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Abstract 
This article focuses on the integration of argumentation and digital technologies in science 
teacher education. We present theoretical reflections, results of empirical research, and 
description of innovative experiences with pre- and in-service biology teachers. Regarding 
argumentation, we analyse what defending a claim in science entails for teachers, the teaching 
strategies they (would) use in the classroom in relation to argumentation, the relevance that they 
attribute to the performance of different tasks for arguing, the subject content where 
argumentation fits more suitably, and the reasons they would consider in favour of arguing in 
science classes. For the analysis of educational practices that involve use of technologies, we adopt 
a perspective that looks at their complexity and recognises teachers as their creative authors. We 
discuss the way in which teachers (would) use technologies in their practice, their expectations 
around this, and the foreseen results with students. Finally, we examine three innovative 
educational experiences already implemented, using argument maps, web-based inquiry, and a 
digital game. We look into the possibilities that these technological resources offer for teachers 
to analyse the argumentation levels reached by their students. 
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INTRODUCTION 
This article focuses on the integration of two salient 

research lines in didactics of science –argumentation and 
digital technologies– in science teacher education. We 
present and discuss results obtained over five years by 
our research group EDUCEVA with science teachers in 
Argentina. 

Argumentation is recognised as a key linguistic and 
cognitive process in learning due to the fact that its 
semiotic properties turn this intellectual and social 
activity into an exceptional mediation resource in 
knowledge construction (van Eemeren, Grootendorst, & 
Snoeck Henkemans, 2002). Argumentation-based 
teaching practices thus connect to pedagogies hinging on 
the epistemic function of disciplinary discourse, and 
move away from transmission-based conceptions of 
education. However, a journal content analysis on trends 

on argumentation research in science education has 
found that researchers have prioritised the linguistic 
aspects of argumentation more than its epistemic aspects 
(Erduran, Ozdem, & Park, 2015). 

In the specific field of science teaching, 
argumentation favours students’ access to cognitive and 
metacognitive processes in scientific modelling, 
promotes the development and understanding of 
inferential and discursive skills in science, contributes to 
the achievement of students’ scientific literacy, favours 
enculturation in “authentic” practices based on criteria 
for knowledge evaluation, and develops model-based 
scientific reasoning and critical thinking (Jiménez-
Aleixandre & Erduran, 2008). 

We acknowledge that argumentation is a polysemic 
concept, inspected with very diverse theoretical 
frameworks. In this way –and only to browse some 
authors cited over this chapter– Plantin (1998) centres 
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the study of argumentation in debate between 
proponents and opponents, van Eemeren et al. (2002) 
focus on the resolution of differences of opinions among 
groups of people, and Jiménez-Aleixandre (2010) 
elaborates on the assessment of claims in the light of 
evidence. 

In the study of “school scientific argumentation” 
from the perspective of didactics of science, Adúriz-
Bravo (2014) lists three reasons given as justification of 
the importance of introducing argumentation in science 
teaching practices. In the first place, learning how to 
argue can be considered a central process in order to 
learn to think and construct new knowledge. Secondly, 
incorporating a scientific practice like argumentation is 
deemed to contribute to the construction of a view on 
science in line with contributions of the philosophy and 
history of science. Finally, the role of argumentation in 
scientific literacy is underlined: it fosters students’ 
participation in socio-scientific debates. 

In relation to the first two reasons to include 
argumentation, the role of teachers would be providing 
critical feedback to the arguments developed by 
students and managing “knowledge under 
construction” in didactical activities. Teachers would 
guide students towards the stabilised assertions and 
procedures accepted in expert communities within an 
area of study (Buty & Plantin, 2008). As regards the third 
reason, teachers should take into account the difficulties 
involved in integrating different perspectives and 
references in socio-scientific debate by designing 
activities directed to scaffolding students’ critical 
assessment of opposing views on a topic (Jiménez-
Aleixandre, 2010). 

ARGUMENTATION IN SCIENCE 
TEACHER EDUCATION 

Pioneering research on this topic highlighted the 
importance of introducing argumentation practices in 
teacher education programmes from the very beginning 
and over prolonged periods of time. Didactical 
interventions focused on ways to facilitate teachers’ 
incorporation of argumentative practices in their classes 
and developed analytical frameworks to assess the 
quality of the arguments produced (Erduran, Simon, & 
Osborne, 2004; Simon, Erduran, & Osborne, 2006). Such 
inquiries have led to the design of materials and 

instances of pre-service training for science teachers that 
have achieved improvements in their teaching of 
argumentation (Erduran, Ardac, & Yakmaci-Guzel, 
2006). Likewise, in more recent years, we found research 
focused on content or specific teaching strategies and on 
the construction of arguments by future teachers (Kaya, 
2013; Ozdem et al., 2013) and investigations that target 
both argumentative skills and teachers’ pedagogical 
content knowledge of in-service and future teachers 
around argumentation (McNeill & Knight, 2013; McNeill 
et al., 2016; Vieira et al., 2015; Wang & Buck, 2016; Zhao 
et al., 2021). These latter studies highlight the difficulty 
of teachers to understand arguments and develop 
different pedagogical strategies to promote 
argumentation in science classes. In addition, they 
present possible recommendations and solutions 
adapted to each context of study. 

In the Ibero-American context, we found research 
focused on the design of argumentation-based classes, 
studies that approach the conceptions and preparation 
of teachers to address argumentation in their classes, and 
evaluations of the impact of teacher training 
programmes on the development of argumentative 
competencies. 

Jiménez-Aleixandre and her team have conducted 
extensive research on argumentative processes in 
science classes. Jiménez-Aleixandre (2008) proposes a 
model for the design of argumentation learning 
environments based on six main issues: role of students, 
role of teacher, curriculum, assessment, metacognition 
and communication approach. Among the contributions 
to the field of teacher training, we can highlight the 
design of didactical resources for the introduction of 
argumentation and the use of evidence in science classes, 
from a socioconstructivist perspective and with the idea 
of forming small communities of practice (Jiménez-
Aleixandre et al., 2009). 

Regarding the second line of work, Archila (2014) 
investigated the preparation of future chemistry teachers 
to promote argumentation in their classes. He found that 
future teachers would be interested in having students 
discuss diverse points of view, but they do not have a 
clear idea on how they could carry out such discussions. 
In a similar study, but with a quantitative perspective 
and oriented to pre-service teachers’ understanding of 
argumentation around socio-scientific issues on energy, 
Martín Gámez and Erduran (2018) found that pre-
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service teachers had difficulty in understanding 
arguments and in devising different pedagogical 
strategies to promote argumentation in classroom. 
Specifically, they did not understand the role and 
meaning of warrants in scientific arguments, and their 
understanding of the use of different kinds of strategies 
was limited to debates, open discussions and 
experiments. 

Research involving the design and implementation of 
training programmes includes diverse strategies. In the 
case of Cebrián-Robles, Franco Mariscal, and Blanco-
López (2018), the authors asked prospective teachers to 
identify the elements of arguments in order to design 
assessment rubrics, and included peer assessment 
during evaluation with and without rubrics. The 
conclusions show that it is possible to improve the 
argumentative processes of future teachers, especially 
with regard to the construction of arguments, but that it 
is necessary to deepen the notion of refutation of ideas 
among students and pay more attention to the scientific 
knowledge involved in the tasks of argumentation. 
Finally, the training proposal by García-Ruiz, 
Hierrezuelo-Osorio, and Lupión-Cobos (2019) focuses 
on the promotion of argumentative skills on global 
climate change through a software that creates online 
collaborative annotations. The preliminary results 
presented by the authors highlight the value of the 
experience for the development of critical thinking. 
However, the percentage of teachers who identify the 
value of argumentation for scientific literacy and its 
contribution to the epistemology of science is low. In 
addition, teachers state that they consider that the 
greatest difficulty in teaching argumentation lies in the 
low argumentative level of their students. 

In the Argentinian context, we want to highlight 
research centred on the inclusion of argumentative 
practices in pre-service science teacher education. Such 
research has dealt with a model of “school scientific 
argumentation” as an analytic tool to study how teachers 
argue, linking the teaching of argumentation with the 
nature of science (Adúriz-Bravo, 2011). There are also 
relevant works analysing both the importance of 
argumentation within the community of science 
researchers and naive conceptions that teachers tend to 
have on such regard. Based on that, some authors 
propose developing teacher training that considers the 
nature of argumentation that takes place in science in 
order to construct less stereotyped views of scientific 
reasoning and to recognise the social character of 
knowledge generation (Islas, Stipcich, & Domínguez, 
2006; Islas, Sgro, & Pesa, 2009). Finally, research 
conducted in our group has focused on teachers’ 
conceptions and practices with respect to argumentation 
processes that take place in contexts enriched with 
Information and Communication Technology (ICT). 

WHAT WE MEAN BY “TECHNOLOGIES” 
From a sociocultural perspective, technologies can be 

considered cultural tools mediating human action. 
Wertsch (1998) states that human beings act upon nature 
and modify it through the creation of tools that enable 
them to have certain control over their environment but, 
at the same time, condition their conceptualisation of 
and their action on it. In turn, taking Pierre Lévy (1993) 
as reference, we can consider that all thinking processes 
are characterised by the involvement of language, 
information and intellectual strategies learnt within the 
framework of a culture, through interactions with others 
and the use of technological tools in this broad sense. In 
summary, we could state that cognition is the result of 
complex networks in which human, biological and 
technological factors interact, in a way that a person not 
belonging to a community (of other people and means) 
could not “think”. In this sense, even though a person 
may be alone at a certain time solving a problem, when 
doing so, they use different elements available in their 
sociocultural context, such as concepts, cognitive 
strategies, ways of reasoning, material and symbolic 
tools, etc. (Salomon, 2001; Werstch, 1998). Therefore, 
production of knowledge is not independent from the 
technologies that are used, but rather the result of an 
interactive process (Borba & Villarreal, 2005). 

We are particularly interested in looking at the place 
occupied by ICT, which is a set of cultural tools that 
modify the ways in which we gain access to and produce 
knowledge (Dede, 2007). Therefore, ICT becomes means 
for learning due to the fact that it can create new 
scenarios for interactions, virtual spaces in which 
students can not only have access to information, but 
also share, question, problematise, i.e., learn. 
Specifically, within the field of science teaching, ICT 
scaffolds the learning of scientific competencies such as 
formulation of hypotheses or predictions, interpretation 
of results, and construction of arguments (Linn, 2003). In 
this way, if we conceive that technologies offer a space 
for thinking and constructing ideas in science, it is 
essential to inspect how integration of these resources is 
promoted in teacher education. 

Concerning the incorporation of ICT in teacher 
training programmes, Ertmer and Ottenbreit-Leftwich 
(2010) propose that it should be based on three 
principles: ICT should be incorporated crosswise, and 
not via specific courses; ICT should be taught 
contextually, in relation to concrete problems connected 
to subject matter; and finally, teachers participating in 
the training activities should experience the innovative 
characteristics of technology in their own learning 
processes. These ideas can be expanded with those of 
Sancho Gil and Padilla Petry (2016), who highlight the 
need for teachers to have formative opportunities for: 
understanding the dimensions of their task in society, 
developing skills enabling them to establish productive 
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learning relations with their students, thinking 
alternatives to the traditional forms of teaching, 
analysing the consequences of the changes generated by 
ICT in the ways of creating, representing, storing and 
accessing knowledge. Er and Kim (2017) also stress the 
need for teachers to experience teaching and learning 
with technologies within the framework of their 
training, encouraging them to participate in 
communities of practice and collaboratively design 
educational resources. These experiences provide 
opportunities to reflect on teaching and on teachers’ 
pedagogical belief system. 

In the case of Argentina, in pre-service teacher 
education, the nation-wide recommendations drafted by 
the Ministry of Education and the mixed commission 
called ANFHE-CUCEN (Spanish acronym for the 
National Association of Schools of Humanities and 
Education and the University Council of Exact and 
Natural Sciences) strongly suggested the development 
of training actions mediated by ICT in the teaching of 
scientific disciplines (ANFHE-CUCEN, 2011; Ministry of 
Education of Argentina, 2012). In relation to teacher 
training courses offered in our country since the 1990s, 
different educational experiences and policies have been 
implemented, starting from technological upgrading 
programmes for schools accompanied by teacher 
training proposals (Landau, Serra, & Gruschetsky, 2007). 
In turn, as reverberation of the international movement 
based on the 1-to-1 (one laptop per child) model, in 2010 
the Ministry of Education of Argentina developed an 
equipping programme known as “Conectar Igualdad” 
(Connecting Equality), focused on the distribution of 
netbooks to teachers and students in state secondary 
schools and in institutes for teacher education all over 
the country. It was also accompanied by teacher training 
proposals (Lugo & Kelly, 2011). 

Implementation of these equipping programmes in 
Ibero-America has brought up a number of academic 
publications directed to knowing the impact of the 
presence of technologies in the classroom on educational 
practices. However, even though access to technologies 
constitutes a necessary condition for technological 
literacy, this cannot be reached with their mere presence 
in the classroom. Authors agree on the fact that the key 
to promote teaching innovation lies on the didactical 
strategies implemented for the use of technologies, and 
not on their availability (Cuban, Kirkpatrick, & Peck, 
2001; Lawrence & Tar, 2018; Turgut & Aslan, 2021). It is 
from this epistemological perspective that we have 
researched into the relations established between ICT 
and science teaching practices, including argumentation. 

Teaching practices are social, and determined by the 
historical, sociocultural and institutional context in 
which they take place. Thus, they have pedagogical, 
political, ethical and intentional character (Jackson, 
1986). In this sense, science teaching entails being 
responsible for distinct social practices configured on 

decisions that must be taken in contexts characterised by 
uncertainty and urgency, which require displaying a 
wide range of abilities and knowledge (Perrenoud, 
2004). According to this view, the availability of 
technologies in the classroom can constitute an 
opportunity for promoting reflection on the teaching 
profession and for questioning the established practices.  

The relationship between the availability of 
technologies and teaching practices has been the subject 
of various research studies. On the one hand, from 
quantitative research perspectives, several correlational 
studies have been conducted to analyse how teachers 
use technology and which variables are better predictors 
of each type of use. In this sense, Uslu and Usluel (2019) 
proposed a conceptual framework that identifies three 
types of educational ICT use: ICT use for motivating 
students, delivering content, reviewing the lesson; ICT 
use for promoting student searching and processing 
information; ICT use for accessing resources, preparing 
lesson materials. In turn, the authors also identified 
moments in which ICT could be integrated in an 
educational way: ICT use before teaching, ICT use for 
organising teaching and ICT use for enhancing learning. 
These last typologies are valid for studying how both 
teachers and students use ICT. 

In turn, Coll, Mauri, and Onrubia (2008) distinguish 
five types of use(rs) of ICT considering dimensions of 
educational practice and aspects of the technological 
tools. Those five types refer to ICT as the following 
instruments: 1. mediators of the relations between 
students and learning content, 2. mediators of the 
relations between teachers and teaching content, 3. 
mediators of the relations between teachers and students 
or within the student group, 4. mediators of the joint 
activity performed by teachers and students during the 
execution of learning activities, 5. configurators of the 
learning environments. Finally, Light and Pierson (2013), 
in their research into the changes and continuities in the 
practices adopted by teachers from San Luis (Argentina) 
after “Conectar Igualdad”, found out that the presence 
of netbooks re-configures classroom and school 
dynamics in different ways. They recognised practices 
incorporating technologies in a gradient ranging from 
instrumentalist uses to the generation of entirely new 
classroom environments. 

On the other hand, since the arrival of technologies, 
how teachers’ practices are modified has been studied. 
In a first stage, teachers seek to adapt/adjust the 
teaching strategies they normally use in their classrooms 
to incorporate technologies, which also conditions the 
type of technology they decide to incorporate (Inan et al., 
2010; Tondeur et al., 2017). However, as technologies are 
established as permanent resources in classrooms, new 
teaching practices, more student-centered, are deployed, 
favouring the development of their autonomy. In 
particular, for science teaching, it is observed that ICT 
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enhances project-based learning and problem-based 
learning (Zheng et al., 2016). 

Finally, the relationship between teaching practices 
and teacher training proposals connected with the 1-to-1 
model has been studied. Several authors found that 
training efforts dissociated from classroom practices 
cannot modify them; as a consequence, devices end up 
being underused (Tondeur et al., 2017; Fernandes, 
Rodrigues, & Ferreira, 2020). Whereas when teachers 
have positive experiences with technologies, either due 
to the incorporation of ICT in their own classroom or 
indirectly through their colleagues, they are able to see 
themselves as facilitators (Er & Kim 2017; Ertmer & 
Glazewski, 2015; Tondeur et al., 2020). So, thinking about 
teaching models that incorporate technologies 
constitutes an opportunity to re-examine teachers’ 
understanding of science teaching, assess the potential 
that technologies have as cognitive tools, and explore 
ways in which they could support learning. 

RESEARCH QUESTIONS 
a) What are the conceptions about argumentation 

held by science teachers from Córdoba 
(Argentina)? What argumentative practices do 
they report to carry out in their classes? 

b) What are the conceptions about ICT science 
teachers from Córdoba (Argentina) have? What 
practices with ICT do they claim to perform in 
their classes? 

c) What potentialities and difficulties are found in 
the development of school scientific 
argumentation enriched by digital technologies in 
the framework of didactical proposals designed in 
communities of practice integrated by teachers 
and researchers? 

METHODOLOGY 
The present study on science teachers’ ideas and 

practices with argumentation and ICT was conducted 
from an essentially phenomenographic perspective. This 
approach starts from the premise that people perceive, 
conceptualise and understand their experiences –and the 
dimensions of which they are made– in qualitatively 
different ways (Marton, 1981). 

For data collection, a semi-structured questionnaire 
was designed, including questions about cadastral 
aspects (gender, age, degree, length of service as 
teachers, availability of technology in the educational 
institution in which they carry out their practices), six 
items related to argumentation, and five items linked to 
ICT. For instrument development, we took into account 
the following authors: Adúriz-Bravo (2014), Coll (2009), 
and Jimenez-Aleixandre (2008). With respect to 
argumentation, the following aspects were enquired: a) 
what does defending a point of view in natural sciences 
entail for teachers (closed-ended question in which more 

than one option could be chosen); b) the teaching devices 
used in the classroom by teachers and their relation with 
argumentation (closed-ended question); c) the 
importance that teachers attribute to the performance of 
different tasks linked to argumentation in their classes 
(closed-ended question); d) whether teachers consider 
that there are topics with which developing 
argumentation is more feasible (open-ended question); 
e) the strengths attributed to the teaching of 
argumentation in science classes (open-ended question); 
and f) the difficulties encountered around the possibility 
of arguing in science classes (open-ended question). 
Regarding ICT, the questions designed focused on two 
dimensions: a) advantages and disadvantages of having 
ICT available in the classroom; and b) ICT integration in 
their educational practices. 

The designed instrument was reviewed by experts, 
and a pilot test was conducted with five in-service and 
10 pre-service teachers that were not part of the final 
study sample. 

Such instrument was applied to 27 students in the 
degree of biology teaching at the Universidad Nacional 
de Córdoba (Argentina) who had already completed 
their teaching practices in schools (of an average age of 
28 years, with a minimum age of 21 and a maximum age 
of 42), and to 51 in-service teachers belonging to 16 state 
secondary schools in the city of Córdoba (of an average 
age of 47 years, with a minimum age of 29 and a 
maximum age of 62). The in-service teachers had an 
average of 12 years of teaching experience with a 
minimum of 3 years and a maximum of 30. Most of them 
had science teaching degrees and a minority had science 
degrees (Biologist, Bachelor in Chemical Sciences, 
Agricultural Engineer), without formal pedagogical 
training. 

The information collected was interpreted on the 
basis of the theoretical categories proposed by Adúriz-
Bravo (2014), Jiménez-Aleixandre (2008), and Tondeur et 
al. (2020). Other analytical categories were developed 
from the regularities found in the corpus of data. The 
analysis of teachers’ ideas and practices was made by 
taking theoretical constructs as reference and by 
developing analytical categories according to the 
regularities observed. 

We worked with pre- and in-service teachers in small 
communities of practice; this enabled the development 
of original experiences combining argumentation and 
ICT in science teaching. These communities of practice 
will be characterised in Section Irruptive Practices 
Creating New Didactical Paths. 

Finally, the procedures used in this study adhere to 
the tenets of the Declaration of Helsinki and its later 
amendments, or to comparable ethical standards for 
research. In this sense, informed consent was obtained 
from all individual participants included in the study. 
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RESULTS AND DISCUSSION 

Science Teachers’ Ideas and Practices with 
Argumentation and ICT 

Our characterisation of the relations of teachers with 
argumentation and technologies in their practices first 
deals with their conceptions and perceptions, then 
moves to their reflections upon the importance accorded 
to them in their classrooms. Regarding their conceptions 
about argumentation, both pre- and in-service teachers 
(more than 70%) agree on the idea that defending a claim 
in science is related to producing evidence that “proves” 
it. A smaller number of teachers agree to conceptions of 
argumentation as justifying, with or without trying to 
convince others (Garcia Romano, 2017; Garcia Romano 
et al., 2017). These ideas reinforce a conception of 
argumentation as the use of evidence, but blur into the 
background what Adúriz-Bravo and Revel Chion (2017) 
define as the rhetorical component of argumentation. 

In relation to technologies, the introduction of ICT in 
the classrooms is described by pre- and in-service 
teachers with positive and negative aspects. Pre-service 
teachers show concern for the fact that technologies 
provide access to any kind of information that may be 
unreliable and become a source for students’ 
misconceptions. In turn, both pre- and in-service 
teachers indicate that the presence of computers in 
classrooms generates problematic situations, as students 
lose concentration with games or social networks, and 
they –as teachers– cannot control such situations. This 
feeling of “losing control” in the presence of technologies 
has also been identified by other authors who analysed 
the implementation of “Conectar Igualdad” (Zanotti & 
Arana, 2015). We observe that some in-service teachers 
associate this loss of concentration with lack of specific 
planning for using the computer in the classroom. 

In the same direction, teachers who are able to make 
intensive use of ICT identify planning as a key tool to 
achieve this. Specifically, teachers indicate that, in front 
of a planned activity incorporating ICT in a non-trivial 
fashion, students participate even when the technology 
enables them to access potentially distracting resources 
such as Facebook, WhatsApp, Instagram, etc. We 
conclude that teachers adscribe great value to a planning 
that permits anticipating classroom work with 
technologies. Such planning requires specific didactical 
knowledge; for this reason, teachers complain about the 
lack of teacher training to be able to profit from the 
potential of these tools. These results coincide with the 
findings of Inan and Lowther (2010), and Turgut and 
Aslan (2021), who propose that the incorporation of 
technology depends on self-confidence and the feeling of 
preparedness that teachers have to use these tools. 

On the other hand, both pre- and in-service teachers 
indicate that ICT can facilitate subject matter 
understanding, as it enables incorporating information 

in different formats; the potential of these resources to 
incorporate multitextuality is appreciated (as found by 
Alvarez-Quiroz & Blanquicett Romero, 2015). In 
particular, the possibility of enriching study materials 
with images, videos and simulations is highlighted. 
Teachers also underline that technologies are friendly 
tools for students, which should be an invitation to 
modify the dynamics of their classes in order to present 
content in a way closer to young people’s interests. In 
this regard, one teacher who was interviewed explains 
that traditional teaching many times is too far away from 
young students’ cultural practices; she exemplifies this 
with teachers’ stereotypical use of blackboards, which at 
the end are photographed by students. While the teacher 
is busy presenting the topic through laborious writing 
on the blackboard, students can get distracted and lose 
interest. This interviewed teacher advocates for a 
practice of collective construction of ideas, which of 
course commits her to “daring to change classroom 
dynamics”. 

The strengths of ICT highlighted by pre- and in-
service teachers coincide with findings by other authors 
(Drossel, Eickelmann, & Gerick, 2017; Zheng et al., 2016): 
both groups identify technologies as cultural tools 
moulding young students’ practices and promoting 
contextualisation of teaching by enabling teaching 
models aligned with the characteristics of students’ local 
environments and reality. Teachers see ICT as an 
opportunity to create learning spaces closer to students’ 
interests. In this respect, all pre-service teachers declare 
they want to move forward and incorporate these 
resources in their practices. They see themselves as 
guides and facilitators of learning, and they recognise 
that technologies open up new opportunities, enable 
placing students as protagonists, and broaden teaching 
horizons. In the same line, they indicate that they would 
need to be more qualified to be able to make the most of 
these technologies as teaching tools. 

So far, we have summarised the conceptions and 
perceptions about argumentation and technologies in 
the classroom that we found in teachers. Now we will 
present how both dimensions (should) take place in the 
classroom from their point of view. With respect to the 
way in which they (would) include argumentation in 
their classes, even though both pre- and in-service 
teachers mostly agree on a positivistic model that relates 
defending a claim in science with producing 
“probatory” evidence, there are differences as regards 
the teaching devices used in class and the relevance they 
attribute to the performance of different argumentative 
tasks. Even though in both groups more than half of the 
teachers point out that they frequently invoke different 
points of view in relation to a topic to enable students’ 
argumentation, more than 75% of in-service teachers 
indicate that they frequently use books or films 
containing “information”, whereas in the case of pre-
service teachers, the percentage of frequent use of these 
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resources only reaches 40%. As regards the importance 
ascribed to the performance of varied tasks, the main 
difference is observed in the value they give to students’ 
searching for different sources of information to justify 
their answers. While more than 90% of in-service 
teachers consider that this activity is important, this 
percentage barely exceeds 60% in the case of pre-service 
teachers. 

In relation to the science content in which the 
development of argumentation in class is more feasible, 
two different groups of answers can be identified: one 
group stresses the possibility of doing so with all topics 
(35% of in-service teachers and 52% of pre-service 
teachers), another group highlights the special relevance 
of argumentation when teaching socio-scientific issues 
(around 45% of both pre- and in-service teachers). In 
addition, it is important to note that most in-service 
teachers establish a close link between teaching centred 
around socio-scientific topics and human health, while 
in the case of pre-service teachers this link is not present 
(Garcia Romano, 2017; Garcia Romano et al., 2017). 

Concerning the value of teaching argumentation in 
science classes, we take up the categories proposed by 
Adúriz-Bravo (2014): teachers justify its inclusion, in the 
first place, for its contribution to scientific literacy (55% 
of in-service teachers and 63% of pre-service teachers). In 
the second place, they emphasise the possibility of 
learning to think (51% for in-service teachers and 44% for 
pre-service teachers). The least chosen reason is the 
contribution of argumentation to the construction of 
ideas about science in line with the philosophy and 
history of science (only 2 active teachers and 3 
prospective teachers). So, teachers stress the epistemic 
dimension of argumentation and its potential for critical 
thinking (Jiménez-Aleixandre, 2008), but they omit 
aspects related to the nature of science. 

With respect to the difficulties involved in the 
integration of argumentation in science classes, the 
prevailing aspect mentioned by in-service teachers is 
related to the problems that students have in carrying 
out the tasks proposed (more than 70%), while only 22% 
of pre-service teachers mention this issue. In the same 
line, 51% of pre-service teachers referred to the 
challenges for them to prepare activities that enable 
students to argue and the time required for carrying on 
with this type of classes, whereas among in-service 
teachers this percentage is reduced to 10%. While we 
may think that in-service teachers have surely been able 
to improve their training throughout their career, it is 
worrying that they cannot identify the challenge of 
teaching how to argue and teaching through 
argumentation that has been widely reported in the 
international literature (Archila, 2014; Cebrián-Robles et 
al., 2018; Martín Gámez & Erduran, 2018; Wang & Buck, 
2016; Zhao et al., 2021). 

On the other hand, when analysing teachers’ 
didactical activities and the frequency with which ICT is 
used, we found that the activities that are included 
frequently by more than half of both groups are those 
involving search for information on the Internet or 
writing reports with word processors. These results 
coincide with a study conducted by Benavides and 
Pedró (2007) in Ibero-American countries, indicating 
that cases where ICT is used every day in the classrooms 
are rare. Therefore, in addition to the frequency of 
technology use (always, frequently, rarely, never), we 
analysed the type of activities implemented by teachers 
involving ICT. We identified four groups of activities: a) 
those that are incorporated by most (50% or more) pre- 
and in-service teachers; b) those that are incorporated by 
more than 50% of in-service teachers but by less than 
50% of pre-service teachers; c) those that are 
incorporated by some (between 25 and 49%) teachers; 
and d) those that are incorporated by very few or nobody 
(24% or less). Figure 1 compares percentages of pre- and 
in-service teachers performing the activities in these four 
groups. 

Group “a” includes activities using technology as 
support to improve the teacher’s presentations or “to 
transmit information”, while group “b” includes 
activities that assign a more active role to students, 
encouraging information analysis, report writing or 
activity resolution in web pages. However, technology 
here is merely another support, given the fact that the 
activities proposed are the same ones that would be done 
with paper and pencil, but using computer or mobile 
technology instead. We would also like to highlight the 
contrast observed between pre- and in-service teachers 
as regards “Guided search for information on the 
Internet”, which is proposed by 88% of the latter and 
only 37% of the former. This is related to the different 
value that teachers assign to students searching for 
information to justify their answers, which, as it has 
already been mentioned, is more relevant for in-service 
teachers. This divergence in practices can be explained 
by the fact that pre-service teachers show concern for the 
possibility of having access to “wrong” information, 
whereas in-service teachers possibly solve this by 
working in the construction of criteria to search and 
select. 

Activities in groups “a” and “b” are similar to those 
recorded in the review by Tondeur and colleagues (2017) 
for teachers who make an incorporation of technology in 
the classroom that is more teacher-centered. In this 
modality, technologies are included in an incidental 
manner or just to enrich the usual practices without 
modifying them; teachers assign a predominantly 
passive and receptive role to students. An exception 
within this group is represented by the task of sharing 
information in Facebook, proposed by more than 50% of 
in-service teachers. We consider that this activity could 
actually generate different learning opportunities and 
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dynamics. Group “c” comprises activities requiring 
greater cognitive commitment by students, through 
personal production, analysis or argumentation. Finally, 
group “d” includes activities that would entail a more 
creative or innovative use of ICT, which could cause a 
change in classroom dynamics. Activities included in 
groups “c” and “d” are similar to the teaching practices 
identified in the review from Tondeur and colleagues 
(2017), which resulted more student-centered. On the 
basis of these results, we can summarise that most pre- 
and in-service teachers make a weak incorporation of 
ICT in their classrooms, but practices tending to a more 
intensive incorporation are beginning to be observed. 

Irruptive Practices Creating New Didactical Paths 

Regarding the connection between our topics of 
study, Schwarz (2018) highlights that although 
Computer Supported Collaborative Learning (CSCL) 
theory and research on argumentation and learning look 

as if they have emerged and developed independently, 
these two domains are deeply intertwined. In a research 
that traces the history of these research lines, the author 
notes that there have been two dominant ways of 
incorporating argumentation in these settings: 
Toulmin’s structural model and van Eemeren and 
colleagues’ discursive, pragma-dialectic model. 
Furthermore, he indicates that many of the experiences 
with ICT and argumentation do not achieve promising 
results because the software designed primarily focuses 
on the structural components of argumentation and 
tends to neglect the social aspect of argumentation, and 
also because the times and modes of constitution of the 
communities of practice are not respected. 

We are convinced that thinking of teachers as 
professionals means recognising that it is they who have 
knowledge and expertise to autonomously design good 
educational practices. In this respect, one way of 
promoting changes is by constituting small practice 
communities in which teachers can assume a more active 

 
Figure 1. Comparison of percentages of pre-service teachers (N=27) and in-service teachers (N=51) who include 
each of the didactical activities in their classrooms 
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role in their professional development, being 
responsible for their own learning (Kopcha, 2010). In 
these communities, teachers jointly explore new ways of 
teaching with technologies, and support each other as 
they begin to transform their classroom practices 
(Higgins & Spitunik, 2008). So, when teachers participate 
in this type of experience, they are able to incorporate 
technologies successfully, and they design paths that 
foster more equal digital opportunities (Tondeur et al., 
2020). 

Another aspect to be considered in teacher education 
is the connection with the curriculum to be taught, given 
that if teachers realise they can develop the content of 
their subjects with technologies, they are more prone to 
use them with their students (Uslu & Usluel, 2019). 
Finally, if teachers are able to see technologies as cultural 
tools that provide autonomy, they will understand that 
young students are used to virtual worlds and to 
information management; thus, they will be more 
willing to leave traditional, ICT-deprived models behind 
(Seufert, Guggemos, & Sailer, 2021). 

Based on the agreement on the importance of 
argumentation and ICT for science education, there is a 
field of work connected with the design of 
“argumentation environments”. These can incorporate 
technologies aiming at making students participate in 
constructive and collaborative argumentation, and they 
can be directed either to peer discussion or to argument 
modelling (Matuk, 2015). Several science teaching 
projects have implemented this kind of resources and 
assessed them by studying the differences between 
synchronous and asynchronous argumentation, the 
scaffolding possibilities developed, and the constitution 
of student groups to achieve co-argumentation. Such 
projects have resulted in the development of analytical 
frameworks for studying the argumentative dynamics 
taking place in different settings (Clark & Sampson, 
2008; Clark et al., 2012; Linn, Clark, & Slotta, 2003; 
Quintana et al., 2004). In addition, a number of 
technological resources (platforms directed to scientific 
research, virtual laboratories, simulations, etc.) designed 
in recent years can be seen as technologically enriched 
environments for argumentation. 

But technological resources designed to learn how to 
argue and to learn science through argumentation have 
their potential benefits not limited to students. Through 
these, teachers can regulate their own argumentation 
and interpret their students’ argumentative 
developments (Clark & Sampson, 2008). The following 
paragraphs describe three teaching experiences 
incorporating technological resources to encourage and 
scaffold argumentation. We consider that such 
experiences can contribute to teachers’ thinking about 
new didactical paths. 

 
1 https://debategraph.org/  

Debategraph 

Different tools are available for the construction of 
argument maps; in this first experience we used 
Debategraph, an open-source resource for collaborative 
construction of arguments that combines cartography 
and edition based on the Wiki concept1. From the 
argumentative point of view, the main idea under the 
resource is representing all relevant points of view 
within the scope of a problem, and, based on that, 
solving differences of opinion and searching for 
solutions (with a conception of argumentation that can 
be connected to van Eemeren et al., 2002). 

We used Debategraph with 37 prospective teachers in 
the first year of a course on biology education. Teachers 
were invited to use the tool to present their arguments 
around problems concerning admission and 
permanence in university courses in Argentina. We also 
inquired about their opinion on the positive and 
negative aspects of this kind of activity through 
questionnaires and interviews. Among the most relevant 
results, pre-service biology teachers pointed out that the 
construction of argument maps enabled them to 
visualise the arguments of the reference authors and of 
their classmates, and to negotiate agreements. As for the 
negative aspects, pre-service teachers indicated that it is 
difficult to agree on the weight to be ascribed to each 
argument and to solve differences of opinion with their 
peers. The search for consensus becomes a positive 
element of the tool for some students and a negative for 
others. As Elam and Bertilsson (2003) put forward, such 
search can entail the exclusion of points of view; an 
intermediate option –from a more democratic 
perspective– could include the encouragement of partial 
consensus through discussion, where dissent has value 
and, therefore, space is generated to express it. Thus, 
although this experience showed positive and negative 
aspects regarding the inclusion of a debating tool, it 
allowed students to maintain what Schwarz (2018) calls 
“blended settings” in which computer-supported 
argumentation is central to promote dialogic and 
deliberative activities in traditional spaces of higher 
education. 

Argument maps can also become valuable resources 
for teacher training around socio-scientific topics: 
guided by a teacher educator, pre- or in-service teachers 
can learn about the treatment of such topics and reflect 
on what content and methods could be best when 
implementing this resource with their own students. As 
an example, Figure 2 shows an argument map that 
reconstructs the contributions made by Biology and 
Chemistry teachers who participated in a teacher 
training course about genetically modified crops in 
Argentina. This figure highlights a specific topic within 
this problem: deforestation. 

https://debategraph.org/
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Teachers can ask students to construct argument 
maps taking the debates generated in forums and social 
networks as reference; in this way, maps can turn into 
tools to follow up students’ progress and metacognition. 
In addition, maps constructed by one group of students 
could be analysed by other groups in order to move 
forward in the understanding of a given topic. Finally, 
teacher education courses could use previously 
constructed argument maps in order to analyse the 
explicit and omitted arguments, and the ways in which 
ideas are bound together, among other aspects. 

WISE (Web-Based Inquiry Science Environment) 

WISE is a digital learning platform for inquiry-based 
science teaching developed by a team from the 
University of Berkeley, California that has been used 
since 19962. WISE is organised on the basis of projects 
requiring students to construct hypotheses, search for 
information, and examine points of view, among other 
competencies. For such goals, each project incorporates 
simulations, tools to make graphs, modelling tools, links 
to other web pages, etc. (Linn et al., 2003; Romero Ariza 
& Quesada Armenteros, 2014). With respect to the 
argumentative aspect, this environment is essentially 
based on the conception of argumentation as assessment 
of claims in the light of evidence (Jiménez-Aleixandre, 
2010); the activities give varied priority to persuasion, 
but the possibility of working collaboratively is 
included. 

A central aspect for teacher education –as Romero 
Ariza and Quesada Armenteros (2014) point out– is that 
any professional interested in generating resources for 
science teaching can add new projects or make proposals 
to improve the existing. 

 
2 https://wise.berkeley.edu/  

In our second experience, WISE was used within the 
framework of pre-service science teacher training; two 
students from the degree in biology teaching at the 
Universidad Nacional de Córdoba (Argentina) 
interested in the topic of argumentation were asked to 
assess different projects available in the environment 
through the construction of a series of analysis 
dimensions. These pre-service teachers were especially 
concerned about what Bogar (2019) defines as traditional 
science education, which can lead to a positivistic view 
of science, which includes clear-cut “truths” and 
unquestionably accepted results reached from data. The 
value of this experience lies in the fact that the two 
prospective teachers were monitored for a full year, 
which is relatively unusual in the context of this type of 
research (Schwarz, 2018). As regards the argumentative 
dimension, participants could characterise both the level 
of difficulty of each project and the prevailing 
conception of argumentation; these criteria were used to 
select the most suitable project for a group of students. 
After this, they could analyse students’ argumentative 
exchanges through the lens of Toulmin’s (1958) ideas. 
Pre-service teachers developed analysis tools that could 
be later used to systematically assess other classroom 
resources. In their analysis, they were able to link the 
argumentative and technological dimensions when 
considering their future teaching practices (Mermoud, 
Ordoñez, & Garcia Romano, 2017). 

PREGUNTIC 

Construction of “good” questions is a central 
scientific practice (Oliveira, 2010). Based on this, our 
group developed a digital game aimed at giving 
students and teachers the possibility of elaborating 
questions connected with a series of topic categories –

 
Figure 2. Argument map around the topic of deforestation within the framework of genetically modified plant 
growing in Argentina. This map was created using the DebateGraph web-platform. 

https://wise.berkeley.edu/
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modifiable for each case–, and of playing in computers 
through the dynamics they choose to implement –
forming one or more groups, with or without time limit, 
etc. – and with a configuration that does not require the 
use of the Internet. 

Two instances with this game were organised 
involving teachers and students from two secondary 
schools in the city of Córdoba and members of our 
research group. The first experience was developed in a 
public secondary school with a population of students 
from a vulnerable economic background; most of them 
work informally after school-time. The work was 
structured in three stages. 

In the first stage, 16 students organised in groups, 
conducted bibliographic research about the lesson topic, 
formulated questions to play, and analysed them 
together with their teachers. In a second phase, the game 
was configured: students chose representative images of 
the topic and uploaded the questions elaborated for each 
game category. Finally, groups exchanged the questions 
formulated, and the game was played. After a joint 
assessment of the proposal, and taking into account 
students’ perspective, the conclusions reached were that 
the game was motivating for students, that the stage of 
the experience in which they had learnt the most was 
during the formulation of questions, and that the fact of 
jointly constructing a product that could be adapted to 
new situations had an additional value for the 
participating teachers (Pomar et al., 2016). 

The second experience was developed in another 
public school in the city of Córdoba, with students from 
families with average income (very few of them worked 
after school-time). Twenty-four students participated in 
this experience, which was carried out together with one 
of the teachers who participated in the previous one. A 
phase involving review by peers was included after the 
formulation of questions, and audio was recorded while 
students formulated questions. After analysing the 
questions posed, we found that students were able, 
starting from argumentation in small groups, to revise 
aspects connected with the conceptual content of the 
lesson and to assess the suitability of the questions for 
the audience and for the game. Students underlined that 
the proposal helped them understand the topic more 
deeply, relate in new ways with ICT, work in groups, 
and see tasks from a different point of view. We 
highlight the relevance of the experience in linking the 
argumentative process with biological content and the 
opportunity for students to revise their texts and discuss 
face-to-face in group spaces. Taking into account the 
notions developed by Plantin (2014), this didactical 
proposal sought the active participation of students, 
recovering their voices in argumentative instances, an 
issue that has not been worked on before in this context. 

FINAL CONSIDERATIONS 
Results reported here enable us to recognise different 

meanings and practices that teachers associate with the 
inclusion of argumentation and ICT in science classes. 
The importance of rethinking the ways in which 
argumentation is incorporated in teacher education in 
technologically enriched contexts emerges as a 
conclusion. 

We found out that teachers prioritise the idea of 
arguing as presenting evidence that proves a point of 
view; even though the persuasive component of 
argumentation is present, teachers usually push it into 
the background. This traditional perspective probably 
arises from the delegitimation suffered by rhetoric at 
different times in history, while an incipient valorisation 
of rhetoric would be linked to the value currently 
attributed to debate in citizenship (Plantin, 2004). 

We also recognised two points of tension: 1. whereas 
part of teachers take a more inclusive stand with respect 
to the science topics that can be taught by means of 
argumentation, many relate argumentation only to 
socio-scientific issues; 2. while some teachers propose 
argumentation as a teacher-centred process, others focus 
on the possibilities of students learning how to argue. 

In relation to teachers’ perceptions about the 
inclusion of technologies, even though some teachers 
show reservations due to the fear of students getting 
distracted by them, technologies are generally conceived 
as cultural tools close to young people’s everyday 
practices. Teachers recognise that ICT gives the 
opportunity to reformulate their classes, and that such 
action requires carefully planned proposals enabling 
anticipation of scenarios. Another potential identified by 
teachers is that ICT enables them to present content in a 
multitextual manner, and opens access to different 
information sources. 

Even though most surveyed teachers make a weak 
incorporation of technologies in their classrooms, we 
recognised some practices tending to an intensive 
incorporation enabling to “think with” technologies, 
where teachers act as facilitators (Borba & Villarreal, 
2005). The small number of teachers who propose a more 
innovative use of technologies coincides with results 
obtained by Sancho Gil and Padilla Petry (2016). 
Therefore, it could be expected that –just as in their case– 
as time goes by, our subjects will overcome their fears 
and prejudices and move towards employing ICT in 
more transformative practices such as the ones described 
in Section Irruptive Practices Creating New Didactical 
Paths. On this last regard, based on the analysis of 
teachers who participated in small practice 
communities, we observed that their proposals took 
advantage of ICT potentials to mediate learning 
processes and foster argumentation practices in the 
classroom. Following Ertmer (2005), we consider that it 
is necessary to enable teachers to live positive 
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experiences with technologies and to work in 
collaborative groups arguing around sensible practices. 

Concerning the three technological resources 
described in this article, they provided fruitful 
argumentation environments. When using them in 
teacher education, it is crucial that conceptions on 
argumentation underlying each resource become 
explicit; we have advocated for a reflective use of these 
tools with teachers, where they can learn how to argue, 
but also about the nature of argumentation and the 
quality of students’ arguments. 

Teachers’ perceptions and practices on ICT-enriched 
argumentation are complex, with many dimensions to 
be taken into account. It is our contention that science 
teacher education around this issue should: include 
different theoretical frameworks on argumentation, 
enable teachers to argue and to design activities for their 
students to argue, propose the analysis of arguments in 
“natural” teaching contexts, and foster discussion 
concerning the levels of argumentation that we want to 
achieve in compulsory science education. 

The potential of argumentation in technology-
mediated environments creates new scenarios for 
science teacher education that imply mobilisation of 
their ideas and transformation of their practices. The key 
to promote innovative didactical activities lies in placing 
teachers as protagonists –giving to them the space and 
opportunity to create, innovate and experiment with 
argumentation in the construction of scientific 
knowledge in the classroom. 

One limitation of our study is related to the analysis 
of actual teaching practices, since our findings come from 
data reported by teachers in their responses to 
questionnaires. We understand that, for a deeper 
analysis, further research is required to collect 
information about how teaching practices are developed 
in the classroom, what challenges arise and how 
teaching and learning processes take place. In this sense, 
our research group is developing design-based research 
(DBR) with in-service and pre-service teachers that will 
allow us to expand, nuance or confront the results 
presented here. 
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