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What is science? 

n   Knowledge claims and explanations about the 
natural world. 

n   Systematic processes: predictions, theory testing, 
experimentation. 

n Processes, leading to knowledge + products. 
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Why is science important? 
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Is science that simple? 

n  This is what you would find in a school book. 

n  Is this an accurate re-presentation of science? 
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The discovery of the structure of 
DNA 
n  DNA was first isolated in 1869 by Friedrich Miescher. 

n  Late 1940s it was known that it contained phosphate, sugar, and four nitrogen-
containing chemical bases. 

n  Watson and Crick started working on this problem in 1951. 

n  Linus Pauling discovered the single-stranded alpha helix (found in proteins) 
prompting biologists to think of helical forms. He used model building. 

n  1952 Rosalind Franklin presented an X-ray diffraction image of DNA. 

n  1953 Linus Pauling presented a model of the structure of DNA that proved to be 
wrong. 

n  1953 Watson and Crick presented a model of the structure of DNA (double helix) 
based on Pauling’s work, and Franklin’s image. 

n  Wilkins at King’s College was working on the same problem.  
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Complexities of science 

n  Why do we have day and night? 
n  God 

n  Earth in the center of our system and the sun moves around it 

n  Sun in the center of the system 

n  Earth rotates around its axis 

n  Different evidence were available for each theory 

n  Processes in science 

n  Technology created to help collect evidence 

n  Knowledge can change 



+Earth spins: the evidence 
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Complexities of science 

n  Science is not only about knowledge production. 

n  Processes: 
n  Hypothesizing 
n  Asking questions 
n  Data collection 
n  Building models to test theories 
n  Designing experiments to test theories and experimenting 
n  Reasoning (thinking) 
n  Explaining (to other scientists and the public) 
n  Defending and justifying their findings  
n  Uncertainty  
n  Authenticity  
n  Obtaining, evaluating and communicating information 
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Scientific practices 

n  Hypothesizing 

n  Asking questions 

n  Data collection 

n  Building models to test theories 

n  Designing experiments to test theories and experimenting 
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n  Explaining (to other scientists and the public) 

n  Defending and justifying their findings  
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n  Authenticity  

n  Obtaining, evaluating and communicating information 
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Science vs. School Science 

n  Science in the classroom should better resemble science 
practice,  

n  Students should become active learners, and acquire 
scientific knowledge in a meaningful context , 

n  This goal has unfortunately remained difficult to achieve in 
practice in school science (Edelson, 1998). 
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What problems do we have? 

n  Numbers of students choosing to follow science careers is 
declining,  

n  Europe needs more scientists, 

n  Negative attitudes towards science, 

n  Today more that ever we need more scientists in Europe to 
work on research and innovation and help our countries 
move forward (US during the cold war), 

n  Science for ALL 
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Rethinking Placing Scientific 
Practices in Science Education 

n  An effort to stop placing an emphasis only on the content, 
and also help students appreciate the processes in science, 

n  Recent reforms in the EU and the US have been placing an 
emphasis on core scientific practices.  
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Argumentation as a scientific 
practice 

n  Argumentation is one of the scientific practices under 
emphasis in the recent EU and US reports. 

n  It has been the emphasis of many studies in science 
education for more than a decade. 
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Defining argumentation 

n  Argumentation is viewed as a verbal, either written or oral, 
and social activity aimed at justifying or defending a 
standpoint for an audience (i.e van Eemeren, Grootendorst, 
Henkemans, Blair, Johnson, & Krabbe, 1996).  

n  Argumentation is used as a process of social construction of 
knowledge, in which people collectively discuss and decide 
on the construction of shared knowledge.  
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Argumentation as a scientific practice 

n  Hypothesizing 

n  Asking questions 

n  Data collection 

n  Building models to test theories 

n  Designing experiments to test theories and experimenting 

n  Reasoning (thinking) 

n  Explaining (to other scientists and the public) 

n  Defending and justifying their findings  

n  Uncertainty  

n  Authenticity  

n  Obtaining, evaluating and communicating information 



+Why argumentation in science 
education? 

n A core scientific practice (Duschl, 1990; HoltonBrush, 1996).  

n Scientists are routinely engaged in arguments about which 
data to collect and the interpretation of their meaning.  

n Argumentation – from a cognitive aspect – requires students 
to coordinate evidence with a claim and, in that way, develop 
their ability both to construct links and to evaluate the 
accuracy or validity of claims (Kuhn, 1993; Driver et al., 2000).  
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Why argumentation in science 
education? 

n  Argumentation can provide the structure for students to develop 
the necessary communication and discourse skills that will enable 
them advance their scientific knowledge (Erduran, et al., 2004).  

n  The recent National Research Council framework identified as 
important to science education the fact that students ‘should learn 
how to evaluate critically the scientific arguments of others and 
present counterarguments’ (National Research Council, 2012)p.19), 
be able to write their own arguments and critically read media 
reports and evaluate them.  
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Why argumentation in science 
education? 

n  Engage students in scientific practices, 

n  Supports understanding of content of science, 

n  Supports a connection between science and everyday life 
n  Argumentation is also a thinking skill  
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n  Inter-psychological argumentation 
n  Coordination of  evidence, theory and methodology 
n  Developmental differences between adolescents and adults (e.g. anticipating an 

audience, use of  rebuttals) 
 

n  Intra-psychological argumentation 
n  Metacognition 
n  Epistemological understanding 

(e.g. Kuhn, Felton, Garcia-Mila) 
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How does argumentation look in 
the science classroom? 
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Example 1: Argue-WISE 

n The focus of Argue-WISE: The red and grey squirrel 
controversy 
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n Note window 

n Sense Maker                          

Argue-WISE 
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n Examples of evidence provided  

Argue-WISE 
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Argumentation 
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n The pair which engaged in argumentation had 
better learning outcomes.  

n Features of students’ discussion in pairs or groups 
that indicate argumentation: 
(a) asking each other questions,  
(b) negotiating a shared understanding of the data, and  
(c) discussing the structure of the final argument.  
 

Learning benefits of engaging in 
argumentation  
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Suggestions for improvement 

n  Inviting scientists to discuss the problem with the students 

n  Visiting sites with red squirrels and talking to the scientists 

n  Talking to the people in the area about their possible 
concerns. 
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Example 2: Decision making and 
argumentation 

n  ‘What solution(s) do you propose as the more appropriate to 
deal with the excessive mosquitoes in your area?’  
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Example 2: Decision making and 
argumentation 

n  Elementary school students (10-12 year old) 

n  Working on an authentic problem (community problem) 

n  No previous experience with argumentation 
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Structure of the lessons (1/2) 

n  Lesson 1: Introducing the problem.  

n  Lesson 2: Discussion of proposed solution and decision making and 
explanation by each group (chemical spraying, biological spraying 
to kill mosquito larvae, introduction of new species and genetic 
modification of mosquitoes)  

n  Lessons 3-5: Visit to the salt lake to study the ecosystem of the area 
and understand the underlying problem.  

n  Lessons 6-8: Students worked in their groups, and based on the 
data, drawings and information gathered during the field study, to 
construct a three dimensional physical model of the salt lake using 
material of their choice. After the initial modeling each group 
presented their model justifying the choice of materials and 
representations. 
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Structure of the lessons (2/2) 

n  Lessons 9-10: The students worked in their groups, using their 
model as a visual aid to help them understand the effects of the 
proposed solutions, and for each proposed solution to argue either 
for, or against.  

n  Lessons 11-12: Each group presented their model, justifying the 
choice of the proposed solution, and had the opportunity to 
challenge other groups’ solutions.  

n  Lessons 13-14: A municipal councilor visited the class. Firstly, each 
group presented the proposed solution through their models 
showing possible effects and justifying their choice. After the 
presentations the municipal councilor asked questions about the 
effects of each solution.  
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Findings 

n  Improved learning outcomes about the ecology of the area, 

n  Improved understanding of systems and interactions (how 
changes in one part of the lake can effect others), 

n  Positive attitudes towards science, and positive emotions 
about learning, 

n  Ownership of learning. 
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Quotes from the students 

n  I really liked the fact that we tried all together to find the best 
solution and we worked in groups. (Student 16, boy) 

n  I liked that we went to the lake and experienced the real 
phenomenon (Student 18, girl). 

n  I liked that the local councilor listened to our solutions and what 
we had to say. She might not be able to do something about the 
problem herself but at least she listened to what we did.  

n  It was not a lesson from a book, it was great that we studied the 
theme in depth, we discussed many details for each organism 
(Student 14, girl,).  

n  I liked the fact that we were free to find our own solution 
(Student 4, girl).  
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Benefits of argumentation 

n  Engaging students in scientific practices 
n  Appreciating the complexity of the field 

n  Introducing uncertainty and decision making 
n  Preparing students for real life 

n  Providing students with the skills to evaluate media reports 
n  Citizenship 

n  Changing lessons from memorization to understanding 

n  Creating positive attitudes towards science and learning. 
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Benefits of argumentation 

n  Knowledge 

n  Processes – scientific practices 

n  Social aspects of science 
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Challenges in argumentation 
n  For the students 

n  Uncertain about uncertainty  
n  Not part of what is tested in exams 

n  We need to test more than content, but how? 

n  For the teachers 
n  Uncertain about uncertainty 
n  Not familiar with scientific practices (and the model of science) 
n  Takes more time (preparation and implementation) 
n  Not sure what and how to evaluate 

n  For the researchers 
n  How to support students and teachers 
n  How to influence policies (assessment?) 
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Challenges and future directions? 

n  Working with scientists to understand how science actually 
works: 
n  Visits to science labs: Authentic experiences, introducing 

problems and aspects of a scientists work. 
n  Visits to science museums and science centers: what is the story 

behind the discoveries?  
n  Working with scientists on projects: sharing real data. 

n  Appreciating science in their everyday lives and evaluating it 
in a critical manner.  

n  Educating the educators. 

n  Bridge the gap between scientists and science educators 
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Visits to science labs? 

n  Organize activities that will promote the scientific practice of 
argumentation: 

n  Set a problem for the students to explore 

n  Provide evidence/data, or allow them to set up an experiment 
and collect data 

n  Ask them to discuss their findings in their groups 

n  How certain are they about the experimental process? 

n  How certain are they about the validity of their data? 

n  How certain are they about their findings? 

n  Discuss the issues that are linked to science work.  Allow time 
for discussion and reflection.  
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Conclusions 

n  Scientific practices can help students appreciate the 
complexities of science, 

n  Argumentation is a scientific practice that should become 
part of the curriculum, 

n  Students (and teachers) need to experience argumentation 
in authentic settings, 

n  Scientists can support our efforts by providing opportunities 
to students experience science as it happens. 
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Appreciating scientific practices 
outside the classroom 

Graph by LIFE center 
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Being a scientist requires having faith in uncertainty, finding 
pleasure in mystery, and learning to cultivate doubt.  There is 
no surer way to screw up an experiment than to be certain of its 
outcome. 

(Firestein, 2012) 

Ignorance and How it Drives Science 


