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Global human population size and understanding how it has changed and will
change in the future are important concepts for students. Here I describe
exercises that use online databases provided by the U.S. Census Bureau to
show students how both population size and the rate of change vary over
time. In the first exercise, the U.S. population clock is used to calculate
daily birth, death, and migrant and death rates, and how the world
population clock is used to calculate the rate of change. These rates can be
used to predict what the population size would be if the rates remained
unchanged for a predetermined time interval. In the second exercise,
historical data are used to determine the years with the most change in U.S.
and world population size, then calculate how much larger the current
population would be if those historical rates of change remained constant.
These exercises have improved quantitative literacy while showing students
current and historical trends in human population.
Key Words: databases; overpopulation; global population size; population clock;
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Introduction
Background

Understanding the human population and its historic and
projected growth is essential for all students to become informed
citizens. The global human population size has been a cause for
concern since An Essay on the Principle of Population was published in the 18th century (Malthus, 1798). At the time, the
global population was roughly one billion, and Thomas Malthus
predicted a linear increase of one billion people every 25 years.
Malthus was especially concerned that populations exceeding
their available resources would be subject to famines and infectious disease. In the 20th century, Paul Ehrlich published The
Population Bomb, which warned that overpopulation would lead
to a global food security crisis and harm global ecosystems (Ehrlich, 1968).
Currently, global population size remains a concern. Global
water security is a major challenge, with the majority (ca. five
billion people) of the global population living in areas where water
security is threatened (Vörösmarty et al., 2010). In developing
nations, where populations grow most rapidly, nearly 800 million
people face food insecurity (FAO et al., 2015).
As development has occurred the last two decades, food insecurity has decreased globally and
shifted to different regions. Since development
increases individual ecological footprints and
resource use (EEA, 2015), development and a
growing population act in concert to create
“ecological deficits.” A population that continues
to grow will contribute to and experience the
negative components of global change such as
climate change, invasive species, and catastrophic habitat loss.
Demographic data at the local, national, and
global levels are readily available to educators.
Demographic data are useful for understanding past and current population dynamics, and for predicting what will happen to humans
and the environment in the future. Moreover, since quantitative
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On October 31, 2011, the United Nations
symbolically declared a female baby in
the Philippines the seven billionth human
on earth. Although the estimated global
human population size can vary by source,
all agree that the global size currently
exceeds seven billion and is increasing
(USCB, 2016). Although population size
is increasing steadily, the growth rate
(change/time) has been slowing down since the late 1980s, with
many projections predicting the global population will reach zero
growth during the mid-late 21st century.
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ABSTRACT

literacy is often lacking in biology students (AAAS, 2009), demographic data offer several opportunities to analyze and chart data to
draw conclusions.
Here, I describe two exercises that explore how human population and population growth change over time. Both exercises utilize
data found on webpages maintained by the United States Census
Bureau, which tracks both U.S. and international population sizes.
These exercises are shared so they can be used to supplement instruction in course units covering topics such as population growth and
dynamics or human populations and sustainable resource use. They
are appropriate for use in either high school or college biology or environmental science courses. I will provide both instructions on how to
complete these exercises and my experiences using them in an introductory college biology course.

These two activities align in several ways with the three dimensions of
science learning defined by the Next Generation Science Standards
(NGSS, 2016). By modeling dynamic changes with real human population data, students engage in the scientific practices of defining problems, developing models, and analyzing data. Upon completing these
exercises, students should be able to
• extract information from online databases,
• show competency in spreadsheet software applications and formulas,
• graph linear trends, and
• calculate growth rates over different time periods.
Because population size is so dynamic, students explore crosscutting concepts such as quantity, stability, and change. Upon
completing these exercises, students should be able to
• discuss factors that causes differences in human population
growth rates,
• explain how and why human population growth rates have
changed during the 20th century,
• estimate differences in population sizes at different growth
rates, and
• predict population sizes at the end of different time periods.
Lastly, by encouraging a discussion of the effects of overpopulation, these exercises address the interdisciplinary core ideas of ecology, Earth, and human activity. Upon completing these exercises,
students should be able to
• describe how population size influences resource use and availability, and
• connect population size to global change.

Exercises
Each of these two exercises is designed to be completed in a 50-minute
class period, including introductions. Instructors should inform students ahead of time to bring computers with spreadsheet software
(e.g., Microsoft Excel). Depending on the abilities of the students,
instructors should plan on demonstrations of how to use spreadsheet
software to make graphs; I teach them how to make line charts showing
5 percent growth in advance. In addition, I begin with a discussion of
local population sizes and what factors (e.g., economic growth) influence them.
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Students access the U.S. Census Bureau Population Clock webpage
at http://www.census.gov/popclock/. This page shows the size of
both the U.S. and world populations as constantly turning “odometers.” The U.S. Clock turns relatively slowly, whereas the World
Clock turns rapidly. Population clocks will be used to calculate
birth rates, and birth rates can be applied to determine the population size at a predetermined date (e.g., the end of the year).
The U.S. population clock shows four components of change and
their change per unit time immediately below the clock (Table 1).
These components are dynamic and change 1 or 2 times a year. The
first three components are needed to calculate the rate of change
(people/unit time) (see Table 2 for instructions). Once students calculate the rate of change, they can multiply that times a specified number
of units of time (e.g., days) to determine how much population has
changed over the time interval being considered (e.g., from the date
of the activity until the end of the year). The population change can
be added to the current population to predict a future population.
The global population clock can be used to estimate a future
global population size (see Table 2); however, the four components
of change are not displayed. Net gains must be estimated indirectly
by watching the clock turn.
Best practices. Instructors should explain each component of
the U.S. Clock in advance. For instance, they may not realize that
“net migrants” is calculated as the number of emigrants subtracted
from the number of immigrants. Students should also be reminded
to add the current population to the change to predict a future
population; if not, they tend to mistakenly equate change in population with predicted future population.
The World Clock spins too rapidly to attempt to count along
with it. Instead, students should wait until the clock reaches to
the nearest hundred, then start a stopwatch.
The World Population Clock presents students with an opportunity to calculate annual growth (78.84 million people/year). Students
can also calculate the current annual percent growth by dividing the
yearly growth by the population size (1.08% increase in 2015, calculated in this way).

Exercise 2: Historical Data
This exercise allows students to make charts to visualize how population sizes would be different today if the historical percent
growth remained constant. This exercise can be used with either
U.S. historical data (http://www.census.gov/popest/data/national/
totals/pre-1980/tables/popclockest.txt) or global historical data

Table 1. The components of population change
displayed on the U.S. Census Bureau’s U.S.
Population Clock as of June 2016. These values are
used for the calculations shown in Table 2.
Component

Time (s)

One birth

8

One death

13

One net (immigrants – emigrants)
international migrant

28

Net gain of one person

13

DYNAMIC POPULATION GROWTH

573

Downloaded from http://online.ucpress.edu/abt/article-pdf/79/7/572/59529/abt_2017_79_7_572.pdf by guest on 17 June 2021

Learning Goals

Exercise 1: Population Clocks

Table 2. Steps for completing Exercise 1, and values generated using data available June 2016.
United States Population
1. Calculate the number of births per day:
one birth 60 sec 60 min 24 hr 10; 800 births
•
•
•
¼
8 sec
1 min
1 hr 1 day
1day
2. Calculate the number of net migrants per day:
one migrant 60 sec 60 min 24 hr 3:086 migrants
•
•
•
¼
28 sec
1 min
1 hr 1 day
1day
3. Calculate the gross increase per day by adding the number of births plus net migrants:
people
10; 800 births þ 3; 086 migrants ¼ 13; 886
day

5. Subtract the number of deaths from the gross increase to get the net increase per day:
people
13; 886 − 6; 647 ¼ 7; 239
day

ðEq:2Þ

ðEq:3Þ

ðEq:4Þ

ðEq:5Þ

6. Use the net gain component to calculate net increase per day in a different way:
one gain 60 sec 60 min 24 hr 7; 200 gain
•
•
•
¼
ðEq:6Þ
12 sec 1 min
1 hr 1 day
1day
Ideally students will recognize how the net gain component on the site was calculated. If rounding, the numbers obtained in steps 5
and 6 should be the same.
7. Extrapolate the total population at a future date by multiplying the net increase times the number of days in the selected
time period (this is the change in population), and adding that to the current population. For example, if the selected time
period is 50 days, then the change would be
7; 239 people
•50 days ¼ 361; 950 people
ðEq:7Þ
1 day
The extrapolated population would be the current population size plus 361,950.
World Population
1. Time the clock for 60 seconds and write down the population size at the beginning and end. The difference is the net gain
per minute. As of June 2016, this number is 150 people/minute.
2. Use the net gain per minute to estimate the net gain per day:
150 gained 60 min 24 hr 216; 000 gained
•
•
¼
1 min
1 hr 1 day
1day

ðEq:8Þ

3. Use the net gain per day to estimate the predicted population size at the end of a predetermined time period (e.g., the end
of the year).

(http://www.census.gov/population/international/data/idb/world
poptotal.php). As of 2016, the U.S. historical data are provided from
1900 to 1999, and the global historical data are provided from
1950 to 2050. The U.S. historical data are useful for analyzing
20th century trends such as the Great Depression and the postwar Baby Boom, but lack 21st century data and projections.
Different questions, provided below, can be answered with each
data set.
For both data sets, students look over the data and determine if
trends in yearly percent change and year change are increasing or
decreasing. Both are decreasing.
574
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Students find in the datasets the highest annual percent
changes last 100 years. For the United States, the highest is 2.05
percent (1950), and for the global set, the highest percent change
is 2.224 percent (1963).
Percent changes can be compared to the highest annual gains in
population in both data sets. In the United States, the greatest gain
in population was in 1950 (3,083,287), the year with the highest
annual percent growth. In the global data set, the greatest gain in
population was 1980 (83,047,390). Students should here be able
to recognize the relationship between percent growth and actual
growth; a small percent growth (1.866% in 1980) in a larger total
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4. Calculate the number of deaths per one day:
one death 60 sec 60 min 24 hr 6; 647 deaths
•
•
•
¼
13 sec
1 min
1 hr 1 day
1day

ðEq:1Þ

population means a greater change than a larger percent growth
(2.224% in 1963) in a smaller population.
Students use the largest percent growth from their dataset to
determine what the current population would be if that percent
growth remained constant. This is best achieved with spreadsheet
applications such as Microsoft Excel. Spreadsheet setup can vary;
my setup is shown in Figure 1. In this setup, data are typed into
the first row, and calculated into subsequent rows by copying formulas. The annual change (Column D) is calculated by multiplying
the population size (Column B) times the percent growth (Column
C). Each year’s population size is the annual change plus the previous year’s population size. Data are then copied easily to the current year. Students can then visualize how percent growth
influences population size by producing charts (line charts or scatterplots) (Figure 2).
Students can locate the population size for each year in the
database, and add that variable to the chart as an additional data
series. By doing so they can compare the actual historical population growth with their calculated population size.
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Best practices. Have students read about and share reasons
that growth rates reached maximum values when they did. For
the United States, economic growth after World War II is a major
factor (Colby & Ortman, 2014) in 1950, whereas economic
growth, demographic transitions, and the Green Revolution are
all potential factors in the global population growth in 1963.
Depending on ability level, students may not know how to use
their spreadsheet application to multiply. Students may multiply the
percent as a number rather than as a percent (i.e., multiply the population size by 2.05 rather than 2.05% [0.0205]). If they do this, their estimated population size will be much too large in just a few generations.
Depending on experience, students may or may not know how
to make charts, and may not know to label axes and write legends.
I evaluate students based largely on the readability of their charts,
which includes axis labels.

Questions and Discussions
In Exercise 1, I always ask students if they predict the actual population will exceed or be less than the value they calculate. Interestingly,
DYNAMIC POPULATION GROWTH
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Figure 1. Estimate of what the 2015 U.S. (A) and global (B) populations would be at midyear 2015 if both populations had
continued to grow at their maximum rates since 1950 and 1963, respectively. Annual percent growths are entered as proportions
so students can multiply columns B and C to calculate column D.

Discussion

at maximum annual recorded percent growth. In both charts,
calculated population size is represented by black dots for each
year. Approximate 2015 population size is represented by the
horizontal red line. (A) U.S. population growing at 2.05% since
1950. (B) Global population growing at 2.224% since 1963.
the majority of students who completed this exercise before seeing
historical data for Exercise 2 predicted the actual population will be
larger. A misconception that growth rate is still increasing seems to
persist, and students can be informed during this exercise that growth
rate has been decreasing for over two decades (see Exercise 2).
These exercises are natural for encouraging high-impact discussions on the global population, and the difference between the populations of nations that vary in developmental indices. Questions
that can open discussion include:
1. Why be concerned about global population size?
2. Will global population size ever affect you? Explain your
answer.
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3. What are ways to reduce the impacts of a growing
population?
4. What are some ethical issues the developed world must consider in regard to the developing world’s population?
5. What is the importance of education, particularly in reproductive rights of women, to the global population? How is
this different in the developed and developing world?
Comparing the dynamics of the U.S. and global populations world
allows naturally for a discussion of ecological footprints and resource
use. Americans have much larger ecological footprints than individuals
living in other countries (ca.4 times that of Chinese individuals, ca.9
times that of Indian individuals [Ewing et al., 2010]), and are major
users of resources. If developing nations were to use resources at the
same rate as the United States, serious global deficiencies in water, food
supply, and energy may result (Wackernagel et al., 2006).
576
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Figure 2. Scatterplot showing simulated population growth

Population size and the rates of change are constantly changing.
Students should recognize from these exercises how difficult it is
to forecast population growth, because growth rate is dynamic
and changes significantly in a short period of time. (The clock components have changed every semester I’ve done these exercises.)
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United States and world population dynamics are different, which
should indicate to them that societies differ in demographics. Reasons for the differences can be discussed.
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that students recognize how populations have grown and continue
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major effects on all global systems, including those that supply
humans with essential resources and services.

Ehrlich, P. R. (1968). The Population Bomb. New York: Ballantine Books.
European Environment Agency (EEA). (2015; rev. 2016, August 31).
Correlation of ecological footprint (2008) and the human development
index (2012). Retrieved from http://www.eea.europa.eu/data-andmaps/figures/correlation-of-ecological-footprint-2008/#parentfieldname-title
Ewing, B., Moore, D., Goldfinger, S. Oursler, A., Reed, A., & Wackernagel, M.
(2010, October). Ecological Footprint Atlas 2010. Global Footprint
Network.
Food and Agriculture Organization of the United Nations (FAO),
International Fund for Agricultural Development (IFAD), & World Food
Programme (WFP). (2015). The state of food insecurity in the world
2015. Meeting the 2015 international hunger targets: Taking stock of
uneven progress. Rome: FAO. Retrieved from http://www.fao.org/3/ai4646e.pdf
Malthus, T. (1798). An Essay on the Principle of Population. London: Joseph
Johnson.

Next Generation Science Standards (NGSS). (2016). The Three Dimensions
of Science Learning. Retrieved from http://www.nextgenscience.org/
United States Census Bureau (USCB). (2016). U.S. and World Population
Clock. Retrieved from http://www.census.gov/popclock/
Vörösmarty, C. J., McIntyre, P. B., Gessner, M. O., Dudgeon, D., Prusevich, A.,
Green, P., . . . Davies, P. M. (2015). Global threats to human water security
and river biodiversity. Nature, 467, 555–561. doi: 10.1038/nature09440
Wackernagel, M., Kitzes, J., Moran, D., Goldfinder, S., & Thomas, M. (2006).
The Ecological Footprint of cities and regions: comparing resource
availability with resource demand. Environmental & Urbanization, 18
(1), 103–112. doi: 10.1177/0956247806063978

EVAN LAMPERT (evan.lampert@ung.edu) is an Associate Professor in the
Department of Biology at the University of North Georgia, 3820 Mundy Mill
Road, Oakwood, GA 30566
Downloaded from http://online.ucpress.edu/abt/article-pdf/79/7/572/59529/abt_2017_79_7_572.pdf by guest on 17 June 2021

THE AMERICAN BIOLOGY TEACHER

DYNAMIC POPULATION GROWTH

577

