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Abstract 

In this study Junior High School students‟ processes of argumentation and cognitive 

development occurring in science and socio-scientific lessons were investigated. Detailed 

studies of the relationship between argumentation and the development of scientific 

knowledge are few. Using video and audio documents of small group and classroom 

discussions, the quality and frequency of students‟ argumentation was analyzed using a 

schema based on the work of Toulmin (1958). In parallel, students‟ development and usage of 

scientific knowledge was also investigated drawing on a schema for determining the content 

and level of abstraction of students‟ meaning making. These two complementary analyses 

enabled an exploration of their impact on each other. The microanalysis of student discourse 

showed that (a) when engaging in argumentation students draw on their prior experiences and 

knowledge; (b) such activity enabled students to consolidate their existing knowledge and 

elaborate their science understanding at relatively high levels of abstraction. The results also 

suggest that students can show a higher quality of argumentation that consists of well 

grounded knowledge of a relatively low level of abstraction. The findings suggest that the 

main indicator of whether or not a high quality of argument is likely to be attained is students‟ 

familiarity and understanding of the content of the task. The major implication of this work 

for developing argumentation in the classroom is the need to consider the nature and extent of 

students‟ content specific experiences and knowledge prior to asking them to engage in 

argumentation. 

Introduction 

Within the last years, an increasing number of research projects have focussed on 

argumentation in school science teaching (e.g., Boulter & Gilbert, 1995; Driver, Newton, & 

Osborne, 2000; Duschl & Osborne, 2002; Kelly & Duschl, 2002; Martins, Mortimer, 

Osborne, Tsatsarelis, & Jiménez-Aleixandre, 2001; Zohar & Nemet, 2002). The theoretical 
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underpinnings of these projects refer to three different arguments for enhancing 

argumentation skills which briefly summarized are: 

(1) Scientists engage in argumentation to develop and improve scientific knowledge: “A 

central activity for scientists is to construct and use arguments about which of the 

imaginative conjectures for a puzzling phenomenon are the most convincing in light of 

that evidence and, of course, to obtain additional evidence when the available evidence 

is insufficient or lacking” (Lawson, 2003, p. 1387). 

(2) The public has to use argumentation to engage in scientific debates: “Our decision-

making is often based on information available through press and media accounts, 

which may report contested claims arising from different sources of evidence. 

Evaluating such reports is not straightforward, as it requires the ability to assess the 

validity and reliability of evidence used in scientific arguments” (Simon, Osborne, & 

Erduran, 2003, p. 200). 

(3) Students‟ learning of science requires argumentation: “Talking offers an opportunity for 

conjecture, argument and challenge. In talking, learners will articulate reasons for 

supporting particular conceptual understandings and attempt to justify their views. 

Others will challenge, express doubts and present alternatives, so that a clearer 

conceptual understanding will emerge” (Newton, Driver, & Osborne, 1999). 

In all of these three arguments, the coordination of argumentation and scientific 

knowledge plays an important role. However, the third point stresses the role of 

argumentation as a heuristic to develop an understanding of scientific concepts. Students not 

only have to learn to develop valid arguments but will also learn science while arguing (e.g., 

Erduran, Simon, & Osborne, 2004; Millar & Osborne, 1998; Jiménez-Aleixandre & Pereiro-

Munhoz, 2002; Osborne, Erduran, Simon, & Monk, 2001; Schwarz et al., 2003). The case for 

the inclusion of argumentation as a form of pedagogy comes from the increasing empirical 

evidence emerging from the work of social psychologists that the knowledge and 
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understanding of school-age children can be facilitated by collaborative work and contrasting 

views between peers (Damon & Phelps, 1989; Doise & Mugny, 1984; Howe, Tolmie, & 

Mackenzie, 1995; Howe, McWilliams, & Cross, 2005); and from empirical studies conducted 

in the classroom (Zohar & Nemet, 2002, Mercer et al, 2004). 

But how is ability to engage in argumentation dependent on scientific understanding? 

Currently, there is an ongoing debate whether poor performance in argumentation is a result 

of a lack of general competencies or whether it is caused by insufficient content specific 

knowledge (e.g., Hogan & Maglienti, 2001; Lawson, 2003; Kuhn, 1991; Koslowski, 1996; 

Sadler, 2004). This debate suggests that scientific rationality requires a knowledge of 

scientific theories, a familiarity with their supporting evidence, and the opportunity to 

construct and/or to evaluate their interrelationship (Osborne, Erduran, & Simon, 2004). 

However, the detailed nature of the interrelationship between argumentation and science 

learning has not been explored in naturalistic contexts of the science classroom.  

The objectives of this research, therefore, were to explore: 

a) How students incorporate their content specific knowledge in classroom lessons based 

on argumentation. 

b) How students develop and improve their understanding of science in these lessons. 

c) How the quantity and quality of students‟ arguments are influenced by students‟ content 

specific knowledge. 

These questions were explored through a set of case studies of video-documented lessons 

on science and socio-scientific issues for which students were asked to engage in 

argumentation. By means of an analysis of the transcripts both the quantity and quality of 

students‟ arguments and students‟ cognitive development were considered and their 

interrelationship examined. 
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Background and Theoretical Framework 

Argument in Science Teaching 

Research with a focus on classroom discourse during the teaching and learning of science 

emerged in the 90s (e.g., Driver, Newton, & Osborne 2000; Lemke, 1990; Martins et al. 2001; 

Newton, Driver, & Osborne 1999). Within this area, research on argumentation has emerged 

as a means of facilitating student-student and student-teacher discourse and led to the 

development of theoretically based frameworks for its analysis – predominantly based in the 

work of Toulmin (1958) (e.g., Jiménez-Aleixandre, Bugallo, & Duschl, 2000; Kelly, Drucker, 

& Chen, 1998; Osborne, Erduran, Simon, & Monk, 2001; Schwarz et al., 2003; Zohar & 

Nemet, 2002). From Toulmin‟s perspective, the elements of an argument are claims, data, 

warrants, backings, qualifiers, and rebuttals. The claim is the conclusion whose merits are to 

be established; the data are the facts which are appealed to support the claim; the warrants are 

the reasons that establish the connections between the data and the claim; whilst the backing 

is the theoretical assumptions on which the warrants rest. Qualifiers simply establish the 

boundaries of the claim and rebuttals are arguments which attempt to refute the elements of 

an argument. 

For most of these projects, researchers have focussed on the processes of argumentation in 

scientific communities, either in classrooms or amongst scientists themselves. Using video, or 

audio, and by transcribing the discourse, teachers‟ and students‟ arguments have been 

investigated both in terms of their quality and quantity. Results would indicate that teaching 

of argument can increase the quality of students‟ arguments and the frequency with which 

students use arguments (e.g., Kelly, Drucker, & Chen, 1998; Osborne, Erduran, & Simon, 

2004; Zohar & Nemet, 2002).  

In addition, some investigations have also focussed on students‟ understanding of science 

itself. Basically, these studies use either a descriptive analysis of the content that students 

deploy during argumentation or a pre-post-test design in order to examine the increase in 
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students‟ knowledge (e.g., Jiménez-Aleixandre, Bugallo, & Duschl 2000; Jiménez-Aleixandre 

& Pereiro-Munhoz, 2002; Leach, 1999; Mason, 1996; Zohar & Nemet, 2002). Results based 

on either approach indicate that an increase of students‟ conceptual understanding occurs 

when they are exposed to argumentation. Nevertheless, as valuable as this work is, a pre-post 

analysis of students‟ knowledge does not answer in detail how students incorporate and 

develop conceptual understanding while arguing.  

Development of Scientific Knowledge 

For the last three decades a large body of research has concentrated on students‟ development 

of scientific knowledge (e.g., Duit, 1999; Duit & Treagust, 1998; Hewson, 1996; Limón & 

Mason, 2002; MacBeth, 2000; Schnotz, Vosniadou, & Carretero, 1999). Basically, these 

studies draw on a constructivist epistemology and have aimed to determine students‟ 

conceptual change as well as to identify teaching strategies that promote such a change (e.g., 

Duschl & Gitomer, 1991; Hewson, 1996). However, although the theoretical frameworks of 

these projects often address students‟ learning processes, the majority of the empirical 

procedures investigate the products of students‟ learning rather than the processes of student 

learning. Typically, such research uses pre-post-test to investigate students‟ concepts prior to 

and after instruction but the nature of the process of conceptual change is mainly not explored 

(e.g., Hestenes, Wells, & Swackhamer, 1992; Hake, 1998; Dykstra, Boyle, & Monarch, 

1992). Thus, from the current status of research, it can be concluded that major issues of the 

processes by which conceptual development takes place are still theoretically and empirically 

vague (e.g., diSessa, 2002). Generally, we cannot yet explain in detail why teaching strategies 

that attempt to promote conceptual change are often unsuccessful. To achieve this objective, it 

is necessary to know how students make sense of learning material offered to them and how 

this material contributes and fosters students‟ conceptual development. In short, it would be 

necessary to trace how students create meaning out of what the learning experiences they are 

offered and how they deploy their own knowledge and understanding in tasks and problems.  
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To obtain such insight into students‟ development of scientific understanding one of the 

authors has developed a theoretical framework and methodology that allows a detailed 

description of students‟ conceptual development (e.g., C. v. Aufschnaiter & S. v. 

Aufschnaiter, 2003; C. v. Aufschnaiter, 2006). A variety of video-studies, mainly in the area 

of electrostatics and electrodynamics have been used to identify and theoretically describe the 

processes of knowledge development in students. These studies, focused on students aged 

between 14 and about 25, thus, at high school and university level and, rather than 

documenting content specific descriptions of the knowledge students did “show” and also 

what was absent from their understanding, the work tried to identify and theorize the patterns 

by which these processes occur instead. From this work, it became apparent that at least three 

dimensions could be used to describe and theorize students‟ development of knowledge: 

content, level of abstraction
1
, and time. With these dimensions, it was shown that that, no 

matter what the age and the extent of their experiences, students‟ learning can be 

characterised as an increasing ability to: (a) integrate content elements and to sustain an 

appropriate thematic focus; (b) to consider general rules and laws rather than focusing on 

single objects and phenomena; and (c) to solve tasks and problems more quickly.  

Hence, in the research reported here, this framework has been used to analyse the 

dimensions of content and level of abstraction in students‟ argumentative discourse, each of 

which is further described below. The third dimension of time was not explored as such an 

analysis would have required a mode of transcription that included time marks every few 

seconds – a feature which was not included when the original transcripts were produced. 

Nevertheless, even without this information, the framework does permit the analysis to trace 

students‟ development of knowledge over time in much more detail than that afforded by 

other studies on conceptual change. 

Content. Although the description of scientific appropriateness of students‟ (situated) 

understanding has predominated in research in science education (e.g., Duit, 2006), we would 
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argue that it is the ability of the student to integrate separate aspects of such knowledge which 

is also an important factor in cognitive development. For instance, there is a significant 

difference between whether a (very young) student is able to repeat the word “force” or 

whether the student can use this expression appropriately in a context (e.g., “I needed lots of 

force when I hit the ball”). If the student is also able to discern that the movement of a 

particular object (e.g., a red ball) is a result of an acting force or, even more, that different 

forces can be attributed to this particular situation, his/her knowledge has become more 

expansive. In addition to integrating aspects of their knowledge students should also be able 

to differentiate which aspects are important within a specific situation and which are not. For 

instance, in terms of force it is not important whether the moving ball is red or green. To 

distinguish variables which are significant to the concept of force (e.g., the velocity of the 

ball) from those which are not (e.g., the colour of the ball) Marton and Booth (1997) suggest 

that students need to explore content specific variation systematically. Similarly we would 

argue that students need to be able to discern those aspects which are important in order to 

describe and (later on) conceptualise specific phenomena. Even if all the relevant elements of 

content are neither recognised nor integrated in a complete (correct) physics description, those 

that are enable students to move towards improving their understanding of the phenomenon in 

focus.  

Abstraction. Studies by Piaget and Neo-Piagetian theorists have provided a useful means 

of describing (general) cognitive development (e.g., Piaget & Garcia, 1991; Case, 1997) and 

investigating the content specific development of students‟ understanding and are, therefore, a 

body of work on which we draw. The theoretical framework outlined above distinguishes 

between an understanding that focuses on single objects and phenomena (“concrete”) and an 

understanding that focuses on the principles that govern a domain, that is, a set of classes of 

objects and phenomena that are considered “abstract”. Even though this model is similar to 

Piagetian notions of cognitive development it differs from such general descriptions in that it 
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regards content knowledge as a specific feature of higher level reasoning. This model 

distinguishes four areas of abstraction which each contain two to three levels (Table 1):  

Area I Within the concrete area (levels of Objects, Aspects, and Operations), students 

grapple and (mentally) deal with concrete situations and objects, that is, they 

consider single phenomena, describe observations and experiences, link physics 

expressions to particular objects/phenomena but not to physics concepts or 

theories.  

Area II Within the abstract-static area (levels of Properties and Events), students develop a 

more general understanding within which they summarize classes of phenomena 

and objects (establish a conceptual understanding). Furthermore, students combine 

different general properties into a rule-based understanding. However, the 

relationship between the properties is seen as static, that is, students cannot 

mentally create functional variation besides connecting values (e.g., small x/small 

y versus big x/big y).  

Area III Within the abstract-dynamic area (levels of Programmes and Principles) students 

establish a functional relationship in which at least one variable is considered to 

vary dynamically. Typically, physics laws are of this form (e.g., the more x/the 

more y).  

Area IV Within the systemic area (levels of Connections, Networks, and Systems) a more 

expanded understanding of dynamic relationships between different connections of 

more than two variables is developed. This area is rarely seen amongst learners. 

 

[Insert Table 1 about here] 

 

Empirical results with high school students show that most of students‟ (mental) activities 

can be ascribed to the concrete and abstract-static areas. Indeed, in the work undertaken so far 
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the use of area IV has not been found by any student (e.g., C. v. Aufschnaiter & S. v. 

Aufschnaiter, 2003).  

Taken together, these two dimensions of content and abstraction are a useful tool to 

investigate students‟ knowledge as well as to describe what a learning environment (either 

tasks or instruction) requires from students. Both dimensions can be used in order to relate 

students‟ understanding to the demands made by the instruction. Furthermore, used to analyse 

how students‟ knowledge is developing at different points in their instruction, the dimensions 

can provide a detailed description of the dynamic nature and manner in which students‟ 

learning has occurred. For instance, when students grapple a second or a third time with 

specific aspects of the concept force, it can reveal how they can integrate more content 

elements or that they may reach a higher level of abstraction.  

Data 

Overview of the Study and Participants 

Research was conducted in essentially two phases. The first phase took place from September 

1999 till September 2000. Here, material for use in argument-based lessons was developed 

and 12 teachers were trained on skills of promoting argumentation in science lessons (e.g., 

Osborne, Erduran, & Simon, 2003; 2004). This research draws on work conducted in the 

second year of this work with a subset of six teachers who had made progress in their ability 

to promote argumentation were chosen to repeat their teaching on argument. The teachers 

involved also incorporated a series of nine argument-based lessons in grade 8 classes of 

London Junior High Schools across the course of a year. Whereas the first and the final lesson 

were based on a socio-scientific issue (for an example see Table 2) the lessons in-between had 

a science focus. Both socio-scientific lessons were video and audio-recorded in order to 

evaluate the characteristics of the teachers‟ approach to argumentation as well as their 

progress. Furthermore, in each class two groups of students were taped and transcribed in 

order to develop a schema for evaluating the quality of their argumentation. Typically, each 
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group consisted of four students. The original work essentially assessed the quality and 

quantity of students‟ argumentation – that is their ability to construct an argument regardless 

of its content. However, in this paper the analysis explores what effect it had on students‟ 

understanding of science.  

Material used for Argumentation 

The essential precursor to initiating argument is the generation of difference or plural 

theoretical interpretations. Hence, a common framework for most of the material has taken the 

form of presenting or generating competing theories for students to examine, discuss, and 

evaluate. Furthermore, competing theories were often accompanied by evidence which 

students were asked to use to decide whether the evidence presented supports theory 1, theory 

2, both or neither. Table 2 represents the tasks on which the examples reported in this paper 

are based.  

 

[Insert Table 2 about here] 

 

Data Sources 

The data-sources were the verbal conversations and participants‟ activities recorded in classes 

of year 8 students (age 12-13). Data were taken from those lessons which were taught by 

teachers who had already been trained on how to promote argumentation in the classroom. 

For each of the six teachers four lessons were video- and audio-recorded with a focus on two 

groups of students in each class (altogether 43 student videos
2
). In order to investigate the 

students‟ ability at argumentation, all of these data were used. However, to trace students‟ 

cognitive processes in detail, and to explore the interrelation of these processes with their 

performance of argumentation, the whole set of data was too extensive. Therefore, it was 

decided to focus on four of the teachers which previous research showed had improved the 

most and for whom all the student data were available. Furthermore, the data are 
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predominantly drawn from the science lessons and the socio-scientific lessons are only used 

as a contrast (see also Table 2). 

Methods 

Recordings of every group in every taped lesson were transcribed. Due to technical details, 

the sound was recorded on audio in addition to videoing the groups. Transcripts are primarily 

based on the audio-documents.  

Measuring the Quality of Argumentation 

In the past decade various attempts have been made to elaborate schemata for assessing the 

quality of argumentation. Most of these have been reliant on the framework of everyday 

argument developed by Toulmin (1958) outlined above. In the initial study (Osborne, 

Erduran, & Simon, 2004), the nature of argumentation and its assessment was the focus of 

analysis – rather than the content of an argument itself. To develop a framework to measure 

the quality of argumentation, two major distinctions were made. The first was to determine 

whether an argument contains any reasons and grounds i.e. data, warrants or backings to 

substantiate its claim, as transcending mere opinion and developing rational thought is reliant 

on the ability to justify and defend one‟s beliefs with evidence. In addition, teachers need to 

be able to identify such discourse moves and expose their limitations – the lack of 

justification – to their students. The second distinction was between those arguments which 

were accompanied by grounds containing data or warrants (level 2) and arguments consisting 

of claims, data, warrants and rebuttals (level 3).  

The second distinction is necessary as episodes with rebuttals are of better quality than 

those without. For oppositional episodes without rebuttals have the potential to continue 

forever with no change of mind or evaluation of the quality of the substance of an argument. 

Moreover, as Kuhn (1991, p. 145) argues the ability to use rebuttals is “the most complex 

skill” as an individual must “integrate an original and alternative theory, arguing that the 

original theory is more correct.” Thus, rebuttals are an essential element of arguments of 
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better quality and demonstrate a higher-level capability with argumentation. This schema then 

differentiates three levels of argument with rebuttals: arguments with weak or incomplete 

rebuttals; arguments with clear rebuttals; and arguments with multiple rebuttals. Thus, this 

framework for the analysis of argumentation offers a hierarchy of increasing quality defined 

in terms of a set of five levels of argumentation. Table 3 defines this schema and gives 

examples of its application. 

 

[Insert Table 3 about here] 

 

What this approach to argument in the classroom offers is an opportunity for students to 

engage in co-construction of their knowledge and to test the security of their own knowledge 

by (a) explaining it to others through advancing claims supported by reasons and (b) to use 

their understanding to construct rebuttals to the arguments of others. Rebuttals are, therefore, 

an essential means of testing the security of any individual‟s knowledge holding up the 

student‟s ideas to critical inspection by others. Hence, like Kuhn (1991), we consider the 

ability to construct a rebuttal or counter argument crucial to the development of knowledge 

and the skill of argumentation. 

Investigating the Development of Scientific Knowledge 

In order to analyse the development of students‟ understanding of science during the lessons 

based on argument both students verbal and non-verbal activities were used and every student 

traced individually and their thinking analysed sentence by sentence (activity by activity). 

Whilst we can never “really” know what students have in mind research is reliant on 

sequences of students‟ utterances and activities. Thus, students‟ understanding can only be 

inferred from what students say and do (e.g., C. v. Aufschnaiter & S. v. Aufschnaiter, 2003). 

The dimensions of „content‟ and „abstraction‟ are then ascribed to every student idea leading 

to a description of the quality of students‟ understanding. In Table 4 an excerpt of a transcript, 
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ascribed content and level of abstraction are presented as well as a short explanation about the 

levels ascribed to show how this process was undertaken.  

 

[Insert Table 4 about here] 

 

It should be noted that no single idea (sentence) “has” a specific level. Rather, the level 

depends upon the way in which the idea is embedded in the ongoing (discursive) activity. 

Only by analysing a given sentence in the context of its use is it possible to infer the level at 

which the idea is understood by any given student. Thus, an examination of the discourse 

provides a window into how ideas are constructed and serves as a “vehicle” to assess content 

and level of students‟ understanding. In cases where agreement could not be reached on one 

level of abstraction, two possible levels are given.  

In the next section, the exemplar transcripts are provided instead of our constructions of 

students‟ understanding, as the former are easier to follow and give a better impression of the 

way students and teachers talked. These exemplars have been chosen as they are 

demonstrative of the method of analysis and the results they produce. None of these are, 

however, isolated examples. Nevertheless, there is no attempt to claim that they form a 

comprehensive account. Rather, they have been chosen because they illustrate best the issues 

explored by this work.  

Relating Argumentation to the Development of Scientific Knowledge 

In the analysis, where argument occurred, every student‟s contribution was investigated both 

for its content and level of abstraction. In addition, for each argument a level was ascribed. 

The outcome was a measurer of the quality of the argument itself in term of one of five levels 

as well as a content specific description of each individual student‟s contribution to the 

argument. Furthermore, tracing students‟ development of knowledge during the whole lesson 
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showed how students changed or at least improved their understanding during the lesson (as a 

result of their argumentation).  

Results 

Students’ Construction and Development of Knowledge in the Lessons Based on Argument 

Students’ Situated Understanding 

When presented with a task, students often immediately constructed an understanding of the 

given situation. In such circumstances, whether or not they were able to engage successfully 

with the tasks was found to be explicable by their previous experiences with the task‟s 

content. Those tasks with familiar content were much easier to engage with as the following 

examples demonstrate. 

Examples 1a and 1b: Teacher M, lesson on the phases of the Moon, group 1 and group 2 

(see Table 2 for a description of the activity)
3 

In both of these examples the groups refer to the movement of the Moon and the Earth. 

Furthermore, in example 1a the positions of the Sun, the Moon, and the Earth are also 

considered. Here, the students create and use a picture of the situation in order to engage with 

statements D and E (see Table 2). With this picture, students start to refer to a concrete 

situation (as presented in the drawing). Therefore, mainly concrete levels are ascribed. The 

second group (example 1b) cannot find their initial understanding of the general features of 

the Moon‟s and Earth‟s movement in one of the statements presented. After the discourse 

with their teacher they mainly repeat their ideas and then most members of the group stop 

working by themselves on the task. Later in the lesson they mainly copy results from one 

group member and talk about private issues. 

Example 1a: group 1 

S3 I think it's D. 

S4 Why do you think it's D? 
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S1 I think it's D or E. 

S3 What it is, the Moon, the Moon orbits the Earth. [Properties] This is what it's like, 

yeah? [Properties] 

S1 The Moon orbits the Earth [Properties]. When the Earth gets in front of the Sun... 

[Operations or Properties] 

S3 So this is the Sun, the big thing (draws). [Operations] Right? That's the Earth (draws) 

S1 The Moon moves around the Earth. [Operations] 

S3 And that's the Moon yeah? (points to picture) [Operations] 

S4 No, the Sun, yeah ... [Operations] 

S3 Yeah, but listen that's the Sun, that's the Earth, the Moon goes like that, and the Earth 

goes like that (points to picture), so now you've got that, and that, going on at the same 

time. [Operations] And what it does, look, as it goes there, you can only see the back of 

it and it only shows like parts of it. [Operations] The bit you are going to see is just 

that bit. [Operations] 

S3 As it moves, it's a round shape... [Operations] If it's there (points to picture) you can 

see that bit. [Operations] 

S4 What happens when you can see the whole thing? [Operations] 

S1 The whole thing, it would be about there wouldn't it? [Operations] It would be there, 

the whole thing. [Operations] 

S3 INDISTINCT REMARK 

S1 When it's behind here (points to picture), that's when I think it might be E. 

[Operations] That's when I think it might be... [Operations] 

S4 I think it's E. [--] 

S3 I think it's D or E. It might be E, but I think it's D. [--] 

Example 1b: group 2 
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S2 The first one’s rubbish. [Operations] 

S3 I know. [--] 

S2 Miss, which one of these questions says that the Moon spins around, the Earth goes 

around and… [Properties] 

T None of those actually say that. [Properties] 

S2 No. 

T So you have to decide which one of these is true. [Argument
4
] Now, what you know is 

true.... you need to decide which one of these is supporting what you know? 

[Argument] Is blocking. [--] So you can eliminate that one. [Operations] 

S3 No, it doesn’t give off light. [Operations or Properties] 

T Right, so that’s not right, either. [Operations or Properties] 

S3 Mm. You can not always see part of the Moon that is lit up by the Sun. [Operations] 

T Why do you think it’s that one? [Argument] Work it out together. [Argument]  

S3 Because... [--] 

S2 You can’t always see the Moon, which is there by the Sun, because as we turn around on 

our own axis the Moon spins as well, around us. [Events] 

S3 Not every day. [Operations or Properties] 

S2 To see it again. [Operations] Because the Moon spins on it’s own axis and if you spin 

around the Moon is still there and we are on the other side. [Operations or Events] So 

we can’t see it, because of the Earth. [Properties] 

In most of the cases, students (initially) were found to refer to aspects they knew from 

other contexts (e.g., own experiences, other science lessons, television and media). For 

instance, in a discussion about the validity of zoos students focused on their own visits at zoos 

or safaris and described what they observed there or, alternatively, they related their own 

experiences and feelings to animals.  



Arguing to learn and learning to argue  

 

 

17 

In addition to analysing which content students referred while discussing the tasks, the 

levels of abstraction that were constructed by the students were analysed. Previous studies 

show that lower secondary students mainly refer to concrete aspects of a context and only 

rarely reach the abstract-static levels of Properties and Events, let alone any higher levels 

(e.g., C. v. Aufschnaiter & S. v. Aufschnaiter, 2003; see also Table 1). Likewise, in these 

lessons on argument, the majority of students‟ cognitions made reference to concrete 

examples. However, we found a notable number of Properties and Events (e.g., see Examples 

1a/b, 2, and 3) which are indicative of the use of the „abstract-static‟ area of knowledge (see 

Table 1). 

Example 2: Teacher L, lesson on blood pressure (see Table 2 for a description of the 

activity) 

S2/3 (read) Your blood carries more oxygen and is therefore a deeper colour. [Operations] 

S1 But why would your blood come out red? [Operations or Properties] 

S2 But how come when, if you cut it why would it come out red? [Operations or 

Properties] 

S3 Because it carries more oxygen because there's more oxygen in the air than there is in 

your body. [Events] 

S1 But how come my blood running through those veins is now blue and when I cut it it'll 

be running through there red? [Operations] Uh? Uh? 

S2 It won't make any difference, yeah? [Operations] If you are exercising, yeah? 

[Operations] Then it carries more oxygen than when you are just walking along. 

[Events] 

S1 You are breathing in more oxygen. [Properties] You are breathing it in faster. [Events] 

Our findings, based on students‟ development of knowledge in the investigated lessons, 

suggest that the tasks have helped students to elicit and use their understanding at relatively 

high levels of abstraction. Furthermore, some of the students‟ ideas are scientifically valid. 
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However, it should be noted that most of the students‟ statements referred to rather narrow 

aspects of the content and were only partially related to the requirement of the task itself. (For 

instance, the student in Example 2 did not describe how the colour and amount of oxygen are 

related but, rather, discussed how oxygen is transferred into the body). Predominantly, only 

single statements could be ascribed to the abstract-static area of abstraction (see Table 1). 

Although such ideas emerged during the lesson while working on the tasks the impression 

gained was that they were not a (direct) result of the evidence statements provided but, rather, 

were already known to the students. Evidence to support this view comes from students‟ 

explicit expressions that they knew these aspects of content as a consequence of previous 

lessons or from references to other experiences. For instance, while arguing about funding a 

zoo (Table 2) a student referred to his experiences in a zoo: “I suppose when I was in London 

Zoo I did like, look at them, all the animals in the cages. [Operations] And I didn‟t think 

about it seriously. [Operations] But now, like, animals are not exactly in their natural habitat. 

[Properties] (…) Because they are not in their natural habitat I don‟t think they should be in 

the zoo [Properties]”. Furthermore, the immediacy – that is the rapidity with which ideas were 

presented within the discourse – suggests that it was prior knowledge that was used as a 

resource for engaging in argumentation. If such knowledge were in the process of 

construction it is not unreasonable to assume that it would be expressed more tentatively and 

with much greater deliberation. This would suggest that in the majority of these cases it is the 

mental and/or real familiarity with the content that enabled the students to think about it at a 

relatively high level. Thus, the structure of the tasks enable students to draw on their existing 

knowledge to generate higher levels of abstraction but there was little evidence that it is the 

tasks themselves that generate new knowledge. 

How difficult it was to get students involved in content or at levels that were not familiar 

to them can be seen for all cases in which students‟ initial understanding differed from the 

ideas offered to them (e.g., Example 1b). Aiming to engage students in argumentation, the 
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tasks often included typical students‟ everyday concepts together with a valid scientific 

concept. However, if students were not already familiar with the scientific concept, they 

hardly understood what was presented to them.  

Example 3: Teacher M, lesson on phases of the Moon, group 1 

In the further course of Example 1a, students argue about their geometrical understanding of 

the position of the Sun, the Earth, and the Moon rather than about the way an observer sees 

the Moon from the Earth (as indicated in statement D). Although the students at one point of 

the lesson start a very short debate about the Moon being lit up by the Sun, their ideas do not 

have an impact on further discussions. Thus, they are not able to argue about the scientific 

concept that was expressed in D (see Table 2). Instead, they refer again to their geometrical 

construction of the situation (see Figure 1): 

S4 Is the Moon lit up by the Sun? [Operations or Properties] 

S3 Yeah. [Properties] 

S4 But how come when the Sun goes down the Moon is still bright? [Events] 

S3 The Sun don't go down. It just... [Properties] 

S1 But that's because the Moon's ..... it's orbit. [Properties] 

S4 INDISTINCT REMARK 

S? I'm going back to reality. [--] 

S3 You see the Sun, the Moon is in front of it, and it goes like that (points to diagram). 

[Operations] And that's why the Sun slowly goes, because the Moon's coming in front 

of it. [Operations] 

S1 And that's why, when you see the Moon at the same time that means that the Sun... 

[Operations] 

S3 And that's why you see the Moon... 

S1 INDISTINCT REMARK 
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S3 And that's why, sometimes, when it's light, you know when it's light, that's why 

sometimes you can still see the Moon. [Operations] You know like in the summer, 

because the Sun's so big, right? [Operations]  

These results for the content and level of students‟ understanding of the tasks indicate that 

students can only engage in argumentation when they find something known to them in the 

tasks (or in the statements offered to them). That is, students need to understand both the 

content offered to them and the level of abstraction with which the content is presented. 

Although this may seem a trivial result considering the large body of research on the impact 

of prior knowledge on learning, it does have significant implications for how pedagogy for 

promoting argument is developed. Trying to use argumentation in order to contrast scientific 

concepts with students‟ everyday concepts will only result in an appropriate discourse, that is, 

a meaningful discussion of the scientific point, when students already have some experience 

with, or understanding of, the scientific statements. As Norris and Phillips (2003) would 

argue, it is impossible for them to engage in constructing meaning from the statements offered 

by the task unless they have some scientific literacy in the fundamental sense. Therefore, it is 

inappropriate to ask students to engage in argumentation around scientific concepts and 

theories where they lack any background knowledge. 

It is not only that the students did not understand those aspects of the tasks (or teacher 

instruction) which were unfamiliar either in terms of content and/or level of abstraction, but 

also that the students struggled to understand each other as soon as their constructions 

differed. For some dialogues, the discourse seemed to be a co-construction by two or more 

people discussing the same content at the same levels (e.g., see Example 1a) where each 

individual seemed to elaborate the others‟ ideas in a similar way and could, therefore, support 

the discourse so that it continued fruitfully. In other cases, students did not understand each 

other or had different ideas which they could not relate to each other. Sometimes at least one 

of the participating partners was aware of the differences in their individual understanding 
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and tried to solve the problem, but not always successfully (see Example 4). Whereas in other 

instances students just talked but did not follow each other, such as in Example 5, because 

each participant was attempting to assert their own argument too volubly.  

Example 4: Teacher M, lesson on phases of the Moon, group 1 

S4 It takes 24 hours for the Sun to get around the Earth, right? [Properties] 

S3 No it don't. [Properties] 

S4 Yes it does. [Properties] 

S3 No it don't. [Properties] 

S4 Yeah. [Properties] 

S3 No, it's 365 days for the Earth to go around the Sun. [Properties] It takes twenty four 

hours for the Earth to spin. [Properties] 

S4 So while the Sun is going around in 365 days... [Properties] 

S3 No, the Earth's going around. [Properties] 

S4 Yeah, whatever... [Operations] 

(...) 

S3 The Sun doesn’t move. [Properties] The Sun’s the great ball that... [Operations] 

One of the students argued that the Sun is a moving object whereas the other one is 

convinced that this is not the case. During the discourse the student S4 seemed to be 

persuaded that the period of the Sun‟s movement is 365 days rather than 24 hours but he did 

not change his idea of the Sun‟s movement. Although told again later on he continued to 

regard the Sun as a moving object throughout the lesson. 

 

Example 5: Teacher M, lesson on funding a zoo (see Table 2 for a description of the activity) 

S2 We think that we should open the zoo because the wildlife, to stop endangering 

species... [Properties] 

S2 We also think...  
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INDISTINCT REMARKS 

S3 OK, a theme park, because if the zoo opens... the theme park would loose customers. 

[Properties] 

S1 INDISTINCT REMARK 

S4 We are not going to propose that. [Operations] 

INDISTINCT REMARKS S2-4 

S2 I am talking to you... [SOCIAL] 

S2 Be realistic yeah, don't just say you will run away because that's not what you're gonna 

do. [Operations] If we put the zoo there it is not just for us. [Operations or Properties] 

S4 We don't care about them, we just care about our customers. [Operations or 

Properties] 

INDISTINCT REMARKS S2-4 

S3 Let me put it this way, first of all you guys want to study animals in the environment of a 

zoo. [Operations] Are you gonna keep us in a cage or are you... [Operations] 

INDISTINCT REMARKS S1-4 

S3 I don't care. We have the best theme park in town. [Operations] 

Here, the four students had a very vivid (and voluble) discussion in which different statements 

are given. However, each student basically focused on his/her own constructions (see also the 

level 2 argumentation on the zoo in Table 8). 

These findings on students‟ interactions and individual construction of meaning within 

these interactions suggest that it is unlikely that students will contradict each other as long as 

they do not know or understand what the other student is talking about. If students cannot 

construct a shared understanding of similar content at identical levels, they will only refer to 

those elements of the interaction that match their own understanding. Such results presented 

here are similar to previous findings on students‟ discourse which show that students cannot 

interact fruitfully if the contents and levels of abstraction of their constructions do not match 
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(C. v. Aufschnaiter, 2003). Similar problems of individual sense making of students‟ 

collective discourse are also reported in Schwarz et al. (2003).  

Likewise, our results suggest that, if in any student-teacher interaction there is a mismatch 

between the teacher prompts and the student understanding – either in terms of the content or 

the level of abstraction, the discourse did not advance student understanding. When the 

teacher gave hints to support the argument these hints often did not raise the discourse to a 

higher level but, rather, led students to finish talking about that particular content at that level. 

Students’ Development of Scientific Knowledge Over the Whole Lesson 

The previous section began with some “snapshots” of students‟ understanding of the tasks and 

the way with which they grappled with both these and the other students‟ and teachers‟ 

statements. Although it may appear that during these examples (almost) no progress was 

made, our interpretation is that it is the experience afforded by the whole lesson which should 

lead to progress in students‟ understanding of science. Therefore, whilst any brief instant of 

students‟ situated (verbal) activity alone may not indicate any change, throughout the lesson 

there may be a more global development of their knowledge. Thus, this perspective led us to 

compare students‟ initial understanding of the task and their answers given with what they 

discussed and presented later within the same lesson.  

Example 6: Teacher M, lesson on phases of the Moon, group 1 

In Example 1a the students started to create an understanding of the setting of the Sun, 

Moon, and Earth. Here they already started to use a drawing of the relative positions of the 

Sun, the Moon, and the Earth (Figure 1) in order to create meaning for statements D and E 

(Table 2). Throughout the lesson, they developed a more precise description of how 

statements D and E can be explained by the relative positions of the Sun, the Moon, and the 

Earth and discussed further how these bodies move (see examples 1a, 4, and 6, all from the 

same group). Even though the way S3 expresses his idea at the end of the lesson looks fairly 
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fluent and is in some sense more integrated, he still only partially understands statement D. 

S3 Sometimes you can see the Moon when it’s light outside [Operations], and it’s coming 

across and it’s blocking the Sun, [Operations] but where the Sun’s a lot bigger and 

the Earth’s a lot bigger than the Moon [Operations], it doesn’t block it, the Sun’s rays 

are still coming to the Earth because it’s not hitting the Moon. [Operations] But you 

can still see the rays coming from the Sun [Operations], that’s why I think the Moon 

actually blocks the Sun and not the Earth blocks the sunlight from to get to the Moon. 

[Operations] I think it’s the Moon that puts a shade over the Earth and not the Earth 

that puts a shade over the Moon. [Operations] 

The results from our analysis show that students stuck to those aspects they developed at 

the beginning of the lesson but elaborated and improved their ideas throughout the lesson. 

Thus, they made progress in the way they described their ideas. That is, they were quicker in 

relating the different aspects of their ideas together; removed those bits and pieces which were 

not useful in the discussion; and integrated (familiar) aspects which were raised by other 

group members. Whenever students seemed to extend their initial ideas, for instance, making 

use of additional information given by other students or making connections across contexts, 

the data would suggest that, although students assimilated additional information making 

more connections between ideas, their understanding usually did not progress to higher levels 

of abstraction. Whilst many cases in which students improved their understanding at a content 

specific level were found, only a very small number of examples could be identified in which 

the students developed their ideas further to higher levels of abstraction than they had attained 

before. Where this did happen, there was usually an extensive discussion about the aspects 

that were integrated at the higher level preceded the final construction (e.g., Example 7). 

Example 7: Teacher P (TP), lesson on diet (see Table 2 for a description of the activity) 

Throughout the lesson, the students turn several times to their idea about the relation between 
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age and the duration the participants will have to stay in the house to extend their life. Within 

every discussion they improve their understanding a bit with  the final statement of student 

S1 demonstrating the integration of a number of different ideas from the group at the 

relatively high levels of Properties and Events. 

S2 There's no point in starting when you are like thirty four. [Properties] There is no 

point in starting up when you are thirty four, in middle age, because your body might 

not be able to cope with it because since you were a baby you've been eating set 

amount of food and how many calories and if you start eating less your body won't be 

able to ...... [Events] If you started to eat less your body won't be able to cope with the 

change. [Events] 

(...) 

S2 OK. I think, this is the research, yeah, I think that they shouldn't do it. [Operations] If 

they want to do it they should start when they are babies. [Operations] But then a baby 

hasn't got the chance to say whether it wants to or not. [Properties] 

S1 Say someone is putting a child up for adoption. [Operations] 

S2 You should start them all at once or something. [Properties] 

S1 Yeah, or if someone doesn't want the child, yeah, they should ask them, do you want 

you child to be put in the research? [Operations] 

S2 The thing is though, when you are a baby and you have got parents and stuff like that, 

yeah, it's your parents, but you may grow up to be... [Operations] But I can't stop now 

because my body wouldn't be able to cope with the change. [Operations] 

(...) 

S1 We don't know were we are going to start. [Operations] 

S2 If you are a baby... [Operations] 

TL You are the researchers, you can say... at the end of the day we do ... and low calorie 
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foods are nice and rather than criticise this we should be... you should be 

encouraging... [Argument] 

(...) 

S3 What are we going to say? [Operations] We can't do it on children, and we can't... 

what are we going to say? [Operations] 

S2 You have to say - we do this, we experiment on animals first and we experiment... 

[Operations or Properties] 

S3 And the rat is the closest animal to us, the second closest animal to us, in genes and 

things inside of our body, yeah? [Events] So if we've tested it on a rat... if they test it on 

a rat then obviously it might be able to work on humans. [Events] 

(...) 

S1 […] We are going to start at different ages, [Operations] we won’t start it from under 

eighteens because you can’t do an experiment if you are not under eighteen. 

[Properties] But from eighteen you will have choices on it. [Events] From eighteen you 

might say twenty years. [Events] Or if we started it in the middle, say thirty five, you 

might live about ten years longer. [Events] So we are going to research that first. 

[Events] We tested in the white rat, which is one of the closest animals to us humans 

[Properties], and that’s proved positively that you can increase the lifespan of animals. 

[Events] So we want to try it on humans. [Properties] This will increase lifespan. 

[Events] And by testing it on humans we can see that it works on them. [Properties] 

Although the development of substantive new knowledge in students‟ discourse was 

rarely found in this study, this example shows that the discourse does lead to the students 

improving their existing knowledge. Even though students‟ discourse did often not lead 

(directly) to the interacting partner changing his/her ideas, it is the individual who was trying 

to explain something who was observed to improve his/her knowledge (for similar results see 

C. v. Aufschnaiter, 2003) – a finding which is commensurate with that of Hitano and Ignaki‟s 
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work on the cognitive value of explanatory discourse to others (1991). Without the 

opportunity to discuss their own ideas, we would suggest that such an improvement is much 

less likely to occur. Thus, engaging in argumentation is, we would contend, an essential 

pedagogic tool for enhancing student learning and understanding of science. 

These data suggest that argumentation is useful to support students to develop a more 

secure understanding as it provides the opportunity to use similar ideas in differing 

circumstances. Such a process leads to consolidation as ideas which are initially tentative are 

confirmed and elaborated. However, lessons based on argumentation do not seem to have a 

direct impact on students developing a new understanding in a sense that it emerges within 

the discourse directly. But argumentation does seem to have an important function: it supports 

students‟ improvement of thinking as the evidence from the students‟ discourse suggests that 

it leads to a quicker development of specific ideas and it helps to make connections across 

(familiar) contexts. It is such improvement that is the basis of further learning. For only if 

students have enough experiences with a specific element of content can they deploy or use 

such content knowledge quickly enough to create „new‟ connections to other content elements 

or integrate similar elements at a higher level of abstraction. In addition, argumentation can 

help students to discover how those elements they had never thought about are related to the 

specific context. 

Relating Patterns of Argument to Scientific Understanding 

The Nature of the Tasks and its Influence on Students’ Frequency of Argumentation 

A second focus of this study was to examine the quality and frequency of students‟ use of the 

components of argument to analyse the interrelationship with their scientific knowledge. In 

order to assess students‟ development of argumentation students‟ arguments were coded with 

the levels developed in Table 3. An increase in the quality of the argumentation was observed 

by comparing students‟ performance and frequency of argumentation at the beginning of the 

year to the lessons at the end of the year (using all six teachers of the sample). However, there 
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were differences between the science and the socio-scientific contexts in that students 

achieved higher levels of argument in a socio-scientific context (Osborne, Erduran, & Simon, 

2004). Our hypothesis is that the difference is mainly caused by the content specific nature of 

the tasks themselves which differed in terms of complexity and the degree of students‟ 

experiences that can be expected of the specific content. Whether or not a task is complex 

depends on the task‟s requirements in terms of content and level of abstraction. A more 

complex task has more content elements that have to be considered and/or connected, or it 

requires a higher level of abstraction or both. Nevertheless, students, who may have lots of 

experience with a specific topic, might therefore consider a complex task of a familiar topic to 

be easier than a less complex one of another (unfamiliar) topic. So, whether or not a task is 

difficult for students depends on the combination of “objective” criteria (here described in 

terms of the content and level of abstraction) and the individual experiences they are able to 

draw on to engage with the task. Hence, it is apparent that the tasks require very different 

things from the students (see Table 2). For instance, the following table represents the content 

elements and levels of abstraction for the task on blood pressure: 

 

[Insert Table 5 about here] 

 

It is not only that the task on blood pressure requires very demanding levels of 

abstractions from students, hardly seen even with university students and lecturers (see C. v. 

Aufschnaiter & S. v. Aufschnaiter, 2003), but also several different content elements have to 

be considered and probably understood as well. Furthermore, the research on children‟s 

conceptual understanding, would suggest that the concept of “pressure” is not understood in 

an appropriate manner (e.g., Driver, Squires, Rushworth, & Wood-Robinson, 1994). 

Therefore, this task was not only complex but also difficult as students lacked relevant 

experience and knowledge. Therefore, students rarely considered all the issues it raised but 
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focused instead on small bits and pieces of the content (see Table 4 and Example 2). If this 

task is compared to, for instance, the argument about funding a zoo, differences in the 

complexity of the tasks are obvious. In the zoo task (Table 2), in contrast to the task on blood 

pressure, students can argue about funding a zoo successfully at the level of Operations using 

content which is familiar to them (see Example 5 and Table 6).  

Levels of Argument and Levels of Students’ Understanding 

Prior to the investigation we held several different hypotheses about the interrelationship of 

students‟ understanding with their performance of argument. These were that: 

(I) The different parts of an argument (claim, data, …) refer to different levels of 

abstraction. By this we mean that all data statements, or for that matter all claim 

statements, would be consistently at one level of abstraction. Therefore, if the 

components of an argument are at different levels of abstraction students could then 

access some of the parts of an argument more easily. In contrast, others might be more 

difficult and thus need more experiences or more prior knowledge. 

(II) The higher the level of argument, the more content needs to be connected or the higher 

the level of abstraction that has to be reached. It is therefore more demanding for 

students, as they have to consider more elements of content to relate, or have to 

construct knowledge of a higher abstraction. 

(III) There exists no direct relation between the quality of argumentation and the level of 

students‟ understanding. Therefore, high level argumentation can be developed with low 

level knowledge but does need several relevant experiences with the specific content. 

In order to investigate these hypotheses we compared the number of content elements and 

their level of abstraction (Table 1) with the level of argument as defined in Table 3.  

 

[Insert Table 6 about here] 

 



Arguing to learn and learning to argue  

 

 

30 

As an example, Table 6 shows six different arguments three of which are level 2 and three 

of which are level 4. Comparing the number of content elements connected within these 

arguments it becomes apparent that they differ even for the same level of argument. 

Furthermore, the highest level of abstraction reached between level 2 and level 4 arguments 

was not consistent. Similar results can be found for other arguments and therefore, we were 

not able to validate hypothesis II.  

The examples of higher level arguments in Table 6 suggest that higher levels of argument 

are achieved not so much when there are more elements of content in the argument, but rather 

when they are more coherently elaborated. In this context the term coherence refers to 

arguments that are either extended or where there are clear relationships between the elements 

of the argument. Thus, although the level 2 socio-scientific argument about the zoo would 

appear to be longer, the elements of content are essentially unrelated whereas in the level 4 

argument, the fewer content elements observed would appear to relate to each other. This 

would suggest that a greater familiarity with specific elements of content enables higher 

levels of argumentation (hypothesis III). Hence, this data suggests that higher levels of 

argumentation demand a more confident understanding of the specific content. 

Our results and interpretations are also supported by recent work of Lawson (2003) who 

argues that students of different age can all show a specific pattern of argumentative 

reasoning, namely if-and-then. However, the content specific knowledge which the pattern 

consists of can have very different qualities ranging from what Lawson calls “empirical” 

(stages 1-3) to “theoretical” (the final stage 5). Even though Lawson‟s description of students‟ 

content specific knowledge is (slightly) different from what is proposed in this paper, his 

conclusions match our outcomes: (high level) arguments can be developed with different 

levels of students‟ content knowledge. That is, students‟ familiarity with content (even at low 

levels of abstraction) rather than a general ability to argue is the essential prerequisite for 

developing (high level) arguments. 
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These results also have implications for hypothesis I. Comparing different claims, data, or 

backings/warrants, the data show that these can all have different qualities in terms of the 

content specific knowledge of which they consist. For instance, if we compare two data 

statements emerging from this research – (a) “If you took all the air from this room and put it 

in a container” with (b) “Because as we turn around on our own axis the Moon spins as well 

around us”, there is a significant difference in the level of abstraction. Whereas the first, (a), 

refers to a concrete (mentally constructed) situation the latter, (b), describes a more general 

rule of the movement of different bodies (level of Events). Thus, claims could range from 

assumptions based on real experiences or mentally constructed phenomena (concrete area) to 

statements that show theoretical knowledge of the principles of a domain (abstract areas). In 

addition, we found that also warrants were developed with either more concrete knowledge or 

(rarely) with reference to a theory that constitutes the connection between data and claim. The 

conclusion that we draw from our results would suggest that our hypothesis I is not supported 

with the data of our study whereas hypothesis III might be helpful in describing the 

interrelation between argumentation and students‟ understanding. 

The lack of (explicitly) theory based warrants in our study would indicate that students‟ 

might not know enough about relevant scientific concepts to deploy them in their arguments. 

However, we did find several data statements which comprised a general description of 

classes of situations rather than being based on a single event – essentially an abstraction from 

several instances. Again, we would argue that it is the students‟ familiarity with the related 

contexts that has enabled them to construct data at such a (high) level of abstraction.  

Summary and Discussion 

The results of our study suggest that students can only engage in argumentation at content and 

levels of abstraction that are familiar to them. Even though the tasks may give additional 

information, the students did not make use of this information during their discourse. They 

understood the tasks/statements offered at their own level of prior knowledge, no matter 
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whether this knowledge related to a valid scientific concept or was based upon everyday 

experiences and concepts. Thus, if other students provided additional data or warrants at a 

higher level, they were unable to rebut such information at that level. However, the study also 

shows that lessons based on argument have a positive impact on students thinking as they 

help to elicit students‟ previous ideas at relatively high levels of abstraction. By itself this is a 

significant achievement of the process of engaging in argumentation. 

Essentially, all aspects of students‟ (initial) understanding and the way they grappled with 

the tasks/verbal contributions indicate how strong the influence of prior knowledge on 

students‟ cognitive processes is. Although this may not be surprising, it indicates that any 

attempt to develop students‟ knowledge through argumentation must be related to students’ 

prior knowledge. It is important to remember that the demands of the task need to be 

commensurate with, and appropriate to, students‟ expanding knowledge – situated in the zone 

of proximal development (Vygotsky, 1962) somewhat in advance of the student‟s current 

understanding. Otherwise, any given argumentation task is unlikely to contribute to the 

development of students‟ scientific knowledge.  

The analysis of content and level of abstraction of students‟ arguments revealed that 

students‟ ability to undertake high level argumentation will depend on whether or not the 

content of the argument relates to students‟ prior experiences – a feature which is very clear in 

our data. Whilst students can undertake high level argumentation with relatively low level 

knowledge it is particularly unlikely when they lack any knowledge or experience of 

appropriate data. Therefore, we would expect that even scientists may not be able to engage in 

high level argumentation when confronted with an unfamiliar task. Hence, in designing tasks 

to promote both high level argumentation and students‟ understanding of scientific concepts, 

it is essential to consider both the relevance of students‟ prior experiences and the complexity 

of the tasks. Furthermore, future research needs to address and clarify the content specific 
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nature of the elements of an argument as results of the study indicate these can be developed 

at different levels of abstraction. 

Lessons based on argument aim to provide students with the opportunity to engage 

actively in science. From a constructivist perspective (e.g., Duit & Treagust, 1998), given that 

students are more likely to be actively engaged with the subject matter it would be reasonable 

to expect enhanced student understanding. This would explain why students show a better 

performance than those taught in “normal” settings (e.g., Zohar & Nemet, 2002). However, 

results from this study indicate that instead of developing new knowledge, that is an enhanced 

conceptual understanding, the activity mainly improved the security of students‟ existing 

knowledge. In most cases, neither the tasks nor the students‟ interactions resulted in students‟ 

demonstrating an understanding which they had not (almost) attained before. Rather, the 

students consolidated their ideas and made them more precise. Our view, however, is that 

such an improvement is important to promote further learning as it enables students to grasp 

and to think about specific aspects more quickly. Only if students are successful in reducing 

the time they need to access or consider a certain element of content will they be able to 

connect this element to other relevant pieces of the context so that a higher level 

understanding, more integrated knowledge and/or a higher level of abstraction, can be reached 

(e.g., C. v. Aufschnaiter & S. v. Aufschnaiter, 2003). However, we should stress that it is not 

so much that we believe that no learning of new knowledge has occurred here, rather, that 

learning is slow and gradual process which is a product of extended interaction and reflection. 

Other studies (Alverman, Qian, & Hynd, 1995; Zohar & Nemet, 2002; Mercer, 2004) would 

suggest, however, that engaging in argumentation does lead to enhanced conceptual 

understanding in the longer term. 

Although this research has not shown explicitly how students‟ scientific understanding can 

be improved through argumentation, we feel that it has contributed to a better understanding 

of the interrelationship between argumentation and the learning of science. Moreover, as 
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valuable as some of the arguments for argument in science education, or for that matter any 

other subject are, the appropriate use of this pedagogy requires a more careful consideration 

of the interrelationship between the content and process of an argument. In short, there is 

more to argumentation than meets the eye. 

Notes 

1
In their publication C. v. Aufschnaiter and S. v. Aufschnaiter (2003) referred to this 

dimension as “complexity”. In order to avoid confusion with a more general notion of the 

term “complexity” (which can include a greater width in content as well), we have decided to 

use the expression “abstraction”.  

2
Due to a set of factors such as changes in teachers‟ timetable and occasional technical 

problems, a complete data set does not exist for all lessons. 

3
In order to make the main arguments given in the paper easier to follow, we decided to put 

examples and their discussions in boxes. We were aiming at writing the paper in a way that a 

reader can either read the text solely (without the examples) or cross refer to the examples and 

their descriptions. 

4
“Argument” is ascribed for those utterances which explicitly refer to statements about 

performing an argument. 

An earlier version of this paper was presented at the biannual conference of the European 

Science Education Research Association (ESERA), August 2005, Barcelona (Spain). 
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Figure 1. Students‟ geometrical construction of statements D and E for the lesson on phases 

of the Moon (figures are not true to scale). 

 

Constellation as 

described in statement 

D (from students‟ 

point of view) 

 

 

 Sun 

  Earth 

Constellation as 

described in statement E 

(from students‟ point of 

view) 

 

 Moon 

 



Arguing to learn and learning to argue  

 

 

42 

Table 1 

Areas and Levels of Abstraction 
Area Description of the Levels  

Area IV (systemic):  Systems: Construction of stable networks of variable principles  

co-variations of variable Networks: Systematic variation of a principle according to other principles  

classes of situations and 

objects 

Connections: Links between several principles with the same or different 

variable properties 

 

 

Area III (abstract-dynamic):  Principles: Construction of stable co-variations of pairs of properties  

variable classes of situations 

and objects 

Programmes: Systematic variation of a property according to other stable 

properties 

 

  increasing 

  abstraction 

Area II (abstract-static):  

invariant classes of 

Events: Links between some stable properties of the same or of different 

class(es) of objects 

 

situations and objects Properties: Construction of classes of objects on the basis of common or 

different aspects 

 

 

Area I (concrete):  Operations: Systematic variation of objects according to their aspects  

situations and objects Aspects: Links between objects and/or identification of specific features  

 Objects: Construction of stable figure-ground-distinctions  

 



Arguing to learn and learning to argue  

 

 

43 

Table 2 

Teaching Material (Osborne, Erduran, & Simon, 2003) 
Content Description Structure of Argument 

Funding a zoo  

(socio-scientific, all teachers) 

Students are asked to generate arguments for and against the funding of a new zoo in their community. Their 

arguments will determine if the zoo gets funded by a fictitious international funding agency. 

Arguments for and against 

an issue 

Phases of the Moon  

(teacher M) 

Students are asked to use the following four different statements to decide which one explains best why we have 

at least four different shapes (phases) of the Moon: 

(a) The Moon gives out light, spins around, and when the light side faces the other way it looks dark.  

(b) The Moon shrinks and then gets bigger during each month.  

(c) The rest of the Moon is blocked out by a cloud.  

(d) You can‟t always see the part that is lit by the Sun, so when we look at it we can only see the part that is lit by 

the Sun‟s rays 

(e) The Moon moves in and out of the Earth‟s shadow, so the light doesn‟t always get to the Sun.  

Constructing an argument 

Blood pressure (teacher L) 

 

 

Students are presented with the statement “When you exercise your skin gets redder especially on your face.” 

They have to decide which of the following statements explains best the observation. 

(a) Your blood pressure increases causing more blood to the surface of your skin. 

(b) Your blood is pumped to the surface for gaseous exchange to occur. 

(c) Your blood carries more oxygen and is therefore a deeper colour. 

(d) Your blood gets closer to the surface for excess heat to be lost. 

Students then have access to evidence statements which enable them to reconsider their claims and present 

arguments with more justification. 

(1) Blood pressure in the capillaries is likely to be less as the volume has increased so that more blood can pass 

through them. 

(2) Gaseous exchange is when carbon dioxide diffuses out of the blood and oxygen enters the blood. This takes 

place in the lungs. 

(3) The more oxygen carried by the red blood cells deepens the colour. This would be difficult to see. However, a 

quick test for anaemia is to stretch your hand and see if you can see red through the lines. 

(4) Blood vessels relax allowing more blood to the surface so that heat can be lost to maintain your internal body 

temperature. 

Competing theories – ideas 

and evidence 

Diet (teacher L) Students are asked to consider six people in a house all of whom are set on a diet for research purposes to see 

what kind of diet would extend their lives. Every group of students is asked to discuss the viewpoint of a different 

group of people on the research (e.g., researchers, dieticians, doctors) 

Role play to argue pros and 

cons about an issue 

Substances (teacher P) Students are asked to indicate whether or not they agree with the statements below and also provide evidence why 

or why not. 

(a) Salty water is a compound   (b) Air is a mixture of different elements and/or compounds 

(c) Elements have only one type of atom in them (d) Elements can join together to form compounds 

(e) Pure substances are substances that don‟t have harmful things in them 

Table of statements 

Note. Theoretical foundation and more information on the structure of argument are given in Osborne, Erduran, and Simon (2004) 
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Table 3 

Levels of Argument and Examples (Erduran, Simon, & Osborne, 2004) 
Level Description Example  

1 Level 1 argumentation consists of 

arguments that are a simple claim versus a 

counter-claim or a claim versus a claim. 

S1 Right „for‟. [claim] 

S2 We are not for it [counter-claim] 

2 Level 2 argumentation has arguments 

consisting of a claim versus a claim with 

either data, warrants or backings but do 

not contain any rebuttals. 

S1 I don‟t think they would hurt them in a 

professional zoo. [claim] 

S2 But they might scare the other animals by seeing some 

sedated animal being dragged off. [claim + data] 

3 Level 3 argumentation has arguments with 

a series of claims or counter-claims with 

either data, warrants or backings with the 

occasional weak rebuttal. 

S1 Some animals wouldn‟t be able to breed in the wild, 

because they may not have enough food. [implicit claim 

+ data + warrant] 

S2 No, no, no, because an animal...  

S3 Extinction. 

S1 The animal needs a place to live because they would be 

at risk from other predators. [claim + data] 

S2 What are you putting? 

S1 A place to live or they would be at risk from other 

predators. [implicit claim + data] 

S1 They might not have enough food to eat. [weak rebuttal] 

S2 But I mean, that‟s nature, one has to... [unfinished 

rebuttal] 

S1 But we are for it. [claim] 

4 Level 4 argumentation shows arguments 

with a claim with a clearly identifiable 

rebuttal.  Such an argument may have 

several claims and counter-claims. 

T A, the Moon spins around, so the part of the 

Moon that gives out light is not always facing 

us. Jamal, A? [claim] 

S1 The Moon doesn‟t give out light. [data] 

T Right, so that‟s why A is wrong. That‟s true. 

How do you know that? 

S1 Because the light that comes from the Moon is 

actually from the Sun. [rebuttal + data] 

T He is saying the light that we see from the 

Moon is actually a reflection from the Sun. 

How do we know that? Mark? 

S2 Because the Moon is blocked by the… [unfinished 

warrant] 

5 Level 5 argumentation displays an 

extended argument with more than one 

rebuttal. 

S1 See the light? It thinks it‟s constant day unless 

something got in the way of the light going to 

Earth. [claim + data + rebuttal] 

S2 Yeah, the Moon. [data] 

S1 No, it‟s the Earth. [rebuttal] 

S2 The Sun‟s in the way, exactly. It‟s not the 

Earth‟s shadow over the Moon it‟s the Moon‟s 

shadow over the Earth. [rebuttal + data] 
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Table 4 

Transcript, Content, and Level of Abstraction for the Task on Blood Pressure (see Tables 2 and 7) 
Transcript Content Level of Abstraction [and Explanation] 

S1 The blood doesn‟t come sweating out of 

your face. 

blood does not sweat 

out of the face 

Operations [reference to a particular object: the 

partner student‟s face] 

S2 Yes, but the blood has to surface. blood has to surface Operations or Properties [either reference the 

same situation as above or to the general aspect 

that blood has to surface]  

S1 But there‟s a layer of fat.  there is a layer of fat Operations or Properties [again, either for a 

particular person or as a property of faces in 

general] 

S2 Everyone has blood in their face.  blood is always in the 

face 

Properties [all humans have blood in their face] 

S1 Anyway that‟s not the point. -- -- 

S2 INDISTINCT REMARK -- -- 

S1 What do you want? -- Aspects [search for the feature on which to focus] 

S2 I don‟t know. -- Operations [verbal activity without higher 

reference] 

S1 Which one? Number three? which statement Operations [search for the statement] 

S2 No, not number three, number one.  which statement Operations [labeling of a specific statement] 

S3 Yeah.  -- Operations [labeling of a specific statement] 

S1 So are we gonna swap these two then?  swap statements Operations [activity related to the particular 

statements] 

S2 What we are saying is... before the water 

comes through as steam, which is heat, 

and water which is sweat.  

 So basically I am right. 

water comes through 

the face as heat and 

sweat 

Events [combination of the general properties 

steam and heat which exceeds a particular 

situation] 

-- 

S1 You don‟t know... but also Stephanie 

these could be right. Our answers could 

be right, because all of us are not saying 

the same thing. And she said what most 

of the people said.  

-- 

-- 

 

different answers 

 

decide which statement 

-- 

Operations [idea not reformulated, therefore 

concrete] 

Operations or Properties [concrete contrast or 

more general description] 

Operations [concrete decision] 
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Table 5 

Contents and Levels of Abstraction for the Lesson on Blood Pressure (see also Table 2) 

Description of the Statements Content Level of Abstraction 

(a) Your blood pressure increases causing more blood to the surface of 

your skin. 

changes of blood pressure, location of blood Events or Principles 

(b) Your blood is pumped to the surface for gaseous exchange to occur. pumped blood, gases in blood, exchange Events 

(c) Your blood carries more oxygen and is therefore a deeper colour. gaseous in blood (oxygen), color of blood Events 

(d) Your blood gets closer to the surface for excess heat to be lost. blood beneath the skin, exchange of heat Events 

(1) Blood pressure in the capillaries is likely to be less as the volume has 

increased so that more blood can pass through them. 

blood pressure and its relation to volume plus 

blood pressure, amount of blood passing 

Connections 

(2) Gaseous exchange is when carbon dioxide diffuses out of the blood 

and oxygen enters the blood. This takes place in the lungs. 

gaseous exchange of carbon dioxide and oxygen 

location of gaseous exchange 

Events 

Properties 

(3) The more oxygen carried by the red blood cells deepens the colour. 

This would be difficult to see. However, a quick test for anaemia is to 

stretch your hand and see if you can see red through the lines. 

amount of oxygen in blood cells, depth of color 

observe changes in color 

anaemia, how to observe anaemia 

Events or Principles 

 

Operations or Properties 

Operations 

(4) Blood vessels relax allowing more blood to the surface so that heat 

can be lost to maintain your internal body temperature. 

relax of blood vessels and surface of blood plus 

surface of blood and heat loss  

Connections 
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Level 2 and Level 4 Arguments and their Contents and Levels of Abstraction 
     Scientific Lessons         Socio-scientific Lesson     

 Phases of the Moon Substances Funding a zoo 

Examples of level 2 argumentation We‟ve like decided that it‟s one...[claim] 

We haven‟t decided [counter-claim] 

Two of us think it‟s going to be D and 

two of us think it‟s E [data] 

They are elements [claim] 

Because they are in the periodic 

table [data] 

They are not [counter-claim] 

They are [counter-claim] 

Animals need attention [claim] 

Some people want attention as well [counter-claim] 

It doesn‟t mean to say that they should be locked up 

in cages [data] 

You are not getting attention behind bars [warrant] 

They shoot animals [claim] 

They want their skin, food [data] 

People should stop shooting animals [counter-claim] 

The zoo isn‟t going to help animals from getting 

killed [data] 

Animals have rights [claim] 

Although they can‟t defend themselves [data] 

Society has to defend animal rights [claim] 

Content Decision between two statements Elements and their location in the 

periodic table 

Attention, looking up in cages, shooting animals, 

animals have rights, animals can‟t defend 

themselves, society has to defend animal rights 

Highest level of abstraction reached Operations Properties Properties (or Events) 

Examples of level 4 argumentation It takes twenty four hours for the Sun to 

get around the Earth [claim] 

No it don‟t. [counter-claim] 

Yes it does. [counter-claim] 

No it don‟t. [counter-claim] 

It‟s 365 days for the Earth to go around 

the Sun. It takes twenty four hours for the 

Earth to spin. [data] 

So while the Sun is going around 

in 365 days... [data] 

No the Earth‟s going around [rebuttal] 

Gases would weigh something 

[claim] 

If you took all the air from this room 

and put it in a container [data] 

But the container would weigh 

something [rebuttal] 

If you deduct the weight of the 

container and then you get the 

weight of the air [data] 

Which is nothing [rebuttal] 

It would weigh a tiny tiny bit [data] 

So it weighs something [claim] 

For zoos [claim] 

As long as it was big [qualifier] 

Right temperature [data] 

Looked like the natural habitat [warrant] 

As long as they are able to go around freely 

[qualifier]  

But only in their own groups [rebuttal] 

Otherwise they‟ll be eaten by bigger animals [data] 

Content Movement of the Sun and the Earth Weighing of gases (air) Size of zoo, temperature of gages, look alike habitat, 

free will, not eaten 

Highest level of abstraction reached Properties Properties (basically Operations) Properties 
 


