
“ Population growth may be the most
p re ssing issue we face as we enter the
new millenium.” 

~National Ge og raphic Magazine,  Ja n u a ry 1998

Central to so many of the enviro n m e n t a l ,
social and economic issues facing the planet
today are people — our numbers and our
behaviors. Although barely noticeable on a day-
to-day basis, human population pre s s u re s
t h reaten the health of our ecosystems and the
quality of life for Eart h ’s inhabitants.  

Consider that in the six seconds it takes to
read this sentence, 16 more people will inhabit
the globe. In fact, the world’s population gro w s
at nearly a re c o rd pace, adding a New York City
e v e ry month, a Germany each year and almost
an India every decade.1 At the turn of the century
t h e re are six billion of us and counting. T h i s
g rowth in human numbers has been described
as a “population explosion,” doubling ever
faster over the past 300 years.

What Ignited the Explosion?
Rapid population increases have been a

v e ry recent development in the scope of human
h i s t o ry. People lived on Earth for about thre e
million years before the world population
reached 500 million around 1600. Until then,
b i rth rates and death rates w e re in balance,
keeping the population stable. Although birt h
rates were high, death rates — part i c u l a r l y
among children — also remained high.

By the 17th century, this balance of birt h
and death rates began to change as advances in
medical care, sanitation, food production and
nutrition increased life expectancy for childre n
and adults. Death rates dropped, but birth rates
remained high and the population grew steadily.
By 1800, at the height of the Industrial
Revolution in North America and Europe, global
population reached one billion.

As industrialization grew throughout the
We s t e rn world, people exchanged their agrarian
lifestyles for homes and jobs in burg e o n i n g
cities. Without land to farm, large families
became neither necessary nor practical. Slowly,
b i rth rates dropped in rapidly industrializing
n a t i o n s . This thre e - p a rt population pattern —
f rom high birth and death rates, to high birt h

and low death rates, and finally to low birth and
death rates —- is now re f e rred to as the d e m o-
graphic transition.  

In the non-industrialized nations of Africa,
Latin America and Asia, however, birth rates
remained high at the same time that death
rates dropped, as new agricultural and medical
technologies were imported from more devel-
oped countries. Economic conditions in these
nations did not always improve as life spans
i n c reased. The result has been a population
explosion and stagnation in the middle of the
demographic transition pattern thro u g h o u t
much of the globe. By 1960, the world popula-
tion reached three billion. Just 15 years later, in
1975, the population soared to four billion and
topped five billion in 1987. In 1999, the popula-
tion reached six billion, completely doubling in
less than 40 years. It now appears that global
population growth is finally turning a corner as
b i rth rates begin to fall worldwide. Even so,

demographers now project that the global popu-
lation will continue to gro w, albeit more slowly
than in the past century, adding an additional
two to five billion more people by the middle of
the 21st century.2

How does the quality of life on Earth vary
now from what it was when there were half as
many people? How might it be in the future
when there are many more of us? How many
people can the Earth support sustainably?  
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Crowding the Eart h
No one knows for sure how many people

the Earth can support. Every environment has
a carrying capacity — the point at which there
a re not enough natural re s o u rces to support
any more members of a given species. In H o w
Many People Can the Earth Support, author
Joel Cohen attempted to answer that very ques-
tion by collecting dozens of expert estimates
made in recent decades. Finding the Eart h ’s
c a rrying capacity is difficult because the num-
ber of people the Earth can support depends
g reatly on how people use the Eart h ’s
re s o u rces. Although estimates varied, Cohen
was able to conclude from scholars that, 

The po ss i b i l i ty must be co n s i d e red seriously
that the number of people on Earth has
reached, or will reach within the next ce n t u ry,
the maximum number the Earth can suppo rt in
m odes of life that we and our children and their
c h i l d ren will choose to wa n t .3

The population issue, then, is not one of
numbers but of carrying capacity. The entire
world population could fit into Texas, and each
person could have an area equal to the floor
space of a typical North American home. B u t
this ignores the amount of land re q u i red to pro-
vide each of us with the raw materials for sur-
vival (food, water, shelter, clothing and energ y )
and all that has become essential to our modern
lifestyles (transportation, electronic communica-
tion, consumer goods and services). Scientists in
Va n c o u v e r, Canada tried to calculate local re s i-
dents’ “ecological footprint,” the land and water
a rea that would be re q u i red to support the are a ’s
population and material standard indefinitely.
They found that the Vancouver are a ’s popula-
tion re q u i res an area 19 times larger than its
home terr i t o ry to support its present consumer
lifestyles — wheat fields in Alberta, oil fields in
Saudi Arabia, tomato fields in California. 4

While the continents are vast, only a small
fraction (1/10) of all the land in the world is
a r a b l e .5 The rest has been built up into cities
and towns or is inhospitable to growing cro p s .
While the number of people continues to gro w,
the small portion of land which must support
these people remains the same, or shrinks as
cities expand. The size of the human population
a ffects virtually every environmental condition
facing our planet. As our population gro w s ,
demands for re s o u rces increase, adding to pol-
lution and waste. More energy is used, escalat-
ing the problems of climate change, acid rain,
oil spills and nuclear waste. More land is
re q u i red for agriculture, leading to defore s t a-
tion and soil erosion. More homes, factories
and roads must be built, occupying habitat lost
to other species which share the planet, leading
i n c reasingly to their extinction. Simply put, the
m o re people inhabiting our finite planet, the
g reater stress on its re s o u rc e s .
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Population Growth: 
N o rth America n - s ty l e

With over 90 percent of the population
i n c rease today occurring in developing coun-
tries, many North Americans feel that they nei-
ther contribute to nor are affected by the pro b-
lem. In fact, the United States is the fastest
g rowing industrialized country, growing by 2.6
million people each year. This is of part i c u l a r
c o n c e rn to the global environment, as aff l u e n t
lifestyles in North America place dispro p o rt i o n-
ate demands on the world’s re s o u rces and leave
a much larger “ecological footprint.” At curre n t
consumption levels, the next 20 million
Americans, for example, will consume more
b a rrels of oil than the over 600 million people
living in Sub-Saharan Africa.6 The 47 million
people expected to be added to the U.S. popula-
tion over the next 20 years will produce more
carbon dioxide emissions than the 470 million
people expected be added to China and India for
the same time period.7

Evidence of  population growth surro u n d s
us — intensifying traffic congestion, urban and
suburban sprawl, and landfill space too full to
handle the mounting garbage and hazard o u s
waste which North Americans create daily. In
the last 200 years, the United States has lost 71
p e rcent of its topsoil, 50 percent of its wetlands,
90 percent of its old-growth forests, 99 perc e n t
of its tallgrass prairie, and up to 490 species of
native plants and animals with another 9,000
now at risk.8 We are currently developing ru r a l
land at the rate of nine square miles per day9,
and paving 1.3 million acres each year — an
a rea roughly the size of Delaware .1 0 M a n y
attribute these problems solely to wasteful
habits. However, as we in North America
i n c rease our population, we compound our
ecological impact. Eff o rts to relieve enviro n-
mental stress by cutting consumption would be
u n d e rmined, if not negated, by continued pop-
ulation growth or by stabilization at a size larg-
er than our re s o u rces can sustain. 

In making its policy recommendations to
the President of the United States in 1996, the
P re s i d e n t ’s Council for Sustainable
Development (PCSD) stated clearly that

“human impact on the environment is a func-
tion of both population and consumption pat-
t e rns” and recommends policies to move
t o w a rd voluntary population stabilization at the
national level.1 1

What Can Be Do n e ?
T h e re is much that can and has been done

t o w a rd stabilizing the world population and
p re s e rving the environment. Two recent United
Nations conferences have brought attention to
the importance of slowing population gro w t h .
At the 1992 U.N. Conference on Enviro n m e n t
and Development (Earth Summit) in Rio de
J a n e i ro, Brazil, 179 governments adopted a
plan of action which recognizes that “the
g rowth of world population and pro d u c t i o n
combined with unsustainable consumption
p a t t e rns places increasingly severe stress on the
life supporting capacities of our planet.”1 2

The U.N. International Conference on
Population and Development (ICPD) in Cairo ,
Egypt, which followed two years later, expanded
on many of the principles laid out in Rio. The
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Wo rld Population Cl ock, 1998
1998 Population (est.) World United States

5.9 billion 270 million
Births per: Year 136,967,149 4,053,000

Month 11,413,929 377,750
Week 2,633,984 77,942
Day 375,252 11,135
Hour 15,636 463
Minute 261 7.7
Second 4.3 —

Deaths per: Year 53,282,252 2,431,800
Month 4,440,188 202,650
Week 1,024,659 46,765
Day 145,979 6,680
Hour 6,082 278
Minute 101 4.6
Second 1.7 —

Natural
Increase per: Year 83,684,897 1,621,200*

Month 16,973,741 175,100*
Week 1,609,325 31,177*
Day 229,274 4,455*
Hour 9,553 185*
Minute 159 3.1*
Second 2.7 —*

*These figures do not include net immigration, which is also a significant factor in U.S. population increase.
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plan of action developed at the Cairo confer-
ence states that early stabilization of world pop-
ulation would make a “crucial contribution”
t o w a rd improving the lives of people aro u n d
the planet.1 3

It only takes very small changes in f e rt i l i t y
r a t e s (the average number of children born to
each woman) to make a big diff e rence in when
the population will stabilize, and how many
people there will be when that happens.
A c c o rding to the United Nations, a drop in the
average number of children a woman has in
her lifetime by one child per woman could
mean a diff e rence of four billion people in the
p rojected population for 2050!1 4

Recent trends show that the population
g rowth rate has begun to decrease, due at least
in part to policies enacted or strengthened in
response to the recommendations of the U.N.
c o n f e rences. Programs that expand access to
health care, education and family planning ser-
vices, which enable women to choose the tim-
ing and number of their children, as well as
those that have improved the status of women
and employment opportunities, all work to
lower fertility levels. In 1960, the average
woman gave birth to more than five childre n .
To d a y, the average woman gives birth to just
over three childre n .

H o w e v e r, these positive indicators do not
mean that rapid population growth no longer
poses a threat to the world’s people and
re s o u rces.  High growth rates in recent decades
mean that almost one-third of the world’s peo-
ple are under age 15 and have not yet entere d
their child-bearing years.1 5 This age stru c t u re
means there is still potential for steady popula-
tion increases and the need for intern a t i o n a l
cooperation to continue successful pro g r a m s .
In order to achieve z e ro population gro w t h
(stable population) while maintaining low
death rates, average births will need to total
only about two children per woman worldwide
in the years to come. 
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I n t rod u ct i o n :
When modeling exponential growth in the

science classroom, it is useful to use living
o rganisms whose growth can be easily mea-
s u red. This activity uses a small, floating aquatic
flowering plant of the genus L e m n a ( d u c k w e e d )
to investigate geometric population g ro w t h .
L e m n a is small enough to have a suff i c i e n t l y
rapid re p roduction rate yet large enough to be
easily seen and counted. As individual L e m n a
leaves grow and enlarge, they break apart fro m
the parent plant and form new plants. L e m n a
can re p roduce and double its number in less
than five days if the growing conditions are ade-
quate. As L e m n a g rows and re p roduces, it
f o rms a population of floating plants on the
s u rface of the water. Within three months, a
definite J-curve can be obtained, and within five
to six months, L e m n a will entirely cover the
s u rface of a 10-gallon aquarium with an 
estimated 10,000 individual plants.

Proce d u re :
Because of the time involved with this

a c t i v i t y, it is necessary to start the lab five
months prior to when the lesson on population
is intro d u c e d .
1. Several days prior to the class period when

the lesson is introduced to the students, set
up the aquarium as follows: Pre p a re a 10-
gallon aquarium with aged water aerated
with a single pump. On the day you begin
the activity with students, place 10 L e m n a
plants in the tank. L e m n a can be field col-
lected or purchased at a supply house. They
often grow in aquaria at tropical fish shops.
Leave the aquarium light on at all time.
When water begins to evaporate from the
tank, replace with aged tap water.

2. Let students know that they will be collecting
data on the population growth of L e m n a. Yo u
might like to have the class predict the re p ro-
duction rate and doubling time of L e m n a.

3. You may wish to have the students study the
L e m n a plant under a microscope. Students
can do background reading on the genus,
investigating such information as the geo-
graphic range of L e m n a and the best ecolog-
ical conditions for gro w t h .

4. Have students construct a data collection
sheet in their notebooks with a column for
the day re c o rded and one for population size.
Explain how to collect and re c o rd the popu-
lation size. Counting the number of plants
should take only a few minutes every couple
of days. The students will discover that for
several days, no population increase will
o c c u r, and then within one day, the popula-
tion will increase significantly. These
“ s p u rts” in re p roduction are to be expected
and re p resent important lessons in gro w t h
and development. After several months, the
number of plants becomes too large to easily
count. Try to get the students to devise a
method of measurement that is appro p r i a t e
for large numbers. One method is to:  

a) Calculate the surface area of the 
aquarium, (in sq. cm.).

b) Average, from 10 samples, the number
of L e m n a plants per square cm.

c) Estimate the percentage of the surf a c e
c o v e red by the plants.

d) Calculate the population size by 
multiplying a x b x c.

At this point students should note on their
data sheets the percentage of surface covere d
by the L e m n a. Students who count on the
same day may not have the same number of
population sizes on their data sheets.
Although students should be taught the
i m p o rtance of accurate data collection, the
time that students count the number of
plants will vary and small errors will be more
common as the population size incre a s e s
and as students estimate the population size
with indirect measures. 

5. After students have finished collecting data,
(when the tank is full of L e m n a) ask them to
graph the results. The graph will be a typical
geometric curve. Discuss with them the
n a t u re of the curve and how geometric
g rowth is diff e rent from arithmetic gro w t h .
P e rhaps you will want the students to pre d i c t
f u t u re populations if the growth rate contin-
ues. What are the implications when popula-
tion growth is “out of control?”  If org a n i s m s
follow a geometric growth curve, why isn’t
the world hopelessly overpopulated with
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Lots of Lemna
Student Activity 1

Concept: 
Populations grow exponen-
tially in environments with-
out limiting factors.

O b j e c t i ves: 
Students will be able to:
•  Utilize direct and indire c t
methods for measuring pop-
ulation size.
•  Conduct population mea-
s u rements and plot re s u l t s .
•  Interpret a graph of 
population gro w t h .
•  Apply concepts of 
exponential growth to a 
t h e o retical example.

Subjects: 
B i o l o g y, math, enviro n -
mental science

Skills: 
Collecting and re c o rd i n g
data, analyzing and inter-
p retating data, estimation,
mathematical calculations,
g r a p h i n g

Method: 
Students collect data on the
geometric growth of a
L e m n a (duckweed) popula-
tion and graph results. They
then draw parallels between
o b s e rved L e m n a g rowth and
human population gro w t h .

M aterials: 
10 L e m n a plants (duckweed) 
10-gallon aquarium with
water and aerator



Student Activity 1

plants and animals?  Why haven’t most pop-
ulations of organisms followed the J-curv e ?
Why don’t populations of natural org a n i s m s
go out of control?  Have the students identify
natural factors which help control popula-
tion sizes. What might limit L e m n a g ro w t h
in the wild, as in a pond?

Fo l l ow-up Act i v i t i e s :
A ct i v i ty 1: A Human J-Cu rve

Students can now extend
the concept of exponential
g rowth into the area of
human population gro w t h .
Copy the table below onto
the chalkboard. Have the
students graph human
population growth. How
does the human popula-
tion graph compare to the
L e m n a population graph?
What is the future for
human populations?  What
decisions must be made?
What are the implications
of human population
g rowth for future re s o u rc e
use, for disease control or
for environmental quality?

A ct i v i ty 2: 
Ba cteria Bo t t l e s
This puzzle illustrates the
concept of exponential
g rowth using bacteria.
Invite students to try it on
friends and family.
Bacteria multiply by divi-

sion. One bacterium becomes two. Then two
divide into four; the four divide into eight, and
so on. For a certain strain of bacteria, the time
for this division process is one minute. If you
put one bacterium in a bottle at 11:00 p.m., by
midnight the entire bottle will be full.

1. When would the bottle be half-full?  How do
you know?
The bottle was half full at 11:59 p.m.
because the doubling time is one minute
and the bottle was full at midnight.

2. Suppose you could be a bacterium in this
bottle. At what time would you first re a l i z e
that you were running out of space?
Answers will vary. To clarify, ask students:
“At 11:55 p.m., when the bottle was only 3%
full and 97% empty, would it be easy to per-
ceive that there was a space pro b l e m ? ”

3. Suppose that at 11:58 some bacteria re a l i z e
that they are running out of space in the bot-
tle. So they launch a search for new bottles.
They look far and wide. Finally, off s h o re in
the Arctic Ocean, they find three new empty
bottles. Great sighs of relief come from all
the bacteria. This is three times the number
of bottles they’ve known. Sure l y, they think,
their space problems are over. Is that so?
Explain why the bacteria are still in tro u b l e .
Since their space re s o u rces have quadru p l e d ,
how long can their growth continue?
With space re s o u rces quadrupled, the bacte-
ria have two more doubling times, or two
minutes before they will run out of space.
11:58 p.m.:    Bottle 1 is one-quarter full.
11:59 p.m.:    Bottle 1 is half-full.
12:00 a.m.:    Bottle 1 is full.
12:01 a.m.:    Bottles 1 and 2 are full.
12:02 a.m.:    Bottles 1, 2, 3 and 4 are all full.

4 . Does what you have learned about bacteria
suggest something about human population
g ro w t h ?

Adapted by permission from the National Association of Biology Teachers. The original activi-
ty, “Using Lemna to Study Geometric Population Growth” by Larry DeBuhr, appears in The
American Biology Teacher, Vol. 53, No. 4, April 1991, pp. 229-232.
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Year Population (in millions)

1 A.D. 170
200 190
400 190
600 200
800 220

1000 265
1100 320
1200 360
1300 360
1400 350
1500 425
1600 545
1700 610
1750 760
1800 900
1850 1,211
1900 1,625
1950 2,515
2000* 6,080
2050* 9,400

*Projected

Data: For 1 A.D. through 1975: The Atlas of World Population History by C. McEvedy
and R. Jones, New York: Penguin Books, 1978. For 1975 to 1959: Population
Reference Bureau, 1875 Connecticut Avenue, N.W., Suite 520, Washington, D.C.
20009. For 2000 projection: World Population Prospects, The United Nations, 1994
revision, Middle Series. For 2050 Projection: World Population Prospects, The United
Nations, 1996 Revision, Middle Series.
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I n t rod u ct i o n :
Population, non-renewable re s o u rce con-

sumption, food production, industrial output
and pollution generation have all been incre a s-
ing exponentially. To understand the re s o u rc e
and environmental crises, one must under-
stand exponential growth. This lab is designed
to give that understanding, while illustrating
t h ree models of population gro w t h .

Proce d u re :
In this experiment, students will use dice

to model population growth. Each die re p re-
sents a person. Each throw re p resents a year. A
3 or a 6 re p resents the birth of a child, so each
time one of them comes up, add a die to the
population. If a 1 comes up, a death has
o c c u rred, so remove that die from the popula-
tion. Hence, you are modeling a situation
w h e re the birth rate is twice the death rate. Yo u
also have a population growth rate of 1/6 or
about 17 perc e n t .

Have students follow these instru c t i o n s :

Pa rt A: Unre s t r i cted Expo n e n t i a l
G rowth 

Put ten ord i n a ry dice into a container
(Adam, Eve, Cain, Abel, Sally, Alice, Dick, Jane,
Bob and Sue). Shake the container and dump
the contents out onto a smooth, hard floor.
Remove and count all the 1’s that appear. A 1 i s
analogous to a death. Record the number of
deaths on the chart for Part A. Count up all the
3 ’s and 6 ’s that appear. Since they corre s p o n d
to births, add a die to the container for each of
them. Then fill in the re q u i red information in
the chart. Repeat the above pro c e d u re until the
total population exceeds 500 people. When the
population grows beyond the number of dice or
cubes that you have available, either roll twice
or double your re s u l t s .

Pa rt B: The Effe ct of Instituting a
Li m i ted Family Planning Prog ra m

R e t u rn to the year where your population
was almost 100 people. Put that many dice into
the container. But now introduce a limited birt h
c o n t rol program. This will be modeled by saying
that a 3 re p resents a birth, as before, and so does

e v e ry other 6. However, the remaining half of the
6 ’s re p resent women who use contraceptives (or
whose male partner uses contraceptives) and so
a birth has been prevented. If an odd number of
6 ’s comes up, round off in favor of a birth half of
the time, and in favor of a prevented birth in the
half of the cases. Model this situation, fro m
w h e re you start, for 12 throws of the dice. Yo u
have essentially cut the population growth rate
f rom 17 percent to 8 perc e n t .

Pa rt C: The Zero Population Grow t h
Plan 

Again re t u rn to the year where your popu-
lation was almost 100 people. Put that many
dice into the container. But now introduce a
l a rge scale family planning program. This will
be modeled by saying that all 6 ’s re p re s e n t
women using effective contraceptives or
women whose male partners use effective con-
traceptives. Hence, a 1 re p resents a death, a 3
re p resents a birth, and a 6 re p resents a pre v e n t-
ed birth. Model this situation from where you
s t a rt for twelve throws of the dice.

Pa rt D: Wo rld Population Tre n d s
See page 8 for a listing of estimates of

world population from 1 A.D. to 2050. Figure s
such as these are compiled by the United
Nations and are published in most almanacs.

Adapted by permission from Kendall/Hunt Publishing Company. The original activity,
“Modelling Exponential Growth,” appears in Global Science: Energy, Resources,
Environment Laboratory Manual. Copyright 1981, 1984, 1991, 1996 by
Kendall/Hunt Publishing Company.
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Toss of the Dice
Student Activity 2

Concept: 
Within the last two centuries,
human population gro w t h
has increased exponentially.
The absence of widespre a d
family planning contributes
to the geometric growth of
human populations.

O b j e c t i ves: 
Students will be able to:
•  Model population gro w t h
using dice.
•  Understand exponential
g ro w t h .
•  Compare and contrast
t h ree diff e rent population
g rowth models.

Subjects: 
Math, biology, enviro n -
mental science

Skills: 
Mathematical calculations,
i n t e r p reting data

Method: 
Students roll dice to model
exponential growth, as well
as two other population
g rowth models.

M aterials: 
200-300 dice (or wood or
sugar cubes with diff e re n t
c o l o red sides)
2 large, open-ended contain-
er (e.g., coffee can, milk 
c a rton, etc.)
Copies of Student Wo r k s h e e t
Graph paper

Note: Dice can be purchased at
game stores. The Growth Model,
including 250 dice, can be pur-
chased for $42.00 from Scott
R e s o u rces, P.O. Box 2121, Fort
Collins, CO 80522; 
(800) 289-9299.



Throw No. Number Number Number Population
(Year) of Births of Deaths of Dice Growth Rate

(Population)

0 — — 10 —
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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Student Worksheet

Pa rt A: Unre s t r i cted Exponential Grow t h

Toss of the Dice
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Pa rt C: The Zero Population Growth Prog ra m
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Toss of the Dice
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Power of the Pyramids

12 Earth Matters

I n t rod u ction: 
To help them make population pro j e c t i o n s

for diff e rent countries, demographers look at the
p rofile of the countries’ residents. What are the
ages of the people? How many are men? How
many are women? Taking this information, they
c o n s t ruct population pyramids like the ones 
students will create in this activity. These graphs
depict the configuration of a country ’s popula-
tion as impacted by 70 to 80 years of economic,
political and natural events. These graphs can
also help predict future population tre n d s .

Proce d u re :
1. Display the sample world population pyramid

and explain that this is a kind of graph used
by demographers to study the distribution of
people across age categories.

2. Assign each student or group of students one
of the six countries and distribute graph
paper and a copy of the student worksheet for
that country.

3. The figures on the worksheet re p resent the
population (in thousands) of each age gro u p
within each gender for each particular coun-
t ry. In order to construct the country ’s pyra-
mid, students must first calculate the per-
centage of the population in each gender in
each age gro u p .
Example: According to the worksheet, the United
States’ total population in 1995 was 263,119,000.
The population of males ages 0-4 was 10,515,000.

  10,515,000 = .04 or 4%
2 6 3 , 1 1 9 , 0 0 0

Students should complete these calculations for
each c o h o rt (age gro u p ) .

4. Using graph paper, students can construct a
population pyramid as in the example. A line
drawn down the middle of the graph sepa-
rates the male and female populations. The
p e rcentages of the population will be plotted
along the X-axis — females to the right,
males to the left of the center line. The age
g roups will be running up the Y-axis with the
youngest at the bottom, oldest at the top.
(See “World Population Pyramid” sample.)
Note: Make sure the scale on the X-axis goes
up to 9% in each direction to encompass
e v e ry o n e ’s data.

5. Have students graph the percentage data for
their assigned country.

6. Have students hold up their finished graphs
for all to see while going through the follow-
up questions in class.

D i s c u ssion Qu e s t i o n s :
1. Where are you re p resented on the tables and

on the graphs?
If you live in the United States and were
between 10 and 15 years old in 1995 you are
re p resented on line 3 in the U.S. data under
either male or female. On the graph you and
your cohorts made up the percentage pre-
sented by the third bar from the bottom,
males on the left, females on the right. 

2. Can you tell from the data if there are more
male or female babies in each country ?
Yes, there are more male babies. There is a
slightly greater probability of giving birth to
male children. For every 100 girls born ,
t h e re are about 105 boys born .

3. Are there more elderly women or men? Why
might that be the case?
T h e re are more elderly women. Thro u g h o u t
the world, life expectancy for women is high-
er than for men. This is due to a number of
genetic and social factors. In general, men
a re more predisposed to certain health risks
than women. Also, men make up the vast
majority of the military, and are more likely
to die during wars.

4. Can you tell from the graphs which country
has the most people?
No. The graphs re p resent 100 percent of the
population of each country broken down by
age groups. Demographers use the perc e n t-
age data instead of the raw data so that each
graph fits on the same size paper and can be
c o m p a red to the graphs of other countries. 

5. Which country has the most people? How
can you tell?
F rom the TOTAL line on the data sheet you
can tell that China has more people than
any other country.

6. Of the six graphs, which two look most like
pyramids? What does that indicate about
their population growth rates? What factors
would change the shape of the pyramids in
the future ?

Concept: 
The age and gender distribu-
tion of a regional or national
population affects its gro w t h
r a t e .

O b j e c t i ves: 
Students will be able to:
•  Calculate perc e n t a g e s
using raw numbers for each
age/gender group in a given
p o p u l a t i o n .
•  Construct a population
age/gender distribution
graph for one of six diff e re n t
c o u n t r i e s .
•  Make correlations between
the shapes of the graphs and
the coutries’ diff e rent gro w t h
p a t t e rn s .

Subjects: 
Math, biology, social studies,
e n v i ronmental science

Skills: 
Calculating, graphing, ana-
lyzing and interpreting data

Method: 
Students construct and
i n t e r p ret population pyra-
mids and discuss diff e re n c e s
in population growth rates
among several diff e re n t
c o u n t r i e s .

M aterials: 
Student Worksheets 
(one per student)

Graph paper 
C o l o red pencils 
R u l e r
C a l c u l a t o r
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The graphs for Kenya and Brazil look most
like pyramids. This indicates a high gro w t h
rate. Population growth occurs when the
segment of the population currently in its
childbearing years (ages 15-44; bars 4-9 on
the graphs) has produced a generation 
l a rger than itself (bars 1-3). If the birth rate
goes down, this would change the shape of
the graph over time from a pyramid to more
of a rectangle, indicating a more stable 
p o p u l a t i o n .

7 . Looking at the pyramids, which countries
appear to have the slowest rates of population
g rowth? How can you tell?  
Austria and Japan. The graphs are closer to
rectangles than pyramids,
showing more uniform pop-
ulation size across the age
g ro u p s .

8. Which are the largest age
g roups in the U.S.?
People aged 30-50 (in 1995)
made up the biggest port i o n
of the United States, with
babies a close second. The
people who were born
between 1946 to 1964 are
called “Babyboomers,” and
w e re born shortly after
World War II, when many
husbands and wives were
reunited, and the country
experienced greater eco-
nomic prosperity than it did
during the years of the
G reat Depression and the
w a r. Couples felt confident
of their ability to support
families, and the birth rate
s o a red as a re s u l t .

9. In which country do childre n
make up the largest perc e n t-
age of the population?
You can see on the graph
that the bottom of the
Kenyan and the Brazilian
pyramids go out the far-
thest, re p resenting the
l a rgest percentage. The per-
centages that you calculated
show that Kenyan babies
(males and females com-

bined) make up about 16% (8 + 8) of the pop-
ulation and the older children also make up a
big perc e n t a g e .

1 0 . If you had a business and wanted to capital-
ize on your information about the population
age distribution for the U.S. what would you
s e l l ?
Answers might include any products for peo-
ple of the Baby Boom generation or their
c h i l d ren. 

1 1. If you had a business in Kenya and wanted to
capitalize on your information about the
Kenyan population, what would you sell?
Answers might include any products for 
c h i l d ren and infants.
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60-64

55-59
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20-24
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0-4

9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9
Percentage of Population

Wo rld Population Py ramid, 1995
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Power of the Pyramids
Student Worksheet 1
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Power of the Pyramids
Student Worksheet 2
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Power of the Pyramids
Answers to Student Worksheet 1
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Power of the Pyramids
Answers to Student Worksheet 2



I n t rod u ct i o n :
B i rth and death rates determine the rate of

population growth. If the birth and death rates
a re similar, a population experiences little or no
g rowth. When the birth rate far exceeds the
death rate, the population soars. These rates are
e x p ressed as the number of births or deaths for
e v e ry 1,000 people in a given year. For instance,
in 1998 the world’s birth rate was 23 per 1,000
and the death rate was 9 per 1,000. Using the
f o rmulas below, we can determine the world’s
annual growth rate and the number of years it
will take the population to double if the gro w t h
rate remains constant.
% annual natural increase = birth rate - death rate

1 0

23 - 9 = 1.4 % 
1 0

doubling time (in years) =            70          
rate of incre a s e

70  = 49 years
1 . 5

(Note: 70 is the approximate equivalent of 100
times the natural log of 2.)

Proce d u re :
Pa rt 1: On the Do u b l e

Distribute copies of the Student Wo r k s h e e t
1 and have students complete the table.

D i s c u ss i o n :
1. Why do you think some countries are dou-

bling much more rapidly than others? Why
do you think some countries, such as Italy,
have reached z e ro population gro w t h
( z . p . g . ) ?
The doubling time is shorter in countries
w h e re the rate of growth is higher. The
g reater the diff e rence between the birth rate
and the death rate, the faster the population
g rowth. Many European counties, such as
I t a l y, have reached zero population gro w t h
because their birth and death rates are
about the same.

2. Which figures differ most greatly between
countries, the birth rates or the death rates?
How would you explain the wide disparity in
b i rth rates among diff e rent countries? Why
a re the death rates relatively low in many of
the countries with high birth rates?
The birth rates differ greatly due to diff e r-
ences in average family size. Death rates are
relatively low in many of the countries with
high birth rates because the majority of the
population is young. In Kenya, for instance,
46 percent of the population is under age 15,
and only three percent is age 65 or older.

3. If you were a national leader in Kenya or
Iraq, would you be concerned about the
rapid population growth? Why or why not?
S i m i l a r l y, if you were a national leader in
I t a l y, would you be concerned that your
c o u n t ry has reached z.p.g.? Why or why not?
Yes. As a national leader of Kenya, you
would be responsible for seeing that there
a re sufficient services for the expanding pop-
ulation such as homes, roads, jobs, health
c a re, etc. You would find it difficult for your
c o u n t ry to prosper in the world market, if it
cannot meet the needs of its own people. As
a national leader of Italy, you would not be
faced with these problems and could plan for
your nation’s future pro g re s s .

4. The population of the United States is actually
g rowing at the rate of about one percent each
y e a r, more than its rate of natural incre a s e .
W h e re is the additional population gro w t h
coming fro m ?
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Demographic Facts of Life

Concept: 
The discrepancy between a
p o p u l a t i o n ’s birth and death
rates determines rate of
g rowth. Our rapid gro w t h
rate means that even the
deaths from large-scale 
disasters have little effect 
on our population size.

O b j e c t i ves: 
Students will be able to:
•  Describe how birth and
death rates affect population
g ro w t h .
•  Calculate rates of popula-
tion growth given birth and
death rates.
•  Calculate doubling time at
the given rate of incre a s e .
•  Draw connections
between population gro w t h
and social/political and 
economic conditions.
•  Calculate population
i n c rease per unit of time,
given rate of incre a s e .

Subjects: 
Math, biology, enviro n -
mental science, social studies

Skills: 
Collecting, analyzing and
i n t e r p reting data, math 
calculations 

Method: 
Students calculate the rate of
natural increase and corre-
sponding doubling times for
several countries and discuss
d i ff e rences. Students also 
calculate the time it has
taken for the world to re p l a c e
the number of people lost in
historic disasters. 

M aterials: 
Copies of Student Worksheet  
C a l c u l a t o r

Country Percent annual Doubling
natural increase time (years)

Brazil 1.4 50
Canada 0.5 140
China 1.0 70
India 1.8 39
Italy 0.0 No doubling
Japan 0.3 233
Mexico 2.2 32
Nigeria 3.0 23
Russia -0.5 No doubling
U.S. 0.6 116
U.K. 0.2 350

A n s wers to table on Student Worksheet 1

Student Activity 4



Immigration accounts for roughly 30 per-
cent of population growth in the United
States. In recent years, the greatest number
of new Americans have come from the fol-
lowing countries: Mexico, Philippines,
Vietnam, India, Dominican Republic, and
China (mainland).

Pa rt 2: Grim Re a pe r’s Reve n g e
We are currently adding 84 million people

(net growth) to the world each year, or 229,000

people each day. Conveying the importance of
such figures to students can be difficult since
the numbers are so large they lose their mean-
ing. The table in Student Worksheet 2 m a k e s
these numbers more concrete by illustrating
that the numbers of people lost in history ’s
major disasters are currently being replaced in
a matter of days or weeks.

Have students complete the table in
Student Worksheet 2.
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Disaster Replacement time

All U.S. accident deaths, 1995 9.8 hours

Bangladeshi Cyclone, 1991 14.7 hours
Total American deaths in all wars 2.6 days

Great flood, Hwang Ho River, 1887 3.9 days

Total U.S. automobile deaths through 1995 1.8 weeks
Indian famine, 1769-70 1.9 weeks

Total AIDS dead through 1996 4.0 weeks

Chinese famine, 1877-78 5.9 weeks
Influenza epidemic, 1918 3 months

Global deaths in all wars, past 500 years 5 months

Bubonic plague, 1347-51 10.8 months

Student Activity 4

A n swers to table on Student Wo rksheet 2

Demographic Facts of Life



On the Double
Using the table below, determine the percentage of annual increase and the population doubling times for the following countries.

% annual natural increase = b i rth rate - death rate
1 0

doubling time (in years) =            70         
rate of incre a s e

Birth and death rates obtained from the 1998 World Population Data Sheet: Demographic Data and Estimates for the Countries and Regions of the World (1998, Population Reference Bureau, Washington, DC).
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Birth Rate Death Rate % Annual Doubling
Country in 1998 in 1998 Natural Time

(per 1,000 (per 1,000 Increase (Years)
people) people)

China 17 7
India 29 10
Iraq 38 10
Italy 9 9
Japan 10 7
Kenya 38 12
Mexico 27 5
Russia 9 14
South Africa 27 12
United Kingdom 13 11
United States 15 9

Demographic Facts of Life
Student Worksheet 1



Grim Reaper’s Reve n g e

We are currently adding 84 million people (net growth) to the world’s population each year. This means we are adding
229,000 people each day. Even the deaths from large-scale disasters have little effect on a population growing so rapidly. Below is
a listing of some of the world’s worst disasters, along with an approximate death toll. At today’s present rate of growth, determ i n e
how many days, weeks or months it would take to replace those lost. Round off to one decimal place.

Casualty figures obtained from the 1998 World Almanac and Book of Facts (Mahwah, NJ: K-III Reference Corp., 1997), 1998 Information Please Almanac (New York: Houghton Mifflin Company, 1997), 
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Present world
population growth

Some past disasters Approximate replaces this # in
# of deaths approximately what

time span?

All U.S. accident deaths, 1995 93,300
Bangladeshi cyclone, 1991 140,000
Total American deaths 

in all wars 600,000
Great flood, Hwang Ho River, 1887 900,000
Total U.S. automobile deaths

through 1995 2,600,000
India famine, 1769-70 3,000,000
Total AIDS dead through 1996 6,400,000
China famine, 1877-78 9,500,000
Influenza epidemic, 1918 21,000,000
Global deaths in all wars 

in the past 500 years 35,000,000
Bubonic plague, 1347-51 75,000,000

Demographic Facts of Life
Student Worksheet 2



I n t rod u ct i o n :
This scavenger hunt encourages students

to further investigate many of the concepts
i n t roduced in this curriculum. We re c o m m e n d
that you give students time to gather a variety
of items from the list, anywhere from a week to
a month. Ideally this would be a good activity
to have running during the duration of a unit
on population. 

Proce d u re :
Students can work individually or in

g roups to collect as many items as possible on
this list. Since some items involve more work
than others, points are assigned to designate
d e g ree of diff i c u l t y.
1.    Collect 3 newspaper clippings about an envi-

ronmental or social problem that relates to
overpopulation. Write a summary of each
a rticle, explaining the link to population
g rowth. 8 points (1 extra point for each
additional article, up to 5).

2.    Make a poster showing the many eff e c t s
( e n v i ronmental, economic, social, etc.) of
m o re people. 5 points.

3.   Watch a news show or special program dis-
cussing population, the enviro n m e n t ,
h u n g e r, or povert y. Write a brief summary
of the show, stating at least 5 new facts you
l e a rned about the issue. 5 points.

4.   Write an article about population gro w t h
and its effects and submit it to the school or
community paper. (Or write a letter to your
C o n g ressional re p resentatives, telling them
how you feel about the issue). 10 points.

5.   Write a public service announcement about
the environmental health risks of ozone
layer depletion. 4 points. (5 extra points for
p e rf o rming it in front of the class or 10 extra
for making a video of the announcement).

6.   Make a map of North America depicting
a reas where the effects of acid rain have
been chronicled. 4 points.

7.   Graph world temperatures as far back as you
can. Write a paragraph explaining the phe-
nomenon of global warming and whether
the trend appears on your graph. 5 points.

8.   Contact the Environmental Pro t e c t i o n
A g e n c y, or the equivalent state, pro v i n c i a l
or local agency, about whether your city
meets the national standards set for air 
pollution. Report your findings in writing. 
5 points.

9.   Using pH paper, test a local lake, stream 
and drinking water for acidity levels. Tu rn
in the pH paper and an explanation of its
meaning. 10 points.

1 0.  Research the amount of arable land in the
world. Using a map, designate the are a s
with fertile land. 5 points.

1 1.   Organize a canned food drive to help feed
the hungry in your area. Record the num-
ber of cans collected and the group which
received the food. 20 points. 

1 2.  Chart your personal diet for a week. Put a
star next to all of the items which came
f rom the top of the food chain. Circle all of
those you could have substituted with
something lower on the food chain and
write the substitution. 10 points.

1 3.  Make a collage or mobile using pictures or
photographs of the rainforests. 6 points.

1 4.  Make snack food using mostly rainfore s t
p roducts (include your recipe). 5 points.

1 5.  Plant a tree in your community. 10 points
(10 extra points for organizing an event
w h e re a group goes to plant trees on a 
c e rtain day).

1 6.  Find out rates of deforestation and re f o r-
estation in the United States. Chart or
graph these rates and superimpose a popu-
lation growth chart for the United States.
10 points.

1 7.  Monitor your household waste generation for
a week. Chart your findings, including a list
of the items most frequently found in your
garbage can. Put a star next to those that
could be recycled or composted. 10 points.

1 8. R e s e a rch home composting, and then start
a compost pile at home. Take photographs
of the system and include a written
description of the pro g ress of the compost.
20 points.
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Population Scavenger Hunt
Student Activity 5

Concept: 
Population pre s s u res aff e c t
nearly every enviro n m e n t a l
and social concern facing
humankind. 

O b j e c t i ves: 
Varies according to each of
35 tasks

Subjects: 
A l l

Skills: 
R e s e a rch, creative and 
persuasive writing, draw-
ing/painting, org a n i z i n g

Method: 
Students complete a wide
variety of activities which
illustrate the many are a s
involved with population, the
e n v i ronment and social
i s s u e s .

M aterials: 
Varies according to each of
35 tasks



1 9.  Make a poster showing various re c y c l a b l e
items and then the new materials they
become after recycling. 6 points.

2 0. C reate a list of ways to reuse the following
items: a shoe box, an unmatched sock, a
c o ffee can and/or lid, a toilet paper tube, a
milk carton. 1 point for every 3 ideas.  

2 1.  Write an investigative re p o rt about the
Chinook salmon (or another thre a t e n e d
species), explaining how human habits have
contributed to the species’ decrease in
numbers. 10 points.

2 2. Visit the zoo nearest you and re c o rd which
animals are considered endangered. If pos-
sible, re c o rd how many are estimated to be
in existence in the wild and in captivity. 
10 points (1 extra point for each drawing
or written description of the animals).

2 3. Develop a campaign to save an endangere d
species of your choice. Design posters, but-
tons, bumper stickers, etc. 5 points.

2 4. Design a house dependent only on altern a-
tive energy (no fossil fuels). 8 points.

2 5. Make a graph showing the per capita ener-
gy use of six diff e rent countries (3 industri-
alized countries and 3 less developed coun-
tries). 5 points.

2 6. Do an energy audit on your home. A local
power company may be of assistance. Check
the meter and bills to determine how much
e n e rgy your family uses. 5 points.

2 7. Get to school without depending on a
motorized vehicle. 1 point for each day.

2 8. R e s e a rch the latest technology for non-
fossil fuel powered cars. Make a chart
showing the advantages and disadvantages
of each. 8 points.

2 9. C h a rt how your country spends money to
help the poor in your country. 5 points 
(3 extra points for also charting local
money spent).

3 0. Find out the number of homeless or unem-
ployed in your community. Explain how
you found this information. 5 points.

3 1.  Make a chart or diagram illustrating how
p o v e rty can affect the environment. 5 points.

3 2. I n t e rview a woman from a less developed
c o u n t ry. Write a re p o rt based on her obser-
vations of the diff e rences between the ro l e
of women in the U.S. or Canada and her
home country. 10 points.

3 3. Conduct a survey in your community to
d e t e rmine the average family size. Graph
your results. 10 points.

3 4. Conduct a survey among classmates to
d e t e rmine how many children, on average,
they wish to have. Chart the results. 5 points.

3 5. Make up your own activity related to popu-
lation growth and its environmental and
social effects. Points will be determined by
the teacher.
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Population Scavenger Hunt
Student Activity 5




