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Abstract

Improving preservice teachers’ argumentative competence is a social and educational
imperative. This study focuses on the contribution of a sequence of learning tasks,
designed as epistemic practices and following a learning progression approach, to
enhancing student teachers’ scientific argumentative writing. The participants are 47
preservice primary teachers who enrolled in a Developmental Psychology course, and
one lecturer. Preservice teachers progressively acquire the vast majority of aspects
involved in scientific argumentative writing. The most important difficulties
experienced by preservice teachers revolve around intertextuality and the creation of
theses. Key conclusions on this teacher education experience are presented in the final
section.

Keywords: scientific argumentation; argumentative writing; learning progression
preservice teachers; epistemic practices

Introduction

Argumentative skills are key for educational success (Rapanta, Garcia-Mila and Gilabert
2013). Education should promote argumentative skills that help students make and justify
beneficial decisions in their lives (Kuhn 2005). Argumentation is basic for developing
“scientific thinking”, defined as the coordination between causal claims and evidence that
bears on them. The term “Science” in this paper refers to the particular kinds of empirical
research that embrace both the natural and social sciences.

Although science educators have started to view argumentation as a central practice that
students should learn (Sandoval and Millwood 2005), research shows that classroom daily
practices are far from engaging students in meaningful scientific argumentation, and that
teachers need better training to understand how to implement such practices (Henderson et al.
2017; Sandoval et al.2016). As Shulman (1986, 9) stated: “the teacher need not only
understand that something is so; the teacher must further understand why it is so.”

If we want to improve teachers’ development on argumentation, we must first understand
how they acquire those skills. Most of the research on argumentation in classrooms has
focused on argumentative discourse of teachers (e.g., Sampson and Blanchard 2012; Simon,
Erduran, and Osborne 2006), while only a few studies have examined how students develop
their argumentative skills through practice over time. However, in order to improve teachers’
professional development, it is important to understand how teachers understand and engage
in argumentation themselves (Zohar 2007), and the support they need to improve such skills.
More research is needed to examine how future teachers acquire argumentative skills over
time, and the support they need. Unlike oral argumentation, research on argumentative writing
allows detailed examination of how students interiorise the epistemic norms of science
(Sampson and Clark 2008), as well as the difficulties they experience and the support they
need to construct high quality scientific arguments (Osborne et al. 2013).
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In order to respond to these challenges, our study focuses on the progression of preservice
teachers’ argumentative competence in the field of Psychology. This study analyses the
progression throughout three argumentation writing tasks in a course on Developmental
Psychology. The tasks were designed as epistemic practices, following a learning progression
approach.

Research background
Scientific argumentation

Scientific argumentation results from validating or rejecting ideas according to reasons that
reflect the knowledge, procedures and values of the scientific community (Norris, Philips, and
Osborne 2007). The argumentative competence is a complex one that requires prior
competences. It leads to elaborating claims with the aim of convincing other people about a
certain conclusion, opinion, or system of values (Jorba, Gémez, and Prat 2000).

Arguing leads to presenting and defending a thesis through reasoning. Semantically, it
presents a statement on a certain controversy, and in text it usually communicates a stance on
a given topic (Cordero 2000).

Scientific arguments must be sufficiently justified. Justification is based on three
operations (Jorba, Gomez, and Prat 2000):

- Producing arguments or claims;

- Establishing relationships that modify the epistemic value of arguments according to
available knowledge;

- Examining the validity of arguments according to available scientific knowledge.

Teachers and students must understand how a scientific argument is different from an
argument used in an everyday, non-scientific context. From a scientific epistemology
viewpoint, justifying implies assessing the validity and sufficiency of scientific evidence and
the logical reasoning used to support a claim.

The quality of scientific argumentative writing can be assessed according to its structure
and the argumentative nature of academic texts (Castello et al. 2011). The latter is assessed
according to three criteria:

- Intertextuality; it refers to dialogue established with other texts and authors used as
explicit reference. This includes: (i) sufficiency, clarity and relevance of statements; (ii)
evaluative comments on statements, use of other texts or voices with that purpose; (iii)
convergence with other accepted theories, laws or models.

- Critical approach; it refers to the writer’s stance and the use of discursive resources for: (1)
making personal attitudes and choices explicit according to assumptions and evidence; (ii)
achieving coherence between arguments and ideas to convince a given audience.

- Formal aspects; academic texts follow specific rules on formal aspects of discourse. Such
aspects include command of technical language, and grammatical and spelling
correctness.

Figure 1 summarises the main components of a scientific argument, along with some
criteria that students and instructors may use to assess the quality of their scientific
argumentative writing.

Figure 1. Components of a scientific argument and criteria used to assess its quality in
argumentative texts.
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Source: prepared by the authors, based on Castell6 et al. 2011; Cordero 2000; Jorba et al.
2000.

In accordance with the above ideas and criteria, a rubric (see appendix A) was
constructed. This rubric was used to assess the students’ progress in the acquisition of
scientific argumentative competence in academic texts.

Epistemic practices to promote argumentative writing

Research on acquisition of scientific argumentative writing has pointed out typical
weaknesses such as: lack of evidence to support claims (e.g., Lillis and Turner 2001;
Sandoval and Millwood, 2005); linguistic errors (e.g., semantic) and lack of text integration
(e.g., Castellé and Donahue 2012; Di Stéfano and Pereira 2004); and adopting descriptive and
superficial approaches to the text, instead of focusing on arguing and explaining (e.g., Carlino
2004, Driver, Newton, and Osborne 2000). Some research suggests that teachers have an
understanding of scientific argumentation that reveals roughly the same difficulties, although
on another level of expertise, as students’ arguments (Sandoval et al. 2016), like crafting
arguments but providing no real support for them (Sampson and Blanchard 2012).

As stated by Wells (2001) texts are highly powerful tools for developing better insight on
knowledge acquisition processes, for exploring new ideas, and analysing them carefully. For
this purpose, epistemic practices are highly recommendable pedagogical settings for acquiring
scientific argumentative competence (Kelly 2008). Epistemic practices denote the specific
ways in which knowledge is constructed and shared in a given culture. This concept was first
introduced by Knorr Cetina (1999) in her study of knowledge construction in science, but has
later been applied to further contexts (see Nerland and Jensen 2014).

Epistemic practices are those where learners propose certain ideas or arguments, and
justify and assess these ideas considering arguments and counterarguments according to
available evidence. Sandoval, Bell, Coleman, Enyedy, and Suthers (2000) suggest that
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epistemic practices are cognitive and discursive activities where students are expected to
reach and demonstrate scientific knowledge comprehension. Epistemic practices allow
students to articulate theory and evidence, promoting insight on scientific knowledge and
procedures. These learning settings usually lead the students to define new concepts and
propose new solutions to certain problems (Mercer et al. 2004). Students may be challenged
to explain why certain attitudes lead some citizens to vote for one party or another, or why the
air pollution of their town varies according to specific times and how to solve this problem.

For instance, Nilssen and Solheim (2015) develop a project where Norwegian preservice
student teachers are encouraged to bridge theory and practice by following-up pupils’ learning
processes over time, and by writing papers based on empirical data and relevant subject
theory. The findings are discussed in the light of the importance of understanding pupils’
knowledge, and the role of scientific writing in inquiry-based learning processes. Sa Ibrahim
and Justi (2016) find that preservice teachers can overcome their difficulties in using evidence
to support their claims by participating in an innovative practice to promote argumentative
writing in a science subject (Chemistry). Student teachers were better able to understand the
argumentation structure, especially the role of evidence.

Some studies suggest that in-service training may very well be used to increase teachers’
scientific argumentative writing. For instance, McNeill and Knight (2013) find that in-service
teachers are eventually better able to understand the relevance of claims and justification in
argumentation.

Other studies find that scientific argumentation might be improved through long-term
learning initiatives, adopting a “learning progression’ approach. In such experiences,
participants progress from novice to expert levels throughout long sequences of learning tasks
(Heritage 2008). For example, Kutluca and Aydin (2016) suggest that future science teachers
improve their perception of argumentative discourse in Physics when they participate in a
learning progression experience. Likewise, they are more aware of the complexity of building
valid arguments based on evidence (Takao and Kelly 2003).

Learning progression settings can be used to promote in students metacognitive reflection
about their own learning and the scientific knowledge construction process (Akkus, Gunel,
and Han 2007; Authors 2016). Thus, preservice teachers may leverage learning progression
approaches to have better insight on how scientific knowledge is produced and the rationality
of science (Driver et al. 2000). However, more evidence is required to understand how the
different aspects of teachers’ scientific argumentative writing quality evolve over time.
According to this framework, our study focuses on a case of preservice primary school
teachers in the field of Psychology. The following question guides our analysis: How does
preservice teachers’ scientific argumentative writing progress throughout a series of tasks
designed as epistemic practices? In the discussion and conclusions section the reader may
find instructional features that may help improve future professional development scenarios
for teachers on scientific argumentative writing.

Method
Context and Participants

This study was conducted at the Faculty of Educational Sciences at a public university in
Barcelona, Spain. The participants were 50 students (35 female, 15 male, M= 22.5 years, SD=
5.1; range= 20-43) of the Bachelor's Degree in Primary Education, who enrolled in a
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Developmental Psychology course that lasted four months. Three participants were excluded
from the sample because they did abandon the course at some point. The teacher who
implemented the intervention was a Senior Lecturer, with five years of teaching experience in
this course.

Intervention

The students did three argumentative tasks as continuous assessment work, throughout a
period of four months (see Table 1). These tasks demanded student analysis and reflection on
educational scenarios related to three content blocks of the subject. The three tasks posed
cognitive demands of similar difficulty, but they varied in the resources used. The first study
case was introduced through a brief text illustrated with vignettes; the second case used an
article from an educational journal; and the third case was based on a video clip.

Prior to each of these tasks, the students did a similar task during the content block (not
assessed by the teacher), in which they practised their scientific argumentative writing in an
intentional fashion. In those tasks the students worked collaboratively with the support of the
instructor. The instructor helped the students become aware of the requirements of scientific
argumentative writing, focusing the attention on the rubric that was later used to assess their
writing (see Appendix A).
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Tablel. Timeline and argumentation tasks

Video depicting a non-formal educational experience entitled
“L’equip petit” [The little team]. It tells the story of a soccer team
composed of kids, who explain their views and experiences on
practising soccer.

Discussions revolve around respect for peers and opponents,
perseverance, their friendship, and the joy of playing. Retrieved
from http://aula.grao.com/recursos/equip-petit

Week | Topic and task context Task instructions

Task 1 3 Biological, social and cultural foundations of human 1. How would you explain this case according to the determinist

development. approach? And the sociocultural approach?

Fictional case about an adopted Chinese girl that recently arrived 2. Explain hO_W’ «meaningful others» (peers, family, teachers...)

in the school. The case describes behaviours of the teacher and grOHIIEOteIC.aI kl]‘m sﬂieam_mg_. les of Guided Participati dthe Z f

peers that aim to facilitate her social integration into the school. - EXprain hOWne principles ot i>ulded Far !Clpa,lo.n and the zone o
Proximal Development operate to facilitate Cai Lin’s integration into her
new social context.

Task 2 7 Cognitive and linguistic development during school age 1. According to Piaget’s theory, explain which features of children’s
Brief paper on an educational project published in an thinking are activated by this educational project. .
educational journal. 2. At(_:corfdlngt_to the Infgrhmatlt)hn. Prgcesst!ng a:ppro_ac?, e.xpﬁ]ltaun whatt thte

xecutive function is, and how thi ional pr mi romote i
Reference: Castelltort, A., N. Sanmarti, and D. 2014. Actividades gesg?opr’?]eﬁt clion1s, a ° S educational project might promote 1ts
en el entorno: una oportunidad para aprender sobre el agua 3. Inone year, the teachers are planning to assess the student retained
[Activities in the Environment: An Opportunity to Learn about knowledge, and if they can use it for analysing and solving new
Water]. Alambique. Diddctica de las Ciencias Experimentales, 77 situations. What assessment activities would you recommend? Why?
54-61.
Task 3 11 Socio-affective development during school age 1. Explain some key dimensions of children’s identity construction,

using some examples from the video. Explain the influence of peer
groups, and their positive and negative effects.

2. Reflect on how affective attachment may influence the attitudes,
feelings and emotional experiences of these children.

3. The children from the video have generally positive experiences.
However, sometimes frustration, fear, and anger may generate violence,
inside and outside the classroom. What strategies would you use to work
on conflict resolution in the classroom?




Unlike the practice tasks, the assessment tasks were individually solved. The
maximum extension of each writing was 3 pages, and they had to be submitted after one
week of their presentation. One week after submitting the paper, every student received
individual feedback in the form of a grade based on the rubric, and comments anchored
in their own writing.

The last day of the course, the students completed a brief text where they reflected
on their overall learning experience, answering a couple of questions: “how did I start
this course?” and “how do I leave it now?”

Ethical issues

Educational research conducted by classroom teachers can offer valuable insight
into the experience of teaching and the nature of student learning. The activity of
teaching is so dependent on human intention and the specifics of each situation, that it
can best be understood by those who do it (Elliott, 1990). However, research by
classroom teachers can also lead to distortion or interference of their analyses (Wong,
1995). In our case, distortion was prevented by first informing all the students about the
intention of observing and analysing the evolution of their argumentative writing
competence. The participants’ consent was obtained, granting absolute confidentiality
of the data collected in the classroom. More importantly, to avoid analysis biases, an
inter-judge coding of the students’ writing quality was conducted. The first coding was
carried out by the first author, who was also the course teacher. The second author (who
created the rubric alongside the first author) provided his independent coding in order to
assure sufficient inter-judge reliability. A few discrepancies were noticed, which were
solved through discussion until reaching full agreement.

Data Collection and Analyses

The students’ writings were corrected using the rubric presented earlier (see Appendix
A). This allowed us to ascertain the student achievement on every criterion of
argumentative writing. First, a global analysis led us to consider the student grades on
the three tasks to see the progression in their argumentative writing. “Global analysis”
means assessing the overall quality of their argumentative writing; this is in contrast
with a second and more detailed analysis on the quality of the different aspects involved
in scientific argumentation (see Appendix A). Third, qualitative data from the student
last-day reflection were analysed. The aim of this analysis was to provide an overview
of our participants’ experiences and perceptions. In the following section the reader may
find the main findings in that order.

Results
Progression from novice to expert. Global analysis

As shown in Table 2, most of the students got a novice grade in the first task (n=30;
63.8%) according to the rubric indications. In the following tasks, the ratio of novice
students dramatically dropped. Likewise, the ratio of students with competent or expert
grades increased over time. In the last task, more than half of the students got either a
competent (42.5%) or expert (21.3%) grade. Figure 2 shows the learning progression of
students according to their grades.
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Table 2. Student grades on the three tasks

Task 1 Task 2 Task 3
Level n % N % n %
Novice 30 638 13 27.6 4 8.5
Advanced beginner 8 17.1 14 29.8 13 21.7
Competent 5 10.6 12 25.5 20 42.5
Expert 4 8.5 8 17.1 10 21.3

Note. The table shows frequency and percentage of students
graded in every score bracket, per assessment task. N=47.

Figure 2. Percentage of students graded in every score bracket, per assessment task.
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Advances and difficulties in the different aspects of scientific argumentation

A more detailed analysis throughout the three tasks shows the student outcomes on each
criterion used to assess the quality of their scientific argumentation.

Table 3. Progress of results on quality of argumentation criteria.

Task 1 Task 2 Task 3

Criteria

Intertextuality 1.85 (.6) 213 (.71)  2.66 (.94)
Thesis 2.45(95) 2.89 (.89) 2.94(.57)
Reasoning 2.43 (.68) 2.92 (.65) 3.11(.73)
Academic language 2.64 ((79)  3.23 (.6) 3.32 (.7)
Cohesion 2.36 (.76) 3.11 (.6) 3.3 (.6)
Coherence 26 (.76) 3.3 (.51) 3.34(.56)

2
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Formal aspects 3.06 (.5) 3.13 (.5) 3.15 (.36)

Note. The table shows average scores for every criterion, arranged from lower to higher.
Standard deviation is indicated in brackets

Table 3 shows that in the first task students struggled to establish dialogue with
other texts and authors to support their claims —i.e., intertextuality. Even in the last task,
the average score of this item was clearly below the competent level (3 points). Students
also experienced difficulties in establishing theses and reasoning. The students’ texts
showed important discursive problems —i.e., insufficient coherence and cohesion, as
well as difficulties to use appropriate disciplinary language. The mean scores of these
items improved with further tasks.

Figure 3 shows how the different aspects of argumentative writing quality
progressed over time, from task 1 to 3.

Figure 3. Progress of results on quality of argumentation criteria
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In task 1 most of the average scores were on the advanced beginner level (level 2).
Formal aspects of writing (i.e., grammatical and spelling correctness) were above this
level, and intertextuality scores were below that level.

In task 2, students apparently reacted positively to feedback provided and improved
their competence to argue since four of the seven criteria were above the competent
level. The improvement took place in key areas of argumentative discourse such as
cohesion—i.e., enhancing their discourse for making choices explicit according to
assumptions and evidence, and coherence —i.e., improving their consistency between
arguments and ideas. Although students experienced some improvement, the criteria
related to the structure of scientific argument (presenting and defending thesis) stayed
below the competent level.
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In task 3, the main difficulties were presenting thesis and, especially, intertextuality
which is an essential quality of academic texts. Students especially struggled
establishing a dialogue with other texts and authors to build their arguments.
Intertextuality scored well below in the three tasks and never caught up with the rest of
argumentative aspects.

Last, when the differences between the first and the last task were analysed, the
results showed that students meaningfully improved in all the criteria except for one
(formal aspects). These results are summarised in Table 4.

Table 4. Paired sample t—test comparing task 1 and task 3 scores.

MeanSD t-value p 95% CI
Criteria
Intertextuality -81 .99 -5.587 .000 [-1,10, -.52]
Reasoning -.68 .84 -5.578 .000 [-.93, -.94]
Thesis -49 91 -3.704  .001 [-.76, -.22]
Academic language -72 74 -6.674  .000 [-.94, -.51]
Coherence -74 74 -6.934 .000 [-.96, -.53]
Cohesion -94 .87 -7.378 .000 [-1.19, -.68]
Formal aspects -09 54 -1.071  .290 [-.25, .07]

Note. Cl = Confidence Interval

Students’ opinions

To complement the previous analyses, the students’ opinions were taken into account.
In their last-day reflection, students conveyed great satisfaction about the learning
experience. They were generally optimistic about the reach of their learning, and they
highly valued the systematic work done in the classroom and the support received
throughout the course.

At first | was pretty lost. I struggled to understand the contents. I used to get lost
during the class, and felt demotivated, and after the first grade | just crumbled.
But over time | adapted, | got to better understand the concepts and started to
feel better. With my second grade, | felt much more engaged. The third grade
was excellent, and | felt on top the world! I leave the course very happy, because
1 believe that I've learned a lot. I'm happy with my work and my progress all
along the semester. I think this was useful. [Student 32. This testimony is
representative of those students that started the course with many difficulties.
Grades of the three tasks: 4.8; 6.8 and 8.9]

During the course I felt a bit lost, even stressed because I couldn’t meet the
requirements. Little by little I felt more confident and motivated. Content-wise, |
can say that | have learned a lot on identifying and understanding concepts
about the psychological development of children. I have also done a “mini
Masters” in academic writing, thanks to the feedback received. Class-wise, |
have done a “mini Masters” on how to engage students and the importance of

4
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group dynamics in learning. I think that thanks to that I'll be a better teacher
and person in the future.

[Student 17, representative of those students that got a good result from the start.
Grades of the three tasks: 8.5; 9.0 and 9.8]

The feedback | got made me realise the weaknesses of my texts. For instance, the
need to further clarify ideas, relate them, separate them, conclude them, to bring
up examples, etc.

[Student 43. Grades of the three tasks: 7.0; 7.5; 8.0]

The opinions here shown suggest that the students generally show awareness of
having improved both their content learning (e.g., ‘concepts’), and their scientific
writing (e.g., ‘academic writing’). The students knew that all the tasks were graded
using the rubric (see Appendix A) that encompasses different aspects of scientific
writing; thus, students’ comments about having improved their ‘grades’ or met the tasks
‘requirements’ imply, to a certain extent, awareness of enhancing their argumentative
writing. Some students specifically point that they are more aware of the role of
evidence (‘examples’) and making claims (‘relate’ and ‘clarify ideas”) in improving
their argumentative writing. Comments on the ‘usefulness’ of this experience and how
this would make them ‘a better teacher and person in the future’ hint at the potential of
our instructional setting to promote a more personal and functional learning. Likewise,
students’ comments on their ‘progress throughout the semester’ and the usefulness of
teacher’s ‘feedback’ suggest the relevance of following a learning progression approach
and scaffolding students throughout their learning process. On the other hand, students’
opinions about initial struggles (‘I was pretty lost’, ‘I just crumbled”) also suggest
important difficulties involved in mastering scientific argumentation.

Discussion and Conclusion

As a general remark, our epistemic practices designed according to a learning
progression framework have a positive impact both on the acquisition of epistemic
norms in discursive argumentation, and on Psychology content knowledge. This result
suggests that scientific argumentation may not only be a valuable competence to
enhance general skills (e.g., thinking and metacognitive processes), but it may also
enrich, if used appropriately, content knowledge learning (Mercer et al. 2004; Sampson
et al. 2013). In our case, preservice teachers better interiorise Developmental
Psychology content knowledge, which put them in a better position to understand and
deal with certain situations that they may encounter in their future teaching.

This study confirms some results of previous research but it is innovative in the
sense of providing a zoom-in approach on how the different aspects of preservice
teachers’ argumentative writing evolve within a few weeks. It is not enough to say that
preservice teachers have a low level of such competence (Lillis and Turner 2001),
which our study corroborates; we need to see how the different aspects of scientific
argumentative writing evolve over time, and which are more easy or difficult to learn.

Our study aligns with previous research that finds that higher education students
struggle to establish intertextual dialogue in their writing and a thesis in their argument
(Carlino 2004; Castellé and Donahue 2012; Di Stéfano and Pereira 2004). However, our
analyses provide new insight: our preservice teachers start with a low level of
intertextuality, and the evolution of this aspect is quite flat throughout the learning

5
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tasks. This suggests that, among all argumentative skills, intertextuality may be the most
difficult-to-achieve skill. More studies with other student populations are needed to
confirm this. In our study, student teachers’ difficulties are expressed through the
common use of direct citations, which they do not integrate into their reflections, and
the use of other authors’ citations presented as their own ideas.

Our analyses also highlight that students can especially improve in aspects like
cohesion and coherence of their argumentation with appropriate support (Castell6 et al.
2011). These would be easier-to-achieve skills, as students are able to make significant
progress throughout the learning experience. Students do not improve in the area of
formal aspects; however, our analysis throughout time suggest that the initial outcomes
on this criterion were already high in the first task, so they did not need to improve it
much further. Overall, our study suggests that the different aspects of scientific
argumentative writing evolve at different paces.

When an overall perspective is taken comparing the starting level of students —as
revealed by the first task— with the last task, our study shows that students meaningfully
improve in the vast majority of criteria. These results highlight that despite difficulties
experienced by student teachers throughout the course, the final outcome regarding
scientific argumentative writing is clearly satisfactory.

Therefore, our study suggests the positive impact of epistemic practices and a
learning progression approach to facilitate scientific argumentative writing for student
teachers (e.g., Kutluca and Aydin 2016). According to students’ own opinions, they are
aware of having improved their scientific writing: ‘I have also done a “mini Masters” in
academic writing’, claims one student. In their last-day reflection, the students generally
emphasise that they are more aware of the importance of evidence and making claims.
These results align with prior research about the benefits of argumentation learning for
student teachers (de Sa Ibraim and Justi 2016; McNeill and Knight 2013).

According to students’ opinions, the instructional experience lead them to better
understand and construct situated knowledge related to teaching: ‘I have learned a lot
about identifying and understanding concepts about the psychological development of
children [...]. I think that, thanks to that, I’ll be a better teacher [...] in the future’, states
one student. Such metacognitive insights on the learned contents and how to apply them
in their future practice should be highlighted, as they are an essential component of
teacher education (Authors 2016).

Thus, our study suggests the following conclusions:

1) In a positive sense:

- Epistemic practices (Kelly 2008) and academic writing practices may be
valuable tools to enhance argumentative competence of student teachers
(Nilssen and Solheim 2015). This study shows the value of using an epistemic
approach where student teachers have to categorise and define new concepts
(Mercer et al. 2004). In our case, they are able to contextualise psychology
content knowledge into their future teaching.

- Learning progression approaches may help student teachers improve their
critical argumentation; our analyses suggest that students can especially
ameliorate cohesion and coherence of their writing through appropriate support
(Carlino 2004).

2) In a negative sense:
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- Academic writing is an actual cognitive challenge for preservice teachers
(Sandoval and Millwood 2005). Our student teachers need continuous support
and scaffolding to improve in almost all aspects involved in scientific
argumentative writing.

- Student teachers struggle to establish argumentative thesis (Carlino 2004), and,
especially, to create intertextual dialogue. In our study, the progress of
intertextuality throughout the learning sequence is poor.

Improving scientific argumentation of teachers is a challenge that we must meet.
Preservice teachers must know how scientific knowledge is constructed, and how to use
argument in the field of scientific disciplines (Kuhn 2010). Once that competence is
acquired by teachers, they are in a better position to use it in their classes (Zohar 2007).
They can use it both as a pedagogical strategy (e.g., in their lectures), and as a
procedure to be learned by their students.

Some take-away points with practice and policy implications can be drawn from our
study:

- Student teachers require well-designed learning environments to acquire
scientific argumentative writing. This means designing environments with a
clear learning sequence where students have to apply and contextualise scientific
knowledge.

- Well-designed learning environments should consider that the different skills
involved in scientific argumentative writing require different types of support as
they progress at different paces. While formal aspects like grammar and spelling
may require little focus, intertextuality demands stronger support.

- Scientific argumentative skills are not developed over-night. A transversal and
multi-year approach to argumentation learning might be an ideal setting for
student teachers to master it and be able to apply it in different contexts.
Although such an approach usually demands high levels of coordination by
teaching staff (e.g., sharing rubrics, epistemic scripts, software...), eventually
the learning benefits for student teachers may outweigh these initial efforts.
More research is needed to confirm this.

Our study faces important limitations, such as not having a control group to
compare the efficacy of our instructional approach to other approaches. The
methodology used in this study provides detailed information on the learning process,
but this is limited to the study of this particular case, with a limited sample of students.
Therefore, such methodology does not permit automatic generalisation of results.

Beyond such limitations, this study illustrates the positive impact of combining
learning progressions and epistemic practices for engaging student teachers in scientific
discourse (Heritage 2008; Kutluca and Aydin 2016), which is a cornerstone of future
teachers’ education (Shulman 1986).
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Appendix A

EXPERT COMPETENT ADVANCED BEGINNER NOVICE
CRITERIA 4 3 2 1 Weight
They state essential ideas (theses) |Most of the ideas cover the task They omit essential ideas and/or Mos_t of the ideas are not
1d . . . ; . ; X precise and/or they are 0
eas in a precise and appropriate fashion |questions, but other ideas seem some ideas are not related to the task contradictor 15%
according to the task instructions. |irrelevant to the task instructions. questions. v .
Decontextualised discourse.
Convincing reflection, based on The reasoning shows comprehension . . In the text we find abundant,
. . . ) The text contains convincing T
. essential and relevant content; it and commitment to content; however, . simplistic arguments and/or
Reasoning . . . . . arguments, although some topics are N 20%
deepens into topics and provides some ideas are not sufficiently . they are naive or not
. covered superficially. o
complementary ideas. developed. convincing.
L . Ir)te_rtextuallty based on basic . Abundant direct citations; some of . I
Intertextuality is appropriate, bibliography. Balance between direct - . Scarce or inadequate citations.
. L - YL o . . them are not well integrated into the
Intertextuality convincing and updated. Efficient |and indirect citations, integrated into L . Absence of correct references. | 15%
e : : reflection; sometimes they are . -
use of citations and APA norms. the reasoning. Attention to APA . Signs of plagiarism.
— reproduced as the student’s voice.
. . Althoggh coherer_me 1S general_ly good, There is a series of isolated or little | The text has no logic. There
Well-achieved coherence: the text |sometimes there is no connection - L
. o . relevant ideas that affects the are ambiguities and
Coherence is structured through thematic ideas |between primary and complementary . . ; X : 15%
- . . e . meaning of the whole text, which is |reiterations. Discourse not
that facilitate reasoning progression |ideas, which limits the reasoning : .
. . . ; . mainly reproductive. understandable.
and construction of meanings. progression and production of ideas.
Sufficient cohesion: ideas are The grouping of ideas is sometimes not | Lack of markers and/or they are Sentences are too long, and
Cohesion grouped within clear blocks, related |appropriate and/or textual markers are | monotonous. Lack of concordance |expressions are meaningless,
. = . . Lo . - 15%
and contrasted through textual insufficient or inappropriate. Some and the reference is missing. Many  |with the use of unfinished
markers. All ideas are concluded. |ideas are not concluded. ideas are not concluded. sentences.
- Lo Appropriate use of dlsupl_lnary There are some term-related errors, | The terms are unspecific and
Sufficient command of disciplinary |language, although sometimes the . . . T
. g . . . sometimes pet words are used. They |inappropriate. Limited
Academic language |language, wide and precise vocabulary is not precise. The format . L . . 10%
. . d . omit some formalities of vocabulary. They omit basic
vocabulary, adjusted to the is appropriate to the formality of - -
. . . argumentative texts. formalities.
formality of argumentative texts.  |argumentative texts.
Strictly correct arammar and There are some grammatical and Repeated grammatical and spelling | Grammatical and spelling
Formal aspects Y g spelling mistakes that do not affect text | mistakes that affect text mistakes unacceptable in a 10%

spelling.

comprehension.

comprehension.

higher education text.







