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Population and 
Political Power

Lesson5
One of the most important tasks for demographers is conducting census counts
of populations to determine fair representation in government. The Constitution
of the United States requires a complete national census every ten years. On the
basis of the census results, there are often changes in the number of representa-
tives to Congress from the various states.

In the United States Congress, every state has two senators, but the House of
Representatives has 435 members who are elected by states in proportion to their
populations. For example, in the 2000 census, California had an official popula-
tion of 33,930,798. This was about 12% of the total U.S. population. California
was allotted 53 representatives. There is a special requirement that each state
must have at least one representative, regardless of its population.

Think About This Situation

As you can imagine, individual states are very interested in census results
because they determine power in the federal government.

Based on what you know of recent population trends, which states or
regions are likely to gain representatives after the census in 2010?
Which are likely to lose seats?

Census results for individual states rarely lead to exact whole number
results for representatives. For example, the exact calculation for
California in 2000 suggests assigning 52.44715393 representatives.
How do you think this problem should be dealt with in assigning con-
gressional representatives to states?

For many years, national censuses were conducted by sending Census
Bureau staff members to every home address in the country. In recent
years, those home visits have been replaced for many of us by mailed
response forms. In planning for the year 2000 census, the Census
Bureau proposed a technique that included projection of population
totals from statistical samples, rather than collecting data from every
household. Some politicians resisted this proposal. What groups of
people do you think objected and why?
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Deciding Political Representation

The following table, on pages 681–682, gives some data about population and
political representation in the 50 United States from the 2000 census, with pro-
jections for the year 2010. The states are grouped into geographic regions, and
populations are rounded to the nearest 1,000 people.
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Projected
2000 2010

Population 2000 Population
State (in 1000s) Representatives (in 1000s)
Northeast

New England
Maine 1,278 2 1,323

New Hampshire 1,238 2 1,329

Vermont 610 1 651

Massachusetts 6,356 10 6,431

Rhode Island 1,050 2 1,038

Connecticut 3,410 5 3,400

Middle Atlantic
New York 19,005 29 18,530

New Jersey 8,424 13 8,638

Pennsylvania 12,301 19 12,352

Midwest

East North Central
Ohio 11,375 18 11,505

Indiana 6,091 9 6,318

Illinois 12,439 19 12,515

Michigan 9,956 15 9,836

Wisconsin 5,371 8 5,590

West North Central
Minnesota 4,926 8 5,147

Iowa 2,932 5 2,968

Missouri 5,606 9 5,864

North Dakota 644 1 690

South Dakota 757 1 826

Nebraska 1,715 3 1,806

Kansas 2,694 4 2,849

INVESTIGATION 1
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Projected
2000 2010

Population 2000 Population
State (in 1000s) Representatives (in 1000s)
South

South Atlantic
Delaware 785 1 817

Maryland 5,308 8 5,657

Virginia 7,101 11 7,627

West Virginia 1,813 3 1,851

North Carolina 8,068 13 8,552

South Carolina 4,025 6 4,205

Georgia 8,207 13 8,824

Florida 16,029 25 17,363

East South Central
Kentucky 4,049 6 4,170

Tennessee 5,700 9 6,180

Alabama 4,461 7 4,798

Mississippi 2,853 4 2,974

West South Central
Arkansas 2,680 4 2,840

Louisiana 4,480 7 4,683

Oklahoma 3,459 5 3,639

Texas 20,904 32 22,857

West

Mountain
Montana 905 1 1,040

Idaho 1,297 2 1,557

Wyoming 495 1 607

Colorado 4,312 7 4,658

New Mexico 1,824 3 2,155

Arizona 5,141 8 5,522

Utah 2,237 3 2,551

Nevada 2,002 3 2,131

Pacific
Washington 5,909 9 6,658

Oregon 3,429 5 3,803

California 33,931 53 37,644

Alaska 629 1 745

Hawaii 1,217 2 1,440

Total 281,428 435 297,154

Source: www.census.gov; Congressional Apportionment: Census 2000 Brief, 
July 2001
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1. By entering these data into a suit-
able spreadsheet, you can explore
different methods for allotting rep-
resentatives to states and the way
that population trends will lead to
changes in national political power.

First create a basic spreadsheet
containing the population and repre-
sentation data by state according to
the 2000 census. To help in sorting
the state data by population and representation, it will be convenient to put
number codes for states and regions from 1 (for Northeast) to 63 (for Hawaii)
in column A. Then the state names can go in column B, the 2000 census fig-
ures (in 1,000s) in column C, the number of representatives according to the
2000 census in column D, and the projected 2010 population in column E.
Save this spreadsheet so that you can make many variations without reenter-
ing the data.

a. Now focus on the question of how the number of representatives from
each state is determined. In the basic U.S. population spreadsheet, delete
the column E data on year 2010 population estimates. Replace those
entries with formulas calculating the numbers of representatives to which
each state would be entitled on a strict proportional basis, including frac-
tional parts to two-decimal-place accuracy.

b. Compare these “exact” figures to the actual whole numbers in use during
the 2000s, and see if you can determine how the allotment of representa-
tives to states rounds fractional parts to whole numbers.

2. Next do some calculations that might help to project changes in representa-
tion after the year 2010 census. Begin with the original spreadsheet that
includes year 2010 population estimates in column E. Add two new columns
to show the projected growth rates for each state from 2000 to 2010. Put the
growth in number of people in the first of these new columns and the percent
growth in the next column.

a. Based on projections of growth in number of people, what states seem
most likely to gain representation in Congress as a result of the 2010 cen-
sus? Which seem most likely to lose representation?

b. How do the percent growth rates give a different picture than the growth
rates in numbers of people? Is the state with greatest percent growth rate
the most likely to gain a representative? Is the state with lowest percent
growth rate most likely to lose a representative?

c. Which of the growth trends shown in the table are most consistent with
things you have heard about population change in our country and which
are surprising?
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As you explored the relationship between state populations and numbers of repre-
sentatives in the United States Congress, you probably discovered a variety of
complications caused by the frac-
tions that arise from proportional
calculations. For example, it appears
that in 2000 North Carolina was
entitled to 12.47 representatives and
Utah to 3.46 representatives. Nor-
mal rounding rules would suggest
decreasing each to the nearest whole
number: 12 for North Carolina and 3
for Utah. However, North Carolina
actually got 13 and Utah got 3. If you applied standard rounding rules, you also
found that a total of 433 representatives would be required.

3. Since change in the number of representatives from a state can mean a loss
of political power for a state or loss of a job for someone in office, there have
been many different proposals on how to deal with those fractions. The stan-
dard starting point in all schemes is the people-per-representative rate. Based
on results from the 2000 census, that figure (in 1,000s) is �28

4
1
3
,4
5

28
� ≈ 646.96.

To find the number of representatives for each state, you can then simply
divide the state population by the people-per-representative rate. For example,
California, with 33,931,000 people would be entitled to 33,931 � 646.96 =
52.45 representatives. The question is: “What should be done with the frac-
tions?” Brainstorm with classmates on possible ways to “deal with” the
fractions in assigning representatives.  

4. Alexander Hamilton, Secretary of the Treasury during the presidency of
George Washington, proposed the following procedure (adapted to the cur-
rent 435-seat House):

� Calculate the exact number of representatives to which each state is enti-
tled, including fractional parts.

� Round the exact calculations down to the nearest lower integer value.

� Add the 50 integer values and see how far short of 435 the total is.

� Add single representatives to the states with highest fractional parts in the
exact calculation stage until a total of 435 is achieved.

The “Hamilton method” (or “Vinton method”) was used from 1850 to 1900.
Use your basic spreadsheet created from the 2000 census data to test Hamilton’s
method. You can do the rounding with cell formulas like F2:=INT(E2). You can
try to scan the fractional parts to see which are larger, or you can create a col-
umn containing only the fractional parts and then ask the spreadsheet to order
those values from largest to smallest. The commands for ordering data in
columns or rows are generally listed on the Data menu of a spreadsheet with the
key word SORT.
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a. How do the assigned numbers of representatives under Hamilton’s method
compare with the actual numbers of representatives allotted after the 2000
census?

b. What advantages and disadvantages can you see for Hamilton’s method?

5. Thomas Jefferson, the third President of the
United States, proposed a different procedure
for assigning numbers of representatives in
case of fractional results in the exact propor-
tional calculations. The “Jefferson method”
was used from 1790 to 1830. This method
(adjusted to current conditions) is as follows:

� As Hamilton suggested, calculate exact
proportional values and round them down
to the nearest integer values.

� Then, instead of adding single representa-
tives to selected states, revise the people-
per-representative rate of 646.96 until the 
total of whole numbers of representatives sums to the desired 435.

To experiment to find a suitable rate, it might help to put the people-per-
representative ratio in cell F2, and then refer to it with fixed reference in
the formulas of column E.

a. Begin with F2 as 645 and E4 as the formula =INT(C4/$F$2) and then fill
down column E. Keep an eye on the integer total at the bottom of column
E as you experiment with different values of F2. Keep a record of any val-
ues of F2 that give 435 representatives.

b. Compare the results of using Jefferson’s procedure with the actual assign-
ment of representatives used after the 2000 census and with the values
obtained by use of Hamilton’s procedure. For which states do the methods
give different numbers of representatives?

c. What advantages or disadvantages can you see for Jefferson’s method?

6. John Quincy Adams, another early United States
president, proposed a mirror image of Jefferson’s
procedure. Instead of rounding down at the start,
he proposed rounding up first and then adjusting
the people-per-representative rate. (This method
was never put into use.)

a. Explain why the formula E4:=INT(C4/$F$2)+1
will round the entry in that cell up to the nearest
integer.

b. Apply Adams’ method until a suitable distribution of 435 representatives is
achieved. Then compare the results and the people-per-representative rate
to those produced by Jefferson’s method.
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7. Construct a table showing the numbers of representatives allotted by each of
the three procedures—Hamilton’s, Jefferson’s, and Adams’s—and see if you
can find any patterns in the data suggesting which would be preferred by
large states and which by small states.

8. The actual method of apportionment used by the United States Congress
today was devised by mathematicians Edward Huntington and Joseph Hill. It
is based on the geometric mean of two numbers a and b, which is the square
root of their product. The Huntington-Hill strategy works as follows:

� Calculate the proportional representation for each state and round those
values both down and up to the nearest integer values.

� Calculate the geometric mean of the two rounded values.

� If the proportional representation for a state is less than the geometric
mean, choose the lower integer value; if it is greater than the geometric
mean, choose the higher integer value.

� Adjust the people-per-representative rate until a total of 435 representa-
tives is obtained.

For example, in 2000 the exact proportional representation for Colorado
would have been 4,312 � 646.96 = 6.67. This rounds down to 6 and up to 7.
The geometric mean of those two numbers is 6.48. This is less than the pro-
portional share of 6.67, so Colorado was assigned the higher number of
representatives, 7.

a. Put the proportional representation for each state in column E. Then use a
spreadsheet formula like =SQRT(INT(E2)*(INT(E2)+1)) to find the geo-
metric mean required for each state in the Huntington-Hill method. Enter
those values in corresponding cells of column F.

b. Use a spreadsheet decision statement like =IF(E2<F2,INT(E2),INT(E2)+1)
to select the lower integer value if the exact proportion is less than the geo-
metric mean, or else the higher integer value if the exact proportion is greater
than the geometric mean. Enter these decisions in column G.

c. Adjust the people-per-representative rate used for column E calculations
until the sum of assigned representatives in column G is 435.

d. Compare the apportionment of representatives by the Huntington-Hill
method to those of the Hamilton, Jefferson, and Adams methods and to the
actual values given in the earlier data table. See if there is any pattern to
the differences.

9. Now, return to the basic spreadsheet with a column containing the projected
populations for each state in 2010. Use the Huntington-Hill method to find
the numbers of representatives to which the states will be entitled if the new
population census produces the projected results. Then write a short report in
the form of a news article commenting on the big gainers and big losers in
the adjustment of political influence in the U.S. Congress.
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Checkpoint

In this lesson, you used spreadsheets to study a variety of methods for
apportionment of political power in the United States Congress. In the
process, you learned some additional spreadsheet functions and logical
decision statements.

What instructions are needed with the spreadsheet software you use to
produce each of the following?

� Cell formulas that round values up or down to the nearest integer

� Cell formulas whose entries involve square roots of other cell entries

� Cell formulas whose entries are determined by IF-THEN-ELSE
decisions based on other cell entries

How did the spreadsheet technique of varying one cell entry in order to
change the entire spreadsheet help as you explored options of the
apportionment models?

What spreadsheet instructions are needed to order the rows of a spread-
sheet in ascending or descending order according to the numbers in one
of the columns?

What kinds of mathematics that you previously studied are most closely
related to the spreadsheet models of apportionment?

Be prepared to share your group’s spreadsheet methods

and thinking with the class.

On Your Own

Consider the state in which you live and suppose that populations of every other
state turn out as predicted for the year 2010. Experiment with your spreadsheet
to see what increase in your state’s population would be required to increase the
number of representatives by 1. What state would lose that representative?
Summarize your findings.
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