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Nature of Science 
As you begin your journey through EarthComm, take a few 
minutes to think about what it means to do science. How 
would you define science? What makes it different from the 
other subjects that you study in school? The National Academy 
of Sciences defines science as the “use of evidence to construct 
testable explanations and predictions of natural phenomena, 
as well as knowledge generated through this process.”

In this brief introduction to the Nature of Science, you 
will look at what this definition means and try to better 
understand how scientists conduct science. You will read 
about the role of investigations, evidence, logic, inferences, 
and creativity in the quest to better understand the natural 
world. This will require that you be able to tell the difference 
between science and what some call “pseudoscience,” and 
how scientific interpretations change over time. You also will 
consider how science is “human.” People do science. Society 
influences what science is done, and science influences what 
society does.

Students performing 
investigations in 
an EarthComm 
classroom.

Learning Outcomes
In this section and throughout 
EarthComm, you will

• Describe what characterizes science and 
its methods and explain how it applies 
to real situations.

•  Recognize that scientists actively consider 
alternative explanations to explain data.

• Identify sources of reliable information 
and describe how science applies 
standards that ensure their reliability. 

• Recognize and provide examples that 
scientific deductions are drawn from 
scientific observations, independently 
arrived at throughout the world.

• Understand the role of creativity in 
constructing scientific explanations, 
questions, and methods.

• Understand that scientists develop 
appropriate scientific questions, and 
work collaboratively to devise new 
methods to explain natural phenomena.

• Describe the parameters that determine 
what is science and what clearly is 
not science.

• Describe how science’s openness to 
change when new, reproducible 
data is presented is the foundation 
of its durability.

• Describe instances in which scientists’ 
varied backgrounds, talents, interests, 
and goals influence the inferences 
and thus the explanations that 
they make about observations of 
natural phenomena.

•  Explain that a scientific theory represents 
the most convincing and useful 
explanation scientists have to offer.

• Recognize that scientific laws are 
descriptions of specific relationships 
under given conditions in nature.

• Recognize that theories are well-
supported explanations and laws are 
well-supported descriptions.

• Describe the usefulness of models 
in science, and identify some of the 
models used in science.

• Understand how scientific reasoning 
and knowledge inform society’s 
decision making.

• Compare and contrast the various 
strategies for solving societal problems.
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The goal of EarthComm is to provide an opportunity for you to learn about and 
develop a scientific understanding of the Earth system. You will do this by conducting 
inquiry-based Earth and space science investigations. These investigations will require 
that you use evidence that you have generated to support your explanations. Then you 
will use that Earth and space science knowledge to solve real-life challenges using an 
Engineering Design Cycle. You will not be science students, but rather student scientists. 
As you work through each chapter, think about what you are doing that makes you 
a scientist.

Science and its Methods
Scientists are curious human beings who ask questions about the natural world. To
answer these questions, they go through a series of steps that often lead to new
questions. Scientists report the results of their work in scientific journals following a
strict reporting format. Some people incorrectly think that the reporting is identical to
the methods scientists used to get the results, mistakenly believing there is a “scientific
method.” They think that there are specific steps that need to be followed in a
particular order to lead to scientific discoveries. A deeper look at how scientists work
shows that they start their investigations in a variety of ways. The creative discovery
process cannot be written out as a simple recipe of steps. However, during their work,
scientists are careful to ensure that their work is viewed as good science by following 
a set of scientific process principles and methods.

First and foremost, scientists
know that their scientific
claims must make sense 
and be supported by 
experimental evidence. 
All arguments supporting 
their claims are critically 
evaluated. Any alternative 
or contradictory scientific 
claims and evidence must 
be considered in the same 
way. A scientist cannot 
simply ignore evidence that 
does not support the claim. 
Although all evidence must
be considered, scientists 
must critically evaluate the 
sources of their information 
and the scientific quality of
that information.

Developing evidence requires careful, systematic investigation and experimentation. 
In preparation for these investigations, scientists search the literature (for example, 
journals, conference proceedings, books, and so on), carefully designing and reporting 
their studies so that other scientists can replicate the studies. Science requires that 
anybody performing the same experiment should arrive at similar results.

Scientific journals are an important outlet for presenting new research.
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Science extends across national borders, and scientists are part of an international
community. Science is practiced and supported by people all over the world, in all
cultures, and by people of all races and ethnicities. In EarthComm, you will read 
about scientists from many different places around the world. You also will read 
about how scientists build on the ideas of other scientists who have come before 
them or live in different parts of the world.

In EarthComm, you will be expected to think and act like a scientist. You will be 
reminded of all of these aspects of science and its methods as you conduct investigations 
and draw conclusions based on evidence gathered from these investigations. You will 
be required to consider how your conclusions support or refute theories and organizing 
principles of science. You also will need to think about what evidence you have that 
supports your reasoning. You will be expected to keep a record of all of this in your 
Geo log. As a scientist, you also should record any new questions you would like to 
investigate in your log.

Theories and Laws in Science
Science, like other disciplines, has its own language and has words that are 
precisely defined so that everyone understands their meanings. This helps to avoid 
misunderstandings when reading scientific work. Scientific statements require careful 
writing and should be written simply. Sometimes, the meaning of a word in science 
is different from the meaning of the same word in everyday language. For example, 
in Earth science, the term “relief” refers to variations of height and slope or to 
irregularities of the land surface. In everyday language, people use the word “relief” 
to refer to relaxation or help. Neither of these common usages align with the Earth 
science meaning of “relief.” Similarly, the common usage of the word “theory” includes 
references to hunches, speculations, or guesses. None of these coincide with the way 
that “theory” is defined in science. Similar issues arise with the scientific usage of the 
word “law.”
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In observing the physical world, scientists have noticed
patterns and generated scientific laws to describe
fundamental patterns. These laws do not explain the 
patterns but instead describe the specific behavior of 
natural phenomena, sometimes using mathematics. 
For example, the law of gravitation allows you to 
determine the gravitational force of attraction between 
two masses. The force depends on the masses of the 
objects and the distance between them. You can 
apply the law of gravitation to calculate the force by 
multiplying the gravitational constant by the product of
the masses and dividing by the square of the distance 
between them. However, the law does not explain 
why this force is there. Similarly, Kepler’s third law of 
planetary motion accurately describes a predictable 
relationship between the time it takes a planet to orbit 
the Sun and the planet’s average distance from the Sun. 
The law can be applied to determine the time it takes 
any planet to orbit the Sun. Kepler’s third law does 
not, however, explain why the length of an orbit is 
dependent on the distance to the Sun.

A scientific theory brings together many observations and investigations. It provides an
explanation for those observations and can be used to predict new phenomena that
have not been observed. For example, the theory of plate tectonics explains the pattern
of volcanoes and earthquakes around the globe. The theory claims that Earth’s crust is
broken up into gigantic slabs that move relative to one another. These slabs, or plates, 
move because of slow-moving thermal convection cells in the mantle and because of 
gravity pulling the plates into the mantle at subduction zones. This theory can also 
be used to predict the location of a new volcano or earthquake. This theory is not a 
hunch or a guess. Years of experiments, observations, measurements, and mathematical 
applications went into the development of the theory. The work of many people over 
many years culminates in a theory. After that, the work of many people over many 
years is required for acceptance of that theory in the science community. In common 
usage, someone may say, “It’s just a theory.” In science, you can say, “It is a theory!”

Laws do not become theories and theories do not become laws. In EarthComm, you will
learn laws as well as theories of Earth and space science. You will also be introduced to
the models scientists use to help explain theories. You will learn how newer theories
replace older theories in science and the process by which the community of scientists
accepts a new theory. As you complete each section, consider how the new Earth and
space science observations and laws that you learned fit into the larger context of
science knowledge. How is the new knowledge part of the “big ideas” of Earth and
space science and how does the new knowledge meet specific science requirements?

Understanding Earth and space science often requires you to develop and adopt models
to explore a phenomenon. Models are useful in many ways. Many processes in the 
Earth system are so large in scale or complex that scientists simplify them using models. 
For example, to observe the behavior of rocks under stress, one model uses clay to act 
as solid rock. Although clay is much softer than naturally occurring rocks, it bends in a 
similar way to rocks that deform under intense heat and pressure. In another model, 
layers of different colors are drawn on blocks of styrene foam to represent rock layers 
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in fault blocks. This allows the movement of rock layers along different types of faults 
to be determined. Various models of rocks are used to help scientists understand the 
properties of rocks and to make predictions about their behavior in different parts of 
the geosphere.

All models are limited to some degree. This is because they are much simpler than the 
natural systems they represent. It is important to adopt models to help you understand 
how the Earth system works. The system is simply too large, too complex, or too slow 
to always observe directly. It is also important to recognize the limitations of models. 
As you encounter models in EarthComm, you will be reminded of the limitations of 
each model.

Science Versus Pseudoscience
There are many ways in which humans have tried to understand and make sense of 
the world around them. People have used art, historical analysis, music, religion, and 
language to explore and interpret their experiences. Art expression cannot replace 
literature or music. Science cannot replace historical analysis, dance, or religion. Each 
of these ways of viewing the world provides different insights and tries to answer 
different questions.

Long ago, many people believed in astrology. Astrology is the belief that the position 
of the planets at the time of your birth could determine your personality, strengths, 
weaknesses, and your destiny. Today, some people may still believe that astrology 
provides insights, while others read their horoscopes as a form of entertainment. 
Nobody in the scientific world thinks that there is scientific basis for astrology. 
Astrology is not scientifically testable and does not meet the criteria of a science.

All scientific theories must be falsifiable. This means that there must be a way in which
new evidence can show that a theory is false. For example, assume that a scientific
theory predicts that one event is always followed by a second event. If someone is able
to find an instance where that event is not followed by the predicted event, then the
theory has been shown to be false and must be changed or rejected.

An astrology chart.
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A model of the solar system.

There are many examples in the history of science in which theories that were
widely accepted had to be rejected. This occurred because new evidence was
discovered through scientific investigations that proved that the theory was
not always true. A new theory was then created that could account for all the
observations of the old theory as well as the new observations. The cycle then
continues. Every theory must have the potential to be proven false for it to 
be considered a scientific theory.

Occasionally, people try to strengthen their way of making sense of the world by
saying that their theories are identical to scientific theories. A way in which to
check their assertions is to ask them to describe evidence that could be found which
would falsify their theory. If there is no way to do this, then their theory is not a
scientific theory.

As student scientists in EarthComm, you will learn how to conduct scientific
investigations and to consider how the results of those investigations fit in with
the models and theories of Earth and space science. You will learn how theories
have evolved over time. You will read about instances when an accepted theory
was tossed aside and a new theory became the accepted one because only the new
theory was consistent with the evidence. You will learn to appreciate that scientific 
ideas are “works in progress” and subject to revision and refinement. 

Science and Society
Science is one of society’s greatest achievements. Society influences what science is
studied and science influences the lives of everyone in society. When communities
attempt to confront problems, they often turn to science to seek the causes of the
problems and to help identify and weigh specific solutions to them. Science can 
inform people about what is possible, what is risky, and what are the costs and
benefits associated with solutions to a problem. Although science can serve as a tool 
for finding answers to scientific questions, it cannot answer all questions. For example, 
scientific research has led to satellites exploring the edge of the solar system. 
However, the question, “Should we spend money to put a human on Mars?” is a 
philosophical question and not a question that science can answer.

A Ptolemaic model of the solar system.
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Technology is the application of scientific principles to improve lives. Because people 
have different values, they will also have different views on a specific technology. 
Satellites are an example of space technology. Satellites are used for many different 
reasons. They can be used for communication, navigation, monitoring weather, 
collecting data from the oceans, and observing the universe. These all appear to 
be very positive uses for satellites.

However, while the utility of global positioning satellites in helping an ambulance to 
arrive quickly and accurately at a destination is widely accepted, other applications 
of the technology are much more debatable. For example, satellite technologies are 
also utilized for a range of military purposes, from missile guidance to controversial 
initiatives like the Strategic Defense Initiative, which is designed to create a defensive 
shield against incoming ballistic missiles. Although satellites have positive benefits, they 
also have negative impacts. Are scientific advances in technology good or bad? There is 
no simple answer to this ethical question. Scientists must work with engineers as well 
as economists, politicians, sociologists, lawyers, and community representatives when 
dealing with the complex problems of our modern society.

In EarthComm, you will apply Earth and space science principles to solve different 
challenges. For example, you will make a radio or podcast script about astronomical 
hazards, design a museum display on the geology of your community, write newspaper 
articles on climate change, and design a game about volcanoes and earthquakes. You 
will also decide the best city to host the Olympic Games, make a Web site on wind, 
weather, oceans, and climate for elementary school students, write a report analyzing 
changes in the consumption and supply of natural resources in your community due to 
population growth, and create an illustrated script for a short documentary comparing 
Earth’s evolution to another planet or moon. In EarthComm, you will never need 
to wonder why you are learning something. You need the information that you are 
learning to address the Chapter Challenge. As you complete each chapter, consider how 
the Chapter Challenge connects science and society.

Satellites have numerous positive as well as negative applications.
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The atmosphere 
is the gaseous envelope that surrounds 
Earth. It consists of a mixture of gases 
composed primarily of nitrogen, 
oxygen, carbon dioxide, 
and water vapor. The 
atmosphere and the 
hydrosphere make 
up Earth’s fluid 
spheres.

The biosphere 
  is the life zone of Earth and
includes all living organisms, 

including humans, and all 
organic matter that has 

not yet decomposed.

The geosphere 
is the solid Earth that 

includes the continental 
and oceanic crust as well as the 

various layers of Earth’s interior.
The hydrosphere 

includes the water of Earth, 
including surface lakes, streams, 
oceans, underground water, and 

water in the atmosphere. The 
hydrosphere and the atmosphere 

make up Earth’s fluid spheres.

The cryosphere 
is the portion of the climatic 
system consisting of the world’s 
ice masses and snow deposits. The 
cryosphere is the frozen part of the 
hydrosphere. This includes ice sheets, 
ice shelves, ice caps and glaciers, 
sea ice, seasonal snow cover, lake 
and river ice, and seasonally frozen 
ground and permafrost.

The Earth System
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Earth System Science
In 1946, cameras mounted on rockets were shot into space. They took the first pictures of 
Earth from space. The rockets then fell back to Earth. Scientists had to recover the cameras 
from the wreckage of the rockets. Today, scientists are still observing Earth from space. 
However, instead of using rocket-propelled cameras, they use Earth-imaging satellites that 
orbit the planet. Their observations and data are transmitted to Earth. These images and data 
have helped scientists to see that Earth is one big system—the Earth system. A system is a 
group of interacting or interconnected parts that work as a whole. Seeing Earth as a whole has 
helped scientists to study its major systems and provided insight into how the planet works.

The Earth system is not static. Earth is a dynamic planet. Technology makes it possible for 
scientists to observe many of the changes that are taking place. Through technology, scientists 
monitor many geologic processes as they happen. For instance, the movement of Earth’s 
surface is measured using Global Positioning System (GPS) technology. Areas where one part 
of Earth’s surface is moving under another part are explored using gravity measurements. 
Also, clouds of volcanic ash are tracked through the atmosphere using satellite imagery. 

New technology also allows Earth system scientists to study the dynamics of climate and 
weather. For example, using satellites, scientists are able to measure temperatures across 
entire oceans and connect them to movements of the atmosphere. They can also peer into the 
atmosphere to measure water vapor otherwise invisible to the unaided eye. Also, from space, 
they can observe changes in glaciers and sea ice. They can also study the effects changes in 
climate have on living things, such as changes in the distribution of forests. 

Earth is a gigantic system of interconnected parts and processes. Seeing Earth as an integrated 
system shows the importance of each of its parts. It demonstrates that humans are an integral 
part of the Earth system. What humans do affects Earth in many ways. As you journey 
through the chapters of EarthComm, you will explore how your community is part of the 
Earth system.

EarthComm
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What is Systems Thinking?
Systems thinking is not only important in Earth and space science. Systems thinking can be 
applied to any kind of system. There are engineering systems, social systems, conceptual 
systems, natural systems, and so on. Even your school can be considered a system. Systems 
thinking is simply a method for understanding the relationships and connections between 
parts of a larger whole. It helps people analyze how things work, and simplify complex 
things by focusing on their most essential characteristics. It is a useful approach for looking 
at any problem you might need to solve.

In each EarthComm chapter, you will apply systems thinking. You will begin by considering 
the parts of systems and how they interact through processes. As you look at the 
interconnections within the Earth system, you will soon notice that systems are driven by 
sources of energy. Energy enables work to be done and matter to be transformed and 
moved. Sometimes you will make connections between parts of the Earth system that are 
separated by great distances in space. Systems can vary greatly in spatial scale from the size 
of an atom to entire solar systems and beyond. Making observations of patterns and cycles 
in the Earth system will help you to connect today’s Earth system to events in geologic 
history. You will learn to look across time as you consider how the past can affect the 
future. Some aspects of the Earth system happen over very long time scales. For example, 
it takes millions of years for oceans to grow. On the other hand, there are events in the 
Earth system, such as earthquakes, that happen very quickly. 

Connecting Earth’s Systems
The Earth System diagram shows Earth as a group of interconnecting spheres. These 
include the geosphere, the hydrosphere, the atmosphere, the cryosphere, and the 
biosphere. Together, they make up the Earth system. 

The geosphere is the rocky part of the planet. It is the part of Earth where oceans open 
and close, mountains rise and fall, volcanoes erupt, and earthquakes shatter the crust. 
The geosphere includes the 
continental and oceanic 
crust. It also includes 
Earth’s mantle and inner 
and outer cores. The outer 
core generates Earth’s 
magnetic field.

The rock cycle is an 
important process in 
this system. During 
this process, igneous, 
metamorphic, and 
sedimentary rocks are 
formed and destroyed. 
This is proof that Earth 
is a dynamic planet.

EarthComm
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The hydrosphere includes the water of 
Earth. It includes surface lakes, streams, 
oceans, underground water, and water in 
the atmosphere.

The water cycle is part of the hydrosphere. It is 
an essential part of the planet. Evaporation of 
the oceans supplies water to the atmosphere. 
Precipitation flows across the continents in 
streams and rivers to the oceans. Liquid water 
can also be found below the surface in the pores 
of soil and sediments and in the fractures and 
spaces within bedrock. This water flows under 
the force of gravity through channels and spaces 
in rocks and eventually returns to the ocean.

Ocean water circulates deep in the ocean and at 
its surface. Circulation is strongly influenced by 
the conditions of the atmosphere. The movement of ocean water is closely linked to Earth’s 
climate system. The properties of the oceans vary over time. One such example is the El Niño 
effect. This takes place in the equatorial eastern Pacific Ocean. However, it can affect the 
entire Earth system. El Niño demonstrates the strong connections between the atmosphere, 
the hydrosphere, and the biosphere.

The atmosphere is the gaseous envelope that surrounds Earth. It consists of a mixture of gases 
composed primarily of nitrogen, oxygen, carbon dioxide, and water vapor. 

Earth’s weather occurs in the atmosphere. The lower atmosphere contains the most water 
vapor and heat. It is also the most turbulent part of the atmosphere. Storm systems and 
severe weather occur there. Thunderstorms, lightning, tornadoes, and hurricanes, are all 
important processes in the lower atmosphere. The upper atmosphere absorbs ultraviolet light 
from the Sun. It creates a shield that prevents much of this radiation from reaching Earth’s 
surface. Because of their dynamic nature, the hydrosphere and atmosphere are known as 
Earth’s fluid spheres. 

Nature of Science
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The cryosphere is the frozen portion of Earth’s climate 
system. It consists of ice and snow. In Earth’s polar 
regions and at high altitudes, parts of the hydrosphere 
often remain frozen. This sub-system includes ice 
sheets, ice shelves, ice caps, glaciers, and sea ice. It also 
includes seasonal snow cover, lake and river ice, and 
seasonally frozen ground and permafrost.

The cryosphere is particularly sensitive to climate. 
Scientists look for changes in the cryosphere as an 
indication of climate change. Since early in geologic 
history, the volume of Earth’s oceans has been closely 
connected to the volume of ice on the continents.

The biosphere is the life zone of Earth. It includes all 
living organisms, including humans, and all organic matter that has not yet decomposed. 
The biosphere is widespread throughout the Earth system. Place where organisms can live 
are found in the each of Earth’s spheres.

The biosphere is one of Earth’s youngest systems. However, it is still billions of years old. As 
far as scientists presently know, it is entirely unique to the Earth system. No other planet 
has a biosphere. The development of the biosphere is closely connected to changes in 
Earth’s other spheres. The biosphere has evolved over billions of years. Organisms have 
adapted to their environments. New species have developed. Some species have become 
extinct. Part of this long story is recorded in the rocks found in the geosphere. The species 
that you see today reflect part of an ongoing process of change. 

The Earth system functions as a whole. In the classroom and the laboratory, you can study 
parts of the Earth system in isolation to understand them better. However, in nature, no 
part of the system exists in complete isolation. Keep this in mind during your studies. A 
chapter may focus more on one particular sphere than on the others. However, always 
think about how that part of the Earth system interacts with others. At the end of each 
chapter, you will be asked to reflect on how what you learned is connected to the other 
parts of the Earth system and how these parts work as a whole.
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