
All Organisms Are Classified 

by Evolutionary Relationships

• Scientists assume that shared 

characteristics among organisms 

indicate a common ancestry

• Humans share many characteristics 

with other animals showing greatest 

similarity to other vertebrates and 

mammals 



Living Organisms Share  an 

Evolutionary History



All Organisms Are Classified 

by Evolutionary Relationships

• Humans are unique in that they have a 

relatively large brain, stand upright on 

two legs, have an opposable thumb, 

and possess a culture





Why are the branches 

connected to one another?

A. Because each lineage arose 

independently

B. Because each species is unrelated to 

the others

C. Because the organisms all have a 

common ancestry



The Scientific Method Gathers 

Information for Drawing Logical 

Conclusions

• How is scientific knowledge acquired?

• How do we know what we know?



The Scientific Method

• Science Demands Evidence

– i.e., controlled experiments and/or 

observations



The Scientific Method

• A logical approach to gathering 

information and reaching conclusions 

generally includes the following steps of 

the scientific method





Steps of the Scientific Method

1) Careful observations and questions 

about those observations;

2) A testable hypothesis that provides 

an explanation about the observations 

and answers to the questions; 



Steps of the Scientific Method

3) A prediction and then an experiment 

with a control group to determine if 

the hypothesis is correct; 



Experiment should have only one variable; the treatment

factor.  In this exp. the alcohol extract of lemon ant plant has

an extra factor that confounds the experiment (what is it?).





Problem with the previous agricultural 

experiments

Solution:

Replicate and 

randomize to 

spread variation 

evenly among 

treatments.

Source of Picture: http://www.ipm.iastate.edu/ipm/icm/files/images/uneven-corn-VS6.jpg

Same field, same treatment, but plant 

performance is uneven...

Thick 

GrowthThin 

Growth



Flawed Experimental Design

Experiments often involved two fields 
(containing hundreds of plants), each receiving 
a treatment.

Example:  two levels of nitrogen (N) fertilizer

Problem: So much variability exists within a field 
itself that it is difficult or impossible to tease 
out the effect the treatment.

Field with

High N
Field with

Low N



Improved Experimental Design

– Old Problematic Design:  One large field receiving high 
nitrogen (N), one large field receiving low nitrogen (N).  

(Today this design is sometimes called “pseudoreplication” if 
the experimenter attempts to say that the sample size is the 
number of plants.)

– New Improved Design:  Many small plots, randomly 
receiving high N or low N; plots can also be blocked to 
help tease out the variation due to location and local 
conditions.

Hurlbert, S. H. (1984). Pseudoreplication and the design of ecological field experiments. Ecological monographs 54(2): 187-

211.



Experimental Design: Randomization & 
Replication

• No replication (or pseudoreplication):

• Replicated with complete randomization:

Field with

High N

Field with

Low N

Field broken 

up into 

smaller plots

Treatments are applied to plots 

rather than to an entire field; this 

improves replication & 

interspersion of treatments. 



Steps of the Scientific Method

4) A conclusion based on the results of 

the experiment; and

5) More questions and additional 

experiments to further refine the 

conclusions 



The Scientific Method

• Rarely, a theory may be formed that 

offers a broad-ranging explanation for a 

set of phenomena 



Hypothesis vs. Theory

• For a hypothesis to become a theory it must:

– Be broad

– Be extensively tested

– Be supported over time

– Explain a broad range of facts

– Have a high degree of reliability

• Theories have so much supporting evidence 

that they may be modified but not easily 

refuted



How does a theory differ from a hypothesis?

A. Theory is narrow; hypothesis is broad

B. Hypotheses have a higher degree of 

reliability

C. Theories have been more extensively 

tested

D. You can put more confidence in a 

theory than a hypothesis



The Scientific Method: Clinical 

Trials

• Experiments that deal with medicines or 

other materials used by humans are first 

tested on laboratory animals

• If these tests go well, then the first 

clinical trials begin using humans, all of 

whom must provide informed consent

to participating in the studies 





The Scientific Method

• Clinical trials consist of several 

experimental groups which receive 

different dosages of the drug and a 

control group that receives a placebo

• It is absolutely important that both 

groups be treated identically except for 

one variable



The Scientific Method

• A double blind study occurs when 

neither researchers nor participants 

know which group is receiving the 

treatment 



The Scientific Method

• Epidemiological studies look for 

patterns (i.e., correlations) that occur in 

populations 

– Example: Study women to determine 

whether those who take birth control pills 

have a higher incidence of cancer than 

those who don’t.



Critical Thinking Helps Us 

Make Informed Decisions

• Become a skeptic (but not a cynic)

• Appreciate the value of statistics

• Learn to read graphs

• Distinguish anecdotes and myth from 

scientific evidence

• Understand the differences between 

correlation and causation



Evolution and Adaptation

• Generations of living organisms must 

adapt to changing environments over 

time

• Adaptation comes from:

1. Mutation followed by

2. Natural selection

– Individuals with genes that are best suited to the 

environment leave more offspring

• Adaptation leads to species evolution



A trait that increases the chance that an organism 

will survive and reproduce in its natural 

environment is described as being __________

A. Harmful

B. Random

C. Adaptive

D. Heterozygous

E. A variable



Answering "Why" Questions in Biology

• Teleological answers
– Explain phenomena by their final cause, i.e., 

they mix up cause and effect.  Or use purpose 
(or design) as an explanation

• Proximate answers
– Tell us what, where, when, or how ---- but not 

why

• Evolutionary (ultimate) answers
– Are based on natural selection and are the most 

appropriate answer for why questions


