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Age of
Misinformation

4

HOW AND WHY DID
LIFE ORIGINATE ON
EARTH?
DO ANIMALS HAVE
CONSCIOUSNESS?

Big Questions
Socio-Scientific Issues
Political, moral, economic, medical
issues facing contemporary societies
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Massive X presentation to DesignBall team

Massive X

Interdisciplinary
problem-solving
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Apart from scientists and public health professionals, philosophers,
historians, theologians and jurists have played a major role advising the
state of North Rhine-Westphalia on public policy about the pandemic
(Matthews, 2020)

21st Century Skills
Critical thinking, problem-solving (WEF, 2015)
Required in society and workplaces by educators,
business leaders, academics and governmental agencies
e.g., National Research Council, World Economic
Forum, OECD, American Association of College and
Universities

K-12, tertiary education

Growing international movement focusing
on the skills required for students to
master in preparation for success in a
rapidly changing, digital societies and
knowledge economies
Need for interdisciplinary engagement and
cross-subject consultations
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Argumentation
The ability to coordinate knowledge and values in

reaching justified conclusions has become
increasingly important in contemporary
democratic societies.
The process of justification of knowledge claims
with evidence and reasons is often referred to as
‘argumentation’.
(Erduran and Jiménez-Aleixandre 2007)
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Toulmin’s Model (1958)
• Each field or discipline will have unique
features of argumentation that reflect
the epistemology of the discipline
(Goldman et al. 2018).
• Toulmin (1958) recognised this in his
‘field-dependent’ features of
argumentation, while also recognising
some ‘field invariant’ features.
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Goals
of the
Project
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01

Develop reciprocal relationships and mutual
exchange by bringing together science and religious
education teachers.

02

Identify new avenues for cross-disciplinary
innovation, by exploring novel areas at the interface
of the science and religious education.

03

Build research capabilities and expertise by developing
new areas of interdisciplinary research that will offer
opportunities to doctoral and post-doctoral researchers.

04

Offer opportunities for impact, through (a) engagement
with teachers, pupils, teacher educators, academic
researchers as well as public engagement with a wider
audience of key stakeholders such as representatives of
learned societies and government organisations, and
ultimately through (b) the development and sharing
through research publications, teacher education
resources and professional manuscripts.

Research Design
Research Questions

Methodological Approaches

Potential Results

1. How do arguments in science and
religion compare?

Review of international research and
curriculum policy literature

Categorization of features of
argumentation in science and religion

Classroom observations of teaching
Pre- and post-intervention
questionnaires

Understanding of pedagogical
strategies that facilitate constructive
consideration of argumentation across
science and religious education lessons

3. How can science and religious
education teachers be supported in
developing the skills of argumentation
that draw from different sources of
information and values?

Design, implementation and testing of
the professional development program
Classroom observations of teaching
Pre- and post-intervention interviews
and questionnaires

Professional development resources
and strategies.
Knowledge about teachers’ skills in
argumentation following professional
development intervention

4. What is the impact of teachers’
professional development on pupils’
learning of argumentation?

Pre- and post-intervention interviews
and questionnaires

Knowledge about pupils’ skills in
argumentation following professional
development intervention

2. How do science and religious
education teachers make pedagogical
decisions when they face arguments
that need to integrate multiple sources
of information and values?

11

Publications
and Resources
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Curriculum Context

13

How often is argumentation identified in RE

curriculum documents?

What is the purpose of argumentation in the
RE curriculum?

How is argumentation conceptualised in the RE
curriculum?

14

Arguments in RE
Insider and Outsider

Philosophy
Theology

Islam (Wallbridge 2011)

Sociology

Judaism (Shulman 2008)
Psychology
Christianity (Helm 2003)

Multidisciplinary approach, such as the RE-Searchers’ project
(Freathy et al. 2017)
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How often is
argumentation
identified in RE
curriculum
documents?

“Argumentation”

0 references

Reference/Page

35 Locally Agreed Syllabuses

16

0.02 (Lambeth) to
0.8 (Dudley)

“Argu*”
Ranging from 4 (Essex)
to 88 (Dudley)

Mean: 0.26 ref/pg
SD: 0.19
19.57 ref/LAS

Key observations
Competing priorities of pluralism and developing
critically-reasoning participating citizens in society.

Good RE is never coercive: this area of learning is not about making pupils into
believers but tries to help them become literate and articulate about religions and
beliefs, and to be thoughtful members of a plural society, so that in learning from
religion they are able to make informed choices about how they want to live their lives
whilst also understanding more about the faith of other people they meet.
(Leicestershire 2016, p.3)

The goal of avoiding coercion is obviously agreeable and not likely to meet any serious
objection, but it is balanced against a desire to avoid persuasive processes in the classroom,
which limits argumentative capacity. This may drive an avoidance of evaluative criteria.
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How much argumentation is there in the
English National Curriculum for science, and
has this changed over time?
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Framework of
Indicators
Opportunity for
Argumentation in
the curriculum

19

Guilfoyle, Hillier, & Childs (in review)

Strength of References to Argumentation
Grade

20

Description

4

Explicit requests that pupils engage in the construction of an argument by asking for some variation of a ‘reasoned claim’. It will
generally indicate evidence, data, or information on which these claims will be made.
e.g., “to be able to argue with the aid of supporting scientific evidence, that the Earth is not flat” (1989, KS3)

3

Argument construction in less explicit terms, e.g., “raising and answer questions based on observations” (2015, KS2)
Other clear components (from Fig X) of argumentation, e.g., “consider anomalies in observations or measurements and explain them
where possible” (1995, KS3)
Other ‘weaker’ elements of argumentation together with a reference to reasons, e.g., “comparing the teeth of carnivores and herbivores
and suggesting reasons for differences” (2015, KS2)

2

Indication of an argumentative process, but not ‘strong’ elements (i.e., lower on Fig X) and not used with indication of ‘reasons’. These
might include grouping, sorting, identifying, gathering, observing, reporting, or communicating.
e.g. “be able to assign organisms to their major groups using keys and observable features” (1989, KS3) or “to compare everyday
materials and objects on the basis of their material properties” (1991, KS2)

1

This could involve:
rather vague command words, like “explore” or “recognise”
words like “explain” or “answer” that, in context, appear to be used where lower-level words (e.g., “describe”) are meant
minor components of argumentation but not in context of an argument (e.g., “communicate”)

Key observations

Curriculum can change
with the political wind,
adjusting the emphasis of
skills or knowledge/
content.
However, the importance
of scientific literacy, NOS,
and argumentation to
quality science education
remains consistent.

1
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Despite the centrality of
these skills, the current
science curriculum, and
arguably many science
curricula, represent
argumentation in more
sub-component fashion.
This is in stark contrast to
other subject areas (e.g.
RE).

2

Teachers can essentially be
‘curriculum-proofed’ (Taylor
2013) by being supported
to see the argumentation
opportunities even when
not explicitly stated.

3

Continuous Professional Development
(CPD)

22

CPD Team

23

Dr Ann Childs

Dr Judith Hillier

Dr Liam Guilfoyle

Dr Jessica Chan

Dr Nigel Fancourt

Wonyong Park

02

Underpinning
Principles

Culture
of charitable interpretation, nooffence, and forgiveness.

03

New
Learning
explicitly built into each
workshop and built on in
school follow up.

01

Before beginning the
professional
development, the
project team decided
about a number of key
principles that would
guide the work.

04

Collaborative

Relationships

recognising expertise of
all stakeholders (we are all
learners)

Building and sustaining
relationships is key.

Modelling

Continuity

As a teacher education
strategy.

Clear view of progress
across workshops; shared
with all but also
negotiated.

08
A paper reporting the
implementation of these
principles is in progression for

Teaching and Teacher Education.
Childs and Guilfoyle (in progress)
24

Not too
much work
Needs to be feasible for
busy schoolteachers
and varied contexts.

07

Communication
Collaborative communication
strategies – using online tools to
keep in touch.

06

05

BRINGING
TEACHERS
TOGETHER
30 teachers
15 schools
6 workshops
▪
▪
▪
▪
25

Distributed expertise
Learning from each other
Building common goals
Find feasible ways to work together

ARGUMENTATION

Science

➔

RE

Planned Structure of the CPD Programme
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In Practice
Workshop 1

Workshop 2

Workshop 3

January 2019

March 2019

July 2019

As Planned

As Planned

Input from teachers and
responding to science
issues

Workshop 4

Workshop 5 & 6

November 2019

March 2021 - Online

More input from
teachers and focus on
RE
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COVID-19 Pandemic

Responding to requests
from Workshop 4

Development and Collaboration in School
OARS sought to support teachers to find
feasible ways of engaging in new and
innovative collaboration.
Workshops support teachers to explore
their curricula and school contexts and
consider ways of working together that
would be manageable and worthwhile in
school.
Beyond data collection, school visits
from the research team were used to
offer opportunities for reflective
discussions on collaboration and
implementation.
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Co-Planned and co-taught
lessons on an interdisciplinary
issue.

Co-taught Lesson

Planned and led by the RE teacher,
supported by the Science teacher
(providing evidence and scientific
content, being present to guide
students).
29

Modes of Collaboration
(Some examples)
Discussing ways for teaching to
be complementary or more
coherent between subjects.

Separate Lessons

Focusing on argumentation in
own subject, using common
structure, but eventually coming
together to set a co-assigned and
co-graded assessment.

Resources:
Provided and
Teacher-Generated
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Modes of In-School Collaboration

Co-planned, co-taught lesson

31

Integrating argumentation in own subject
Making explicit links to other subject

Modes of In-School Collaboration
Science

Religious Education

Using similar structures for own subject
32

Leading to a joint assignment
Co-set and co-graded by Science and RE.

Research Findings
Teachers

33

Pedagogical Strategies
• Pedagogy of argument differed
with RE teachers reporting more
frequent use of teaching
strategies that support
argumentation.
•
•
•
•
•
•
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Group* and Pair Discussion
Debate*
Exemplifying Arguments
Checking Student Evidence
Using Writing Frames
Anticipating Counterarguments

Teachers’ views about argumentation
• See differences and
similarities
• For example, differing evidence and
similar processes.

• But perceptions of each
others’ subjects on the extent
to which students must
substantiate their claims
differed.
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Instructional practices on argumentation
A comparative analysis of two lesson videos (1 Science, 1 RE)
Both lessons used the P-E-E (Point-Evidence-Explanation) framework
to promote argumentation.
Qualitative analysis of lesson videos revealed several categories
of teacher activities related to argumentation.
• Defining and characterising an argument
• Meta-level statements about argumentation
• Argumentation strategies

Also, the two lessons showed that the importance of
argumentation can be framed differently in the subject contexts.
36

Park, Erduran and Guilfoyle (in review)

Instructional practices on argumentation
Category

Instructional practice

Science

Defining and characterising
arguments

Explain what it means to reason/argue/explain

✓

Explain argumentation terms

✓

✓

Provide a framework for argumentation

✓

✓
✓

Give an example of a complete argument

Meta-level statements about
argumentation

Distinguish evidence (what) and reasoning (why)

✓

✓

Ask to think about why arguments are important

✓

✓

Meta-reflection on the argumentation process

✓

Meta-refection on the components of an argument

✓

Reflect on the argumentation process

✓

✓

Explain the role of writing in learning

✓

Differentiating merely rephrasing and reflecting

✓

Pointing to the evaluation of an argument

✓

Set the expectation for pupils’ arguments
37

RE

✓

✓

Instructional practices on argumentation

38

Category

Instructional practice

Science

RE

Argumentation strategies

Provide an argumentation task

✓

✓

Rephrase pupils’ reasoning to clarify

✓

✓

Ask to provide justification

✓

✓

Ask for reasons for a phenomenon

✓

✓

Ask to expand a claim

✓

Challenge the accuracy

✓

Counterargue against an incorrect claim

✓

Ask to take a position

✓

Ask to compare explanations

✓

✓

Notice pupils’ good practices and recommend to others

✓

Make a link to other subjects

✓

Ask to come up with a claim

✓

Invite a pupil to present their argument

✓

Framing argumentation in the subject
Science teacher: Argumentation as a way to achieve a higher level of
understanding about a problem

You’ve got all the key things, but I don’t think you’ve reasoned as such. … We know a
relevant fact, we know lots of facts, we can link those facts together to form an
explanation … We kind of know about what we’re talking about, we got lots of key words,
we know it’s about forces, we know it’s terminal velocity, we got lots of key facts, but we
haven’t formed reasoned arguments, we haven’t linked back properly. So we need to try
to link back together properly. So we’re gonna go back and review some of that work,
okay? And the idea behind this is, if we move from our factual learning upwards, why is
that a benefit to us? Why is it better to move up in our learning as we go?

39

Framing argumentation in the subject
RE teacher: Argumentation for learning transferrable skills that can be
used for future exams

… So you've got them in front of you, you can look at your exam paper while I talk. I want
to think about what makes up a good essay. And I think that these ideas are something
you are used to be talking about in English. Would that be fair? Have we done that in
English? Point, evidence and explain? … Whether that’s in English or RS, maybe you’ve
done a bit in History as well?
…
Seriously, you do this in English, your English teacher is going to love you. You do this in
all other subjects, and you're able to then write an essay. Construct an argument.

40

Teachers' reflections on collaboration
A trailblazing space for cross-curricular collaboration

Sci T1 - I would definitely do it [co-teaching] again. Probably with not just RE, but with some of my

other colleagues as well, because we've got a lot of cross pollination between geography. Because that’s, I think,
going to be a permanent change in insight, and how I think about what I need to do.
RE T2 - I am up for it [doing the project again]. I think we should keep... if we do it again, it really is cool

to bring down the subject barriers.

Enriching pedagogical repertoires and perspectives
RE T3 - I found it so enriching in actually listening to [science teacher] because she made me think about

these perspectives that I hadn't thought of and my mind had not gone there. It very much helped with my
teaching. Just to see though a few activities what I've or have not thought of, in how to present a specific idea in
my lesson so I think being exposed to that wealth of experiences was very helpful.
Sci T4 - I found it really interesting to look at how other subjects approach the topics, and how they set out

their arguments, because we do things very, very differently. I did steal quite a few things from [RE teacher], quite
a few ideas, which was nice. It [collaboration] was highly enjoyable. Because you get different perspectives.
It makes life a lot more interesting. [RE teacher] and I disagree on quite a few things, quite robustly. But
it was really interesting. Being able to have these conversations was lovely.
41

69%, 9

OARS met my expectations
I found OARS clear.
I found OARS engaging.
OARS has provided ideas/examples I could use in
school.
OARS has given me ways to teach my students that the
same topic can be approached differently using
different disciplines
I would recommend OARS to other teachers
42
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Teachers' views of OARS
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Strongly Disagree
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Research Findings
Pupils
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Student Argumentation in Different Contexts
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60
50

RE

40

SCI

30

SCIRE

20
10
0
0

1

2

3

4

5

6

7

8

9

10

11

Task score
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Guilfoyle, Hillier, & Fancourt (2021)
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Figure 3. Distribution of Scores for Identifying Evidence
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Figure 5. Distribution of Scores for Constructing Evaluative Argument

Big Questions
“There are at least three different perspectives on how life came into being.
Which pieces of text supports each perspective?”
A - God Created Humans; There was no evolution
B – There was evolution; God had some part to play in the process
C – There was evolution; God had no part to play in the process
D – Does not support any of the statements

A

47

B

C

D

Evidence 1

Evidence 2

Evidence 3

Evidence 4

Evidence 5

Evidence 6

Evidence 7

Evidence 8

Guilfoyle & Erduran (in review)

Example of student performance (card sort)
Card
“Humans are highly complex. Complex things must have a
designer”
“Humans are different from animals in that they have a soul. Souls
do not evolve but must have been given.”

Correct Placement

A: There was no evolution.

Placement

Reason Given

A

A: "Because like, as the theory of like, everything, like has a meaning. So like,
humans are like too complex. They couldn't just randomly appear. Something must
have created them. But yeah. Yeah."

A

A: "Because this shows that nothing could have evolved into humans and something
must have created them because they have like souls and souls must be given."

B

B: "Because like in the Bible, the Hebrew version where it said like God created the
world in six yom, which could mean like any period of time, so it could refer to like
evolution of like, yeah. Yeah, like stuff evolving into.... Yeah. "

B

B: "Because it like doesn't say that there isn't evolution. It says that like, God used
evolution to like develop human life. So much as the second term like perfectly."

God created Humans.

“The Hebrew for ‘day’, yôm, can also mean long periods of time. So,
each of the 6 days of creation could have lasted millions of years.”
B: There was evolution.
“Evolution is a tool that God used to develop human life.”
“A scientific description of a process does not diminish God’s active
control of that process.”

“That humans descended from a common ancestor is supported by
evidence in biology, genetics, and geology.”

God had some part in
this process.

B

C: There was evolution.

C

God had no part in this
“The scientific timeline of creation is longer than the 6 days referred
to in the Bible.”
“Natural Selection means that those creatures with characteristics
that give them an advantage are more likely to survive and so more
likely to pass on their genes.”

process.

C

C/D

D: Does not support any of
these three perspectives.

“The bible says that humans must subdue nature and rule over
every living creature”
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D

B: "Because it tells us that because science has explanations for everything, and it
says a scientific description of a process does not just mean diminish God's active
control of the process. So it shows that God like, God had control of everything that
happened sounds just like, put it into like a few words. Yeah."
C: "Because it tells us that humans have evolved, evolved from our ancestors. And it
is supported by evidence like biology, genetics and geology. And like, yeah, it tells
us that humans have evolved from a species of ancestors."
C: "Because it says that like, the scientific... that evolution and like creation, creating
the whole world was way longer than six days, which is like said in the Bible. So tells
me that I God had no part in this process. And there was evolution because it took
like longer than six days."
C/D: "This one, personally, I would put it here in the middle..." "It, like, tells us about
like evolution, but doesn't really say anything about like, that humans evolved into
anything or like, they God had no part in this process. So just as the.... Yeah, there's,
it talks about like creatures surviving and passing on their genes, it doesn't really
refer to like any of them. Also, could refer. So it's like in the in the middle of them
both."
D: "Because it doesn't really say anything about evolution. It says like how humans
must like, respect, I guess like every creature, as it is stated in the bible. It doesn't
refer to any of the points."

Overall student performance (card sort)
Evidence Card

1

2

3

4

5

6

7

8

9

73

69

67

76

65

72

73

67

67

# Correct

58

53

40

59

49

56

38

14

19

% Correct of total

75%

69%

52%

77%

64%

73%

49%

18%

25%

% Correct of
attempted

79%

77%

60%

78%

75%

78%

52%

21%

28%

# Attempted
(of 77)
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Perspective Taking: challenges

50

Perspective Taking: the rules of the game

51

Perspective taking: Rebuttals
Explicit Rebuttal
Eve because if it were to be a plant – Olga’s idea would be wrong
because Eve noticed that the shed has no window and so no light. That
means that it couldn’t be a plant because it wouldn’t be possible to
grow. On the other hand, Eve recalled that mushroom’s also have stems
too and this means that Olga might have just seen the stem.

New Factors
I think Miriam’s argument is better because it applies to more people
and on Abdul’s argument, the religions might not mind sharing their
holidays because they are still celebrating it.
52

Perspective taking: epistemic caution
Recognising one argument as stronger, but nevertheless not agreeing with it:

Abdul has a stronger point, but I agree with Miriam

I’d say I agree with Miriam, but Abdul gave the best, most fullest answer

I don’t have an opinion on this, but I think that Abdul’s argument is better as he
gave the example of his faith and this holiday is similar to Christmas

53

62%, 44

54

"I am interested in a greater number of subjects compared
to one year ago?”
"Compared to one year ago, I have a greater awareness that
learning can come from a variety of different sources"
“My teacher(s) have enabled me to think about questions
from disciplines other than their own”
“Compared to one year ago, I can now explain why different
disciplines have different preferred methods”

0%, 0

0%, 0

0%, 0

1%, 1

1%, 1

8%, 6

3%, 2

10%, 7

23%, 16

18%, 13

31%, 22

35%, 25

46%, 33

14%, 10

14%, 10

15%, 11

14%, 10

39%, 28

63%, 45

Students' views of Interdisciplinary Learning

Strongly Agree

Agree

Neither Agree nor
Disagree

Disagree

Strongly Disagree

10

28

25

7

1

11

45

13

2

0

10

33

22

6

0

10

44

16

1

0

Key Findings
04
03
02

01
Moving beyond
silos of school
subjects to foster
cross-curriculum
collaboration
among science and
RE teachers
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Variation between
science and RE
curricula in relation
to coverage of
argumentation in
England (Chan et al.,
2020; Guilfoyle et
al., in review).

Variation between
science and RE
teachers' views of
argumentation and
its teaching (Erduran
et al., 2020; Guilfoyle
et al., 2020).

Evidence of science
and RE teachers'
cross-subject
collaboration in
teaching
argumentation (Park
et al., in review).

Key Findings
05
06
Evidence of how students
engage in perspective
taking (Fancourt et al., in
review) and
argumentation in science,
RE and combined
contexts (Guilfoyle et al
2021).

07
Evidence of how students
address Big Questions such
as evolution and creationism
(Guilfoyle & Erduran, in
review). Students
demonstrated difficulties in
identifying when evidence
was irrelevant to any of the
competing claims.

08
Pandemic context presented
challenges to unpack the impact of
the CPD intervention on the teachers
and students for the entire cohort,
there is some evidence of the impact
of the project (Erduran et al., in
review).
➢
➢
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Covid-19 related restrictions in
coordinating interactive discussions.
Limited scope in engaging in
argumentation due to the context of
learning.

Overall positive reception by
both teachers and students as
demonstrated by the survey
results on attitudes towards
the project. Despite the
disruption to both teachers'
and students' regular routines
in schools, there was
sustained engagement beyond
the original timeline.
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Practitioner Publications
Such in REToday and School
Science Review

Practitioner
& Public
Audiences:

Public Facing Writing
Such as articles in The
Conversation and the BERA
Blog

Podcasts, Webinars, &
Seminars
For example, the Skills
Observatory Podcast and a
public webinar for Edge Hill
University
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A range of
publications,
resources, &
engagements

Conclusions
Misinformation age characterized by mistrust and misconceptions,
pointing to the need for cross-subject understanding of issues.

Many problems multifaceted demanding understanding of how
scientific knowledge works in context including ethical, moral and
religious dimensions.

Argumentation can help navigate the complexity of information for
everyday citizens to make better judgments of claims and for
professionals in developing evidence-based reasoning skills.

Evidence from school-based research to illustrate how
argumentation can help mediate pedagogy and learning
between science and RE.
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