),
“retrieval” (in which they recall the information needed to answer them), “judg-
ment” (in which they combine or summarize the informat%og they I‘CC.’:.IH), and
“reporting” (in which they formulate their response and put it in the required for-
mat). See Figure 7.1. N

In some cases, it is also important to take into account the cogmtlve'processes
that take place before the interview, when the respondent first experiences the

N NN

of the question information

Comprehension Retrieval of Judgment and Reporting
estimation an answer

Figure 7.1 A simple model of the survey response process.

COGNITIVE PROCESSES IN ANSWERING QUESTIONS

events in question. “Encoding” is the process of forming memories from experi-
ences. Generally, survey designers have little impact on these processes, but there
is good evidence that survey questions can be improved if they take into account
how respondents have encoded the information the survey questions seek to tap.

Finally, with self-administered questions, respondents also have to figure
out how to work their way through the questionnaire, determining which item
comes next and digesting any other instructions about how to complete the ques-
tions. We treat this process of interpreting navigational cues and instructions as
part of the comprehension process. (For early examples of models of the survey
response process, see Cannell, Miller, and Oksenberg, 1981; and Tourangeau,
1984. For more up-to-date treatments, see Sudman, Bradburn, and Schwarz,
1996; and Tourangeau, Rips, and Rasinski, 2000.)

It is easy to give a misleading impression of the complexity and rigor of the
cognitive processes involved in answering survey questions. Much of the evi-
dence reviewed by Krosnick (1999), Tourangeau, Rips, and Rasinski (2000), and
others who have examined the survey response process in detail indicates that
respondents often skip some of the processes listed in Figure 7.1 and that they
carry out others sloppily. The questions in surveys are often difficult and place
heavy demands on memory or require complicated judgments. Consider these
items drawn from our example surveys below. We follow the typographical con-
ventions of the surveys themselves. For example, the blank slot in the NCVS item
is filled in at the time of the interview with an exact date.

On average, during the last 6 months, that is, since )
how often have YOU gone shopping? For example, at drug,
clothing, grocery, hardware and convenience stores. [NCVS]

Now turning to business conditions in the country as a whole —
do you think that during the next 12 months we’ll have good
times financially, or bad times, or what? [SOC]

Imagine how difficult it would be to come up with an exact and accurate answer
to the question on shopping posed on the NCVS. Fortunately, the NCVS is look-
ing only for broad categories, like “once a week,” rather than a specific number.
Even so, the memory challenges this item presents are likely to be daunting and
most respondents probably provide only rough estimates for their answers.
Similarly, most of us are not really in a position to come up with thoughtful fore-
casts about “business conditions” (whatever that means!) during the next year.
There is no reason to think that the typical respondents in surveys have either the
time or the inclination to work hard to answer such questions, and there is ample
evidence that they take lots of shortcuts to simplify their task.

We also do not mean to give the impression that respondents necessarily
carry out the relevant cognitive processes in a fixed sequence of steps beginning
with comprehension of the question and ending with reporting an answer. Some
degree of backtracking and overlap between these processes is probably the rule
rather than the exception. In addition, although most of us have some experience
with surveys and recognize the special conventions that surveys employ (such as
five-point response scales), we also have a lifetime of experience in dealing with
a wide range of questions in everyday life. Inevitably, the habits and the strategies

encoding

203



prehension

QUESTIONS AND ANSWERS IN SURVEYS

n other situations carry over in our attempts to make sense of

oped i '
o s that survey questions make.

survey questions and to satisfy the special demand!

7.2.1 Comprehension

processes as attending to the question and
ing to the surface form of the ques-
dentifying the information sought).
f how people answer survey ques-

“Comprehension” includes such .
accompanying instructions, assigning a mean
tion, and inferring the question’s point (1.9., i
For concreteness, let us focus our discussion o
tions on a specific item from the NSDUH:

Now think about the past 12 months, from [DATE] through
today. We want to know how many days. you’'ve used any pre-
scription tranquilizer that was not prescribed to you or that you
took only for the experience or feeling it caused during the past

12 months. [NSDUH]

Tt is natural to suppose that the respondent’s f.ust task is .to interpret this question.
(Although this item is not in the interrogative form, it nonetheless' C(;Irlweyin 2
request for information and will generall}f be treated by r?spondegts in etsa 1
way a grammatical question would be.) L1k.e mqst survey items, .tlki%sli)ne nz fot; e}i
requests information about a particular topic — I this case, the 1 1C}du§e? P .
scription tranquillizers — it also requests that the information be provide ? asp
cific form, ideally the number (between one and 365) corres_pqndmg to t. e num-
ber of days the respondent has used a certain type of prescription .dr\.Ags tl:x a cue;rl:
tain way. (Respondents who reported that they hafi not used preSCI‘lptl(El la(xinge -
izers illicitly during the past year do not get this '1ten.1, so the answer s Oﬁljrth o
least one day.) The next part of the question (Whlcl.l is not shownzigoesth heo o
specifying the intended format of the answer, offering the respon erkllts fh(; olce
of reporting the average days per week, the average days per mon.t , OT o
days over the whole year. Thus, one key componer'lt.of mterpretmfg a qu on
(some would argue the key component) is deterr.mnu.lg the set 0 pc:;mm:hem
answers; surveys often offer the respondents help in thls ‘Eask by proxg 1;1g o
with a fixed set of answer categories or other clear guidelines about the torm
ould take. _
respomn:::piztation is likely to entail such cgmp0n§nt processes as parsing glle
question (identifying its components and their relau.ons “‘co eaih otclllef), asmgntimg1
meanings to the key substantive elements. (terms like 'used arz1 pre‘sc.rlp o
tranquilizers™), inferring the purpose behind the .qu.es‘uon, and determining e
boundaries and potential overlap among the permissible .answers..ln carry}(xixegd "
these interpretive tasks, respondents may go beyond the information provi y

S . . . .
the question itself, looking to the preceding items in the questionnatre or to th

additional cues available from the interviewer and the setting. And, although 1t 18

obvious that the NSDUH item has been carefully fram?d to avoid confus1$1,t1; a1151
gasy to see how respondents might still have Frouble with the exact @rllljgsd. fefler -
under the heading of “prescription tranquilizers” or how they mllg1 t. 11 .
implementing the definitional requirements for using such drugs ilheit gl.ems "
everyday terms like “you” in the NCVS example above can cause iro e
does “you” mean you personally or you and other members of your house !

COGNITIVE PROCESSES IN ANSWERING QUESTIONS

(The use of all capital letters in the NCVS is probably intended to convey to the
interviewer that the item covers only the respondent and not the other persons in
the household.)

7.2.2 Retrieval

“Retrieval” is the process of recalling information relevant to answering the ques-
tion from long-term memory. Long-term memory is the memory system that
stores autobiographical memories, as well as general knowledge. It has a vast
capacity and can store information for a lifetime.

To determine which of the possible answers to the NSDUH item is actually
true, the respondent will typically draw on his or her memory for the type of event
in question. The study of memory for autobiographical events is not much older
than the study of how people answer survey questions, and there is not complete
agreement on how memory for autobiographical information is organized (see
Barsalou, 1988, and Conway, 1996, for two attempts to spell out the relevant
structures). Nonetheless, there is some consensus about how people retrieve
information about the events they have experienced. Survey respondents might
begin with a set of cues that includes an abstract of the question itself (e.g.,
“Hmm, I’ve used tranquilizers without a prescription a number of times over the
past year or so”). A retrieval cue is a prompt to memory. It provides some clue
that helps trigger the recall of information from long-term memory. This initial
probe to memory may call up useful information from long-term memory — in the
best case, an exact answer to the question itself. In many situations, however,
memory will not deliver the exact answer but will provide relevant information,
in the form of further cues that help lead to an answer (e.g., “It seems like I took
some pills that Lance had one time, even though I didn’t really need them”).
Inferences and other memories based on these self-generated cues (e.g., “If Lance
had a prescription, it probably contained about fifty tablets or so”) help constrain
the answer and offer further cues to probe memory. This cycle of generating cues
and retrieving information continues until the respondent finds the necessary
information or gives up.

Several things affect how successful retrieval is. In part, success depends on
the nature of the events in question. Some things are generally harder to remem-
ber than others; when the events we are trying to remember are not very distinc-
tive, when there are a lot of them, and when they did not make much of an impres-
sion in the first place, we are hard put to remember them. If you abused prescrip-~
tion tranquilizers often, over a long period of time, and in a routine way, chances
are you will find it difficult to remember the exact number of times you did so or
the details of the specific occasions when you used tranquilizers illicitly. On the
other hand, if you have abused tranquilizers just once or twice, and you did so
within the last few days, retrieval is more likely to produce the exact number and
circumstances of the incidents.

Of course, another major factor determining how difficult or easy it is to
remember something is how long ago it took place. Psychologists who have stud-
ied memory have known for more than 100 years that memory gets worse as the
events to be remembered get older. Our example from the NSDUH uses a rela-
tively long time frame (a year) and that may make it difficult for some respon-
dents to remember all the relevant incidents, particularly if there are a lot of them.

retrieval

retrieval cue
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Another factor likely to affect the outcome of retrieyal is the num'ber apd
richness of the “cues” that initiate the process. The NCV.S 1tem on shopping tries
to offer respondents help in remembering by listing various kmds.of stores thsy
may have visited (“drug, clothing, grocery, hard\yare and convenience stores”).
These examples are likely to cue different memones.‘The best cues are the ones
that offer the most detail — provided that the specifics in the cue match the encod-
ing of the events. If, for example, in the NSDUH qugstlon a responden.t does not
think of Valiun as a “prescription tranquilizer,” then it may not tap the_rlght meim-
ories. Whenever the cues provided by the question do not match the information
actually stored in memory, retrieval may fail.

72.3 Estimation and Judgment

“Rgtimation” and “judgment” are the processes of combining or supplementing
what the respondent has retrieved. Judgments may .b.e ba_sed on the process 9f
retrieval (e.g., whether it was hard or easy). In add1t101.1, ]udgmen‘Fs may fill in
gaps in what is recalled, combine the products of the retrieval, or adjust for omis-
i i jeval.
Slons’l“llrlloflegnl;l (:;1,6 NSDUH question seems to ask for a gpeciﬁc number, thf: follow-
up instructions tacitly acknowledge that the information the respondent is able to
recall may take a different form, such as a typical rate. People do not ysually keep
a running tally of the number of times they have experlgnqed a given type of
event, so they are generally unable to retrieve some prgex1st1ng answer to ques-
tions like the one posed in the NSDUH item or the questlor} on shoppmg from the
NCVS. By contrast, a company might well kepp a running tally of its ]furé%ng
employees, which is the key piece of information s.ought in the CES. The -
also demonstrates that in some cases Tetrieval may involve an external search o
physical records rather than a mental search of memory. The .re.sponc-len.t could try
to construct a tally on the spot by recalling and countmg md1v1dual mc@ents, but
if the number of incidents is large, recalling them al.l is likely to be difficult or
impossible. Instead, respondents are more likely estimate the numbe.r basedli)n
typical rates. Which strategy a particular respondent ?d.opts - re.calhng a tg y
constructing one by remembering the specific events, giving an estlrpatg base ;)111
a rate, or simply taking a guess — will depend on the mppber of 1n.c1dents, the
length of the period covered by the survey, the mergorgbﬂﬁy of the mfo.rrrkllanc.)ﬁ
about specific incidents, and the regularity of the incidents, a}l of which wi
affect what information the respondent is likely to have stored in memory (e.g.
Blair and Burton, 1987; and Conrad, Brown, and Cash.man, 1993). .
It may seem that answers to attitudinal iterus, like .the example fro(rir} fft Pi
Survey of Consumers on business conditions, wpuld require a completelyf 1 helbrl
ent set of response processes from those required tq gnswer the more fac af
NSDUH item on illicit use of prescription tranquilizers. But a number 0
researchers have argued that answers to attitude items also are not generally pre-
formed, waiting for the respondent to retrieve them from memory (see, fo.r e>§am;
ple, Wilson and Hodges, 1992). How many respondents keep tr'ack of theq view :
about the likely business climate in the upcoming year, updating these Vlegli 'c;
conditions change or they receive new information? Respondents are more he };
to deal with issues like the one raised in the SOC as they come up, basing t.ele
answers on whatever considerations come to mind and seem relevant at the tim
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the question is asked (e.g., trends in unemployment and inflation, recent news
about the world markets, how the stock market has done lately). The same sorts
of judgment strategies used for answering questions about behaviors have their
counterparts for questions about attitudes. For example, respondents may recall
specific incidents in answering the NSDUH item about tranquilizers just as they
may {ry to remember specific facts about the economy in deciding what business
conditions might bring over the next year. Or they may base their answers on
more general information, like typical rates in the case of the NSDUH item or
long-term economic trends in the case of the Survey of Consumers question.

7.2.4 Reporting

“Reporting” is the process of selecting and communicating an answer. It includes
mapping the answer onto the question’s response options and altering the answer
for consistency with prior answers, perceived acceptability, or other criteria. As
we already noted, our example NSDUH item not only specifies the topic of the
question, but also the format for the answer. An acceptable answer could take the
form of an exact number of days or a rate (days per week or per month). There
are two major types of questions based on their formats for responding. A
“closed” question presents the respondents with a list of acceptable answers.
“Open” questions allow respondents to provide the answers in their own terms,
although, typically, the answer is nonetheless quite circumscribed. Roughly
speaking, open questions are like in fill-in-the-blank questions on a test; closed
questions are like multiple choice questions. Attitude questions almost always use
a closed format, with the answer categories forming a scale.

How respondents choose to report their answers will depend in part on the fit
between the information they retrieve (or estimate) and the constraints imposed
by the question. For questions that require a numerical answer, like the NSDUH
item, they may have to adjust their internal judgment to the range and distribution
of the response categories given. For example, if most of the response categories
provided involve low frequencies, the reports are likely to be skewed in that
direction. Or when no response options are given, respondents may have to decide
on how exact their answer should be and round their answers accordingly.
Respondents may also give more weight to certain response options, depending
on the order in which they are presented (first or last in the list of permissible
answers) and the mode of presentation (visual or auditory). When the topic is a
sensitive one (like drug use), respondents may shade their answer up or down or
refuse to answer entirely. This response censoring is more likely to happen when
an interviewer administers the questions (see Section 5.3.5).

7.2.5 Other Models of the Response Process

It is worth mentioning that the simple model of the survey response process
depicted in Figure 7.1 is not the only model that researchers have proposed.
Cannell, Miller, and Oksenberg (1981) proposed an earlier model distinguishing
two main routes that respondents may follow in formulating their answers. One
track that includes most of the same processes that we have described here — com-
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Comments on Response
Strategies

Respondents may adopt broad
strategies for answering a group of
survey questions. Several of these
strategies — selecting the “don't
know” or “no opinion” answer cate-
gory or choosing the same answer for
every question — can greatly reduce
the amount for thought needed to
complete the questions. Such strate-
gies are examples of survey “satisfic-
ing,” in which respondents do the
minimum they need to do to satisfy
the demands of the questions.

cquiescence
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prehension, retrieval, judgment, and reporting —
leads to accurate or at least adequate responses. The
other track is for respondents who take shortcuts to
get through the interview more quickly or who have
motives that override their desire to provide accu-
rate information. Such respondents may give an
answer based on relatively superficial cues avail-
able in the interview situation — cues like the inter-
viewer’s appearance or the implied direction of the
question. Responses based on such cues are likely
to be biased by “acquiescence” (the tendency to
agree) or “social desirability” (the tendency to pres-
ent oneself in a favorable light by underreporting
undesirable attributes and overreporting desirable
ones).

A more recent model of the survey response
process shares the Cannell model’s assumption of
dual paths to a survey response —a high road taken

by careful respondents and a low road taken by respondents who answer more

superficially. This is the “satisficing” model proposed by Krosnick and Alwin
social  (1987) (see also Krosnick, 1991). According to this model, some respondents try

desirability
satisficing

to “satisfice” (the low road), whereas others try to “optimize” (the high road) in
answering survey questions. Satisficing respondents do not seek to understand the
question completely, just well enough to provide a reasonable.answer; they do not
try to recall everything that is relevant, but just enough material on \yhlch to base
an answer; and so on. Satisficing thus resembles the more superficial branch of
Cannell’s two-track model. Similarly, optimizing respondents would seem to fol-
low the more careful branch. In his later work, Krosnick has distinguished some
specific response strategies that satisficing respondents may use to get through
questions quickly. For example, they may agree with all attl‘Fude 1temi that call for
agree—disagree responses, a response strategy called “acquiescence. o

Like the Cannell model, Krosnick’s satisficing theory makes a sharp distinc-
tion between processes that probably vary continuously. Respondentg may
process different questions with differing levels of care, and they may not give the
same effort to each component of the response process. Just because a respondent
was inattentive in listening to the question, he or she will not necessarily do a poor
job at retrieval. For a variety of reasons, respondent.s may carry out each cogni-
tive operation carefully or sloppily. We prefer to think of the two tracks d'13t11.1—
guished by Cannell and Krosnick as the two ends of a.cont.muum that varies in
the depth and the quality of thought respondents give in formulating their
answers. '

There is more research that could be done on appropriate models of the inter-
view. One challenge of great importance is discovering the role of.the compu.ter
as an intermediary in the interaction. Is a CAPI or ACASI device more ¥1ke
another actor in the interaction or is it more like a static paper questionnaire?
What are the independent effects of computer assistance on the interviewer and
the respondent in face-to-face surveys? How can software design change respon-
dent behavior to improve the quality of survey data?

PROBLEMS IN ANSWERING SURVEY QUESTIONS
7.3 PROBLEMS IN ANSWERING SURVEY QUESTIONS

One of the great advantages of having a model of the response process, even a rel-
atively simple one like the one in Figure 7.1, is that it helps us to think systemat-
ically about the different things that can go wrong, producing inaccurate answers
to the questions. As we note elsewhere, the goal of surveys is to reduce error and
one major form of error is measurement error — discrepancies between the true
answer to a question and the answer that finds its way into the final data base.
(Although this definition of measurement error does not apply so neatly to atti-
tude measures, we still want the responses to attitude questions to relate system-
atically to the underlying attitudes they are trying to tap. As a result, we prefer
attitude measures that have a stronger relation to the respondents’ attitudes.)

The major assumption of the cognitive analysis of survey responding is that
flaws in the cognitive operations involved in producing an answer are responsi-
ble for errors in the responses. Here, we distinguish seven problems in the
response process that can give rise to errors in survey reports:

1) Failure to encode the information sought
2) Misinterpretation of the questions

3) Forgetting and other memory problems
4) Flawed judgment or estimation strategies
5) Problems in formatting an answer

6) More or less deliberate misreporting

7) Failure to follow instructions

There are several book-length examinations of the response process that offer
longer, more detailed lists of response problems (e.g., Sudman, Bradburn, and
Schwarz, 1996; Tourangeau, Rips, and Rasinski, 2000). All of these approaches
share the assumption that measurement errors can generally be traced to some
problem in the response process (e.g., the respondents never had the necessary
information or they forgot it, they misunderstand the questions, they make inap-
propriate judgments, and so on).

7.3.1 Encoding Problems

The mere fact that someone has lived through an event does not necessarily mean
that he or she absorbed much information about it. Studies of eyewitness testi-
mony suggest that eye witnesses often miss key details of the unusual and involv-
ing events they are testifying about (e.g., Wells, 1993). With the more routine
experiences that are the stuff of surveys, respondents may take in even less infor-
mation as they experience the events. As a result, their after-the-fact accounts may
be based largely on what usually happens. A study by A. F. Smith illustrates the
problem. He examined survey respondents’ reports about what they ate and com-
pared these reports to detailed food diaries the respondents kept. There was such
a poor match between the survey reports and the diary entries that Smith (1991,
p. 11) concluded, “dietary reports ... consist in large part of individuals’ guesses
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Fowler (1992) on Unclear Terms in Questions

In 1992, Fowler reported a study showing that
removing unclear terms during pretesting affects
answers to survey questions.

Study design: About 100 pretest interviews of a
80-item questionnaire were tape-recorded.
Behavior coding documented what interviewers
and respondents said for each question—answer
sequence. Seven questions generated calls for
clarification or inadequate answers in 15% or
more of the interviews. Revisions of the ques-
tions attempted to remove ambiguous words. A
second round of pretesting interviewed 150 per-
sons. Response distributions and behavior-cod-
ing data were compared across the two pretests.
For example, the first pretest included the ques-
tion, “What is the average number of days each
week you have buiter?” The second addressed
the ambiguity of the word, “butter,” with the
change, “The next question is just about butter.
Not including margarine, what is the average
number of days each week that you have butter?”

Findings: The number of calls for clarification and
inadequate answers declined from pretest 1to
pretest 2. Response distributions changed; for
example, on the question about having butter:

% Never Having Butter
33%
55%

Pretest 1
Pretest 2

The authors conclude that the exclusion of mar-
garine increased those who reporting never hav-
ing butter.

Limitations of the study: There was no external
criterion available for the true values of answers.
The results provide no way of identifying what
level of behavior-coding problems demand
changes to question wording. The work assumes
the same question wording should be used for
all.

Impact of the study: The study demonstrated that
pretesting with behavior coding can identify prob-
lem questions. It showed how changes in word-
ing of questions can improve interaction in inter-
views, reflected in behavior coding, and affect the
resulting survey estimates.

QUESTIONS AND ANSWERS IN SURVEYS

about what they probably ate.” The
problem with asking people about what
they eat is that most people do not pay
that much attention; the result is they
cannot report about it with much accu-
racy.

There is a practical lesson to be
drawn from this example. People can-
not provide information they do not
have; if people never encoded the
information in the first place, then no
question, no matter how cleverly
framed, is going to elicit accurate
responses. A key issue for pretests is
making sure respondents have the
information the survey seeks from
them.

7.3.2 Misinterpreting the

Questions

Even if the respondents know the
answers to the questions, they are
unlikely to report them if they misun-
derstand the questions. Although it is
very difficult to say how often respon-
dents misunderstand survey questions,
there are several indications that it hap-
pens quite frequently.

One source of evidence is a widely
cited study by Belson (1981; see also
Belson, 1986), who asked respondents
to report what key terms in survey
questions meant to them. He found that
respondents assigned a range of mean-
ings even to seemingly straightforward
terms like “you” (does this cover you
personally, you and your spouse, of
you and your family?) or “weekend”
(is Friday a weekday or part of the
weekend?). Belson also studied an
item whose problems probably seem a
Jot more obvious in retrospect:

Do you think that children
suffer any ill effects from
watching programmes with
violence in them, other than
ordinary Westerns?

PROBLEMS IN ANSWERING SURVEY QUESTIONS

Belson’s respondents gave a range of interpretations to the term “children.”
“Children” has two basic meanings — young people, regardless of their relation to
you, and your offspring, regardless of their age. The exact age cutoff defining
“children” in the first sense varies from one situation to the next (there is one age
cutoff for haircuts, another for getting into R-rated movies, still another for order-
ing liquor), and Belson found similar variation across survey respondents. He also
found some idiosyncratic definitions (e.g., nervous children, one’s own grandchil-
dren). If “children” receives multiple interpretations, then a deliberately vague
term like “ill effects” is bound to receive a wide range of readings as well. (It is
also not very clear why the item makes an exception for violence in “ordinary
Westerns” or what respondents make of this.)

These problems in interpreting survey questions might not result in mislead-
ing answers if survey respondents were not so reluctant to ask what specific terms
mean or to admit that they simply do not understand the question. Some studies
have asked respondents about fictitious issues (such as the “Public Affairs Act™)
and found that as many as 40% of the respondents are still willing to venture an
opinion on the “issue” (Bishop, Oldendick, and Tuchfarber, 1986). In everyday
life, when one person asks another person a question, the assumption is that the
speaker thinks it is likely or at least reasonable that the hearer will know the
answer. As a result, respondents may think that they ought to know about issues
like the Public Affairs Act or that they ought to understand the terms used in sur-
vey questions. When they run into comprehension problems, they may be embar-
rassed to ask for clarification and try to muddle through on their own. In addition,
survey interviewers may be trained to discourage such questions entirely or to
offer only unenlightening responses to them (such as repeating the original ques-
tion verbatim). Unfortunately, as Belson’s results show, even with everyday
terms, different respondents often come up with different interpretations; they are
even more likely to come up with a wide range of interpretations when the ques-
tions include relatively unfamiliar or technical terms.

Tourangeau, Rips, and Rasinski (2000) distinguish seven types of compre-
hension problems that can crop up on surveys:

1) Grammatical ambiguity
2) Excessive complexity
3) Faulty presupposition
4) Vague concepts

5) Vague quantifiers

6) Unfamiliar terms

7) False inferences

. The first three problems have to do with the grammatical form of the ques-
tion. “Grammatical ambiguity” means that the question can map onto two or more
upderlying representations. For example, even a question as simple as “Are you
visiting firemen?” can mean two different things — Are you a group of firemen
that has come to visit? or Are you going to visit some firemen? In real life, con-
text would help sort things out, but in surveys, grammatical ambiguity can pro-
duce differing interpretations across respondents. A more common problem with

survey questions is excessive complexity. Here is an example discussed by
Fowler (1992):

grammatical
ambiguity
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complexity
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During the past 12 months, since January 1, 1987, how many
times have you seen or talked to a doctor or assistant about your
health? Do not count any time you might have seen a doctor
while you were a patient in a hospital, but count all other times
you actually saw or talked to a medical doctor of any kind.

“Excessive complexity” means that the question has a structure that prevents the
respondent from inferring its intended meaning. The main question in the exam-
ple above lists several possibilities (seeing a doctor, talking to an assistant), and
the instructions that follow the question add to the overall complexity. The prob-
lem with complicated questions like these is that it may be impossible for respon-
dents to keep all the possibilities and requirements in mind; as a result, part of the
meaning may end up being ignored.

“Faulty presupposition” means that the question assumes something that is
not true. As a result, the question does not make sense or does not apply. For
example, suppose respondents are asked whether they agree or disagree with the
statement, “Family life often suffers because men concentrate t0o much on their
work.” The question presupposes that men concentrate t00 much on their work;
respondents who do not agree with that assumption (for example, people who
think that most men are lazy) cannot really provide a sensible answer to the ques-
tion. All questions presuppose a certain picture of things and ask the respondent
to fill in some missing piece of that picture; it is important that the listener does
not reject the state of affairs depicted in the question.

The next three problems involve the meaning of words or phrases in the
question. As Belson has pointed out, many everyday terms are vague, and differ-
ent respondents may interpret them differently. As a result, it helps if survey ques-
tions are as concrete as possible. For example, an item about children should
specify the age range of interest. Note, however, that the attempt to spell out
exactly what some vague term covers can lead to considerable complexity. That
is the problem with the question above, in which the question tries to spell out the
notion of an outpatient doctor visit. Some survey items employ vague relative
terms (“Disagree somewhat,” “Very often”) in response scales. Unfortunately,
respondents may not agree about how often is very often, with the result that dif-
ferent respondents use the scale in different ways. Another source of interpretive
difficulty is that respondents may not know what a particular term means. The
people who write questionnaires are often experts about a subject, and they may
overestimate how familiar the respondents are likely to be with the terminology
they themselves use every day. An economist who wants to ask people about their
pension plans may be tempted to use terms like “401(k)” or “SRA” without defin-
ing them. Unfortunately, such terms are likely to confuse many respondents.

A number of findings suggest that respondents can also overinterpret survey
questions, drawing false inferences about their intent. Consider this question,
drawn from the General Social Survey:

Are there any situations you can imagine in which you would
approve of a policeman striking an adult male citizen?

It is fairly easy to imagine such circumstances leading to a “yes” answer (just
watch any cop show!), but many respondents (roughly 30%) still answer “no.”
Clearly, many respondents do not interpret the question literally; instead, they
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respond in terms of its perceived intent — to assess attitudes toward violence by
the police. Such inferences about intent are a natural part of the interpretation
process, but they can lead respondents astray. For example, several studies sug-
gest that respondents (incorrectly) infer that an item about their overall happiness
(“Taken altogether, how would you say things are these days? Would you say that
you are very happy, pretty happy, or not too happy?”) is supposed to exclude their
marriages when that item comes right after a parallel item asking about marital
happiness (e.g., Schwarz, Strack, and Mai, 1991). In everyday conversation, each
time we speak we are supposed to offer something new; this expectation leads
respondents to believe that the general item is about the rest of their lives, which
has not been covered yet, apart from their marriage. Unfortunately, sometimes
such inferences may not match what the survey designers intended.

This section underscores the fact that language matters at the comprehension
stage. In many circumstances, there is a tension between explicitly defining terms
in a question (in an attempt to eliminate ambiguity) and increasing the burden on
the respondent to absorb the full intent of the question. More research is needed
for determining what level of detail to offer all respondents, how to discern when
definitional help is needed by a respondent, and how the interaction between
interviewer and respondent affects the interpretation of the verbal content of ques-
tions.

7.3.3 Forgetting and Other Memory Problems

Another potential source of error in survey responses is failure to remember rel-
evant information. Sometimes, respondents cannot remember the relevant events
at all, and sometimes they remember the events only sketchily or inaccurately. It
is useful to distinguish several forms of memory failure, since they can have dif-
ferent effects on the final answers:

1) Mismatches between the terms used in the question and the terms used
to encode the events initially

2) Distortions in the representation of the events over time

3) Retrieval failure

4) Reconstruction errors

The first type of memory failure occurs when the terms the respondent uses
to encode an event differ so markedly from the terms used in the question that the
question does not call to mind the intended memories. For example, a respondent
may not think of a glass of wine with dinner as an “alcoholic beverage.” As a
re'sult, an item that asks about weekly consumption of alcoholic beverages may
fail to trigger the relevant memories. Similarly, most of us probably do not think
of trips to the hardware store as “shopping”; thus, it is very important that the
NCVS item on shopping explicitly mentions hardware stores (“On average, dur-
ing the last 6 months, that is, since , how often have YOU gone shop-
ping? For example, at drug, clothing, grocery, hardware and convenience stores™).
When survey researchers develop questionnaires, they often conduct focus groups
to learn how potential survey respondents think and talk about the survey topic.
Both comprehension and retrieval improve when the terms used in the question-
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Figure 7.2 Recall accuracy for types of personal information.
(Source: Tourangeau, Rips, and Rasinski, 2000.)

naire match those used by the respondents in encoding the relevant events.

A second source of inaccuracy in memory is the addition of details to our rep-
resentation of an event over time. Most autobiographical memories probably con-
sist of a blend of information we took in initially — while or shortly after we expe-
rienced the event — and information we added later on, as we were recounting the
event to others who were not there themselves, reminiscing with others who also
experienced it, or simply thinking about it later on. For example, when we think
back to our high school graduation, our memory includes information we took in
at the time, plus information we added later in looking at yearbooks, photographs,
or videos of the event. These activities, which memory researchers term
“rehearsal,” play a pivotal role in maintaining vivid memories (e.g., Pillemer,
1984; Rubin and Kozin, 1984). Unfortunately, it is very difficult for us to identify
the source of the information we remember; we cannot always distinguish what
we experienced firsthand from what we merely heard about or inferred after the
fact. Thus, any distortions or embellishments introduced as we recount our expe-
riences or share reminiscences may be impossible to separate from the informa-
tion we encoded initially. This sort of “postevent information” is not necessarily
inaccurate, but it can be and, once it is woven into our representation of an event,
it is very difficult to get rid of.

Still another source of trouble is retrieval failure — the failure to bring to mind
information stored in long-term memory. We already noted one reason for

Table 7.1. Summary of Factors Affecting Recall

Implication for Survey Design

Finding

Variable

Characteristics of Event

Shorten the reference period

Events that happened long ago are harder to

recall

Time of occurrence

Use personal landmarks, life events calendars to

promote recall

Events near significant temporal boundaries are

easier to recall

Proximity to temporal

boundaries

Tailor the length of the reference period to the

Distinctive events are easier to recall

Distinctiveness

target events; use multiple cues to single out

individual events

, emotionally involving events are easier Tailor the length of reference period to the

Importance, emotional impact Important

properties of the target events

o recall

Question Characteristics

Not clear whether backward recall better in surveys

Backward search may promote fuller recall

Recall order

Provide multiple cues; use decomposition

Multiple cues typically better than single cue;

Number and type of cues

cues about the type of event (what) better than
cues about participants or location (who or

where), which are better than cues about (when)

Use longer introductions to questions; slow the

pace of the interview

Taking more time improves recall

Time on task
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retrieval failure —the question may not trigger recall for an event because it uses
terms that differ too much from those used in encoding the event. Another reason
for retrieval failure is the tendency to lose one memory among the other memo-
ries for similar experiences. Over time, it gets increasingly difﬁculF to remember
the details that distinguish one event, say, a specific doctor visit, 'frorn other
events of the same kind; instead the events blur together into a “generic memory”
for a typical doctor visit, trip to the store, business trip, or what.ever (cf. Barsalou,
1988; Linton, 1982). The accumulation of similar events over time means that we
have more difficulty remembering specific events as more time elapses: The
impact of the passage of time is probably the strongest anq most rqbust finding to
emerge from more than 100 years of research on forgetting (Rubin and Wetz_el,
1996). Although researchers are still unclear about the exact sha}?e of the functhn
relating forgetting to the passage of time, it is clear that forgettlpg is more rapid
at first and levels off thereafter. The amount forgotten in a given period algo
depends on the type of event in question; one study shows that people could §t111
remember the names of nearly half of their classmates 50 years later (Bahrick,
Bahrick, and Wittlinger, 1975). Figure 7.2 shows the percent of events corr.ectly
recalled for different kinds of phenomena. Although classmates are relatively
easy to recall, the decay rate over time for recall of grade.? is very high: The best
antidotes to retrieval failure in surveys seem to be providing more retrieval cues
and getting the respondents to spend more time trying to remember. Table 7.1

(adapted from Tourangeau, Rips, and Rasinski, 2000) provides a more compre- -

hensive list of the factors affecting recall and their implications for survey design.
In short, the events most easily recalled are recent, distinctive, near another eas-
ily recalled event, and important in the life of the respondent. Questions that work
best have rich, relevant cues and give the respondent time and encouragement to
think carefully. .

This tendency for recall and reporting to decline as a function of length of
recall has yielded an important measurement error model. In the model y, is the
number of events experienced by the ith respondent relevant to the survey ques-
tion. That is, if there were no recall problems, the ith person would report p, in
response to the question. The model specifies that instead of |, the respondent

reports y.:
Vv =4, (ae‘b’ )+ g

where a is the proportion of events that are reported despite concerns aboqt sen-
sitivity or social desirability; b is the rate of decline in reporting as a funct'1or.1 of
time; and ¢, is a deviation from the model for the ith respondent. The eis just
Euler’s nunllber, the base of the natural logarithms. Thus, the model Spe'ClﬁeS tl.'nat
the proportion of events correctly reported exponentially dec?mfas. (I'E.ipld dec.lme
in the time segments immediately prior to the interview and d1m1n}sl%1ng.declmes
far in the past). The literature implies that for events that are dlstmcuv.e, near
another easily recalled event, and important in the life of the respondent, a is close
to 1.0 and b is close to 0.0. For nonsensitive events that are easily forgotten, a may
be close to 1.0, but & is large. As seen in Figure 7.2, the exponential decay model
fits some empirical data better than others.

A final form of memory failure results from our efforts to recqnstruct, or fill
in, the missing pieces of incomplete memories. Such reconstructions are often
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based on what usually happens or what is
happening right now. For instance,
Smith’s studies of dietary recall sug-
gested that respondents filled in gaps in
their memories for what they actually ate
with guesses based on what they usually
eat. In a classic study, Bem and
McConnell (1974) demonstrated a differ-
ent strategy. Respondents in that study
inferred their past views from what they
now thought about the issue. This “retro-
spective” bias has been replicated several
times (e.g., T. W. Smith, 1984). Our cur-
rent state influences our recollection of
the past with other types of memory as
well, such as our recall of pain, past use
of illicit substances, or income in the
prior year (see Pearson, Ross, and
Dawes, 1992 for further examples). We
seem to reconstruct the past by examin-
ing the present and projecting it back-
wards, implicitly assuming that the char-
acteristic or behavior in question is sta-
ble. On the other hand, when we remem-
ber that there has been a change, we may
exaggerate the amount of change.

Many survey items ask respondents
to report about events that occurred
within a certain time frame or reference
period. The first three of our sample
items all specify a reference period
extending from the moment of the inter-
view to a specific date in the past (such as
the date exactly six months before). Such
questions assume that respondents are
reasonably accurate at placing events in
time. Unfortunately, dates are probably
the aspect of events that are hardest for
people to remember with any precision
(e.g., Wagenaar, 1986). Although with
some events — birthdays, weddings, and
the like — people clearly do encode the
date, for most events, the date is not
something we are likely to note and
remember. Because of the resulting diffi-
culty in dating events, respondents may
make “telescoping™ errors in which they
erroneously report events that actually
occurred before the beginning of the ref-
¢rence period. The term “telescoping”

Neter and Waksberg (1964) on
Response Errors

In 1964, Neter and Waksberg published a
study comparing different designs for reporting
past events.

Study design: Two design features were sys-
tematically varied: whether the interview was
bounded (i.e., the respondents were reminded
about their reports from the prior interview) and
the length of the recall period (e, 1,3, 0r6
months). The context was a survey of the num-
ber of residential repair and renovation jobs
and the expenditures associated with them,
using household reporters.

Findings: With unbounded interviews, there
were much higher reports of expenditures than
with bounded interviews (a 55% increase). The
increase in reports was larger for large jobs.
The authors conclude that respondents were
including reports of events that occurred
before the reference period (this was labeled
“forward telescoping”), and that rare events
were subject to greater telescoping. Asking
people to report events 6 months earlier versus
1 month earlier led to lower reports per month,
with smaller jobs being disproportionately
dropped from the longer reference periods. For
the 6 month reference periods, the number of
small jobs was 32% lower per month than for
the 1 month reference period. The authors
conclude this is a combined effect of failure to
report and forward telescoping.

Limitations of the study: There were no inde-
pendent data on the jobs or expenditures.
Hence, the authors base their conclusions on
the assumption that the bounded interviews
offer the best estimates. Some respondents
had been interviewed multiple times and may
have exhibited different reporting behaviors.

Impact of the study: This study greatly sensi-
tized designers to concerns about length of ref-
erence periods on the quality of reports. It
encouraged the use of bounding interviews, for
example, as in the National Crime
Victimization Survey.




telescoping

bounding
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suggests that past events seem closer to the present than they are; actually, re(?ent
studies suggest that “backward” telescoping is also common. As more time
passes, we make larger errors (in both directions) in dating events (Rubin and
Baddeley, 1989). .

Despite this, telescoping errors tend, on the whole, to lead to overreporting,
For example, in one classic study (see box on page 217), almost 40% of the hqme
repair jobs reported by the respondents were reported in error due to. telescoping
(Neter and Waksberg, 1964). A procedure called “bounding” is some;tnnesl used to
reduce telescoping errors in longitudinal surveys. In a bounded interview, the
interviewer reviews with the respondent a summary of the events the respondent
reported in the previous interview. This is the procedure used in the NCYS to
attempt to eliminate duplicate reports of an incident reported in an earl%er 1nte.r—
view. The first of seven NCVS interviews asks about victimization incidents in
the last six months, but data from this interview are not used in NCVS estimates.
Instead, the second interview uses first interview incident reports to “bound” the
second interview reports. The interviewer asks whether an incident reported in the
second interview might be a duplicate report of one in the first interview by
checking the first interview reports. Similar procedures are used in.later waves,
always using the immediately prior interview as a “bound.” This procedure
sharply reduces the chance that respondents will report the same events in the cur-
rent interview due to telescoping.

7.3.4 Estimation Processes for Behavioral Questions

Depending on what they recall, respondents may be forced to make an estimate
in answering a behavioral frequency question or a render a judgment in answet-
ing an attitude question. Consider two of the examples we gave earlier in the

chapter:

Now turning to business conditions in the country as a whole —
do you think that during the next 12 months we’ll have good
times financially, or bad times, or what? [SOC]

Now think about the past 12 months, from [DATE] through
today. We want to know how many days you’ve used any pre-
scription tranquilizer that was not prescribed to you or that you
took only for the experience or feeling it caused during the past
12 months. [NSDUH]

Some respondents may have a preexisting judgment about the economy that
they are ready to report in response to a question like that in the SQC, but most
respondents probably have to put together a judgment on the fly. Similarly, only
a few respondents are likely to keep a running tally of the times they have abuse§
prescription tranquilizers; the rest must come up with a total through some esti-
mation process. With both attitude and behavioral questions, the need for respon-
dents to put together judgments on the spot can lead to errors in the answers.

Let us first examine behavioral frequency questions like that in the NSDUH.
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Besides recalling an exact tally, respondents make use of three main estimation
strategies to answer such questions:

1) They may remember specific incidents and total them up, perhaps
adjusting the answer upward to allow for forgotten incidents (“recall-
and-count™).

2) They may recall the rate at which incidents typically occur and extrapo-
late over the reference period (“rate-based estimation™),

3) They may start with a vague impression and translate this into a number
(“impression-based estimation™).

For example, one respondent may recall three specific occasions on which he
used prescription tranquilizers and report “3” as his answer. Another respondent
may recall abusing prescription tranquilizers roughly once a month over the last
year and report “12” as her answer. A third respondent may simply recall that he
used the drugs a “few times” and report “5” as the answer. The different strate-
gies for coming up with an answer are prone to different reporting problems.

The recall-and-count strategy is prone both to omissions due to forgetting
and false reports due to telescoping. Depending on the balance between these two
sources of error, respondents may systematically report fewer incidents than they
should have or too many. Generally, the more events there are to report, the lower
the accuracy of answers based on the recall-and-count strategy; with more events,
it is both harder to remember them all and harder to total them up mentally. As a
result, respondents tend to switch to other strategies as the reference period gets
longer and as they have more incidents to report (Blair and Burton, 1987; Burton
and Blair, 1991).

Several studies have asked respondents how they arrived at their answers to
behavioral frequency questions like the one in the NSDUH, and the reported pop-
ularity of the recall-and-count strategy falls sharply as the number of events to
recall increases. Instead, respondents often turn to rate-based estimation when
there are more than seven events or so to report. The literature suggests that rate-
based estimation often leads to overestimates of behavioral frequencies.
Apparently, people overestimate rates when the rate fluctuates or when there are
exceptions to what usually happens.

But the most error-prone strategies for behavioral frequency questions are
those based on impressions. When the question

recall-and-
count

rate-based
estimation

impression-
based
estimation

uses a closed format, the response options that it
lists can affect impression-based estimates. When
the answer categories emphasize the low end of the
range, the answers tend to be accompanying lower;
when they emphasize the high end of the range, the
answers tend to be high. The box on page 220
shows the results of a study that asked respondents
how much television they watched in a typical day.
Depending on which set of answer categories they
got, either 16.2% or 37.5% of the respondents said
they watched more that two-and-a-half hours per
day. Impression-based estimates are also prone to
wild values when the question is posed in open-

Overreporting and Underreporting

When respondents report things that
did not happen at all or report more
events than actually occurred, this is
- called “overreporting.” Certain types
of things are characteristically overre-
ported in surveys. For example, in
any given election, more people say
that they voted than actually did. The
opposite error is called “underreport-
ing” and involves reporting fewer
events than actually took place.

ended format.
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Schwarz, Hippler, Deutsch, and Strack (1985)
on Response Scale Effects

In 1985, Schwarz, Hippler, Deutsch, and Strack
published the results of several studies measuring
the effects of response scales on reporting.

Study design: Two different randomized experi-
ments were embedded in larger surveys. A
between-subject design administered one form of
a question to one half of the sample, and ancther,
to the other. One experiment used a quota sample
of 132 adults; the other, 79 employees of an office
recruited into a survey. One half of the sample
received a question about hours spent watching
television, with a six-category scale with middle
categories 1-1.5 hours and 1.5-2 hours; for the
other half-sample, the middle categories were
3-3.5 hours and 3.5—4 hours.

Low Options High Options

Responses % Responses %

<%%hr 74% <2%hr 62.5%
¥2to1hr 17.7% 2%to3hr 23.4%
1to 1% hr 26.5% 3to3¥%hr 7.8%
1%to 2 hr 14.7% 3%to4hr 4.7%
2to 2%z hr 17.7% 4todshr 1.6%
>2%s hr 16.2% >4%hr 0.0%
Total 100.0% 100.0%

Findings: Respondents receiving the low average
scale tended to report watching less television
than those receiving the high average scale. For
example, 16.2% report watching more than 2.5
hours per day in the low average scale but 37.5%
in the high average scale.

Limitations of the study: One of the studies used a
quota sample, the other, a group of office workers,
limiting the ability to generalize to other survey
conditions.

Impact of the study: The studies demonstrated
that response scales affect reporting of behaviors.
Researchers now attempt to choose center cate-
gories that are closest to the expected population
averages.

7.3.5  Judgment Processes
for Attitude Questions

Responding to an attitude question
might seem to involve very different
cognitive processes from those
needed to answer factual items about
behavior, but at least some authors
(e.g., Tourangeau, Rips, and Rasinski,
2000) argue that there are more simi-
larities than differences between the
response processes for the two types
of items. The same four types of
information from which frequency
estimates are derived — exact tallies,
impressions, generic information, and
specific memories — have their coun-
terparts with attitude questions. For
instance, some respondents (econo-
mists, people who follow the stock
market) may have clearly defined
views on which to base an answer to
the item on the economy from the
Survey of Consumers (“Do you think
that during the next 12 months we’ll
have good times financially, or bad
times, or what?”). Others may have a
vague impression (“Gee, I read some-
thing in the Wall Street Journal the
other day and it sounded pretty omi-
nous”). Just as we may have only a
hazy sense of how often we have
done something, we may have an
equally vague impression of a person
or issue we were asked to evaluate.
Or, lacking any ready-made evalua-
tion (even a very hazy one), we may
attempt to construct one either from
the top down, deriving a position
from more general values or predis-
positions, or from the bottom up,
using specific beliefs about the issue
to construct an opinion about it. The
latter two strategies resemble the use
of generic information and the recall-
and-count strategy to answer fre-
quency questions.

When respondents do not have
an existing evaluation they can draw
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on, their answers to an attitude question may be strongly affected by the exact
wording of the question or by the surrounding context in which the question is
placed. Consider these two items, both administered in the early 1950s to gauge
public support for the Korean War:

Do you think the United States made a mistake in deciding to
defend Korea or not? [Gallup]

Do you think the United States was right or wrong in sending
American troops to stop the Communist invasion of South
Korea? [NORC]

The NORC item consistently showed higher levels of support for the Korean War
than the Gallup item did. In a series of experiments, Schuman and Presser (1981)
later showed that adding the phrase “to stop a communist takeover” increased
support for US military interventions by about 15 percentage points. Several stud-
ies have shown similar wording effects on other topics: There is far more support
for increased spending on halting the rising crime rate than on law enforcement,
for aid to the poor than for welfare, for dealing with drug addiction than with drug
rehabilitation, and so on (Rasinski, 1989; T. W. Smith, 1987). The wording of an
item can help (and influence) respondents who need to infer their views on the
specific issue from more general values; the NORC wording apparently reminded
some respondents that the general issue was the spread of communism and that
helped them formulate their judgment about the US role in Korea.

Question context can also shape how respondents evaluate an issue. Most
attitude judgments are made on a relative basis. When we evaluate a political fig-
ure, say, that evaluation almost inevitably involves comparisons — to rival candi-
dates, to other salient political figures, or to our image of the typical politician.
The standard of comparison for the judgment is likely to have an impact on which
characteristics of the political figure come to mind and, more importantly, on how
those characteristics are evaluated. A Democrat may evaluate Bill Clinton’s term
in office quite favorably when the standard of comparison is the Reagan admin-
istration but less favorably when the standard is Franklin Delano Roosevelt.

7.3.6 Formatting the Answer

Once they have generated an estimate or an initial judgment, respondents con-
front a new problem — translating that judgment into an acceptable format. Survey
items can take a variety of formats, and we focus on the three most common:

1) Open-ended questions that call for numerical answers
2) Closed questions with ordered response scales
3) Closed questions with categorical response options

The examples below, taken from the BRFSS, illustrate each of these formats.

open and
closed
questions
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1) Now, thinking about your physical health, which includes physical ill-
ness and injury, for how many days during the past 30 was your physi-
cal health not good?

2) Would you say that in general your health is:
Excellent

Very good

Good

Fair

Poor

wm B W N~

3) Are you:

Married

Divorced

Widowed

Separated

Never married

A member of an unmarried couple

AN bW =

With (2) and (3), the interviewer is instructed to “please read” the answer cate-
gories (but not the numbers attached to them). Almost all of the items in the
BREFSS follow one of these three formats or ask yes—no questions. Yes—no ques-
tions are probably closest to closed categorical questions. The BRFSS is not
unusual in relying almost exclusively on these response formats; most other sur-
veys do so as well.

Each of the three formats presents their own special challenges to respon-
dents. With numerical open-ended items like those in (1), respondents may have
a lot of trouble translating a vague underlying judgment (“I had a pretty bad
month”) into an exact number (“I felt sick on three days”). There are good rea-
sons why open-ended items are popular with survey researchers. In principle,
open-ended items yield more exact information than closed items. Even with
finely graded response options, there is inevitably some loss of information when
the answer is categorical. Moreover, the answer categories must often be trun-
cated at the high or low end of the range. For example, the BRFSS includes an
open item asking respondents how many sex partners they have had in the last 12
months. A closed item would have to offer some top category (e.g., “10 or more™)
that would yield inexact information about the most sexually active part of the
population. So relative to open items, closed items lose information because of
the grouping and truncation of possible answers.

In practice, however, respondents often seem to act as if open questions were
not really seeking exact quantities. Tourangeau and his colleagues, for instance,
found that most of the respondents in a survey of sexual behavior who reported
10 or more sexual partners gave answers that were exact multiples of five
(Tourangeau, Rasinski, Jobe, Smith, and Pratt, W., 1997). Survey respondents
also report many other quantities as round values — such as how much stress they
feel in caring for relatives with disabilities (Schaeffer and Bradburn, 1989) or
how long ago they completed an earlier interview (Huttenlocher, Hedges, and
Bradburm, 1990). With items asking for percentages, the responses tend to cluster
at 0, 50, and 100. Although several things contribute to the use of round numbers
(such as fuzziness about the underlying quantity or embarrassment about the
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value to be reported), the main problem seems to be the sheer difficulty many
respondents experience in assigning numbers to their estimates and judgments.
Respondents may try to simplify this task by selecting a value from a limited
number of ranges; they then report the range they chose as a round value.

Scale ratings, such as item (2) above, also have their characteristic problems.
With some types of ratings (e.g., personnel ratings), respondents seem to shy
away from the negative end of the scale, producing “positivity bias.” With other
types of rating scales, respondents tend to avoid the most extreme answer cate-
gories. When the scale points have numerical labels, the labels can affect the
answers. A study by Schwarz and his collaborators (Schwarz, Kniuper, Hippler,
Noelle-Neumann, and Clark, 1991) illustrates this problem. They asked respon-
dents to rate their success in life. One group of respondents used a scale that
ranged from —5 to +5; the other group used a scale that ranged from 0 to 10. In
both cases, the end points of the scale had the same verbal labels. With both sets
of numerical labels, the ratings tend to fall on the positive half of the scale
(exhibiting an overall positivity bias), but the heaping on the more positive end of
the scale was more marked when the scale labels ran from —5 to +5. Negative
numbers, according to Schwarz and his collaborators, convey a different meaning
from numbers ranging from 0 upward. A value of 0 implies a lack of success in
life, whereas a value of —5 implies abject failure.

At least two other features of rating scales can affect the answers — the label-
ing and number of options presented (e.g., five points vs. nine points). Krosnick
and Berent (1993) conducted a series of studies comparing two types of response
scales — ones that labeled only the end categories and ones that provided verbal
labels for every category. In addition, they compared typical rating scale items,
which present all the response options in a single step, to branching items, which
present a preliminary choice (“Are you a Republican, Democrat, or Indepen-
dent?”) followed by questions offering more refined categories (“Are you
strongly or weakly Democratic?””). Both labeling and the two-step branching for-
mat increased the reliability of the answers. Krosnick and Berent argue that the
labels help clarify the meaning of the scale points and that the branching structure
makes the reporting task easier by breaking it down into two simpler judgments.
Aside from labeling and branching, the sheer number of the response categories
can affect the difficulty of the item. With too few categories, the rating scales may
fail to discriminate between respondents with different underlying judgments;
with too many, respondents may fail to distinguish reliably between adjacent cat-
egories. Krosnick and Fabrigar (1997) argue that seven scale points seems to rep-
resent the best compromise.

The final common response format offers respondents unordered response
categories [like the marital status item given in (3) above]. One problem with this
format is that respondents may not wait to hear or read all of the options; instead,
they may select the first reasonable answer they consider. For example, with the
BRFSS item on marital status a respondent may select the “Never married” option
without realizing that the final option (“Member of an unmarried couple™) offers
a better description of his or her situation. Several studies have compared what
happens when the order of the response options is reversed. These studies have
found two types of effects — primacy and recency effects. With a “primacy effect,”
presenting an option first (or at least near the beginning of the list) increases the
chances that respondents will choose that option. With a “recency effect,” the
opposite happens — putting an option at or near the end of the list increases its
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popularity. Most researchers believe that respondents are likely to consider the
response options one at a time and to select the first one that seems to provide an
adequate answer. Using the terminology of Krosnick (1999), respondents satisfice
rather than optimize; they pick an answer that is good enough, not necessarily the
one that is best. The tendency to take such shortcuts would explain why primacy
effects are common. The reason that recency effects also occur is that respondents
may not consider the answer options in the same order as the questionnaire pres-
ents them. When an interviewer reads the questions to the respondent, the last
option the interviewer reads may be the first one that respondents think about. (By
contrast, when respondents read the questions themselves, they are more likely to
read and consider the response categories in order.) Because of this difference,
respondents in telephone surveys seem prone to recency effects, whereas respon-
dents in mail surveys are more prone to primacy effects. Response order effects
are not just a survey phenomenon; Krosnick has shown that the order in which
candidates for political office are listed on the ballot affects the share of the vote
each one gets.

7.3.7 Motivated Misreporting

So far, we have focused on respondents’ efforts to deal with the cognitive diffi-
culties posed by survey questions, but a glance at many survey questionnaires
reveals many difficulties of another sort. Consider these items from the NSDUH:

a) During the past 30 days, on how many days did you use cocaine?

b) How many times in the past 12 months have you gotten very high or
drunk on alcohol?

¢) When was the most recent time you smoked a cigarette?

It is easy to imagine someone having little difficulty in interpreting (a) or in
retrieving and formatting the information it asks for, but still giving the wrong
answer. Survey researchers call questions like these “sensitive” or “threatening,”
and they have become more common on national surveys as researchers attempt
to monitor the use of illicit drugs or the behaviors that contribute to the spread of
HIV/AIDS. “Sensitive questions” are questions that are likely to be seen as intru-
sive or embarrassing by some respondents. For example, questions about personal
income or about sexual behavior fall in this category. Respondents are more likely
to refuse to answer such questions or to give deliberately wrong answers to them.
Sensitive questions create a dilemma for respondents; they have agreed to help
the researchers out by providing information, but they may be unwilling to pro-
vide the information specific questions are requesting. Respondents often seem to
resolve such conflicts by skipping the questions or providing false answers to
them. For instance, one study (Moore, Stinson, and Welniak, 1997) has looked at
missing data in questions about income. Moore and his colleagues report that
more than a quarter of the wage and salary data in the Current Population Survey
(CPS) is missing or incomplete. This is roughly ten times the rate of missing data
for routine demographic items.

Sometimes, refusing to answer a question may be more awkward than sim-
ply underreporting some embarrassing behavior. For example, refusing to answer

PROBLEMS IN ANSWERING SURVEY QUESTIONS

the NSDUH item about cocaine use [example (a)] is tantamount to admitting one
has used cocaine. It may be easier just io deny using cocaine. Among the poten-
tially embarrassing behaviors that seem to be underreported in surveys are the use
of illicit drugs, the consumption of alcohol, smoking (especially among teens and
pregnant women), and abortion. Respondents may also be reluctant to admit that
they have not done something when they feel they should have. As a result, they
may overreport certain socially desirable behaviors, such as voting or going to
church.

Some researchers have attempted to use “forgiving” wording to improve the
reporting of sensitive information. Consider, for example, this question about vot-
ing:

In talking to people about elections, we often find that a lot of
people were not able to vote because they were not registered,
they were sick, or they just didn’t have the time. How about you
— did you vote in the elections this November? (American
National Election Study)

The wording of the voting question encourages respondents to report that they did
not vote. Despite this, the empirical findings suggest that such wording does not
eliminate overreports of voting. The most important single tactic for improving
reports on sensitive topics seems to be removing the interviewer from the ques-
tion and answer process (see Section 5.3.5). This can be accomplished in several
ways. First, the sensitive questions can be administered on a paper self-adminis-
tered questionnaire or presented directly to the respondent by a computer. Both of
these forms of self-administration seem to increase reporting of potentially
embarrassing information compared to interviewer administration of the ques-
tions. Another technique is called the “randomized response technique” (Warner,
1965). With this method, respondents spin a dial or use some other chance device
to determine whether they answer the sensitive question or a second, innocuous
question (“Were you born is September?”). People seem to be more willing to be
candid when the interviewer does not know which question they are answering.
Estimates of the prevalence of the sensitive characteristics utilize the known
probabilities of the randomizing device assigning the sensitive question and the
nonsensitive question. Evaluations of the technique in practice suggest that it
reduces some but not all of the bias common in answering sensitive questions.

7.3.8 Navigational Errors

When the questions are self-administered (for example, in a mail questionnaire),
the respondents have to understand both the questions themselves and any
instructions the questionnaire includes — about which questions they are supposed
to answer, what form their answers should take (for example, “Mark one”), and
any other instructions. In fact, in a self-administered questionnaire, an important
part of the respondents” job is to figure out where to go next after they have
answered a question. To help the respondents find the right path through the ques-
tionnaire, questionnaires often include various skip instructions (“If No, go to
Question 8”); these verbal instructions are often reinforced by visual and graphi-
cal cues, such as boldfacing and arrows. Figure 7.3 is an example, adapted from

randomized
response
technique
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A1. Were you working for pay or profit during the week of
April 1218, 1992? This includes being self-employed or
temporarily absent from a job (e.g., illness, vacation, or
parental leave), even if unpaid.

1] Yes — Skip to A8
r Z'D No
A2. Did you look for work anytime during the five weeks
between March 8 and April 12, 19927

1|:| Yes
2[_INo

Figure 7.3 Example questions from Jenkins and Dillman (1997).

one discussed by Jenkins and Dillman (1997). This example illustrates several
principles that help respondents find their way through questionnaires.
Throughout the questionnaire, fonts, boldface, and graphical symbols are used in
a consistent way. For example, the questions themselves are set off from other
text by the use of bold type; the question numbers (Al and A2) are made to stand
out even more prominently by their position at the extreme left margin. The rout-
ing instructions (Skip to AS8) for the first item (and for subsequent items) are in
italics. Spaces that the respondents are supposed to fill in are in white, a color that
contrasts with the shaded background. In addition, where possible, arrows rather
than verbal instructions are used to convey the intended path (e.g., those who
answer “No” to Question Al are directed to A2 by an arrow).

Still, it is easy for respondents to make “navigational errors,” to skip items
they were supposed to answer or to answer questions they were supposed to skip.
Respondents may not notice instructions or, if they do, they may not understand
them. As a result, self-administered questionnaires, especially poorly designed
ones, often have a higher rate of missing data than interviewer-administered ques-
tions do.

With the increase in self-administered questionnaires in ACASI, Web, and e-
mail surveys, there is much methodological research needed to discover how
respondents react to alternative formats. What properties of formats reduce the
burden on respondents? Do low-literacy respondents profit more from different
formats than high-literacy respondents? Can formatting act to increase the moti-
vation of respondents to perform their tasks?

7.4 GUIDELINES FOR WRITING GOOD QUESTIONS

There is value in being aware of all the potential pitfalls in questionnaire design
— it makes it easier to recognize the problems with a question — but it is also use-
ful to have some positive rules for avoiding these problems in the first place.
Several textbooks provide guidelines for writing good survey questions, and this
section summarizes one of the most comprehensive lists, the one developed by
Sudman and Bradburn (1982). (Another source of very good advice about writ-
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ing survey questions is Converse and Presser, 1986.) Where we believe Sudman
and Bradburn’s recommendations have not stood the test of time, we drop or
amend their original advice. Their recommendations were based empirical find-
ings and, for the most part, they have held up pretty well. Many of them have
already been foreshadowed in our discussion of the things that can go wrong in
the response process.

Sudman and Bradburn do not offer a single set of guidelines for all survey
questions but instead give separate recommendations for several different types
of questions:

1) Nonsensitive questions about behavior
2) Sensitive questions about behavior
3) Attitude questions

These distinctions are useful, since the different types of question raise somewhat
different issues. For example, sensitive questions are especially prone to deliber-
ate misreporting and may require special steps to elicit accurate answers. Attitude
questions are likely to involve response scales, and response scales (as we noted
earlier) raise their own special problems. We will deal with each type of question
in tumn.

7.4.1 Nonsensitive Questions About Behavior

With many questions about behavior, the key problems are that respondents may
forget some or all of the relevant information or that their answers may reflect
inaccurate estimates. Accordingly, many of the Sudman and Bradburn’s guide-
lines for nonsensitive questions about behavior are attempts to reduce memory
problems. Most of their guidelines for nonsensitive questions make equally good
sense for sensitive ones as well. Here they are:

1) With closed questions, include all reasonable possibilities as explicit
response options.

2) Make the questions as specific as possible.

3) Use words that virtually all respondents will understand.

4) Lengthen the questions by adding memory cues to improve recall.

5) When forgetting is likely, use aided recall.

6) When the events of interest are frequent but not very involving, have
respondents keep a diary.

7) When long recall periods must be used, use a life event calendar to
improve reporting.

8) To reduce telescoping errors, ask respondents to use household records
or use bounded recall (or do both).

9) If cost is a factor, consider whether proxies might be able to provide
accurate information.

The first three recommendations all concern the wording of the question. It
is essential to include all the possibilities in the response categories because
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respondents are reluctant to volunteer answers that are not explicitly offered to
them. In addition, possibilities that are lumped together in a residual category
(“All Others”) tend to be underreported. For example, the two items below are
likely to produce very different distributions of answers:

1) What is your race?
White
Black
Asian or Pacific Islander
American Indian or Alaska Native
Some Other Race

2) What is your race?
White
Black
Asian Indian
Chinese
Japanese
Korean
Vietnamese
Filipino
Other Asian
Native Hawaiian
Guamanian
Samoan
Some Other Pacific Islander
American Indian or Alaska Native
Some Other Race

Unpacking the “Asian and Pacific Islander” option into its components clarifies
the meaning of that answer category and also makes it easier for respondents to
recognize whether it is the appropriate option for them. As a result, the second
item is likely to yield a higher percentage of reported Asian and Pacific Islanders.

Making the question as specific as possible reduces the chances for differ-
ences in interpretation across respondents. It is important that the question be
clear about who it covers (does “you” mean just the respondent or everyone in the
respondent’s household?), what time period, which behaviors, and so on. A com-
mon error is to be vague about the reference period that the question covers: “In
a typical week, how often do you usually have dessert?” Our eating habits can
vary markedly over the life course, the year, even over the last few weeks. A bet-
ter question would specify the reference period: “Over the last month, that is,
since [DATE], how often did you have dessert in a typical week?” The inter-
viewer would fill in the exact start date at the time he or she asked the question.

The third recommendation is to use words that everyone understands, advice
that is unfortunately far easier to give than to follow. Some more specific guide-
lines are to avoid technical terms (“Have you ever had a myocardial infarction?”’)
in favor of everyday terms (“Have you ever had a heart attack?”), vague quanti-
fiers (“Often,” “Hardly ever”) in favor of explicit frequency categories (“Every
day,” “Once a month”), and vague modifiers (“Usually”) in favor of more con-
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crete ones (“Most of the time”). If need be, vague or technical terms can be used
but they should be defined, ideally just before the question (“A myocardial infarc-
tion is a heart attack; technically, it means that some of the tissue in the heart mus-
cle dies. Have you ever had a myocardial infarction?”).

The next five guidelines are all about reducing the impact of forgetting on the
accuracy of survey reports. One basic strategy is to provide more retrieval cues to
the respondent, either by incorporating them into the question itself or by asking
separate questions about subcategories of the overall category of interest. Adding
cues may lengthen the question, but, as the fourth guideline notes, it may improve
recall as well. Asking separate questions about subcategories is referred to as
“aided recall,” and this is what the fifth guideline recommends. An example is the
NCVS item on shopping, which lists several examples of different places one
might shop (*“... drug, clothing, grocery, hardware, and convenience stores™); it
would also be possible to ask separate questions about each type of retail outlet.
Both approaches provide retrieval cues that help jog respondents’ memories. It is
important that the retrieval cues are actually helpful. Breaking a category down
into nonsensical subcategories (“How many times did you go shopping for red
things?” “How many times did you go shopping on a rainy Tuesday morning?”)
can make things worse (see Belli, Schwarz, Singer, and Talarico, 2000). Retrieval
cues that do not match how the respondents encode the events can be worse than
no cues at all. Another strategy for improving recall is to tailor the length of the
reference period to the likely memorability of the events. Things that rarely hap-
pen, those that have a major emotional impact, and those that last a long time tend
to be easier to remember than frequent, inconsequential, or fleeting events. For
example, respondents are more likely to remember a hospital stay for open heart
surgery than a 15-minute visit to the doctor for a flu shot. As a result, it makes
sense to use a longer reference period to collect information about memorable
events, such as hospital stays (where one year might be a reasonable reference
period), than about nonmemorable events, such as doctor visits (where two weeks
or a month might be reasonable).

The tailoring approach has its limits, though. When the survey concerns very
routine and uninvolving events (say, small consumer purchases or food intake),
the reference period might have to be too short to be practical — say, yesterday. In
such cases, it is often better to have respondents keep a diary rather than rely on
their ability to recall the events. At the other extreme, a long reference period may
be a necessary feature of the survey design. Most panel surveys, for example, can-
not afford to visit the respondents very often; generally, they interview panel
members every few months or even once a year and so must use long references
periods if they intend to cover the whole period between interviews. (For exam-
ple, the NCVS visits sample dwellings every six months.) When a long reference
period has to be used, a life events calendar can sometimes improve recall. A life
event calendar collects milestone events about several domains of a person’s life,
such as marital history, births of children, jobs, and residences. These are
recorded on a calendar and help jog respondents’ memories about more mundane
matters, like how much they were earning at the time, illnesses they experienced,
or crime victimizations. The autobiographical milestones recorded on the calen-
dar provide rich chronological and thematic cues for retrieval (Belli, 1998); they
can also serve as temporal landmarks, improving our ability to date other events.
These event calendars require the interviewer to engage in less structured interac-
tion with the respondent. There are unanswered research questions about whether
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such tools increase variability in survey results from interviewer effects (see
Section 9.3). This is a ripe area for methodological research.

Another kind of memory error involves misdating events (or “telescoping
errors”), and the eighth guideline recommends two methods for reducing these
errors. The first is to have respondents consult household records (calendars,
checkbooks, bills, insurance forms, or other financial records) to help them recall
and date purchases, doctor visits, or other relevant events that may leave some
paper trail. The second tactic is called “bounding™; it involves reminding respon-
dents what they already reported in an earlier interview (that is, in the previous
round of a panel survey).

The final recommendation is to use proxy reporters to provide information
when data collection costs are an issue. A “proxy” is anyone other than the per-
son about whom the information is being collected. Most surveys ask parents to
provide information about young children rather than interviewing the children
themselves. Other surveys use a single adult member of the household to report
on everyone else who lives there. Allowing proxies to report can reduce costs,
since the interviewer can collect the data right away from a proxy rather schedule
a return trip to speak to every person in the household. At the same time, proxies
differ systematically from self-reporters. They are, for example, more likely than
self-reporters to rely on generic information (e.g., information about what usually
happens) in answering the questions than on episodic information (e.g., detailed
memories for specific incidents). In addition, self-reporters and proxies may dif-
fer in what they know. It hardly makes sense to ask parents about whether their
teenaged children smoke — the children are likely to conceal this information,
especially from their parents. On the whole, though, proxies often seem to pro-
vide reliable factual information (e.g., O’Muircheartaigh, 1991).

7.4.2 Sensitive Questions About Behavior

As we noted in Section 7.3.7, some surveys include questions about illegal or
potentially embarrassing behaviors, such as cocaine use, drinking, or smoking.
Both the NSDUH and the BRFSS are full of such questions. Here are Sudman and
Bradburn’s guidelines (updated as necessary) for sensitive questions:

1) Use open rather than closed questions for eliciting the frequency of sen-
sitive behaviors.

2) Use long rather than short questions.

3) Use familiar words in describing sensitive behaviors.

4) Deliberately load the question to reduce misreporting.

5) Ask about long periods (such as one’s entire lifetime) or periods from the
distant past first in asking about sensitive behaviors.

6) Embed the sensitive question among other sensitive items to make it
stand out less.

7) Use self-administration or some similar method to improve reporting.

8) Consider collecting the data in a diary.

9) At the end of the questionnaire, include some items to assess how sensi-
tive the key behavioral questions were.

10) Collect validation data.
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Open questions about sensitive behaviors have two advantages over closed ques-
tions. First, closed questions inevitably lose information (for example, about the
very frequent end of the continuum). In addition, closed categories may be taken
by the respondents as providing information about the distribution of the behav-
ior in question in the general population and, thus, affect their answers (see the
box describing the study by Schwarz and colleagues on page 220 above).

Sudman and Bradburn recommend longer questions, largely because they
promote fuller recall (by giving respondents more time to remember) (Sudman
and Bradburn, 1982); they are particularly useful with behaviors that tend to be
underreported (such as drinking). For example, to ask about the consumption of
wine, they recommend the following wording:

Wines have become increasingly popular in this country in the
last few years; by wines, we mean liqueurs, cordials, sherries,
and similar drinks, as well as table wines, sparkling wines, and
champagne. Did you ever drink, even once, wine or cham-

pagne?

The enumeration of the various types of wine may help clarify the boundaries of
the category, but mostly serves to initiate and provide extra time for retrieval. The
next recommendation — to use familiar terms for sensitive behaviors (e.g., “hav-
ing sex” rather than “coitus”) — may make respondents more comfortable with the
questions but also tends to improve recall, since the terms in the question are
more likely to match the terms used to encode the relevant experiences.
Interviewers can determine which terms the respondents would prefer to use at
the outset of the interview.

“Loading” a question means wording it in a way that invites a particular
response — in this case, the socially undesirable answer. Sudman and Bradburn
distinguish several strategies for doing this (Sudman and Bradburn, 1982): the
“everybody-does- it” approach (“Even the calmest parents get mad at their chil-
dren sometimes. Did your children do anything in the past week to make you
angry?”); the “assume-the-behavior” approach (“How many times during the past
week did your children do something that made you angry?”); the “authorities-
recommend-it” approach (“Many psychologists believe it is important for parents
to express their pent-up frustrations. Did your children do anything in the past
week to make you angry?”); and the “reasons-for-doing-it” approach (“Parents
become angry because they’re tired or distracted or when their children are
unusually naughty. Did your children do anything in the past week to make you
angry?”). The question about voting on page 225 also illustrates this last
approach.

The next two recommendations help reduce the apparent sewnsitivity of the
item. In general, it is less embarrassing to admit that one has ever done something
or did it a long time ago than to admit one has done it recently. For example, dur-
ing the 2000 presidential campaign, candidate Bush admitted he had had a drink-
ing problem more than ten years before, and this admission provoked little reac-
tion. It would have been quite a different story for him to admit he had been drink-
ing heavily the day before on the campaign trail. Most survey researchers think
that sensitive items should not come at the start of the interview, but only after
some less sensitive questions. In addition, embedding one sensitive question (for
example, an item on shoplifting) among other more sensitive items (an item on
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armed robbery) may help make the sensitive item of interest seem less threaten-
ing by comparison. Like many judgments, the perception of sensitivity is affected
by context.

As we already noted, one of the most effective methods for improving reports
about sensitive behaviors is by having the respondent complete a self-adminis-
tered or a computer-administered questionnaire. Another approach is the random-
ized response technique in which the interviewer does not know the question the
respondent is answering. This method is illustrated below. Respondents pick a red
or a blue bead from a box and their selection determines which question they
answer:

(Red) Have you been arrested for drunk driving in the last 12
months?
(Blue) Is your birthday in the month of June?

The interviewer records either a “yes” or “no” answer, not knowing which ques-
tion the respondent is answering. Since the researcher knows the probability of a
red bead or a blue bead being selected (and the probability the respondent was
born in June), an estimate of the proportion of “yes” answers to the drunk driving
question can be obtained.

Finally, a third approach is having the respondents keep a diary, which com-
bines the benefits of self-administration with the reduced burden on memory.
Diary surveys that require detailed record keeping, however, tend to have lower
response rates.

The final two recommendations allow us to assess the level of sensitivity of
the questions (by having respondents rate their discomfort in answering them)
and to assess the overall accuracy of responses by comparing them to an external
benchmark. For example, respondents’ survey reports about recent drug use might
be compared to the results of a urinalysis.

74.3 Attitude Questions

Many surveys ask about respondents’ attitudes. Among our six example surveys,
only the SOC includes a large number of attitude items. Still, these are a very
common class of survey questions, and Sudman and Bradburn present some
guidelines specifically for them. Here is our amended version of their list:

1) Specify the attitude object clearly.

2) Avoid double-barreled questions.

3) Measure the strength of the attitude, if necessary using separate items for
this purpose.

4) Use bipolar items except when they might miss key information.

5) The alternatives mentioned in the question have a big impact on the
answers; carefully consider which alternatives to include.

6) In measuring change over time, ask the same questions each time.

7) When asking general and specific questions about a topic, ask the gen-
eral question first.

8) When asking questions about multiple items, start with the least popular
one.
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9) Use closed questions for measuring attitudes.

10) Use five- to seven-point response scales and label every scale point.

11) Start with the end of the scale that is the least popular.

12) Use analogue devices (such as thermometers) to collect more detailed
scale information.

13) Use ranking only if the respondents can see all the alternatives; other-
wise, use paired comparisons.

14) Get ratings for every item of interest; do not use check-all-that-apply
items.

The first six of these guidelines all deal with the wording of the questions.
The first one says to clearly specify the attitude object of interest. Consider the
item below:

Do you think the government is spending too little, about the
right amount, or too much on antiterrorism measures?

It would improve comprehension and make the interpretation of the question
more consistent across respondents to spell out what antiterrorism measures the
question has in mind (and what level of government). Double-barreled items
inadvertently ask about two attitude objects at once. For example, (a) below ties
attitudes to abortion to attitudes about the Supreme Court and (b) ties abortion
attitudes to attitudes about women’s rights:

a) The US Supreme Court has ruled that a woman should be able to end a
pregnancy at any time during the first three months. Do you favor or
oppose this ruling?

b) Do you favor legalized abortion because it gives women the right to
choose?

The answers to double-barreled items are difficult to interpret — do they reflect
attitudes to the one or the other issue?

The two characteristics of an attitude that are generally of interest are its
direction (agree or disagree, pro or con, favorable or unfavorable) and its inten-
sity or strength. The third recommendation is to assess intensity, using a response
scale designed to capture this dimension (“Strongly disagree,” “Disagree some-
what,” etc.), a separate item, or multiple items that can be combined into a scale
that yields intensity scores. The fourth recommendation is to use bipolar items
except where they might miss some subtle distinction. For example, ask about
conflicting policies in a single item rather than asking about each policy alone:

Should the government see to it that everyone has adequate
medical care or should everyone see to his own medical care?

The “bipolar approach” forces respondents to choose between plausible alterna-
tives, thereby discouraging acquiescence. There are times, however, when this
approach misses subtleties. For instance, positive and negative emotions are not
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always strongly (negatively) related, and so it may make sense to include sepa-
rate questions asking whether something makes respondents happy and sad. The
fifth recommendation about the wording about attitude items concerns the conse-
quences of including middle (e.g., “neither agree nor disagree”) and no opinion
options. In general, these options should be included unless there is some com-
pelling reason not to. (For example, in an election poll, it is important to get those
leaning one way or the other to indicate their preferences; under those circum-
stances, middle and no-opinion options may be omitted.) The next guideline
advises that the only way to measure changes in attitudes is to compare apples
with apples — that is, to administer the same question at both time points.

The next two recommendations are designed to reduce the impact of question
order. If a questionnaire includes both a general question and more specific ques-
tions about the same domain, it is probably best to ask the general item first; oth-
erwise the answers to that item are likely to affected by the number and content
of the preceding specific items. (Recall our earlier discussion of how respondents
reinterpret a question on overall happiness when it follows one asking about mar-
ital happiness.) If the questionnaire includes several parallel questions that vary
in popularity (e.g., the GSS includes several similar items asking about support
for abortion under different circumstances), the unpopular ones are likely to seem
even less appealing when they follow the popular ones. Putting the unpopular
items first may yield more revealing answers.

The final six recommendations concern the format of the response scales that
are nearly ubiquitous with attitude items. The first of these recommendations (the
ninth overall) advises us to use closed attitude items rather than open-ended ones.
The latter are simply too difficult to code. The next recommendation gets more
specific, suggesting that five to seven verbally labeled scale points be used. Fewer
scale points lose information; more tend to produce cognitive overload. The ver-
bal labels help ensure that all respondents interpret the scale in the same way. If
the response options vary in popularity, more respondents will consider the less
popular ones when they come first than when they come later. If interviewers
administer the questions aloud, then respondents probably consider the last option
they hear first; in such cases, the least popular option should come at the end.

Other formats are also popular for attitude questions. The last three recom-
mendations concern analogue methods (such as feeling thermometers), rankings,
and check-all-that-apply items. When more than seven scale points are needed, an
analogue scale may help reduce the cognitive burden. For example, a “feeling
thermometer” asks respondent to assess their warmth toward public figures using
a scale that goes from 0 (indicating very cold feelings) to 100 (very warm).
Results suggest that respondents are likely to use 13 or so points on the scale.
Respondents have difficulty with unanchored numerical judgments (that is one
reason they tend to use round numbers) so it helps when the scale has both an
upper and a lower limit, as the feelings thermometer does. Respondents can also
be asked to rank various objects (e.g., desirable qualities for a child to have). As
the thirteenth guideline points out, the ranking task may exceed the cognitive
capacity of the respondents unless all of the items to be ranked are displayed on
a card that the respondents can look at while they rank the items. When that is
impossible (e.g., in a telephone interview), the researchers may have to fall back
on comparisons between pairs of objects. The final recommendation discourages
researchers from using check-all-that-apply items, since respondents are likely to
check only some of the items that actually apply to them (Rasinski, Mingay, and
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Bradburn, 1994). Asking respondents to say yes or no (agree or disagree, favor or
oppose, etc.) to each item on the list reduces this form of satisficing.

7.4.4 Self-Administered Questions

Sudman and Bradburn (and most other questionnaire design texts) focus on ques-
tionnaires for face-to-face and telephone interviews. In these settings, a trained
interviewer typically mediates between the respondents and the questionnaire. By
contrast, with mail questionnaires, it is up to the respondents to figure out which
questions to answer, how to record their responses, and how to comply with any
other instructions for completing the questionnaire. Jenkins and Dillman (1997,
see also Redline and Dillman, 2002) offer several recommendations for improv-
ing the chances that respondents will correctly fill out mail and other self-admin-
istered questionnaires. Here are their recommendations:

1) Use visual elements in a consistent way to define the desired path
through the questionnaire.

2) When the questionnaire must change its conventions part way through,
prominent visual guides should alert respondents to the switch.

3) Place directions where they are to be used and where they can be seen.

4) Present information that needs to be used together in the same location.

5) Ask one question at a time.

The “visual elements” mentioned in the first guideline include brightness,
color, shape, and position on the page. As we noted in Section 7.3.8, the question-
naire may set question numbers off in the left margin, put the question numbers
and question text in boldface, put any instructions in a different typeface from the
questions themselves, and use graphical symbols (such as arrows) to help guide
the respondents to the right question. When the questionnaire uses the same con-
ventions from beginning to end, it trains respondents in the use of those conven-
tions. Unfortunately, it is sometimes necessary to depart from the conventions set
earlier midway through a questionnaire. For example, the questions may switch
response formats. According to the second guideline, in such cases, the visual

A1. Were you working for pay or profit last week?
(Please circle the number of your answer.)

1. Yes
| 2. Not — Skip to A8

A2. How many hours did you work last week?

|:| hours (Please enter the number of hours.)

Figure 7.4 lllustration of use of visual contrast
to highlight response box.
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cues should make it very clear what the respondents are supposed to do. Figure
7.4 makes the switch from circling the number of the selected answer to writing
in the answer fairly obvious — the conirast between the white space for the
response and the shaded background calls attention to what the respondents are
now supposed to do and where they are supposed to do it.

The next two guidelines refer to the placement of instructions. The first page
of a self-administered form often consists of lengthy instructions for completing
the form. Jenkins and Dillman argue that respondents may simply skip over this
initial page and start answering the questions; or, if they do read the instructions,
the respondents may well have forgotten them by the time they actually need to
apply them. Respondents are more likely to notice and follow instructions when
they are placed right where they are needed. In Figure 7.4, instructions about how
to indicate ones answer (Please circle the number of your answer) comes just
before the answer options themselves. A related point is to put conceptually
related information physically together. For example, a respondent should not
have to look at the question and then look at the column headings to figure out
what sort of answer is required. All of the information needed to understand the
question should be in a single place.

Survey questions often try to cover multiple possibilities in a single item. For
example, the question about doctor visits on page 212 is complicated partly
because it covers doctors and other medical staff and face-to-face and telephone
consultations all in a single question. The temptation to ask multiple questions in
a single item can be especially strong in a self-administered questionnaire, where
an added item or two can mean adding a page to the form. But asking multiple
questions at once can impose a heavy interpretive burden on the respondents, who
may be unable to keep the full set of logical requirements in mind. Here is an
example discussed by Jenkins and Dillman:

How many of your employees work full-time and receive
health insurance benefits, how many work full-time without
health insurance benefits, and what is the average length of
time each type of employee has worked for this firm?

This item asks four separate questions: How many full-time employees get health
insurance benefits? On average, how long have they worked for the firm? How
many full-time employees do not get health insurance benefits? On average, how
long have they worked for the firm? Whatever savings in space this achieves is
likely to be offset by losses in understanding.

7.5 SUMMARY

Survey respondents engage in a series of processes involving comprehension,
memory retrieval, judgment and estimation, and reporting in the course of
answering survey questions. Some visually presented self-administered question-
naires also require the respondent to make navigational decisions that can affect
the flow of questions. Measurement of behaviors and attitudes seem to raise
somewhat different issues at the judgment and estimation step.

SUMMARY

The survey methodological literature containg many randomized experi-
ments that demonstrate how measurement errors can arise at each of the steps in
the response process. These include encoding problems, where the information
sought is not stored in memory in an accessible form; misinterpreting the ques-
tion because of wording or grammatical problems; forgetting and other memory
problems; estimation deficiencies in behavioral frequency questions; and judg-
ment effects arising from question context or the sensitivity of the question. Over
time, survey methodology has discovered tools to combat these problems. The
tools vary according to whether the question is a nonsensitive behavior question,
a sensitive behavior question, or an attitude question.

Alert readers will have noticed that this chapter spends about twice as much
time cataloguing the problems that affect questions than in detailing their cures.
There are several reasons for this, but the main one is that guidelines have their
limitations. Accordingly, we think the principles from which the guidelines are
derived are more important than the guidelines themselves.

What are these limitations of guidelines? First, any set of guidelines, no mat-
ter how comprehensive, cannot cover every situation. For example, some survey
researchers would argue that certain types of questions — questions about causal-
ity or questions about our reactions to hypothetical situations — are basically too
difficult to yield reliable answers. The guidelines we have presented omit this use-
ful advice. It is impossible to formulate rules that cover every possible contin-
gency. A second problem with guidelines is that every rule has its exceptions.
Sudman and Bradburn recommend against check-all-that-apply items — and we
generally agree with that advice — but the Census 2000 short form used that
approach in collecting data on race. Most survey researchers would agree that this
was a better solution than asking people if they are White (Yes or no?), Black (Yes
or no?), and so on through the list. The check-all-that-apply format gave people a
natural and efficient way to indicate a multiracial background. Still another limi-
tation on guidelines is that they sometimes offer conflicting advice. On the one
hand, we are supposed to specify the attitude object clearly but, on the other, we
are supposed to avoid double-barreled items. Our guess is that many double-bar-
reled items result from the effort to nail down the attitude object of interest.
Similarly, the effort to spell out vague everyday concepts (like doctor visits) can
lead to excessive complexity (see our discussion of the question on page 212).
The issue of conflicts between guidelines is an important one. Often, such con-
flicts represent tradeoffs between different, equally valid design considerations.
For example, including a middle option in an attitude item has the advantage that
it lets people who are actually in the middle accurately convey their views; it has
the drawback that it provides an easy out for respondents who do not want to
work out their position on the issue. It is not always easy to say which of the two
considerations should take precedence. Or, to cite another issue, breaking a com-
plicated item into simpler constituents may improve the answers but increase the
length of the questionnaire.

Ultimately, guidelines are simply about what will work well in a given situ-
ation. These hypotheses should be tested whenever possible. Even the most expe-
rienced questionnaire designers like to have data to help them make decisions
about questionnaires — after all, the proof of the pudding is in the eating. In the
next chapter, we turn to methods for testing questionnaires.
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EXERCISES

1) In an effort to gauge public support for a ground invasion of Irag, the (fic-

tional) Andrews Foundation conducted a recent poll that found that 72% of
Americans agreed with the following statement (phrased as an
“Agree/Disagree” question):

I would support President Bush's decision to use the US Armed
Forces to defend the national security interests of the United
States against the threat posed by Saddam Hussein.

EXERCISES

2)

3)

4)

5)

a) What are the critical aspects of the attitude measured by this question?
(Answer in 1-2 sentences.)

b) Do they meet the analytic goal of assessing public support for a ground
invasion of Iraq? Why or why not? (Answer in 3-4 sentences.)

Using what you know about constructing attitude questions, write a standard-
ized, interviewer administered questionnaire that you think will do a better
job capturing the direction and strength of public support for a ground inva-
sion of Iraq involving US troops. You may use more than one question, and
any question and response format you desire. Be sure to specify response cat-
egories (if any are used), and what information is read to respondents (as
opposed to interviewer instructions). Identify any skip patterns with appro-
priate formatting or notation.

There are many different ways you could approach this task. To get started,
you are free to do a search for questions used in actual surveys on this topic
(e.g., you might explore the Gallup or Pew Research Center Web sites). If
you use any items from other surveys; however, make sure that you identify
(1) which items these are and where you took them from, (2) how, if at all,
they have been revised, and (3) how your revisions meet the analytic goals of
your questionnaire. Note: just because a question has been used and is in the
public domain does not mean it is a good question. Your questionnaire should
be based on the principles and rules of thumb you have learned in this chap-
ter.

Write one or two paragraphs discussing how your questionnaire is derived
from the guidelines provided. Be specific. For example, if you used more
than one question, why did you start with the question you did? If you used
an 11 point response scale, why did you? How did you handle the tradeoffs
between the different options available to you, and how might these affect the
results of your questionnaire?

How does social desirability affect response? Describe two ways you could
reduce the effects of social desirability when asking respondents to report
their attendance of religious services.

Thinking about the cognitive processing models of the response task,
describe potential problems you see in the wording and response options for
this question:

Many people who own vehicles have vegular service work done
on them, such as having the oil changed. What kind of service
work do you usually have done on your vehicle? Specify one or
two. [Respondent reads the following response options to
choose from.]
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Oil changes

Fluid replacement
Tune-up

Body repair
Warranty-related services
Tire care

Transmission overhaul
Air conditioner treatment

6) For each of the items below, diagnose the problem(s) with the questions.
Then, based on that diagnosis, suggest improved wording that solves the
problem.

a) During the past four weeks, beginning [DATE FOUR WEEKS AGO]
and ending today, have you done any housework, including cleaning,
cooking, yard work, and household repairs, but not including any activ-
ities carried out as part of your job?

b) In the past week, how many times did you drink alcoholic beverages?

¢) Living where you do now and meeting the expenses you consider neces-
sary, what would be the smallest income (before any deductions) you
and your family would need to make ends meet each month?

d) During the past 12 months, since [DATE], about how many days did ill-
ness or injury keep you in bed more than half the day? Include days
while you were an overnight patient in a hospital.

7) Briefly give two reasons why it may be wise to avoid questions of the
agree—disagree form.

CHAPTER EIGHT

EVALUATING SURVEY QQUESTIONS

8.1 INTRODUCTION

Chapter 2 described two main sources of error in survey statistics - errors of
nonobservation (when the characteristics of the set of respondents do not match
those of the population from which they were drawn) and observation or meas-
urement error (when the answers to the questions are not good measures of the
intended constructs). This chapter examines methods for evaluating survey ques-
tions and for determining how much measurement error they introduce into sur-
vey statistics.

Question evaluation has two components. First, it assesses the issues dis-
cussed in Chapter 7, such as how well questions are understood or how difficult
they are to answer, which affect the quality of measurement. Survey researchers
evaluate question comprehension, difficulty in memory retrieval, and related
issues primarily by observing people trying to understand and answer the ques-
tions. The assumption is that questions that are easily understood and that pro-
duce few other cognitive problems for the respondents introduce less measure-
ment error than questions that are hard to understand or that are difficult to
answer for some other reason. Second, question evaluation assesses how well the
answers correspond to what we are trying to measure - that is, directly estimat-
ing measurement error. To do this, survey methodologists either compare the sur-
vey answers to some external source or repeat the measurement. The comparison
to an external source addresses issues of validity or response bias; the repetition
of the measure addresses issues of reliability or response variance. We discuss the
practical techniques for estimating these errors in Section 8.9.

There are three distinct standards that all survey questions should meet:

1) Content standards (e.g., are the questions asking about the right things?)

2) Cognitive standards (e.g., do respondents understand the questions con-
sistently; do they have the information required to answer them; are they
willing and able to formulate answers to the questions?)

3) Usability standards (e.g., can respondents and interviewers, if they are
used, complete the questionnaire easily and as they were intended to?)

Different evaluation methods are relevant to the three different standards. After
discussing some of the major tools for assessing questions, we will return to the
question of how the different tools provide information related to each standard.

One of the major advances in survey research in the past 20 years has been
increased attention to the systematic evaluation of questions. There are at least
five different methods that researchers can use to evaluate draft survey questions:

content
standards

cognitive
standards

usability
standards
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1) Expert reviews, in which subject matter experts review the questions to
assess whether their content is appropriate for measuring the intended
concepts, or in which questionnaire design experts assess whether the
questions meet the three standards for questions given above.

2) Focus group discussions, in which the survey designers hold a semi-
structured ("focused") discussion with members of the target population
to explore what they know about the issues that the questionnaire will
cover, how they think about those issues, and what terms they use in
talking about them.

3) Cognitive interviews, in which interviewers administer draft questions
in individual interviews, probe to learn how the respondents understand
the questions, and attempt to learn how they formulate their answers.

4) Field pretests, in which interviewers conduct a small number of inter-
views (typically, fewer than 100) using sampling and field procedures
similar to the full-scale survey and in which (a) debriefings with the
interviewers may be held (to gain their insights into the problems they
had in asking the questions or those the respondents had in answering
them); (b) data may be tabulated and reviewed for signs of trouble (such
as items with high rates of missing data); and (c) recordings of inter-
views may be made and behavior coded (to provide quantitative data
about questions that are difficult to read as worded or hard for respon-
dents to answer; see Fowler and Cannell, 1996).

5) Randomized or split-ballot experiments, in which different portions of
the pretest sample receive different wordings of questions attempting to

_ measure the same thing (Fowler, 2004; Schuman and Presser, 1981;
Tourangeau, 2004).

The following sections describe how these evaluation activities are carried out in
practice.

8.2 EXPERT REVIEWS

As we noted earlier, both subject matter experts and questionnaire design experts
may review a draft of the questionnaire. We focus on the role of questionnaire
design experts, but emphasize that a review of the questionnaire by substantive
experts is also essential to ensure that the questionnaire collects the information
needed to meet the analytic objectives of the survey. The experts review the word-
ing of questions, the structure of questions, the response alternatives, the order of
questions, instructions to interviewers for administering the questionnaire, and
the navigational rules of the questionnaire.

Sometimes, the experts employ checklists of question problems. Over the
years, many writers have published lists of principles for good survey questions,
starting at least as far back as Payne (1951). Initially, the lists were based prima-
rily on the writers' opinions and judgments. Over time, they have been increas-
ingly informed by cognitive testing, behavior coding of pretest interviews, or psy-
chometric evaluations. We have presented our own list of guidelines (adapted
from Sudman and Bradburn, 1982) in Section 7.4.

A difficulty with the items on such lists is that they are subject to interpreta-
tion and judgment. Thus, a basic standard for survey questions is that they should

FOCUS GROUPS

be understood in the same way by all respondents, and this understanding should
match the one the authors of the question intended. There is no argument about
the principle, but even experts looking at the same question can disagree about
whether a question is likely to be ambiguous. For that reason, the primary use for
a checklist is to guide preliminary review of questions that, in turn, are targeted
for some additional form of testing.

There have been several attempts to develop more detailed and explicit sys-
tems for assessing potential problems with questions. Lessler and Forsyth (1996)
present one of the most detailed, distinguishing more than 25 types of problems
with questions, largely derived from a cognitive analysis of the response process
similar to the one presented in Section 7.2. Graesser and his colleagues (Graesser,
Bommareddy, Swamer, and Golding, 1996) distinguish 12 major problems with
questions, most of them invoiving comprehension issues, and they have devel-
oped a computer program that can apply these categories to draft questions, serv-
ing as an automated but rough expert appraisal (Graesser, Kennedy, Wiemer-
Hastings, and Ottati, 1999). The dozen problems distinguished by Graesser and
colleagues include:

1) Complex syntax
2) Working memory overload
3) Vague or ambiguous noun phrase
4) Unfamiliar technical term
5) Vague or imprecise predicate or relative term
6) Misleading or incorrect presupposition
7) Unclear question category
8) Amalgamation of more than one question category
9) Mismatch between the question category and the answer options
10) Difficult to access (that is, recall) information
11) Respondent unlikely to know answer
12) Unclear question purpose

Graesser's model of the question answering process assumes that the listener first
decides what type of question has been posed (e.g., a yes-no or a why question);
thus, when the type of question is unclear or more than one type is involved, it
creates problems for respondents.

8.3 Focus GRoOUPS

Before developing a survey instrument, researchers often recruit groups of volun-
teers to participate in a systematic discussion about the survey topic. A “focus
group” discussion is a discussion among a siall number (six to ten) of target pop-
ulation members guided by a moderator (see Krueger and Casey, 2000). The
group members are encouraged to express their viewpoints and to feel comfort-
able disagreeing with the perspectives of others. Group members are free to influ-
ence one another in their ideas.

The researcher spends considerable effort structuring the discussion topics,
in order to target key issues in the subject area. At an early stage of survey devel-
opment, focus groups might help the researcher learn about the common nomen-

focus group
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clature of concepts, how terms are used, what common perspectives are taken by
the population on key issues, etc. Groups might discuss reactions to alternative
recruitment protocols for the sample members or perceptions of the sponsor of the
survey.

The moderator attempts to create an open, relaxed, permissive atmosphere.
Good moderators subtly keep the group on target and make seamless transitions
across topics. Good moderators encourage all focus group members to partici-
pate, drawing out the shy members, and politely closing off the dominant speak-
ers. They listen carefully to each participant’s comments, and when new observa-
tions are made, seek reactions of other group members about the observations.
The moderators are guided by a set of topic areas that are to be discussed. They
are not scripted in their questions or probes. Thus, they need to know the research
goals quite well in order to answer questions from the group members.

Usually, there is an attempt to choose focus group members who are homo-
geneous on key dimensions related to the topic. For example, a focus group in
preparation for a survey of about employment search may separate those persons
interested in salaried versus hourly positions. If the survey is to be conducted on
diverse subpopulations, then separate focus groups may be mounted for each sub-
population.

Sometimes, focus groups are held in specially designed rooms, with one-way
mirrors, to permit the research team to observe the group, and to allow unobtru-
sive audio/video recording of the group. Sometimes, the product of the group is a
set of written notes summarizing key input; other times, a full transcript of the
group is produced. With videotaped groups, edited videotape segments can sum-
marize the key findings.

Focus groups are common tools in the early stages of questionnaire develop-
ment, in order to learn what respondents know about the topic of the survey.

Focus groups have three main attractions to the questionnaire designer:

1) They are an efficient method for determining what potential respondents
know and what they do not know about the survey topics and how they
structure that knowledge. For example, in a survey on health insurance,
it is useful to know what types of insurance plans respondents are aware
of and what they know (or think they know) about each type of plan. It
is also useful to have a sense of which issues or dimensions respondents
think are important (and which they think are unimportant). Finally, it is
helpful to know how potential respondents think about the issues and
how they categorize or group them. For example, in a survey on health
insurance, respondents may see health maintenance organizations
(HMOs) as very different from other types of health service plans. This
sort of information may help the researchers structure the questionnaire
to promote the most accurate reporting.

2) TFocus groups are also a good method for identifying the terms that
respondents use in discussing the topic and exploring how they under-
stand these terms. A key goal in designing survey questions is to use
words that are familiar to the respondents and consistently understood
by them. Focus groups provide an excellent opportunity to hear how
potential respondents spontaneously describe the issues involved and
how they understand candidate words or terms.

COGNITIVE INTERVIEWS

3) Survey questions ask respondents to describe something they know
about. Whether the questions concern subjective states (such as feelings,
opinions, or perceptions) or objective circumstances or experiences, the
questions are best designed if researchers have a firm grasp of the under-
lying realities that respondents have to report. Thus, a final function of
focus groups is to convey to researchers what respondents have to say on
the survey topic. Leading a focus group through the various topics to be
covered by a survey and getting a sense of the range of experiences or
perceptions that respondents will be drawing upon to form their answers,
enables researchers to write questions that fit the circumstances of the
respondents.

The strength of the focus group is that it is an efficient way to get feedback
from a group of people. There are, however, three main limitations of focus

groups:

1) Participants in focus groups are not necessarily representative of the sur-
vey population, so one cannot generalize about the distribution of per-
ceptions or experiences from focus groups alone.

2) A focus group is not a good venue for evaluating wording of specific
questions or for discovering how respondents arrive at their answers.
Focus groups can give a sense of the range and kinds of differences
among members of the survey population. However, assessing the word-
ing of specific questions and evaluating the cognitive issues associated
with the questions are done more easily with a one-on-one testing proto-
col.

3) Because the information gathered from the discussion is rarely quantita-
tive, there is the potential for the results and conclusions to be unreliable,
hard to replicate, and subject to the judgments of those who are conduct-
ing the groups.

Despite these limitations, focus groups are efficient ways of gathering qualitative
information about the survey topic from the perspective of the target population
prior to imposing the structure of a survey questionnaire.

8.4 CoGNITIVE INTERVIEWS

In 1983, the US National Research Council (NRC) held a workshop that brought
cognitive psychologists and survey research methodologists together to explore
their potential mutual interests. One of the outgrowths of the workshop was that
survey researchers began to explore the value of techniques developed by cogni-
tive psychologists to find out how people understand and answer questions
(Jabine, Straf, Tanur, and Tourangeau, 1984; Schwarz and Sudman, 1987).
Schuman and Presser (1981) and Belson (1981) had presented evidence indicat-
ing considerable misunderstandings of survey questions years before; the papers
spawned by the NRC workshop sparked more widespread interest in learning
how questions are understood and answered by survey respondents.
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One of the methods discussed at the workshop was the use of cognitive inter-
viewing to test survey questions. Cognitive interviewing is based on a technique
called “protocol analysis” that was invented by Simon and his colleagues (see, for
example, Ericsson and Simon, 1980, 1984). “Protocol analysis” asks subjects to
think aloud as they work on the problems and records their verbalizations. Simon
was interested in the processes by which people solve different kinds of problems,
such as proving simple mathematical theorems or playing chess. The term “cog-
nitive interviewing” is used somewhat more broadly to cover a range of cogni-
tively inspired procedures. These include:

1) Concurrent think-alouds (in which respondents verbalize their thoughts
while they answer a question)

2) Retrospective think-alouds (in which respondents describe how they
arrived at their answers either just after they provide them or at the end
of the interview)

3) Confidence ratings (in which respondents assess their confidence in their
answers)

4) Paraphrasing (in which respondents restate the question in their own
words)

5) Definitions (in which respondents provide definitions for key terms in
the questions)

6) Probes (in which respondents answer follow-up questions designed to
reveal their response strategies)

This list is adapted from a longer list given by Jobe and Mingay (1989); see
also Forsyth and Lessler (1992).

As the list suggests, there is no single way that cognitive interviewing is
done. Typically, the respondents are paid volunteers and the interview includes
some draft questions along with probes or other procedures for discovering how
the respondents understood the questions and arrived at their answers.
Respondents may also be asked to think aloud as they answer some or all of the
questions. The interviewers may be research scientists, cognitive psychologists,
experts in survey question methodology, interviewers with special training in
question evaluation, or standardized interviewers with no special training.

Different organizations and different interviewers use different techniques or
mixes of techniques to gather information in cognitive tests. Some rely on pre-
scripted probes; others emphasize think-alouds. Some ask for retrospective pro-
tocols immediately after a question is administered; others collect them at the end
of the interview. There are also different methods for recording the information
from cognitive interviews, which range from the formal (e.g., videotaping the
interviews, making and transcribing audiotapes) to the informal (having the inter-
viewer make notes during the interviews).

Although the use of cognitive testing is growing and the technique appears
to give valid insights, there is a critical need for empirical studies of the reliabil-
ity of findings from cognitive interviews, their value in improving data quality,
and the significance of the many variations in the way cognitive interviews are
done. DeMaio and Landreth (2004) have conducted the most comprehensive
study to date, which showed that different approaches to cognitive testing can
produce similar results. Still, their study shows considerable differences among

FIELD PRETESTS AND BEHAVIOR CODING

three teams assessing the same questions
in which questions they identified as hav-
ing problems, which problems they
thought the questions had, and how they
proposed to fix them. In addition, observa-
tional studies examining what happens
during cognitive interviews indicate con-
siderable variation across interviewers
(Beatty, 2004). On the other hand, Fowler
(2004) provides examples of questions,
revised based on cognitive testing, that
result in apparently better data. As yet,
though, evidence is limited about the
extent to which cognitive testing generally
improves survey data (Willis, DeMaio,
and Harris-Kojetin, 1999; Forsyth,
Rothgeb, and Willis, 2004).

8.5 FIELD PRETESTS AND
BEHAvVIOR CODING

“Pretests” are small scale rehearsals of the
data collection conducted before the main
survey. The purpose of a pretest is to eval-
uate the survey instrument as well as the
data collection and respondent selection
procedures. Pretests with small samples
(often done by relatively small numbers of
interviewers) have been standard practice
in survey research for a long time.
Historically, pretests have yielded two
main types of information about the sur-
vey and the survey questionnaire. First, the
views of the interviewers have often been
solicited in “interviewer debriefings.”
These are a bit like focus groups with the
pretest interviewers, in which the inter-
viewers present their conclusions about
problem questions and other issues that
surfaced in the pretest. Often, the inter-
viewers offer suggestions about how to
streamline the procedures or improve the
questions. The second type of information
to emerge from pretests is quantitative
information based on the responses. The

data collected during a pretest