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Life is hierarchically organized 



Properties of Life 

!  Order 
! All characteristics of life emerge from complex 

organization 



Properties of Life 

!  Reproduction 
! Biogenesis: “Life comes from life” 



Properties of Life 

!  Growth and development 
! Growth = gaining mass 
! Development = changing form 



Properties of Life 

!  Energy utilization 
! All organisms use energy 

" Sun: photosynthesis 
" Chemical: chemosynthesis 



Properties of Life 

!  Respond to the enivronment 
! Stimulus-response 



Properties of Life 

!  Homeostasis 
! Regulatory mechanisms that maintain an organism’s 

internal environment, even though the external 
environment may fluctuate 

!  i.e. warm-blooded animals 



Properties of Life 

!  Evolutionary adaptation 
! Life evolves as a result from interactions between 

organisms and their environments 



What is a theory? 

!  Is an explanation for general phenomenon 
!  Hypothesis: proposed explanation for specific phen. 
!  Theories of biology 

! Cell theory  
! Theory of evolution by natural selection 



Cell theory of life 

!  All life is made of cells (pattern) 
!  Cells are the basic unit of life 

! Capable of performing all activities of life 

!  Cells come from other cells (process) 



Theory of evolution 

!  All spp. share common ancestry (pattern) 
!  Descent with modification (process) 

! Char. of spp. change through generations 

!  Evolution (pattern) 
! Change in char. of populations through time 

!  Natural selection (process) 
!  Individuals in populations vary 
! Some variable characteristics enhances individual 

potential for reproduction 



Science as a process of inquiry 

!  A hypothetico-deductive process 
! Hypothesis: a possible answer to a question 

" Steps 
"  State precise, testable hypothesis 
"  Design experiment able to test predictions 

! Deductive:  
" From general ideas, make specific predictions 
"  If…then… 

! Not inductive 
" From specific circumstances, make general predictions 



Science as a process of inquiry 

!  Scientific process 
! Question: Why am I always tired in the morning? 
! Hypothesis: If I quit coffee, then I will be more alert. 
! Experimental Design: decide to quit coffee 
! Experiment: quit coffee 
! Data Analysis: measure alertness before and after 
! Results: graph alertness 
! Conclusion: “reject” or “fail to reject” hypothesis 
! Repeat  



Scientific process 

Observations 

Hypothesis 

New observations are made 
and past data are studied. 

A testable statement 
is formulated. 



Scientific process 

Experiment/Observations 

Conclusion 

The results are analyzed. 

Scientific Theory 

The hypothesis is tested 
by experiment or further 
observations. 

The hypothesis 
is supported. 
Continue work. 

The hypothesis 
is rejected. 
Start again. 

Many experiments and 
observations support 
a theory. 



Independent vs. dependent 

!  ___________ depends on ____________ . 

!  Temperature depends on amount of sunlight. 
!  Graph 

! y-axis: dependent 
! x-axis: independent 

Dependent variable Independent variable 



Independent vs. dependent 

!  ___________ depends on ____________ . 

!  A scientist hypothesizes that the size of a person’s 
hand is predictive of their ability to catch a 
football.  
! What is the independent variable? 
! What is the dependent variable? 

Dependent variable Independent variable 



Independent vs. dependent 

!  ___________ depends on ____________ . 

!  In a laboratory, a chemist is analyzing the effects of 
heat on chemical reaction rates. He finds that colder 
temperatures reduces the reaction rates.  
! What is the independent variable? 
! What is the dependent variable? 

Dependent variable Independent variable 



Control vs. experimental groups 

!  Control groups 
! Nothing changes 

!  Experimental groups 
! Change one aspect of one variable 

!  What would be the experimental and control 
variables in this example? 
!  In this experiment, we compared the effects of varying 

sugar concentrations in rates of diabetes of mice.  



A well-designed experiment 

1.  Asks a specific question 
2.  Includes a control group for comparison 
3.  Experimental conditions controlled to eliminate 

other variables 
4.  Test is repeated to reduce effects of small sample 

size 



A well-designed experiment 

!  A researcher is studying the effects of aspirin 
consumption with rates of congestive heart failure in 
mice. She hypothesized that the more aspirin the mice 
consumed, the lower the rate of congestive heart 
failure. She puts 10 mice into 4 groups noting rates of 
heart failure at the end of 1 year: one receives 25mg 
of aspirin, another 50mg, a third 100mg, and a fourth 
125mg of aspirin. She compares the results and finds 
out that the rate of heart failure was highest for the 
125mg group and lowest for the 50mg group.  

 

What is wrong with this experiment?  



A well-designed experiment 

!  A researcher is studying the effects of aspirin 
consumption with rates of congestive heart failure in 
mice. She hypothesized that the more aspirin the mice 
consumed, the lower the rate of congestive heart 
failure. She puts 10 mice into 4 groups noting rates of 
heart failure at the end of 1 year: one receives 25mg 
of aspirin, another 50mg, a third 100mg, and a fourth 
125mg of aspirin. She compares the results and finds 
out that the rate of heart failure was highest for the 
125mg group and lowest for the 50mg group.  

 

What is the control group? 
What is the experimental groups? 



A well-designed experiment 

!  A researcher is studying the effects of aspirin 
consumption with rates of congestive heart failure in 
mice. She hypothesized that the more aspirin the mice 
consumed, the lower the rate of congestive heart 
failure. She puts 10 mice into 4 groups noting rates of 
heart failure at the end of 1 year: one receives 25mg 
of aspirin, another 50mg, a third 100mg, and a fourth 
125mg of aspirin. She compares the results and finds 
out that the rate of heart failure was highest for the 
125mg group and lowest for the 50mg group.  

 

What is the dependent variable? 
What is the independent variable?  



A well-designed experiment 

!  A researcher is studying the effects of aspirin 
consumption with rates of congestive heart failure in 
mice. She hypothesized that the more aspirin the mice 
consumed, the lower the rate of congestive heart 
failure. She puts 10 mice into 4 groups noting rates of 
heart failure at the end of 1 year: one receives 25mg 
of aspirin, another 50mg, a third 100mg, and a fourth 
125mg of aspirin. She compares the results and finds 
out that the rate of heart failure was highest for the 
125mg group and lowest for the 50mg group.  

 

What is the hypothesis? 
What is the result?  
Does it support the hypothesis? Next step? 



Louis Pasteur’s experiment 


