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LEARNING OBJECTIVES

After this lesson, students should be able to:
» Define the scientific method.

»Explain the importance of the scientific
method.

» Describe each step of the scientific
method.



LEARNING OBJECTIVES

After this lesson, students should be able to:

> Differentiate scientific law from scientific
theory.

»Explain the role of observation,
experimentation, and evidence.

» Apply the scientific method to real-life
situations.



WE ALL USE A SCIENTIFIC PROCESS

Every day we make decisions  These situations require:

such as: » Observation
What should | wear? > Thinking

What should | eat? . , ,
» Testing possible solutions

Why won't my phone charge?
. . » Making conclusions
Why did my plant wilte

Which route is the fastest to
school?



THE SCIENTIFIC METHOD

The Scientific Method is the application of a
logical process of reasoning to arrive at
certain law or principle that is consistent with

experimental results.



THE SCIENTIFIC METHOD

It relies on Critical thinking
Observation Data analysis

Experimentation Evidence



WHY IS THE SCIENTIFIC METHOD IMPORTANT?

It helps scientists » Produce reliable

» Discover new results

knowledge »Develop medicines
» Solve problems » Improve technology

objectively » Understand natural

» Reduce bias phenomena



CHARACTERISTICS OF THE SCIENTIFIC METHOD

A good scientific
investigation is:

» Logical

» Obijective
» Systematic

» Evidence-based
» Repeatable
» Testable

»Open to revision
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The Scientific Method is S’rep 1: Observq’rion
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The Scientific Method is

CYCLICAL | gmmzm Step 1: Observation

) Observation involves usin
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» Smell

> Instruments

‘ 6.ANALYZEDATA W
\

n Eamneyouvd

experiment
\ 5. COLLECT DATA \
=5 Record yool
: obse Oﬂsasnd
w idence can )




THE SCIENTIFIC METHOD CYCLE

The Scientific Method is Sfep 2: State the Problem
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/ @ NN Everything begins with a question.

world.

" Examples:

P b2 . Ask a question
Suggest improvements, ) ZAT . H -° >
LR R J % : 3
) new experimants, or : . about what you
-~ % s », observed

ask new questions

7 Why do apples turn brown?

Science is a

7. CONCLUSION continuous cycle ||
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Repeat if necessary.
New evidence can lead
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The Scientific Method is .
CYCLICAL e Step 2: State the Problem
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A good scientific question
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"ECAL g Step 3: Formulate
Hypothesis

8. RECOMMENDATION /
NEW QUESTIONS
eos Suggest improvements, |

C ask new questions

A hypothesis is
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The Scientific Method is

CYCLICAL

Step 3: Formulate a Hypothesis
Good hypotheses are
oTestable

olLogical

oBased on observations
oFalsifiable

Excnmple

"If fertilizer contains nitrogen,
then plants will grow taller."”
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The Scientific Method is

CYCLICAL g Variables in an Experiment

JIndependent Variable

The factor changed by
the researcher.

IDependent Variable

The factor measured.




THE SCIENTIFIC METHOD CYCLE

The Scientific Method is
CYCLICAL

Notice something
@ Interesting in the
world.

8. RECOMMENDATION / b
NEW QUESTIONS s

“ee Suggest improvements, <."'-.
o §) new experimants, or

ask new questions

r Science is a

7. CONCLUSION
Determine if the data
J SuUpports your
hypothesis.
‘ o3 i resuits do not support
your hypothesis, go back

6. ANALYZE DATA [ o aomin s g

Examine your data |

lr to look for ponerns
or trends

Repeat if necessary.

V New evidence can lead
to new ideas!

continuous cycle

\_ learning.

1. OBSERVATION

of discovery and /-

|

Record your
observations and
measurements.

"N

2. QUESTION / PROBLEM

> Ask a question
$a%% about what you
/ observed

)

Make an educated
guess or possible

explanation

Test your hypothesis
through a controlled
) experiment

Variables in an
Experiment

_IControlled
Variables

Factors kept constant.
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The Scientific Method is EX m I
CYCLICAL (1. 0BSERVATION ] ‘ p ©

» Plant Experiment

*Independent:
Amount of fertilizer

*Dependent:
Plant height

*Controlled:
Water, sunlight, soil, plant
species
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The Scientific Method is Con‘l'rO"ed Experimenl's
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A controlled experiment
compares

Experimental Group vs.

Control Group

***Purpose

To determine whether one
factor causes a specific effect.
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The Scientific Method is -
CYCLICAL | ez Controlled Experiments
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The Scientific Method is

CYCLICAL | ez Step 4: Experimentation
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The Scientific Method is

CYCLICAL | ez Step 4: Experimentation

\ Scientists record

o Suggest improvements, |
¥ new experiments, or
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; ; »Unexpected events
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The Scientific Method is Step 5: Collect and Record
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The Scientific Method is .
CYCLICAL | gz Step 5: Collect and
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The Scientific Method is .
CYCLICAL [ gy Step 6: Analyze the Data
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The Scientific Method is

CYCLICAL | ez Step 6: Analyze the Data
Questions include

»Did the experiment
support the hypothesis?

> Were there errors?

> Are the results reliable?
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The Scientific Method is Sfep 7: DI’CIW COnCIUSionS
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A conclusion should answer

> Was the hypothesis
supported?

»What evidence supports your
answere

»What did you learn?
e M e Remember

ends | @B e
RS “*A hypothesis is supported,
s B4 not proven.
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The Scientific Method is e 8: Reco m mendqtiO ns
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Scientists often recommend
» More experiments

» Improved procedures

» Larger sample sizes

» Different conditions

»New research questions
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The Scientific Method is The Scientific Method is
CYCLICAL B 1 o:scrvation |

Cyclical

If results disagree with the
hypothesis

Scientists

> Revise the hypothesis

» Design another experiment
» Collect more evidence




CASE STUDY: ALEXANDER FLEMING AND
PENICILLIN

1928 Hypothesis
Alexander Fleming The mold produced a
observed substance that killed
» Mold contaminated bacteria.

bacterial cultures. Result

> Bacteria near the mold The substance became
died. known as Penicillin.



SCIENTIFIC LAW VS SCIENTIFIC THEORY

Scientific Law

Scientific Theory

Describes what happens

Explains why it happens

Based on repeated
observations

Based on extensive
evidence

Usually mathematical

Comprehensive
explanation

Can be revised

Can also be revised




PHLOGISTON THEORY VS MODERN COMBUSTION

THEQRY

The phlogiston theory
states that all materials
that burn contain a
substance called
phlogiston. When these
materials burn, they give
off phlogiston, the
material can no longer
burn and the flame dies.

This theory seemed to
explain why a candle
burns in open air and
why it burns only a short
time when placed inside
a closed container.



PHLOGISTON THEORY VS MODERN COMBUSTION
THEQRY

But in 1778, French chemist Lavoisier successfully

Antoine Lavoisier discovered demonstrated that a burning
that when sulfur and phosphorus  material uses up oxygen from
were burned, they gained the air rather than giving off
weight. This statement was something to it. Lavoisier’s work
contrary to the phlogiston became the basis of a new
theory which suggested that theory that burning involved a
burning materials would lose chemical combination of a
weight since they gave off material with oxygen. His
phlogiston. theory replaced the phlogiston

theory.



SCIENTIFIC LAWS

Scientific laws Examples
» Summarize repeated »>Boyle's Law
observations >Charles' Law

» Describe natural behavior > Law of Conservation of

> Are concise Mass

» Often expressed
mathematically



SCIENTIFIC THEORIES

Scientific theories
»Explain observations

» Are supported by
many experiments

> Predict future
observations

» Can be modified

Examples
» Atomic Theory

» Kinetic Molecular
Theory

» Collision Theory
» Evolutionary Theory



SUMMARY

The Scientific Method

v Starts with
observations

v Begins with a
question

v Develops o
hypothesis

v Tests through
experimentation

v Collects and
analyzes data

v Draws conclusions

v Leads to new
questions



SUMMARY

Science is not about proving ideas—it is about
continuously improving our understanding of

the natural world through evidence.



	Slide 1: The Scientific method
	Slide 2: Learning Objectives
	Slide 3: Learning Objectives
	Slide 4: We All Use a Scientific Process
	Slide 5: The Scientific Method
	Slide 6: The Scientific Method 
	Slide 7: Why is the Scientific Method Important?
	Slide 8: Characteristics of the Scientific Method
	Slide 9: The Scientific Method Cycle
	Slide 10: The Scientific Method Cycle
	Slide 11: The Scientific Method Cycle
	Slide 12: The Scientific Method Cycle
	Slide 13: The Scientific Method Cycle
	Slide 14: The Scientific Method Cycle
	Slide 15: The Scientific Method Cycle
	Slide 16: The Scientific Method Cycle
	Slide 17: The Scientific Method Cycle
	Slide 18: The Scientific Method Cycle
	Slide 19: The Scientific Method Cycle
	Slide 20: The Scientific Method Cycle
	Slide 21: The Scientific Method Cycle
	Slide 22: The Scientific Method Cycle
	Slide 23: The Scientific Method Cycle
	Slide 24: The Scientific Method Cycle
	Slide 25: The Scientific Method Cycle
	Slide 26: The Scientific Method Cycle
	Slide 27: The Scientific Method Cycle
	Slide 28: The Scientific Method Cycle
	Slide 29: The Scientific Method Cycle
	Slide 30: Case Study: Alexander Fleming and Penicillin
	Slide 31: Scientific Law vs Scientific Theory
	Slide 32: Phlogiston Theory vs Modern Combustion Theory
	Slide 33: Phlogiston Theory vs Modern Combustion Theory
	Slide 34: Scientific Laws
	Slide 35: Scientific Theories
	Slide 36: Summary
	Slide 37: Summary

