


International Science 

Education Conference

22nd – 24 th June 2021

Organised by The National Institute of 

Education and The Science Centre 

Singapore



Asking the Right Questions:

the Nature of Science

Concurrent Session 3.3

Wednesday 23 rd June, 10.15 – 11.45 a.m.

Chris Slatter

Nanyang Girls’ High School



• This Presentation can be found online at:

www.scientist.sg/the_nature_of_science.pdf

The Nature of Science

http://www.scientist.sg/the_nature_of_science.pdf
http://www.scientist.sg/the_nature_of_science.pdf


The Nature of Science

• Resources for the Nature of Science

can be found online at:

www.nygh.sg/nature_of_science/

nature_of_science.htm

http://www.nygh.sg/nature_of_science/nature_of_science.htm
http://www.nygh.sg/nature_of_science/nature_of_science.htm
http://www.nygh.sg/nature_of_science/nature_of_science.htm


Overview of the Presentation

• What is Science?

• What do Scientists Say about Science?

• Why is it Important for Everybody to 

Understand a Little Science?

• Teaching the Nature of Science



• What constitutes Science?

What is Science?

• What is the objective of Science?

• Can Science ever “know” everything?

• Why teach Science?

• Why teach the Nature of Science?



• Philosophy of 

science is as 

useful to scientists 

as ornithology is 

to birds.

Richard Feynman 

(Theoretical Physicist).

What is Science?



What is Science?

• How somebody not trained in Science sees the world.



What is Science?

• How somebody trained in Science sees the world.



What is Science?

• The word Science come from the Latin word 

Scientia, meaning knowledge.

• Science: Systematic knowledge of the physical 

or material world gained through observation 

and experimentation. 



What is Science?

• We are familiar with inductive and deductive

reasoning, but philosophers suggest that 

Science tends to be more abductive in nature.

• Inductive Reasoning: Is a method of 

reasoning in which the statements (premises) 

are viewed as supplying some evidence for 

the truth of the conclusion.

• Deductive Reasoning: Is the process of 

reasoning from one or more statements 

(premises) to reach a logically certain 

conclusion.



What is Science?

• Abductive reasoning is a form of logical 

inference which starts with an observation or 

set of observations then seeks to find the 

simplest and most likely explanation for the 

observations. This process, unlike deductive 

reasoning, yields a plausible conclusion but 

does not positively verify it, hence there is a 

degree of uncertainty or doubt.



What do Scientists Say about Science?

The scientific mind does not so much 

provide the right answers as ask the right 

questions.

Claude Levi-Strauss (Anthropologist)



What do Scientists Say about Science?

The important thing in Science is not so 

much to obtain new facts as to discover 

new ways of  thinking about them.

Sir William Lawrence Bragg (Physicist)



What do Scientists Say about Science?

An experiment is a question which Science 

poses to Nature, and a measurement is the 

recording of  Nature’s answer.

Max Planck (Theoretical Physicist)



What do Scientists Say about Science?

Scientific principles and laws do not lie on 

the surface of  nature. They are hidden, and 

must be wrestled from nature by an active 

and elaborate technique of  inquiry.

John Dewey (Philosopher and Psychologist)



What do Scientists Say about Science?

Science, in the very act of  solving 

problems, creates more of  them.

Abraham Flexner (Educator)



What do Scientists Say about Science?

Science is a way of  thinking much more 

than it is a body of  knowledge. Its goal is 

to find out how the world works.

Carl Sagan (Astronomer)



What do Scientists Say about Science?

We especially need imagination in Science. 

It is not all mathematics, nor all logic, but is 

somewhat beauty and poetry.

Maria Mitchell (Astronomer)



• From your experience, why is Science 

difficult to teach?

Why is it Important for Everybody

to Understand a Little Science?



• Scientific knowledge has been developed by 

Scientists for use by Scientists.

• As a consequence, Scientific knowledge is not 

automatically useful for school students.

• The knowledge of Science needs to be 

transformed to be useful in schooling (the art 

and skill of the Science Teacher – pedagogy).

• Fensham, 2005.

Why is it Important for Everybody

to Understand a Little Science?



• Students’ experience of learning Science

at school:

→ Transmissively taught (soaked up like

a sponge).

→ Boring and irrelevant content (compared to 

the students’ lives).

→ Difficult to learn (compared to other subjects).

• Fensham, 2005.

Why is it Important for Everybody

to Understand a Little Science?





• In your opinion, what purpose does Science 

have in compulsory education?

Why is it Important for Everybody

to Understand a Little Science?

• Fensham, 2005.



• Public understanding of Chemistry:

→ Supermarket “best before” dates.

→ Contents labelling (ingredients).

→ Bottled water.

→ Organic food.

→ Cosmetics advertisements.

→ Climate change and environment.

→ Clean energy.

• Fensham, 2005.

Why is it Important for Everybody

to Understand a Little Science?



• The challenge is that only a small percentage 

of our students will become creators of new 

Scientific knowledge (Scientists) or engage in 

Science related careers (e.g. Pharmacists).

• McComas, 2017.

Why is it Important for Everybody

to Understand a Little Science?

• So why teach Science to all school children?



• McComas, 2017.

• Science is an essential and unique discipline.

→ Science is a body of knowledge:
Facts, concepts theories and laws.

→ Science is a way of thinking:
Curiosity, imagination, reasoning, objectivity, scepticism, cause and effect.

→ Science is a way of investigating:
Inquiring, observing, experimenting, concluding.

Why is it Important for Everybody

to Understand a Little Science?



• Reasons for Teaching Science:

Students See Themselves…

4. As consumers who apply their Science knowledge.

1. As creators of new Scientific knowledge (Scientists).

3. As citizens who use Science in decision making.

2. In Science careers (e.g. Doctors and Veterinarians).

• McComas, 2017.

Why is it Important for Everybody

to Understand a Little Science?



• Reasons for Teaching Science:

Students See Themselves…

7. As collaborators with Scientists.

6. As connoisseurs who enrich their lives with Science.

5. As critics of the misuse of Science.

• McComas, 2017.

8. As those who can make connections

beyond Science.

Why is it Important for Everybody

to Understand a Little Science?



• It is important for people who will work as 

Scientists to understand the Nature of Science 

and apply it to their professional work and 

everyday lives.

• It is also important for people who will not 

follow careers in Science to understand the 

Nature of Science and apply it to their everyday 

lives, allowing them to make rational and 

informed decisions.

Why is it Important for Everybody

to Understand a Little Science?



• Start with the Nature of Science and 

disciplinarity before moving on to the main 

contents of the syllabus.

• Share with students what Science is, how it 

works and why it is important (disciplinarity).

• Lead the students to think like a Scientist.

• Reinforce these points throughout the 

students’ education.

Teaching the Nature of Science



• Understanding the Nature of Science is 

important for all members of society, even for 

those who do not practice Science or follow 

Science related careers.

Teaching the Nature of Science

• Understanding the Nature of Science allows 

individuals to arrive at rational and informed 

conclusions about the things that they 

encounter in their everyday lives, whether it is 

an advertisement for an anti-dandruff 

shampoo, or a politician’s comments on 

climate change.



• Essentially, practicing good Science, and 

using Science to navigate out everyday lives, 

all comes down to asking the right questions.

Teaching the Nature of Science



Teaching the Nature of Science

• The 

Scientific 

Method.

• Is there 

only one?



Teaching the Nature of Science

• The 

Scientific 

Method.

• Is there 

only one?



For something to be considered scientific, it must 

fulfil the six criteria of Science:

1. Consistent

2. Observable

3. Natural

4. Predictable

5. Testable

6. Tentative

Teaching the Nature of Science



• Can you always trust your senses? What do 

you observe – is this image static or moving?

Teaching the Nature of Science



• Can you always trust your senses? What do 

you observe – is this image static or moving?

Teaching the Nature of Science



What Science is Not…

• Science is not a process that can solve all 

kinds of problems and questions.

• Science is not a process that can ignore rules.

• Science is not a process that seeks the truth

or facts.

• Science is not a process that attempts to prove 

things.

• Science is not a process that can produce

all kinds of explanations.

Teaching the Nature of Science



• Science is not a process that produces 

certainties, or absolute facts.

• Science is not a process that can always be 

relied upon due to its total objectivity and internal 

self-correction.

• Science is not a process that is always 

properly used.

• Science is not a process that is free from 

values, opinions or bias.

Teaching the Nature of Science

What Science is Not…



• Science is not a process in which one solution 

is as good as another, or is simply a matter of 

opinion.

• Scientific Theories are not tentative ideas or 

hunches.

Teaching the Nature of Science

• Science is not a process in which the product 

(understanding) is based on faith or belief.

What Science is Not…



1. The world is real. The physical universe 

exists, whether we can sense it or not.

2. Humans can accurately perceive and 

understand the physical universe. Such 

understanding is possible.

Assumptions about Science

Teaching the Nature of Science



4. Nature operates the same way everywhere in 

the universe, and at all times, except when we 

have contrary evidence.

Teaching the Nature of Science

Assumptions about Science

3. Natural processes are sufficient to explain the 

natural world. Non-natural processes are 

unnecessary.



1. Observations are confined to the biological 

limits of our senses, even with technological 

enhancement.

2. The mental processing of our sensory 

information is unconsciously influenced by 

previous experiences, which may result in 

inaccurate or biased perceptions of the world.

Limitations of Science

Teaching the Nature of Science



3. It is impossible to know if we have observed 

every possible aspect of a phenomenon, have 

thought of every possible alternative explanation, 

or controlled for every possible variable.

4. Scientific knowledge is necessarily contingent 

knowledge rather than absolute knowledge. It is 

based only on the available evidence which must 

be assessed, not on indisputable proof. The 

history of Science is filled with examples of 

scientific knowledge changing over time.

Teaching the Nature of Science

Limitations of Science



5. Science must follow certain rules, such as:

a) Scientific explanations must be based on 

careful observations and the testing of 

hypotheses.

b) It must be possible to disprove a hypothesis.

c) Scientific solutions cannot be based merely 

on personal opinion, judgement or belief.

d) The best hypothesis, out of the choices, must 

be one which fits several explicit criteria.

Teaching the Nature of Science

Limitations of Science



6. Science, as for any human endeavor, can be 

done poorly.

7. Science can be misused.

Teaching the Nature of Science

Limitations of Science



• Given so many limitations and uncertainties, 

why is Science still so useful?

• Because it is the most reliable knowledge we 

have about the natural world, meaning, most of 

the time… …it works!

Teaching the Nature of Science

Limitations of Science



• Thinking is skilled work. It is not true that we are 

naturally endowed with the ability to think clearly and 

logically – without learning how, or without 

practicing. It is ridiculous to suppose that any less 

skill is required for thinking than for carpentering, or 

for playing tennis, golf, or bridge, or for playing some 

musical instrument. People with untrained minds 

should no more expect to think clearly and logically 

than those people who have never learnt and never 

practiced can expect to find themselves good 

carpenters, golfers, bridge players or pianists.

• A.E. Mander, Clearer Thinking, 1936.

Teaching the Nature of Science



Core Skills – The Sixteen Habits of Mind

Teaching the Nature of Science



1. Persisting

2. Thinking and Communicating with Clarity and Precision

3. Managing Impulsivity

4. Gathering Data Through All Senses

5. Listening with Empathy and Understanding

6. Creating, Imagining and Innovating

7. Thinking Flexibly

8. Responding with Wonderment and Awe

Teaching the Nature of Science

Core Skills – The Sixteen Habits of Mind



9. Thinking About Thinking (Metacognition)

10. Taking Responsible Risks

11. Striving for Accuracy and Precision

12. Finding Humour

13. Questioning and Posing Problems

14. Thinking Interdependently

15. Applying Past Knowledge to New Situations

16. Remaining Open to Continuous Learning

Teaching the Nature of Science

Core Skills – The Sixteen Habits of Mind



• The sixteen Habits of Mind inform students how to 

behave intelligently when they are faced with a novel 

problem that they do not know the immediate answer to.

• The Habits of Mind guide the students how to think in 

order to solve a complex problem.

• At the end of the problem solving process, students 

may reflect upon which of the sixteen Habits of Mind they 

relied upon the most.

• Students can be given brief biographies of famous 

Scientists and asked to suggest which Habits of Mind

the Scientist exemplified the most.

Teaching the Nature of Science

Core Skills – The Sixteen Habits of Mind



• Guide to

critical

thinking.

• Paul’s

Wheel

of

Reason.

Teaching the Nature of Science

Core Skills – Critical Thinking

http://www.scientist.sg/mini_guide_critical_thinking.pdf
http://www.scientist.sg/mini_guide_critical_thinking.pdf


Clarify

• Could you elaborate further?

• Could you give me an example?

Accuracy

• How could we check on that?

• How could we verify or test that?

Precision

• Could you be more specific?

• Could you give me more details?• Socrates,

Greek

Philosopher

Teaching the Nature of Science

Core Skills – Critical Thinking



Relevance

• How does that relate to the 

problem?

Depth

• What are some of the 

complexities of this problem?

Breadth

• What other perspectives should 

be considered?• Socrates,

Greek

Philosopher

Teaching the Nature of Science

Core Skills – Critical Thinking



Logic

• Does this all make sense?

• Does it all follow the evidence?

Significance

• Is this the most important 

problem to consider?

Fairness

• Do I have any vested interest in 

the issue?• Socrates,

Greek

Philosopher

Teaching the Nature of Science

Core Skills – Critical Thinking



• Scientists often use models in their work.

Teaching the Nature of Science

• Models help Scientists to visualise abstract 

ideas and understand complex data.

• Models may be physical, mathematical or 

conceptual.

• All models have limitations.

• Models are used to simplify and present 

abstract and or complex ideas to students while 

teaching the Nature of Science.



• Based upon what can be observed, students try to deduce 

what pattern is printed on the bottom of the cube.

• Students think out loud as they reason with their peers.

• The activity demonstrates how Scientists try to

understand what cannot be directly observed.

Teaching the Nature of Science



Teaching the Nature of Science



● Students discuss their observations and suggest 

possible relationships between the variables. 

● In doing so, students draw conclusions about what 

cannot be observed directly.

● The activity can be used as an introduction to atomic 

structure.

● The activity challenges the students to think critically.

● Each cardboard tube has four holes, through which a 

piece (or pieces) of string has been threaded.

● Students gently pull the pieces of string and observe 

what happens.

Teaching the Nature of Science



1. Students are given

four pieces of card. Each

piece represents a piece

of experimental data.

2. Students must arrange 

the four pieces of card 

into a square. This is their 

theory or hypothesis

based upon the evidence 

that they have gathered 

so far.

• An example of a

classroom activity #1

Teaching the Nature of Science



Teaching the Nature of Science



• An example of a

classroom activity #1

3. Students are then 

given a fifth piece of card. 

This is equivalent to a 

scientist discovering a 

new piece of data.

4. Students must now 

arrange the five pieces of 

card into a square. Can 

the new piece of data be 

incorporated into the 

existing hypothesis?

Teaching the Nature of Science



Teaching the Nature of Science



• An example of a

classroom activity #2

1. Students are given an 

astronaut’s description of 

an alien creature.

Teaching the Nature of Science

2. Students must decide 

whether the things that 

the astronaut has written 

are observations or 

inferences.



• What can you observe?

Teaching the Nature of Science



• What can you infer?

Teaching the Nature of Science



• An example of a

classroom activity #3

Teaching the Nature of Science

1. Students are given 

data pertaining to a 

scientific experiment.

2. Students must interpret 

the data, identifying 

variables, plotting graphs 

and suggest possible 

errors.



Teaching the Nature of Science

• Investigating variables.

• Paper helicopter 

experiment.



• An example of a

classroom activity #4

Teaching the Nature of Science

1. Students are given 

biographies of famous 

female Scientists to read.

2. With reference to the 

Habits of Mind cards, 

students identify certain 

characteristics in the 

Scientists’ personalities 

and behaviours.



• An example of a

classroom activity #5

Teaching the Nature of Science

1. Students engage in an 

experiment to determine 

whether astrology is a 

real Science or a 

pseudoscience.



• An example of a

classroom activity #6

Teaching the Nature of Science

1. Students suggest what 

can and what cannot be 

detected with the five 

human senses.



• An example of a

classroom activity #7

Teaching the Nature of Science

1. Students are given a 

story about how a person 

investigated the way in 

which diet affected the 

health of their pet dog.

2. With reference to the 

scientific method, 

students critique the 

person’s approach to

the investigation.



• An example of a

classroom activity #8

Teaching the Nature of Science

1. Students are given 25 

cards, with a different 

word written on each card.

2. The cards are placed 

face down, so that the 

words cannot be seen.



Teaching the Nature of Science



• An example of a

classroom activity #8

Teaching the Nature of Science

3. Students turn over five 

cards and make a 

sentence out of the words 

that are revealed.



the soft

tree and

crisps

Teaching the Nature of Science



• An example of a

classroom activity #8

Teaching the Nature of Science

4. Like discovering a new 

piece of Scientific 

evidence, students turn 

over another five cards 

and try to incorporate the 

new words into the 

sentence. Does the new 

evidence fit, or must the 

Scientists come up with a 

new theory?



the soft

flamingo gold

jumped

little under

tree and

crisps

Teaching the Nature of Science



carrying

the tall soft

flamingo

pink

ring

a gold

ontojumped the

little wooden table under

the

the

tree

bowl

and

of

ate

crisps

Teaching the Nature of Science



Predict, Observe, Explain

Teaching the Nature of Science

• Students are given a scenario, e.g. experiment.

• Students predict what will happen.

• Students observe what happens.

• Students reflect, comparing their prediction to 

the observation to develop an explanation for the 

phenomenon.



• Students predict what will happen 

when a hard boiled egg is placed on 

top of a glass milk bottle that 

contains a piece of burning tissue 

paper.

Teaching the Nature of Science



• Students predict what will happen 

when a hard boiled egg is placed on 

top of a glass milk bottle that 

contains a piece of burning tissue 

paper.

• Students observe what happens 

when the experiment is allowed to 

run its course.

Teaching the Nature of Science



• Students predict what will happen 

when a hard boiled egg is placed on 

top of a glass milk bottle that 

contains a piece of burning tissue 

paper.

• Students observe what happens 

when the experiment is allowed to 

run its course.

• Students explain the scientific 

principles behind what has been 

observed.

Teaching the Nature of Science



• Students reflect individually about 

what they have observed, and its 

scientific explanation.

• Students discuss in small groups 

and try to arrive at an explanation 

for the phenomenon.

• Students present their solutions to 

their peers, who offer constructive 

criticism where appropriate.

Teaching the Nature of Science



Connect, Extend, Challenge

Teaching the Nature of Science

• Students connect new information to what they 

already know.

• Students extend / stretch the information and 

think of the consequences.

• Students reflect on the challenges they faced 

during their thinking.



Claim, Support, Question

Teaching the Nature of Science

• Claim – What is the hypothesis?

• Support – What is the evidence?

• Question – What new questions arise?



• The Question Formulation Technique

https://rightquestion.org/what-is-the-qft/

Teaching the Nature of Science

https://rightquestion.org/what-is-the-qft/
https://rightquestion.org/what-is-the-qft/


Teaching the Nature of Science



Teaching the Nature of Science



Teaching the Nature of Science

• This will benefit students who do not follow 

careers in Science as they will still have a 

conceptual understanding of Science that guides 

their thinking and decision making.

In a Nutshell…

• For non-scientists, knowing facts and formulae 

may not be useful, but understanding the

Nature of Science may benefit their lives.

• Students should be introduced to the Nature of 

Science to help them make sense of their 

studies (disciplinarity) and, in turn, help them to 

ask the right questions.



The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195

Question 1:

I found the Nature of Science lessons interesting and 

engaging.

Strongly Agree =65 (33.3%)

Agree = 124 (63.6%)

Disagree = 6 (3.1%)

Strongly Disagree = 0 (0.0%)



Question 2:

I thought the Nature of Science activities, e.g. the 

Scrambled Sentence, were enjoyable.

Strongly Agree =98 (50.3%)

Agree = 92 (47.2%)

Disagree = 4 (2.1%)

Strongly Disagree = 1 (0.5%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Question 3:

By the end of the Nature of Science unit, I had a better 

understanding of what Science is, and what Science is not.

Strongly Agree =71 (36.4%)

Agree = 120 (61.5%)

Disagree = 4 (2.1%)

Strongly Disagree = 0 (0.0%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Question 4:

I was challenged to think critically during the Nature of 

Science unit.

Strongly Agree =63 (32.3%)

Agree = 122 (62.6%)

Disagree = 10 (5.1%)

Strongly Disagree = 0 (0.0%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Question 5:

I was challenged to think creatively during the Nature of 

Science unit.

Strongly Agree =86 (44.1%)

Agree = 101 (51.8%)

Disagree = 8 (4.1%)

Strongly Disagree = 0 (0.0%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Question 6:

I was required to cooperate / collaborate with my peers 

during the Nature of Science unit.

Strongly Agree =115 (59.0%)

Agree = 79 (40.5%)

Disagree = 1 (0.5%)

Strongly Disagree = 0 (0.0%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Question 7:

The pace of the Nature of Science lessons was...

Too fast = 4 (2.1%)

Just right = 180 (92.3%)

Too slow = 11 (5.6%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Question 8:

The Nature of Science unit has helped me to recognise 

that Science is important in my everyday life.

Strongly Agree =82 (42.1%)

Agree = 110 (56.4%)

Disagree = 3 (1.5%)

Strongly Disagree = 0 (0.0%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Question 9:

I understand how a knowledge of Science can help me to 

make good decisions in my everyday life.

Strongly Agree =63 (32.3%)

Agree = 127 (65.1%)

Disagree = 5 (2.6%)

Strongly Disagree = 0 (0.0%)

The Nature of Science – Survey Results

Sec. 1 Students’ Responses to Survey

n = 195



Teaching the Nature of Chemistry – Before



Teaching the Nature of Chemistry – After



End of presentation.

Thank you for your attention.

What questions do you have?



• Fensham, P. J. (2005, December). Scientific literacy’s 

challenge to chemical education. Keynote address 

presented at the 4th Singapore International Chemistry 

Conference, Singapore.

• McComas, W. (2017, November). “C-ing” the future of 

science education: Designs that include all students. 

Keynote address presented at the Singapore 

International Science Teachers’ Conference, Singapore.
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