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Lecture 1A: The Nature of 
Biology and Life
Part 1: The Practice of Science  

Topic: What is Science?

Recall
What is scientific 
inquiry?

What are the 
three principles 
of scientific 
theory?

Biologists test 
hypotheses using 
controlled 
experiments

Why is a control 
needed in an 
experiment?

Notes
Systematic inquiry—through observation and 
experiment—into the origins, structure, and 
behaviour of living and nonliving environments

 Events have natural causes

 Laws do not change over time or distance

 Findings are “value neutral”; independent of bias

Two types of situations are established

Control

Baseline

All possible variables are held at a constant

Experimental

One variable is manipulated

Often compared using statistics

to provide a comparison with the experimental results 
obtained when changing the variable
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What is scientific 
theory?

Experiments 
must: 

The scientific 
method:

General and reliable explanation of important natural 
phenomena

Developed through extensive and reproducible 
observations and experiments

New scientific evidence may prompt radical revision 
of existing theory

A scientific theory is best described as a natural law, 
a basic principle derived from the study of nature 
that has never been disproven by scientific inquiry

Be repeatable, even by others

Include replicates

Then science is useless unless communicated.

Important tool of scientific inquiry; six interrelated 
elements

Observation

Question

Hypothesis

Prediction

Experiment

Conclusion

Mnemonic: “Our Questions Have Power, Experimental, 
Control!”
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What is cell 
theory?

Q. What is a 
scientific theory?

Q. A scientist 
finds the cure for 
cancer. She has 
done the 
experiment once. 
Does this prove 
she has the cure?

All organisms are composed of cell(s)

The cell is the basic unit of structure and 
organization in organisms

Cells arise from pre existing cells (not spontaneous 
generation)

 A fact that will never change

 An educated guess

 A general and reliable explanation of important 
natural phenomena that has been developed through 
extensive and reproducible observations and 
experiments

 Information that all scientists believe to be true 
beyond a reasonable doubt

 Yes. She illustrated in her conclusion that she 
accepted her hypothesis based on her data.

 Yes. Her data supported her expectations.

 No. Her experiment must be repeated by  
herself and other scientists to see if they get  
the same results.

 No. It will not be possible to cure cancer.
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What is the 
difference 
between theory, 
belief and 
pseudoscience?

A theory is a general and reliable explanation the 
result of extensive inductive and deductive reasoning 
and experimentation.

A belief is impossible to prove or disprove and so falls 
outside the scope of science

Pseudoscience is a collection of beliefs mistakenly 
regarded as being based on the scientific method

For example: Biodynamics)

Topic: Domains of living organisms

Recall
How do 
scientists classify 
organisms

Notes
1. Bacteria - Prokaryotes

2. Archaea - Prokaryotes

3. Eukarya -   Eukaryotes

Biologists classify organisms based on their 
evolutionary relationships

Topic: DNA

Recall
What is DNA?

Notes
DNA makes up genes which are the basic units of 
heredity

DNA can be replicated and codes for proteins which 
drive metabolism

Cells & Organisms can reproduce using the DNA code 
to build a new organism

Small differences in genes leads to variation

Mutations (defects) in DNA may lead to better 
adaptations to change (evolution)
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Topic: What is evolution

Recall
Three natural 
processes 
underlie evolution

List the three 
main ideas that 
are the 
foundation of the 
Darwin-Wallace 
theory of 
evolution by 
natural selection

Adaptation: 

Natural Selection:

Notes
 Mutation can lead to genetic variation among 

members of a population

 Inheritance of traits by offspring

 Natural selection of traits that allow certain 
individuals to adapt and survive to reproduce better 
than others in a given environment.

Variation exists among individuals in a population

More fit individuals contribute more offspring to 
succeeding generations

Populations can become better adapted to their 
environments over time

Structures, physiological processes, or behaviors that 
aid in survival and reproduction

May fit in one environment but not in another

Lack of adaptation can lead to extinction: the 
complete elimination of a particular species

Process or mechanism

Organisms with certain inherited traits survive and 
reproduce better than others in a particular 
environment

Organisms that best meet environmental 
challenges leave the most offspring
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Diversity:

Speciation:

The role of 
humans in 
biodiversity loss:

Natural selection preserves genes that help 
organisms flourish

How did life’s diversity on Earth arise?

Diversity of habitats coupled with selection 
produce species variety or species richness

Populations become fragmented, and subgroups 
are subject to different environmental pressures

May lead to distinct species over time, this is 
called speciation.

Humans often accelerate the rate of 
environmental change

Invasive species

Global climate change

Habitat loss or destruction

Since advantageous mutations are relatively rare, 
human activities often drive extinction.
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Q. Which of the 
following can 
evolve?

 An individual

 An organism

 Habitats

 Populations

Part 2: Unifying themes in biology  

Topic: Characteristics of living things

Recall
Organisms share 
common 
characteristics 
that, taken 
together, define 
life. They:

The Cell

Notes
 Acquire and use materials and energy

 Actively maintain organized complexity

 Sense and respond to stimuli

 Grow

 Reproduce

 Evolve, collectively as populations

Basic unit of life

Separated from surroundings by a membrane

Encloses a variety of structures and chemicals in a 
fluid environment

Contains organelles that may vary depending on the 
type and function of the cell
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Life may be:

 Organisms 
acquire and 
use materials 
and energy

The flow of 
energy and the 
recycling of non-
living nutrients

2. Organisms 
actively maintain 
organised 
complexity

Unicellular

Exists as a single cell

Multicellular

Exists as a collection of at least two cells

Important materials such as: minerals, water, and 
chemical building blocks are acquired from air, 
water, soil, bodies of other living things

Organisms use energy continuously

Energy is obtained in two ways: photosynthesis 
and consumption

Some solar energy is trapped by photosynthesis, 
and then used and stored by plants

some stored energy is transferred

nutrients are recycled

heat energy is lost

Living things continuously use energy to maintain 
themselves

Cells pump chemicals in and out, allowing 
necessary chemical reactions to occur

Cells and organisms maintain relatively 
constant internal conditions, or homeostasis



Lecture 1A The Nature of Biology and Life 9

3. Organisms 
sense and 
respond to 
internal and 
external stimuli

4. Organisms 
grow

5. Organisms 
reporduce 

6. Organisms, 
collectively, have 
the capacity to 
evolve

Q. Our body 
works to keep 
our temperature 
at about 37°C. 
This is an 
example of which 
characteristic of 
living things?

Sensory organs in animals can detect and 
respond to external stimuli such as light, 
sound, and chemicals

Internal stimuli in animals are perceived by 
stretch, temperature, pain, and chemical 
receptors

Plants, fungi, and bacteria respond to stimuli 
as well

Modern organisms descended, with 
modifications, from preexisting forms of life

Changes in DNA within a population occur 
over generations, which may result in 
evolution

Population = group of the same type of 
organism living in the same area

 Living things are organized.

 Living things respond to stimuli.

 Living things maintain homeostasis.

 Living things need energy.
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Q. If you put a 
plant in your 
window, the stem 
will lean in the 
direction of the 
sun. This is an 
example of which 
characteristic of 
life?

Q. Which of the 
following 
properties 
distinguishes a 
living organism 
from a 
photocopier?

 Living things are organized.

 Living things respond to stimuli.

 Living things maintain homeostasis.

 Living things need energy.

 The living organism responds to stimuli.

 The living organism acquires energy from 
external sources.

 The living organism reproduces a copy of 
itself with slight modifications.

 The living organism maintains constant 
internal conditions.


