Module 14: The Scientific Method and Earth Systems (EPS 3800)

Introduction
Science is not simply a collection of facts. It is a process used to understand the natural world.

Scientists observe patterns, ask questions, and develop explanations based on evidence. This systematic
approach allows scientific knowledge to grow over time.

The structured approach used in scientific investigation is known as the scientific method.

In addition to understanding the scientific method, students studying Earth science explore how
different systems of the Earth interact, including the atmosphere, oceans, and solid Earth.

The Scientific Method
The scientific method is a logical process used to investigate natural phenomena.
Although scientific investigations may vary, the process generally involves several key steps.
Step 1: Observation
Scientific investigation begins with observation.
Observations involve carefully examining natural events and identifying patterns.

For example, early scientists observed that rocks on different continents sometimes contained similar
fossils. These observations eventually contributed to the development of the theory of plate tectonics.

Step 2: Question
After observing a phenomenon, scientists ask questions about what they observed.
Examples of scientific questions include:

¢ Why do earthquakes occur?
¢ How do mountains form?
¢ What causes volcanic eruptions?

These questions guide scientific investigation.

Step 3: Hypothesis

A hypothesis is a proposed explanation that can be tested through observation or experimentation.
A good hypothesis must be:

* testable
* based on evidence
¢ logically consistent

For example:
"A particular rock layer formed in a marine environment."

Scientists can test this hypothesis by examining fossils and sediment structures.
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Step 4: Experimentation and Data Collection
Scientists gather evidence to test hypotheses.
Evidence may come from:

¢ laboratory experiments
¢ field observations

* measurements

e computer models

In Earth science, many investigations rely on geological observations rather than controlled laboratory
experiments.

Step 5: Analysis
Scientists analyze the collected data to determine whether the evidence supports the hypothesis.
This may involve:

¢ mathematical analysis
e comparing results with previous studies
¢ identifying patterns in the data

Step 6: Conclusion
Based on the analysis, scientists draw conclusions.
If the evidence supports the hypothesis, it may contribute to a broader scientific explanation.
If the evidence contradicts the hypothesis, scientists revise their ideas and continue investigating.
Science advances through this ongoing process of testing and refinement.
Scientific Theories
A scientific theory is a well-supported explanation of natural phenomena.
Theories are supported by extensive evidence collected through many investigations.
Examples of scientific theories include:

¢ the theory of evolution
¢ the theory of plate tectonics
¢ the atomic theory of matter

Scientific theories are not guesses. They represent the best explanations currently supported by
evidence.

Earth Systems
Earth can be understood as a system composed of interacting components.

Major Earth systems include:
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¢ the atmosphere
¢ the hydrosphere
¢ the geosphere
¢ the biosphere

Each system interacts with the others, forming a complex network of processes that shape our planet.
The Atmosphere

The atmosphere is the layer of gases surrounding Earth.

It contains gases such as:

¢ nitrogen
* oxygen
e carbon dioxide

The atmosphere plays an essential role in regulating Earth’s climate and protecting life from harmful
radiation.

The Hydrosphere
The hydrosphere includes all water on Earth.
This includes:

® oceans
e rivers

* lakes

e glaciers

e groundwater

Water circulates continuously through the water cycle, which involves evaporation, condensation, and
precipitation.

The Geosphere
The geosphere refers to the solid Earth, including rocks, minerals, and the structure of the planet.
Earth’s interior consists of several layers:

® crust
* mantle
e core

These layers differ in composition and physical properties.
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Plate Tectonics
One of the most important concepts in Earth science is the theory of plate tectonics.

According to this theory, Earth’s outer layer (the lithosphere) is divided into large plates that move
slowly over time.

These plates float on a semi-fluid layer of the mantle.
Effects of Plate Motion
Plate motion causes many geological phenomena, including:

¢ earthquakes
¢ volcanic activity
e mountain formation

Where plates interact, geological activity is often concentrated.
Types of Plate Boundaries
There are three major types of plate boundaries.
Divergent Boundaries
At divergent boundaries, plates move apart.
New crust forms as magma rises from below the surface.
Example: mid-ocean ridges.
Convergent Boundaries
At convergent boundaries, plates move toward each other.
One plate may be forced beneath another in a process called subduction.
This process often produces volcanic activity.
Transform Boundaries
At transform boundaries, plates slide past each other.
This motion can produce earthquakes.
Example: the San Andreas Fault in California.
Geological Time
Earth’s history spans billions of years.

Scientists use the geologic time scale to organize Earth’s history into major divisions based on significant
geological and biological events.

Evidence for Earth’s history comes from:
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* rock layers
o fossils
¢ radiometric dating

These tools allow scientists to reconstruct the history of our planet.
Practice Questions
1. What is the scientific method?
2. What makes a hypothesis testable?
3. What is the difference between a hypothesis and a theory?
4. Name the four major Earth systems.
5. What causes earthquakes along plate boundaries?
Challenge Questions
1. Why is the scientific method important in scientific research?
2. Explain how plate tectonics helps explain the formation of mountains.

3. Describe how Earth’s systems interact with one another.
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