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INSTRUCTION SCIENTIFIC ARGUMENTATION IN BASQUE

The effects of instruction on students’ argumentative scientific writing in a Basque
medium of instruction setting

Abstract
The present quasi-experimental study explores the effects of instruction on secondary students’
scientific argumentative writing in a Basque medium of instruction program. Secondary
students (N = 105) completed written tasks before and after a unit on energy in their science
class as part of this investigation. The experimental group (n = 61) additionally took part in
three, one-hour sessions focused on scientific argumentation via instruction in cognitive
discourse functions (Dalton-Puffer, 2013), while the control group (n = 44) completed the unit
on energy without the additional instruction on argumentation. The final corpus of 210 texts was
analysed using Toulmin’s Argumentation Pattern (1958). ANOVAs showed that the
experimental group’s use of argumentation strategies increased significantly, while the control
group’s use of such strategies did not increase. Thus, the results show that instruction on
argumentation helps students to write better argumentative compositions. These findings
suggest that instruction in the use of Cognitive Discourse Functions allows for academic
language learning in bilingual education contexts. The pedagogical implications and future

research directions of this study’s findings are discussed.
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Introduction

All languages used in school settings can be referred to as languages of schooling (Beacco et al.,
2016) and include the learners’ entire linguistic repertoire, entailing languages of instruction and
home languages. Students’ development of this repertoire is key to ensuring their academic and
social success (Beacco et al., 2016; Lorenzo & Trujillo, 2017; Pavon & Pérez, 2017). Today,

many education systems foresee students mastering more than one language (Council of
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Europe, 2017), and diverse strategic pedagogical approaches have been implemented to achieve
this in programs labelled as content-based instruction (CBI), immersion, content and language
integrated learning (CLIL), and bilingual education, in which the language of instruction for
many students is not their first or dominant language (L1). Learning through a non-dominant
language, be that a second (L2) or foreign language (FL), poses certain challenges for learners
in achieving biliteracy (Lorenzo & Rodriguez, 2014).

In the Basque Autonomous Community (BAC) curriculum, educational programs are
required to consider the two official languages (Basque and Spanish) in order to develop
students’ multilingual competence. To achieve this, the BAC established three main language
models (Cenoz, 2023; Colmenero & Lasagabaster, 2023). These differ in their amount of
exposure to both Basque, the minority language, and Spanish, the majority language: Model A
(instruction entirely in Spanish with Basque as a subject), Model B (partial exposure to both
Spanish and Basque) and Model D (instruction entirely in Basque, with Spanish as a subject).
While Basque is not the dominant language of the majority of students, 71.9% of secondary
education learners (EUSTAT, 2023) are enrolled in Model D. As suggested by several authors
(Aldekoa et al., 2020; Cenoz, 2015; Lasagabaster & Sierra, 2010; Manterola et al., 2012;
Sagasta, 2003) the Model D is a Basque medium of instruction program that can be considered a
CBI or an immersion programme for non-Basque L1 speakers, and as a bilingual language
maintenance programme for those whose L1 is Basque.

Previous research has traditionally distinguished between CLIL, CBI, immersion and
bilingual education programmes by highlighting similarities and differences in their nature,
history and characteristics (see Dalton-Puffer et al., 2014; Lasagabaster & Sierra, 2010; Llinares
& McCabe, 2023). Despite these terminological and methodological differences, which are not
the focus of this study, all share integration as their “essential property” (Cenoz, 2015, p. 17).
Nevertheless, this integration of content and language is complex and both content and language
have to be considered in developing objectives, instruction, and assessment (Nikula et al., 2016;

Tang, 2019). Coyle and Meyer (2021) suggest that the integration of content and language may
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lead students to successfully develop the academic language of various disciplines and
languages, and thus become pluriliterate. However, academic language needs to be explicitly
addressed in education (Cummins, 1984, 2021), and this is normally carried out in subject-
specific ways—in other words, though disciplinary literacies (Shanahan & Shanahan, 2008).
This is important because the linguistic features of school subjects differ across disciplines
(Beacco et al., 2016; Coyle & Meyer, 2021; Llinares et al., 2012). It is therefore crucial to
describe the main academic language features and patterns associated with disciplines and
disciplinary literacies (Lorenzo & Trujillo, 2017).

One of those academic language patterns is the focus of this quasi-experimental study,
as we explore the production of arguments in scientific argumentative writing in a Basque
medium of instruction Secondary Education programme, guided by the construct of Cognitive
Discourse Functions (CDFs; Dalton-Puffer, 2013).

Literature Review
Cognitive Discourse Functions: The Case of Argue

The CDF (Dalton-Puffer, 2013) construct has been suggested as powerful tool that
teachers can leverage as they seek to integrate language, content and literacies in their
instruction (Morton, 2020). CDFs represent discourse patterns that have crystallised in response
to specific situational and contextual demands (Dalton-Puffer, 2007, 2013). According to Bailey
and Butler (2003), the main focus of the CDF construct is the realisation of operative verbs such
as defining, comparing or arguing (see Table 1) to “name concrete linguistic behaviours by
which students are expected to demonstrate their content knowledge” (Dalton-Puffer 2013, p.
223). The CDF construct is composed of the most common operative verbs within academic
contexts, which are then divided into seven main categories: categorise, define, describe,
evaluate, explore, explain, and report. Each category is broad and may contain different
subforms or performative verbs that share the same underlying communicative intention (see
Table 1). They represent cultural models shared by discipline-related communities and have

specific discursive schemata and lexicogrammar (Dalton-Puffer, 2013). In fact, CDFs need to be
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contextualised within disciplines, as what is understood by argue may be different in science or

history. For example, scientific argumentation is characterised by the use of scientific and

experimental evidence (Polias, 2016), while arguing in history focuses on taking a stance

towards historical events (Lorenzo, 2017).

Table 1

The Cognitive Discourse Function Construct

Underlying basic communicative intention CDF TYPE

Performative verbs

I tell you how we can cut up the world according to CATEGORIZE
certain ideas

classify, compare, contrast, match, structure,
categorize, subsume

I tell you about the extension of this object of DEFINE
specialist knowledge

define, identify, characterize

I tell you details of what I can see (also DESCRIBE
metaphorically)

describe, label, identify, name, specify

I tell you what my position is vis a vis X EVALUATE evaluate, judge, argue, justify, take a
stance, critique, comment, reflect
I tell you about the cause or motive of X EXPLAIN explain, reason, express cause/effect, draw

conclusions, deduce

I tell you something that is potential (i.e., non-factual) EXPLORE

explore, hypothesize, speculate, predict,
guess, estimate, simulate

I tell you something external to our immediate context REPORT
on which | have legitimate knowledge claim

report, inform, summarize, recount, narrate,
present, relate

Note. Adapted from “Cognitive discourse functions meet historical competences: Towards an

integrated pedagogy in CLIL history education” by C., Dalton-Puffer and S., Bauer-

Marschallinger, 2019, Journal of Immersion and Content-Based Language Education, 7(1), p. 35

(https://doi.org/10.1075/jicb.17017.dal). The boldface on EVALUATE is ours.

Among these seven CDFs, knowing how to make use of evaluate, and its subform argue, have

been described as crucial knowledge for successful participation in 21st-century democratic

societies (Asterhan & Schwarz, 2016) and are therefore critical for academic success. Dalton-

Puffer (2016, p. 42) describes how evaluation requires expressing “evidence, criteria, standards
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or reasons which support [...] taking a stance, justifying decisions and arguing one’s opinions.”
Whittaker and McCabe (2023) point out that students need to master discipline-specific forms
of evaluation, including justifying their opinions using content-related knowledge. However, to
date, argue has not been conceptually operationalised as a CDF, which would appear to be

necessary for the purposes of education and research (Gerns, 2023b; Lorenzo & Trujillo, 2017).

Argumentative Writing in Science

Arguing involves using reason and logic to defend the truth of the writer’s or speaker’s
position or claim (Sandoval & Millwood, 2007). Argumentation plays an important role in
science education (Jiménez-Aleixandre & Erduran, 2007; Martin-Gamez & Erduran, 2018) and
uses specific methods of justification based on research evidence and scientific knowledge
(Whittaker & McCabe, 2023; Polias, 2016). Following a systematic review of various
experimental studies on scientific argumentation‘instruction, Li et al. (2022) conclude that
teaching scientific argumentation benefits students’ understanding of scientific concepts when
compared to traditional instructional approaches. Nevertheless, arguing is often regarded as an
intellectually and linguistically challenging skill (Ferretti & Fan, 2016; Meneses et al., 2023),
especially in writing (Crossley et al., 2022).

The learner’s skill when producing written arguments has been a topic of interest in
educational research (Reznitskaya et al., 2001), and Toulmin's Argument Pattern (TAP;
Toulmin, 1958) has been one of the most widely used approaches to explore argumentation
(Crossley et al., 2022; Erduran, 2007). According to Crossley et al. (2022), TAP’s
transdisciplinary nature has helped it become universally accepted for the examination of the
fundamental microstructure of arguments in a logical manner (Sampson & Clark, 2008). TAP
represents argumentation as the interconnected structure of certain elements of argumentation:
“a claim; data that support that claim; warrants that provide a link between the data and the
claim; backing that strengthens the warrants; and finally, rebuttals, which point to the

circumstances under which the claim would not hold true” (Erduran, 2007, p. 57).
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Previous literature suggests distinctions between primary and secondary elements of
argumentation (Qin & Karaback, 2010). For example, it is necessary to the argument structure
to produce claims and data, whereas counterarguments, warrants and rebuttals are normally
produced by more expert writers (Crammond, 1998; Liu & Stapleton, 2014). Consequently,
counterarguments can be understood as secondary in nature and dependent on the complexity of
argumentation (Qin & Karaback, 2010). Much research has focused on using TAP to assess
student written scientific argumentation (Erduran, 2007), and most of this research has revealed
that students fail to produce sufficiently persuasive arguments (Bell & Linn, 2000; Sandoval,
2003). Often-reported findings are that students regularly make claims without providing
explicit justification for them (Erduran et al., 2004; Jiménez-Aleixandre et al., 2000; Kelly et al.,
1998), that they regularly fail to make explicit links between claims and data (Kelly & Takao,
2002; Takao & Kelly, 2003), and that they fail to produce sufficient warrants (Sandoval &
Millwood, 2005), counterarguments or rebuttals (Kuhn & Modrek, 2021; Qin & Karaback,
2010). Due to the challenge that students face when producing arguments, Qin and Karaback
(2010:454) indicate that teachers are responsible for “introducing and explaining the Toulmin
model to students [...] and thereby enhance their awareness of all the Toulmin elements”.

Previous studies manifest that specific CDFs and their members need to be defined and
operationalised (Gerns, 2023b), so that students’ subject-specific academic language can be
described (Lorenzo & Trujillo, 2017). Such descriptions will inform the instructional
approaches used for certain CDFs, a matter that remains under-researched. To our knowledge,
few interventional studies have been conducted on the effect of teaching CDFs, with only five
published studies (Breeze & Gerns Jiménez-Villarejo, 2019; Gerns, 2023a, 2023b; Nashaat-
Sobhy, 2018; Roca de Larios et al., 2023) that focus on teaching students how to produce
certain CDFs, all of them in English CLIL contexts. These studies focus on teaching reporting
(Roca de Larios et al., 2023), defining (Nashaat-Sobhy, 2018), describing and explaining
(Breeze & Gerns Jiménez-Villarejo, 2019) and comparing (Gerns, 2023a, 2023b). All found a

positive impact of CDF instruction on students’ written production. Among the aforementioned
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studies, only those by Gerns (2023a, 2023b) used a control group and therefore, experimental
research exploring the effects of CDF instruction remains scarce. Further exploration is required
to determine whether all CDFs can be taught effectively by focusing on both discourse and
subject-related content.

As mentioned above, some efforts to explore the production of CDFs in CLIL (e.g.,
Morton, 2020) have been made. However, scientific argumentation has been studied primarily
in students’ L1 (Erduran, 2007). CDFs and scientific argumentation have been rarely studied in
other linguistic contexts, such as minority language contexts, or those in which students have
considerable exposure to the language of instruction.

This study aims to respond to these needs by exploring the effects of CDF instruction,
specifically of arguing, on the written production of specific CDFs in Model D in Secondary
Education. The present study, therefore, addresses the aforementioned gaps and investigates the
effects of an experimental intervention focusing on scientific argumentation in Secondary

Education in a Basque medium of instruction setting.

Research Question

The present study explores the instruction of argumentative writing, and its effects on students’
written production of scientific argumentation in Basque-medium education. The elaborateness
of the students’ production was measured based on the number of specific argumentation
elements that make up the CDF sub-form argue. This study is guided by the following research
question: Does instruction on argumentation have an effect on students’ production of
argumentation elements?

Taking into consideration the above-mentioned findings, we pose the question of
whether instruction on scientific argumentation has a positive effect on students’ production of
argumentation elements. Although previous literature has found that CDF instruction has a
positive effect overall, the effects of instruction in a minority language medium of instruction

program from a disciplinary perspective are not yet fully understood. Therefore, we hypothesise
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that instruction on argumentation in Basque-medium education would have a positive effect on

students' production of argumentation elements.

Methods
Participants
At the time of the study, all participants (N = 105) were living in the Basque Autonomous
region and were all Year 8 students (13-14 years old) enrolled in Basque Model D. Student
participants were recruited through collaboration agreements between the Faculty of Humanities
and Education Sciences (Mondragon University) and the participating schools. We contacted
the four participating schools, which all belonged to the same school network and thus shared
teaching methods, materials, curriculum approaches and content planning. After describing the
project to the schools and asking for their participation, schools accepted to take part and each
selected a participating class.

Students whose parents or guardians approved of their participation were encouraged to
take part in the study, though they could opt out at any moment. All students tested in the 2020
2021 academic year were assigned to the control group, and all those tested in the 20212022
academic year were assigned to the experimental group.

The control group consisted of n = 74 students from three different schools in the
Basque Autonomous region. However, only 47 completed all tasks in both pre- and post-
sessions and were thus included in the final dataset. For the experimental group, the same three
schools participated, in addition to a fourth added due to the loss of longitudinal data and to add
statistical power to the analyses. A total of 105 students from these four schools took part in the
experiment group in the 2021-2022 academic year. Of these, 62 students completed all the
required tasks in both the pre- and post-assessments and were thus included in the dataset.

Every participant reported having either Basque (23.89%), Spanish (67.25%), or both
(8.85%) as their home language, but to control for any potential background linguistic

differences, the participants’ knowledge in Basque, Spanish, and English was assessed by
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means of the LexTale task in the three languages (de Bruin et al., 2017; lzura et al., 2014;
Lemhdfer & Broersma, 2012). In this task, participants are presented with words and
pseudowords in each language, and they are required to indicate whether or not each given word
is a real word. Based on their responses, each participant gets a final score between -1 (fails all)
and 1 (gets all correct). For further details see de Bruin et al. (2017). As an exclusion criterion,
participants with scores lower than 0.2 in the Basque Lextale task were removed from the
dataset (3.6% of the set), yielding a final set of 105 participants, 44 in the control group and 61
in the experimental group. This decision was based on the assumption that these students would
have difficulties both when performing the written task and when following the intervention in
the language of instruction. The two groups did not differ significantly in their knowledge in
any of the languages (all ps > 0.3), showing a mean value of 0.55 (SD = 0.15) in Basque, 0.66
(SD = 0.20) in Spanish, and 0.17 (SD = 0.16) in English. Paired sample t-tests indicated that
students were more proficient in Spanish than in Basque in both the control and experimental
groups (all ps < .01). Nevertheless, despite Basque being the L2 for the majority of participants,
all students had reached a minimum level of competence in Basque to be able to comprehend
subject matter in that language. In other words, they had attained instructional language
proficiency (Rolstad, 2015).

Materials and Procedure

As mentioned above, the guiding question of this project was whether the students’
scientific writing would include more argumentative elements after they had been directly
taught how to use these elements in relation to the subject content, as compared to students who
had only being exposed to the content.

Thus, the study included two groups: a control group that received the standard teaching
unit on renewable energies and an intervention group that also received explicit instruction on
argumentation. The two groups were tested in two different academic years (2020-2021 for the
control group, and 2021—2022 for the experimental group), and both groups were tested

twice—once prior to the instruction of the critical series of lessons on renewable energies and
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once after it (henceforth, pre- and post-testing, respectively). The control group was taught the
unit about renewable energies without modifications, while the experimental group received
instruction on renewable energies with modifications to include further instruction on scientific
argumentation. The time between pre- and post-sessions was approximately three months for
both groups (see Figure 1).

Figure 1

Schematic representation of the experimental procedure

Control group: Experimental group:
Academic year 2020-21 Academic year 2021-22

Pre-test Pre-test

Science lessons Analysis Intervention of the | modification Science lessons

(unmodified materials) ’ Interdisciplinary team (modified materials)

Post-test Post-test

The pre-test and the post-test each lasted three hours, and participants were tested via
Google Forms in the classroom, all at the same time and each with their own computer. A
researcher was present at all times to ensure that there was no communication or sharing of
information among students and that everything was properly understood. After the researcher
introduced themselves and the project, the participants were sent an email with access to the
task in Google Forms. This was done in free text response via Google Forms. The post-test was
a replication of the pre-test immediately following the unit instruction.
The Instruction

All groups used the same teaching materials including the same science textbook

oriented towards competence-based education. The materials were in Basque and focused on
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energy sources and their use. The unit was organised as a three-month-long project whose
objective was for students to “investigate energy sources, energy characteristics and energy use;
to critically express measures that would be sustainable and efficient, obtaining and comparing
the necessary information” (IKASELKAR, 2016, p. 2). The control group completed the unit as
it was in the original content materials, and the experimental group’s materials were modified to
include explicit instruction in argumentation. This is further explained below.

Thus, throughout the length of the project, researchers, the four science schoolteachers
of the selected classrooms, and the two designers of the original science textbooks (i.e., the
interdisciplinary group) collaborated to adapt the teaching materials used to cover the unit so
that subject-specific literacies were taught. After a preliminary analysis of the teaching material
following Lersundi (2023), the interdisciplinary group, adapted and re-designed the teaching
materials during six collaborative working sessions.

The interdisciplinary group proposed modifications to include instruction on academic
language and, specifically, argumentation in a scientific education context at its core. It was
concluded that, although argumentation was present in the original unmodified materials, the
textbook did not explicitly instruct scientific argumentation. Consequently, three new one-hour
sessions were designed to instruct students on scientific argumentation. Following Gerns
(2023b), the CDF teaching was integrated and contextualised within the project. All teaching
was conducted by the science teachers participating in the project and during the usual science
teaching hours at each school (three hours per week).

The first instruction in argumentation took place in the middle of the project once
students had acquired basic knowledge pertaining to renewable energy sources and energy
transformation. To scaffold the teaching of TAP, a handout was prepared that provided
definitions of claims, data, warrants and rebuttals along with schematic exemplifications. Once
students’ awareness about scientific argumentation had been raised, a scientific argumentative

model text was used, for which students were asked to (a) justify whether the author of the text
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successfully defended their opinion and (b) identify Toulmin’s elements in the text. The
teachers and students co-corrected and discussed the text together.

The second session focused on the lexicogrammatical choices used to express cause and
effect in Basque, mainly focusing on discourse markers (e.g., horregatik, horrenbestez, -elako,
because, consequently), lexical items (e.g., ondorio, kausa, eragin, results, cause and effect) and
syntactic structures (e.g., nahiz eta...-n, egia da..., it is true that...). To put these into practice, a
digital interactive simulation task was used in which students were asked to explain the
processes of energy transformation using the lexicogrammatical resources taught after
combining energy transformation approaches (e.g., solar panels, batteries, and human force) to
assess their effects on each other.

The third session was conducted at the end of the project after students had learnt about
energy sources and conducted a small investigation on their characteristics. The principal aim of
the session was for students to orally present the results of their investigations and compare
renewable and non-renewable energy sources by providing evidence for and against each. The
students were explicitly asked to use data and evidence to support their claims, and the teacher
provided feedback during the oral presentations, especially aiming at encouraging the students

to justify their opinions.

Data Analysis

The texts written in the pre- and post-sessions by the 105 students were collected, and
the 210 total texts in Basque (105 in each testing point) were analysed by three researchers with
language and science education backgrounds. The three researchers jointly analysed twenty
percent of the texts in order to establish the analysis criteria. The three researchers addressed
and resolved any disagreements or doubts that arose and made final decisions on the coding
scheme. After complete agreement and establishment of the criteria, one of the researchers, a
linguistic expert on CDFs, analysed the rest of the corpus. For the purposes of this study, only

results written in Basque were considered.
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A modified Toulmin’s Argumentation (1958) model was used to identify the
argumentation elements in students’ productions. For this analysis, claims, data, warrants,
backings and rebuttals were identified in the corpus. Table 2 provides definitions and examples
of each element. Following previous studies using Toulmin’s model (Crossley et al., 2022;
Erduran, 2007; Liu & Stapleton, 2014; Qin & Karaback, 2010), the frequencies of each element
were identified in the texts. The students in this study did not produce backings. Therefore, only
the other four elements were considered.
Table 2

Examples and definitions of each argumentation element

Element  Definition Example

Claim The opinion or Ex1. The best energy sources for our school are
assertion of a learner  renewable ones.

towards the topic

Data Evidence supporting  Ex2. In the school, for example, we use a lot of energy
the claim every day and we mostly use energy that is not renewable
and pollution grows. If we keep on like that pollution will

go up and the world will be very polluted.

Warrant  Justifications of how  Ex3. To start, by using non-renewable energies we are
the data support a harming the world. This is happening because the fossil
specific claim fuels produce CO2 and sulfur, and those create acid rain

and increase the greenhouse effect.

Rebuttal ~ Statements refuting Ex4. Perhaps using renewable energy is more expensive,
the claim but we would be helping the world and once they are

installed they are cheaper than traditional energies.
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Note: Adapted from “Argumentation features and essay quality: Exploring relationships and
incidence counts” by S. A., Crossley, Y. Tian and Q. Wan, 2022, Journal of Writing Research,

14(1), p. 11 (https://doi.org/10.17239/jowr-2022.14.01.01). Examples are translated unaltered

versions of students’ texts.

The first step in the analysis was identifying whether the students’ texts contained a
claim or not. Both explicit and implicit claims (Simon, 2008) were counted. If a text lacked a
claim, it was labelled as an expository text and discarded. The texts that did contain a claim
were then analysed for data, warrants and rebuttals.

Next, the number of representations of each argumentation element (claims, data,
warrant, and rebuttal) was coded. It is important to note that repetitions were not considered as
different entities, and therefore pieces of the same information written more than once were
counted only once. As warrants represent justifications and connections between claims and
supporting data (Garcia-Mila & Andersen, 2007), they were counted as connected to a certain
data element (e.g., D1W, D2W). If a student used more than one warrant, but they used it for
only a single unit of data, it was counted as one warrant (D1W and not D1W1, D1W2). In the
105 pre-test written productions, 101 texts contained at least one claim, 97 contained at least
one piece of data, 36 included at least one warrant, and 14 showed at least one rebuttal. Out of
the 105 post-test productions, 103 contained at least one claim, there were 101 texts with at least
one piece of data, 41 backed them up with at least one warrant, and 34 texts included at least

one rebuttal.


https://doi.org/10.17239/jowr-2022.14.01.01
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Table 3

Number and percentage of texts including each argumentation element

Claim Data Warrant Rebuttal
Group Freq. % Freq. % Freq. % Freq. %
Pre-test 101 96.19 97 92.38 36 34.28 14 13.33
Post-test 103 98.09 101 96.19 41 39.05 34 32.38

The researchers also found partial data and rebuttals. These were defined as structurally
correct or close-to-correct statements in the form of data or a rebuttal, but they were judged as
not acceptable (Sampson & Clark, 2008; Schwarz et al., 2003). They were assessed by a science
education researcher who marked them as acceptable or unacceptable. For example, one
participant wrote that “renewable energies need to be used because we have problems with the
WiFi connection.” This was marked as partial data. Similarly, unacceptable or incomplete
rebuttals that provided counterarguments but were not refuted were marked as partial rebuttals
(for example, “Secondly, it is true, we need to create and care for a lot of things, but, well, make
an effort and everything will be better for us, for our school and for you”).

Repeated measures analysis of variance (ANOVA) with a 2 (Testing time point: pre-
test|post-test) by 2 (Group: controllexperimental) design was conducted to compare the
frequencies of the production of argumentation elements across groups. Testing time point was
included as a within-subjects measure, group as a between-subjects measure, and the counts of

each argumentation element as dependent variables.

Results

When the number of different claims was analysed, the ANOVA neither showed a main effect
for testing time nor for group (all ps > .4), but it showed a significant interaction between them
[F(1, 103) = 9.83, p < .01]. Planned comparisons indicated that, for the control group, the

number of claims significantly decreased from before intervention (M = 1.64, SD = 0.53) to
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after intervention (M = 1.36, SD = 0.57, t(103) = 2.57, p <.02). However, the experimental
group showed a marginally significant increase from before intervention (M = 1.39, SD = 0.59)
to after intervention (M = 1.56, SD = 0.50, t(103) = 1.82, p < .08).

Next, the number of different data was compared across groups. The ANOVA showed a
significant effect for Testing Time Point [F(1, 103) = 5.14, p < .03], indicating an increase from
the pre-test (M = 2.33, SD = 1.57) to the post-test (M = 2.76, SD = 1.51); and a marginal effect
for group (p < .07), but the interaction was not significant [F(1, 103) = 0.17, p > .6]. Planned
comparisons indicate that, for the control group, there was no significant change between the
pre-test text (M = 2.64, SD = 1.67) and the post-test text (M = 2.98, SD = 1.75, t(103) = 1.22, p
> .23). The experimental group, however, showed a significant increase from before
intervention (M = 2.11, SD = 1.47) to after intervention (M = 2.61, SD =1.31, t(103) = 2.07, p
<.05).

The number of different warrants was also compared across groups. The ANOVA
showed no significant effect for either Testing Time Point or Group (all ps > .18), but the
interaction was found to be significant [F(1, 103) = 6.68, p <.02]. Planned comparisons showed
that, for the control group, there was a marginally significant decrease from the warrants
presented in the pre-test text (M = 0.77, SD = 1.14) to those in the text after intervention (M =
0.46, SD = 0.85, t(103) = 1.76, p < .09). In contrast, the experimental group showed a
marginally significant increase from before the intervention (M = 0.31, SD = 0.56) to after the
intervention (M = 0.61, SD = 0.80, t(103) = 1.92, p < .06).

Finally, the number of different rebuttals was compared across groups. The ANOVA
showed a significant effect of Testing Time Point [F(1, 103) = 11.49, p < .01], indicating an
increase from the pre-test (M = 0.16, SD = 0.44) to the post-test (M = 0.42, SD = 0.70). There
was no significant effect for Group, nor was there an interaction between the two main factors
(all ps > .14). Planned comparisons showed no difference in rebuttals present in the pre-test text
(M =0.25, SD = 0.58) and the post-test text (M = 0.39, SD = 0.69, t(103) = 1.26, p > .20) for

the control group. However, the experimental group showed a significant increase from before
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the intervention (M = 0.10, SD = 0.30) to after the intervention (M = 0.44, SD =0.72, t(103) =
3.75, p < .01).

Exploratory ANOVAs were run as well to see whether there was any difference in the
partial data and partial rebuttals produced by the participants. An ANOVA on the partial data
showed a main effect of Testing Time Point [F(1, 103) = 11.49, p < .01], indicating a decrease
from the pre-test (M = 0.16, SD = 0.37) to the post-test (M = 0.06, SD = 0.23). There was no
significant effect for Group, nor was there an interaction between the two main factors (all ps >
.50). An ANOVA on partial rebuttals indicated that the only marginally significant effect was
for Group [F(1, 103) = 3.16, p < .08, all other ps > .7], showing that the experimental group
produced fewer partial rebuttals (M = 0.01, SD = 0.09) than the control group (M = 0.05, SD =
0.21).

Thus, as can be seen in Table 3 below, the experimental group showed a significant or
marginally significant post-intervention improvement in the measures of claim, data, warrant,
and rebuttal, while the control group showed a decrease in their use of claims and warrants, with
no significant changes in the other measurements.

Table 4

Descriptive statistics of the control and experimental groups before and after intervention.

Claim Data Warrant Rebuttal
Group Pre- Post- Pre- Post- Pre- Post- Pre- Post-
test test test test test test test test

Experimental 139 156 211 261 0311 0607 0.0984 0.443
(0.585) (0.501) (1.47) (1.31) (0.564) (0.802) (0.3) (0.719)

Control 164 136 264 298 0773 0455 025 0.386
(0.532) (0.574) (1.67) (L.75) (L.14) (0.848) (0.576) (0.689)
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Discussion

This study aimed to explore the effects, from a structural perspective, of scientific
argumentation instruction on students’ written production of scientific argumentation (Crossley
etal., 2022; Toulmin, 1958). To the best of our knowledge, this is the first time that the effects
of integrated academic language and content teaching have been observed in a Basque medium
of instruction context following the modification of existing teaching materials.

First, our study demonstrated that students in the experimental group (i.e, those who
received explicit teaching on scientific argumentation) improved significantly in their
argumentative written production from the pre-test to the post-test. The control group, however,
did not show significant improvements in their argumentation skills after being taught only the
subject-content. This might suggest that content teaching is not sufficient for the development
of students’ argumentation skills and, as Gerns (2023a, p. 65) points out, CDF mastery is
challenging for students when “left on their own.” The present study also supports the claim that
CDFs can and must be taught to students, as suggested by previous instructional studies
focusing on different CDFs (Breeze & Gerns Jiménez-Villarejo, 2019; Gerns 2023a, 2023b;
Nashaat-Sobhy, 2018; Roca de Larios et al., 2023), since the results show that instruction
helped students to produce them. Furthermore, in line with Roca de Larios et al. (2023),
instruction that combines CDFs and disciplinary language has been shown to be beneficial for
scaffolding the structural features of argumentative writing. Our findings seem to suggest that
the approaches used in the classroom in the present study may have helped raise the students’
metalinguistic and discursive awareness of the CDF or genre (Santiago Schwarz & Hamman-
Ortiz, 2020), and consequently they were able to provide subject-specific justifications through
arguments (Whittaker & McCabe, 2023).

Our study supports claims suggesting the importance of teaching disciplinary literacies
(Llinares et al., 2012; Shanahan & Shanahan, 2008; 2012) while providing students with
contexts in which they can develop their academic language proficiency in the language of

instruction (Cummins, 2021). It can be assumed that instructional approaches combining
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scientific argumentation skills alongside content teaching are beneficial for raising students’
awareness of all elements of argumentation, while focusing on content alone might lead only to
fewer incorrect pieces of information. In line with Qin and Karaback (2010), we see that it is the
teachers’ responsibility to instruct students in the use of Toulmin’s model, and it is content
teachers who should be including specific disciplinary conventions (i.e., scientific
argumentation) in their subject teaching in order to help their students become pluriliterate in
their subject (Coyle & Meyer, 2021).

Second, previous research has highlighted the importance of characterising and
providing analytical frameworks for CDFs and their subforms (Dalton-Puffer, 2013; Gerns,
2023b). The present study further contributes to the mapping of the CDF subform argue,
through the use of Toulmin’s proposal, both in the instructional design and in the analysis of
students’ production. TAP has been universally used to capture the structural features of
argumentation (see e.g., Crossley et al., 2022), and has been proven suitable for understanding
students’ argumentative writing from a structural-discourse perspective. It is our belief that TAP
offers an interesting path for the exploration of scientific argumentation in educational contexts
as, in line with Liu and Stapleton (2014), Crammond (1998) and Arias-Hermoso et al. (2024),
the model includes elements basic to argumentation (such as claims and data) as well as more
complex elements (such as warrants and rebuttals). Our study thus demonstrates the usefulness
of TAP for both teaching and research purposes.

Finally, the present results clearly show that CDF teaching is possible in immersion
programmes, where the language of instruction is a minority language and a second language
for the majority of students. Despite Basque not being the dominant language of most
participants, and the LexTale test showing an overall lower proficiency than in Spanish, the
participants were objectively able to produce more complex argumentative compositions after
experimental intervention. These findings are consistent with previous instructional CDF
research in CLIL contexts (Breeze & Gerns Jiménez-Villarejo, 2019; Gerns, 2023a, 2023b;

Nashaat-Sobhy, 2018; Roca de Larios et al., 2023). Although some differences between CLIL
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and immersion/CBI programmes have been acknowledged (Dalton-Puffer et al., 2014), our
study sheds light on some of their similarities, especially on integration (Cenoz, 2015; Nikula et
al., 2016). Indeed, Cenoz (2015) points out that an exploration of integration at different levels
is needed for successful CLIL/immersion programmes, regardless of whether the language of

instruction is the L1, L2 or FL (Beacco et al., 2016; Lorenzo & Trujillo, 2017).

Conclusions, future research, limitations and implications

The findings of the present study have led us to draw several conclusions regarding
students’ written argumentation in secondary education science. This study contributes to
further developing the CDF construct in multilingual settings, as it has been shown that teaching
a CDF can positively influence a learner’s production of that particular CDF. It could be
concluded that re-designing teaching materials and classroom interventions with a focus on
disciplinary CDFs helped students improve their-argumentation skills. The present study has
contributed fresh perspectives regarding the teaching of argumentation to secondary students
when the language of instruction is a minority one.

There are certain limitations to this study. First, due to the COVID-19 health
restrictions, the number of final participants completing all tests was severely reduced
(approximately thirty percent of the students). As explained above, a further school to the
experimental group was added to gain statistical power. Another challenge previously addressed
was the ambiguity of students’ production of argumentation elements (Simon, 2008; Qin &
Karaback, 2010), which complicated the coding process. Furthermore, this study included only
the frequencies of argumentation elements, while argumentation quality and the
lexicogrammatical forms used by students to produce their arguments were not analysed, a
limitation previously acknowledged by other studies (Crossley et al., 2022; Qin & Karaback,
2010).

Some implications, both theoretical and pedagogical, can be drawn from the findings of

the present study. At the theoretical level, this research has proven the usefulness of TAP, a
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universally recognised model, to map the CDF argue. Future research could further develop
TAP as an approach to explore CDF productions by examining the specific lexicogrammar used
to express argumentation, or by expanding Toulmin’s model and combining it with the
Appraisal framework, used elsewhere to analyse CDF production (Llinares & Nashaat-Sobhy,
2023; Llinares & Nikula, 2023). This study also reveals several pedagogical implications that
suggest the need for integrated content and language pedagogical approaches, curriculum and
assessment (Nikula et al., 2016). More specifically, materials that address the integration of
disciplinary language need to be consciously designed (Banegas, 2012; Lersundi, 2023) to
foster students’ disciplinary literacies while addressing subject-content.

Finally, with a view to exploring whether all CDFs can be taught, future studies could
consider the teaching of other CDFs, in addition to those addressed in this study and elsewhere
(e.g., Breeze & Gerns Jiménez-Villarejo, 2019; Gerns, 2023a, 2023b; Nashaat-Sobhy, 2018;
Roca de Larios et al., 2023). As a final remark, it is important to highlight that this study has
shown that collaboration among content teachers, material designers and researchers can benefit
students’ learning. This opens a path for further research and collaboration opportunities in
which practitioners and researchers engage equally, something that could benefit all parties

involved in the teaching-learning process (Banegas & Mearns, 2023).
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ABSTRACT IN BASQUE:
LABURPENA

Euskara bidezko irakaskuntza-programa batean bigarren hezkuntzako ikasleen idazkera
zientifiko-argumentatiboan irakaskuntzak dituen ondorioak aztertzen ditu ikerketa sasi-
esperimental honek. Bigarren Hezkuntzako ikasleek (N = 105) ikerketa lan honetako eginkizun
gisa idatzizko atazak egin zituzten zientzia ikasgaiain energiari buruzko unitate bat landu
aurretik eta ondoren. Talde esperimentalak (n = 61), unitateko lanketaz gainera, ordubeteko hiru
saiotan Funtzio Kognitibo Diskurtsiboen (Dalton-Puffer, 2013) ikuspegitik argumentazio
zientifikoa landu zuen, kontrol-taldeak (n = 44) energiari buruzko unitatea osatu zuen
argumentazioari buruzko argibide gehigarririk gabe. 210 testuz osaturiko azken corpusa
Toulmin’s Argumentation Pattern (1958) erabilita aztertu zen.

ANOVAK frogatu zuen talde esperimentalak hobekuntza esanguratsua izan zuela argumentazio-
estrategien kopuruari dagokionez, eta kontrol-taldeak ez zuela estrategia horien erabilera
handitu. Hortaz, emaitzek erakusten dute argumentazioa berariaz lantzea ikasleentzat lagungarri
dela argudiozko testu hobeak idazteko. Ondorio horiek iradokitzen dute Funtzio Diskurtsibo
Kognitiboen lanketak aukera ematen duela hezkuntza testuinguru elebidunetan hizkuntza
akademikoa ikasteko. Ikerketa honen ondorio pedagogikoak eta etorkizuneko ikerketa ildoak

ere eztabaidatzen dira.

HITZ GAKOAK

Argumentazioa, funtzio kognitibo diskurtsiboak, idazketa akademikoa, Bigarren Hezkuntza,

euskara.
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