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Natural Sciences



1. TOK or TOI?
2. Science? Or is it science-wanna-be?
3. Ethics
4. Methodology
5. Transfer of Things
6. Sharing Information
7. Copyrights



TOK or 
TOI?
Do we really know what we 
know?
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Jennifer Doudna, CRISPR pioneer. 
Photo source: How to edit a human: for 
decades scientists aspired to modify the 
code of life. Tom Whipple meets Jennifer 
Doudna, who succeeded. The Economist 
1843 Magazine. Tom Whipple, July 3rd 

2018.



Look underneath the 
green stools for 

post-it notes
What sentence do they make?



"It doesn't matter how beautiful 
your theory is, it doesn't matter 
how smart you are. If it disagrees 
with experiment, it's wrong." - 
Richard Feynman

 Is Theory of Ignorance (TOI) a better 

name for this course than Theory of 

Knowledge (TOK)?

It’s Just a Theory

https://www.google.com/url?q=http://www.youtube.com/watch?v%3DLIxvQMhttq4&sa=D&source=editors&ust=1793726759776828&usg=AOvVaw0YDOnX4moJYUlkIxyAW1h0
https://www.google.com/url?q=http://www.youtube.com/watch?v%3Dnq0_zGzSc8g&sa=D&source=editors&ust=1793726759794796&usg=AOvVaw2_LB5-o8bmottRz7vRCzhI
https://www.google.com/url?q=https://youtu.be/rTNaRZlT6GU&sa=D&source=editors&ust=1793726759798439&usg=AOvVaw3wN6ENnpNTUHLSmd1jmtH-


In his TED talk about Ignorance, we quickly recognize that 
Firestein does not mean "stupidity" or "indifference to 
fact or reason or data." In the context of being a real 
scientist what attitudes of mind about ignorance is 
Firestein actually championing?

Firestein mentions with plenty of irony that his fact-filled 
Neuroscience text book weighs more than two normal 
human brains. If the boundaries of knowledge and 
ignorance are so important, to what extent is it still 
important to learn facts?

Based on what you already know about the scientific 
method, to what extent is it accurate to say that science is 
all about "question propagation"? Can we say the same 
about History? How about other Areas of Knowledge?

Trios Work

Work on this worksheet and answer its guiding questions

https://www.google.com/url?q=https://static1.squarespace.com/static/59038f2c440243a0d4b45f4c/t/5921b6361b631b04d02ddc4d/1495381560683/PhD.pdf&sa=D&source=editors&ust=1793726759812378&usg=AOvVaw3Quj_q8L5hXuuoQzPrC4ln
https://www.google.com/url?q=http://www.youtube.com/watch?v%3DRh9NpxEB1Bw&sa=D&source=editors&ust=1793726759827172&usg=AOvVaw306Vg7bi7ORp4BIojh0raH


To what extent is knowledge invented and to what extent is it discovered?

Knowledge 
Question 

https://www.google.com/url?q=http://www.youtube.com/watch?v%3DGyN2RhbhiEU&sa=D&source=editors&ust=1793726759872194&usg=AOvVaw0WsEWKtR2Vk4OtZiuwEFBl


Can science teach 
us everything?

Knowledge 
Question 

https://www.google.com/url?q=http://www.youtube.com/watch?v%3Do6ooV-19NLY&sa=D&source=editors&ust=1793726759945698&usg=AOvVaw0soVWsMAaxoN6FUWpiitJH


Or is it a 
science-wanna-be?

SCIENCE?
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Sit with people of your star sign. Do 
you have similar character traits? 
Read your horoscope for the day 

here?
What does it make you feel?

WHAT’S IN THE STARS

Horoscope

What’s my sign?
Aries (March 21 – April 19)

Taurus (April 20 – May 20)
Gemini (May 21 – June 20)
Cancer (June 21 – July 22)
Leo (July 23 – August 22)
Virgo (Aug 23 – Sep 22)
Libra (Sep 23 – Oct 22)

Scorpio (Oct 23 – Nov 21)
Sagittarius (Nov 22 – Dec 21)
Capricorn (Dec 22 – Jan 19)
Aquarius (Jan 20 – Feb 18)

Pisces (Feb 19 – Mar 20)

https://www.google.com/url?q=https://www.ganeshaspeaks.com/horoscopes/daily-horoscope/&sa=D&source=editors&ust=1793726759960648&usg=AOvVaw0z5RyJ19fraHKJvsGwnBT8


Evidence
Read this article on how astrology 
works. Explain

Answer the following 
questions

1. Do you believe your horoscope? 
If so, what do you mean by 
“believe” in this case? 

2. Does it provide testable 
statements?

3. Does it give advice? 
4. To what extent are predictions 

and advice dependent on your 
own interpretation of what they 
mean within your own life?

5. Do you find it entertaining?

ASTROLOGY IN A 
NUTSHELL

the story of psychologist Forer and 
the test he ran with his students

https://www.google.com/url?q=https://www.firstpost.com/business/how-a-true-astrologers-prediction-made-this-engineer-a-millionaire-astrotalk-10269821.html&sa=D&source=editors&ust=1793726760050839&usg=AOvVaw0XRNHEwfNYixSoW5TrlsoC
https://www.google.com/url?q=https://www.youtube.com/watch?v%3DMOOx3uO1YEE&sa=D&source=editors&ust=1793726760114074&usg=AOvVaw0DpqAWrJVfHxZBcVycM-6m


“We do know stuff, even if all knowledge is partial and 
tentative. Not knowing everything is not the same thing as 
knowing nothing. And when you take knowing nothing as a 

premise, then, of course, you can believe in anything. 
Reality is then whatever you want it to be. All news is fake 

news…

“That, of course, is where critical thinking comes in… 
Scientific literacy is good, but not enough. Education is not 

enough. General intelligence is not enough. You need to 
know how to think.”

Steven Novella



What is Pseudoscience?
SPACE

● 2012 Doomsday 
Scare 

● Ancient Aliens - 
● Apollo Moon 

Landing Hoax - 
● Astrology 
● Crop Circles - 
● Face on Mars 

EARTH
● Bermuda Triangle
● Cryptozoology
● Flat Earth Theory 
● Hollow Earth 

Theory 
● Megalithic or 366 

Geometry 
● Mythical Creatures 

● Levitation 
● Numerology
● Body Language 
● Feng Shui 

● Homeopathic 
medicine

● Acupuncture 
● Detox

https://www.google.com/url?q=https://www.nasa.gov/topics/earth/features/2012-guest.html&sa=D&source=editors&ust=1793726760248919&usg=AOvVaw3kwbmV5Do1LyR4NrG-nsm2
https://www.google.com/url?q=https://www.nasa.gov/topics/earth/features/2012-guest.html&sa=D&source=editors&ust=1793726760249033&usg=AOvVaw0FEEOV0SSiwvPb6hfo8ZGJ
https://www.google.com/url?q=http://www.history.com/shows/ancient-aliens&sa=D&source=editors&ust=1793726760249098&usg=AOvVaw26LxUqPE5p7NR0sXnLLr5C
https://www.google.com/url?q=https://www.livescience.com/24310-flat-earth-belief.html&sa=D&source=editors&ust=1793726760249168&usg=AOvVaw02JRKIkrGejlFHVUxqGp_w
https://www.google.com/url?q=https://www.livescience.com/24310-flat-earth-belief.html&sa=D&source=editors&ust=1793726760249235&usg=AOvVaw208S-Q4nqVyFlmhwjmPmJR
https://www.google.com/url?q=https://horoscopes.lovetoknow.com/about-astrology/technical-factors-astrology&sa=D&source=editors&ust=1793726760249324&usg=AOvVaw0C8x1h86ER8P0IX7IJJsJE
https://www.google.com/url?q=https://www.livescience.com/26540-crop-circles.html&sa=D&source=editors&ust=1793726760249406&usg=AOvVaw3ueohgDHJ-1MSX5w5FINo5
https://www.google.com/url?q=https://science.nasa.gov/science-news/science-at-nasa/2001/ast24may_1&sa=D&source=editors&ust=1793726760249494&usg=AOvVaw11BwmS3uq5PF7Ypt263xYW
https://www.google.com/url?q=https://www.britannica.com/place/Bermuda-Triangle&sa=D&source=editors&ust=1793726760256903&usg=AOvVaw17bl9Hs0mhejMlGFQiXgi7
https://www.google.com/url?q=https://www.livescience.com/11328-rumor-reality-creatures-cryptozoology.html&sa=D&source=editors&ust=1793726760257101&usg=AOvVaw0L6RPvK8LE7OdG0nYoahjG
https://www.google.com/url?q=https://www.livescience.com/24310-flat-earth-belief.html&sa=D&source=editors&ust=1793726760257200&usg=AOvVaw1it4cwrYrAnLzzvXLSBDrC
https://www.google.com/url?q=https://www.gaia.com/article/hollow-earth-theory-is-the-subterranean-civilization-of-agartha-real&sa=D&source=editors&ust=1793726760257336&usg=AOvVaw1OeT4jRq5mzZZDWXWL70Jz
https://www.google.com/url?q=https://www.gaia.com/article/hollow-earth-theory-is-the-subterranean-civilization-of-agartha-real&sa=D&source=editors&ust=1793726760257473&usg=AOvVaw2Wbtu3OFm-97L0RTXzk-Ut
https://www.google.com/url?q=https://twiggietruth.wordpress.com/2015/08/02/366-earth-megalithic-or-366-geometry/&sa=D&source=editors&ust=1793726760257601&usg=AOvVaw1K2qeFwoR4LO61NDOvkF-C
https://www.google.com/url?q=https://twiggietruth.wordpress.com/2015/08/02/366-earth-megalithic-or-366-geometry/&sa=D&source=editors&ust=1793726760257722&usg=AOvVaw3Dnh6JV8375Q32gr1LFhLC
https://www.google.com/url?q=https://www.sciencedirect.com/science/article/pii/S2405844017321795&sa=D&source=editors&ust=1793726760257827&usg=AOvVaw14MKVEonnKLsGikVJDT2Jg
https://www.google.com/url?q=https://www.telegraph.co.uk/news/1559579/Physicists-have-solved-mystery-of-levitation.html&sa=D&source=editors&ust=1793726760270130&usg=AOvVaw327cynTdz8uylN7nLcPomT
https://www.google.com/url?q=http://www.thelawofattraction.com/what-is-numerology/&sa=D&source=editors&ust=1793726760270267&usg=AOvVaw0DISVOlIVu5l3VUe7wWsM1
https://www.google.com/url?q=https://www.scienceofpeople.com/body-language/&sa=D&source=editors&ust=1793726760270338&usg=AOvVaw1cP65XrxlUVgIvumm1tjnW
https://www.google.com/url?q=https://www.thespruce.com/what-is-feng-shui-1275060&sa=D&source=editors&ust=1793726760270399&usg=AOvVaw0Pbl_OgAJVpCU4TfV78vHu


What separates science from 
pseudoscience? What are the 

characteristics of “good” 
science? To what extent can we 
expect scientific knowledge to 

be “certain”?



How might members of the 
public judge whether to accept 
scientific findings if they do not 

have detailed scientific 
knowledge? 

How do scientists make use of, 
or work around, their 

intuitions?

How is it that scientific 
knowledge is often shared by 

large, geographically spread and 
culturally diverse groups?



Ethics
What really defines what’s 
right and what’s wrong?
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Doppelgänger
Research
What does 
Doppelgänger mean?

Opinion

Would you want one? 
Why would anyone want 
it?

Facts

What are the chances 
that you find  one?

Emilie Sagée

https://www.google.com/url?q=http://www.youtube.com/watch?v%3DN363dbSpUaE&sa=D&source=editors&ust=1793726760379934&usg=AOvVaw1tATkJ0zsieSAR6DCk2Tib
https://www.google.com/url?q=http://www.youtube.com/watch?v%3DN363dbSpUaE&sa=D&source=editors&ust=1793726760380061&usg=AOvVaw0rSbNcNks4D8c2OuWT5fQh
https://www.google.com/url?q=https://www.sciencealert.com/here-s-the-chances-of-you-having-a-doppelgaenger&sa=D&source=editors&ust=1793726760382223&usg=AOvVaw20rg4UoQz-OXp_rVrqqGAR
https://www.google.com/url?q=https://www.youtube.com/watch?v%3DAqVZHj8207c&sa=D&source=editors&ust=1793726760383517&usg=AOvVaw3I7H-53_hsGTvska7LXiSR


What if...? 

What if natural scientists had an ethical "carte blanche"? 
What kind of things would we (want to) research?

What might we know?
What might be the possible consequences of scientific knowledge 

acquired through such means?

● Brainstorm the above questions in groups on large 
sheets of paper/write on tables. 

● For each possible consequence of your "ethical carte 
blanche", think of other subsequent consequences 
(be creative!)

● Walk around the tables and compare your group's 
findings with those of others.

● What criteria could we use to decide whether the 
pursuit and/or possession of scientific knowledge is 
ethical?



FOUR PILLARS OF 
ETHICS

Beneficence
To do good; to provide benefit for the majority
Nonmaleficence
To avoid doing or causing harm
Autonomy
Respecting the right to choose and give informed consent
Justice
Equal and fair access and distribution of resources; benefit to 
some is not to the detriment of others

How to assess the ethicality of an act?
QUALITY OF LIFE

Relating to the fulfilment and 
satisfaction a person can have 

with the life they are able to 
lead

QUANTITY OF LIFE
Relating to the length of life a 

person will have 

SANCTITY OF LIFE
Relating to the idea that all life 
is sacred and should be valued 

equally



● Should scientists use research obtained 
from unethical experiments?

● Are there some things that we shouldn’t 
research (and, therefore, know) because 
of their potential ethical issues? 

● Do scientists have an ethical obligation to 
consider the uses of their research?

Prepare for a
Socratic Seminar

https://www.google.com/url?q=http://www.youtube.com/watch?v%3D70I4emLo390&sa=D&source=editors&ust=1793726760450306&usg=AOvVaw1OWg_vUXRdVBzvc44B3jKu


Topics for Debate

Choose one for a socratic seminar (rubric)

A

Should animals be 
subjected to serious 
diseases to research 
treatments for humans?

B
Should people with HIV 
have to disclose this 
information?

C
Should people be paid to 
take part in experimental 
drug trials?

D Should genetic screening 
be mandatory?

https://www.google.com/url?q=https://docs.google.com/document/d/1RZFqfqh_lV0-LzrJOnMouauW9vGmWfWtOw6VBQBSlEI/edit?usp%3Dsharing&sa=D&source=editors&ust=1793726760462351&usg=AOvVaw27yvN8wYES7glNNFlMgzHH


What can we do?

Methodology
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The Scientific Method

Lord Kelvin
When you cannot 

measure, your knowledge 
is meagre and 

unsatisfactory.                                

The scientific method

Jacob Bronowski
Science is a way of 

describing reality; it is 
therefore limited by the 

limits of observation, and 
it asserts nothing which is 

outside observation.

Go to Menti

Experiment here

https://www.google.com/url?q=http://www.youtube.com/watch?v%3DUdQreBq6MOY&sa=D&source=editors&ust=1793726760509607&usg=AOvVaw1jzlCyFpc6arWzTNwNsXzD
https://www.google.com/url?q=https://www.menti.com/alrw8wt2ia8m&sa=D&source=editors&ust=1793726760510728&usg=AOvVaw0aLB6ioBJgTtURfY4vKO4M
https://www.google.com/url?q=https://www.arealme.com/reaction-test/en/&sa=D&source=editors&ust=1793726760511290&usg=AOvVaw1ukmcB8QTI06xqpkF0AOWr


Follow the directions I 
give you, show me what 

shape you produced

How easy is it to write a methodology? 
You need a 3-fold paper

One Two
On the second fold of 
your paper, draw your 
own geometric figure

Three
Without showing it to 
your shoulder partner, 

give him/her directions to 
replicate it

Four
How successful were 

they?
Is this peer review?



Transfer 
of Things
Is it contagious? 
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What does the word contagious 
mean?
How does it apply to situations 
other than disease?

Changing Habits
Why would we want to change (or 
gain) habits?
Devise your own related knowledge 
question.

What else is contagious? ?

https://www.google.com/url?q=http://www.youtube.com/watch?v%3DEAiK4jrycWk&sa=D&source=editors&ust=1793726760576609&usg=AOvVaw2uu3HVLmEO6kEbzL2Ou47G
https://www.google.com/url?q=https://news.mit.edu/2012/understanding-how-brains-control-our-habits-1029&sa=D&source=editors&ust=1793726760578635&usg=AOvVaw2_oLu6cPhWXSSGpDqoz_p3
https://www.google.com/url?q=https://wakelet.com/i/invite?code%3Dtcvyyv66&sa=D&source=editors&ust=1793726760580783&usg=AOvVaw1agYP0mKT2f0fOT1DXroub


Sharing 
Information
What should we keep as a 
secret?
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Finding Links

Podcasts
Listen to one of the 

following:
1 or 2. 

Pair Work
Make sure you and 
your partner have 
different podcasts

Wrap it up
Using Mindmup, work 

together to 
summarize your 

podcasts and then to 
find links between 

them

01 02 03

https://www.google.com/url?q=https://radiolab.org/episodes/40000-recipes-murder&sa=D&source=editors&ust=1793726760604288&usg=AOvVaw06LzWy2koBj1gt9sbVUX2x
https://www.google.com/url?q=https://radiolab.org/episodes/red-herring&sa=D&source=editors&ust=1793726760604414&usg=AOvVaw3QU0ifDqYfyMq9O6QwgM3B
https://www.google.com/url?q=https://www.mindmup.com/&sa=D&source=editors&ust=1793726760611938&usg=AOvVaw2dpsQb3gd12uAc8NJkU44h


What should be the percentage of?

Our personal medical 
information published?

General discoveries 
shared with the public?

25% 75%

Set the percentage



What information do 
you expect is not 

shared? 

Science, medicine, astronomy, etc



Who’s the real scientist?

Copyrights
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The Discovery of DNA

Look at this article

Step into the shoes of Watson, Crick, Wilkins and Franklin

https://www.google.com/url?q=https://www.tokresource.org/s/watsoncrick.pdf&sa=D&source=editors&ust=1793726760663199&usg=AOvVaw0JRqh1aKqpQnLGnxE6QCCP


How important is Franklin?

● Watson and Crick declare in their opening sentence, 
“This structure has novel features which have 
considerable biological importance.” With all the 
benefit of hindsight, assess whether Watson and 
Crick were fully aware of the significance of their 
discovery? Could they have been joking?

● Did you understand all or most of Watson and 
Crick’s paper?

● In your view did Watson and Crick do any science?
● What is the relationship between Experimentalists 

and Theorists in the Natural Sciences?

https://www.google.com/url?q=http://www.youtube.com/watch?v%3DBIP0lYrdirI&sa=D&source=editors&ust=1793726760888734&usg=AOvVaw1f0stkvvPFKbmM3o9fbzWB


Nature

Read the policy for 
publication and peer review 

at "Getting Published in 
Nature: The Editorial 

Process" at the Nature 
website, or from a 
downloaded pdf.

Look at an issue of Nature. read 
or attempt to read:

1. The Nature’s mission
2. Several items from “News in 

Brief” 
3. A single page advertisement

4. A full-sized “Article” or “Letter”

What are your first impressions?
How much of what you just read 
could you understand? What are 
the essential differences between 
Watson and Crick's 1953 paper 
and the much more recent 
“Article” or “Letter” that you 
attempted to read?
What are the essential 
differences between what you 
read in Nature and the science 
presented in the text book used 
in your IB science class?
What are the advantages and 
disadvantages of extreme 
specialization in the various 
branches of science? Do your 
conclusions apply to other Areas 
of Knowledge?

1

2

https://www.google.com/url?q=http://www.nature.com/nature/authors/get_published/index.html&sa=D&source=editors&ust=1793726760896499&usg=AOvVaw37V_1Wzc4kv82q7S4FnObp
https://www.google.com/url?q=http://www.nature.com/nature/authors/get_published/index.html&sa=D&source=editors&ust=1793726760896619&usg=AOvVaw00-g7iYOknY7OtxmYEybqR
https://www.google.com/url?q=https://www.tokresource.org/s/Editorial_process.pdf&sa=D&source=editors&ust=1793726760896692&usg=AOvVaw1IAPlojnpTeJoLPFaA8BjC
https://www.google.com/url?q=https://www.tokresource.org/s/Editorial_process.pdf&sa=D&source=editors&ust=1793726760896761&usg=AOvVaw13fQ6z6-gdJBZSxB34apos
https://www.google.com/url?q=https://www.nature.com/nature/volumes&sa=D&source=editors&ust=1793726760898916&usg=AOvVaw3ly3Ofm9GzSEBbgEKaZgAZ


Choose the most hermetic, 
difficult, technical and obscure 
sentence found in your set of 
Nature journals add here

https://www.google.com/url?q=https://docs.google.com/document/d/1ayBipy2QamGSXVbfwg37SHFN8tLgmT88e0KhwaM5UuY/edit?usp%3Dsharing&sa=D&source=editors&ust=1793726760907345&usg=AOvVaw0Xkdl2Mq7wJU6FNXq98QMm


Evil Science
Are we  born evil or are we 
born good?
Go to mentimeter
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https://www.google.com/url?q=https://www.bbcearth.com/news/are-we-born-good-or-evil-naughty-or-nice&sa=D&source=editors&ust=1793726761054726&usg=AOvVaw0wDvwqSTtvtvBmkhuvAEOg
https://www.google.com/url?q=https://www.bbcearth.com/news/are-we-born-good-or-evil-naughty-or-nice&sa=D&source=editors&ust=1793726761054868&usg=AOvVaw2j4arEgH0gFLEEQAbEIQ4C
https://www.google.com/url?q=https://www.menti.com/alg271364kuu&sa=D&source=editors&ust=1793726761055054&usg=AOvVaw1gqdImS8ZVP6Gl_y8E1hKA


● Thomas Malthus
● One of the first recorded uses of biological 

warfare occurred in 1347, when Mongol forces 
are reported to have catapulted plague-infested 
bodies over the walls into the Black Sea port of 
Caffa (now Feodosiya, Ukraine), at that time a 
Genoese trade centre in the Crimean Peninsula. 
Some historians believe that ships from the 
besieged city returned to Italy with the plague, 
starting the Black Death pandemic that swept 
through Europe over the next four years and killed 
some 25 million people (about one-third of the 
population).

● Talk about a biological weapon
● De Buono Hats - you’re using biological weapons

Points to consider

https://www.google.com/url?q=https://docs.google.com/presentation/d/1PWJXrHJeSlL1ZqSeTP2c_NSVmrj78ysgLt0XQcDqmGU/edit?usp%3Dsharing&sa=D&source=editors&ust=1793726761069790&usg=AOvVaw3ER06A2ii92phzoH8o_dxW


Knowledge 
Questions

Choose a question from this list
Here is the rubric 
Post here

One member of your group is the 
President.
The group will summarize the 
issues to the president, and discuss 
ways to define American national 
interests then present the policy 
response. 

The structure of mustard gas 
accidently led to the discovery of an 
immunodepressant.
In your journal, talk about the 
accidental scientific discoveries.

What are the most important 
scientific discoveries?

https://www.google.com/url?q=https://theoryofknowledge.net/areas-of-knowledge/natural-sciences/natural-sciences-knowledge-questions/&sa=D&source=editors&ust=1793726761154452&usg=AOvVaw2s9pXrqPFKuINQBeEmgMWN
https://www.google.com/url?q=https://docs.google.com/document/d/18PbGSm8tCkV7PFNCDJFZP3Dz0HgOG-m5CwQG8nTu9FA/edit?usp%3Dsharing&sa=D&source=editors&ust=1793726761154614&usg=AOvVaw3yGgE5zaRQsWwmIFa_Vd5W
https://www.google.com/url?q=https://docs.google.com/document/d/1BeMrR2EGP8Dh383146DmZTyDH3R06jGEJfqTkPrzZ0g/edit&sa=D&source=editors&ust=1793726761154710&usg=AOvVaw1vHjWrqQOJGv6UvYbkdbtj
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To what extent does our interpretation 
of knowledge from the past allow us to 

reliably predict the future?



Genetic Modification

Should we consume genetically modified food?
Should we genetically modify our babies?
Should we risk genetic modification?

Rubric

Socratic Seminar
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