Chapter 2

FRAMEWORKS FOR UNDERSTANDING: SCIENCE, SYSTEMS, AND ETHICS
WHAT IS SCIENCE? 

The systematic, precise, objective way to study the natural world.

Science assumes that studying the world in a systematic way, we can obtain valuable insights about our environment.

- Methodically and logically

Science demands evidence and tries to eliminate bias.

See Table 2.1 on page 36 to learn some Basic Principles of Science. 

Parsimony, also known as Ockham’s razor, is an important principle used in science:

· The explanation of unknown phenomenon should be attempted in terms of what is already known about the phenomenon.

· If there are several plausible explanations, the simplest one should be accepted: don't make things more complex than they ought to be.

Science use models or paradigms that provide a framework of interpreting results and developing theories.

The accumulation of evidence can cause paradigms to be discarded and new ones created.

Reproducibility: science is a process that includes repeatable observations and testable hypotheses.

Discovery or descriptive science describes natural structures and processes as accurately as possible through careful observation and analysis of data. 

Data can be quantitative and qualitative. 

In a controlled experiment, 

· The control group is the one in which all variables are held constant.

· The experimental group is the one in which one factor or treatment is varied.

· The variable is the condition of an experiment that is subject to change and that may influence the outcome of the experiment.

In blind experiments those carrying out the experiment don’t know until after data have been gathered and analyzed in order to avoid treating the experimental and control groups differently. 

In double-blind experiments neither the subject nor the experimenters know who is receiving the experimental or the control treatment. 

Deductive and inductive reasoning
Inductive reasoning begins with observations and draws conclusions: general principle.

· What do all these facts have in common?

· From many examples to all possible examples: inductive leap.

Verifiable observations and measurements are the data (singular, datum) of discovery science. 

This dependence on observations demystifies natural phenomena and distinguishes science from supernatural explanations.

Inductive conclusions are generalizations that summarize many concurrent observations.

Deductive reasoning begins with supplied information called premises, and draws conclusions on the basis of that information.

· It discovers relationships between facts.

· If…then: "If all organisms are made of cells and humans are organisms then humans are made of cells."

Deductive process flows from general observations to a specific conclusion.

A good explanation of inductive and deductive reasoning: http://skepdic.com/refuge/ctlessons/lesson1.html
Hypotheses and Theories

A hypothesis is a tentative answer to some question. It is an educated guess.

A theory in science is a comprehensive explanation supported by abundant evidence, which is widely accepted by the scientific community.

A theory is validated by a continuum of observations and experiments.

The common use of the word theory is more applicable to a hypothesis in science, and not to a scientific theory. For many people a theory is speculative and not supported by facts. 
A scientific theory produces many hypotheses that can be tested.

Probability is the measure of how likely something is to occur.

· Probability is based on a set of previous observations or on standard statistical methods.

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

Many statistical tests focus on calculating the probability that observed results could have occurred by chance. 

Ecological tests are often considered significant if there is less than 5% probability that the results were achieved by random chance. 

In manipulative experiments the scientist alters one of the conditions while the other variables are held constant in order to observe what happens. 

Natural experiments involve observation of events that have already happened. 

In blind experiments the researcher doesn’t know which group is treated until after the data have been analyzed. 

In double-blind experiments used to tests drugs neither the subject nor the researcher know who is in the treatment group and who is in the control group.

In a controlled experiment, the groups in which all variables are held constant.

THE SCIENTIFIC METHOD

It is not a rigid procedure.

Requires evidence to logically solve problems.

1. Make observations. 

- Curiosity.

2. Ask critical questions.
3. Formulate hypothesis:

- A hypothesis is an educated guess proposed as a tentative answer to a specific

  question or problem. 

4. Predictions are logical consequences of the hypothesis.

· Make a prediction that can be tested.

5. Test the prediction: controlled experimentation.

· Control group: in a controlled experiment, the groups in which all variables are  

                  held constant.

· The experimental group differs from the control group in only one variable.

· Both groups are then compared. 

6. Collect data.

7. Interpret data.

8. Draw conclusions.

- Hypothesis supported or not.

- Process, which outlines a series of steps, used to answer questions. 

A paradigm is a model that explains how the world works. 

· It determines how we think about a phenomenon.

Scientific credibility depends on the repeatability of observations and experiments.

Science is a social process.

Most scientists work in teams and research groups include both graduate and undergraduate students.

Scientists subject one another to careful scrutiny and check on each other's claims by repeating the experiments.

Paradigm shift occurs when the majority of the scientists admit that the old explanations are inadequate and do not explain new observations. 

Science and technology are associated.

In many instances, technology results from scientific discoveries applied to the development of goods and services. 

Many technologies are goal-oriented applications of science.

Not all technologies are applied science. Technology in general predates science.

Scientists have the responsibility to educate politicians, bureaucrats, corporate leaders, and voters about how science works and about the potential benefits and hazards of specific technologies.

There is an important and crucial relationship between science, technology and society.

SYSTEMS

1. Environmental science is a science: it uses the scientific method. See Ch. 1 definition.

2. Environmental studies are multidisciplinary including sociology, economics, and other non-science topics. See Ch. 1 definition.

3. Environmentalism is mission oriented; it attempts to influence attitudes and policies that affect our environment.

Systems consist of many interrelated components, feedbacks and flows.

Positive and negative feedback mechanisms keep the system in equilibrium, functioning in a controlled fashion within certain parameters. 

Systems are resilient. They recover after disturbances and destructive events.

Open systems receive input, (e.g. energy) from outside the system. 

Emergent properties are characteristics of the whole, functioning system that are quantitatively or qualitatively greater than the sum of all of its parts. 

CRITICAL THINKING

“Critical thinking means correct thinking in the pursuit of relevant and reliable knowledge about the world. Another way to describe it is reasonable, reflective, responsible, and skillful thinking that is focused on deciding what to believe or do.”  Steven D. Schafersman
http://www.freeinquiry.com/critical-thinking.html
A set of skills that help us evaluate information and options in a systematic, purposeful, efficient manner.

IT HELPS US IN…

· Discovering hidden ideas and meanings.

· Developing strategies for evaluating reasons.

· Evaluating conclusions.

· Recognizing the difference between facts and values.

· Avoiding jumping to conclusions.

STEPS.

1. Identify and evaluate premises and conclusions in an argument.

2. Acknowledge and clarify uncertainties, vagueness, equivocations and contradictions.

3. Distinguish between facts and values.

4. Recognize and interpret assumptions.

5. Distinguish the reliability or unreliability of a source.

6. Recognize and understand conceptual framework.

WHAT DO I NEED TO THINK CRITICALLY?

Skepticism and independence: don't believe everything you hear or read.

Open-mindedness and flexibility: be willing to consider different points of view.

Accuracy and orderliness: deal systematically with parts of a complex whole.

Persistence and relevance: stick to the main point; don't allow diversions or personal biases lead you astray.

Contextual sensitivity and empathy: imagine being in someone else's place.

Decisiveness and courage: draw conclusions and take stand when the evidence warrants doing so.
Humility: realize that you may be wrong and that reconsideration may be called for in the future.
Other resources: 

http://www.austhink.org/critical/
http://www.freeinquiry.com/critical-thinking.html
ETHICS: 

· A branch of philosophy concerned with morals and values.

· Morals: distinction between right and wrong.

· Values: ultimate worth of actions or things.

Ethics evaluate the relationships, rules, principles or codes that require or forbid certain conduct.

Some consider ethics and morals as the same concept and do not distinguish between them. 

ENVIRONMENTAL ETHICS is concerned with the moral relationship between humans and the world around us.

Some ethical questions:

· Do we have special duties, obligations or responsibilities to other species or to nature in general?

· Are there ethical principles that constrain how we use resources or modify our environment?

· If so, what are the foundations of those constraints and how do they differ from principle governing our relations to other humans?

· How are our obligations and responsibilities to nature weighed against human values and interests/

· Do some interests or values supersede others?

ARE THERE UNIVERSAL, ETERNALLY VALID ETHICAL PRINCIPLES OR MORAL LAWS?

· Universalists think there are universal ethical principles either revealed by God or discovered through reason and knowledge.

· Relativists think everything depends on the person, society or situation; there is right and wrong but no transcendent principle that dictates whether a fact is right or wrong. Everything depends on the interpretation of facts; ethical values are contextual.

· Nihilists claim the world makes no sense and there is no reason to behave morally. Everything is arbitrary, and there is no meaning or purpose in life except struggle for existence, power and strength.

· Utilitarians hold that right actions bring good to the greatest number of people. Hedonists fall under this category: pleasure and happiness are the sole good in life. 

· Postmodernists believe that nature is whatever we believe it to be. It is arbitrary, ever-changing, socially constructed. One point of view is not better than other.

VALUES, RIGHTS AND OBLIGATIONS.

· Moral agents are capable of acting morally or not and should accept responsibility for their actions, e.g. most adult humans.

· Moral subjects cannot act morally but have moral interest of their own and can be treated rightly or wrongly by others, e.g. children.

· Moral extensionism: widening perspective that ALL humans have inalienable rights.

· Inalienable rights of all humans, e. g. life, liberty and the pursuit of happiness. http://www.un.org/Overview/rights.html
· Moral extensionism: the widening perspective of whom we consider ethically significant.

· Inherent values: intrinsic or innate worth.

· Instrumental values: conferred or given; valued for its use only.

Should moral extensionism include non-humans? Do animals have rights? Should we extend this to lower forms of life like bugs, fish, fungi, etc.? And to non-living things like rivers, mountains, lakes, the oceans, rocks and soil?

Many philosophers think that reason and consciousness are essential for moral consideration. Others considers than sentient (feeling, perceptive) beings deserve to be considered moral subjects. What do we do with non-sentient beings like rivers and rocks?

We give legal standing to corporations although they are creations of the imagination. Should ecosystems, forests, etc. also have legal standing?

RELIGIOUS AND ETHICAL PERSPECTIVES

BIOCENTRIC: all living things have an inherent value, not only humans. 

· Humans are only one of many species.
· Living organisms have an intrinsic value whether they useful to us or not.

· All living things are worthy of respect.
· Animal rights advocates emphasize one or few species.

· Emphasis on the individual organism rather than the population of organisms.
· Shamanism, Buddhism, Shintoism, Taoism and Native American Religions share this reverence for nature.  
Various branches of Christianity, Judaism and Islam share many beliefs about nature and our role in it. 

ANTHROPOCENTRIC: the world has been made for our domination and only humans have inherent rights and values.

· Humans are masters of the world with a unique set of rights and  values.
· Because of our intelligence and creativity or because our unique place in God's plan, humans have a justification to dominate nature: humanism.

· Nature is only a source of materials for humans.

STEWARDSHIP: humans have a responsibility to care for nature (creation).

· Caretakers of and partners in nature rather than dominators of nature. 

· Humans are part of nature, not outside nature.
· A number of Christian, Jewish and Islamic groups have played important roles in nature protection. 
ECOCENTRIC: processes like evolution, adaptation, biogeochemical cycles and other ecological  processes are the most important parts of nature.

· Individuals do not count for much; humans are mostly a negative influence.

ECOFEMINISM:  a non-hierarchical, pluralistic, relationship oriented philosophy.

· Many feminists believe that neither Eastern nor Western religions are sufficient to solve environmental problems. The problem comes from the patriarchal system.

· Oppression of women and nature are related and stem from the male-patriarchal system.

· People see themselves as related to each other and to nature.

· Not male dominated - patriarchal.

· Cooperation rather than competition; a network of personal relationships.
· Some ecofeminists have extended the movement to include racism and social inequalities.

Ecofeminists contend that patriarchal systems of domination and duality cause both environmental degradation and social dysfunction. They call for a more pluralistic, nonhierarchical, caring treatment of both nature and other people.
Ecoterrorism “involves extremist views on environmental issues and animal rights, and is a fringe-issue form of terrorism aimed primarily at inflicting economic damage on those seen as profiting from the destruction and exploitation of the environment.  Adherents go way beyond mainstream environmentalists and animal activists to acts of violence justified on grounds that mainstream efforts aren't enough, and they often compare themselves to anti-slavery abolitionists or opponents of Nazi death camps.”
http://faculty.ncwc.edu/TOConnor/429/429lect16.htm
Other sites on ecoterrorism:

http://www.sourcewatch.org/index.php?title=Eco-terrorism
http://www.answers.com/topic/ecoterrorism
ENVIRONMENTAL JUSTICE
Minorities are usually exposed to greater pollution and environmental hazard by living in places where wastes are dumped, industrial facilities are built, etc.: LULU, locally unwanted land use.

Environmental Justice combines civil rights with environmental protection to demand a safe, healthy, life-giving environment for everyone.

Uneducated and powerless people can often be tricked or intimidated into signing socially and environmentally disastrous contracts. 

Poor, minority communities at home and abroad are being increasingly targeted as places to dump unwanted wastes. 

There is…

· Environmental racism: inequitable distribution of hazards based on race. "LULU - locally unwanted land use" and "NIMBY -not in my backyard."

· Toxic colonialism: targets poor communities in Third or Fourth World countries for waste disposal; flight of polluting companies across the border.

· Intergenerational justice: should we care about next generations?

