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Presentation Notes
Thank you Dr. Fuller for your kind introduction, and thank you all for being here.


According to nation-wide surveys of faculty:

A evaluation |

explanation

Critical thinking!





Presenter
Presentation Notes
I would like to start with a few silly statements by supposedly smart people.


“There is no
conclusive proof
that nicotine’s
addictive... And
the same thing
with cigarettes
causing
emphysema, lung
cancer, heart
disease.”
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Another Limbaughism…..


"My fear is that the whole island (Guam)
will become so overly populated that it
will tip over and capsize."

C-SPAN

Decatur, Conyers, Norcross

Wil

Congressman
Hank Johnson



G
GARDASIL.

[Quadrivalent Human Papillomavirus
(Types 6,11,16,18) Recombinant Vaccine]

Former Presidential Candidate Michelle Bachmann
Gardasil Vaccine causes mental retardation

“It (the vaccine) comes with very serious consequences.
There’s a woman who came up crying to me tonight
after the debate. She said her daughter was given that
vaccine. She told me her daughter suffered mental
retardation as a result of that vaccine.”




In spite of the overwhelming scientific data...
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“Global warming is the greatest hoax ever
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The same might be said of the public’s woeful lack of understanding regarding the causes and consequences of global climate change….

In fact, 2000-2009 was the warmest decade on record. And this past January was the warmest January on record worldwide.



"I mean, one of the biggest problems that exists right
now in the world is nuclear waste. That’s something
I’ve been involved with for a while with a group of
scientists — finding a way to neutralize radiation,
believe it or not."
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It’s not just pundits and politicians……..

……so, who has discovered a way to detox nuclear wastes, why that would be Madonna!


Personal decisions: Chickenpox parties?

Carrie, a mother from Atlanta, Ga., is one of those parents.
"My 7-year-old daughter has been to six of these parties.
Unfortunately, we have not caught the pox yet, but I'm keeping

my eye out for more parties.” ABC News Online 2/2/09



Presenter
Presentation Notes
Chicken pox parties are organized by parents who want their children to catch the virus naturally rather than getting vaccinated.


A

‘- What do

these people
have in
common?
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Hmmm, carbon dioxide isn’t a greenhouse gas, opinions trump evidence, and leeches are a cheap replacement for dialysis machines.  Interesting,  but totally misguided statements.   

So this is what I want to ask you.  What do all of these people have in common?


They are all college graduates!


Presenter
Presentation Notes
Well, with the exception of Rush, who flunked out of the university after his freshman year, and possibly the mother, they all graduated from college.  Some even have Masters degrees!  Which means they all took at least two science courses!  

Their outrageous and nonsensical statements suggests that they learned very little in their general education science classes!


Science and Engineering Indicators (SEI)

v ~ 44% Americans do not know that it takes
the Earth one year to go around the sun.

v ~46% do not know that electrons are
smaller than atomes.

v ~ 67% reject the Big Bang.
v > 50% reject evolution.

v < 10% college graduates know what causes
the seasons.


Presenter
Presentation Notes
These aren’t the only indicators of scientific illiteracy here in the US.  Every two years the NSF publishes the results of its national survey, a report card if you will, on how well Americans understand science.  The results are typically discouraging…..


Mumber of fizh

Temparature

A) If the # of fish in the fish bowl affects the behavior of the fish.
B) If the temperature of the fish bowl affects the behavior of the
fish.

C) If the temperature and the amount of light affect the behavior
of the fish.

D) If the # of fish, the temperature, and the amount of light affect
the behavior of the fish.


Presenter
Presentation Notes
Or try this….this illustration shows a picture of lights shining above 4 fish bowls.  The water temperature in each bowl is 25C.  There are 8 fish in bowl 1, 6 in bowl 2, 4 in bowl 3, and 2 in the last?  What is the scientist trying to determine in this experiment?  Is she (read answers)…..

50% of people with baccalaureate degrees could not answer this correctly!  A whopping 75% of people with only HS degrees got this one wrong! 




Are our high schools
working?

Program for International
Student Assessment (PISA)


Presenter
Presentation Notes
Every few years there is an international effort, the Program for International Student Assessment, or PISA, to assess problem solving skills among high-school students world-wide.  


= PISA Science Results 2009
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The Program for International Student Assessments, which take place every three years, shows that the poor standing or American high school students in science….

2009 report – US is 17th out of 34 industrialized nations….


= PISA Math Results 2009
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And 25th out of 34 in Math.


O
International competitiveness?

NY Times columnist Thomas Friedman

“This puts our average youth
on par with those from
Portugal and the Slovak
Republic, rather than with
students in countries that are
more relevant competitors
for service-sector and high- r
value jobs, like Canada, the |
Netherlands, Korea, and
Australia.”
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Best-selling book author and NY Times columnist Thomas Friedman summed up our recent PISA performance in an op-ed piece last spring….


Carnegie
Institution report:

v >93% of American adults are
scientifically illiterate.

v > 78% of college graduates are too.


Presenter
Presentation Notes
A recent report from the Carnegie Institution shows that ….. Greater than 93% of all Americans are scientifically illiterate and, shockingly, over 78% of those who had college degrees were equally clueless about science and technology.  So we can’t just blame K-12 (and remember, we train the teachers!).
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The impotence of a college degree was highlighted this spring in a damning report by Richard Arum and Josipa Roksa….

One of the major findings: 45 percent of students show no significant improvement in the key measures of critical thinking, complex reasoning and writing by the end of their sophomore years.  Well over a third (36%) show no improvement over their four years!!!!


A Twenty-Year Survey of Science Literacy
Among College Undergraduates

By Chrisimpey, Saniyn Bixner, Jessie Antonelfis, Elizabeth Johnson, and Courtney King
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2-3 science
classes:

10% TSE]

Little A in
pseudo-
scientific
beliefs!
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General Education science courses appear to be part of the problem, as Chris Impey and his colleagues at the University of Arizona report in the most recent issue of the Journal of College Science Teaching.

No improvement in 20 years, only a 10-15% increase in SEI from freshmen to senior years (1 additional SEI question), and very little change in their pseudoscientific beliefs – for example, over 2/3 of the 10,000 students in this study left the university believing that astrology was a legitimate scientific discipline.




Presenter
Presentation Notes
I and many others would argue that a product of this failure to present science effectively in college is the continuing battle we face over the teaching of evolution.  The same might be said of the public’s woeful lack of understanding regarding the causes and consequences of global climate change….


What are we doing wrong?
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So what are we doing wrong?  Why is it that college graduates don’t know anything about science?


Bruce Alberts is Editor-in-
Chief of Science.

Redefining Science Education

THERE IS AMA]OR MISMATCH BETWEEN OPPORTUNITY AND ACTION IN MOSTEDUCATION SYSTEMS
today. It revolves around what is meant by “science education,” a term that is incorrectly defined
in current usage. Rather than learning how to think scientifically, students are generally being
told about science and asked to remember facts. This disturbing situation must be corrected if
science education is to have any hope oftaking its proper place as an essential part of the educa-

Scientists may tend to blame others for the problem, but—strange as it may seem—we have

done more than anyone else to create it.|Any objective analysis of a typical introductory science
unversities around the world, whether it be biology, chemistry,

physics, or earth sciences, would probably conclude that its purpose is to prepare students to
“know, use, and interpret scientific explanations of the natural world” (strongly emphasizing the

“know™). This is but one of four goals recommended for science ﬂdm:aiiun

by the distinguished committee of scientists and science education experts
convened by the U.S. National Academies that produced Taking Science to
School: Learning and Teaching Science in Grades K-8. And yet college
courses set the model for the teaching of science in earlier years.

The three other goals of equal mernt and importance are to prepare stu-
dents to generate and evaluate scientific evidence and explanations, to
understand the nature and development of scientific knowledge, and to
participate productively in scientific practices and discourse ( summanzed
in the Academies’ Ready, Set, Science!). Scientists would generally agree
that all four types of science understanding are critical not only to a good
science education but also to the basic education of everyone in the mod-
ern world. Why then do most science professors teach only the first one?

As the scientist and educator John A. Moore emphasized in his pro-
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The short answer, according to reports from the National Academy of Sciences and the American Association of Science, and as championed recently by noted scientists like Dr.’s Bruce Alberts, Jon Miller, Craig Nelson, and many others, is that college science courses, especially for the non-science student, are to blame.  So too are the teachers of those courses, like me…..


Tend to focus on facts — not
the nature and methods of
science or critical thinking.

“If we teach only the findings and
products of science — no matter how
useful and even inspiring they may be
— without communicating its critical
method, how can the average person
possibly distinguish science from
pseudoscience? ... The method of
science ... is far more important than

the findings of science.”

THE NEW YORK TINES BESTSELLER




Transcription & translation: the “language” metaphor

e Whatis the
language of
nucleic acids?

— In DNA, it is
the linear
sequence of
nucleotide
bases
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….and we spend a considerable amount of time on protein synthesis, where I dutifully introduce the concepts of transcription and translation and codons and triplets and messenger RNA….




Presenter
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….and every couple of weeks we have an assessment, where the students take a test, on scantrons of course, where the students spit back to me the meaning of the terms they memorized the night before and will forget tomorrow, and I hope there isn’t too much cheating…..

….my gosh, no wonder students in my intro nonmajors courses leave the university scientifically illiterate!  


My kids hate
math and science. ..

and sodo I
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Because of the way most college science faculty teach our introductory science classes, one fact after another, definition after definition after definition, not only do most students leave the university clueless about science, they leave hating it!


Bloom’s Taxonomy

Synthesis
Analysis
Application
Comprehension

Critical Thinking
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In short, while we should be teaching higher order thinking skills, we’re really just focusing on memorization.  No wonder our students don’t know how to think.

Why are we doing this?


“It is much easier to test for the
facts of science than it is to test
for the other critical types of

science understanding.....

Bruce Alberts, Redefining Science Education, 2009


Presenter
Presentation Notes
….because it’s easy.


Sam
Houston
State’s
solution
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I’m part of a team, led by Dr. Marcus Gillespie, at Sam Houston State that are trying to break us of these lazy habits.

Specifically, we’ve developed a  brand new general education course targeted at non-science majors.  We’ve been teaching this course for two semesters now, we’ve been assessing the course like crazy, and I’m here to share with you how the course is structured, our pedagogical approaches, and whether or not it is working.


Foundations of Science

Integrated Science
course

v/ Science as a way

Natural of knowing

thinking skills

v The importance of
evidence and logic

v Engender scientific
habits of mind
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The broad goal of this course is to improve the critical thinking skills of our students.  Specifically, we hope to empower students to use evidentiary thinking and logic to make important decisions for themselves and for their families; that is, to show them how thinking scientifically is not only something they can learn, but that it is valuable – it matters.  And lastly, and longer term, we would like to think that students will leave the class infected with a life-long love of learning, maybe even of science. 

We try to accomplish these goals not by having students memorize and regurgitate the 4 stages of mitosis, but by focusing on extraordinary claims, things like alien abductions, alternative medicines, and yes, even bigfoot.


Why does science and CT matter?

Pitches!



Presenter
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Believe it or not, we start of our discussion why science matters by examining the great witch hunts of past centuries.


Burned at the stake


Presenter
Presentation Notes
It is estimated that at least ½ million innocent people were burned at the stake…..


f the past?

ing o

A th

Unfortunately no
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Many of these innocent victims were accused of unfortunate occurrences, such as the death of neighbors cow or a storm at sea, phenomena we now know are the result of perfectly explicable natural causes.


Satanic Ritual Abuse:
a modern day witch
hunt

Ritual Abuse and the Making Between 1984-1995:

of a Moderm American Witch Hunt

e 185 adults charged with
ritual abuse

e 113 were convicted

® many convictions
overturned

Debbie Nathan and Michael Snedeker e several still in jail
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….including McCarthyism in the 1950’s and the Satanic Day Care trials of the 80’s and 90’s (they aren’t over, by the way, for anyone who has paid attention to current tribulations of kindergarten teacher Tonya Craft).


v understanding
the world

v evidence

- V' multiple working
hypotheses

Why a scientific approach to
knowledge is important.
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We use these witch hunts to stress the importance of understanding the natural world, evidence, and multiple hypotheses in science.…

….and, lest our students think that witch hunts are a thing of the past, we bring in examples of modern day inquisitions….



Why anecdotes don’t count in science:

Errors in
Perception,
Memory, and
Reasoning

The scientific method is a way of minimizing
errors based on evidence and CT


Presenter
Presentation Notes
We spend a bit of time dealing with  the science of psychology, especially as it relates to the limits of perception and memory…..

….anyone see any black dots?
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" Facilitated Communication

examples of bad science

AN

confirmation bias double-blind studies


Presenter
Presentation Notes
We introduce many examples of bad science, such as the use of facilitated communication with autistic children, to highlight common logical fallacies such as confirmation bias and, thus, the critical need for double-blind studies.



the history of significant ideas
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science is self-correcting
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We selectively introduce the history of significant scientific ideas as, for example, the replacement of the geocentric model of the solar system with the heliocentric model, in part to demonstrate how one of the most critical components of science as a way of knowing is that it is self correcting…


We use extraordinary claims to hold the
students’ attention...

...but they still learn, and use, a good
deal of scientific content.


Presenter
Presentation Notes
The have to use Newton’s law of gravity, for example, to demonstrate to themselves that the doctor in their delivery room generated hundreds of thousands of times more gravitational force on them when they were born than did Alpha Centauri, the closest star, which is one of the very many reasons that astrology is bogus.


We use extraordinary claims to hold
the students’ attention...

...but they still learn, and use, a good
deal of scientific content.
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And they apply what they learn about plate tectonics to understand whether or not a continent, Atlantis or otherwise, could ever be lost…or whether part of California might tip over and fall into the sea.


»

We use extraordinary claims to hold the
students’ attention...
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...but they still learn, and use, a good
deal of scientific content.
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And they use the Second Law of Thermodynamics, as applied to trophic  pyramids, to assess the likelihood that Loch Ness contains a breeding population of plesiosaurs.


Our ‘Working’ Definition of CT

The process of logically evaluating the validity
of claims on the basis of well-supported

evidence.

Drawing reasonable conclusions based on the
evidence available.




It includes asking the following 5 questions:

(a) What am | being asked to believe or accept?
(b) What evidence is available to support the assertion?

(c) What alternative explanations might there be for the
phenomenon?

(d) What evidence is there in support of the alternatives?

(e) What conclusions are most reasonable based on the
evidence and the number of alternative explanations?


Presenter
Presentation Notes
(Psychology: 6e by Bernstein et al., Houghton Mifflin Company; 2006:)


Wbt Weird Thive Textbook that

Critie Al TRy nkang 3 or a- Ny A

focuses on CT

Theodore Schick and Lewis Vaughn



Examples of FoS Questions

e Megan believes that eating corn silk from a corn plant (like that
shown below) will improve the strength and luster of her hair
because the corn silk looks like hair.

What logical fallacy has Meagan committed?

a. appeal to ignorance

b. post hoc ergo propter hoc (false cause)
c. faulty analogy

d. argument from ignorance

e. none of the above - her logic is correct
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We spend a bit of time examining the evidence for the Big Bang, expose the students to more examples of good science vs. pseudoscience by digging into alternative medicine and fad diets, and tackle, head-on, the explanatory power of evolutionary theory vs. intelligent design.


Why facts and CT are both necessary:

Reason well, but don’t know facts = wrong answer

And, if:

Know facts, but can’t reason with them and can’t organize
them in a meaningful way = wrong answer.

Reasoning made sense — but
facts were wrong.



Presenter
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If you can reason well, but do not have facts/correct information upon which to base your conclusions, you’ll get the wrong answer

And, if you know a lot of facts, but can’t think logically or don’t understand how the facts are related, you’ll also get the wrong answer.

People used to believe that the world was flat and finite in size.  So, they concluded that if you sailed far enough, you’d fall off the edge of the world!  The conclusion is logical, but the facts were wrong.  The earth is a sphere…



Case studies & Team-based Learning



Presenter
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We also use case-studies and team-based learning, both in lecture and in lab, with most….


“Tragic Choices:
Autism, Measles, and
the MMR Vaccine”

| B


Presenter
Presentation Notes
Several of the case studies have been developed specifically for the course, including one that examines whether or not vaccines cause autism.




Presenter
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As with all case studies, it starts with a dialogue, in this instance between Anne, a re-entry nursing student, and her two daughters Carly and Kristen. Carly has a 4-year old autistic son Ian, and Kristen has a 14-month old daughter named Alissa.  Carly is convinced that Ian contracted autism from the measles, mumps, and rubella vaccination he received when he was 15-months old, and she cites a 1998 article by a “highly respected scientist in Great Britain”  as having proved the connection.  

The dilemma centers around whether or not Kristen should have Alissa vaccinated.

This scenario is not hypothetical - ~ ¼ Americans believe that vaccines cause autism, even though there is no credible evidence that they do and literally tons of evidence that they don’t.


Prevalence of autism in the United States 1996-2007
(cases per 1,000 children age 6-17)

3
2
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graphic by Eubulides/Wikipedia


Presenter
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We provide the students with a bit of background info, including this graph showing the increasing incidence of autism….something has to be causing this, right?


And here are
the data from
the scientist in
Great Britain
(Andrew
Wakefield)
referenced by
Carly.

Table 1: Neuropscyhiatric diagnosis and interval post MMR

vaccination.?2

Child Behavioural Exposure identified Interval from
diagnosis by parents or exposure to symptoms
doctor
1 Autism MMR 1 week
2 Autism MMR 2 weeks
3 Autism MMR 48 h
4 Autism? Disintegrative | MMR Dramatic deterioration
disorder? immediately after MMR
booster at 4.5 years
5 Disintegrative disorder | None-but MMR at 16 | Self-injurious behavior
months started at 18 months
6 Autism MMR 1 week
7 Autism MMR 24 h
8 Post-vaccinial MMR 2 weeks
encephalitis?
9 Austistic spectrum Recurrent otitis 1 week (MMR 2 months
disorder media previously)
10 Post-viral enchphalitis? | Measles (previously |24 h
vaccinated with
MMR)
11 Autism MMR 1 week
12 Autism None-but MMR at 15 | Developmental

months

deterioration noted at
16 months

aTaken from Table 2 in Wakefield et al. (1998) Ileal-lymphoid-nodular hyperplasia,
non-specific colitis, and pervasive developmental disorder in children. Lancet
351:637-641



Presenter
Presentation Notes
We provide the data, then ask: are they sufficient?  No.  What more would you like to know, and how would you find out?  Basically asking them to design a better study.


.... groups then share their ideas



Presenter
Presentation Notes
….we have groups share their ideas noting, on the board, similarities and differences in approaches…


Madsen, K.M. et al. 2002. A population-based study of
measles, mumps, rubella vaccination and autism. The
New England Journal of Medicine 347: 1477-1482.

Sample size: 537,303 children
v MMR vaccinated: 440,655

v Not MMR vaccinated: 96,648

No difference in relative risk of autism among the
groups.


Presenter
Presentation Notes
We then share the results of several studies that have examined the issue, including this one by Kreesten Madsen and his colleagues in Denmark.  The bottom line is that there simply is no credible evidence that vaccines, the MMR shot or any others, cause autism.
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v thinking “scientifically” is
learnable and important


Presenter
Presentation Notes
Some of the take-home teaching points of this case are to demonstrate to the students the importance of honesty, sample size, and replication in science, and, most importantly, to show them that learning how to think scientifically will help them make intelligent choices for themselves and for their families.


Have we been
successful?

Creating
Evaluating
Analysing
Applying
Understanding

Remembering



Presenter
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So, have we been successful?  


Tennessee Tech

Universit

Critical Thinking and Assessment Test
CAT

pre-test post-test


Presenter
Presentation Notes
The CAT instrument was developed and refined over a 7 year period with input from faculty and institutions across the country and the assistance of the National Science Foundation.  Designed specifically to assess higher-level learning (in Bloom’s taxonomy).


Sample Disclosed Question

A scientist working at a government agency believes that an ingredient commonly used in
bread causes criminal behavior. To support his theory the scientist notes the following
evidence.

o 99.9% of the people who committed crimes consumed bread prior to committing
crimes.
e Crime rates are extremely low in areas where bread is not consumed.

Do the data presented by the scientist strongly support their theory? Yes 30% No

Are there other explanations for the data besides the scientist’s theory? If so, describe.

What kind of additional information or evidence would support the scientist’'s theory?



Presenter
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Funny, right?   Until you realize that 30% of college grads believe the evidence is pretty darn good that bread causes criminality…


CAT Score
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Non-FoS are traditional, intro gen-ed science classes.  BIO 137 is an env’l studies course for non-majors.  Red bar – CAT pre-test.  Green – CAT post-test.


CAT Score
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Updates from last fall – our Provost finally got Chemistry and Physics to agree to test the students in their intro, gen-ed courses. No change in CT.


CAT Score
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Presenter
Presentation Notes
Last histograms show pooled results of all FoS vs. all non-FoS (i.e., traditional) gen-ed science courses we’ve tested.


Perspective




Measure of the Acceptance

of the Theory of Evolution
(MATE)

Developed by Michael Rutledge and Kim Sadler
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Presenter
Presentation Notes
For each of three semesters that we have used the MATE in our experimental course, students showed significant improvement, from low to moderate acceptance, which may not seem dramatic….

….but is, if you compare the results to the Env’l studies course we also assessed in fall of 2010, and the traditional chemistry and physics intro courses we assessed last fall (pooled here)….


Docomber, 2010 &7
whal Mooy ik ok

3 4
bl B in [
() 1% i4 i5 i i a1
() 20 . | o 3 24 15 L-'Eft
E'lln.l,!tnu,!.
Bl
Eﬁﬁuﬂm Sﬁ:- ﬁ
T ar 5 L 30 3

L-"ll'rl-l-l" Elrl:ﬂ 'L-ri I:I!?-"‘I."IE--



Presenter
Presentation Notes
The MATE improvement we see comes before we actually get to the material on evolution (which occurs during the last week of class).




Presenter
Presentation Notes
I would like to end with a few smart statements by people who have been champions for change….


The Crippling Undergraduate Experience

i

“We never seem to teach
students how to solve real-
world problems, or analyze
data, or read a newspaper
critically, or be a skeptic
when they hear people
claim to have paranormal
powers, or demand sensible
answers of politicians...

...What a pity.”

Dr. Kipp Herreid — SUNY Buffalo


Presenter
Presentation Notes
Kipp Herreid ends his wonderful essay on the “crippling undergraduate experience” with the following quote.  If we simply apply the scientific method to these issues, wouldn’t we be teaching “critical thinking”?
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Presenter
Presentation Notes
Thank you all for your attention.  
  



Slides to address anticipated
guestions follow.


Presenter
Presentation Notes
The following slides were not part of the presentation, but may be of some interest.


@’After taking your class this semester and having my critical thinking skills
enhanced, | must complain that your class has sucked all of the fun out of being
ignorant. | came back to my office after class today, (I work on campus) and my
boss was buzzing about this new energy drink called Advocare that she had
recommended to her by her friend (who happens to sell the drink). My boss was
going on and on about how it is all natural, it's endorsed by a NFL star (Drew
Brees), and how hundreds of people have reported a boost in their mental
functions and overall health. As | was listening to her, | kept thinking that if | had
not taken that stupid science class, | too could be lost in the euphoria of ignorant
bliss. Instead, | found myself perusing the website, chuckling at all of the grand
statements and lucrative "money-making opportunities" that are available. Instead
of being impressed by the drinks capabilities, | was looking for the FDA disclaimer.
Instead of being amazed that the drink was all natural, | was reading the
ingredients trying to pronounce half of them. Instead of wondering how the drink
could help me, | kept thinking of ways that it might hurt me. Needless to say, your
class has definitely ruined any joy to be had in the absent-minded following of
other people.

| just thought I'd share with you how your class is ruining the American dream of
so many honest companies. See you in class.”


Presenter
Presentation Notes
Great quote from Andrew Topa, sent at the end of spring semester (with the subject line saying only “complaint”).
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Presenter
Presentation Notes
A couple of interesting patterns emerge when we break down the results by class standing.

This graph shows the average pre- and post-scores for the lower-division students taking the FoS, that is, freshmen and sophomores.  Here is the average CAT scores, nation-wide, for this peer group.  It looks like lower-division Sam Houston students start out better than the national average, and in one of our 3 semesters of assessment this difference was highly significant.  There are two interpretations for this pattern, which I will address in just a moment, but I want to move on to the main point.

Here is the national average on the CAT for juniors and seniors.  So, in one class focusing on critical thinking and the nature of science, gen-ed students can show as much improvement in their critical thinking as many students show in four years of college classes.
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Presenter
Presentation Notes
There is both good news and bad news when we examine Sam Houston juniors and seniors.

Here is the national average, and here is the average for upper-division Sam Houston students at the beginning of the FoS.  In two of the three semesters for which we have data, our upper division students start out performing significantly worse than their peers.  Remember, Sam Houston freshmen and sophomores start higher than average.  So, is the curriculum “dumbing down” our students?  I don’t think so.  ……

The main point, however, is that the FoS helps these science-phobic upper classmen catch up.
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Presenter
Presentation Notes
Results from an ANCOVA analysis using “pre-course CAT test score” as the covariate; the FoS still “drives” the improvement that we see.


_ The American Biology Teacher
69: 332-335, 2007.

Reliability of the Measure of Acceptance of the

Theory of Evolution (MATE) Instrument with University Students

Micuael L. RUTLEDGE Kim C. SADLER

Very High Acceptance: 89-100
High Acceptance: 77-88
Moderate Acceptance: 65-76
Low Acceptance: 53-64

Very Low Acceptance: 20-52


Presenter
Presentation Notes
Beginning in the fall of 2010, we added the MATE to one of our assessment tools, again in a pre- vs post-course comparison.  Many of you may be familiar with this instrument developed by Michael Rutledge – it’s a simple, 20-question Likert scale survey that measures the acceptance of individuals of evolutionary theory.
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