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Chapter 3–Critical Thinking: Science, Models, 
and Systems

Guiding Questions we will discuss after
• What are the strengths/limitations of models?
• What happened to the Rapa Nui on Easter 

Island?
• From the story can you identify:
• A system?
• Positive feedback?
• Negative feedback?
• Time Delay?
• Synergy?

What is Science?
Science:

– Is a process for producing knowledge methodically 
and logically

– It depends on making precise observations of 
natural phenomena

– A cumulative body of knowledge produced by 
many scientists

– A way for us to explain how the natural world 
works and meet practical needs
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Science Depends on Skepticism 
and Accuracy

• Ideally scientists are skeptical and unbiased.

• Scientists strive for:

– accuracy - correctness of measurements

– reproducibility - repeatability of results
(repeating studies or tests is called replication)

Deductive & Inductive Reasoning

• Deductive reasoning - logical reasoning from 
general to specific

• Inductive reasoning - reasoning from many specific 
observations to produce a general rule

• It is also important to recognize the role of insight, 
creativity, aesthetics, and luck in research.
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Hypotheses and Scientific Theories

• Hypothesis - a testable explanation

• Scientific theory - a description or explanation that 
has been supported by a large number of tests and 
is considered by experts to be reliable 

Probability

• Probability is a measure of how likely something

is to occur.

• Scientists often increase confidence in a study   
by comparing results to a random sample or a 
larger group.

Statistics

• Many statistical tests focus on calculating the 
probability that observed results could have 
occurred by chance (were random). 

• Usually ecological tests are considered significant  
if this probability is less than 5%.

• The amount of confidence scientists have in the 
results depends upon the sample size as well.  A 
large sample size is better than a small sample.
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Experimental Design
• Natural experiment - involves observation of events 

that have already happened
• Manipulative experiment – some conditions are 

deliberately altered and all other variables are held 
constant

• Controlled study - comparing a treatment group to a 
control group which has not received the treatment

• Blind experiment - researcher does not know which 
group has been treated until after the data have 
been analyzed

• Double-blind experiment - neither the subject nor 
the researcher knows who is in the treatment group

Variables

• In each study there is one dependent variable 
and one or more independent variables.

• The dependent, or response, variable is 
affected by the independent variable.

• In a graph, the dependent variable is on the 
vertical (Y) axis and the independent variable is 
on the horizontal axis (X).

model - Simulation of a system being 

studied.  Helps Get information faster.  
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Models

• Models are simple representations of phenomena.  
They can be physical models, model organisms,  
mathematical models, or other types of models.

• They allow scientists to study complex systems and 
predict the effect of conditions that are too difficult 
to create and control.

• When multiple models agree, scientists gain 
confidence.

A System is a group of interacting 

elements forming a complex whole.

INPUT
THROUGHPUT OUTPUT

Systems

• are networks of interdependent components and 
processes, with materials and energy flowing from 
one component of the system to another.

• are a central concept in environmental science.

• examples include ecosystems, climates systems, 
geologic systems, economic systems
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Inputs = What is 

needed.

Throughput = 

The amount that can 

flow through the 

system

Outputs = What 

comes out.

Click the link to the right.  Try and 
identify different inputs, throughputs, 
and outputs.

a Waste To Energy System

Inputs = What is 

needed.

• Water

• Waste

• Turbine

• Heat 

Exchanger

• Furnace 

• Boiler

• Storage area

Throughput = 

The amount that can 

flow through the 

system

• Furnace burns 

waste at 850 

degrees.

• Boiler produces 

steam

• Steam turns 

turbine

• Scrubber/Filters

to clean gas

• 98% efficient

Outputs = What 

comes out.

• Electricity

• Waste Water

• Fly Ash 

(hazardous 

waste)

• Bottom Ash 

(non toxic 

recyclable)

• Carbon 

Dioxide

Components of a System

• State Variables store 
resources such as 
matter or energy or have 
the pathways through 
which these resources 
move from one state 
variable to another (the 
plant and the animals 
illustrated here in Fig. 
2.9 are each state 
variables).
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System Characteristics
• A System can be closed or open.

– Open – exchanges matter and energy with 
surroundings

– Closed - self contained, exchanges no matter or  
energy with the outside

• Throughput –the energy and matter that flow into, 
through, and out of a system.

• Positive feedback loop – self perpetuating process, 
as an increase in a state variable leads to further 
increases in it

• Negative feedback loop – suppresses change 
within a system, helps to maintain stability in 
systems

Stability of Systems

• Equilibrium - dynamic state in which 
system is stable over time (homeostasis)

• Disturbance - periodic destructive events 
such as fire or flood that destabilize or 
change the system

• Resilience - ability of system to recover 
from disturbance

• State Shift –a severe disturbance in which 
the system does not return to normal but 
instead results in significant changes in 
some of its state variables
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System Characteristics
Emergent properties are characteristics of a whole, 

functioning system that are quantitatively or 
qualitatively greater than the sum of the system’s 
parts

Beautiful sights and sounds can make a system such as this mountain 
meadow exciting to study.

Positive Feedback Loop - enhance or amplify 
changes; this tends to move a system away from its 
equilibrium state and make it more unstable. 
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negative feedback loop - tend to dampen or 
buffer changes; this tends to hold a system to 
some equilibrium state making it more stable

Positive or Negative Feedback?

Positive

Positive

Negative

time delay The time between a cause and its effect 

Where is the time delay in this example?
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Put together the pieces of the puzzle:
60 MPH wind,  Dead Fish,  Hydrogen Sulfide (that smells like 
rotten eggs) at the bottom of a lake, a city of 7 million people.

• The wind overturned the lake
• brought up hydrogen sulfide
• mixed with smell of dead fish
• blew into the LA area

• All of these things add up to A 
REALLY FOUL SMELL IN LA.

synergy - Positive or negative interaction of two or 

more processes creating a greater impact.

So Here’s The Story
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The Moai “Walked There”
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Moai and palms
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Easter Island landscape today.

The civilization on Rapa 

Nui (Easter Island)  almost 

became wiped out due to 

unsustainable resource 

use

How did they unsustainably 

use their resources? 

Consensus and Conflict

• Scientific consensus (general agreement among 
informed scholars) stems from a community of 
scientists who collaborate in a cumulative, self-
correcting process.

• Paradigm shifts (great changes in explanatory 
frameworks) occur when a majority of scientists 
agree that an old explanation no longer works very 
well.
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Recognizing Pseudoscience

Now try and answer these questions
• What are the strengths/limitations of models?
• What happened to the Rapa Nui on Easter 

Island?
• From the story can you identify:
• A system?
• Positive feedback?
• Negative feedback?
• Time Delay?
• Synergy?

Answers to the questions
• A system? 

• Input – rock (tools), trees, rope 
• Throughput – carving, moving, standing them up
• Output – Big statue standing up at the beach.  

• Positive feedback? Cutting trees for houses, tools, moving 
statues, firewood… people will live and reproduce making more 
people who need more trees for houses, etc. 

• Negative feedback? Population increased and then 
crashed due to lack of resources. 

• Time Delay? 
• Takes time for trees to regrow. 
• Takes time for the climate to dry out because of the 

loss of topsoil.  
• Synergy? Loss of soil + lack of trees = less food, less 

rain.
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• Strength of Models – get info faster, help understand 
things that are complex, very big, very small. 

• Limitations of Models – can’t show everything, not 
100% accurate. 

• A system?  Input – trees. Throughput – making 

houses. Output - houses
• Positive feedback? Carving statues for prestige, more 

statues higher stature, leads to more statue carving.
• Negative feedback? Using trees for houses, canoes, 

rolling statues… then they ran out of trees. 
• Time Delay?  Cutting Trees to move statues – later 

the topsoil was blown away or washed away (eroded)
• Synergy?  Cutting of trees, + less rain, + less 

resources + competition = worse off.

• Strength of Models – fast, gives information, can 
work on small/large things.

• Limitations of Models – can’t include all the variables.  
• A system? Trees System: input – trees throughput –

cutting down trees, shaping them, building houses –

output – house.  
• Positive feedback? Cutting trees for canoes, feeds 

more people, reproduce, need more canoes, cut more 
trees.  

• Negative feedback? Human population – population 
built up, when people ran out of resources, 
population crashed. 

• Time Delay? Trees cut down (time) erosion (time) 

less fresh water 
• Synergy? Individuals come together to make clans. 


