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In the next step, scientists use questions and obser-
vations to identify variables, which are the conditions
that change in an experiment or model, They often seek
to reduce the number of variables when formulating a
hypothesis—a tentative explanation for the phenomena
observed. Since natural systems are complex, controlling
or eliminating variables helps simplify research ques-
tions and predictions.

Scientists test hypotheses using experimental studies
in laboratories or natural settings. The methods used for
these studies must be reproducible so that repeat testing
can occur. Results may support or disprove the hypothesis,
or predictions made according to the hypothesis may prove
accurate or inaccurate. If the results disprove the hypoth-
esis, the researcher will need to adjust data-collection
methods or refine the hypothesis statement. If the results
support the hypothesis, repeated testing and verification
may lead to its elevation to the status of a theory.

Reporting research results is also part of the scien-
tific method. For scientific work to reach other scientists
and eventually the public at large, it should be described
in a scientific paper and published in one of the many sci-
entific journals. When a scientist submits a paper to a sci-
entific journal, that journal sends it out for peer review,
During this critical process, other members of the scien-
tific or professional community critique the methods and
interpretation of results set ouf in the paper. This process
also helps detect any personal or political bias on the part
of the scientist. The reviewers may recommend rejecting
the paper or accepting and revising it for publication. Once
a number of papers are published with similar results
and conclusions, the building of a theory begins.

A scientific theory is an explanation constructed on
the basis of several extensively tested hypotheses and can
be reevaluated or expanded according to new evidence.
Thus, a scientific theory is not absolute truth; the possibil-
ity always exists that the theory could be proved wrong.
However, theories can be expanded to represent truly broad
general principles—unifying concepts that tie together the
laws that govern nature, Examples include plate tectonics
theory and the theory of evolution, discussed in Chapters 9
and 16. The value of a scientific theory is that it stimulates
continued observation, testing, understanding, and pursuit
of knowledge within scientific fields.

While the scientific method is of fundamental impor-
tance in guiding scientific investigation, the real process
of science is more dynamic and less linear, leaving room
for questioning and thinking “out of the box.” Flexibility
and creativity are essential to the scientific process, which
may not always follow the same sequence of steps or use
the same methods for each experiment or research project.

Applying Scientific Results Scientific studies
described as “basic” are designed largely to help advance
knowledge and build scientific theories. Other research
is designed to produce “applied” results tied directly to
real-world problem solving. Applied scientific research
may advance new technologies, affect natural resource

policy, or directly impact management strategies. Scien-
tists share the results of both basic and applied research at
conferences as well as in published papers, and they may
take leadership roles in developing policy and planning,
For example, the awareness that human activity is pro-
ducing global climate change places increasing pressure
on scientists to participate in decision making. Numerous
editorials in scientific journals have called for such prac-
tical scientific involvement.

Science is objective by nature and does not make
value judgments. Instead, pure science provides peo-
ple and their institutions with objective information on
which to base their own value judgments. Social and
political judgments about the applications of science
are increasingly important ag Earth's natural systems
respond to the impacts of modern civilization.

Human-Earth Interactions in the
21st Century

Issues surrounding the growing influence of humans on
Earth systems are central concerns of physical geography;
we discuss them in every chapter of Elemental Geosystems,
Human influence on Earth is now pervasive. The global
human population passed 6 billion in August 1999 and
continued to grow at the rate of 82 million per year, adding
another billion by 2011, when the 7 billionth human was
born. More people are alive today than at any previous
moment in the planet’s long history, unevenly distributed
among 193 countries and numerous colonies. Virtually all
new population growth is in the less-developed countries
(LDCs), which now possess 81% (about 5.75 billion) of the
total population. Over the span of human history, billion-
mark milestones occurred at ever closer intervals through
the sixth-billion milestone: the interval is now slightly

increasing (Figure 1.4),
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AFigure 1.4 Human population growth. Note the population
forecasts through 2058,




