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Science Teaching and Argumentation:

One-sided versus dialectical

argumentation in Chilean middle-

school science lessons

Antonia Larraina∗, Paulina Freirea and Christine Howeb

aFacultad de Psicologı́a, Universidad Alberto Hurtado, Santiago, Chile; bFaculty of

Education, University of Cambridge, Cambridge, UK

Since the late 1990s, there has been consensus among educational researchers that argumentation

should play a central role in science education. Although there has been extensive relevant research,

it is not clear enough how oral argumentation spontaneously occurs in science teaching. This

is particularly important with regard to the empirical evidence suggesting the effect of discussion

of contradictory views on scientific learning. In order to contribute to the research on

argumentation in science teaching, we conducted a study that aims to sketch a panoramic view of

the uses of oral argumentation in Chilean middle-school science teaching. A total of 153

videotaped science lessons were observed, involving students aged 10–11 and 12–13. Whole-

class argumentative discourse was analysed as a function of thematic episodes and teachers’ and

students’ utterances. Results suggest that argumentative discourse in which contradictory points

of view are discussed is scarce but when it occurs it does so predominantly within discourse

among students. On the contrary, argumentation aimed at justifying points of view is widely

used, even more so when students are older.

Keywords: Argumentative discourse; Science teaching; Dialectic argumentation;

Justification; Classroom discourse

1. Introduction

Since the late 1990s, there has been consensus among educational researchers that

argumentation, as the discursive practice aimed at increasing (or decreasing) the

acceptability of controversial standpoints (see Van Eemeren, Grootendorst, &
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Snoeck Henkemans, 1996), should play a central role in science education (Driver,

Newton, & Osborne, 2000; Duschl & Osborne, 2002; Jiménez-Aleixandre &

Erduran, 2008; Osborne, Erduran, & Simon, 2004; Yore, Bisanz, & Hand, 2003).

Moreover, there is ample evidence supporting this belief, with research showing

that argumentative discourse has benefits for both science learning (Asterhan &

Schwarz, 2007, 2009; Howe, 2010) and the development of thinking (Mercer,

Dawes, Wegerif, & Sams, 2004).

Nonetheless, the extent to which students typically engage in argumentative dis-

course in science lessons and the type of argumentative discourse that characteristi-

cally occurs is not well known. This is despite the fact that there have been

important research projects focused on classroom discourse, both within English-

speaking countries (Cazden, 2001; Nystrand, Wu, Gamoran, Zeiser, & Long,

2003) and between different cultures (Alexander, 2001; Roth et al., 2006). The

problem is that the studies do not address argumentative discourse directly and there-

fore provide relatively unsystematic information about the extent to which it is used

and its typical features. Furthermore, although there is an extensive number of

studies on argumentation in science teaching, many of them have focused on evaluat-

ing students’ argumentative skills (Jiménez-Aleixandre, Rodriguez, & Duschl, 2000;

Kelly, Druker, & Chen, 1998; Kim & Song, 2006; Osborne et al., 2004; Sandoval

& Millwood, 2005), through the analysis of oral and written argumentative texts,

most of them specially produced for research purposes. The study of oral spontaneous

argumentation as it occurs in the classroom between teacher and students, and among

students, has not been studied so thoroughly. Moreover, as Erduran (2008) points

out, quantitative approaches, which are relevant for informing pedagogical practice,

are scarce.

The study described in this paper is aimed at describing, panoramically and quan-

titatively, the spontaneous use of oral argumentative discourse in science teaching in

Chilean primary public education. In order to do this, it is necessary to go beyond

small-scale in-depth analysis studies. Although these types of studies are crucial for

improving our comprehension of the relation between argumentation, education

and learning, large-scale studies, that is, studies that take into account a large

number of lessons delivered throughout a country or different countries, are also

necessary in order to build a panoramic account of the uses of oral argumentation

in science teaching. Moreover, considering that the majority of large-scale classroom

discourse studies have been conducted in European and North American countries

(non Spanish-speaking countries), the study of argumentation on a large scale in

Chilean classrooms may also prove interesting for cross-cultural discussions.

1.1 Argumentation and Argumentative Discourse

The notion of argumentation upon which this study is based emphasises its social and

dialectic aspects, following ideas developed by van Eemeren and Grootendorst

(1992). These authors state that argumentation is present whenever two or more

people who hold opposing views about a single issue try to reach agreement. This

1018 A. Larrain et al.
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approach to argumentation, which has been quite influential, focuses on interpersonal

argumentation. We follow this approach, particularly in the emphasis on social and

dialectic aspects, but we believe that argumentation does not necessarily occur

between two different individuals. Embracing a dialogical notion of discourse

(Bakhtin, 1981) and argumentation (Billig, 1987; Leitão, 2000), we believe that a

single person may support conflicting points of view, insofar as he or she may articu-

late different (even contrasting) ideas about a topic in an attempt to understand it.

Hence, argumentation is regarded as every discursive activity in which there are two

opposing points of view, even if supported by a single person, intending to reach an

understanding. Furthermore, and following Toulmin (1958), Perelman and

Olbrechts-Tyteca (1969) and Leitão (2000), we propose that argumentation does

not depend on contrary positions being explicitly formulated: a justification is

enough for an alternative position to emerge implicitly. The need for justification

appears only when an individual is aware of the weakness of an opinion and therefore

is always associated with the strength of alternative opinions. As a consequence, the

mere occurrence of justification is indicative of argumentation.

Still, there is a clear difference between an interaction with a justification and one

with two explicitly opposed positions. In fact, for Leitão (2000), an argumentative

unit is made up of a justified position, a justified opposing position (counter-

argument) and a third position or response. In this regard, even though justification

may signal argumentation, Leitão considers that it is possible to describe several

semiotic mechanisms that make up a (triadic) unity: argument, counter-argument

and response. Indeed, according to Leitão (2008), argumentation unfolds according

to three types of actions or ‘dimensions’: pragmatic, epistemic and argumentative.

The pragmatic dimension relates to participants’ actions which set up conditions

that allow argumentation to emerge. The dimension has to do with how participants

establish the interpersonal scene for arguing. The epistemic dimension covers actions

which set up content and ways of reasoning according to the norms of specific

domains. Finally, the argumentation dimension involves the type of semiotic mechan-

isms (justification, counter-argumentation and response) present in a particular

interaction.

Thus, for purposes of this study, we regarded argumentative discourse as any dis-

course in which there is at least one justification or demand for it, either interperson-

ally or in the discourse of a single speaker. Our interest was in how, given this scope for

variability (epistemic, pragmatic and argumentative), argumentation actually unfolds

in science teaching. For analytic purposes, then, we do not follow Toulmin’s (1958)

model but the triadic unit proposed by Leitão (2000). Although Toulmin’s model

has been quite influential in science educational research on argumentation, from

our point of view it is less useful for analysing the critical dimension of argumentation.

1.2 Argumentation and (Science) Learning

Argumentation has an undeniably epistemic nature. Authors such as Billig (1987) and

Kuhn (1992) regard thought as the articulation of arguments supporting different

Argumentation and Science Teaching in Chile 1019
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positions on the state of things. Leitão (2000) suggests that the ability to support and

oppose ideas is fundamental for the construction of knowledge because it promotes

social negotiation and revision of ideas, and because its semiotic devices (justification,

counter-argument and resolution) promote metacognitive processes. Schwarz (2009)

accounts for the potential impact of argumentation on learning by emphasising three

of its cognitive characteristics: (1) argument generation requires people to express

their ideas verbally and explicitly, promoting what he calls a ‘self-explanatory’

effect, and an improvement in the quality of thinking; (2) dialectic argumentation,

that is, when opposing views are discussed and reviewed, requires the coordination

and examination of different perspectives, encouraging reflection and revision of

one’s own perspective, and leads to improve knowledge organisation; and (3) argu-

mentative formats of reasoning contribute to reducing the cognitive load that is

involved in learning.

Science teaching scholars have also stressed the importance of argumentation for

science learning. Lemke (1990) proposes that the mastery of science as a specific

subject is in large part the mastery of its specialised ways of using language. Moreover,

argumentative discourse in particular is advanced as a key practice in science (and

therefore in its teaching) given that scientific activity involves hypothesising; providing

arguments to support, discuss and examine hypotheses; drawing conclusions, pre-

senting them in order to convince the scientific community, etc. (Driver et al.,

2000; Duschl & Osborne, 2002; Jiménez-Aleixandre & Erduran, 2008; Mortimer &

Scott, 2003; Osborne et al., 2004; among many others). Consequently, the practice

of argumentation in classrooms should foster the development of scientific thought.

Nonetheless, the importance of studying argumentation in science learning is not

only driven by theoretical discussions. There are empirical evidence suggesting that

there are some types of argumentative discourse that are particularly effective for learn-

ing. For example, a set of studies has shown connections between group discussions in

science teaching for children aged 8–12 and conceptual development. These studies

employ pre–post experimental designs in which students work in small groups in

order to solve relevant tasks for elementary science concepts. The instructions force

the groups to discuss the hypotheses, test them and reach an agreement on how to

explain the phenomena. Interventions, led both by researchers (Howe, Rodgers, &

Tolmie, 1990; Howe & Tolmie, 2003; Howe, Tolmie, & Rodgers, 1992) and teachers

(Howe et al., 2007), confirm the effects of discussion on students’ conceptual develop-

ment. In addition, results from Howe et al. (2007) showed that the main predictor of

students’ conceptual gain was the expression of contradictory opinions.

In addition, Asterhan and Schwarz (2007) conducted two experimental studies

with university students to assess the impact of argumentation during dyadic inter-

action upon the argumentative and conceptual levels (theory of evolution) of the stu-

dents’ writing. The results of both studies revealed significantly higher conceptual

gains in the experimental groups (argumentative conditions). Asterhan and

Schwarz (2009) also evaluated the differential effectiveness of two types of argumen-

tative discourse. They conceived of collaborative or one-sided argumentation, as

when different ideas are articulated in order to support one point of view, and dialectic

1020 A. Larrain et al.
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argumentation, as the critical engagement with opposing ideas. Results showed that

while all dyads engaged in collaborative argumentation, those that showed the

major conceptual gains also used a relatively high number of dialectical ‘moves’. Com-

pared with no argumentative discourse, one-sided argumentation has an effect on

conceptual development because even ‘the mere anticipation of an unknown audience

that might require explanations or justifications has been found to improve the quality

of one’s thinking’ (Schwarz & Asterhan, 2010, p. 162). However, the authors con-

clude that dialectic argumentation has a greater impact on science learning. Accord-

ing to Leitão (2000) and Schwarz (2009), this is probably because dialectical

argumentation promotes students’ metacognitive activity, which, in turn, leads to

better organisation of knowledge.

As part of the ‘Thinking Together’ programme, Mercer et al. (2004) studied the

impact of an intervention designed to promote collaborative speaking and thinking

in science classrooms, both in whole-class (WC) sessions and small group activities

(children aged 9–10). Quantitative pre–post intervention analyses showed that par-

ticipants developed argumentative ways of speaking as a result of their participation

in the programme. Regarding knowledge in the science classroom, the analysis of con-

ceptual maps and scores on science tests showed significantly better results in com-

parison with a control group. Similar results were obtained by Zohar and Nemet

(2002), in a study of the impact of argumentation teaching on junior high school stu-

dents’ (grade 9) argumentation development and biological knowledge. The authors

concluded that argumentation teaching enhanced both genetic knowledge and argu-

mentation quality.

Venville and Dawson (2010) conducted a quasi-experimental study aimed at eval-

uating whether high school students’ engagement in systematic argumentation about

socio-scientific issues (genetic) improves their conceptual understanding of science.

They found that students who engaged systematically in argumentation improved sig-

nificantly in both their argumentation skills and their understanding of genetics com-

pared with students who did not engage.

In synthesis, the evidence suggests that argumentation fosters conceptual develop-

ment in science. However, although one-sided argumentation may promote learning

compared with no argumentative discourse, dialectic argumentation, or the explicit

discussion of opposite views, appears to have a larger effect on science concept devel-

opment. Given this evidence, and considering that even justifications of controversial

stands may be viewed as argumentative discourse (one-sided), but dialectic argumen-

tation may account for the major conceptual gains (coherent with the metacognitive

potential which Leitão, 2008, attributes to counter-argumentation), to describe the

extent to which both types of argumentative discourse spontaneously occur in

science teaching is important.

1.3 Classroom Discourse and Argumentation

Classroom discourse has been increasingly studied since the 1970s, which has con-

tributed towards raising a panoramic view of the predominant ways of talking

Argumentation and Science Teaching in Chile 1021
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during teaching and learning. However, the ways in which argumentative discourse

spontaneously emerge in classrooms over the world has been less focused. Neverthe-

less, from the research on classroom discourse, conducted within both English-

speaking countries (Galton, Hargreaves, Comber, Wall, & Pell, 1999; Galton,

Simon, & Croll, 1980; Galton & Williamson, 1992; Nystrand, Gamoran, Kachur,

& Prendergast, 1997; Nystrand et al., 2003) and cross-culturally (Alexander, 2001;

Hiebert et al., 2003), one may infer that argumentation is seldom found in edu-

cational settings. According to Alexander (2001), discussion as ‘the exchange of

ideas with a view to sharing information and solving problems’ (2004, p. 30) was

far less frequent. Research in the USA tends to support this view (Nystrand et al.,

1997, 2003). Concerning science teaching, available evidence is consistent with the

general picture (Lemke, 1990; Mortimer & Scott, 2003; Roth et al., 2006).

The studies cited above do not focus on argumentation and are insensitive to the

aforementioned diversity of forms in which argumentative discourse may unfold

(again pragmatic, epistemic and argumentative). Particularly, these studies do not

communicate the extent to which one-sided argumentation is used compared with

dialectic argumentation. Moreover, whereas there have been many studies concerned

with argumentation in science teaching, they have not considered how oral argumen-

tation occurs spontaneously in the classroom and the extent to which students have

real opportunities to engage in argumentation (Jiménez-Aleixandre et al., 2000;

Kelly et al., 1998; Kelly & Takao, 2002; Kim & Song, 2006; Osborne et al., 2004;

Sandoval & Millwood, 2005; Zohar & Nemet, 2002).

In addition, it is worth noting that most classroom studies have been conducted in

English-speaking and European countries. Classroom discourse has been only

recently addressed in Spanish-speaking countries. Chilean classroom discourse is

no exception. After years of public investment, Chilean students’ achievements in

international assessments like IALS, TIMSS and PISA suggest little impact upon

the quality of teaching and learning. After 2000, new policies were launched to

strengthen the quality of teaching and learning. In this context, during 2003 a nation-

wide system for the assessment of teaching was implemented in Chilean public edu-

cation, Docente Más (DM hereafter). Relying on a conceptual framework launched by

the Chilean Educational Department (Marco para la Buena Enseñanza; Ministerio de

Educación, 2003) that sets standards for the teaching profession in Chile, DM uses

four instruments for conducting the assessments: teacher interviews conducted by

peers, self-assessments, reports of third parties and portfolios. The latter include tea-

chers’ plans for three lessons and videotaped lessons. Drawing on the scores from

these four instruments, DM determines whether teachers’ performance is outstand-

ing, competent, basic or unsatisfactory. The videotaped lessons included in teachers’

portfolios have been used for research purposes. This has provided empirical evidence

of teacher practices in relation to teacher performance.

Although science has not yet been assessed, audiovisual evidence provided by DM-

videotaped lessons about the teaching of language and mathematics in elementary

schools (grades 5–8) suggests that classroom discourse is far from resembling what

Alexander (2004) describes as ‘dialogical teaching’ (Preiss, 2009; Preiss, Larrain, &

1022 A. Larrain et al.
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Valenzuela, 2011; Radovic & Preiss, 2010). The interesting thing is that although dia-

logical teaching is supposed to have a major impact on learning, no differences have

been found in the type of teacher talk according to teacher performance. However,

these studies have not addressed argumentation directly. Given that there is compel-

ling evidence relating dialectical argumentation with science learning, it is critical to

establish whether better-performing teachers use this kind of argumentation with rela-

tively high frequency.

Finally, the research sketched above does not examine differences according to

grade. When Muller Mirza, Perret-Clermont, Tartas, and Iannaccone (2009)

suggest that one barrier to argumentation in classrooms is that students do not

have relevant skills, it seems important to examine whether the use of argumentative

mechanisms changes according to grade. This is particularly the case when in Chile

(as elsewhere) the more specialised teachers are most likely to teach at higher levels.

The present study is aimed at describing the extent to which argumentative dis-

course is spontaneously used in middle-school science teaching and aims to give a

panoramic view of the frequency of dialectic argumentation in comparison with

one-sided argumentation (given the strong relation between dialectic argumentation

and science learning). Moreover, we are interested in relating this to teacher perform-

ance and students’ grades. The purpose of the study is to contribute to educational

literature on argumentation, providing more knowledge about how argumentation

actually takes place in science teaching within non-English-speaking countries.

2. Research Goals and Questions

The goal of the study that follows was to describe the way in which argumentative dis-

course is used in Chilean middle-school science teaching. As a starting point we

wanted to explore science classroom discourse in terms of its underlying structure

in order to see whether both dialectic and one-sided argumentation occur. Addition-

ally, we wanted to describe how argumentation occurs in the science classroom

according to the dimensions which have been discussed as relevant, that is:

(1) How much time on average do teachers and students spend on dialectic argumen-

tation, one-sided argumentation or other type of non-argumentative discourse?

(2) Who is involved in each type of argumentative discourse? (3) What are the episte-

mic characteristics of argumentative discourse, and specifically, which conceptual

level predominates in argumentative discourse? We also wanted to answer the follow-

ing questions: (4) Does argumentation occur differently according to teacher per-

formance? (5) Does argumentation use in science teaching vary according to grade?

3. Method

3.1 Participants

The study used videotapes of lessons from science teachers’ DM portfolios (one

lesson of one teacher per video). From a total of 918 fifth-grade (10–11 years) and

Argumentation and Science Teaching in Chile 1023
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seventh-grade (12–13 years) science teachers who participated in the Chilean

national system for the assessment of teaching DM, 153 teachers were randomly

sampled to participate in the study. Of the sample, 69 were fifth-grade teachers (46

female), and 84 were seventh-grade teachers (54 female). Teachers participating in

the study worked at schools belonging to 13 administrative regions, concentrated in

the eight most central regions. From the teachers selected, 4 (2.6%) were assessed

as unsatisfactory, 51 (33.3%) as basic, 90 (58.5%) as competent and 8 (5.2%) as out-

standing. The distribution was equivalent across both grades and is representative of

national percentages relating to teacher performance (2.4%, 32.7%, 59.1% and 5.6%,

respectively). The lessons addressed 10 different topics, 6 of which were from biology;

3 from physics and 1 from chemistry. Around 80% of the lessons addressed topics

from biology (72.5% fifth grade and 87% seventh grade); 13% from physics

(27.5% fifth grade and 1% seventh grade) and 6.5% from chemistry (0% fifth

grade and 11.9% seventh grade).

3.2 Procedure

3.2.1 Videotaping. Each participating teacher agreed explicitly to the use of DM

videotapes for research purposes. As described by Preiss (2009), expert cameramen

recorded the videotapes at times previously agreed with each teacher via school prin-

cipals. Teachers were advised not to choose times during the first lessons of the school

day, since these lessons commonly involve non-instructional tasks. At least 80% of the

students in the class had to be present, so it was recommended that teachers inform

students in advance to promote attendance. Teachers were asked to develop a 40-

minute lesson to be based on routine curricular material while minimising passive

activities like watching a movie or silent reading.

3.2.2 Coding scheme. Since the videos do not accurately show student discourse

when doing both individual and group work, we focused on WC teaching which on

average represents 66.6% of total lesson time. We then excluded WC activities dedi-

cated to off-task work. On average, 19.34 minutes (SD ¼ 8.1) were devoted to WC

on-task discourse, representing 48.4% of total lesson time. Once identified, WC

on-task discourse was analysed using two further sets of categories. On the one

hand, given that we needed to schematically explore the underlying structures of class-

room argumentative discourse, in terms of pragmatic actions and argumentative

moves, key teacher and student utterances were identified and quantified in terms

of frequency. On the other hand, since we needed to determine the time spent in

each type of discourse differentiating conceptual levels, we employed categories relat-

ing to the pragmatic, argumentative and conceptual nature of the different episodes,

conceiving an episode as a semantic or thematic unity. It is important to note that the

analysis of argumentation discourse is generally driven (both the analysis of the utter-

ance and the episodes) by the framework developed by Leitão (2000), according to

the theoretical points we discussed earlier. The basic analytic unit was the triad of

1024 A. Larrain et al.
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semiotic mechanisms mentioned in the introduction: justification, counter-argument

and response.

3.2.2.1 Utterances. Selected utterances from both teachers and students were

coded. In the case of teachers, we identified ‘why’ and ‘what if’ questions, elaborated

follow-ups and use of ‘because’. In the case of students, we identified argumentative

questions, use of ‘because’ and expression of counter-opinions. These codes are

defined and exemplified in Table 1.

3.2.2.2 Episodes. We segmented WC discourse into episodes according to the-

matic unity, with episodes subsequently codified according to the previously men-

tioned dimensions: interactional or pragmatic, conceptual level and argumentative

structure. It was possible for each episode to be judged as one of three interactive

structures, three argumentative structures and two conceptual levels.

Concerning interactive structures, the main criteria were the participation of stu-

dents in the episode and towards whom they were addressing their comments (tea-

chers’ elicitations or other students’ comments). Teacher exposition or direct

instruction (DI) was identified when teachers presented ideas in monologue or

explained them further in response to student questions. IRF was identified, following

Sinclair and Coulthard (1975), when one or more students addressed teacher elicita-

tions. We also identified interactions in which students were addressing other stu-

dents’ ideas (IRI), but did not include these in the analyses because they were very

rarely observed.

Concerning argumentative structures, they were defined with reference to the pres-

ence of the semiotic mechanisms described by Leitão (2000), namely justifications,

counter-arguments and responses, independent of the speaker who articulates

them. When there was no semiotic mechanism the episode was described as non-

argumentative. When there were only justifications (at least one), whether in the

form of asking for or giving support, it was described as justificative. When the

episode featured counter-positions and/or some kind of response–resolution, it was

described as responsive.

Following Vygotsky’s (1934/1999) notion of scientific concepts, we devised two

conceptual levels at which episodes might be categorised. The first conceptual level

was identified when scientific concepts were used but not systematically related.

The second level was identified when teachers used scientific concepts in a taxonomi-

cal way, that is, systematically related to other scientific concepts. It is worth noticing

that this level does not necessarily mean using more abstract, correct or scientifically

deeper concepts; it relates rather to the way in which concepts are related to each

other. Table 2 summarises and exemplifies the episode codes that we used.

3.2.3 Coding procedure. For inter-reliability purposes, two trained judges indepen-

dently coded 30% (47) of the videos in five consecutive rounds. We calculated the
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Table 1. Definitions and examples of utterance codes

Participants Utterances Description Examples

Teachers ‘Why’

questions

(TWQ)

Ask students for reasons and

justifications

T Have you had an opportunity to

see microorganisms?

SS No.

T Why not? (Asking for justifications

or reasons.)

‘What if ’

questions

(TWIQ)

Ask students to hypothesise

about what would happen if

some conditions were met

T If there is a fly flying towards

your eye, how does the eye react?

Elaborate

follow-ups

(TEF)

Respond publicly to students’

responses, and not only

evaluate but also add new

information or reformulate

students’ contribution in a

non-monosyllabic way

T (They were talking about the

Hanta virus.) How is it caught?

It is caught when houses are not

ventilated enough; houses that

have been closed for a while, ok?

Then if mice carrying the virus

have been around it is spread

through the house, in the air, ok?

Because (TB) The prototypical indicator of

a justification

T (. . .) because even ancient Greek

people used simple machines,

for instance levers, for building

such enormous monuments.

(Justification or reason.)

Students Argumentative

questions

(SAQ)

Questions asking for teacher’s

or other student’s

justifications

S Why do arrows represent forces?

(Asking for justification or reason.)

Because (SB) The prototypical indicator of

a justification

T Why are you interested in saying

that this animal is a primary

consumer? (Asking for

justification or reason.)

S Because it eats plants.

(Justification or reason.)

Counter-

opinion (SCO)

Any comment opposing an

already expressed point of

view or idea

S We erm . . . think that the water

in the glass will go down (claim)

because water is going to go into

the mouth through the straw

(reason).

T Ok, you say that when sucking,

the water in the glass will go

down. Does anybody have a

different opinion? (Asking for

some divergent opinions, opening

controversy or discussion.) Sara?

S2 We think that the water will go

up (counter-opinion) because the

air will make a sort of . . . will

push the water up (reason or

justification). (Counter-opinion +
reason or justification ¼ counter-

argument.)

1026 A. Larrain et al.

D
ow

nl
oa

de
d 

by
 [

Il
lin

oi
s 

In
st

itu
te

 O
f 

T
ec

hn
ol

og
y]

 a
t 2

1:
10

 0
5 

O
ct

ob
er

 2
01

4 



Table 2. Descriptions and examples of episode codes

Codes Descriptions Examples

DIRD2 Non-argumentative,
DI,
second conceptual
level

T This is nutrition, a set of processes through which organisms
use, transform and incorporate into their bodies the nutrients
they get from food (claim or opinion). There you can see the
digestive system.

DIRDJ2 Justificative, DI,
second
conceptual level

T In this class, we have used molecular models to represent some
of the chemical compounds we have studied. They allow us to
have a clearer picture of them (claim or opinion) because we
tend to think that we are always working on a plane
( justification). Obviously, these models are better
representations of the molecule which you drew on the page
(new claim or opinion), because we have volume ( justification);
we can distinguish the geometry of the water molecule in this
case—the location of its parts is important. (. . .) We will see
other forms in the book; you will see that there can be other
forms.

IRF1 Non-argumentative,
IRF, first
conceptual level

T Stand up. Let’s listen to others.

S Daily oral hygiene program. First, brush your teeth after each
meal. Second, brush your teeth with a downward motion.
Third, rinse your mouth (claim or opinion).

T Okay, have a seat.
IRF2 Non-argumentative,

IRF, second
conceptual level

T The last picture is important, the one below. What did Ruth
put on it?

S1 Leaves and roots.
T What do the leaves obtain? Who wrote something there?
S2 I did. The function of leaves is to capture carbon dioxide and

sunlight (claim or opinion).
T Right. What about the roots?
S3 They capture water, salts, and minerals (new claim or opinion).
T Correct. And how do we classify it?
SS Producer (new claim or opinion).
T Very good.

IRFJ1 Justificative, IRF,
first
conceptual level

T What sensations did you feel when you worked on this? Carla,
what do you think?

S1 I think that our changes have been deep (claim or opinion),
because we have grown psychologically and physically
( justification), and I’ve noticed that we as a group have always
been close (new claim), as many of my classmates have posted
pictures with the whole class (new claim).

IRFJ2 Justificative, IRF,
second
conceptual level

T In the case of the buffalo, were you able to specify whether it
was a primary or a secondary consumer?

SS Secondary (claim or opinion).
S1 Primary (counter-opinion).
T Why primary? (Asking for justification.)
S1 Because it feeds on plants ( justification).
T Very good, it feeds on plants, so it is a her . . .
SS Herbivore.

(Continued)
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Table 2. Continued

Codes Descriptions Examples

IRFR1 Responsive,
IRF, first
conceptual level

S1 Like a child who has to use crutches.

T A child with crutches?
S1 He is not fine physically (claim).
T Okay.
S1 Socially?
T Does he necessarily have social problems?
S1 No (claim-opinion), because he is okay ( justification).
S2 He doesn’t look happy due to his problem (counter-opinion),

but it’s a physical problem ( justification).
S3 It may also be social . . . he can do things for society because of

his problem (counter-argument 1).
T How so?
S4 I think it’s also social, because people might harass him

(counter-argument 2).
T Okay, so we should include that in the disease (response).

IRFR2 Responsive, IRF,
second conceptual
level

T Are fungi plants?

S1 Yes (claim or opinion).
T You say they are. Can you tell me why? (Asking for

justifications.)
S1 Because they reproduce ( justification).
T Because plants reproduce and fungi reproduce too. Fine. Did

anybody say no? Who said no? (Asking for some divergent
opinions, opening controversy or discussion.)

S2 (Raises his hand.)
T You.
S2 They are bacteria (counter-opinion).
T Okay, fungi are bacteria. No, they aren’t bacteria. Fungi are

not plants, they are not bacteria either (counter-claim). Bacteria
are microscopic—they’re very small; you can’t see them
without special equipment ( justification 1). Plants feed
themselves, they create their own food. Fungi do not make
their food; they feed on other beings, other organisms, okay?
( justification 2) So fungi aren’t plants, right? They are not
bacteria either, they are not animals (new claim) because
animals move, right, and fungi do n’t . . . ( justification 3)

SS Move?
T They don’t move, they live on the ground, grow there,

complete their cycle, and then die ( justification 3). Fungi
belong to a specific kingdom, a biological kingdom, and it’s a
biological kingdom that you have read about or studied, and
maybe you already know this. (Counter-claim + justification 1,
2, 3 ¼ counter-argument.)

S3 The fungus kingdom.
T Fungi belong to the fungus kingdom. And vegetables belong to

the plant kingdom, and other organisms, such as dogs, cats,
lions belong to the animal kingdom (response).
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percentage of agreement for episode codes. Inter-reliability consistency was calcu-

lated through Pearson’s r. Two additional codes were dropped after inter-reliability

checks because consistency was not achieved at an acceptable level (DIR1, r ¼ .07;

DIRJ1, r ¼ .28). Consistency was perfect for IRES1 and IRES2 (r ¼ 1); good for

DIR2 (r ¼ .79, p , .01) and DIRJ2 (r ¼ .86, p , .01); acceptable for IRF1 and

IRF2 (r ¼ .68, p , .01); and only moderate for IRFJ1 (r ¼ .53, p , .01) and

IRFJ2 (r ¼ .42, p , .01). Regarding utterances, all values were acceptable or

higher, estimates being acceptable for Teacher follow-ups (r . .64, p , .01), good for

Teacher ‘what if’ questions and Student argumentative questions (r . .7, p , .01), very

good for Teacher and Student justifications (r . .8, p , .01) and excellent for Teacher

‘why’ questions and Student counter-positions (r . .9, p , .01). Disagreements were

all discussed and resolved. Once coders reached agreement, one of them coded

two-thirds of the remaining material, and the other coded one-third.

4. Results

Descriptive statistics for all the variables are given in Table 3. It is worth noticing that

some codes occurred in fewer than 10% of the total lessons observed (students’ argu-

mentative questions, students’ counter-opinions and IRFR1), and students’ utter-

ances were in general far less frequent than teachers’. Preliminary analyses

indicated no differences according to teachers’ gender, and so gender is ignored in

the following.

Concerning our second research question (Who is involved in each type of argu-

mentative discourse?), we may say that on average 21.8% of the coded discourse

was devoted to DI, and 78.1% was spent on interactive episodes. Teachers mainly

Table 3. Descriptive statistics utterance codes (n ¼ 153)

Codes

Mean occurrence

per lesson SD Min. Max.

Percentage of lessons in which

codes were observed

TWQ 3.58 6.89 0 77 79.7

TWIQ 0.68 1.34 0 8 32

TEF 2.76 2.39 0 10 79.7

TB 4.41 4.08 0 19 89.9

SAQ 0.10 0.41 0 3 6.5

SB 3 3.9 0 28 74.5

SCO 0.16 0.78 0 8 7.5

DIR2 1.9 2.8 0 16.9 66.9

DIRJ2 2.48 4.33 0 26.9 44.4

IRF1 3.16 3.73 0 18.37 69.3

IRF2 4.31 4.31 0 21.85 78.4

IRFJ1 2.28 3.35 0 17.06 54.2

IRFJ2 4.5 5.44 0 24.52 70.6

IRFR1 1.46 0.75 0 6.01 5.2

IRFR2 3.68 3.69 0 16.48 64.5
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led these interactive episodes, and, as mentioned already, interactions where students

addressed other students’ ideas were very rare. Consequently, from a pragmatic per-

spective one may say that argumentation in the observed lessons occurred predomi-

nantly between teachers and students, being controlled by the former.

Concerning our third research question (What are the epistemic characteristics of

argumentative discourse, and specifically, which conceptual level predominates in

argumentative discourse?), according to descriptive analysis the higher level was

achieved on average in around 63% of coded lesson time, with the lower level there-

fore only accounting for around 36% of lesson time. We conducted univariate analysis

of variance (ANOVA) to evaluate differences according to grade and found that there

were statistically significant differences for the percentage of time devoted to each

conceptual level (F(1, 151) ¼ 8.83, p ¼ .003). Seventh-grade lessons show signifi-

cantly less time spent working at lower conceptual levels (M5th ¼ 44.5%, SD ¼

32.4; M7th ¼ 29.5%, SD ¼ 30.0) and more time spent working at higher conceptual

levels (M5th ¼ 45.5%, SD ¼ 32.4%; M7th ¼ 70.5%, SD ¼ 30.0).

In order to sketch the different types of underlying argumentative pedagogical inter-

actions involved, an exploratory principal component analysis with varimax rotation

was run on the seven kinds of utterance variables for the whole sample. Table 4

gives the solution after the rotation. There were three factors with eigenvalues

greater than one, and jointly these factors explain 62.7% of the total variance. Each

factor was conceived of as standing for a type of pedagogical interaction. The first

factor involves Teacher ‘what if’ questions, Elaborated follow-ups and Student justifications.

Table 4. Rotated component matrixa for utterance codes

Participants Utterances

Component

1 2 3

(Eigenvalue ¼

1.59, 22.7% of

variance)b

(Eigenvalue ¼

1.41, 20.1% of

variance)b

(Eigenvalue ¼

1.38, 19.7% of

variance)b

Teachers Why questions .06 .78 .03

What if questions .78 2.07 2.02

Elaborate follow-

ups

.61 .42 2.03

Because .14 .76 2.07

Students Because .69 .17 .13

Argumentative

questions

2.15 .06 .85

Counter-opinion .29 2.11 .79

Notes: Extraction method: principal component analysis and rotation method: varimax with Kaiser

normalisation.

aRotation converged in five iterations.

bPCA solution: rotation sums of squared loadings.
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As such, this factor may be thought of as a type of interaction whereby teachers lead

students’ thinking in a hypothetic-deductive way constructing common and cumulat-

ive reasoning. We will call this pedagogical interaction One-sided co-reasoning. The

second factor involves Teacher ‘why’ questions and justifications, standing for episodes

in which teachers are the main speakers answering their own ‘why’ questions as a

form of involving students in their own chain of reasoning. This pedagogical inter-

action will be called hereafter Teacher-centred one-sided reasoning. The third factor

involves Student counter-opinions and argumentative questions, depicting episodes in

which students have more presence and freedom for thinking and challenge, but

without teacher-effective intervention. This pedagogical interaction will be called

Student-centred dialectical reasoning.

The factors suggest pragmatic diversity in argumentation use. Argumentation may

emerge as part of teachers’ cumulative discourse whether involving students’ justifica-

tions or not. Moreover, when students discuss they do not necessarily do this in

response to teachers’ argumentative questions.

In order to answer our first research question (How much time on average do tea-

chers and students spend on dialectic argumentation, one-sided argumentation or

other type of non-argumentative discourse?), we calculated the observed frequency

of factors. It is interesting to note that factor 1 (One-sided co-reasoning) was observed

in 92.8% of lessons; in 46.4% of lessons this factor was observed between 2 and 5

times, and in 35% of the lessons between 6 and 18 times. On average, factor 1

occurred 6.4 times per lesson (SD ¼ 5.7). Factor 2 (Teacher-centred one-sided

reasoning) was observed in 93.4% of lessons; in 38.2% of lessons this factor was

observed between 2 and 5 times, and in 45.1% of lessons between 6 and 21 times.

On average, factor 2 occurred 8.0 times per lesson (SD ¼ 8.9). In contrast to

factors 1 and 2, factor 3 (Student-centred dialectical reasoning) was observed in

only 11.1% of lessons; in 9.8% of lessons this factor was observed between one and

three times. On average, factor 3 occurred 0.25 times per lesson (SD ¼ 1.0). These

results suggest that whereas dialectical forms of argumentative discourse occur scar-

cely (3.35% of WC), one-sided argumentation, whether delivered mainly by the

teacher or co-constructed between teacher and students, on average represented

45.68% of WC. In addition, according to a descriptive analysis of episode codes,

on average there is no use of argumentative discourse in 50.97% of lesson time coded.

In order to evaluate the relation between grade and argumentative discourse

(related to our fifth research question: Does argumentation use in science teaching

vary according to grade?), we conducted univariate ANOVA. Concerning argumenta-

tivity, we found significant differences for the percentage of time devoted to justifica-

tive (F(1, 151) ¼ 4.78, p ¼ .03) and non-argumentative episodes (F(1, 151) ¼ 6.86,

p ¼ .01), showing that while the use of justification tends to increase significantly

according to grade (M5th ¼ 40.5, SD ¼ 27.5; M7th ¼ 49.8, SD ¼ 24.9), the opposite

could be said about non-argumentative episodes (M5th ¼ 57, SD ¼ 28; M7th ¼ 45,

SD ¼ 24).

We evaluated the possible relation between topics addressed in the lessons and

argumentative interactions and conceptual level through bivariate Pearson
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correlations. Neither topics nor the disciplines to which they belonged (biology,

physics and chemistry) correlated considerably or significantly with any measure.

This suggests that differences in argumentation discourse cannot clearly be attributed

in this case to topic variance.

Finally, in order to address our fourth research question (Does argumentation

occur differently according to teacher performance?), we conducted univariate

ANOVA. Since frequencies were too small within extreme performance levels (unsa-

tisfactory and outstanding), we grouped unsatisfactory with basic, and competent

with outstanding, creating a variable of performance with two levels. In the case of

utterance variables, lessons differed significantly according to teacher performance

only in Students’ justifications (F(1, 151) ¼ 6.25, p ¼ .014). Lessons significantly

differed in the total time devoted to episodes involving both counter-opinions and

responses (F(1, 150) ¼ 4.21, p ¼ .042), considering the total time devoted to WC

as a covariate. Lessons of teachers who performed better presented on average signifi-

cantly more time devoted to dialectic argumentation, although the mean duration was

still very short (Mbetter-performed ¼ 0.88, SD ¼ 2.36; Mlower-performed ¼ 0.19, SD ¼

0.64).

5. Discussion

Like other studies (Alexander, 2004; Nystrand et al., 1997, 2003; Roth et al., 2006),

the study shows that dialectic argumentation is scarce in routine lessons. However, in

contrast to previous research, it indicates that argumentation more widely conceived

plays an important role in science teaching. If argumentation is conceived of as oper-

ating every time there is justification of a point of view, namely one-sided argumenta-

tion (Schwarz & Asterhan, 2010), then it occurs frequently in science classrooms. In

fact, on average around 46% of recorded dialogue involved justificative episodes. That

is, if we gather episodes that involve one-sided argumentation and episodes involving

dialectical argumentation (on average almost 49% of the time devoted to WC on-task

discourse), argumentative discourse is used. Nonetheless, and even though one-sided

argumentation has proved to contribute to learning, it is worrying that dialectic argu-

mentation, which has shown to have stronger effects on science conceptual develop-

ment (see Asterhan & Schwarz, 2009; Howe, 2010; Nussbaum & Sinatra, 2003), is so

rare.

This said, one-sided argumentation is used in two different pedagogical interactions

according to the commonalities that utterance variables depict. On the one hand,

what we call One-sided co-reasoning is a suggested pedagogical interaction in which stu-

dents contribute to a common argument giving reasons and justifications. On the

other hand, Teacher-centred one-sided reasoning, which was characterised by Teacher

‘why’ questions and justifications, shows a different pedagogical interaction in which

the responsibility for one-sided argumentation rests mainly on the teacher. This

suggests that although one-sided argumentation is widely present, not all justification

has the same pedagogical function (and pragmatic characteristic). If we take into con-

sideration claims made by Lemke (1990) and Mortimer and Scott (2003) about the
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crucial role that students’ talk plays in science learning, then One-sided co-reasoning

would appear to offer better opportunities for learning science. Teacher and

student reasoning together in a cumulative way, while trying to share a common

objective for knowledge construction, characterises this pedagogical interaction. Yet

again, taking into account the ideas of these authors, the third pedagogical interaction

depicted by exploratory principal component analysis sheds some discouraging evi-

dence: the student’s voice seems to be only seriously considered in a carefully scaf-

folded teacher–student interaction. Students’ counter-opinions and argumentative

questions are not systematically related to teachers’ argumentative utterances,

suggesting that their occurrence is followed by spontaneous impulses from students

that are not taken up, wasting opportunities for valuable discussion in science learning

(see Larrain & Freire, 2011).

All things considered, it should not come as a surprise that students are poor

arguers (Jonassen & Kim, 2010) when they are scarcely invited to argue in science

or to think of opposing ideas, and the opportunities they have for being involved in

genuine one-sided argumentation are modest.

Regarding relations with teacher performance, teachers with higher scores had

classrooms that achieved higher numbers of episodes involving counter-opinions

and responses. Since these kinds of episodes were so scarce in general, this is interest-

ing. However, we would have expected differences in the number of justificative or

non-argumentative episodes, and that was not the case. Nonetheless, teachers with

higher scores do have significantly more students who give support for their views

(students’ justifications). This may be related to Lemke’s (1990) and Mortimer and

Scott’s (2003) claims about the relationship between students’ opportunities to

speak and to contribute with their voices, and good science pedagogical practices (dia-

logical according to the latter). It may also be an indicator of what Alexander (2004)

called ‘students’ lengthy turns’, also a good indicator of what he called ‘dialogic teach-

ing’. However, more research is needed in order to evaluate the relationship between

what has been conceived of as good pedagogical practices, type of classroom discourse

and learning.

Furthermore, it is interesting to note that seventh-grade lessons showed a signifi-

cantly higher conceptual level, a greater amount of time devoted to justificative epi-

sodes and less time devoted to non-argumentative episodes. Again no differences in

the presence of dialectical argumentation episodes were found. Nonetheless, in

general classroom reasoning becomes more argumentative with increasing grades.

One contributory factor may be that teachers’ scientific backgrounds are stronger at

higher levels. Another factor that may be relevant to consider is the particularity of

the topic discussed. However, there is no evidence in this study that supports this con-

tribution. Finally, it is important to consider the possible contribution of developmen-

tal changes amongst students.

As a final word, results from the study are consistent with findings from classroom

studies relating to disciplines other than science: the negligible presence of discussion

or dialectic argumentation, and the marginalised student voices and predominant

teacher voice, are symptomatic of classroom dynamics beyond the Chilean context.
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In fact, what has previously remained concealed in other classroom discourse studies,

particularly in science teaching, may be conceived of as being disclosed mainly by the

particular questions and analysis of this study. However, further research is needed in

order to evaluate the cultural context-dependency of these results.
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