
What is Science?

What is science?

What is Biology?

Are they the same?

Do they share the same goals?



So… What is Science?
• Science is an organized way of using Evidence to 

learn about the world around us.
– This is what is meant by NATURAL reasoning and a 
NATURAL world and universe

– This is why we do not teach religion in a science 
classroom

• Religion is based in FAITH.  Science is based in evidence 
found within nature

• Do not confuse faith with fiction…  Just because religion 
is faith-based does not make it fake, it just makes it 
non-scientific…



The Science of Inquiry
• As scientists we are forever skeptical of the 

world around us
– Every experiment we conduct is in the pursuit of 

acquiring new knowledge

• We use the aspects of reductionism to break 
big systems into individual components

• We utilize big picture evidence to understand 
systems biology

• And we form inferences about things that 
occurred millions of years ago or miles away



The Value of Inquiry
• There is no better tool for Science than a 

question.

– No matter if it is simple or complex

• Questions create science

• Questions drive science

• Questions validate science

• Questions create the need for technology

• Questions create technology

• NEVER think a question is insignificant

– And always be willing to investigate…  to INQUIRE



An Organized Way

• Science has a specific method for carrying out 
its processes called the scientific method

• If done properly, the scientific method can be 
used in nearly every aspect of life.
– It is not just a method, it is a way of thinking… It is 

a way of living 

• Even though it is often written as a 5 step 
process, keep in mind that often times it can 
move BACKWARDS or even reset



The Scientific Method of Thinking



The way it should look…
• 1.  Observe a problem
• 2.  Do necessary research or experiments to better 

understand the problem
• 3.  Create a hypothesis (so you have something to test)

– If you can’t create a hypothesis, go back to 2

• 4.  Create a Null Hypothesis (So you know if what you are 
doing is actually affecting the results)
– If you can’t create a null hypothesis, go back to 3

• 5.  Create an experiment to test your hypothesis
– If you can’t create this, go back to step 3 and fix it

• 6.  Collect qualitative data in a lab journal
• 7.  Collect quantitative data in data tables and charts

– If the data is not occurring due to experimental error, return to 
step 2 and 3

• 8.  Form a conclusion, review any errors, consider further 
experimentation



A Scientific Hypothesis is…

• It must be TESTABLE! (Falsifiable) 

• It should not be phrased as a question

• Sometimes it requires multiple experiments to 
test completely

• A hypothesis that is incorrect can tell a lot!!!



Null Hypothesis

• In order to know that your independent 
variable is actually being tested you need a H0

• H0 is a Null Hypothesis

– This is what happens in your experiment if what 
you do (Ind. Var.) has no affect on the experiment

– This is NOT an “opposite hypothesis”

– Usually this will contain language such as :

• “Has no affect”

• “Will not change”



Theory

• If your hypothesis proves correct, it is called a 
theory.

– Should be broad and give rise to additional 
research/hypotheses

– NOT A FACT!

– There are NO facts in science

– Only theories that have not yet been incorrectly 
proven (and they may never)



Longest Running

• The oldest and longest believed scientific FACT
is that the universe is geocentric (geo= earth, 
centric= centered)

• Science is ALWAYS changing and is not based on 
FACTS!

• And Scientists must forever be bettering their 
experiments, methods, and ideas



Biology is a System
• Biology is a collection of information, ideas, 

data, hypotheses, and theories that pertain to 
all aspects of life

– Because of this, Biology is anchored in various 
intertwined themes

– These themes change, grow, and intertwine as 
technology becomes further advanced

• Systems Biology: constructs models for the 
dynamic behavior of whole biological systems

– This allows Biology to venture across most all of 
the systems in any science



Levels of Biological Organization

• Biosphere

– Ecosystem

• Communities
– Populations

» Organisms

• Organ Systems

• Organs

• Tissue

• Cells

-Organelles

-Molecules

-Atoms



Theme:  Emergent Biology & Reductionism

• Emergence is the way complex systems and 
patterns arise out of a multiplicity of relatively 
simple interactions.
– As Biologists, we will often find ourselves investigating 

individual systems that are part of a whole

– In order to better understand cancer, we must 
understand a cell
• In order to understand a cell, we need to understand a cells 

life cycle
– In order to understand how a cell lives and behaves we have to 

understand its parts

» In order to understand its parts, we need to investigate the 
genes that control it parts

• In order to understand genes, we have to understand 
the interactions of the proteins they make

• This is reductionism…



Positive Feedback System (loop)
“End product speeds up the production 

of system”
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Theme: Structure Dictates Function
• In Microbiology, it quickly becomes evident 

that shape means everything

– The reason something looks the way it does is 
directly correlated to its function

• This is extremely evident in the biochemical 
study of proteins and enzymes

– (But it is not restricted to these fields…)

• This is how vitamins work

• This is how your cells communicate

• This is why a mitochondria (or any other organelle) is 
shaped the way it is

• This is visible at every level of Biology



Theme:
Cells Are the MOST Basic Units of Life

• In the hierarchy of life, the cell exists as the 
foundation point

• Anything smaller than a cell is not considered 
alive
– (Keep in mind that there are all sorts of cell sizes)

• A cell is “a collection of material separated 
and regulated by an external membrane”
– This can be extremely basic (Prokaryotes) or 

remarkably complex (Eukaryotes)



The Core Theme:
Evolution

• The evolutionary theory is the core theme of 
biological science.

• It is how scientists have collectively organized 
all of life (Evolutionary Relationships)

• Evolution- The study of how life has adapted 
and changed over the course of life’s history
– Evolution is the process driven by the forces of 

natural selection

– It is the map of how life has “descended with 
modification” from the simplest to the complex

– It is a theory that changes and grows every day



3 Domains of Life

• Domain Bacteria – Prokaryotic; Peptidoglycan 
Cell walls; Single celled

– Common Bacteria

• Domain Archaea – Prokaryotic; Various 
carbohydrates & lipids in cell wall; 
Extremophiles; Single celled

• Domain Eukarya – Eukaryotic; No cell walls; 
Very diverse; Multicellular 
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Make It Your Theme

• As we investigate this vast science throughout 
the course of the next ~170 days keep these 
themes at the front of your mind

• To understand Biology is to truly grasp the 
significance of these concepts

– The more you understand about each of these 
central concepts, the more life will “make sense”

• If taken seriously, these themes can alter how 
you perceive the world in which you live!
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