On teaching “Scientific Thinking” : A
collaborative approach to a student-
centered active learning and
technology-enhanced course design

Dr. Kaddee Lawrence
Dr. Brandon Canfield
Dr. Aziza Ellozy
Dr. Tiffany Vora

@ THE AMERICAN UNIVERSITY IN CAIRO
&l aJl 4SO, 0¥) ds ol )




Scientific Thinking: Concept and
Mission

« University-wide graduation
requirement

® Current format since Fall 2004

Social Awareness of
Real and Perceived
Dangers of Science
and Technology

Understanding of
Impact of Personal
Decisions on the
Environment

e Introduces the “tools” of
scientific thinking to a
multidisciplinary audience

Relevance and
Importance of
Science in Daily
Life

Ability to Critically
Assess and Solve
Complex Problems

Vision and
Creativity for Future
Ideas and Products

« Supports application of
critical analysis

Image adapted from: http://websekolah.bharian.com.my/F1Sci/nov17.html
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Scientific Thinking:
Paradigm Focus

Curricular Topics — pre2009

e Student investment Scientific method

_ Greek Cosmology — Geocentrism
* Perceived relevance

® For science and non-science
students Popper and Falsification

Heliocentrism

e Varied instructors The Scientific Revolution and Paradigm

: : Shifts
e Perception of internal |
Big Bang Cosmology

cohesion
Biological Paradigms — Darwin
Technology, Society and Ethics
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Scientific Thinking:
Student Focus

. . Curricular Topics — 2009
e Collaborative restructuring

Scientific method
* Reordering and focusing

around relevance

Science and Pseudoscience
Technology, Society and Ethics
« BEGIN with self Biological Paradigms — DNA to Darwin

« MOVE OUT to universe Origin of Life
Origin of Solar System

 Topic flow matches cognitive

Big Bang Cosmology
growth

Our Place in the Universe

&
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Teaching Scientific Thinking

Students Instructors

e 20 sections biologists

_ e chemists
» first/second year N

N e physicists
*undeclared; desiring nhilosophers of science
. o

business or P
engineering program * historians of science
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Providing a Common EXxperience:
Utilizing Strengths

General Lecture Series Curricular Topics — 2009

Scientific method
weekly lectures attended cientinc metho

by all sections Science and Pseudoscience

_ Technology, Society and Ethics
all students guided

_ Biological Paradigms — DNA to Darwin
through the curricular

. Origin of Life
topics -

Origin of Solar System
general lecturers are Big Bang Cosmology
experts in their fields Our Place in the Universe
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General Lecture Series:
using technology to extend the role

sci-thi: General Lecture 4 - Nathaniel Bowditch PANPTO

[ ‘Moral of the Story’ #1 J

Popper’s Falsification Doctrine:
It's not whether a theory can be

proven true that makes it scientific,
but whether it can be proven false!

0:51 Two ‘Myths’...1. The product of science is 'T...

1:25 Two Questions: 1. How does science work? 2. Wh...
2:03 'Science’ Defined..."Science is mankind’s inter...
2:30 ‘Science’ Imagined

3:36 Karl Popper: ‘Falsification” Not "Verification...

3:37 Karl Popper: ‘Falsification” Not "Verification

3:37 Karl Popper: “Falsification” Not *Verifi

7:24 *Moral of the Story” #1...Popper’s Falsificatio...

9:35 The Copernican Revolution

13:48 Thomas Kuhn: ‘Paradigm Shift"......(1922-1996)
13:48 Thomas Kuhn: ‘Paradigm Shift"......(1922-1996)
13:52 Thomas Kuhn: ‘Paradigm Shift"......(1922-1996)
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Providing a Common EXxperience:
Utilizing Strengths

e ongoing instructor
collaboration

» weekly workshops —
what works and what
does not

* actively updated
resource repository
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Providing a Common EXxperience:
Utilizing Strengths

VIEW EDIT 3

Scientific View of the Universe and Life

last edited by & Dr. Tiffany Vora 6 days, 11 hrs ago ) Page history

Modern Cosmological and Biological Paradigms
The Interaction Between Modern Science and Society

Modern Cosmological Paradigms

Big Bang interactive on the NASA origins website Includes an interesting yet simple overview of the origins of our universe. Submitted by Hoda Mostafa.

An interesting website where students answer guestions about the origin of the universe Includes a flash interactive students can do at home and come into class
prepared to answer questions about the theories behind the origins of the universe. Submitted by Hoda Mostafa.

CERN Ideas: The Big Bang - A very brief discussion from the Exploratorium's Origins website that neatly summarizes the basic conept of the Big Bang, but also
discusses the evidence for the Big Bang (expanding universe, cosmic microwave background, light element abundance). Contributed by Dr. Tiffany Vora.

Misconceptions about the Big Bang - It's not too long (just over 5 pages when I copied the text into a Word document), and explains some of the most common
misconceptions in a fairly non-technical way. Nice tie to Theory of Evolution at the beginning, noting both as powerful explanatory tools. The comments
section also makes for some fascinating reading. Contributed by Dr. Gregg De Young.

How fast do galaxics move? - an interactive online "lab” ¢xploring the red shift and the motion of galaxies. A nice example of the scientific method. Contributed by
Dr. Tiffany Vora.

What is a red shift? - A YouTube link to a short (2.5 minutes) video from "Ask an Astronomer" on the red shift, complete with kidsy animations and a direct link to
the expanding universe. Contributed by Dr. Tiffany Vora.

A preat resource:PBS teacher resource page with links to NASA and others Submitted by Hoda Mostafa

fé-l}l THE AMERICAN UNIVERSITY IN CAIRO
& ol ally d_‘S.U_aXI ds ol 3|



Developing scientific and critical thinking through an
active learning/technology enhanced environment
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Active learning with e-maps

a method ofinvestigating nature

Science knowing about nature

only method that resultin gaining reliable knowledge

Rationalism

Empiricism

|

the use of empirical evidence

evidence that one can hear, see, tauch,...

better than other types of evidence such as Hersay, testemonial and others

natural evidence same as empitical evidence

the practice of logical reasoning

logic is not an ability that is acquired itis gained

logical reasoning requires a strugale with the will

Skeplicism

learned by trial and error

wastes time, inefficient sometimes unsuccessful

Fossessing a skeptical attitude

cohstant questioning of belives and conclusions

thinking correctly
Critical Thinking .

must question the truth and reliability of the knowledge claims

that leads to the most reliable answers

gives reliable knowledge abhout all aspects of life

Scientific Method

maost reliahle in thinking of human history

Ly
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A relative importance bl e PG - What makes him great? Important Thinker
of ideas is indicated Histor's "Miarter of Science” : Wh he?
but is not very Ty i owas he! = Scholar
distinctive; . :
relationships are not aristotle Wrter
mapped A :

Isaac Newton - Other great scientists : Observed and hypothesized

(Galileo o
Albert Etistein Came up with a way to test abservation
What is the science he did? |-
Observed universe using telescape Faperirnent
-/ What makes him a great scientist?
Performed exp. which formed the basis of the modern science of physics Published results

Student e-maps of a lecture presentation

(‘__ Dﬂ-r |mdnnnanlnlm T

B. Relative importance of
ideas is indicated and
simple and complex
relationships are very
effectively mapped

Ima would W"SJWI'MJ' Spock 3 EW'L

| List of Greatest Scientist

¥

1510 rom loy o usetul o discover the universo | 1505

E? Formatae reEsling mokion, me & dstance of an objed - {1580-1610)

Whiat makes him

Esperimented {1580-1610) to test & vanky lermalas

Results are basis of modern science

Whak makes him a gre 2

Hwmat 15 e “soience” mat Ganles 7.

What makes the "science” Bhal Gaiiles did diffl

ENGMIES - Promingn in & o of chiwch

Confcted with philosaphical {eaching of church

wias considene o be challenging autarity of Pope

‘Conlinued bo argue that Copemicus’ heary was cofmed after chwrch Lald hem nol ke

& ‘Charch bebeved thal the Hellecenivic mode fatsibes Bible
My he Was cor by Ch :,;f'--—'mmuhhmmwmhﬂ!mﬂnmmwwmnhﬂmw!uw 1BArE

¢ Student has
to convert
linear text to
a non-linear
graphic
represen-
tation

s No two
maps can
ever be the
same

“ E-maps are
into

students’
“thinking”



‘Cmdwed many observations ranging from fossis to different species =21 Took the five year Beagle voyage }—

‘Wmte the journal "Voyage of the Beage!" originally to s famiy

% TWrote about coral reafs to be recognized by scientific community }—

| Vo e ooy ook ‘g ofSeces” -

‘Chznge in inherited traits of population from one generation to next

‘Traﬂs are expression of genes copied & passed to offspring through reproduction

What s evolntion?

med 1o identfy the nature of ruth
- = — ———

T,

said thit 3 scentfic statament must be falsshle |
5 w fakmstle

Ng SYHIRESTE RGPS an

article by K. Popper:

| Bftetf il eotion sty v lnsof s |

ﬁ@ Competition: Organisms Compete for fmited resources ‘

UNCLE CHARLES SAYS... | |‘

10 SUPPORT
SCIENCE & REASON

THE CENTER FOR INQUIRY

CELEGRATES DARWIN DAY

Evolution

{@ (ffspring: Organisms produce more Offspring than can survive ‘

{@ Genetics: Organisms pass Genefic traits on to their offspring |

Natural Seecon: Orgasms wih Most Benefical Trafs
@0 most ikely to Survive and Reproduce

{Ads to preserve and accumulate minor adm?ageous genefic mutations ‘

{hemﬁonofa‘ tional advantage that enables a species to compete better in the wild

Naturalisic equivalent o domestic breeding

iines nfirseces ratul ver e |

That occurs. because allees i the offsprmg generation

(Change in alle: frequency from one generation to the next i e e

If seleetive forces absent or weak, allde frequencies
drift" upward or downward in 2 rndom walk

{O Genetic drift (o Drift halts when an allele is fixed, by disappearing from the population, or replacing other allles entirely ‘

May elmmate some alkles ffom a populafion by: <] |Separate populations that began with same genefic stracture,
drift apart by random fiuctuation into two divergent populations
with different sets of alldes

(Exchange of genes between populations, usually of same species ‘

Qi

(Gene transfer between species includes formation of hybrid organisms & horizontal gene transfer ‘

ongm of species by mielligent cause 1. God, not mdirect process L. natural selection

- S by manya ot sene, i e o e |

(Grew in response to separation of state and church in 1987 ‘

Tnteligent design

‘Concentration of am: towards bemg taught m high-school, rather fhan scienffic breakihrough |




% class response

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

strongly agree

Concept mapping required me to look
at the reading in more depth

agree neutral disagree

Hearly sem survey Eend of sem survey

o THE AMERlCAN‘ UNIVERSITY IN CAIRO
ool ally 4 SOy ol de ol 3

strongly disagree



Web 2.0 Technologies

e N

Multimedia Blogs Wikis Social networking

flickr

WIKIPFDIA

The Free Encyclopedia

ﬂmyspace com.
a place for friends
M pbwiki

Collaborative technologies

You i3
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Student products

last edited by i Allia Shahin 4 months, 3 weeks ago =) Page history

SCIENCE AS WE KNOW IT TODAY

Sidebar

You can navigate
through the pages from
here

Start Page

Aristotle and Ptolemy
Copernicus (1473-1543 AD)
Brahe and Kepler

Galilea

Mewton (1642-1727 AD)
Bibliography

hitp:ifevolution. berkeley . edufevosite/nature/images/oldandnews cientiats.gif [1]

MNotebook
SideBar

What is Science and why is it important?

Science for many people represents a set of facts and theories that explain nature or a course at school
containing physics and chemistry. However science is a method to help us come up with theories to
explain the Universe around us. If we didn't have science we wouldn't have the tools that help us track time,

predict the calendar, know medicine, we wouldn't have the luxuries of technology, movies, iPods and above
all we wouldn't be able to explain the things we observe in the world.
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WiIkI : meta-content

Collaborative comments function

o Gina Aziz said
f:; e | at 5:06.am on Oct 23, 2008
Delete

hi again, sorry but i have one morething to say. itis just an idea, you don't really have to do it.
i was thinking that you can say that one of the possible recent interpretations of why people did not believe in the heliocentric model was the
Ockham's razor. Obviously, at that time, people believed geocentrism is right and simpler. You see what i say??

Omar Amer said
r;’;. = | at 1:53 amon Oct 22, 2008
Delete

S Logine Abdalla said
fr = | at 11:27 pmon Oct 22, 2008
Celete

a static earth is when the earth is unchanging... but do yvou mean a static earth or a static UNIVERSE?
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Further Discussion

. Are wikis an appropriate tool for rigorous
collaborative academic work?

Do students and professors share common
expectations for technology integration?

. What additional information is needed to

update traditional learning methods?
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