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I. GOALS of this course — These are my four goals for you. Are you willing to take them on for your own?

A. INCREASE AWA RENESS OF, AND INTEREST IN, THE SOLAR SYSTEM AND UNIVERSE of which we

are but a humble part. This will involve

1. description

2. natural processes

3. origins

B. INCREASE  YOUR "SCIENTIFIC LITE RACY"

1. surveys indicate about a 95% scientific illiteracy in America

2. understand science as a learning process

3. app rec iate  science ’s impac t on the world

a. physical--material well being

b. men tal--ra tiona lity app lied to  the s tudy o f nature, a pplica ble in daily life and in ma ny ways

c. historical--science and the advance of western civilization

4. critical thinking is central to science--W hat is it?

5. science vs. pseudoscience--There’s a lot of misinformation and weak thinking masquerading as

science in the public arena. Can you tell the intellectual “wheat” from the “chaff?”

6. a close look at one major science - astronomy

7. Math–“the language of science”

C. INSTILL A "COSMIC PERSPE CTIVE" on the human condition

1. "Spaceship Earth"

2. "Good planets are hard to find."

3. Two excerpts that help to relate this concept, first by philosopher Konstantin Kolenda1 from an

essay “The meaning of life” and the second by astronomer Carl Sagan from the conclusion of

COSMOS.

Kolenda–"There are times wh en we w onder about the me aning of our lives. When w e compare ou rselves to

other entities inhabiting the cosmos, we appear insignificant. Suspended in space on our little planet, latecomers on

the biological scene, we are but one form among the multitudes of living species. Uncertain of the fate of the earth,

we are surrounded by countless stars and galaxies populating the mind-boggling cosmic spaces. Conscious of our

fragility , mortality, and obvious  dispensab ility in this v ast univers e, we  som estim es su spec t that S hake spea re's

famous line, spoken by Macbeth, may after all be true: ultimately our lives are "full of sound and fury, signifying

nothing."

Sagan–"For we are the local em bodiment of a Cosm os grown to se lf-awareness. W e have begun to

contemplate our origins: starstuff pondering the stars; organized assemblages of ten billion billion billion atoms

considering the evolution of atoms; tracing the long journey by which, here at least, consciousness arose. Our

loyalties are to the species and the planet...Our obligation to survive is owed not just to ourselves, but also to that

Cosmos , ancient and vast, from w hich we spring."

4. Life is precious and fragile. From what we’ve learned of the universe, intelligent life may be

extremely rare. We must value human life above all. In all the vastness of space, with its countless

planets, there  is surely no other hum an race an ywhere. Anywh en. W e are not just sp ecial; we are

unique. In all the vastness of space there is no other YOU.

5. Historic, global impacts of science: overpopulation, faster travel and communications have in effect

made Earth a much smaller place. Mutual economic dependency amongst the nations has

increased considerably. Problems in one region of the world will have ramifications world-wide. 

6. We are one planet--one species.

a. As tronauts are st ruck when they experienc e the rea lity tha t po litica l boundaries  not  visib le

from space.

b. Biolo gists are st ruck by our ge net ic sim ilarities. There  is va riation, but th ere a re larger g ene tic
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variation within racial groups than betwee n racial groups. Racial differentiation is thought to

be a recen t developme nt, in the last sev eral tens of thou sands o f years

7. global issues: W e are linked in many ways; w e hang tog ether or fall apart

a. overpopulation 

b. human-caused environmental damage 

c. world economy

d. food supply

e. water supp ly

f. ene rgy supp ly

g. war or peace

(1) political & military questions

(a) proliferation of nuclear and other weapons of mass destruction

h. political & religious extremisms

i. Information and cultural exchange via the Internet and satellites

8. When  one group of people represse s or attacks another, we a re all threatened. The dominators

are just blowing holes in the compartments of Spaceship Earth.

9. more education º more awareness º more concern º more commitment to make a positive

impa ct on ou r society, our wor ld

D. CONTRIBUTE TO YOUR PERSONAL GROW TH THROUGH CRITICAL THINKING

1. good educa tion can  cha llenge: DE-A CCU LTU RATIO N—RE-ACCUL TUR ATION . Th is wo rd-pair

refers to the personal challenge one will probably experience at some time during their formal

educat ion when  one  beg ins to lea rn that th eir pr ior un ders tanding  about some  aspect  of life  is

lacking, that there are better understandings that one  gains through higher education..

a. from philosophe r Joe Richard 2:  "As co llege fres hmen , they have sp ent 12 y ears in sc hool,

and  they have neve r enc oun tered the rules o f ev idence.  It se ems they have  never ha d their

minds body-slammed against the wall of reason. Students and logic have never met. (Hence

the title of my course: "Introduction" to Logic and Critical Thinking.) Have these people never

faced up to objections to the ir most basic beliefs? Bingo."

2. see  the world  w/o  filters, in  less  black/white  term s, to  be more reflective on  one ’s ex perie nce s–in

other words, become  a “critical thinker”

a. be willing to admit error, change views

b. be aware of personal biases & assumptions not well founded that underlie your beliefs and

attitudes

c. be aware of attitudes and beliefs that are held for emotionally supportive reasons -- ask

whether you are deluding yourself, and why—this may be hard at times. You may not be

ready yet. When will you be ready to grow?

d. question as sertions given  w/o adequ ate suppo rt, even whe n you are the "as serter"

e. Critical thinkers are reflective people who will put more thought into the questioning and

development of their personal values. They will try to put themselves in other people's heads

to figure where they're coming from, to borrow a phrase or two. I see  a correspondenc e with

the thinking and feeling done by comp ass iona te peop le who are  willing  to "walk a   mile in

someon e else's shoe s" as oppo sed to sta ndoffish mora listic judging and cond emning othe rs

out of hand when difference s are perceived. (See Un it VI. for more on critical thinking.)

3. Learn the “Scientific Attitude”—Open-mindedness v. skeptical (NOT closed-mindedness)

a. Open-mindedness means being willing to learn and understand

(1) the knowledge gained in formal education

(2) the pers pec tives, a ttitudes , and behav ior of  other pe ople

(3) Open-mindedness fosters “open-heartedness"

b. Skepticism means a questioning attitude

(1) If you don’t question claims and assertions, how will you fully understand them and

satisfy yourself that they are worthy of your acceptance?

(2) Skepticism helps to prevent yourself from being taken by someone’s false claim, taken

of your money, your reputation, your grasp of reality, your health, your life.
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“This report from  The Nation’s R eport Card

provides further information about students’ lack

of preparation in science, their apparent

disinclination to enroll in challenging science

courses, and the comparatively low achievement

of black and Hispanic students, females,

economically disadvantaged students, and non-

college bound stud ents.”

Science Report Card, 1990

“Science is much more than a body of

knowledge. It is a way of thinking. This is central

to its  suc ces s... We  need wide appre ciat ion o f this

kind of thinking. It works. It's an essential tool for

a democracy in an age of change. Our task is not

just to train more scientists but also to deepen

public understanding of science .”

astronom er Carl Sagan  - (more

on this thought by philosopher

Paul Kurtz, Unit V. Section H.3.)

c. Skepticism is NOT Closed-mindedness

(1) Closed-mindedness fosters ignorance, self-delusion, and intolerance

4. transform yourself from passive "information buckets" to active learners

5. The above sections speak of the direct relation between the scientific attitude and the courageous,

open, yet healthily skeptical attitude towards life that enables personal growth to rational, self-

responsible adulthood. (See also the qu ote of theologian Gerald Larue at the end of Un it V.,

"Critical Thinking".)

II. Background and a Personal Statement on the Teaching of the Science of Astronomy

“...there is one simple rule for the university’s activity: it need not concern itself with providing

its s tudents w ith ex perie nce s that are av ailab le in democratic  soc iety . They w ill have them  in

any event. It mu st provide them w ith experiences they canno t have there.”    

»Philosopher Allan Bloom, The Closing of the American Mind

A. I will use my expertise in terms of knowledge, philosophic and scientific understanding, experience,

personality and personal outside interests and concerns, the textbook, labs, visual aids including slides,

video, and computers to bring across to you the interest, importance and relevance of astronomy and

science as well as help you attain the goals above.

B. I teach with an awareness of recommendations

for vitally needed improvement in our teaching of

science that have been made by many experts,

panels, studies, and scientific and educational

organizations. Here are the recommendations:

1. Teach scienc e as a PRO CESS , not just a

collection of facts

2. Improve CRITIC AL THINK ING ability

3. more MATH

a. Without math , you will crit ically lim it

your comprehension. 

b. It is an inextricable aspect of science.

c. Studies decisively demonstrate that

MORE  MATH  IS THE  KEY to fu ture

career success.

4. more HISTORIC, CULTURAL PERSPECTIVE on the subject

5. ETHICAL MATTE RS as pertain to the subject (and its teaching)

6. SHOW  INTERRELATIONSHIPS  with other sciences

7. Stress THEORY, from which real understanding derives

8. more HANDS-ON EXPERIENCE, with COLLABORATIVE student LEARNING

C. I also teach with guidance from asking myself the

question, "What have I gained from my

educat ion in  scie nce ?" I shou ldn't  be te ach ing if

the answ er is, "Not much ." Actually, I feel very

strongly that I have. It has positively impacted my

character, my intellect, my emotional

development, and certainly my grasp of life, of

the  world . The va lue o f a go od scien tific

knowledge base and having a good

understanding of how science works, how it has

impacted the world (that includes you and me)

are too special and liberating to be kept to the
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“The skills a well educated college graduate
should have”

by the Association of American Colleges,
as reported in Pitt Magazine, May 1988.

Thinking: The number one goal. This means not

only the ability to identify perspectives, weigh

evidence, and make wi se dec isions, but also learning

how to think about thinking–to enjoy thinking.

Communicating: Equally critical to thinking.

Speak ing and w riting with c larity and  convictio n.

Quantitative understanding: A grasp of numerical

data–what numbers mean, how they can be

manipulated–e ssential  for our era. H ow else to

deciphe r opinion polls, assess hea lth risks, o r cut a

financial deal?

Familiar with scientific method: Unders tand the

beauty, power, and coherence of nature ’s

fundamental principles. It al so enab les students to

separa te fact from  fancy when dealing  with

everything from losing weight to nuclear power.

A sense  of histo ry: One cannot be educated w ithout

knowing the perspectives offered by history.

Knowledge of foreign lands and cultures: Needed

in our era of geopolitics and global marketplace.

Know ledge and a sense for aesthetics and a rt.

An understanding and development of worthy

values.

A capac ity for “study in depth.”  Being able to br ing

intense concentration and sustained energy to a

specific intellectual problem.

BUT: A colle ge education provides o nly the

beginning of accomplishment of all these goals.

Note during the semester, how the following goals are
incorporated into this course.

intelligentsia, as the Greeks did. I enjoy the sharing. I enrich these Introductory Notes with remarks and

quotations of others that expand upon the beneficial, sometimes perhaps challenging, personal and

societal impacts of science.  Suppose on

occ asio n you  may f ind yourself in

disagreement with something written here or

presented in class. Don’t delude yourself by

dismiss ing my statement  as just one man ’s

(worthless, baseless) opinion. You will have

lost an opportunity to learn something. If you

want more clarification from me, raise the issue

in class, or if you’re not comfortable with that,

before or after class, or if a more involved

question or disagreement is involved, visit me

at my office or drop an e-mail. Maybe from our

disagreement, I’ll have something to learn, too.

To be a critical thinker, to think like a

scientist, is certainly part of being human,

but it is something that studies show

relatively few develop well on their own. It

does take work. Formal education,

particularly into graduate school, is the

proven way to develop these thinking

attitudes and skills. They are essential for

personal growth and caree r success. I

may challenge you with ideas — not to

indoctrinate you, but to inculcate the

skills, habits of mind, and attitudes by

which you can avo id indoctrination — to

think critically, creatively, and

independently; not to be one in a flock of

sheep. These are essential skills in a

dem ocracy in  whic h we  are resp ons ible

not only for our individual lives and

families, but for our society as well. 

D. I like to present not just a selection

of astronom ical facts, but a ta pestry

of background understanding that

helps you  to see how the spec ific

facts relate. This background

unders tanding  will involve  not  only

othe r sciences, bu t also  histo ry,

philosophy, maybe even some

psychology, and, of course,  the

major successful theories. Look at

the course outline to see how I

develop your understanding. I want

you to go away from this course with

not just a few threads of knowledge,

but a whole fabric of understanding.

"...neuroscientists know that

informa tion is retained on ly if it  is

linked to other concepts and facts,
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like nodes in a spider web."3

"In an inc reas ingly tech nology-oriented socie ty, a b asic

unders tanding  of scien ce and mathema tics  is es sen tial no t on ly

for those who pursue careers in scientific and technical fields

but for all people. At present, however, not all students have

access to qu ality instruction in these areas, and mo st adults

have limited opportunities to develop a better understanding of

the role of science. This results in a population ill-prepared to

fulfill the needs of a techn ically competent work force or to

exercise their full rights and responsibilities of citizenship in a

modern democ racy."

The National Science Foundation

III. U.S. Scientific Illiteracy—and on the importance of being scientifically literate

A. is an aspect of the concept of CULTURAL LITERACY resulting in great part from lowered educational

requirements during the 1970s in math and science

1. The noted comedian/composer/author Steve Allen wrote a very serious book called Dumbth after

seeing a report on television on the deplorable lack of geographic awareness of high school

students in Miami. That’s in Florida, by the way. 42% could not say where London is! Then he

became awa re of other surveys, like the one in 1984, just 9 years after the approximately 10 year

war with Vietnam, that showed that ¾ of American high school students could not locate Vietnam

on a map! A ND that about 1 out of 3 of the m did not even know that w e had ever been at w ar with

Vietnam!!!

2. And a 1982 s urvey of American high schoo l students really made Allen go ballistic: “...25%  actually

believed that the American landing on the moon had never occurred and was a matter of

propaganda, fake photography, or CIA machinations.”4

3. and from Dr. E.D. Hirsch, Jr in his notable book on American society and education5

"To be c ulturally lite rate is to po sses s the ba sic inform ation nee ded to th rive in the m odern w orld.

(Emphasis added.) The breadth of that information is great, extending over the major domains of human

activity from sports to science. It is by no means confined to 'culture' narrowly understood as an

acquaintance with the arts. Nor is it confined to one social class. Quite the contrary. Cultural literacy

constitutes the only sure avenue of opportunity for disadvantaged children, the only reliable way of

combating the social determinism that now condemns them to remain in the same social and educational

condition as their parents. That children from poor an d illiterate homes tend to remain poor and illiterate

is an una ccep table failure  of our sc hools. .." (Question: But just how are teachers to overcome a poor

(not just financially) home environment?)

4. Dr. Carl Sagan makes the following connections6  

a.  science education and global issues

b.  sci ed and technical political issues

c.  sci ed and technical products & jobs

d.  sci ed and national security

e.  sci ed and medicine and health

5. Pollsters at the 1999 meeting of the American Asociation for Public Opinion Research expressed

their g rowing concern over the  prolife ration  of su rveys  done  on the W eb. N one of the se surve ys

are scientific due to the fact that participants are self-selected. The publicity generated by these

non-scie ntific s urve ys may drown out  the legitima te su rveys 7.

Especially for education majors:  See

"What's Wrong with Science Education?

Look at the Family.", by Raymond Eve,

Skeptical Inquirer, Spring 1991, pp. 296-

299 in the Ma gazine Article List for a

broader societal context of this problem.
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6. Several cogent rema rks on the societal importance of a scientifically literate populace...

We live in a society exquisitely dependent on science and technology, in which hardly anyone

knows anything about science and technology. This is a clear prescription for disaster. It's dangerous

and stupid for us to remain ignorant about global warming, say, or ozone depletion, toxic and radioactive

wastes, ac id rain. Jobs and wages  depend on sc ience and technology ...

"Public understanding of

science is more central to our

national security than half a

dozen strategic weapons

systems... the widespread

adult ignorance and apathy

about science and math,

should sound an urgent

alarm.   –Carl Sagan

Too many Americans

find themselves c oping with

life in the man-made world of

today in much the same

ignorance and superstition as

their forerunners in the

pristine world of nature.

The next generation must be better prepared for self-government. The citizen must have autonomous

intelligence, ready to seek and face the truth, immune to wishful thinking and to external authority. That is the

liberating objective of the teaching of mathem atics and science in our scho ols.   –Gerard Piel, Chairman

Emeritus of Scientific American8

It's an essential aspect of the national health to have not just professional scientists...but to have a

broad-gauge population of citizens who are not scientists but (who) are comfortable with science and can

ask tough questions, m ake informed decisions and  can (run for) Congress.   –Carl Sagan9

B. Surveys of science  knowledge and understanding, and science education
1. 19/20 scientifically illiterate!--from two surveys in 1980s by the Public Opinion Laboratory at

Northern  Illinois U niversity.

a. example question: "Does the earth go around the sun or the sun around the earth?" 21%

replied incorrectly; a further 7% said they didn't know. 45% correctly said it takes a year for

earth to orbit the sun but 17% said one day, 2% said one month, 9% didn't know

b. This same survey was given to 400 graduating seniors at the U of A: Only 33% passed the

literacy standard (AZ Daily Wildcat, Oct 10, 1991, p. 5)

2. A 1991 Gallup Poll claimed 47% of all Americans believe Earth to have formed within the past

10,000 years!10 This is an  extreme underestimate not at all supported by scientific studies of our

sun, earth, m oon and s olar system for ov er two hun dred years  now. Incontrovertible evidence

indicates an age for the Earth of just over 4.5 billion years.

3. a survey of public acceptance of evolution as the best explanation of how humans came to be:

Japan = 88% acceptance; U.S. = 55% acceptance

a. our low scores in biology and the lack of acceptance of evolution are due to continuing

pressures from Christian fundam entalists who read Genes is as a science text.

4. The TIMSS report “Pursuing Excellence” in 1998.11 (Third International Mathematics and Science

Study–the first two dealt with 4th and 8th-grade students) This largest, and pe rhaps fairest,

comparison of many of the worlds major nations has clearly demonstrated what previous such

studies have pointed to–that American students are not doing well in math and science by 12th

grade to such a degree that causes concern for our economic status in the 21st century. Should we

"Say 'intellectual' and you may a s well have sa id 'elitist.'

American society has relegated book learning to second-class

status - somewhere behind musclemen and Madonna.

"Americans pass this societal suspicion of things cerebral

along to their children as effortlessly as dogs share fleas. The

result is about as beneficial. If America is to retain its much-

cove ted s tatus  as the  world 's eco nomic mov er and  shak er, it's

going to have to chang e that.

"Americans can start by elevating education and

knowledge  to a place of relevance an d respect in society."

—editorial in Arizona Daily Sta r, 9/26/92
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be surprised? W e’re going to fill our minds with something. If not the nourishment of science,

philosophy, and mathematics, then it’s going to be the mental junk food of pseudoscience

and related forms of weak thinking. Some details...

a. U.S. 12th graders came in 19th of 21 countries in both science and math. Most Asian countries

chose not to participate. (Inferring from other past comparative studies, we would have

remained near the bottom of the list.)

b. On AP students in math and science, math results showed our top students to be

outperformed by 11 countries, were similar to those in four countries, and outperformed those

in no countries. On the physics assessment, U.S. students were outperformed by those in 14

countries, were the same as those in one country, and outperformed those in no countries.

IV. Science - a Learning Process

A. DEFINITION: Science is a naturalistic self-correcting process of investigation into how nature

works. It is not just collecting facts. Its probing goes beyond the immediate ly appa rent. This is in

contrast to the ancient Aristotelian antecedent of science and its present-day intellectual

descendant— pseudoscience. The innovative physicist Richard Feynman offered  a couple of 

concise alternative ways to describe sc ience: 

1. “Science is a way  of trying not to fool yourself,”

2. and, even more c oncise, “Guess, then tes t.”

B. A pragmatic pursuit of knowledge and understanding, not always so methodical

1. With the goal of science being simply understanding, or truth, scientists do whatever works

so long as it leads us to understanding/truth. This is why it is difficult to relay to laymen

what the so-called “Scientific Method” really is. Though much scientific work is methodical,

its practice typically involves different approaches to a problem  in a not-always-organized

manner. Nevertheless, the term “Scientific Method” is not useless. You might say there is

a “method to our madness .” Science is as p ragma tic as plumbing . For mo re on the

scientific method (and plumbing, see “Heart of Science” below, Unit IV.E.1.

2. The bas ic require ment is that ideas proposed to explain things (“hypotheses”) be testable.

Testing is the only way we know tha t our ideas are well-bas ed and no t just imagination,

specula tion, emo tion- base d, or wishful, thinking.? (S ee “Heart of Science” be low.)

C. FACTS  

1.  INFORMATION from observations of nature 

2.       "       "   Experiments in laboratories

3.  "The best" facts ø uncertainty in factual knowledge

a.  based  upon our best measurements

b.  error bars & statistics

c.  future discoveries &  refinements

D. THEORIES 
1. IDEAS that EXPLAIN, SHOW INTERRELATIONSHIPS among seemingly ISOLATED FACTS,

MAK E SE NSE  of things , SHO W "C AUS E AN D EFF ECT" 

2. related terms

a. scientific speculation — a preliminary, untested attempt to theorize

b. hypo thesis — more thought out than speculation, perhaps tested successfully with some new

evidence, but with more testing still called for

c. model - roughly equivalent to theory; a term used more when computers are involved 

("computer models") to bring to bear equations which can simulate some phenomenon

(1) NOTE: When attempting to "model" nature, scientists start out with the simplest model
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and then a dd comp lexity as needed to imp rove the mo del's consiste ncy with nature

(a) examples: s ynthetic spec tra, stellar models, P lanck's Laws  applied to stars

3. uncertain ty in the ory 

a. Based  upon BE ST FA CTS; if BE ST FA CTS C HANG E, may hav e to chang e theory

(1) e.g. origin of moon, origin of life

b. Based upon assumptions, which, howerver reasonable at the time, may later be shown to be

lacking

(1) Newtonian absolute frame of referenc e vs. Einstein’s relativity

c. Even outdate d theories will probably still have some validity

(1) flat earth theory (works in Kansas)

(2) geocentric theory (still the immediate impression; when w e begin to learn the sky and its

motions, the terms and concepts that immediately come to mind are geocentric)

E. THE HEART OF SCIENCE - on the relation between facts and theories
1. The ories  are tested by che cking for the  consistenc y of th eir predic tions with the best available

evidence . (Rememb er Feynman ’s “Guess , then test? ”)

Remember my comment that science is as pragmatic as plumbing? The plumber arrives at your

home to size up the problem (gathers evidence and hypothesizes as to what’s wrong). Then

applying the principles which he/she has learned through training and experience, a solution to the

problem is tried (hypothesis is tested). If it doesn’t work, the plumber revises the hypothesis, or

throws it out and tries an entirely different approach. After several cycles of “guessing then

testing,” eventually the truth comes out, that is, the plumber has fixed your problem. I know this is a

mundane comparative example of one of the greatest human inventions ever, but, if you remember

the aspects involved in plumbing, you have a general grasp of how science is done. How many

other areas of human activity has been influenced by scientific thought? (Don’t think too long on

this; it would be much quicker to come up with a list of areas of human endeavors that have not

been affec ted by science ’s results or thinking pro cess.) 

2. Evidence is of two kinds: already extant and obtained afte r the theory is formulated.

a. Example: The two first test of Einstein’s new Theory of Relativity were the precession of

Mercury’s orbit (already extant) and the bending of light rays passing near a gravity source.

(post prediction) The specific observational test was the measure of star light directions that

passed near an eclipsed sun.) The bending of light rays was a novel, startling prediction and

result and gathered most of the  headlines of the day, but scientists were more impresse d with

Rela tivity ’s ab ility to p redic t/explain  the prec ess ion o f Me rcury’s o rbit.  Why? B eca use  this

characteristic of Mercury’s orbit had perplexed scientists for over 200 years. The post

prediction of starlight bending as it passed an eclipsed sun had not yet been pondered in any

depth. As critical thinkers, scientists want to make sure all reasonable interpretations have

been considered. (Note: in the next unit on “Critical Thinking,” “considering alternative

interpretations” is presented as one of the eight aspects of critical thinking)

3. THE MORAL OF  THE INNKEEPE R PROCRUSTES ’S BED (The story is presented in class, on

video or television)

a. Should incon sistencies a rise between  theoretical predictions  and the bes t facts, fac ts so sure

as to be incontrovertible, the hypothesis is adjusted or even replaced with a better alternative

hypothesis.

b. The facts  are not changed just to fit the th eory. (Change th e bed to fit the guest; don’t disto rt

those patients who do n’t fit the bed.)

c. In many situations the facts may not be all that certainly known. Here, both the facts and

hypotheses remain in question. Fac ts can change  or be discarded, but not merely because

they don’t fit our theoretical prediction.

d. The following is an excellent expansion on the The following is an excellent expansion on the

Heart of Science by a Professor of Evolutionary Biology at the University of Arizona

(Laferriére12)

:
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The Heart of Science

Hypotheses and theories make

predictions. Those predictions are

tested by comparing them with the

facts.

Should inconsistencies arise between

theoretical predictions and the best

facts, facts so sure as to be

incontrovertible, the hypothesis is

adjusted or even replaced with a

better alternative hypothesis.

The facts are not changed just to fit

the theory.

"Sc ient ists  prop ose  theories  that rep resent  the ir bes t exp lana tions of  cer tain

phenomena given the information currently at hand. The authors of these theories must

be willing to revise or replace them if new evidence accumulates that refutes previous

ideas. True, scientists are all too human, having egos (and grants) to nurture, and often

find it difficult to abandon methods they have used for years and with which they have

grown comfortable. Sometimes theories survive longer than they should. In the long run,

how eve r, the factual ev idence remains  the ultim ate  crite rion for de ciding sc ient ific

controve rsies and m ust hold sw ay. Pres ent-day biolog ists, for exam ple, do not reg ard

the Origin of Species as infallible and do not cite it to resolve disagreements among

themselves; rather, they recognize that Darwin was right about some of his ideas and

wrong about others. He was wrong not because he was stupid but because the

information he needed to resolve certain problems was simply not available in his time.

Herein lies the essence of the scientific method and the factor that has enabled science

to progress so far and so quickly; the ability to adapt and grow with the acquisition of

new knowledge.

"This of course is not to say that any theory is just as good as any other or that

scientists are fickle creatures willing to abandon their theories as suits the convenience

of the day. As knowledge accumulates through the years and new methods for

gathering  data de velop,  scientist s gain pro gress ively

more information on which to base their ideas; the

theories therefore become more accurate reflections

of the true forces and properties that guide nature.

"Theories are useful primarily because o f their ability to

generate predictions. Predictions must be tested by

independent means; in other words, they cannot be

evaluated using the same data used to generate the original

theory. Then the argum ent would be circular. Expe riments

do more th an simply g enerate da ta haphazardly ; they are

designed to gather the information needed to test

predictions made by scientific theories. The more success a

theory has in generating predictions that turn out to be

supported  by fresh ev idence, the m ore valuable  the theory

and  the more support it  is likely  to en gender in  the scie ntific

community. If a theory proves incapable of generating

predictions to explain certain phenomena, as Newtonian

physics proved incapable of explaining certain minor

perturbations in the orbit of Mercury, it must eventually be

modified or replaced by a new theory, capable of offering

satisfac tory exp lanations ." 

The preceding is an excellent exposition of how

science works. You might read it again.

F. THE SCIENTIFIC ATTITUDE: OPEN-MINDED, BUT SKEPTICAL
1. Applied to claims that are new and unusual

2. But: How much open-mindedness; how much skepticism?

3. "EXTRAORDINARY CLAIMS REQUIRE EXTRAORDINARY SUPPORT."

a. “lunch with a friend” allegory

4. Doubt as the essence of knowing: Author James Gleick13 offered this statement that gets to the

true spirit of science, in describing genius/physicist Richard Feynman, “He believed in the primacy

of doubt, not as a blem ish upon our ability to know, but as the e ssence of kn owing.”

5. Philosopher Paul Kurtz14:
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“The totalitarian societies of our time have invested vast sums in technical research and have

achieved a high level of scientific competence in certain fields, but the scientific outlook has not

prevailed in them. Merely training people to be scientific specialists is not enough. A culture can be

full of sc ientific technicians, y et still be do minated by the  irrational. (Instructor note: a prime such

societal example--Nazi Germany.) We must distinguish science as a narrow technical enterprise

from the scientific attitude. It is here th at I think w e have  not established  an impo rtant goa l.

Unfortu nately , to have scien tific creden tials in one fie ld does  not me an that a  person  will

incorporate a scientific attitude into other parts of his life."

"...If we are to meet the growth of irrationality, we need to develop an appreciation for the

scientific attitude as part of culture. We must make it clear that the key methodological principle of

science is that one is not justified in affirming a truth claim unless one can support it by evidence or

reason. It is not enough to be inwardly convinced of the truth of one's beliefs. They must at some

point be objectively verifiable by impartial investigators. (emphasis added) A belief that is warranted

is not so because it is 'subjectively true', as Kierkegaard thought; if it is true, it is so because it has

been confirmed by  a comm unity of inquirers. To believe validly that something is true is to relate

one's beliefs to a rational justification; it is to make a claim abo ut the world, indepe nden t of one's

wishes. (emphasis added) Note: Kurtz's discussion is in regard to the distinction between

"subjective reality" and "objective reality". See Unit IX. A., "Illusion, Subjective Reality, and the

Personal Experience"

6. excerpt (left out of the movie) on skepticism from CONTACT, science fiction novel by Carl Sagan:

(scientist talking) "You're uncomfortable with scientific skepticism. But the reason it developed

is that the world is complicated. It's subtle. Everybody's first idea isn't necessarily right. Also,

people are capable of s elf-deception. Scientists, too...

"So the way you avoid the mistakes, or at least reduce the chance that you'll make one,

is to be skeptical. You test the ideas . You check  them out by rigorous stan dards of evidence. I

don't think there is such a thing as a received truth. But when you let the different opinions

debate, when any skeptic can perform his or her own experiment to check some contention

out, then the truth tends to em erge. That's the experience of the w hole history of science."

7. Two kinds of skepticism (from Bunge15)

a. methodological doubt--initial distrust of extraordinary claims, want to see the evidence and

consider alternative explanations

(1) healthy scientific view which can lead to fruitful research and its results, knowledge and

understanding

b. systematics skepticism--denies the possibility of any knowledge and therefore entails that

truth is inacc ess ible and the searc h for it va in

(1) discourages inquiry, openness, and initiative which can lead to the same result as

dogmatism and its acceptance, namely "the illusion of knowledge" (from historian Daniel

Boorstin), stagnation, and worse.

8. an urging for se lf-doubt from bioch emist Robe rt Shapiro16 

a. "Idea lly in sc ience , the ind ividual w ho makes  an exc iting disc overy  shou ld play  the de vil's

advoca te. He hims elf should tak e the mos t skeptical v iew of the res ults, and m ake eve ry

reasonable effort to find a less exciting explanation for it. Only after such efforts have failed

should he publicize it."

(1)  example: The Jupiter Effect authors

(2)  example: cold fusion "discoverers"

9. and a sob er, reflective, historical/cu ltural note on doub t from Richard 17

"Doubt is the arch-offense, the mortal sin codified in the religious framework of our culture. To be a

skeptic is to be a devil. It is to be an evil person. It is not nice to demand good reasons for believing X.

Do we dare tell our students how many people have gone to the pyre, literally burned at the stake,

because of their doubt,  their w ish to examin e critica lly wh at has  been  taken as 'th e established trut h'?

And if we told them, w ould they have the d epth of soul to com prehend? Are thes e nice students of 20th
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century mellow  middle America cap able of the intellectual passions that hav e moved hu man beings to

great discovery and herculean achievement in the face of terror, persecution, censorship, torture and

death reserved for those who dare quest for the light of simple truth?"

G. ON THE SUPERNATURAL AND THE NATURE

OF MIRACLES
1. The  universe is wondrous , mys terious,  and  truly

awesome. And when we feel deeply the

emo tions of  wonder a nd awe w hile

contemplating the mystery of existence and the

universe, our thoughts naturally go to God, God

the Creator. In this respect, science has deepened many people’s appreciation of God (and may

yours’ from this course), because for many the heavens reflect God’s glory and thanks to science

we humans now have a far, far better grasp of the heavens than did the writers of the holy books of

the world’s major religions. But yet science itself does not speak in the language of the theologian

and leaves God o ut of the action. There is never in the process  of doing science any attribution to

any god, goddess, gods or goddesses. The reason for this omission is not due to some

philosop hica l objection drille d into  studen t sc ient ists . It is  simp ly bec aus e of  the prac tica l “rea l-

world” nature of the pursuit. The key notion of the supernatural is that it is not part of the natural

world and, by definition, is beyond human investigation and understanding. You can gain insight on

this when you learn that the root meaning of the closely related word “occult” is “hidden.” Science

deals with physical reality, that which is demonstrably REAL, accessible, and can be studied in an

objective, evidential manner. The supernatural may well exist in some form; after all, theoreticians

are utilizing the concept of physical dimensions beyond the three that, along with time,

characterize physical reality (Einstein’s four dimensional space-time continuum). Nevertheless,

regardless of whether some supernatural state exists, human understanding took off when

supernatura l notions w ere set aside by the  ancient Greek p hilosoph er-scientists and na ture

was stud ied directly on its ow n terms. 

Take epilepsy for example. Pre-s cientific thought ha d it that epilepsy was an  attack by one o r more

demons, a supernaturalistic notion. But whoever, to this day, saw one or more demons attacking

their p oor epilept ic vic tim? J ust w hat is  a dem on, anyway? W here  might  they be found fo r study?

How many demons would it take to start an epileptic fit? What is the real, verifiable evidence, not

just someone’s say-so? These are the sorts of scientifically-minded questions one could use as the

basis for their research program. But what do you do next? How do you collect the evidence?

Study the evidence? You MUST do these or you can’t come to any understanding of what a demon

is. The closest we can get to studying demons is studying people who claim to believe in them or

better yet, have claimed to have encountered them. (And if they really have had an encounter, how

do you know the person w asn’t being set upon by another hum an(s) with evil intent?) Demons, a

supernaturalistic notion, are simply beyond scientific study. (But their believers aren’t beyond

investigation—I just recall that Jimmy Swaggert, a television evangelist popular during the 1980s,

claimed to have physically fought with some. Maybe. But I suspect that if you started your study of

demon s with Jimm y Swagg ert, all you wou ld learn from the stud y would be J immy Swa ggert’s

psychology or find peo ple who mug ged him. Ou r perception of rea lity is influenced b y our a priori

beliefs–See Unit X.A. “Objective v. Subjective Reality”. But setting aside the demon “explanation”

for epilepsy , the scientific approach has yielded real, verifiable understanding–a neurological

diso rder  resulting from unwan ted burs ts o f elec trica l misf irings  by bra in syn aps es– grou nded so lidly

on evidence (brain scans). By bringing the subject into the realm of nature, we can do something

about it. We emp ower ourselves. Sc ientific understanding of epilepsy and the brain has led to

chemical treatments to ameliorate its effects, and, incidentally, erase the stigma that has

historically been attributed to the condition by ignorant, superstitious people. This realization of

empowe rment has  changed  the world. Throu gh scienc e, we hav e made a w orld much mo re

conducive to human health and welfare, though new challenges face us as well, but I digress.

"True science teac hes, above all, to doubt,

and to be ignorant."

Philosopher Miguel de Unamuno (1864-

1936)
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About  the term “supernatural explanation,” implied above with my demon example. Reflect on the

term  a momen t and you  will see that th is te rm is  an oxymoron.  To s ay that some thing is

supernatural means that, by definition, it is something that cannot be dissected and explained,

based on evidence (necessarily from the physical world, right?) and reason. A logically consistent

term would be “supernatural mystery”. Occasionally, pseudoscientific ideas arise from

sup erna tura listic  think ing.  For  more on  this , see the Un it VI .,  “Pseu dos cien ce/sup ers tition /anti-

intellectualism”.

2. A thought on the mixing of the naturalistic with the supernaturalistic by Philosopher Mario Bunge18:

"It is possible to apply the scientific method to a nons cientific investigation, such as trying to

measure the speed of ghosts or the intensity of the action of mind on matter. To yield knowledge,

however, the s cientific method must be ac companied by  a scientific world-view: materialist, realist,

rationalist, empiricist, and systemic." Hmm. Have you read much about ghosts? Did you ever read

of any attempts to measu re their speed? Any reference at all to their speed? Just wo ndered. 

So, this is a part of the scientific mind; it leaves out appeals to supernatural explanations. The

supernatural can’t be studied and just doesn’t really yield useful understanding into the workings of

the natural world. How would you react to a plumber who comes to your house (you already owe

him money, just for that)–and he looks at your problem and says, “You got demons. Yeah, demons

are in your pipes, alright. Here’s what you do. At midnight of the next full moon, light candles and

this incense, s ay this  chant fo r 40 m inutes, then s ing th is song. T he little  begg ars’ll be hist ory.

That’ll be $100, thank you.”

3. On the nature of miracles

a. The philosopher’s perspective on the nature of miracles is that they are uncommon

occurrences witnessed by individuals who could not understand them and who found these

occurrences beneficial in some way to them. (Who’s heard of a bad miracle?) They

reasonably enough feel grateful for them. Being grateful to chance or physical reality does

appeal; they’re grateful to God, or whatever holy figure they most revere.

b. A noted B ritish psychologist Nicho las Humph rey commen ts below on e arly 19th century

philosopher David Hume's succinct remarks on miracles19.

"Miracles are trouble. They've been a worry to philosophers who see more clearly than most the dilemna they

put us in. David Hume in 'Essays and Treatises on Several Subjects' said 'Ask yourself, which is more probable, the

natural universe should, as it were, gone off the rails, or that the human beings involved have bent the facts.

"'When anyone tells me he saw a dead man restored to life, I immediately consider with myself: whether it be

more probable that this person should either deceive or be deceived or that the fact which he relates should have

really happened. I we igh the one miracle against the other.'

"Experience teaches us to trust the laws of nature. Experience also teaches us to trust our fellow human

beings. So what are we to do when we can't have it both ways?"

I would answer Humphries’s question this way. If a person is unfamiliar with the power of

natural law, he or she will not be so concerned about accepting the claim of a miracle, which

implies a breaking of those laws. We humans break our man-made laws. Why can’t God

break nature’s laws? He, She, It may have created the laws.

c. The logician’s insight, with some help from the mathematician, helps us he re by leading us to

expect some miracles in life. That is, over a large enough sample (of people) over a long

enough period of time, even low probability events will probably occur. Given: We have

numero us experiences  in life, some u nusua l, even od d to us.  We  either app reciate, d on’t

appreciate, or don’t care about these experiences. Further, we either understand these

experiences, or we don’t. Logically, there will be a subset of experiences that we apprec iate

having had, and do not understand how they came about. Depending upon our intellectual

background and degree of benefit we received from the experience, it is in this subset of

human experiences that we may find miracles.
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H. Science as it relates to other areas–learning, myth, and society.
1. Scientific Assertions vs. Dogmatic Assertions

a. Scientific statements 

(1) are based upon fact and reason (logical application of natural principles). They may

represent Truth, or they may not.

(2) are NOT AB SOLUT E TRUTH , but rather the BEST  WE  CAN SA Y AT THE  TIME. They

are open to correction. 

b. Dogmatic statements 

(1) are based upon the authority granted to the source. These statements may in some

ways be based upon experience (fact) and reason (logical thinking), but they may often

be baseless ass ertions. They, too, may represent Truth, or they may not.

(2) are asserted as correct already; they resist correction.

c. The key difference, to me at least, between  scientific and dogmatic statements  is the basis on

whic h the rec eive r of the in form ation is to accep t the  sta tements as  truth. Scien tific

statemen ts are acc epted bec ause the re ceiver understands their basis. Any skepticism can

lead to tes ting until "the tru th will out".

(1) Scientific statements encourage critical thinking.

(2) Dog mat ic statemen ts d isco urag e cr itica l think ing.  They are t o be  acc epted on the basis

of the receiver's faith in the source.

(3) Which  way the student receives truth statements, depends upon emotional factors,

acc ulturation facto rs, p rior beliefs and educa tional level.

d. Note for yourself in this course and others how much you willingly accept on the basis of your

faith in Pima College and the professor versus how much you accept because you

understand the support ive re aso ns (evid enc e, log ic). You shou ld no te th at even  in this

science course, in which I will try to make clear to you reasons so you will accept statements

because you understand their basis; that you will willingly accept much on faith, either

becaus e 1) an ass ertion I give may not be  important enou gh to chec k out on your own –you're

too busy to be skeptical of everything, or 2) the supportive basis for an assertion may be

beyond the level of a course for non-scienc e majors at the Freshman , Sophomore level. 

2. Scientific theory in contrast to myth

a. When our interest turns to matters pertaining to the past, particularly the origins of things

(sun, moon, earth, people, life etc.) we have since time immemorial discussed these in terms

of stories that help us to arrive at a satisfying understanding of why the way things are and 

what our place in the world is. These stories, almost always comprised of heroic figures,

“Men think it divine merely because they  do not understand it.

But if they called everything divine which they do not

understand, w hy, there would be n o end of divine things."

unknown Hippocratic writer, on epilepsy

Don’t skip over this; reflect a moment...

Napoleon to the mathematician Pierre Simon de

Laplace: "You have written this huge book on the

system of the world without once mentioning the

author of the universe."

Laplace to Napoleon: "Sire, I had no need of that

hypothesis."
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animals, and supernatural entities, are called myths. Occasionally, science is referred to as

the “modern myth.” The basis of this ass ertion is that, like our ancestors we  are trying to

understand who we are and how we got here, only now we are doing this by learning through

science what physical reality is.

b. The first recorded myth is the Sumerian epic of Gilgamesh. It, like many myths,  is rich in

valuable insights into life, morality, etc. Further, they give us insights into the cultures of our

past, from which we have culturally and intellectually descended. (An excellent reference:

Ancien t Myth an d Mod ern Life 20, which looks at the prevalent middle-eastern myths and

religions of 2-3 millennia ago which influenced the development of the Judeo-Christian

religions.) 

c. Myths are not properly to be understood in the black/white terms of true or false. A  myth with

humor or exaggerated dram a or excessive sup ernatural element may well contain within its

fictional structure great truths, just as with much fiction today. Furthermore, myths are often

about a time before the advent of writing (which occurred at different times at different places)

when human d rama was played out, but not written out. That is, there cou ld well be elements

of actual (pre)historical events that provided the basis for the myths. For example, reading

the Babylonian myth of  Marduk, it is not hard to imagine that there could well have been an

actual prehistoric human hero, who, in the retelling of the tales, was elevated to the creator

god Marduk. And, more demonstrably, you should know the story of Troy, the discovery of

which was a direct result of a man wondering if this city written of in the Greek mythological

story, The Odyssey, might have actually existed.

d. The supernatural elements in mythological stories are obviously dramatic exaggerations, but

this seems  to be more ob vious to peo ple when read ing the myths of s omeone  else's culture

or religion. The eminent late mythology scholar Joseph Campbell lamented about the

widespread mistaking of metaphor for the message.

e. With points 1-4 in mind, we see that myths are stories presenting truths in fictional form.

Myths may stress truths, often  through metaphor, of the hum an condition that resonate with

our own experiences in life and hence act as great guides for our own pilgrimage through life.

(And, of course, some myths may include both kinds of "truths".) In any case, it is not

appropriate to rev ise myths. The y come to us  "as is". Their values  and story lines may inspire

modern rewrites, but it would not be legitimate to call the new versions by their old names.

This is opposite to what we do in science, in which our best understandings, embodied in our

current theories, are the result of a process of "survival of the fittest". When some older

theory is later shown  to be lacking, we c hanged it, or threw  it out, replacing it altogether.

(Example: The Comet Impact Theory to explain the origin of the planets.) Aside from some

archaeological leads, no myth has ever presented any scientific understanding of physical

reality beyond the general level of understanding of people at the time of the story's writing.

To reject scientific theory (i.e., "best understanding at the present time”), as do the “scientific”

creationists, in favor of conclusions about physical reality drawn from ancient myths,

bespeaks a great lack of understanding as to what myths and science are.

3. Scientific Research ) two kinds

a. Bas ic Research:  no go al other tha n to learn how nature  works in some partic ular way;

research determined by the researcher

b. Applied Res earch: has  the goal of attaining s ome prac tical result, a better widge t, a cure for a

specific disease; research determined by the funder

c. App lied Rese arch has been done  for many laudable goals  and  you can imagine it is  generally

eas ier to  "sell"  to the public w hen  tax p ayer -supported . W ithout an imm edia te, p rac tica l goa l,

Bas ic Re sea rch is ha rder  to sell. But here’s the problem: Applied Research is enabled by

Basic Research. Technology follows from Applied Research, and societal benefits follow from

the technological developments. Those same technological developments can open up new

avenues for Basic Research, and the learning-benefit cycle continues to flourish. Though

astronomy has historically offered important practical benefit, its practice today is that of

Basic Research. But the knowledge from astronomy and related physics that has developed
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many space technologies are having a return benefit on astronomy and physics. Consider the

impact of the Hubble Space Telescope. High energy astrophysics has grown considerably as

a field since we could launch detectors into space where we could at last observe the

universe in high-energy ranges.  The fundamental importance of Basic Research is brought

out in the following  exce rpt by Arthur Ko rnberg, Profe ssor Em eritus of Bioche mistry, Stanford

University School of Medicine21.

"The truly major discoveries that have altered the face of medicine)for example, x-rays,

penicillin, recombinant DNA)have all come from the pursuit of curiosity about nature without

relevance  to medicine. T he sam e can be s aid of great industrial inve ntions, wh ich were

haphazard at the outset and only later recognized for their commercial value. No matter how

counter-intuitive it may seem)to the scientist as well as to the layman)the most sure and

cost-effective route to discovery is through the creative activity of the scientist or inventor

rather tha n the pu rsuit of a de fined goa l.

" Scientists working at a frontier of science or creating a new one must rely on intuition,

serendipity, and a capacity to move quickly in new directions to exploit findings that emerge

from their research and that of others ."

d. Be aware of “pork barrel” spending. The informed citizen should be aware that we have set

up excellent funding methods for science in the U.S. However, the past decade or so has

seen a rise in universities making attempts to bypass the no rmal funding approval system to

go directly to congres sional subco mmittees to g et funding for the ir pet projects. Not o nly are

our congressional representatives  not the best judges of spe cifically where science funding

should go, but this practice leads to waste in federal spending because of the lack of

coordination with other scientific projects.

V. Critical Thinking (CT)–weighing claims - evaluating information

A. Simply put, CT is not "black/white", that is, oversim plified  thinking , which is the hallmark of the

underde velo ped  mind  and  is mo re susc ept ible to  general a priori attitudes and beliefs. For many, in fact,

belief  is a su bstitute for kno wledg e and  unde rstanding . The  follow ing qu otat ion eq ually ho lds tru e today.

B. EIGHT ASPECTS OF TH INKING CRITICALLY by Ca role W ade  and  Caro l Tav ris22. (The autho rs

have also written a college introductory psychology textbook organized around the following eight

points.)

1. Ask que stions; be w illing to wond er.

2. Define the problem.

3. Examine the evidence.

4. Analyze assumptions and biases.

5. Avoid emotional reasoning: "If I feel this way, it must be true."

a. William Gladston e (1809-189 8) "Men are apt to mistake the strength of their feeling for the

strength of their argument. The heated mind resents the chill touch and relentless scrutiny of

logic."

b. Now consider this exchange between astronomer Carl Sagan and daytime television star

Kathie Lee  Gifford23:

"We a re too m uch ac custo med to  attribute to  a single

cause that which is the product of several, and the

majority of our controversies com e from that." 

 –Justus von Liebig (1803-1873)
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Sagan: "It was  written by hum an beings 2600  years a go, the b ook of G enesis ; why  would  we po ssibly

imagine that this is an up-to-date summ ary of the best science ? Clearly, it's not."

Gifford: "You can never argue with a human being who's had a personal experience of God touching

their lives, no matter what you will ever say in terms of Science. They will know what is true in their own

heart." Sagan’s statement is objective, Gifford’s subjective, reasoning emotionally. Both statements can

be considered truth statements, yet nevertheless discordant in part because of the differing kinds of the

truths they bespeak. Ignorance, particularly so when willful, plays a key role as well. Consider also

Gifford’s response in light of the material in Unit X., Section A., "Confusing Subjective Reality for

Objective Reality; the Personal Experience". See also  Unit VIII., "Dangers of Pseudoscience.", Sections

B. and C.

6. Don't oversimplify. ("black/white thinking"–See more above  and below.)

7. Consider other interpretations.

8. Tolerate uncertainty/admit ignorance.

C. What does it mean to think critically?
1. Two equally intelligent people can be equally articulate and informed, but not be equally good

thinkers. If only one of them is thinking critically, that one will be better at analyzing and evaluating

facts and opinions, sources and claims, options and alternatives, etc. The critical thinker will be a

better problem-s olver and dec ision-maker.

2. When we’re thinking critically, we’re using our knowledge and intelligence effectively to arrive at

the most reasonable and justifiable position possible. When we’re thinkiing uncritically, no matter

how intelligent or knowledgeable we are, we’ll make unreasonable decisions and arrive at

unreasonable beliefs or take unjustifiable actions–unless we are lucky and end up making the right

choice for the wrong reasons!

3. Jus t what do we  do when  we’re th inking cr itica lly? To  think  critic ally is to th ink c learly,  acc urately

and fairly while evaluating the reasons for accepting some belief or taking some action. The goal of

thinking critically is simple: to guarantee, as  far as poss ible, that one’s beliefs an d actions are

just ifiab le and can withstand  the tes t of rational analys is. To achiev e th is goal one must rig orou sly

scrutinize one’s own beliefs and actions as well as the beliefs and actions of others. What are the

standards we use? This section “C” is from the “Skeptic’s Dictionary” Web site. For more about the

standa rds  of the evalua tion of ev idence used  by cr itica l think ers , go to that W eb s ite giv en by this

endnote24.

D. Scholarship — An application of critical

thinking
1. Begins with a willingness to work and think

a. Seeks authoritative information

b. Weighs the evidence

2. Not reading too much out of the data.

a. This requires both a general

experience in processing information

and a certain expertise in the relevant

areas to the problem under

investigation/examination. 

b. It means paying attention to the details of the available facts and the uncertainties of those

facts. Any inferences drawn from the information must take error and uncertainty

assessm ents into account.

3. Objectivity

a. Seeks both supporting and refuting evidence and reasoning

b. Investigators often have some idea of what they consider the truth to be in some matter under

investigation, but objective scholarship entails the processing of information unfiltered by any

prec onc ept ions . Be ing self-aware of  one ’s bia ses  (See cr itica l think ing aspe ct #4 above .) is

"Mediocre spirits demand of science the same

kind of certainty which it cannot give, a sort of

religious satisfaction. Only the real, rare, true

scie ntific  mind s ca n endure  doubt, w hich  is

attached to all our know ledge."

Sigmund Freud, in a letter to his friend, princess

Marie Bonaparte, towa rd the end of his life
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important to objective scholarship. Without taking into account what scientists call “the

personal equation” leads to a false advocacy scholarship, involving the breaking of the moral

of Procrus tes’ Inn —  process ing the information to fit the p rior conception o f Truth (in the form

of hypothesis, theory, belief).  (See Unit VI., Pseudoscience /Superstition/Anti-intellectualism.)

4. Comment — When we seek to know the academic credentials (degrees and schools) of someone

making a questionable-sounding claim, it is because we recognize in college/university education,

particularly post-graduate, a generally successful foundation for the learning of the skills relevant

to scholarship. It is the persistent lack of scholarship by some that unfortunately fuels many

controversies in our society. (This echoes J ustis von Leibig’s quote above in this unit (VI.,B.1.)

E. The Positive Personal and Societal Impact of the encouragement and practice of CT 
1. Black/white º right/wrong º good/evil º us v. them attitudes. In a world drawn closer by

technology and strained by the many demands placed upon it by the rapidly growing human

overpopulation, what is needed is compromise, tolerance, cooperation, respect, understanding,

compassion--words missing from the vocabulary of the divisive "us versus them" ideologue, but

which flow naturally from the critical thinker. How many examples are there of people, considering

themse lves  as good , who single out o thers as be ing bad o r ev il? W hen  people o f this  mindset  gain

political power, tragedy inevitably follows.  You don’t have to look back in history for

examples—look at contemporary politics here and elsewhere. A common example in the United

States: Either the Bible must be accepted as true or rejected as false.

a. In a Newsweek  “My Turn” column, a college student of Arabic ancestry writes on the negative

attitudes she has perce ived directed towards people of her sha red ancestry. It relates well to

this paragraph on the consequences of black/white thinking:25

2. The black/white thinker is far more prone to refusing to question his/her own be liefs and willing to

put a limit on inquiry and questioning in general in order to protect those beliefs. This attitude can

lead to censorship of the arts and literature, even the practice of science and its education.

3. from Newsw eek, "Wh en Neo -Nazis Ru n Free;  In eastern Germ any, a new  wave o f racial violenc e",

July 29, 1991, p. 34.

“'The east (Germany) has given us a glimpse of the Germans we used to be 50 years ago. The

authoritarian state taught people only to com mand and ob ey,' says Barba ra John, a Berlin City

com miss ioner. 'C ompromise and  acco mmodation are unfortu nately not  yet pa rt of the  politica l cultu re.'"

Nor of black/white thinkers and ideologues generally, I should add.

4. from a letter to Newsweek  in response to  an ar ticle on the  Nazi c oncentra tion camps, February,

1995 (two months before the horr ifica lly effe ctive an ti-federa l governm ent  bomb exploded in

Oklahoma C ity, killing 168):

"The real lesson of Auschwitz is how frighteningly easy it is to rape, torture and murder your former

friends and neighbors if you learn to think of them as subhuman. That was Hitler's method, and it's being used

again in Bosnia and Rwanda. People who use platforms such as politics, religion and talk radio to provoke "us

versus them" thinking create the same dangerous mentality. Whether it's against immigrants, blacks, Jews,

gays, abortion-clinic staffers or even the president, hate mongering can only fuel the fears of an intolerant

society."

What I wish to get across here is that education is important because it elevates us above a

reptilian brain-level of response to the world. And with a rapidly growing population of humans

straining a resou rce-limited planet sh runk by faster transp ortation and co mmunic ation, I can’t

think of a m ore nob le purpo se of edu cation— the prese rvation o f the specie s, learnin g how  to

save ourselves from our own follies.
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“There is much to recommend the notion of

teshuvah. At the very least, it makes good

sense that people who are forced to look

inward o n a regula r basis a nd to

atone–sincerely–for their wrongdoing will not

be capable of gross inhumanity. But even

more, the same teachngs that cause people

to turn inward  for the purpose of rigo rous

self-examination will most likely cause them

to cry out w hen others a re oppre ssed...

“Just ima gine— a world  where a ll men and

women are required to search their souls

and to resolve that they will not repeat their

sins. ‘Then na tion will  not threaten na tion,

and mankind wil l not again know war.’

Certainl y, a wor thy New Year’s w ish.”

On the notion of “teshuveh” from

“Seliho t: Some  Reflec tions” publ ished by  The

United Synagogue of Conservative Judaism.

“So what do I teach my students? ...what cannot stand up to
examination is illusion, mere self-satisfying prejudice. What is real can
withstand the stab of the prying eye. What is true cannot be falsified
by a test, no matter how fierce . I teach them that we must learn to
relish examination and reflection. I tell them that if we care about
creating a better future, if we care about truth and making new and
great discoveries , then we must learn to exalt in critic ism. To hold to
beliefs and op inions untried by the purifying fire of critical analysis
makes us bigots and hollow men.”

philosopher Joseph Richard

F. Further Re flection. Let’s wrap up these units on

Science and Critical Thinking, by returning to

thoughts on perso nal growth, with this excerpt,

by theologian  and sch olar o f ancien t middle

eastern myths, Gerald Larue26:

"Only as h umans  continue to s eek will disco very

of self come - not through pre-formulated

responses, but through adventurous growth and

freedom to probe.

In reality, the search is endless, for to say

'At last, I have found myself' terminates the

quest. The joy is in the inquiry. The answer must

always be partial, for once an answer is found,

new questions arise; each  new pinnacle prese nts

another horizon. The meaning is, perhaps, in the

desire  to kno w, to  grow , to reach toward s one 's

potential, knowing alw ays that th e final answ er,

whatever it may be, lies beyond the grasp. The

alternative is to abandon the search for meaning

and to accept what someone else has said as

the ultimate answe r."  

Do you see how Larue's statements on our personal

process of learning, discovery and personal growth,

exemplify the personal application of the process of science and the scientific attitude?

Before moving on to the n ext topic below, ponder this. A large fraction of students gradu ate from High School. A

sizable minority of High School graduates go on to college. A very small minority of them take the philosophy

course in logic and critical thinking. Consider how fundamentally inextricably important logic and critical thinking

are to personal growth, the development of our intellect and personal values, and our roles in a career and as

responsible citizens of a democracy. So, given all that, why is such a course on the intelligent use of your brain not

required for graduation from high school? But what percentage of High Schools even offer such a course? Do you

know the meaning of the term “infinitesimally small?” I thought we Americans were serious about education. Oh,

really?
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VI. Pseudoscience/superstition/anti-intellectualism

A. DEFIN ITION OF PS EUDOSCIENCE:  Pseudoscience com prises c laims  about physical reality

that 
1. allege to be scientific, 

2. yet scientific investigation has shown to be weakly based or even  refuted. 

3. Nevertheless, these claims continue to be believed in by segments of the populace.

B. Hallmarks of Pseudoscience
1. MISHANDLE DATA 

a.  astrologers ignore precession

b. "scientific creationists" cut off relevant magnetic field data in order to save their young earth

claim

2. ERR IN REASONING 

a. "scientific creationists"  and their use of a false dichotomy fallacy (trying to force a problem

into having an “either/or” choice of solutions) regarding the origin of life in arguing with

scientists as if their idea and one scientific idea comprise the totality of ideas 

(1) BUT: They ignore several alternate scientific theories.  They also ignore countless other

creation mythologies of other religious traditions, including those out of which the stories

in Genesis descended.

(2) this allows them to  then say that e vidence the y think is against evolution, is therefore

positive evidence for the "only" alternative--"scientific creationism"

3. Points 1 and 2 can apply to science as well. The difference is in frequency of occurrence.

C. Contrasts with Science
1. Pseudoscience does not push beyond the apparent, the superficial. See unit IX. A., "Subjective

Reality vs. Objective Reality". Speculation abounds, but with little or no attempt to test. Plenty of

“evidence” is offered, but how good is it and what contrary evidence is being missed or swept

under the rug. The mystery must be maintained! But in science, we attempt to learn what is behind

the mystery. We don't settle for the anecdotal and subjective; we don't redefine words to suit our

purpose du jour. W e seek the obje ctive , ver ifiable reality behind  any c laimed  sub jectiv e rea lity.

After writing these  words, I ca me upon th e following apt quota tion by John Ruskin (1819-190 0):

"The work of science is to substitute facts for appearances and demonstrations for

impressions." 

2. Over time, the pseudoscientific claim (or

theory or  belief) is held to by ignoring or

distorting any contrary evidence. This very

much  "stabs " at the "He art of Sc ience".

a. Let’s call upon m y plumber metap hor,

again. Suppose, instead of being

scientific in his approach, he tells you

over the phone that he knows what your plumbing problem is and how to fix it. OK. Then he

shows up, and  goes right into “fixing” it. You point out that there was som ething you forgot to

point out on the phone. He doesn’t care. He “knows” what the problem is. He “fixes” the

problem. He leav es. There  goes ano ther $100. Yo u try it out (faucet, toilet, whate ver)

and–guess what? It still leaks. You did the test, he didn’t. You call him back and inform him.

He refuses to take you seriously; after all, you just don’t understand what he knows, or

whatever, in any case, he’s too busy and has to go on with “fixing” other peoples’ problems.

He just isn’t c apable o f proces sing  objectively information that appears  to go  aga inst  his

understan ding. (See Un it X.D. “Mental Blocks ”)

b. Members of the Institute for Creation Research (ICR) willfully and publicly break the "Moral of

Procrustes' Bed" to stab the heart  of scien ce by claim ing to  one  and  all to b e sc ient ific, w hile

“It is not the quantity of evidence that makes an

idea correct, but the quality of the evidence.”

Psychologist Richard Kammann, 1980

A critical thought on evidence...



Page 22Introductory Notes for Astronomy classes of Dr. Gary Mechler Pima Community College

How Claudius Ptolemy exemplifies the science/pseudoscience distinction between

astronomy and astrology

Astrology affo rds us a pe rfect insigh t into this. The re’s no be tter exam ple of how p seudo-sc ience is

stagnant, and science progresses, than the contrast between astrology and astronomy. Central to the

practice of modern astrology is the work of one man, Claudius Ptolemy, 1850 years ago in the 2nd century

C.E. He wrote several books formalizing the practice of astrology. Ptolemy also did a lot of astronomy,

and he also wrote several books compiling the state of astronomy at that period in time.

 

Today, astrology is mostly practiced in just the manner that Ptolemy laid it out. But in astronomy,

virtually every astronomer utterly ignores Ptolemy. He has ne xt to nothing to say to the m odern

astronomer. His work is of interest historically, for sure, but his understanding of the world, the details of

his observations, are  by today’s sta ndards ve ry inaccu rate and  his ideas basically old stuff now proven to

be wrong. Gee , might h e have  been e qually as wrong in astro logy? Scien ce has g one on, but astrology is

still there, encouraging people to look at the same m ake-believe patterns in the sky, the constellations,

and pre tend tha t one can  draw meaning  from patte rns that som eone ju st made  up from th eir

imagination. 

at the sam e time swea ring to an oath s tating their belief in their "theory", never mind w here

the evidence actua lly points–just distort the evidence. This  is no t sc ienc e–it  is classic

pseudoscience! Henry Morris, leading creation "scientist", gives credit for the success of the

Creation Research Society to its specific doctrinal commitment and constitutional prohibition

against compromise.27  

Again, from S hapiro28, "In essence, (ICR) attracted scientists willing to forsake the practice of

their profession in certain areas, and accept instead explanations based upon the word of

authority  alone." 

Again, from S hapiro29, "In essence,

(ICR) attracted scientists willing to

forsake the practice of their profession

in certain areas, and accept instead

explanations based upon the word of

authority  alone." 

c. from science and science fiction writer Isaac Asimov30

"We, the rationalists, would seem to be wedded to uncertainty. We know that the conclusions we

come to, based, as they must be, on rational evidence, can never be more than tentative. The coming of

new evidence, or of the recognition of a hidden fallacy in the old evidence, may quite suddenly overthrow

a long-held conclusion. Out it must go, however attached to it one may be.

“That is because we have one certainty, and that rests not with any conclusion, however

fundamental it must seem, but in the process whereby such conclusions are reached and, when

necessary, changed. It is the scientific process that is certain, the rational view that is sure.

"The fringers (believers in pseudoscience and superstition), however, cling to conclusions with

bone-crushing strength. They have no evidence worthy of the name to support those conclusions, and

no rational system for forming or changing them. The closest thing they have to a process of reaching

conclusions is the acceptance of statements they consider authoritative. Therefore, having come to a

belief, particularly a security-building belief, they have no other recourse but to retain it, come w hat may."

"Science commits suicide when it adopts a

creed."

Thomas Huxley (1825-1895)
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3. (from Bunge31) "The main

difference between science and

pseudoscience is not so much

that the former is true and the

latter false, but that

pseudoscience does not abide

by those principles (of science),

as a  consequence o f wh ich it

seldom  delivers t ruth and  it never corrects  itself." 

D. Some astronomically related examples & brief personal remarks:

1. ancien t astronau ts—neat idea, but, uh, "Where's the beef?"

2. astrology—there are cos mic influences, but none of those c laimed by astrology; besides, tests

show it doesn't really work anyway. The key to understanding its popularity lies in human

psycholog y.

3. "scientific" creationism—a wilful misuse of the mind; an oxymoron (alleging a scientific study of 

a supernatural notion), the misreading of the Bible, particularly one of its oldest books, Genesis, as

a science text, and nev er mind the real-world facts learned over the past 2500 years. Th e trick is to

just distort the facts or just don't mention them to their credulous, scientifically illiterate audience

who can’t/won’t see the distortion and whose religious beliefs resonate with this Bible-based

“science”, (another oxymoron–science is not based u pon any book. It’s based on rea lity, its object

of study). So, is this science or religion or what? Oh–it's a classic pseudoscience, this one with a

resonanc e with religion. Again from La Ferriére32:

"The most fundamental problem in the creationist approach is not with the fine points of

evo lutionary  theory  that the y have c hos en as the ba ttlegrou nd,  but  with  the dogmatism  of their

adherence to their beliefs. The theory of special creation is, in the view of the creationists, infallible, since

there is no new fact or idea that could possibly be discovered that could refute the theory...Morris (1984)

gives credit for the success of the Creation Research Society to its specific doctrinal commitment and

constitutional prohibition against compromise."

4. UFOs—My favorite. Wish it were true–I mean we need help! But this subject is a prime example of

the application of the maxim "Extraordinary claims require extraordinary support." It's got the

claims, but not the support. Remember, it’s not the quantity of the evidence; it’s the quality of the

evidence that counts. Carl Sagan put the UFO phenomenon succinctly in its place when he pointed

out, “There a re reports of things , but never th e things them selves.” 

And  bes ides , the  skeptical side of  the scie ntific  attitude  gets arous ed when  I find  myse lf

wishing something were true.

"Reason recognizes no authority above

itself."

Philosopher Allan Bloom, Closing of

the American Mind

Reflect on the above. It should be clear to you that what is being

des cribed is  not  at all s cien ce.  And  yet its  prop onents  call it

"creation science" and are striving to have this pseudoscience

taught as science in our public schools. Their success has been

limited, but their struggle con tinues as the y give grief to teache rs

for teaching ev olution, arguably the grea test insight eve r.
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VII. The Popularity of Pseudoscience

A. from How Superstition Won and Science Lost , 1987, by John Burnham

1. popular science reporting over the past century has transformed from "interesting science reporting

which fits into a general world view and extend's one's vision" to "gee whiz science which excites

irrelevant emotion and reinforces one's m ysticisms."

2. the central role of skepticism has been left out in writing about science

3. scientists by and large do not enthusiastically embrace the education of the public in science.

4. the  result–"(by the 1980s) in functional terms, science probably did not exist any longer on the

popular level. Superstition did."

B. Weakness of television’s science coverage is deplorable.  When TV Guide once asked Carl Sagan what

he thought of TV's science coverage, he responded,  "It's absolutely d ismal. A  national s canda l.”

Television’s science coverage is probably strongest in medical science, and yet note the following

critique by science w riter Gary Schwitzer. 33

"Most television medical reporting today doesn't help as much as it confuses, because it provides

no context, follows no trends, and fosters unrealistic expectations on the part of the viewing audience.

"Instead of a 'gee whiz' story on laser angioplasty, for instanc e, television news cou ld present a

more balanced report, including the view of some physicians that this new technology has not proven

itself in comparison with other approaches...But, for the most part, television news fails to put such

questions in context."

C. And similarly, the publishing industry was criticized for its collective lack of responsible skepticism: by

John F. Bake r, Editor-in-chief of Publish er's Weekly 34:

"And so, yes, a publisher should think long and hard before he prints as truth something that may

be only  enterta ining  con jec ture , before  he pass es a long  supers tious nonse nse  as s eriou s sc ient ific

theory....

"We're not calling for impossible virtue in a world notably short of it--simply suggesting that

pub lishers  should s ee them selves  as im portant  and  influent ial cit izens  who should  behave  acc ordin gly  in

the books they choose to publish. It is not so many years ago that a group of academic editors at

Macmillan rose up as one against that house's publication of a highly questionable book called Worlds

in Collision. They could not in good conscience condone it. Can one imagine a similar action in any

(publishing) house today, when books much more foolish and reprehensible are far more common? One

can't; and that's a sad thoug ht."

D. Exa mple s of  pseudoscie nce  perm eat ing our socie ty–and who sees  the prob lem?  (Det ails b riefly

presented  in class) 

1. astrology article in EBONY–fluff

2. cover story on astrology in LIFE magazine–ag ain, fluff

3. astrology drivel started in TV GUIDE around 1990

4. Jan '91 Cosmopolitan: 71 pag es of "B edside A strologe r"!

5. Critic's Choice videos ad for "science" tapes

6. poor Proctor & Gambol

7. Pima College Aztec Press started “serious” astrology column in 1996

8. chain letters sampling

E. Survey results

1. Astrology belief amongst adolescents aged 13-17 was 40% in 1978, 58% in 1988 (Gallup)

2. Astrology belief amongst adults has held pretty steady for decades at 25%, 1997 (Gallup)

3. also in 1988, Gallup results showed a 29% teenage belief in witchcraft, 50% belief in ESP, and

74%  in angels

4. a 1986 University of Texas survey of college students showed 30% believing in the lost continent

of Atlantis (as popularly described)
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5. 1998 Gallup Poll on UFOs and extraterrestrial life—45% believe in UFOs as visitors from space

a. 71% believe US government knows more about UFOs than it has disclosed.

6. Adult belief in ghosts is 30%; in the devil is 56%, in angels is 72% (1997, Gallup)

F. Willful rejection by individuals of medical science because of pseudoscientific level of understanding

1. dying actor's wife refused medical treatment for cancer, preferring quack remedies(Peop le article )

yes, she soon died)

2. man's dying mother in Phoenix and Psychic Surgery. Son objected to her avoiding medical

treatment in favor of wasting (a lot of) money on a Psychic Surgeon who took advantage of her

religious beliefs. Son called in police who raided and charged the man with medical fraud. Mother

so angry with son for doing this, she refused to speak with him for months. Then she died.

(Unsolved Mysteries)

3. Woman, suffering from Lupus Erythematosis, went to faith healer who prescribed a snake meat

remedy which killed her (Eating W ell magazine).

4. Woman, fearful that her throat problems were cancerous, commited suicide and killed her two

children "to be with her in heaven" rather than be uncared for in this life. Autopsy showed she had

no cancer in the first  place . (new spaper s tory)

5. On CNN, hospital took drastic step of removing child from mother for needed chemotherapy to fight

cancer. Mom had refused treatment, preferring instead to treat child with herbs (1996)

6. short essay, questionably titled "The Truth", in an ad for a local Tucson chiropractor: "And yet you

ask, 'Can chiropractic cure appendicitis or the flu?' Have you more faith in a knife or a spoonful of

medicine than in the power that animates the living world?" 

Factoid:  1984 GALLUP SURVEY– _______% view tabloids as accurate. (Percentage given in class.) Think

about that for a moment...Do  those people vote?...

VIII. Dangers of Pseudoscience — The above points exemplify what is generalized below. Note how

the theme s of person al growth and s elf-responsibility run through the  three points):

A. The First Dang er: Becoming anothe r sucker to be taken... 

As individuals, when we do not avail ourselves of the best scientific information or best rational

perspective (fail to apply critical thinking) on some issue of personal importance, we are vulnerable to

propagan da and se t ourselves  up to be take n, bilked by others - of ou r money, ou r hea lth, ou r dign ity,

and even our lives.

1. Americans are plunging into an "ignorance spiral" in which ever simp ler propaganda  devices w ork

on an increasingly less informed populace. (social psychologists Pratkanis and Aronson35) Some

examples--bulk mailings, cults, car salesman, TV evangelists, health quacks, and, last but not

least, political campaigns--show how we must sort out conflicting truth claims and may allow

ourselves to be to taken.

2. The lack of the scientific attitude–openness balanced by a healthy skepticism (Unit V., Sec.

F.)–contributes to this problem

a. Example: A warning36 for net "surfers" about the advertising dangers on the Internet and

World W ide Web: "It's often difficult to separate the junk from the jewels when online...many

quacks truly believe in what they're selling...Online services don't aggressively police the

content of their forums...Moreover, scam artists are discovering the World Wide Web..., which

has no central authority at all. The less on? ...A healthy skepticism is probably your greatest

online weapon." (emphasis added)

b. And  a relev ant persp ectiv e by U o f A an throp ologis t Dav id Kengery:37 "It's dangerous for an

indiv idua l to be lim ited in the ir kno wle dge . Th is lea ves  the ave rage  pers on a t the  mercy  of his

society."

3. Magician James (“The Amazing”) Randi, who has had a long career debunking charlatans,

expressed his outrage over their devastation.38 He was further enraged by a myopic Washington
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"Science is a way of trying not to fool

yourse lf."

physicist Richard Feynman

Remember...

Star editorial which claimed that scientists only waste their time if they choose to deal with

pseudoscience:

from the Washington Star: "Nothing is funnier than the misapplication of a rigorous discipline to

tasks disproportionately trivial. It is overkill. It is classic gnat-killing by sledgehammer. It is the machine-

gunning of butterflies...the line between sense and nonsense is not, we think, so stark as these earnest

vigilantes of science make it out to be, nor the dangers of mass popular delusion so menacing....What

has happened to their funny bones?"

Randi's response:  "That writer never saw  the distraught fa ces of pa rents wh ose children w ere

caught up in some stupid cult that promises miracles. He never faced a man whose life savings had

gone dow n the drain bec ause a c urse had to  be lifted. He nev er held the hand of a wo man at a d ark

séance who expected her loved one to come back to her as promised by a swindler who fed on her

belief in nonsense. 'Nothing is funnier...'? Tell that to the academics who lost their credibility by accepting

the nonsense about telepathy that came out of the Stanford Research Institute. 'The machine-gunning of

butterflies'? Exp lain that to those  who sp ent their time and  money  trying to float in the air bec ause a gu ru

said they could. Are the 'dangers of mass popular delusion' not 'so menacing'? Mister, go dig up one of

the 950 corpses of those who died in Guyana and shout in its face that Reverend Jim Jones was not

dangerous. 'What has happened to their funny bones?' That deserves an answer. Our collective sense

of humor has been dulled by the grief, frustration, and anger that comes of preaching in the wilderness.

The Star, apparently, would like that

wilderness to continue to be empty of

rational f orces.  I hop e they enjoy ed their

big laugh."

4. Cults : Religious and political

cults are based upon the

stric t limitin g of  the ir

mem bers ' thinking . Their

societal influence has grown

in recent decades. Consider

the following insights:

"Cults, virtually without exception, are virulently anti-intellectual, and they emphasize blind

acceptance of their teachings as a cardinal virtue. Doubt and questioning--in other words, critical

thought--are considered sinful and dan gerous, and in many  cults mem bers are told that their doubts

come directly from the devil. A Moonie slogan expresses this cult position quite succinctly: "Stamp Out

Doubt.

"This is done through thought-stopping techniques, especially the use of hypnotic (repititious)

praying and chanting..."–Chaz Bufé 39

“For those of us who have been in cults, these events (mass suicide of Heaven’s Gate cult and

militia cultist Timothy McVeigh ’s bombing of  the federal building in Oklahom a city) hold a particular

significance. No matter their differing beliefs, all cults share with Heaven’s Gate on e important factor: a

rabid contempt for skep ticism. To doubt is to have w eak faith. To question out loud is to admit defeat.

“Cults will continue to be a problem until skepticism becomes a family value and critical thinking

skills are treasured as muc h as a positive mental attitude.”–Ch arles  McAlpin 40

Moral of th e Firs t Dan ger: "Question  authority! "

B. The Seco nd Dang er: Pseud oscience  hinders

personal growth from the Child to the Rational

Adult. 

"The most important work to be done in this area

(parapsychology) is to expose the fallacies. This is not a game.

A lot of peop le are putting arou nd mislead ing ideas, and o thers

are being conned financially and intellectually."

Dr. Nicholas Humphrey, British psychologist and

producer o f a television docu mentary, "Is there

anybody there?"
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1. Discourages critical thinking. Remember that pseudoscience claims are based upon appearances.

It’s simpler. Trying to get to the reality or truth of things is hard work, requiring critical thinking, the

same su ite of habits of mind ne cessa ry for personal growth . But pse udoscien tific notions are more

straightforward and foster acceptance of simple, magical, authority-based ideas. By not

encouraging us to do the hard work of questioning and learning, we seek our answers from

authorit y sou rces of  var ious  sor ts. A n over-dependency o n au thority figures  will fos ter a  mindset  in

which we comfortably place the responsibility for our lives on something or someone else outside

of ourselves. The independent-minded critical thinker is Captain of his/her own ship, as it were.

The relevant phrase from ps ychology you may have learned is "external locus of control". The self-

actualized individual has an “internal locus of control.”

a. This ties in with the cults aspect of the First Danger of pseudoscience. Seekers of outside

authority to validate lives, behavior and thought are especially vulnerable to propaganda as

referred to in the book Combating Cult Mind Control (refe rred  to jus t above ). Mind cont rol is

the defining characteristic of cults. "mind control is used to change a person's belief system

without informed consent and make him dependent on outside authority figures"

b. external locus of control thinking is exemplified by the line, usually said for humorous

purpose, "The devil made m e do it!" Astrology provides an excellent example of this by its

reference to planet positions relative to some constellation to explain your feelings or your

situation–You ye lled a t your frien d becau se M ars  is in L ibra a nd you're  a Pis ces --or this

actual statement by an astrology-believing friend of mine who described a recent period of

trial and uncertainty: "I don't have any Earth signs  in my chart a nd being Aqu arian with Libra

rising - I was sort of flitting around above the earth plane."41 There may well be metaphorical

value in this sort of statement, but any real insight into physical, objective, reality is just not

there.

2. Fosters anti-intellectual attitudes. People accepting of pseudoscientific claims do so at the loss of

our best scientific understanding. They develop their own unscientific understanding of life and

reality. “Works for them.”  The lack of intellectual curiosity for the truth and the lack of critical

thinking skills results in a satisfactory situation, philosophically, for them.  The person wh o accepts

pseudoscience notions then resists information that refutes their current understanding. (See the

“mental block”–See Unit X. D. for reasons discus sed above an d the reason below. This  ant i-

intellectual attitude will shut off individuals from established understanding that could help them

deal more directly and effectively with the real problems of life that confront them.

3. Inordinately fosters the Child within us. The primary emotional impetus towards accepting claims

and beliefs based on pseudoscience is to satisfy some emotional need or respond to our fears and

insecurities. These beliefs/claims comfort the individual by fostering a personal "wall of illusion" to

protect  the fearful,  insecure, helpless "Child " to be found  with in us  all from the negat ive,  hurt ful,

and impersonal aspects of existence. The challenge is, not to denigrate or dissociate ourselves

from that Child (and its related positive emotions) within us, but to grow to balance it with a

rational, self-responsible "Adult". For more on the terms Parent, Child, Adult and Transactional

Analysis, see references.42 43)

A scientific claim  is not to be accepted because some

authority figure (like me) tells you to, or because there is some

emotional, spi ritual, or re ligious p ayoff for you. Your personal

reaction to such a claim is irrelevant to the claim's degree of

objecti ve truth. No, you a re to accept this claim because  the

claim makes sense. You understand the logic , reason, and

evidence on which it rests. M oreove r, you unders tand the

process by which the claim has come to be validated, in other

words , you understand science.

And so:
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C. The Third D anger:  Societal ramifications. If such

acc eptanc e of  pseudoscie nce  as desc ribed  in

prec eding sections is  suf ficiently w ides prea d, whole

societies will similarly suffer. Are you aware of societal

or global problems that some do not want to deal with? 

Let ’s run throug h th is once m ore.  In ps eudosc ient ific

thinking there is a satisfaction of some emotional need,

and a mental laziness in which the individual settles for

accepting the apparent, the immediately perceived, the

superficial. The underlying reality is not dealt with.

Attempts to get beyond that level of understanding, can

even be met with resistence by people who have settled

for that level of understanding. Writ large, how

effe ctively do  you think  a society soa ked in

pseudoscience can deal with its problems? What would happen to the notion of progress. (Progress involves

actually doing something about problems; proposing ideas; the n otion of change, which man y fear and will resist.)

1. Stanford mathematician John Allen Paulos expressed the societal danger from the mathematical

ignorance–pseudo science conne ction (Unit IX., Section D.)44:

"In a society w here genet ic engineering, lase r technolog y, and m icrochip circuits are

daily adding to our understanding of the world, it's especially sad that a significant portion of

our adult pop ulation still believes in Ta rot cards, c hanneling m ediums, and crysta l power.

"Even more ominous is the gap between scientists' assessments of various risks and the

popular perceptions of those risks, a gap that threatens eventually to lead either to unfounded and

crippling anxieties or to impossible and economically paralyzing demands for risk-free guarantees.

Politicians are se ldom a he lp in this regard since  they deal w ith public opinion and a re therefore

loath to clarify the likely hazards and trade-offs assoc iated with almost any po licy."

2. The re are legal ram ifica tions as  well.

a. When criminals attempt to defend themselves by appeal to pseudoscientific rationalizations

(1) in Tucson, a murderer of two women based his defense on his assertion that he was

told to do it by space aliens

(2) any defense that appeals to astrological or health quackery excuses for some antisocial

behavior

b. Wh en pseud oscientists a nd their organizations  sue science-base d organizations fo r making

public, scientifically based, responses  to the claims of the pseudosc ientists

(1) “Psychic” Uri Geller and his suits against Magician James Randi and The Committee for

the Scientific Investigations of Claims of the Paranormal

c. When pseudoscientific proponents attempt to use legal means to replace scie nce  with  the ir

pseudoscience

(1) The widespread attempts during the 20th century in America by "scientific" creationists to

use the legal system to get their pseudosc ience taught as scienc e. Legitimate

scientifically derived ideas do not need the power of the courts to be taught in science

classes. 

(2) The creationists lost in courts, not so much because of the scientific baselessness of

their ideas, but because the courts recognized their true basis in religious beliefs, and

therefo re, not promotable in  pub lic-fu nded sc hoo ls as  scie nce . Some s ectarian  sch ools

are another matter, howev er...

3. Preferring ideas that feel good, we organize to resist their scientific testing. Psychologist Carol

Tavris, co-author of the article and textbook cited in the Critical Thinking (Unit V.), reflected on the

costs o f pseudos cience in this rega rd45:

“So we have our work cut out for us in trying to educate the public to resist the lures of

antiscientism. We need to reassure the public that good science, good information, is not their enemy:

Magic is science–nothing else. Young

people can be easily deceived when

they think they are seeing something

supernatural. I want them to to know

that things aren’t always what they

seem. I want to help them find real

meaning in their lives.

Tucson magician Adrian Van

Vactor, Tucson Citizen, 5/19/95
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information is always liberating if we use it right...Pseudoscience concocts worthless, costly, or fraudulent

therapies and treatments , such as Fac ilitated Communication; good scienc e is telling us what treatments

work—and which do not. Pseudoscience costs us millions of dollars in worthless social programs, such

as “DARE” (which has no effect at all on children’s subsequent drug use or in preventing abuse)...good

science helps us create, test, and assess programs that work.

“If we fail to cons ider the many  diverse reas ons that pe ople cling to uns ubstantiated  beliefs, are

reluctant to change their minds when faced with disconfirming evidence, or prefer to “go along with the

crowd” rather than think for themselves, we will not advance our goal—improving the quality of science,

the quality of thinking, and the quality of our lives.”

Summing up: the following by David S. Saxon, Honorary Chairman of the Massachusetts Institute of

Tec hno logy,  and  Preside nt, E mer itus , of the Unive rsity o f Ca liforn ia46

  "It is beyo nd argument t hat our m ost gen erously  educa ted citizens , our colle ge graduates , are gros sly

undereducated when it comes to science and technology, even 'ignorant'--to use Leon Lederman's characterization.

But there is no conse nsus at all when it com es to what to do a bout it...

With regard to what our goals should be, perhaps we can all accept something along the following lines: Our

goal is to assure that our citizens know enough about science

!so that they can tell the difference between science and pseudoscience.

!so that they can distinguish the possible from the impossible, the probable from the improbable.

!so they can understand both the powers and the limits of science and technology.

!so they are not at the mercy of experts--or worse, of charlatans posing as experts.

!so they can  be participants, not victims, in our increasingly an d irreversible technolog ical society." 

IX. Non-psychological Reasons for the Acceptance of Pseudoscience and Paranormal Claims
(for critiques of som e particular pseu doscienc es, see th e Magazine Article List) 

A. "Post hoc, ergo propter hoc" fallacy (a.k.a.

“False Caus e” fallacy)–

1. Literally translated means "after this,

therefore because of this." Suppose you

observe two consecutive events, first event

“A”, then event “B.” If you assume that “B”

was caused by “A,” congratulations, you

just thought fallaciously. 

2. Jus t bec ause event "B " follows event "A ", doe s no t logically imply th at B  was  necessarily caused

by A. It could have been, B UT a demons trated connection (caus e-effect)between the two e vents

must be u nderstood  (In other words , you've got to ha ve an hypoth esis, or better, a th eory.), before

one is logically allowed to claim a connection. In other words, you gotta actually KNOW what

you’re talking about.

3. This form of fallacy is more common than you might think–it is the defining fundamental to

superstitious beliefs. example from James Randi47: Visiting a man’s house in Mexico, the man

pointed out a talisman on his mantle whose purpose was to ward away bears from the house. He

had had no bears in the house, so concluded the talisman works." But what’s the cause-effect

connection? A m ajor example of this fallacy: astrology–Pluto is in Libra, and because I am a Le o, I

may be tempted during this time to do an antisocial act. But wha t is the cause-effect connection

between Pluto and my attitudes?

"It is comm on error to infer that things which a re

consecutive in order of time have necessarily the

relation of cause and effect."   

Jacob Bigelow (1786-1879)
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B. Ignorance of philosophy and science–un familiarity w ith scho larship

1. A mind untrained in scholarship (Unit V.) is one willing to settle for simple, sometimes magical or

supernatural, answers to complex issues ("black/white" thinking) or unusual experiences

a. "For eve ry com plex prob lem, there is an answer that is s imple, pla usible--an d wron g!" (Social

pundit H.L. M enken; also s cience fiction writer B en Bov a) 

2. Ignorance of science  and philosophy allow the acceptance of be liefs and claims that run counter to

logic and nature’s laws. If an individual doesn’t know the relevant logic and natural law, then how

concern ed w ill they be  over the d isco rdancy?

C. Misinfo rmation about supe rnatural cla ims and  notions  spread by

1. The  enterta inme nt and comm unic ations m edia

a. Unusual things (ideas or occurrences) naturally catch our attention. The media thrive on the

unusual. 

2. proponents themselves

3. parents

a. As soon as we can communicate, we are raised to believe in the supernatural and

supernatural beings, calling them, astutely, "make-believe" (e.g. witches, elves, trolls, Santa

Claus, Easter Bun ny, fairies, devils, angels and on and on). 

b. It ca n somet imes  take  conside rable  emo tional as  well as intellec tua l effo rt to  grow  out  of th is

background, depending upon later upbringing and events, degree of acculturation (how

effected by popular culture one is), and quality and duration of education.

D. Innumeracy — Mathe matical incapacity

1. The  widespread  failure to  com preh end  the prob abilitie s of  coincide nce  or to  appropr iate ly

recognize patterns in data, leads to the personalizing of events ("Why has this happened to me?")

and reading meaning out of random, meaningless occurrences.

a. We ask why bad things happen to me. But why not to me? We experience much in our life.

Logically, our reactions to these experiences are either like, dislike, or indifference. 

b. Personal attitudes are important, but bad exp eriences are going to happen, like it or not.

2. again from John Allen Paulos48: 

"(Innumeracy leads to) an exaggerated appreciation for meaningless coincidence (and) a credulous

acceptance  of pseudoscienc es...

"One contention of this book is that innum erate people characteristically have a  strong tendency  to

personalize - to be misled by their own experiences , or by the media's focus o n individuals and drama." 

3. There are more coincidences in our lives than you may think. Most coincidences  we experience go

unnoticed because of their lack of personal import. Those are the ones we are indifferent to.

Indeed, we probably won’t even notice them. So, lacking in awareness of the commonality of

coin cide nce s,  when   we experienc e a coinc idence that  happens to  have some persona l, tha t is

positive or negative, effect on us, then we  take notice and exaggerate in our minds the fac t of its

occurrence, thinking that such a  coincidence is just too unlikely to happen and we leap to

conclude that there was  some superna tural or fatalistic intervention. Such an effec t happened to

one Luis Alvarez. But this gentleman was one with a strong background in physics and

mathematics. Read  below about his personal coincidence an d how differently he dealt with it.49

Luis Alvarez had a paranormal personal experience while reading the newspaper one evening. A news story got

him to thinking of a band leader back in his college days of whom he probably had not though t for 30 years. Just a

few minutes later, his attention was directed to an obituary item on the very same man! Amazing or what!? This is a

rather typical paranormal account, one that is impressive to the person having the experience, often affecting his or

her belief system. But not in this case. Dr. Alvarez (now deceased) held a Ph.D. in Physics and more than that, was

a winner of the Nobel Prize in Physics! He is known outside of science, not for the Nobel Prize, but for reviving the

comet impact theory for the extinction of the dinosaurs.

Dr. Alvarez was indeed impressed, but his response was to make some rough estimates and calculate the
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odds that such a pair of occurrences--remembering a person, then reading of his death--might actually occur. He

calculated tha t, as one wo uld expect, the  odds are low fo r such a pa ir of events to oc cur for a given individual,

3 x 10-5 @ year. So, still amazing, right? But this is not the proper perspective. The proper pe rspective on this is to

ask, what are the odds of this happening at a ll? In other words, we must take into account our sample size, which,

as natural as it may seem, is not one (Luis Alva rez). It is the population o f the country, or the  globe, if you prefer.

We  must multiply the abov e probability for one individual by the num ber of individuals in, say, our c ountry (where

we are more likely to read about it in supermarket tabloids). There were at the time of his experience (1965) about

2.5 x 108 people living in the United States. Multiplying the two factors together leads to a probability of this pair of

events occuring 6 x 103 times  a year , or ab out 20 a da y!

I have described Dr. Alvarez's experience in some detail, because it exemplifies a very important point. Our

natural tendency is to focus on what happens to an individual (Watch/read the news.), without placing that

individual's experience in a broader perspective that appropriately includes statistical factors, notably sample size

or time. And a part of this understanding is the next point.

4. More on coincidence. Even a most unlikely event that may happen to a particular individual is,

given eno ugh time and/o r sam ple size, ac tually likely to oc cur . Plu tarc h, so long ago, put th is

thought well: "It is no great wonder if, in the long process of time, while fortune takes her course

hither and thither, numerous coincidence s should sponta neously occ ur." More on this from

Innumeracy to make clear the point50:

"A tendency to drastically underestimate the frequency of coincidences is a prime characteristic of

innumerates, who generally accord great significance to correspondences of all sorts while attributing too

little sign ificanc e to quite  conc lusive  but les s flas hy statistica l evidence.  If they  anticipate someone e lse's

thought, or have a dream that seems to come true, or read that, say, President Kennedy's secretary was

named Lincoln while President Lincoln's secretary was named Kennedy, this is considered proof of some

wondro us but m ysterious harmony  that som ehow h olds in their person al universe. F ew expe riences are

more dispiriting to me than meeting someone who seems intelligent and open to the world but who

immediately inquires about my zodiac sign and the n begins to note charac teristics of my personality

consistent with that sign (whatever sign I give them)." (emphasis added--try this simple trick yourself)

"The su rpris ing lik eliho od o f co incidenc e is ill ust rated by  the follo wing well-k now n res ult in

probab ility. Since a  year has 366 d ays (if yo u coun t February 29), t here w ould have to be  367 peo ple

gathered together in order for us to be absolu tely (emphasis a dded) certa in tha t at le ast  two  people in

the group have the same birthday. Why?

"Now, what if we were content to be just 50% certain of this? How many people would there have

to be in a group in order for the probability to be half that at least two people in it have the same

birthday? An initial guess might be 183, about half of 365. The surprising answer is that there need be

only 23. Stated differently, fully half of the time that twenty-three randomly selected people are gathered

together, two  or more  of them  will share  a birthday ." (Instructor note: the proof of this is in Paulos's book,

within this excerpt.)

"A couple of years ago, someone on the Johnny Carson show was trying to explain this. Johnny

Carson didn't believe it, noted that there were about 120 people in the studio audience, and asked how

many of them  shared his birthday of, say, Marc h 19. No one did, and the gue st, who w asn't a

mathematician, said someth ing incom preh ens ible in  his defense . What  he shou ld ha ve s aid is  that it

takes twenty-three people to be 50% certain that there is some birthday in common, not any particular

birthday such as March 19. It requires a large number of people, 253 to be exact, to be 50% certain that

someone in the group has March 19 as his or her birthday.

"...The paradoxical conclusion is that it would be very unlikely for unlikely events not (emphasis

added ) to occur." (Instructor addition: So Carson, to properly test this statistical claim, should then have

asked each person in the room their birthday and have any of the rest speak up if their birthday was

coincident with that of the person asked. You can surely now see how, with about 120 people in the

room, that the odds actually would be considerably greater than 50-50 that two people shared the same

birthday.)

5. Reflection: Peoples’ inability to appropriately estimate the expectation of coincidence (we tend to
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underestimate), leads us to read meaning, usually implying some vague supernatural influence,

into coincidental occurrences, especially when the occurrence holds some personal import for us.

We lack the  too ls of  prob ability  and  sta tist ics needed to comple te our un ders tanding  of the wo rld.

Why are probabilities and statistics not taught in our high schools? Their uses are daily... How

often do we need s omething we learned in  Algebra II?

X. Psychological Reasons for Acceptance of Pseudoscience and Paranormal Claims

A. Confusion over "subjecti ve real ity vs. objecti ve real ity"–the personal experience, illusion, and

honest misperception

1. Physical reality is one thing; our perception of it can be quite another. Perception is our conscious

awareness of physical reality. It involves sensory stimuli processed by our brain.

2. The perception process is influenced by the physical limitations of our sensory organs, our

understan dings, our a priori beliefs, our emotions, even what is “on our minds” while perceiving.

You have heard tha t science, properly done, is objective. It does this partly by using instruments to

perceive reality in an objective manner without the subjective aspects of human perception.

3. Illusions of Connections--making unwarranted connections

4. Illusions of Pattern  and Form–We are pattern recognition machines.

a. constellations (imagined patterns in the random distribution of stars)

b. imagined faces seen in natural formations

5. Psychic experiences are the inevitable consequence of the way we think, suggests British

Parapsychologist Sus an Blackm ore51. They are  com para ble to  visu al illus ions . The experie nce  is

real enough, but its origin lies in the internal perceptive process, not from bizarre breakings of

natural law. Though our perceptive process usually serves us well, that process can, as with visual

illusions, give us the wrong “answer.” As with the mathematician Paulos, she also points out how

people will downplay coincidence and treat chance events as connected and seek for

explanations, where none are really required. Making unwarranted connections is described above

in terms of logic by the "post hoc" fallacy described above

6. "The rub" here is that as questionable and unreliable as personal experiences can be, they

nev ertheles s are “real” to  the indiv idua l who  has  them, making the witness resistant  to scien tific

input and reasonable alternative explanations. Some personal anecdotes:

a. Had  I not  observed my UFO  in Pit tsburgh  long  enough  for it t o come c lose  by, I m ight  well

have been skeptical of any investigator telling me all I saw was an advertising plane.

b. An unc omfortable argu ment resu lted when a ph ilosopher friend of mine a ttempted to  inform

his brother-in-law of the reasons why water dowsing is a typical, baseless pseudoscience,

after his brother-in-law had had a positive personal experience with it. Rather than appreciate

the valuable insight to his experience, the brother-in-law was quite offended!

c. Recall Kathie Lee Gifford's rejection of Carl Sagan's factually correct remarks, pointing out

that regardless of established scientific fact, a person may reject that if they have had a

“personal experience with God.” Not made clear is why the two perspectives would ever

differ. (See unit VI.  C. 5., "Avoid emotional reas oning.")

B. Memory selection effect–noticing and remembering the hits/winners and forgetting or ignoring the

misses/losers. This effect is a major reason pseudoscientific and superstitious beliefs arise and spread.

A ps ychic  can  make one good p redic tion and  his fame  spreads. H is mis sed  pred ictions,  whic h could

number 50 to 100 typically, are not noticed. Or a person reads her sun-sign horoscope in the paper one

day and finds a s uggestion s he finds helpful and  relevant. Her interes t is piqued and s he more

assiduously reads her horoscope from then on, never mind that the previous several weeks of

horoscopes didn’t do much for her. From Innumeracy:

"There is a strong general tendency to filter out the bad and the failed and to focus on the good and

the successful. Casinos encourage this tendency by making sure that every quarter that's won in a slot

machine causes lights to blink and makes its own little tinkle in the metal tray. Seeing all the lights and
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hearing all the tinkles , it's not hard to get th e impress ion that every one's winn ing. Losses  or failures are

silent. The same applies to well-publicized stock-market killings vs. relatively invisible stock-market

ruinations, and to the faith healer who takes credit for any accidental improvement but will deny

responsibility if, for example, he ministers to a blind man who then becomes lame. This filtering

phenomen on is widespread..."

C. Cold R eading–The art of impressing a person just met, by telling him apparently insightful things about

him, by alleged occult, paranormal means. This technique describes the practice of astrologers,

psychics, tarot card readers, and the like.

1. The  interplay between  read er an d client can be something  quite  diffe rent  from wha t the y actually

think. That is, there are psychological fac tors involved in a reader-client transaction that neither

may know ab out. Neither mo st likely have any particular formal edu cation in psycho logy. In regard

to psychic readings of a variety of kinds, some “rules”52:

a. Get the client to cooperate. Tell them little things to do and get them to feel at ease.

b. Use com monplace  information, for exam ple mention a sc ar on their left knee. If no t there

exactly, it’s probably somewhere.

c. Use flattery. We are receptive to 90% of positive statements told us and rejective of 90% of

negative statments. (P ercentages not intended  to be precise.)

d. If you are reading palms, note when the client’s hand gives a little pull away or push towards

you, depending upon whether they like or agree with what you are saying. (Push means

like/agree.)

e. Pretend to know more than you do. NEVER be surprised by what the client says.

f. Not stated by Hyman, but related to his point “c” above, is to simply tell the person what they

want to hear

2. A further key insight into cold reading53

     "One danger of playing the role of reader is that you will persuade yourself that you really are divining

true character. This happen ed to me.  I started reading palm s when I w as in my teens as  a way to

sup plem ent  my income from  doing magic  and  menta l sho ws .  When  I sta rted  I did n ot believ e in

palm istry . Bu t I kn ew that to 's ell' it I  had  to ac t as  if I did .  Af ter a  few  yea rs I beca me a firm  belie ver  in

palmistry.  One day the late Dr. Stanley Jaks, who was a professional mentalist and a man I respected,

tactfully suggested  that it would make an interesting experiment if I deliberately gave readings opposite

to what the lines indicated . I tried this out with a few clients . To my s urprise and ho rror my reading s were

just as successful as ever. (emphas is added)  Ever since then I have been interested in the powerful

forces that convince  us, reader and client alike, that someth ing is so when it really isn't."

3. Want to know more of those relevant psychological aspects of cold reading I alluded to above?

See my write up o n Cold Read ing at the Library Rese rve desk fo r "focussing", "stock spiels ", and

the "fallacy of personal validation". These are some of the psycho logical aspects that contribute to

the common impression (illusion, I should say) that psychics, tarot card readers, astrologers and

the like, a re tapping into  som eth ing paran ormal/supe rnatural.

D. The Mental block. When processing

information relev ant  to their be liefs , be lieve rs w ill

tend to filter out contrary information and accept

only the supportive. Skeptics will tend to respond

reasonably to new information, whether

sup port ive o r refu tive  of their

beliefs/understanding54

1. Astrology–test of believers & skeptics demonstrates difference in processing information between

skeptics an d believers

2. Evolut ion–som e don’t want  to kn ow abou t, or  even anyone  else  to kn ow abou t it

"People  believe what they  prefer to b e true."  

Francis Bacon, ca. 1600 C.E.
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E. Satisfaction of emotional need. Th is gro ws in  impo rtance w hen  we feel fear and/or insecurity.

UNCERTAIN situations will exacerbate both feelings; at these times we are especially open to any offer

of advice or assistance. This is when we are most vulnerable to accepting poorly based notions that may

relate to pseudoscience and superstition. But at these times, we must protect the Child within us.

1. Isaac Asimov55: "Inspect every piece of pseudoscience and you will find a security blanket, a thumb

to suck, a skirt to hold. What have we (rationalists) to offer in exchange? Uncertainty!

Insecurity!...the more 'certain' a fringer is, the more angry he seems to get at any expression of an

opposing view."

2. The more uncertainty, the stronger the desire to believe in anything that purports to help us get

through.

a. example: Baseball players have little superstitious routines and beliefs that they think, or at

least, hope, help them with their batting. But you may not have noticed the lack of such

beliefs and practices in regard to the fielding aspect of the sport. Here’s why. The p robability

of succ ess  in field ing is  typically ve ry high –0.9 or m ore.  But  bat ting? Ba tting  ave rage s (in

other words, their probability of success) typically fall only in the 0.2 to  0.35 range, a far

more uncertain situation.

b. example: An item as uninspiring as a rubber band may nevertheless, be the object of

des pera te need , as  exemplif ied in  a moving  sce ne in  the mov ie, "T he M emp his B elle" in

which one crew member in dire straits is courageously given another’s “lucky” rubber band.

The band was thought to be lucky, because a crewman had worn it each time they flew a

mission ove r Nazi Germany–a frightening situation frou ght with great da nger.

F. The Placebo Effect
1. a recent study reinforces previous work that demonstrated that people's health can improve as

much as 70%  of the time even when they receive du mmy treatments! T he key to this high of a

success rate (higher than the previously thought 33%) is to not only have the patient believe in the

treatment, but also the healer as well. Other factors include patients' suggestibility, their history of

success or failure during other treatments, and the place a patient is treated.

2. The  placebo  effe ct is  surely a major f actor to  conside r whe n pondering the merits  of no t on ly

legitimate medical cure claims, but also claims involving faith healers and New Age healing

methods. In fact, the key distinction between legitimate medical science treatment and alternative

forms of healing is that medical science treatments have been scientifically tested for efficacy

beyond the placebo effect and alternative (Read “unscientific.”) treatments have not. These

alternative forms are testable, however, and over time, some may yet be scientifically proven

suc ces sfu l. Until the ir tes ting, howev er, m edic al sc ienc e’s  attitude  tends to be  skeptical, no t on ly

because of a lack of such testing, but also because some popular alternative forms of healing have

been tested and failed. Further their underlying assumptions may not be c onsistent with

established medical science unde rstanding. 

XI. Testing of Psychic Claims

A. How d oes one  go about testing  a collection of claims that willfully do not have an explanation

(hypothesis or theory) to test, or have one, but testing of it is resisted? Well, we can critically examine

the alleged effects in the physical world. This mixed bag of claims has historically been referred to as

the occult, which means “hidden”, did you know? And what’s hidden? Any real sense or understanding

as to cause and effect. The occult is one big “Post Hoc” fallacy! As soon a claim is investigated and

explained (away), it is no longer "hidden" and the occult continues with its other claims and new ones.

Even an explained claim can continue in the public's mind as unexplained, for reasons of wishful

thinking and ignorance of the relevant studies and alternative naturalistic explanations. For example,

"channelling" may seem “New Age” to some, but it's just a new word for an old superstitious practice

involving “mediums” called spiritualism. Spiritualism fell out of popularity around the 1920s after so many

spiritualist mediums had been exposed by skeptics as frauds. Decades later, with  new uninformed

generations as ready and willing to believe as previous ones, we have an old product repackaged with a
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1Since a previous edition (June 1996) of these notes, one, the so-called
“Mars Effect”, has been convincingly demonstrated to be due to a subtle data
selection effect on the part of the statistician who came up with the claim. 

new label. As  the great mo tivation for learning history says, if we d on’t learn from history, we  are

condemned to repeat it. Today, we can ensure that we don’t fall for pseudoscience and superstition,

because we have the wisdom and perspective of history, science, and psychology. But will we?

Astronomer Carl Sagan, in one of his last books,56 in which he described science as a candle in the

darkness of ignorance, expressed his growing concern for our society’s future:

“I worry that, especially as the Millennium edges nearer, pseudoscience and superstition

will seem year by year more tempting, the siren song of unreason more sonorous and

attractive. W here have  we hea rd it before? W heneve r our ethnic or nationa l prejudices are

aroused, in times of scarcity, during challenges to national self-esteem or nerve, when we

agonize about our diminished cosmic place and purpose, or when fanaticism is bubbling up

around  us–the n, habits  of thoug ht fam iliar from age s past  reach fo r the con trols. Th e cand le

flame gutters. Its little pool of light trembles. Darkness  gathers. The dem ons begin to stir.”

B. The Cha llenge o f the Casino. Our se lect ive m emory igno res  a tellin g fact re gard ing Casin os.  This

deals particularly with the popular belief in “PK” (mental effort moving matter). The success of casinos

contradicts that notion. The probabilities of winning are predictable from statistical theory. The way

gambling games are set up, the odds overall are in favor of the "house." (Is this news?) Yet minute by

minu te, c oun tless people  are s umm oning all th eir mind's  power (and psychics  agre e in saying  we a ll

have  psych ic abilities to varying extent) to e ffect  the ou tcom e of these g ames  in their favor. S o why don't

customers overwhelm Casinos with their alleged “psychic abilities?”

The success of casinos are a practical, continuing and decisive real-world demonstration that

psychic powers, at least PK and telepathy (reading another person’s mind, e.g. the Blackjack

dealer’s) do not exist. Yet belief in these alleged powers is widespread. Think about it.

C. When one is unfamiliar with science, fails to a pprec iate fully its p ower,  then o ne ca n think s cienc e's

claims and judgements can be dismissed as just those of another belief system, and scientists as being

closed minded. Lacking in appreciation of the meaning of the word "scholarship", many think all opinions

are equal. Well, they are only equal in a legal sense. Ideas a re ce rtainly not inherently equal in terms of

their validity (or human value, if relevant). Legally, one may hold and express the most fallacious or

dangerous notions. We must learn to use and be willing to use our critical faculties to evaluate ideas

and claims to Truth. This is in fact a related aspect to one of the goals of this course.

D. There are hundreds  (thousands? ) of competently designed experimental tests and surveys
rega rding  the psyc hology and perception of  para norm al/supe rnatural c laims , but on ly extreme ly rare ly

do have they yielded curious results. The story is not yet over for them1. I exclude innumerable flawed

tes ts w ith alle ged  pos itive  results  obtained by ques tionable  means by people o f quest ionable

qualifications and motivation. I will not present a survey of these studies considering our time available.

How eve r, you  may obta in a b rief familia rizat ion w ith the cu rren t sta te o f affairs  in paraps ycho logy,  in

which current testing is based upon the ganzfeld  approach57. I do show in lab classes some tests on

video, produced by the skeptical magician James ("The Amazing") Randi (http://randi.org/), who

provided a live television challenge58 to people who believed they had paranormal abilities. He has also

investigated some faith healers (finding all studied to be using chicanery–read The Faith H ealers by J.

Randi, Prometheus  Press). His dramatic exposu re of television evangelist/faith healer Peter Popoff

caught national attention. A rich source of investigations into paranormal claims is The Skeptical

Inquirer, available in our library. Visit Randi’s fun and fascinating Web site, The James Randi Education

Foundation at the URL given just above. I also offer many good references to such studies in the

Magaz ine A rticle  List  handou t, giv en you at  the sta rt of  the cou rse. Several excellent pape rs I espe cially
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wish to point out:

"The Elusive Open Mind: Ten Years of Negative Research in Parapsychology", Blackmore,
The Skeptical Inquirer, Spring 1987, pp. 244-255.  

"A Consumer Guide to Pseudoscience", Trefil, Saturday Review: "Currents", April 29,
1978, pp. 16-21.  (10 pts.)

"Occult Beliefs", Singer & Benassi, American Scientist, Volume 69, January-February
1981, pp. 49-55.  (12 pts.)

"Fooling Some of the People All of the Time", Singer & Benassi, The Skeptical
Inquirer, Winter 1980-81, pp. 17-24.  (9 pts.)

***********************************************************
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List of Recommended Books

For future related reading, here are some of the highly readable, excellent, enlightening books that have stuck out

in my mind. Come back to this list sometime for a challenge. Your view of the world may change  and grow...

SCIENCE, PHILOSOPHY, RELIGION

Cosmos by Carl Sagan a swee ping tour a nd long-tim e best seller o f both the  universe an d the scien tific enterprise

Origins by Robert Sh apiro an engaging, insightful look, accenting healthy scientif ic skepticism, at many ideas, scientif ic and
otherwise, about the origin of life. Very well done! 

Finding Darwin’s God by Kenneth Miller Read th is  fasc ina ting and en lightening presenta tion o f  evo lu t ion , sc ien ti f ic  c rea tionism,

intellige nt desig n, and  God b y a note d scien tist who  is also an  avow ed Ch ristian. Exc ellent!

Ancien t Myths an d Mod ern Life  by Gerald LaRue a theologian's look at the contemporary influence on western culture of ancient

myths from  the midd le east

PSYCHOLOGICAL ASPECTS OF DEALING WITH REALITY AND PEOPLE RATIONALY

If You Meet the Buddha on the Road, Kill Him! by Sheldon Kopp 

An End to Innocence: Facing Life Without Illusions “ ”       “ These two boo ks by Kopp can  be unsettling to some . This is “X-

rated” stu ff, psyc holog ically spe aking . Are you  really rea dy to

“get real?” That warning having been made, these two books by

Kopp are two of the wisest books I've ever read. I suggest you

read them in the order listed, and maybe more than once. They

are rich with lessons of l ife.

I'm OK, You're OK by Th oma s Ha rrisan Insightful classic, useful in understanding the psychology behind human

communication. Offers coincidental insight of both the True Believer and the True

Unbeliever, and why it is so diff icult for the two to communicate.

CRITICAL ANALYSES WITH BREADTH AND INSIGHT OF PSEUDOSCIENCE

Innumeracy by John Allen Paulos for all those who have asked why they need to study math–actually very interesting!

Flim Flam by James Randi a mag ician's skills plus a h ealthy dose  of skeptic ism me ans less bun k in the w orld

Is God a C reationis t? The  Religious Case  Aga inst C reatio nism edited by Ro land F rye Intelligent essa ys by authors

of differing religious

persuasion s.

And if you read only one of these books, here it is

THE DEMON-HAUNTED WORLD: Science as a Candle in the Dark 
by Carl Sagan

His last book published while he was alive—and greatest (1996). A must-read for anyone

interested in knowing the world and human fallibility. Sagan is best known for his great

publicizing of science, particular astronomy. But in his later years his concern grew over the

growing influence  of pseudo scientific and ideologica l thinking. In this book he m akes clear,

that in spite of our scientific and technological achievement, the potential for a return to a

“Dark Age” remains and grows. He insightfully explores UFO abductee reports to bring out

startling and broad implications. A sweeping, absorbing, and most enlightening book. See

me, if you think you might want to read this book this semester. I will give you guidelines to do

a book report. Any credit you earn thereby will be awarded as Outside Ev ent Credit.
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Claims of which I am aware that hav e/had curious results:

1) Mars Effect in Astrology, since clarified

2) Schm idt's random nu mber gene rator work

3) Ganzfield experiments, done by the friend of Susan Blackmore who died, involving 1) white light, and 2) noise of

sta tic

4) water dowsing--almost, by Betz. But see SN article, August, '95: "Dowsing Expectations"

5) In 1999, article in SN, referenced in final paragraph, states that ganzfeld experiments are the way to go now in

parapsychology
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1. start of essay on the mean ing of life, "To Be a Person" (The Humanist magazine, Jan/Feb 1985, p. 20 

2. column "Students fee l, but apparently don't think", AZ Daily Star, May 3, 1988

3. Newsweek , October 26, 1992, p. 58.

4.Dumb th, Steve Allen, Prometheus Books, 1989, p. 14

5. Cultural Literacy: What Every American Needs to Know, E.D . Hirs ch,  Jr.,  Houghton M ifflin,  p. xiii.

6. "Wh y we need  to unde rstand  scienc e", Parade Magazine, September 10, 198 9, p. 6

7.”Web endangers scientific surveys, pollsters say,” Arizona Daily Star, May 15, 1999.

8. at his reception of the 1990 In Praise of Reason Award b y CSICO P (Comm ittee  for the S cien tific

Investigation of Claims of the Paranormal

9. at his reception of the first Annenberg Foundation Award, 1993,  for his efforts in astronomical

education 

10. US New s & W orld Report , December 23, 1991

11.Pursuin g Excel lenc e: A  Study o f U.S . Tw elfth-Grade  Mathem atics and Sc ienc e Ac hiev ement  in

International Context, U.S. Department of Education, Gov’t. Printing Office, 1998, or the web site:

http://nces.ed.gov/TIMSS/

12. Joseph  E. Leferriére, “Certa inty and Proof in Crea tionist Though t,” Skeptica l Inquirer, Winter 1989,

Vol.  13, pp. 185-188

13.Genius: The Life and Science of Richard Feynman, James Gleick, Simon and Schuster, 1992 

14. In Defense of Secular Humanism, Paul Kurtz, Chapter titled “The Scientific Attitude versus

Antiscience and Pseudoscience,” p. 244

15. Ibid

16.  ORIGINS, Robert Shapiro, Bantam, 1986

17. column "Students fee l, but apparently don't think", AZ Daily Star, May 3, 1988

18. "The Scientist's Skepticism" in Skeptical Inquirer, Summer 1992, pp. 377-380. See the Magazine

Article List

19.Dr. Nicholas Humphrey, “Is There Anybody There?” documentary on paranormal claims, aired on

PBS

20.Ancien t Myth an d Mod ern Life,Gerald LaRue, Centerline Press, Long Beach, CA, 1988
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21. Kornberg, A., editorial in Science, August 14, 1992

22. "Thinking Critically and Creatively", by Carole Wade and Carol Tavris, Skeptical Inquirer, Summer

1990, pp. 372-377

23.  September 18, 1992 Regis Philbin television talk show

24. The Skeptic’s Dictionary Web site at http://skepdic.com/

25. “Time to Look and Listen”, “My Turn” column, M agdoline Asfahani, Newsweek , December 2, 1996 ,  

p. 18

26. from the conclusion of Ancien t Myth an d Mod ern Life ,Gerald LaRue, Centerline Press, Long

Beach, CA, 1988

27.  "    Certainty and Proof in Creationist Thought", Leferriere, The Skeptical Inquirer, Winter 1989, pp.
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29.  ORIGINS, Bantam, 198629.  ORIGINS, Bantam, 1986

30.”The Perennial Fringe”, Isaac As imov, The Skeptical Inquirer, Spring 1986, pp. 212-217.

31.  "The Scientist's Skepticism" in Skeptical Inquirer, Summer 1992, pp. 377-380. See the Magazine

Article List

32.   "    Certainty and Proof in Creationist Thought", Leferriere, The Skeptical Inquirer, Winter 1989, pp.

185-187. See the M agazine Article List.

33.Gary Switzer, The New sletter of the N ational Ass ociation of Sc ience W riters, Summer 1992

34.Publish er's Weekly , August 4, 1987

35.Age of Propaganda: The Everyday Use and Abuse of Persuasion, Anthony Pratkanis and Elliot

Aronson, 1991, W. H. Freeman & Co.

36.Family PC magazine, September 1995

37.Arizona Daily Wildcat, Oct 10, 1991, p. 5

38.FLIM-FLAM!, James Randi, Prometheus Books, 1982, pp. 250, 251
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41.private communication from high school friend, Barbara W.
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42.I’m OK, You’re OK, Thomas A. Harris, M.D., Avon, 1969

43.Games People Play, Eric Berne, M.D., Ballantine, 1964

44.Innumeracy, John Allen Paulos, Ph.D ., Hill and Wang, 1988, pp. 4, 5

45.Keynote Address, “The Science and Politics of Gender Research” at the “Gender Politics in Science”

CSICOP (Committee for the Scientific Investigation of Claims of the Paranormal) conference at the

University of Colorado, Boulder, Colorado, June 6,7, 1997

46.Paper presented to the American Association for the Advancement of Science, February 17, 1991

47.FLIM-FLAM!, James Randi, Prometheus Books, 1982

48.Innumeracy, John Allen Paulos, Ph.D ., Hill and Wang, 1988, p. 5

49.Luis Alvarez, "Anecdote and  Coincidence in Parapsychology", Skeptica l Inquirer, Summer 1982, pp.

72-75.)

50.Innumeracy, John Allen Paulos, Ph.D.,  Hill and Wang, 1988, pp. 25-28

51.Susan B lackmore, Ph.D., "Psychic E xperiences: Psychic Illusions", Skeptical Inquirer, Summer 1992,

pp. 367-376. 

52.Ray Hyman, Ph.D., palm-reading pointers given on Dr. Nicholas Humphrey’s, “Is There Anybody

There?” investigative documentary on paranormal claims, aired on PBS

53.Dr. Ray Hyman, psychologist and member, National Academy of Sciences, from "Cold Reading: How

to Convince Strange rs that You Know A ll About Them", The  Zetetic , (now, The Skeptical Inquirer),

Spring/Summer 1977)

54.See for example,  "Skeptics &  Believers", Glick & Snyder, Humanist, May/June '86

55.”The Perennial Fringe”, Isaac As imov, The Skeptical Inquirer, Spring 1986, pp. 212-217.

56.The Demo n-Haunted W orld, Carl Sagan, Random House, 1995, pp. 26, 27.

57.”ESP Findings send controversial message,” Science News, July 31, 1999, Vol.  156, p. 70.

58.”Exploring Psychic Powers”, television special Summer 1989, hosted by Bill Bixby, produced by

James Randi


