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Providing tools to foster meaningful science education derived from
societal dilemmas, paying attention to:
•
•
•
•

Content-related argumentation (conceptual development)
Social deliberation/considerations (value clarification & communication)
Personal opinions (values and beliefs)
Inquiry-based learning
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1) Introduction to socio-scientific issues (SSIs)
2) How to introduce a dilemma in the classroom
3) How to incorporate inquiry in the classroom
• Example: 3-parent baby
• Think-pair-share: ethical matrix
4) Dialogue in the classroom
5) Working on own design
6) Closure
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Louis Pasteur’s public inquiry (Socio-Scientific Inquiry)
(Pouilly-le-Fort, 1882)

Auguste André Lançon (1836-1887) - ‘Microbe hunter’
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• (Life) sciences are developing rapidly
• Developments on the micro-level have impacts on society and our
personal lives

• Applications can be valued positively or negatively
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SSIs: Empower and engagement from democratic and critical
citizenship
National examination requirements (biology, physics, chemistry):

Translated: A9. To value and judge:
“The candidate is able to give a reasoned judgment (in context) about a
situation in nature or a technical application, and therein distinguish between
scientific arguments, normative social considerations and personal views”.
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Formal curriculum
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Educational phases in a lesson (module)*:
1.
2.
3.

Introduction of dilemma (student’s daily life, interest)
Formulate initial opinions individually (or in small groups)
Raise questions: ‘Need to know’
•
Scientific / content-related questions
•
Social
•
Personal
 Inquiry questions
4. Dialogue  value clarification & communication
5. Decision making  action (formulate solutions which help to enact
change)
6. Reflection (e.g. Changes in opinion? Why? Reflection on process)
(* Knippels, M.C., & de Bakker, E. (2016), Didactief, 12-13).
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Options for introducing an SSI:

slide(s)

1.
2.

[9-14]
[16]

Genetic testing in Elite sports
Carousel
(provide SSIs or news article brought by teachers)
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Lesson module ‘Genetic testing in Elite
sports’, developed by Dirk Jan Boerwinkel.
See also: www.ecent.nl
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www.youtube.com/watch?v=9OyYVQMf8QY
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Based on 3 cases*
Case 1. Antonio Puerta:
http://www.youtube.com/watch?v=HnT9PVCSZYE

Case 2. Domenico Fioravanti:
https://www.youtube.com/watch?v=nbFlD5TUkos#t=141

* Boerwinkel, D.J., Knippels, M.C. and
Waarlo, A.J. (2011). Raising awareness of
pre-symptomatic genetic testing. Journal
of Biological Education, 45(4), 213-221.

Student worksheet: Students are invited to
put a cross on or between numbers.
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Should he compete in the Olympic games in 4 years time?
Think – pair – share:
• What information do we need to decide?
• Who decides? (Is it an individual or a societal decision?)
Reflection: with students, use 3 questions:
1) Content related: What is happening?
2) What values are at stake? (Ethics)
3) Who is involved, what are their interests?
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Questions

Case A
Genetic testing

Case B

Case C

What is the case about, what is the
controversy?
Which stakeholders are involved,
What are their interests,
What are their arguments?
Which social values are involved?
What science content knowledge is
relevant?
Which questions does it raise?
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Options for introducing an SSI:

slide(s)

1.
2.

[9-14]
[16]

Genetic testing in Elite sports
Carousel
(provide SSIs or news article brought by teachers)
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Write down on the worksheet [in Handouts_UU, see slide 14]:
• What is the case about, what is the controversy?
• Which stakeholders are involved, which societal values are
associated with the SSI?
• What could you do with it in your lesson?
• What content knowledge is relevant?
• What questions does the issue raise which your students could
investigate?
Discuss at least two SSI examples
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•
•
•
•

News items from (social) media
Textbooks
Daily life
Narratives/ fiction in films and books

Refine to a statement/moral question:
• Social: e.g. Is it desirable that ….?
• Personal: e.g. Would you…?
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Educational phases in a lesson(module):
1.
2.
3.

Introduction of dilemma (student’s daily life, interest)
Formulate initial opinions individually (or in small groups)
Raise questions: ‘Need to know’
•
Scientific / content-related questions
•
Social
•
Personal
 Inquiry questions
4. Dialogue  value clarification & communication
5. Decision making  action (formulate solutions which help to enact
change)
6. Reflection (e.g. Changes in opinion? Why? Reflection on process)
(Knippels, M.C., & de Bakker, E. (2016), Didactief, 12-13).
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Analyse the controversy (dilemma)
• Which stakeholders are involved, what are their interests?
• Different points of view?
• Types of argument?
• Research into the quality of sources:
• Scientific sources
• Societal sources
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Abstract:
The baby was in good health
after 3 months. Approximately
1 to 2% of the diseased
mitochondrial DNA of the
mother remained in the
baby’s cells, but the baby does
not seem to have Leigh
syndrome, from which his 2
brothers died.

https://www.newscientist.com/article/2107219
-exclusive-worlds-first-baby-born-with-new-3parent-technique/

https://www.sciencenews.org/article/three-parent-babies-explained
http://www.cbsnews.com/videos/the-ethics-of-having-three-parents/
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How much DNA is from each parent?
Almost all of the DNA is from the mother and father since almost all 20,000 genes are in the
nucleus. 37 genes are in the mitochondria.
What is the function of the 37 mitochondrial genes?
Mutations in the genes can lead to serious illnesses. It is unlikely that they encode important
"visible" hereditary properties.
A number of studies suggest a link between mitochondrial DNA and athletic ability of a person,
expected age and even the IQ.
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Questions

Case A
Genetic
testing

Case B
3-parent issue
Possible answers:

What is the case about, what is
the controversy?

3-parent baby
Desirability

Which stakeholders are involved,
What are their interests,
What are their arguments?

Parents, unborn child, health
insurance, physicians, government

Which social values are involved?

Safety, health, responsibility,
autonomy

What science content knowledge
is relevant?

Leigh syndrome,
Function mitochondrial DNA /
genes,
Techniques

Which questions does it raise?

How often does the disease occur?
How expensive is such a technique?
Can this also occur for a 3-parent
without the condition?
What characteristics do the
mitochondrial genes encode?
What risks are associated with the
technology?

Case C
Your own
case
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Questions

Case A
Genetic testing

Case B
3-parent issue

Case C
Your own case

What is the case about, what is
the controversy?
Which stakeholders are involved,
What are their interests,
What are their arguments?

Matrix
Mepham

Which social values are involved?

Matrix
Mepham

What science content knowledge
is relevant?
Which questions does it raise?
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Respect for:

Wellbeing

Autonomy

Justice

Stakeholders
…….

Mepham, M. (2000). A Framework for the Ethical Analysis of Novel Foods: The Ethical Matrix. Journal of Agricultural and Environmental
Ethics, 12(2), 165–176.
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Respect for:

Wellbeing

Autonomy

Justice

Stakeholders
Parents
Unborn child
Health insurer
Physician
Government
………
Mepham, M. (2000). A Framework for the Ethical Analysis of Novel Foods: The Ethical Matrix. Journal of Agricultural and Environmental
Ethics, 12(2), 165–176.
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I don’t like the idea of a child having three parents
The Food and Drug Administration has not approved the technique, while
Mexico is free of such regulations.
Prof. Knowles: four out of five eggs fertilized by Zhang
and his colleagues were non-viable: only one embryo
could produce a child

"It's unfortunate to have people decide that they're just going to quite
willingly engage in this kind of reproductive tourism -- to go outside of
a system that is in place to create the safest, most scientifically
reproducible way forward"
Prof. Griffin, Genetics, University of Kent: With radical new treatments like
this, there are always challenging ethical issues. However, any concerns need
to be balanced against the ramifications of not implementing such a
technology when families are in need of it.
Prof. Turnbull, Neurologist:
“Mitochondrial donation is a technique that offers hope to mothers
who carry mitochondrial DNA mutations’’.
This is like playing God, making designer babies
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Educational phases in a lesson(module):
1.
2.
3.

Introduction of dilemma (student’s daily life, interest)
Formulate initial opinions individually (or in small groups)
Raise questions: ‘Need to know’
•
Scientific / content-related questions
•
Social
•
Personal
 Inquiry questions
4. Dialogue  value clarification & communication
5. Decision making  action (formulate solutions which help to enact
change)
6. Reflection (e.g. Changes in opinion? Why? Reflection on process)
(Knippels, M.C., & de Bakker, E. (2016), Didactief, 12-13).
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Let students first determine their opinions individually (or in small groups)
before initiating a classroom dialogue.
Different learning and teaching methods
• Debate
• For and against
Pay more attention to values clarification & communication:
• Socratic dialogue
• Arguments in motion (see next slide)
• ...
Teacher tool for dialogue is available online :
http://www.fi.uu.nl/toepassingen/28422/
(For an English version see Handouts_UU)
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(P. van der Zande, 2011; 2012)

http://www.ecent.nl/artikel/2599/Beweegredeneren/view.do
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++ is very suitable, + is suitable and – is unsuitable
Development of values through:
Teacher role

Role description

Participant

You are free to express ideas, opinions and emotions, like the
pupils. This can be confusing for pupils, since teachers are the
professionals.
You disseminate your own opinion about the topic. This can
lead to indoctrination.
You do not interfere in the dialogue.

Dedicated teacher
Observer
Instructor

Devil’s advocate
Advocate

You clarify relevant information, concepts and ideas. You ask
questions to assess the level of understanding. And you give
positive or negative feedback to input from pupils.
You propose contradictory points of view to stimulate the
dialogue.
You present all possible points of view and conclude with your
own opinion, supported by arguments.

Neutral chair/
Neutral facilitator

You encourage pupils to contribute to the dialogue and keep an
eye on the rules of the dialogue, but do not give your own
opinion or positive/negative feedback on the input of pupils.

Declared stakeholder

At the start of the dialogue you give your own point of view, so
that pupils will be able to assess teacher bias later on.

Transmission

Clarification Communication
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See hand-out
Overbeek, M., Knippels, M.C., and Waarlo , A.J. (2014). Teacher tool for holding
a whole-class dailogue. Freudenthal Institute, Utrecht University
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Role of the teacher
• Depending on your goal  development of students’ values
through clarification and communication.
Questioning techniques
• Examples of questions for teachers
Frames
• Personal frames: Perspectives/ frames of reference which people
use (sub)consciously to be able to understand and filter complex
information, based on someone's convictions, values and
experiences
• Media frames (progress, economic, ethical, risk, globalisation, law
and regulation)
See hand-out
Overbeek, M., Knippels, M.C., and Waarlo , A.J. (2014). Teacher tool for holding
a whole-class dailogue. Freudenthal Institute, Utrecht University
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Educational phases in a lesson(module):
1.
2.
3.

Introduction of dilemma (student’s daily life, interest)
Formulate initial opinions individually (or in small groups)
Raise questions: ‘Need to know’
•
Scientific / content-related questions
•
Social
•
Personal
 Inquiry questions
4. Dialogue  value clarification & communication
5. Decision making  action (formulate solutions which help to enact
change)
6. Reflection (e.g. Changes in opinion? Why? Reflection on process)
(Knippels, M.C., & de Bakker, E. (2016), Didactief, 12-13).
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Questions

Case A
Genetic
testing

Case B
3-parent
issue

Case C
Your own
case

What is the case about, what is the
controversy?
Which stakeholders are involved,
What are their interests,
What are their arguments?
Which social values are involved?
What science content knowledge is
relevant?
Which questions does it raise?
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•
•
•

Think of a case linked to your school curriculum
Choose a controversy and fill in the matrix (see Handouts_UU)
Write down any (educational) questions you might have

Characteristics

Content of the
learning activities

Educational
approach

Materials

1) & 2) Subject (Socio-scientific Controversy)
What makes it a controversial issue? (relevant and conflicting interests/
values/ knowledge)
3) Doing an inquiry
What is the central question?
Using which (different types of) sources do we answer the question?

4) Dialogue/communication
Using which activities do I support students' dialogue and opinion forming?

5) Taking action
Which action perspectives for students can I identify?

6) Reflection
What do I reflect on at the end?
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Handouts_UU

Characteristics

Content of the
learning activities

Educational
approach

Materials

1) & 2) Subject (Socio scientific Controversy)
What makes it a controversial issue? (relevant and conflicting interests/
values/ knowledge)
3) Doing an inquiry
What is the central question?
By means of which (different types of) sources do we answer the
question?
4) Dialogue/communication
By means of which activities do I support students' dialogue and opinion
forming?
5) Taking action
Which action perspective for students can I identify?

6) Reflection
What do I reflect on at the end?
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EU project PARRISE – focus on ‘socio-scientific inquiry-based
learning’ (SSIBL)
See www.parrise.eu
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