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CHANCE ENCOUNTERS

Census 2000:

ne of a statistician’s main jobs is

to estimate unknown quantities.

“Basic training” in the science of
estimation occurs in the typical under-
graduate course in mathematical statis-
tics, which focuses on problems of the
following kind: A random sample of size
n is drawn from a large population of in-
dividuals or items. The goal is to esti-
mate the value of some important char-
acteristic of the population, referred to
as a parameter. For example, one might
wish to estimate the mean lifetime of a
certain brand of light bulb, or the pro-
portion of bulbs that will fail before the
time given in the manufacturer’s guaran-
tee. Values of the variable of interest are
measured for each member of the sample,
then used to form the parameter estimate.

The subject of mathematical statistics
addresses the question of how to effi-
ciently use sample measurements to es-
timate parameters. A sample is repre-
sented mathematically by n indepen-
dent random variables with a common
probability distribution. This distribu-
tion models the variation in a certain
variable (e.g., lifetimes of light bulbs)
throughout the population.

As normally only a portion of the
population is sampled, an estimate will
almost certainly deviate from the actual
parameter value. The resulting differ-
ence is known as the sampling error. By
analyzing the performance of various es-
timators mathematically it is often pos-
sible to determine an optimal procedure
that minimizes the likely size of the sam-
pling error.

MARK SCHILLING is Professor of Mathemat-
ics at California State University, Northridge.
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Count on Controversy

Not a Classroom Problem

Counting the number of residents of the
United States on April 1, 2000, the next
official census date, is an entirely dif-
ferent sort of estimation problem from
the type described above. First, the
parameter of interest is the unknown size
of the population itself. And the word
census means a complete enumeration
of the population—that is, the sample is
the entire population, not a proper sub-
set of it. Clearly with a full enumera-
tion, there is no sampling error, and in
principle no error whatsoever in the
result. This is why censuses receive scant
mention in most mathematical statistics
courses, where the main goal is to quan-
tify and minimize the error that arises
due to sampling.

The United States Census takes place,
however, not in the classroom but in the
real world, and there is indeed a con-
siderable error in the result. Counting
all U.S. residents is a daunting task that
has become harder with each census.
Here are some of the reasons:

* At close to 270 million people, the
U.S. population is larger and more
diverse than ever before. The first
census, directed by Thomas
Jefferson, found less than 4 million
residents.

* The Bureau conducts the initial and
primary phase of the census by mail.
However, the rate of voluntary re-
sponse to the mailed census question-
naire (before further prompting) has
declined significantly, from approxi-
mately 85% in 1970 to 75% in 1980
to only 63% in 1990.

* Large numbers of people are home-
less or live in rented garages, trail-
ers, etc. Clearly these individuals are

extremely difficult to find and count.
Many, such as criminals and illegal
aliens, do not want to be found.

* More people enter and leave the
country than ever before. This in-
cludes undocumented workers such
as crop pickers who migrate accord-
ing to seasonal patterns.

With a projected cost for the 2000
Census of approximately $4 billion dol-
lars, the United States Census is the most
expensive estimation problem in the
world. To appreciate the difficulties in
obtaining an accurate count, consider
the following analogy provided by
Tommy Wright, chief of the Statistical
Research Division of the U.S. Bureau
of the Census [1]: Suppose someone asks
you to count the number of people in
attendance at a local high school bas-
ketball game, and to make the count
during half-time. Many spectators will
go for refreshments or to the restroom,
while some will leave the arena alto-
gether. Some fans will switch seats. Play-
ers, coaches and referees will be in the
locker rooms. Could you just use the
ticket count? No, because some persons
are admitted without tickets and some
who purchased tickets do not come to
the game. Any counting procedure you
attempt certainly will miss many people
while counting others more than once.

The difference between the actual
population and the estimated popula-
tion is known asmeasurement error. One
of the Census Bureau’s main goals is to
minimize this error for the United States
as a whole. But there is more: When
Congress established the United States
decennial census in 1790, its main pur-
pose was to provide a basis for a fair
apportionment of congressional seats to
each state in the Union. In this century



the census has also become used for di-
viding the enormous amounts of fed-
eral funds (billions of tax dollars per
year) that are distributed to the states.
Thus the Bureau attempts to obtain
counts that are as accurate as possible
for the United States as a whole as well
as for each of the many thousands of
local regions that together comprise the

U.S., all while attempting to limit costs.

Sampling: More From Less?

Although the national census is con-
ducted only once every ten years, the
Census Bureau continually conducts sur-
veys and analyses for other purposes.
This makes it possible to obtain an idea
of the measurement error in a given de-
cennial census. For the 1990 Census,
the official count was 248,709,873
people, while evidence from other sur-
veys and demographic analyses indi-
cated a true population of approximately
253,000,000. The 1990 Census therefore
produced anundercount of around 4 mil-
lion people. Each census since at least
1940, and possibly all of them, have evi-
dently resulted in a sizable number of
persons being missed. However, the 1990
Census was the first to have an estimated
undercount larger than that of the pre-

270 MILLI

$4,000,000,000

ceding one, despite being the most ex-
pensive census on record.

How might the Bureau reverse this
trend? Surprisingly, improving the ac-
curacy of the census (reducing the mea-
surement error, 1.e., the undercount)
may require utilizing a certain amount
of selective sampling (thus introducing
some sampling error). A more accurate
count might be obtained by not trying
to count everybody. Accordingly, here
iswhat the Census Bureau has proposed
for the 2000 Census:

The United States population is di-
vided into approximately seven million
census blocks—essentially, neighbor-
hoods, each containing perhaps 15 to
50 housing units. A fract is a contigu-
ous collection of such blocks. The Bu-
reau has formulated a plan to employ
conventional counting methods in the
first phase, then use sampling to bring
the count up to at least 90% of the total
population (as estimated by prior sur-
veys by the Bureau and other agencies
and by demographic projections) in
each tract. That is, within each tract
whose initial response rate is below 90%,
arandom sample of the nonresponding
units would undergo follow-up efforts to
contact enough individuals to reach the
90% quota. (Initially, the Bureau had

planned to let census enumerators use
their own discretion in deciding how
to achieve the 90% quota, but received
criticism for the subjectivity and poten-
tial biases that enumerators might in-
troduce into the process.)

Finally, the Bureau would make a sta-
tistical estimate of the number of remain-
ing persons missed, using the informa-
tion obtained from the units that re-
sponded in the follow-up sample. To-
taling the conventional count with the
follow-up count and the estimate of those
missed by both counts would then give
the overall estimated population of each
tract. The Bureau would then estimate
the total U.S. population by summing
over all of the tracts in the United States.

Census Bureau officials have also de-
vised a strategy for using sampling to pro-
vide a quality check on the accuracy of
the estimated counts. What's more, this
plan offers the potential to actually im-
prove the original count: Entirely inde-
pendently of the main census count, the
Bureau proposed selecting a random
sample of approximately 25,000 blocks
nationwide. Census workers would visit
each housing unit within these blocks
and attempt to determine the populations
of these blocks. As in the main census,
some people will again be missed.
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The Bureauwould then havefwo num-
bers for each region of the country and
for the country as awhole, both expected
to be wrong—specifically, too small. How
can this information be used to create one
potentially very good count?

The answer lies in a time-tested sta-
tistical procedure known as the capture-
recapture method. Imagine that you wish
to estimate the number of perch in a
certain lake. By fishing simultaneously
in several areas carefully distributed
within the lake your research team
catches, tags and releases 40 perch (cap-
ture). Now you send your team out to
fish again. This time they capture 50
perch, of which 8 are tagged. Since one-
fifth (8 out of 40) of the tagged fish
caught are tagged (recapture), one could
conclude that approximately one-fifth
ofall of the perch in the lake were caught
this time. Thus the total number of
perch in the lake is estimated as 50 X 5
= 250. (This assumes, of course, that
tagged fish were neithermore likely nor
less likely to be caught than untagged
fish. Conceivably, tagged fish could be
more gullible than other perch in the
lake. Conversely, they could be more
cautious than untagged fish during the
recapture phase, having been caught
once already.)

The capture-recapture estimate above
can be written as (40 X 50) + 8. Simi-
larly, then, the Census Bureau’s capture-
recapture estimate of the human popu-
lation of a given region would be the

product of the two census counts de-
scribed above divided by the number of
people found in both counts. The reli-
ability of these new figures will depend
on assumptions analogous to those in-
volving the likelihood of tagged perch
being recaptured. Specifically, it is cer-
tainly plausible that people who were
hard to find by the mail portion of the
survey and the follow-up to achieve 90%
coverage will also be hard to find by the
door-to-door survey of 25,000 blocks.

Will They or Won’t They?

The Census Bureau believes that sam-
pling has the potential to produce a
more accurate census at lower cost. The
National Academy of Sciences, the
American Statistical Association, and
several other independent agencies sup-
port that view. Yet it now looks as if sam-
pling may not be used at all for Census
2000. The United States Census, unfor-
tunately, has become a political football.

The reason is that the level of
undercounting varies dramatically by
income status and ethnicity, being much
higher for poor communities and for
people of color. Partly as a result, the
undercount also tends to be greater for
large urban centers. Potential voters in
these categories are more likely to be
Democratic than Republican. Thus it is
not surprising that the President and
most Democratic governors and legis-
lators support the use of sampling to

enumerate missing individuals. Con-
versely, Republicans almost universally
oppose sampling.

Although political disputes over the
census are not new—George Washing-
ton issued the first presidential veto in
disagreement with Congress’ interpre-
tation of the 1790 census figures—the
contemporary level of controversy over
how the census should be conducted is
unprecedented. Numerous lawsuits were
heard over the last several years regard-
ing the 1990 Census. The issue was
whether to use the original census count
or a different number that attempts to
correct for the undercount. The Su-
preme Court ultimately ruled in favor
of the original, unadjusted count [2].

The 2000 Census is embroiled in a
similar controversy. On August 24th of
this year, a special panel of the federal
appeals court ruled that the Census Bu-
reau may not use statistical sampling in
the next census. The Justice Department
has appealed this decision to the Su-
preme Court, which will hear arguments
at the end of this month. A final ruling

is expected no later than March 1999.
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