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OUTLINE, SESSION 3

• Brainstorming for photosynthesis
• Plenary introduction to argumentation and its importance in science
• Group work: Creating a simple argument
• Plenary sharing

• BREAK

• Plenary introduction to argumentation and decision-making in STEM 
education

• Group work: Creating a complex argument
• Plenary sharing
• Reminder of homework (assignment)



Teaching is a complex and

challenging occupation in which

teachers need to manage

various activities and

simultaneously achieve goals in

interactions with their students

(Hall & Smotrova, 2013).
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The reflection from classroom

Teacher Claim:

Green leafy plants photosynthesize under sunlight.

Student inquiry:

How do we know this information?

How do we confirm the information is true?

How do you convince the student?
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What are Argument and Argumentation?

An argument is a reason or reasons why an idea or action should be supported by an individual.

An argument is a claim and its justification. 

Argumentation is a process in which claims are supported by data and justifications are given.

Toulmin, 2003

(Cambridge Online Dictionary, 2024b).

(Cambridge Online Dictionary, 2024a).

Argumentation is a set of arguments used to explain something or to convince people of something.



Components of  an Argument

Data: These are the facts that those involved in the argument appeal to in support of their claim.

Claim: This is the conclusion whose merits are to be established.

Warrants: These are the reasons (rules, principles, etc.) that are proposed to justify the connections between the data

and the knowledge claim, or conclusion.

Backing: These are basic assumptions, usually taken to be commonly agreed that provide the justification for particular

warrants.

Qualifiers: These specify the conditions under which the claim can be taken as true; they represent limitations on the

claim.

Rebuttals: These specify the conditions when the claim will not be true.

(Driver, Newton, & Osborne, 2000, p.293).



Successful implementation

Argumentation requires to understand the students' ideas

and respond to unexpected events in the classroom

(Zohar, 2007).

Many teachers face challenges in creating and supporting

the dialogic culture or argumentation, even if they use a

curriculum that promotes in-class interaction (Alozie et

al., 2010), and they find it difficult to produce appropriate

questions to support students (McNeill & Knight, 2013).
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Contributions

• students' science learning by playing an essential role in the development of both thinking processes and 

scientific reasoning (Chin & Osborne, 2010a)

• conceptual understanding (Chin & Osborne, 2010b; von Aufschnaiter et al., 2008)

• cognitive and metacognitive processes (Cavagnetto, 2010). 

• talking and writing about science (Norris & Phillips, 2003) 



Look at the Graph and create a simple argument containing claim, data, and warrant in 

cooperation on Padlet.

https://science.nasa.gov/climate-change/evidence/

https://shorturl.at/fhBDE

Creating a simple argument

You might try to
create your
argument using
Microsoft
Copilot



10” 
break



Plenary sharing

What is the

argument of

your group?
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Argumentation and decision-making in STEM education



Think about the recent activity

In which stages and for what did

you have to decide?
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(Aydin-Gunbatar and Sardag, 2022)

STEM Activity Process



Task 2: Modify the simple argument into a complex argument. To do this, add a backing, a 

qualifier and rebuttal(s).

https://science.nasa.gov/climate-change/evidence/

https://shorturl.at/fhBDE

Creating a complex argument

You might try to
create your
argument using
Microsoft
Copilot



Plenary sharing

What is the

qualifier, backing

and rebuttal of your

group?

Image source: Freepik



Considering the graph of the change in the level of carbon dioxide in the atmosphere according to put forward
by NASA Qualifier

It is seen that there are increases in the level of carbon dioxide between 800,000-780,000, 640,000-600,000,
540,000-510,000 and 450,000-400,000 years, which can be considered as a jump of about 100ppm. Data

Therefore, by looking at these increases, it reveals that the increase in the level of carbon dioxide does not occur
only as a result of human activities. Claim

Because the emergence of humanity is later than the specified dates, there must be other factors that can
change the level of carbon. Warrant

Looking at the history of the world, some natural events that have taken place support the increase in the level
of carbon dioxide. Volcanic eruptions, for example Yellowstone volcanic eruption before 640,000 years ago, can
be given as examples of these events.

Backing

Although there are people who think that the increase in carbon dioxide in the atmosphere is caused by human
activities, the increases that occurred in the periods when there was no humanity unjustified the thought of
these people. If the increases had started with humanity, the opinion of the people could have been in question.
But such a situation does not exist. Therefore, the increase in carbon dioxide does not occur only as a result of
human activities.

Rebuttal



Claim: Human activities are the primary cause of the unprecedented rise in atmospheric CO2 levels since the Industrial 
Revolution.
Data: The graph shows a significant increase in atmospheric CO2 levels from the year 1911 onwards, reaching levels that are 
unmatched in the last 800,000 years.
Warrants: These warrants support the claim by linking the data to the claim.
1.The correlation between the start of the Industrial Revolution and the increase in CO2 levels suggests a causative 
relationship, as this period marks a substantial increase in the burning of fossil fuels for energy.
2.Scientific research indicates that the combustion of fossil fuels releases a large amount of CO2, which is a greenhouse gas 
that contributes to global warming.
Backing: The backing provides additional support to the warrants.
1.Ice core data provides a historical record of atmospheric gases, and it shows that the natural range of CO2 levels has been 
exceeded dramatically in recent times.
2.Reports from reputable scientific organizations, like the Intergovernmental Panel on Climate Change (IPCC), confirm that the 
rise in CO2 levels since the Industrial Revolution is largely due to human activities.
Qualifier: The qualifier indicates the strength of the claim, considering possible exceptions.
•While the claim is supported by strong evidence, it is also acknowledged that natural processes can influence CO2 levels, 
although the current increase is too rapid to be attributed solely to natural causes.
Rebuttal: The rebuttal acknowledges potential counter-arguments and provides responses to them.
•One might argue that CO2 levels have fluctuated over the past 800,000 years due to natural cycles. However, the rate and 
magnitude of the increase in CO2 levels in the modern era do not correlate with known natural cycles. Instead, they align 
closely with the timeline of human industrial activity.  (OpenAI, 2024)

Argument generated by AI



Reminder

Prepare an outline for a STEM lesson for your local curricula. Chose a topic that you would feel comfortable

implementing with your students. The lesson should use an SSI as a context, and focus on argumentation and Inquiry

based learning (IBL). In the outline include the following information: level of students, duration of the lesson,

participants’ prior knowledge, methods to be applied, content, assessment methods, STEM theme, learning objectives,

and description of the learning activities.

Please submit your assignment for cluster 1 in .pdf or .doc



References
Alozie, N. M., Moje, E. B., & Krajcik, J. S. (2010). An analysis of the supports and constraints for scientific discussion in high school project-based science. Science Education, 94(3), 

395-427. https://doi.org/10.1002/sce.20365 
Cambridge Online Dictionary. (2024a). Argument. https://dictionary.cambridge.org/dictionary/english/argument
Cambridge Online Dictionary. (2024b). Argumentation. https://dictionary.cambridge.org/dictionary/english/argumentation

Cavagnetto, A. (2010). Argument to foster scientific literacy: A review of argument interventions in K–12 science contexts. Review of Educational Research, 80(3), 336-371. 
https://doi.org/10.3102/0034654310376953 

Chin, C., & Osborne, J. (2010a). Students’ questions and discursive interaction: Their impact on argumentation during collaborative group discussions in science. Journal of Research 
in Science Teaching, 47(7), 883-908. https://doi.org/10.1002/tea.20385 

Chin, C., & Osborne, J. (2010b). Supporting argumentation through students' questions: Case studies in science classrooms. Journal of the Learning Sciences, 19(2), 230-284. 
https://doi.org/10.1080/10508400903530036 

Driver, R., Newton, P., & Osborne, J. (2000). Establishing the norms of scientific argumentation in classrooms. Science Education, 84, 287-312. https://doi.org/10.1002/(SICI)1098-
237X(200005)84:3<287::AID-SCE1>3.0.CO;2-A 

Gunbatar, S. A., & Sardag, M. (2022). Discourse Analysis of In-Service Teachers' Interdisciplinary Collaboration for Decision-Making through Design-Based Integrated STEM 
Activities. Egitim ve Bilim, 47(212), 17-54.

Hall, J. K., & Smotrova, T. (2013). Teacher self-talk: Interactional resource for managing instruction and eliciting empathy. Journal of Pragmatics, 47(1), 75-92. 
https://doi.org/10.1016/j.pragma.2012.11.017 

Leitão, S. (2000). The potential of argument in knowledge building. Human Development, 43(6), 332-360. https://doi.org/10.1159/000022695 
McNeill, K. L., & Knight, A. M. (2013). Teachers' pedagogical content knowledge of scientific argumentation: The impact of professional development on K-12 teachers. Science 

Education, 97(6), 936-972. https://doi.org/10.1002/sce.21081 
Norris, S. P., & Phillips, L. M. (2003). How literacy in its fundamental sense is central to scientific literacy. Science Education, 87(2), 224-240. https://doi.org/10.1002/sce.10066 
OpenAI. (2024). ChatGPT (4) [Large language model]. https://chat.openai.com
Toulmin, S. E. (2003). The uses of argument. Cambridge University Press. 
von Aufschnaiter, C., Erduran, S., Osborne, J., & Simon, S. (2008). Arguing to learn and learning to argue: Case studies of how students' argumentation relates to their scientific 

knowledge. Journal of Research in Science Teaching, 45(1), 101-131. https://doi.org/10.1002/tea.20213 
Zohar, A. (2007). Science teacher education and professional development in argumentation. In S. Erduran & M. P. Jiménez-Aleixandre (Eds.), Argumentation in science education: 

Perspectives from classroom-based research (pp. 245-268). Springer. 

https://dictionary.cambridge.org/dictionary/english/argumentation


Thank you for your participation

For further information please feel free to contact

Assoc. Prof. Dr. Metin Sardag

metinsardag@gmail.com


