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The Logic of Science: Investigating the Natural World

Science is not just a collection of facts; it is a systematic process for investigating the natural world. This
process, known as the Scientific Method, provides a logical framework for solving problems and answering
questions through evidence rather than intuition. While the process is often presented as a linear list of steps, it
is actually a flexible cycle that scientists use to refine their understanding of biology, chemistry, and physics.

The Standard Cycle of Scientific Inquiry

—o-[ Question }—b— Hypothesis ]—b{ Experiment ]—-—-—b[ Data Analysis * ——*[ Conclusion J

Case Study: The Discovery of Penicillin

In 1928, Alexander Fleming provided a classic example of the
scientific method in action. It began with an Observation:
Fleming noticed that a Penicillium mold had contaminated one of
his Petri dishes of Staphylococcus bacteria. Curiously, the bacteria
were not growing in the area immediately surrounding the mold.

This led to a specific Question: Does the Penicillium mold produce
a substance that inhibits the growth of bacteria? To answer this,
Fleming formulated a Hypothesis—a testable statement that
predicts an outcome. His hypothesis was that the mold released a
chemical that was lethal to certain bacteria.

Fleming'’s original observation of mold
inhibiting bacterial growth.

Key Concept: The Hypothesis
A Hypothesis is more than a 'guess.’ It must be testable and falsifiable, meaning there must be a way to

| prove it wrong through observation or experimentation.

Testing the Idea: Experimentation
To test a hypothesis, a scientist must design a controlled Experiment. This involves identifying and manipulating

specific variables:

» Independent Variable: The factor that the scientist deliberately changes (in Fleming's case, the presence or
absence of the mold extract).

. Dependent Variable: The factor that is measured or observed in response (the growth rate or survival of the
bacteria).

» Controlled Variables (Constants): Factors kept exactly the same between groups to ensure the results are
only due to the independent variable (e.g., temperature, type of agar, and incubation time).

A valid experiment also requires a Control Group, which serves as a baseline for comparison. In this group, the

independent variable is not changed (bacteria grown without mold extract). The Experimental Group receives

the treatment (bacteria grown with mold extract).

Analysis and Conclusion

Once the experiment is complete, the scientist performs Data Analysis. This involves organizing raw
measurements into tables or graphs to look for patterns. If the data shows a significant difference between the
control and experimental groups, the scientist can draw a Conclusion.

A conclusion states whether the data supports or refutes the original hypothesis. In Fleming's case, the data
supported his hypothesis, leading to the development of penicillin—the world's first antibiotic. If the data had
refuted the hypothesis, Fleming would have returned to the beginning to develop a new, refined hypothesis
based on his new findings.
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Guided Notes: Mapping the Method

Use the information from the reading passage 'The Logic of Science’to complete the following guided notes.

This systematic process provides a logical framework for solving problems through evidence.

The Scientific Method Cycle

[ Observation ]—b[ Question ]—b[ Hypothesis ]—-—-—b[ Experiment --——b-[ Data Analysis ]—b[ Conclusion

|

Fill in the definitions for each step of the cycle below.

1. Observation: The process of noticing and describing events in a careful, orderly way.

2. Question: A specific problem or inquiry derived from observations that science can

3. Hypothesis: A proposed explanation that servesasa_ statement. It is often written in an 'If..

then...' format.

4. Experiment: A procedure designed to test a hypothesis by manipulating specific

5. Data Analysis: The process of organizing raw measurements into
patterns.

6. Conclusion: A final statement that determines whether the data

or to look for

or the original

hypothesis.

Experimental Design Components

Term Definition

Example (from Fleming Case
Study)

Independent Variable

Dependent Variable

Control Group

Experimental Group

Remember: Controlled Variables

Controlled Variables (Constants) are factors kept exactly the same between groups to ensure the results

are only due to the independent variable. In Fleming's experiment, these included temperature, type of agar,

and incubation time.




Reflection: Why is it critical for a scientist to only change one independent variable at a time during an

experiment?

Independent Practice: Identifying Variables

Directions: Read each biological scenario carefully. For each experiment, identify the key components of the
scientific method used by the researchers.

Quick Review

» Independent Variable (IV): The factor you purposely change or manipulate.
» Dependent Variable (DV): The factor you measure or observe (the data).

» Constants: Factors that must be kept the same to ensure a fair test.

Scenario 1: Fertilizer and Plant Growth

A botanist wants to see if a new nitrogen-based fertilizer increases the height of pea plants. she takes 20
identical pea plants and gives 10 of them the fertilizer, while the other 1@ receive only water. All plants are
kept in the same greenhouse at 22°C and receive 12 hours of sunlight daily. After three weeks, she measures

the height of all plants.

Hypothesis:

Independent Variable:

Dependent Variable:

Constants (List 2):




Scenario 2: Enzyme Activity and Temperature

Biology students are studying how temperature affects the rate at which the enzyme catalase breaks down
hydrogen peroxide. They perform the reaction at four different temperatures: @°C, 20°C, 4@°C, and 6@°C. They
use the same concentration of enzyme and the same volume of hydrogen peroxide for every trial. They
measure the volume of oxygen gas produced in 3@ seconds.

Hypothesis:

Independent Variable:

Dependent Variable:

Constants (List 2):

Scenario 3: Antibiotics and Bacteria

A microbiologist is testing the effectiveness of a new antibiotic, 'Z-Kill," against E. coli bacteria. She prepares
5@ agar plates with the same amount of bacteria. 25 plates are treated with a disk soaked in Z-Kill, and 25
plates are treated with a disk soaked in sterile water. All plates are incubated at 37°C for 24 hours. She then
measures the diameter of the 'zone of inhibition' (the area where no bacteria grew) around each disk.

Hypothesis:

Independent Variable:

Dependent Variable:




Constants (List 2):

Scenario 4: Vitamin C and Guinea Pig Health

Researchers want to determine if daily Vitamin C supplements affect the bone density of guinea pigs. They
divide 4@ guinea pigs into two groups. Group A receives a standard diet, while Group B receives the standard
diet plus 5@mg of Vitamin C daily. All guinea pigs are the same age and are kept in identical cages. After six
months, X-rays are taken to measure the bone density of each animal. 5

Hypothesis:

Independent Variable:

Dependent Variable:

Constants (List 2):

Part 2: Developing Hypotheses

For the following observation, identify the variables and write a formal If... then... hypothesis.

Observation: You notice that your desk lamp seems to get much hotter when you use a 10@0-watt bulb
compared to a 6@-watt bulb.

Independent Variable:

Dependent Variable:

Hypothesis (If... then...):
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Data Analysis & Conclusion Labette

A In this activity, you will analyze data from a controlled experiment investigating the optimal environmental
conditions for bacterial growth. Review the experimental setup and the resulting data to draw scientific
conclusions. '

Experimental Context
Observation: Bacteria are found in many different environments, but some populations seem to thrive in

more acidic or basic conditions than others.

Hypothesis: If the pH level of the growth medium is increased from acidic to neutral (pH 7), then the number
of bacterial colonies will increase, because neutral conditions are optimal for most biological enzymes.

pH Level of Agar Number of Bacterial Colonies (after 48 hours)
pH 3 (Highly Acidic) 12

pH 5 (Acidic) 48

pH 7 (Neutral) 104

pH 9 (Basic) 31

pH 11 (Highly Basic) 4

Bacterial Growth vs. pH Level
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Visual representation of the bacterial colony counts across the pH spectrum.

Part 1: Data Analysis
Identify the trends you see in the data. At what point does growth peak? How does the growth change as the

ey environment moves away from that peak in either direction?



Part 2: Formal Conclusion
Write a formal conclusion for this experiment. Your conclusion must:

1. State whether the hypothesis was supported or refuted.
2. Cite specific data points (numbers) from the table to justify your claim.
3. Provide a scientific explanation for why the results occurred.
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Exit Ticket: Scientific Method Check-In

~ Complete this quick assessment to demonstrate your understanding of the scientific process and experimental
design.

1. Experimental Integrity
In a controlled experiment, why is it critical for a scientist to only change one variable at a time? What might
happen to the results if multiple variables were changed simultaneously?

2. Distinguishing Key Terms

Based on the 'Introductory Reading’, explain the specific difference between a Control Group and a
Controlled Variable (Constant). Use Alexander Fleming's penicillin experiment as an example in your
explanation.

A=

3. Mapping the Method
The steps of the scientific method are listed below in a scrambled order. Number them 1 through 6 to place
them in the correct logical sequence used by scientists like Alexander Fleming.

Order Step

Hypothesis (Formulating a testable statement)

Data Analysis (Organizing measurements into tables/graphs)

Observation (Noticing a natural phenomenon)

Conclusion (Stating if the hypothesis is supported or refuted)




Question (Defining the problem to be solved)

Experimentation (Testing the variables)

Self-Reflection

| Which part of the scientific method do you find most challenging: identifying variables or drawing
| conclusions from data? Why?

1. Which of the following best describes the primary purpose of a 'Control Group' in a
scientific experiment?

To receive the treatment being tested, showing the effect of the independent variable.
To measure or observe the factor that responds to the changes in the experiment.

To serve as a baseline for comparison, where the independent variable is not changed.
To identify and manipulate the factor that the scientist deliberately changes.
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According to the 'Introdﬁctory Reading’, what is the correct sequence of steps in the
Scientific Method cycle? _

Question, Observation, Experiment, Hypothesis, Conclusion, Data Analysis

Observation, Hypothesis, Question, Experiment, Conclusion, Data Analysis

Hypothesis, Experiment, Observation, Question, Data Analysis, Conclusion

Observation, Question, Hypothesis, Experiment, Data Analysis, Conclusion

oo wm»

3. Explain the difference between an independent variable and a dependent variable in the
context of a scientific experiment. Provide an example from the provided text to
illustrate both.

4. Describe the role of 'Data Analysis' and 'Conclusion' within the scientific method. How
do these two steps relate to each other in refining scientific understanding?
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Cell Membrane
Centrioles

Cytoplasm

Endoplasmic Reticulum
Golgi Apparatus
Lysosome
Mitochondrion

Nucleus

Nucleolus

Vacuole

| Blorric,

b i

Copyrivehit




_POrtS of a Piant Cell

Name:
Date:

Central Vacuole
Cell Membrane
Cell é.mw_
Chloroplast
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Spotlight on the Standards
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Function

Cell Membrane (Plasma membrane)

Boundary between intracellular & extracellular
environments. Regulates entry/exit of
substances.

Cell wall

Rigid structure providing support for cell.

Cytoplasm

Jelly-like substance filling intracellular space
contains dissolved substances.

Cyto-skeleton

Network of fine tubes and threads. Provides
internal structural support.

Centrioles Paired rods, which help organize microtubules
during mitosis.

Nucleus Membrane-bound structure containing cells'
genetic information (DNA) and support
molecules.

Nucleolus Small structure within nucleus. Site of

production of ribosomal RNA.

Nuclear membrane

Boundary between nucleus and cytoplasm.
Regulates passage of materials between the two.

Flagella, pili, cilia

Structures used to enable movement of cells or
sometimes to propel substances across outer
surface of the cell. Predominantly protein in
composition.

Mitochondria

Membrane bound organelles. Folded membranes
within contain enzymes for aerobic respiration.
(A little DNA in here too.)

Chloroplasts

Membrane bound organelles. Folded membranes
within contain chlorophyll and enzymes for
photosynthesis. (A little DNA in here too.)

Vacuole

Membrane bound area filled with water and
assorted solutes. Role in maintenance of water
balance of the cell.

Ribosomes

Small organelles at which protein synthesis
occurs. May be free floating or membrane-
bound.

Endoplasmic Reticulum (smooth E.R.)

Network of flattened membranes forming
tunnels. Enzymes assisting synthesis of some
lipids and final processing of proteins found
here.

Endoplasmic Reticulum (rough E.R.)

Similar to smooth ER, but with ribosomes
embedded in membrane. Proteins to be exported
from cell produced here.

Golgi Apparatus (aka Golgi Body)

Stacks of saucer shaped membranes where

30




SCIENTIFIC HYPOTHESES, THEORIES, AND LAWS Name:
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(1)  Science is a dynamic and ever-evolving process. Within the scientific community, terms like theories,
laws, and hypotheses play important roles. However, these terms are often misunderstood or used
interchangeably. This reading will delve into the distinctions between theories, laws, and hypotheses in
science, shedding light on their unique roles and significance in the scientific community.

Hupatheses: Building the Foundatian
& @ (2)  Atthe heart of scientific inquiry, hypotheses serve as the starting point. Hypotheses
£ is plural for a hypothesis. A hypothesis is a proposed explanation or prediction for a
specific phenomenon based on observations of the natural world. It's a statement that can
be tested through experiments or further observations. Hypotheses act as stepping stones
toward discovering new knowledge and serve as the initial steps in scientific inquiry,

guiding research and investigations.

(3)  Scientists formulate hypotheses based on existing evidence, theories, or observations, and then
design experiments to gather data that can either support or reject the hypothesis. A supported hypothesis
can contribute to the development of broader scientific theories or understanding within a particular field.

Key Characteristics of a Scientific Hypothesis
» Explains what is expected to happen
»_Is clear and understandable
s testable and measurable
* Contains an independent and dependent variable
* Independent variable: variable that is manipulated by the researcher and is used to observe how
this change influences the dependent variable (the cause)
* Dependent variable: variable that is observed and measured in response to changes in the
independent variable (the effect)

The following is a hypothesis with the independent and dependent variable underlined. The plant grows taller
(effect) because it is given more sunlight (cause).

Flowers will grow taller in an environment with 25% more sunlight.

dependent independent
variable variable

Sclertigic Theoties: Elaboale Eqplanaiions

& (4)  Ascientific theory is a well-substantiated explanation of some aspect of the
natural world that is based on a body of evidence, observations, and experiments. A
theory is not just a guess. A scientific theory integrates a vast body of evidence from
multiple sources, such as experiments, observations, and data analysis to elaborately
explain why and how a phenomenon occurs. It's a framework that offers insight into the
mechanisms behind a phenomenon to answer “why” and “how” questions.

(5)  Ascientific theory provides a framework for understanding a particular phenomenon and is
supported by a wide range of empirical data. Empirical data is data collected through direct observation,
measurement, and experimentation and serves as tangible evidence that can be objectively examined and
tested. Theories provide deeper explanations, uncovering mechanisms and relationships in the natural
world.
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'SCIENTIFIC HYPOTHESES, THEORIES, AND LAWS Name:

Paadmg Comzpmhmmn Questions

Determine if each statement below is referring to a hypothesis, theory, or law. On the line, write H for hypothesis,
T for theory, or L for law.

y Summarizes observations into concise mathematical or empirical statements.
2. Prediction or explanation for an observed phenomenon based on observations.
3. Elaborate explanation of an aspect of the natural world based upon evidence, observations, and

experiments.
4. Includes an independent variable and dependent variable.

5. Through numerous experiments and evidence, it is observed that massive objects cause space to
curve around them. When objects move near more massive objects, they follow a curved path, which is

perceived as gravity.

6. Focuses on describing what happens under specific conditions without explaining the underlying
mechanisms of the phenomenon.

7- If carbon dioxide levels are increased in a closed system, the plant within this closed system will
photosynthesize at a faster rate.

8. Explains how or why a natural phenomenon occurs using empirical data.

' At a constant temperature, the volume of a given mass of gas is inversely
proportional to its pressure: P4 X V; = Py x Vs,

Keg, Chasacieristics

Complete the following table.

Term Definition Key Characteristics

10. Hypothesis

11. Theory

12. Law
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COMMONLY USED SUFFIXES IN SCIENCE
" suffix is a letter or group of letters added to the end of a word to alter its meaning or form a new word. In
»cience, suffixes are useful for indicating specific types of processes, conditions, or relationships, helping to
precisely describe concepts and classify terms.
SUFFIX MEANING EXAMPLE
-able / -ible capable of, able to be soluble (capable of being dissolved)
-ase enzyme amylase (enzyme that breaks down starch)
-cide killer, killing pesticide (substance that kills pests)
-cyte cell erythrocyte (red blood cell)
-derm skin, layer epidermis (outer layer of skin)
-ectomy surgical removal appendectomy (surgical removal of appendix)
-emia blood condition anemia (deficiency of red blood cells)
-gen producing, origin pathogen (organism that causes disease)
-graph recording instrument seismograph (instrument that records seismic waves)
| -hydrate involving water dehydrate (remove water from a substance)
-ic / -al pertaining to biotic (pertaining to life), thermal (related to heat)
-ism state or condition metabolism (state of chemical reactions in the body)
-itis inflammation arthritis (inflammation of the joints)
-logy the study of geology (study of Earth)
-lysis breaking down glycolysis (breaking down of glucose)
-mer part, unit monomer (unit of a large molecule)
-oma tumor, swelling carcinoma (cancerous tumor)
-0sis condition, disease osteoporosis (bone disease)
-ous full of, possessing luminous (full of light)
-path disease, suffering pathogen (agent that causes disease)
-phage to eat, consume macrophage (cell that consumes pathogens)
L. | -philic have an attraction to hydrophilic (having an affinity for water)
-phobic fearing, repelling hydrophobic (repels water)
-troph nourishment, growth autotroph (organism that produces its own food)

© SCIENCE IS REAL,

O




