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Part 7 / Strand 7 Discourse And Argumentation In Science
Education

Understanding, supporting, and promoting the use of evidence and argumentation discourse in
science education. Includes scientific practices related to knowledge evaluation and
communication, supporting the development of critical thinking, discourse analysis, talking and
writing science in the classroom, and meaning making in science classrooms.

Sub-themes:

1) Analysis of Argumentation and Student Discourse in Science Education
2) Developing Critical Thinking through Science Argumentation

3) The Role of Talking and Writing in Science Knowledge Construction
4) Tools and Techniques for Enhancing Scientific Discourse

5) Meaning-making in Science Classrooms
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Argumentation and discourse studies in science education can be defined as a broad research field
that focuses on how individuals evaluate, justify, explain, discuss, and meaningfully use
knowledge in scientific and social contexts on the basis of evidence (Kelly, Brown & Jiménez-
Aleixandre, 2023). This field examines how scientific knowledge is spoken about, written,
represented, defended, and questioned. Therefore, research on argumentation and discourse
constitutes a strong area of intersection among scientific literacy, critical thinking, media literacy,
science communication, and socio-scientific issues.

One of the main reasons why this field has become more visible today is that information
circulates through media and digital environments at an irresistible speed and reaches large
audiences within a short period of time. Misinformation, distorted scientific claims, sources of
uncertain reliability, and anti-science discourses spreading through social media make it
necessary to question the source of information, its evidence base, the context in which it is
produced, and the way it is presented (Osborne & Pimentel, 2023).

The studies included in this section make this need visible through different age groups, subject
areas, and methodological approaches. Kelles et al. (2026) examine students’ relationships with
media content and information sources in biology lessons and reveal the importance of teacher
questions in questioning the origin, reliability, and possible conflicts of interest of sources.
Matsuyama et al. (2026), through the Argu-made 2.0 system developed in the context of the
bioaccumulation of pufferfish toxins, support sixth-grade students’ processes of selecting
appropriate evidence and constructing claim-evidence-reasoning structures. Dachauer and
Lembens (2026) demonstrate that the Toulmin Argumentation Model can be used to improve the
structural quality of high school students’ scientific arguments in the context of ocean
acidification. Santos Coutinho and Sasseron (2026), in a writing activity on climate change using
the En-ROADS Climate Solutions simulator, show that students partially activated their critical
thinking skills; however, they also needed further pedagogical support for strong justification and
the evaluation of alternative perspectives. These studies indicate that selecting evidence,
constructing reasoning, and questioning the reliability of information are learning processes that
need to be explicitly designed and taught in science lessons.

The discourse dimension of the section includes studies on how teacher-student interactions shape
learning opportunities. Cortés Morales and Marzabal (2026) analyse teachers’ discursive moves
in modeling-oriented instruction that make students’ ideas visible, prompt them to question these
ideas, and guide them toward a shared scientific model. Loidl et al. (2026), by positioning
students who produce podcasts on electromagnetic radiation as science communicators,
emphasize that content knowledge alone is not sufficient for producing high-quality explanations;
explanation and communication skills also need to be explicitly supported. Kang and Adofo
(2026), by combining automatic speech recognition and social network analysis, show that
participation in science group work should be understood not only in terms of the amount of talk,
but also together with variables such as students’ relational positions, gender, science identity,
and extraversion. Thus, the section addresses discourse both in terms of teachers’ moment-to-
moment pedagogical decisions and students’ practices of explanation, participation, and
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meaning-making.

The main trends in these studies appear to concentrate on argumentation, source evaluation,
teacher discourse, the production of scientific explanations, learning supported by digital tools,
and equitable participation. Another noteworthy trend is that students are positioned as active
meaning-makers who construct arguments, write explanations, produce podcasts, use simulators,
question sources, and participate in group interactions.

From a methodological perspective, these studies indicate that classroom interactions should be
examined not only through outcome indicators but also through process data. Video recordings,
students’ written products, simulator outputs, podcasts, automatic speech recognition data, and
social network structures show that research on argumentation and discourse relies on
multilayered, multi-modal data sources. In this way, the field opens up both the effects of
pedagogical interventions and students’ positioning in classroom interactions to more detailed
discussion.

The themes of sustainability and digital developments also strengthen the contemporary
importance of this field. Climate change, ocean acidification, global warming news, food safety,
and sustainability-themed group work enable students to relate scientific knowledge to social and
environmental responsibilities. Digital argumentation systems, simulators, podcasts, automatic
speech recognition, and social network analysis both support students’ thinking and
communication processes and provide researchers with opportunities to examine classroom
discourse in a more detailed and scalable way.
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In this paper, we present an ethnographic study in which we observed Biology lessons over an
academic year in a Brazilian Ist-year High School classroom. Based on video records of the
lessons, we select events in which misinformation was a central part of discussions. These events
were described in event maps and transcribed into message units. Analyses were guided by
notions of reflection/refraction of language (Bakhtin circle) in order to answer two questions. i)
For these students, how does the media reflect and/or refract science when disseminating diverse
socioscientific issues? ii) How teachers' questions influenced students' evaluation of information
sources throughout the year? As results, the students showed two roles that media could assume:
as refracting scientific information, by: i) deceiving, ii) hiding, iii) distorting, iv) using retracted
research data; v) using outdated information or manipulating news, or as reflecting scientific
information, when: i) being used as checking tools; ii) recognizing mistakes and correcting itself.
The teacher’s questions were relevant in bringing about changes in students’ evaluation of
information sources throughout the year. His questions challenged arguments based on authority
and gave visibility to key aspects of source analysis, such as explaining a source’s origin,
assessing the credibility of cited sources and considering possible conflicts of interest. These
results bring empirical evidence that pedagogical activities articulated with the aim of promoting
autonomous and well-informed positioning can generate learning opportunities beyond
superficial criticality.

Keywords: Media literacy, Sources of information, Biology lessons.
Context And Relevance To Science Education

In this study we investigate how High School students discursively constructed relationships
between science and media over Biology lessons in a public school in Brazil. Allchin (2022)
argues that the role of the media is not secondary in science education. Students should have
opportunities to understand how science is mediated, how it is communicated to society and what
are the science images disseminated for different media.

Such demands are linked to discussions on how post-truth scenarios has affected schooling and,
more specifically, science education in the contemporary world (Allchin, Bergstrom & Osborne,
2024). The media (traditional and new media) are one of the main foci of such issues. Traditional
media lose support and trust (Chinn; Barzilai & Duncan, 2021), while new media produce echo
chambers and increase the dissemination of fake news (Barzilai & Chinn, 2020).

The role of science education in this scenario goes beyond to promote critical thinking for
distinguish between what is “true” and “false”, to take critical action (Martinez Pena et al., 2024),
what is coherent with the “criticality” notion presented by Davies and Barnett (2015). Other
discussions have been demanded at school, such as: who invests in misinformation, what are the
interests in propagating it, what is behind false information, what mechanisms are linked to
beliefs in misinformation, what is the role of sources (e.g., Barzilai & Chinn, 2020). We seek to
contribute to these discussions through a perspective of social interactions in the classroom as
linguistic processes in which critical thinking can emerge and take action.

Theoretical Framework And Research Questions

People, through discourse, continually negotiate the meanings of texts, events and contexts in the
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flow of their social life. In the post-truth era a very large part of critical thinking is evaluating the

truth — or at least plausibility — of the premises (Lyons & Ward, 2024) or claims that are spread
by social media.

Thus, meanings of certain textual and contextual elements of language can reflect or refract other
texts, events and contexts (Bloome et al., 2022). This conception is particularly relevant to our
study. When analysing how students relate media and science, it is important to consider that the
meanings, interpretations and relationships proposed by them are intrinsically related to how
these students reflect and/or refract histories, cultures, references, knowledge, values and norms.

The notions of reflection and refraction used in this paper are based on scholars from the so called
Bakhtin circle. Language can be used to reflect or refract aspects of a culture, a context, a history.
When language reflects something, it is maintaining certain historical, social and cultural
meanings, without changes or questions, that is, it reproduces what is communicated. When
language refracts something, in turn, it is being used to modify the original, historical meanings,
considered standard for that particular culture, resulting in changes in meanings (Bakhtin, 1981).

To contribute to discussions in science education field, we investigated discursive interactions in
a 1st year high school classroom (15-year-old students in Brazil) over the course of an academic
year. The following questions guided the study: 1) For these students, how does the media reflect
and/or refract science when disseminating diverse socioscientific issues? ii) How teachers’
questions influenced students’ evaluation of information sources throughout the year?

Research Method And Design

The study took place in a public school in a big city in Brazil. Our research team conducted
participant observation and recorded written field notes (Spradley, 1980). Data were gathered
from videotaped records of Biology lessons and students’ artifacts to better understand forms of
participation in the classroom (e.g., Castanheira et al., 2001).

We followed a 1st year high school classroom (9 boys and 24 girls) over the course of the
academic year in 2021. As a result of the COVID-19 pandemic, the school adopted an emergency
remote teaching system, in which teachers used platforms such as Google Classroom® to
communicate with the class. For online synchronous lessons, Google Meet® was used.

The lessons were organized in three cycles of activities (Figure 1) in which students participated
in scientific inquiry units (e.g., Pedaste et al., 2015) and activities guided by the use of socio-
scientific issues (e.g., Sadler, 2009).

We adopted elements of an ethnographic perspective on education to develop our analysis. We
built macroscopic representations, as charts of lessons and event maps (Castanheira et al., 2001)
that allowed a broader view of the history of the group in different levels of detail. These
representations made it possible to establish whole-part relationships, situating events in the
group's history. From this panoramic view, we selected four lessons for analysis of interactions
(Figure 1).

When analysing the 17 lessons of the year, we selected 4: lessons 2, 3, 8 and 9. The selected
events were chosen because misinformation was a central part of each SSIs discussion in these
lessons, thus opportunities for critical evaluation. The events were transcribed word by word and
the analysis was guided by proposals on reflection/refraction of language (Bahktin, 1981).

In lesson 2, students analyse three media that use the word “ecological” in different situations: 1)
ecological leather for clothing production; 2) water reuse in towel washing; 3) ecological bags
produced from organic matter. In lesson 3, the teacher showed a map with the distribution of
dengue cases around the world. Then, the students discussed possible relationships between the
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development of a dengue vaccine and the ecological data on the map. In lesson 8, students analyse

three reposts about global warming. Each repost addressed different aspects of the phenomenon,
including false information. Finally, in lesson 9, the teacher showed fake news about global
warming that has become common in WhatsApp® groups. The students discussed how they
would react to that information if they received it in a group of their families.

Figure 1. Biology lessons selected for analysis in this paper.

May 05, 2021 January 31, 2022
\ | >
Cycle 1 Cycle 2 Cycle 3
5 lessons 6 lessons 6 lessons
Lesson 2 (May, 18): Lesson 3 (May, 25): Lesson 8 (Aug, 17): || Lesson 9 (Aug, 24):
Sustainable Discussion about Analysis of Analysis of fake
development and vaccines and viral different media news about global
use of the term mutation texts on global warming
“ecological” warming
Findings

Throughout the selected lessons (Lessons 2, 3, 8 and 9), we identified different relationships
between media and science constructed by the students. We also observed changes over the
lessons regarding the role of sources. As the complete discursive interactions are too long for this
paper, we opted for showing excerpts from the participants’ discourse in order to illustrate the
analyses (Figure 2).

Regarding our first research question, the analysis indicates different interpretations by students
about the relationship between media and science. We found events in which the media was
interpreted as an agent capable of refracting scientific information, when it acted by: 1) deceiving
the reader (Lesson 2 and 9); ii) hiding data (Lessons 8 and 9); iii) distorting them (Lessons 3 and
8); iv) using retracted research data (Lesson 8); v) using outdated information (Lesson 8); or
manipulating news (Lessons 2, 8 and 9).

Despite this, the students also indicated the media as an agent capable of reflecting scientific
information. For example, when the media: 1) consistently uses scientific knowledge (Lessons, 2,
3 and 8); ii) disseminates actions corresponding to scientific practice (Lesson 2); iii) promotes
actions aligned with science official discourse (Lesson 2); iv) recognizes mistakes and corrects
itself (Lesson 9). In addition, the students indicated that the media could also act in this way by
functioning as a tool for checking information (Lessons 2 and 8).

Regarding our second research question, we mapped teacher issues onto student performances
when evaluating information sources. Table 1 shows some of these questions.

In the first lessons of the school year, the students started from more restricted analyses, relying
on arguments from authority. The teacher's questions challenged authority arguments, which
appeared, for example, in the speeches of Gleice and Gisele (Lesson 2). In addition, the questions
gave visibility to relevant aspects of source analysis, such as the need to explain the origin of the
source and, even, to send them to colleagues, as seen, when discussing with Isabel (Lesson 3). In
lessons 8 and 9, we observed more complex verifications that included assessing the credibility
of'the cited sources and considering possible conflicts of interest (e.g., Gisele’s remarks in Lesson
8 and Lucia’s in Lesson 9). Questions made by the teacher were also important in this process.
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Figure 2. Illustrative excerpts from the analyses. All excerpts are student speeches over

the lessons.

information?

companies to put the
word ecological”

““all three are useless,
because it doesn't help
those who consume
think they are leaving
of consuming animal
leather since it is not
true”

“it's more of an excuse
to say you did
something”

than three months that
I had been watched”

Lesson 2 Lesson 3 Lesson 8 Lesson 9
How does the media [‘it was a lot of “I confused some “in this text, he used [‘Many of his studies
refract scientific marketing by these  |data, it's been more  [the fallacy of authorityhave montages in the

a lot”

“not to mention that
the research is from
1958 and his text is
from 2017, and
notions of global
warming have already
changed a lot”

“in the text itself, he
uses very complicated
words and graphics to
try to somehow fit the
research done”

“He also uses
information in a
distorted way to
convince people”

images. He makes a
mistake and that's why
his information was
wrong”

“Teacher, what you
said is true that there
is manipulation of the
news even from
important
newspapers”’

“Of course, this
newspaper will stop
criticizing climate
change. Not
necessarily spreading
misinformation but
choosing what they're
going to talk about.”

How does the media
reflect scientific
information?

“there was a survey
there in the United
States that even made
a documentary in
which the result was
that even if everyone
reduced the water bill
by forty percent, it
would not be enough
to not run out of water
in the near future why
the problem it's the
industries”

“I logged into the
hotel's Instagram
while we were
discussing and I didn't
see anything about
tree planting”

“I saw a video from a
'YouTube channel. It's
something like that.
They brought the data
and then the vast
majority of people got
dengue haemorrhagic
fever. They brought
the research data”

“I saw reports talking
about studies of two
new viruses that cause
symptoms similar to
those of dengue or
Zika that were being
researched, but it is
not yet known if these
are dengue virus”

How do students deal
with sources of
information?

“it is a biologist who
creates, because |
think it conveys more
credibility”

“the last one was the
only one that we
thought the term
ecological fits and
also the only one
[media] that has the
real intention of
helping the
environment so much
so that he was a
biologist, right?”’

“The information is
from a biomedical”.
“Googling more, I just
found an infectologist
talking about the 5
dengue viruses”.

“NASA only posts on
its website, the
research it uses as a
basis”

“The sources he uses
are unreliable and he
uses this political
scope a lot”

“the sources he uses
are not very reliable”
“he also uses an
author a lot in this
report. A man called
INils-Axel Morner,
'who was a former
president of the IPCC.
'When we went to
research, we saw that
he is not a source that
has credibility”

We identified some challenges over this process. Even in the lessons we observed more complex
analysis of sources, students still gave authority to some figures without going into detail (e.g.
the authority that Izabel gave to the teacher and the researcher who had written the text analysed
in classroom 8). So, the changes in analysing sources of information did not happen linearly but

happened throughout the events in a variable way and correlated to teacher’s questions over the

discussions.
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Table 1. Excerpts of the teacher’s questions over the lessons and students’ reactions.

Lesson (Teacher questions Student Excerpts from students' performances in
evaluating sources

2 So, I wanted to put a reflection here for  |Gleice (...) the third one is interesting (..) that says is a

2 you to think about. Is there a biologist who biologist who creates, because, yes, I think it
does bad things for the environment? gives more credibility.
Does every biologist have this Gisele Yes, the real intention of helping the
environmental concern because he is a environment so much so that he was a biologist,
biologist? So, for you to think about (...) right?

3 Based on what are you saying this? On a [[zabel [ saw a video from (...) from a YouTube

3 report you saw in a newspaper? channel (...) they show the data from research.
Because when we make a statement like [[zabel Yes, I'll send it (...) I'll send it.

that, it's good to bring the source, the data
that we are relying on (...) Can you send it

to us?
8 'You commented on partisan political use |Gisele (...) the text (...) it is radical to one side. The
8 of information, remember? side that does not consider what (...) what the
human being affects.
But you have to doubt and even criticise [[zabel 'Wow teacher (...) I said (...) he is making fun
what I say (...) Got it? You must be of us (...) seriously, he didn't (...) he didn't put
critical of your own teacher this here (...) for real
9 'You should check what's in the source,  [Lucia There is manipulation of news (...) this
who is that source (...) Who's talking newspaper not necessarily (...) will spread
about this? misinformation but choose what they will say.
Conclusions

The results of this research bring empirical evidence that pedagogical activities articulated with
the aim of promoting autonomous and well-informed positioning can generate learning
opportunities beyond a shallow criticality. We align ourselves with the proposals of Barzilai and
Chinn (2020), when they suggest that science education should go beyond just identifying
deficiencies in people’s knowledge and skills to critically deal with information. Science teaching
must be able to deal with cognitive biases, assessing disagreements about “how to know”,
recognizing and coordinating multiple epistemologies.

The analyses indicate challenges in this process. Naive views about science and difficulties in
engaging in argumentative practices are examples of such challenges (Nehring, 2020) and were
identified in our data. In this context, the teacher has a role in the organization and conduction of
didactic processes. Our analyses reinforce the importance of the school as a fundamental
institution in social organization, as well as the need to value actions and curricula for
autonomous and critical students.
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The purpose of this study was to investigate how Brazilian high school students mobilized critical
thinking through a writing activity in the Chemistry class in which the students had to investigate
and analyse a simulator related to the impact of anthropogenic variables on climate change,
entitled En-ROADS Climate Solutions Simulator. The activity was developed with 57 first-year
high school students at a Brazilian public school in the state of Sdo Paulo. In order to analyse
the information collected, we used the Critical Thinking Analytic Rubric (CTAR), composed of 6
categories (interpretation, analysis, evaluation, inference, explanation and disposition)
evaluated with scores from 1 to 6. The results showed that students mobilized half of what would
be expected to be the ideal level of high cognitive demand skills related to critical thinking, since
most of the scores were at the midway point. This highlights the need to promote more activities
in science teaching that help students develop critical thinking, but it also reveals limitations both
in the wording of the activity questions analysed in this study and in the ability of the rubrics to
assess actions related to critical thinking. Therefore, it is interesting that further research on the
topic is conducted in order to address these issues.

Keywords: Critical Thinking. Scientific Argumentation. Classroom Research.
Introduction

In recent years, the spread of misinformation and disinformation involving scientific topics
through digital means has reached alarming proportions and, even though young people are
usually expected to have skills necessary to use today’s technology effectively, studies show their
struggle with evaluating information (Osborne et al., 2022). Considering this, it is a Science
Education priority to promote classroom research and practices that foster students’ higher order
thinking skills development by understanding the social practices of science, evaluating
information, and developing a consensus that help justify trust in scientific knowledge.

Therefore, critical thinking (CT) development, which is associated with higher order thinking
skills such as the ones described above (Saxton et al., 2012), is essential to promote the
development of critical subjects who can identify incorrect scientific information, hopefully
reducing its spread. Based on that, this study’s objective is to answer the following research
question: “How do high school students mobilize critical thinking skills in the Chemistry class
through a writing activity aligned with a global climate simulator analysis?”

Conceptual Rationale

The development of CT is considered a consensual objective of education by scholars (Jiménez-
Aleixandre & Puig, 2022; Kuhn, 1999; Kuhn, 2019). Despite this, its understanding and definition
are not homogeneously disseminated, that is, there are different perspectives regarding the
characterization of CT, involving its meaning, components and how to develop them (Jiménez-
Aleixandre & Puig, 2022).

One of the first and most influential definitions was proposed by Ennis (1985), who defined CT
as “reasonable, reflective thinking that is focused on deciding what to believe and do” (p. 45).
Later, the American Philosophical Association (APA) held a Delphi panel with various CT
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experts, including Ennis, aiming to propose a consensual definition of CT. This panel considered

that CT include both cognitive and dispositional dimensions, defining it as “purposeful, self-
regulatory judgment which results in interpretation, analysis, evaluation, and inference, as well
as explanation of the evidential, conceptual, methodological, criteriological, or contextual
considerations upon which that judgment is based” (Facione, 1990, p. 2).

Years later, Davies and Barnett (2015) discussed some shortcomings of the APA definition, such
as its rooting in only one kind of CT, related to argumentation and judgment formation. For this
reason, they proposed changing this perspective to one in which CT consisted of “criticality,” a
perspective including action. Even though both movements considered that the development of
skills and dispositions related to CT are important, the criticality movement differed from the
traditional CT movement because it defended that the skills and dispositions by themselves
weren't enough and they should be guided by ethical values and result in critical action.

Similarly, Jiménez-Aleixandre and Puig (2022) reviewed and proposed a holistic characterization
of CT aiming to explicitly integrate both perspectives. This proposal considers that CT is
characterized by two sets each one comprised of two components, the first set marked by
purposeful judgment, aligned with the APA definition, with the components cognitive and
epistemic skills and critical character; and the other set marked by civic participation and social
justice, aligned with criticality, with the components independent opinion and critical action.

Regarding CT assessment, it is commonly derived from multiple choice tests, such as Critical
Thinking Assessment Test (CAT) (Stein & Haynes, 2011) and Watson-Glaser Critical Thinking
Appraisal (Watson & Glaser, 1964), which arguably do not measure the higher order skills
associated with CT, since they are not designed nor have the purpose of formative feedback
(Reynders et al., 2020; Saxton et al., 2012). Given this, instead of using tests to assess CT, rubrics
could be used, as they provide more detail regarding the scores, what is being measured and what
should be included in the data interpretation (Saxton et al., 2012).

Considering this, Saxton et al. (2012) proposed and experimentally studied the Critical Thinking
Analytic Rubric (CTAR), heavily influenced by the APA definition, stating that it can be used by
raters to score student work samples in a consistent manner. Since they adopted the APA
definition as the construct for the instrument, it focuses on the cognitive and epistemic skills and
critical character, assessing “five cognitive skills (interpretation, analysis, evaluation, inference,
and explanation) and the disposition towards thinking critically” (Saxton et al., 2012, p. 254),
rating these categories in scores of 1 to 6.

The categories are briefly defined as follows: Interpretation is concerned with understanding and
accurately communicating the meaning of information; Analysis involves examining and
comparing different sources of information; Evaluation involves identifying arguments and
judging the credibility of sources; Inference involves making realistic predictions and forming
rational and logical conclusions; Explanation is related to the use of evidence and reasoning to
support an argument or perspective; Disposition towards CT is an affective dimension of CT,
highlighting the need for the person to be motivated to mobilize their higher order thinking skills
(Saxton et al., 2012).

Methodology And Research Design

This study uses a qualitative approach (Erickson, 2012) and involves the analysis of an activity
carried out at a public school in Sao Paulo (Brazil) in the Chemistry subject by 57 first year high
school students (14—16 years old) from different social classes and ethnicities in two classes,
divided in 6 groups of up to 5 students per class, totaling 12 groups, anonymized as G1 to G12.
The students received tablet computers with internet connection and they had to answer a question
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while exploring the En-ROADS Climate Solutions Simulator (Climate Interactive & MIT Sloan,

2023), which is a simulation model that allows the exploration of scenarios focused on how
changes in taxes, subsidies, carbon prices, and other factors can alter global carbon emissions and
the global temperature in the following years. After the activity was completed, we collected the
written responses and digitized them following the ethical procedures of informed consent,
transparency and confidentiality.

We provided the students with a worksheet that introduced the simulator, explaining it was
developed by Climate Interactive and the MIT Sloan Sustainability Initiative. The worksheet also
had a summary of a special report of the Intergovernmental Panel on Climate Change (IPCC,
2022) that stated the goal of limiting global warming to around 1.5°C (2.7°F) by 2100. The
question was as follows: “Point out two variables present in the En-ROADS Climate Solutions
simulator that you consider most important to be changed to achieve the target proposed by the
IPCC. Explain how changing these variables can influence global temperature.”

In order to analyse the students’ responses, we used the CTAR instrument (Saxton et al., 2012)
adapted to the question the students had to answer, as presented in Table 1. Both authors scored
the responses individually and then compared the scores, discussing and reaching consensus
regarding the divergent scores.

Table 1. Overview of the Critical Thinking Analytic Rubric. Adapted from Saxton,
Belanger and Becker (2012).

Rubric Scores
categories 1 2 3 4 5 6
Demonstrates Demonstrates Demonstrates
Demonstrates no Demonstrates a Demonstrates a o
ability to work extremely  an uneven or clear ability to strong ability to confident ability
Interpretation . y limited ability shaky ability to s £ MY 1046 work with the
with the key . . work with the work with the
to work with thework with the key concepts and
concepts key concepts  key concepts .
key concepts  key concepts terminology
Does not Incorrectly Superficially Identifics Accurately Accurately

Analysis  identify patterns 1dentifies 1dentifies patterns in the 1dentifies 1dentifies

patterns in the patterns in the patterns in the important patterns

in the evidence . . evidence . . .
evidence evidence evidence in the evidence
Superficially
Ignores all Ignores obvious evaluates Evaluates all Thoughtfully
. . . . . Evaluates most
Evaluation alternative alternative obvious alternative . evaluates all
. . . . perspectives .
perspectives perspectives alternative perspectives perspectives
perspectives

(Table Continues)
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Rubric Scores
categories 1 P 3 4 5 6
Inadequately Confidently
learly ext t k
Cannot extend extends key Shakely extends Adequately Clearly extends extends key
key concepts or key concepts to concepts to make
Inference concepts or key concepts or extends key e
make L make predictions and
s make predictions concepts L
predictions - predictions analyse
predictions S
implications
Conclusions
Uses fallacious . Conclusions are appear Strong, Judicious,
. ) Conclusions .
Explanation or irrelevant weakly reasonable warranted persuasive
lack support . .
reasons supported through use of conclusions  conclusions
support
Defends only Fair-mindedly Fair-mindedly o
. ) . Follows follows follows Objectively
. o Close-minded, with a single . . . .
Disposition . . evidence but  evidence, evidence, considers context
hostile to reason perspective, . o )
. ignores context addresses considering  and evidence
ignores others
context context
Findings

The results of the CTAR scores for the response of each group can be seen in Figure 1.

Figure 1. CTAR scores’ results for the students’ responses.
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G10’s response was as follows: “The increase in the carbon price and the decrease in methane

gas emissions. With the increase in the carbon price, we would use less forms and objects that
emit gas, and the decrease in methane gas emissions increases the greenhouse effect on Earth.”

Regarding Interpretation, G10's response showed a limited ability to work with the key concepts,
considering that they stated that the decrease in methane gas increases the greenhouse effect when
it’s the opposite, hence score 2. As for Analysis, both variables listed were related to the decrease
of the global temperature, but this relation is presented superficially, therefore score 3. In regard
to the Evaluation category, the response did not present any alternative perspective, so score 1.
Considering Inference, as they incorrectly relate the methane to the greenhouse effect and don’t
provide much detail about the increase in the carbon price, the category’s score was 1. In the
matter of the Explanation category, the reasons used to warrant the claim are incorrect, hence
score 1. Finally, as regards the Disposition category, the response only defended one perspective
and didn’t discuss the context that prevents those variables from being changed, so score 2.

G12’s response was as follows: “The main variables that need to be changed to limit the
temperature to 1.5°C by 2100 are: coal, the oil market, and the carbon price, as these are issues
that directly impact climate change. Another variable would be the economic development of
Third World countries that would reduce the burning of fossil fuels as an energy source and
replace it with the use of clean and renewable energy.”

From this response, we realized that, in relation to Interpretation, G12 not only identified both
variables, but also perceived the nuance of the relation between the economic situation of a
country and its access to sustainable energy, therefore, score 4. Regarding Analysis, they
identified correctly the patterns in the evidence, thus score 4. As for Evaluation, we noticed that
they only explained the positive sides of changing each variable, ignoring other points of view
and hurdles needed to be overcome in order to change those variables, therefore, score 1. Since
they adequately extended the key concepts, especially the relation between economic
development and renewable energy sources, Inference’s score was 4. Furthermore, as they did
not raise any negative side, Explanation seems reasonable rather than fully justified, hence score
4. Finally, regarding Disposition, we considered that G12 followed the evidence provided by the
simulation and addressed the socioeconomic context, therefore, score 4.

Conclusion

In this study, we sought to investigate how high school students mobilize CT skills by structuring
their arguments after analysing anthropogenic variables that contribute to the worsening of
climate change with the help of an online simulator. Through the data presented, we noticed that
most of the categories presented scores equal to 3, stating that in general the students mobilized
half of what would be expected to be high cognitive demand skills related to CT.

Interpretation was the skill they managed to mobilize the best, considering most of the groups,
except for G4, achieved a score of 3 or higher. This is evidence that the students, in the context
of the Chemistry class, are more comfortable with working and applying the key concepts related
to the subject.

The poor result in the Evaluation category may come from the wording of the question, which
did not explicitly ask for alternative points of view. The only group that achieved a score higher
than 1 was G2, that pointed out the variable of nuclear energy and briefly talked about its risks,
while defending it to be clean and safe due to containment systems.

In future research, we should create the questions considering the opportunity to talk about
different perspectives so that the students can better mobilize the Evaluation category. The new
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questions should be created in a way that the students are motivated to mobilize high cognitive

demand skills, so that the questions can't be answered with low score mobilizations.

The CTAR, as previously mentioned, is heavily tied to the APA definition of CT (Facione, 1990).
So, it doesn’t assess critical action and critical virtue defended by the criticality movement
(Davies & Barnett, 2015). Considering this, it is important to state that only assessing students’
essays and activity responses does not provide the full picture of CT mobilization, as it can be
mobilized through actions and dialogue (Jiménez-Aleixandre & Puig, 2022; Kuhn, 2019).

Finally, this study’s findings indicate both the urgency of implementing practices that mobilize
CT in Science classes, since students don't seem to be used to mobilizing all the CT skills, as well
as the need for academic research in Science Education regarding CT development, such as the
assessment of students’ criticality, as rubrics are limited to assess actions.
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Deep Dive: Evaluating Students’ Use Of Toulmin’s
Argumentation Pattern In Chemistry Classrooms For
Constructing Scientific Arguments About Ocean Acidification
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Science education plays a key role in helping students to become responsible citizens, capable of
making appropriate decisions based on scientific information, participating in discussions on
socio-scientific issues (SSIs), and taking action in the context of climate change. Thus, achieving
scientific literacy in general and practising scientific argumentation skills — as part of scientific
literacy — in particular, are essential. Therefore, the pilot study presented here focusses on
improving upper secondary students’ (ISCED 3) scientific argumentation skills by implementing
Toulmin’s Argumentation Pattern (TAP) in the chemistry classroom. We focus on chemistry
education to better understand subject-specific argumentation in chemistry classrooms. This pilot
study is part of an interventional study that aims to implement TAP as a construction mechanism
to improve students’ scientific argumentation skills. Our study is embedded in the SSI of human-
induced ocean acidification. In order to gain insight into students’ scientific argumentation
patterns and develop adequate teaching materials, we asked 29 upper secondary students to write
well-founded arguments to confirm a claim about calcification of coral skeletons made in a
newspaper headline. Students’ arguments were constructed prior to and following the provision
of support material based on TAP. These arguments were analysed with regards to their formal
quality using qualitative content analysis. Our findings indicate that TAP aligned well with our
participants’ intuitive arguments. We discuss our findings and propose how using TAP can
contribute to teaching and learning chemistry-specific argumentation skills.

Keywords: Scientific Argumentation, Scientific Literacy, Classroom Research

The Need To Improve Scientific Argumentation SKkills In Chemistry
Education

At present, society is confronted with numerous challenges regarding climate change (IPCC,
2023). To address these challenges, science education plays a key role in helping students to
become responsible citizens, capable of taking action in order to protect our environment (Bianchi
et al., 2022). In this context, there is a relevant association with scientific literacy as “the ability
to engage with science-related issues, and with the ideas of science as a reflective citizen”
(OECD, 2019, p. 100). Being scientifically literate is fundamentally tied to using scientific
information, i.e., to making appropriate decisions and participating in public discussions about
socio-scientific issues (SSIs) (Lederman et al., 2024). Subsequently, on the one hand, students
should be able to re-construct already existing scientific arguments and, on the other hand,
construct their own ones (Cavagnetto, 2010; Christodoulou & Grace, 2019; Osborne, 2002). At
the same time, students’ lack of scientific literacy in general (Lederman et al., 2024), and
argumentation skills in particular (Osborne, 2002), is problematic. Osborne and colleagues (2016)
demonstrate the validity of an overarching instrument for assessing argumentation skills. We
adopt one of their major implications here, proposing that “[e]xercises that asked students to
distinguish claims, warrants and data would provide a foundation for more demanding exercises
which asked students to construct their own arguments” (p. 841). As Toulmin (2003)
distinguishes between claims, warrants and data explicitly, we use Toulmin’s Argumentation
Pattern (TAP) in this study to understand upper secondary students’ (ISCED 3) intuitive scientific
argumentation in the chemistry classroom.
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TAP In Chemistry Education

Following Toulmin (2003), arguments follow a structure based on up to six elements: data,
warrants, backing of warrants, modal qualifiers, rebuttals, and the claim itself. TAP is widely
used (Henderson et al., 2018) and has proved suitable for analysis of scientific arguments
(Erduran et al., 2004; Lieber & Graulich, 2022). Although the idea of implementing TAP (e.g.
Erduran et al., 2004; Lazarou & Erduran, 2021) or an adapted version (e.g. McNeill et al., 2006)
in the classroom is not new in science education, studies are required that help to delineate a
chemistry-specific approach at the secondary level (Christodoulou & Grace, 2019).

Above and beyond subject matters, SSIs are excellent vehicles to practise scientific
argumentation (Christodoulou & Grace, 2019). Tackling SSIs via argumentation enables students
to become responsible citizens capable of facing global challenges (Sadler, 2004).
Argumentation, in terms of formally connecting premises to conclusions, is generisable. Yet,
making an argument within SSIs requires domain-specific knowledge (Tricot, 2018). Therefore,
our study uses the chemical side of human-induced ocean acidification, which is highly relevant
when discussing climate change (IPCC, 2023).

Research Question

This contribution gives insights into a pilot study that poses the following research question,
focussing on upper secondary students in chemistry education: How can the implicit
implementation of TAP in a chemistry lesson support students in applying this pattern to improve
the structural quality of their scientific arguments? In this case, ‘implicit’ refers to the introduction
of TAP elements through scaffolds without explicitly naming or defining these elements,
allowing students to engage with them intuitively.

Research Method And Design

The present study was designed as a pilot study that aimed to evaluate whether implementing
TAP in the chemistry classroom can improve students’ scientific argumentation skills in the
context of human-induced ocean acidification. Prior to an actual intervention, we evaluated how
students re-constructed preset scientific arguments. 29 students with prior declarative knowledge
about human-induced ocean acidification from 11th and 12th grade from a general high school
in Austria participated in this study, taking place in a 50-minutes chemistry lesson. At first, a
picture of a fictional newspaper headline claiming ‘calcification of coral skeletons is impaired’
was presented to the students.

Phase I: Students were first asked to individually formulate a well-founded written argument
supporting the headline, based on their current knowledge about human-induced ocean
acidification from the perspective of a climate activist.

Phase I1: Afterwards, students were prepared with ‘argumentation cards’. These cards contained
part of an argument, each corresponding to an element (e.g. data, warrants) of TAP, and enabled
various thematic lines of reasoning (e.g., lime-carbonic acid cycle, pH, solubility of calcium
carbonate in solutions of varying pH, solubility of carbon dioxide gas in water). Technically,
these cards could be used to form up to seven different arguments to confirm the claim. Cards
corresponding to the same element were coloured the same, helping students to recognise patterns
between these elements. Apart from this structuring aid, no further information about these
elements was given to students. The sole instruction provided to students was that the utilisation
of these cards could be in any combination deemed suitable, including the use of more than one
card of the same colour, or omitting the entire cards of one colour. In this phase, students worked
in pairs discussing which cards were suitable to support their claim but did not formulate a written
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argument.

Phase I1I: Subsequently, students individually composed another written argument — this time
using the previously selected argumentation cards — to support the headline regarding the
impairment of coral skeletons calcification.

Phase IV: In a final phase, students were asked to formulate an additional written argument
without any support materials, analogous to Phase I. However, due to time constraints, only a few
students reached this phase.

Throughout all phases, students were provided with additional supporting material containing
information about basic chemical concepts (e.g. chemical equilibrium, pH) relevant in this
context. We chose this strategy to even out individual variance due to prior knowledge, allowing
the students to focus on the argumentation process itself.

Analysis And Findings

Students’ written arguments from phases I, III and IV were analysed regarding their structural
quality through structural qualitative content analysis (Mayring, 2022). Content accuracy was not
addressed in this contribution, as it was evaluated in a separate study (Dachauer & Lembens, in
press). For the structural analysis, a deductive category system initially based on TAP was used.
Due to challenges in assigning sequences of students’ arguments to the categories warrants or
backing of warrants, which required intense communicative validation (Steinke, 2004) between
the raters - and even then, in some cases more than one categorisation would have been applicable
— these two categories were merged into a single one labelled reasoning. This approach aligns
with McNeill et al. (2006). As rebuttals were neither incorporated into the construction of the
support materials nor observed in students’ arguments, they were not included in the category
system underlying the structural analysis. Based on the analysis of students’ arguments and
existing literature (McNeill et al., 2006; Toulmin, 2003), the coding system was further developed
and serves as the foundation for a deductive coding approach in the planned follow-up study.
This category systems comprises the following categories and their respective definitions:

e Claim refers to the statement whose content must be demonstrated and whose validity
must be determined.

e Data refers to data and/or facts that serve as the basis for the argument and supports the
claim.

e Reasoning refers to justifications, explanations, or elaborations that provide a basis for
the claim in relation to the data. ‘Reasoning’ functions as a kind of bridge between the
claim and the data. It can also reinforce the claim.

e The Modal qualifier provides information about the degree of certainty or binding force
of the reasoning used to support the confirmation of the claim.

e Other refers to a sequence that cannot be assigned to any of the established categories.

During the process of assessing intercoder reliability, distinguishing between data and reasoning
was occasionally challenging. This was due to the fact that some sequences were introduced with
linking words such as due to or because, which could give the impression of aligning with
reasoning. However, detailed content analysis revealed that these sequences often served as the
foundation of an argument and should therefore be categorised as data. Two examples are given
in Figure 1. Both examples demonstrate that the underlined linking words can introduce either
reasoning or data, depending on the specific content they accompany.

During the communicative validation process between the two raters (Steinke, 2004), aimed at
better defining and distinguishing between data and reasoning, the concept of the ‘conceptual
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bridge’ emerged as a visual representation to illustrate the connection between claim, data and

reasoning.

Figure 1. Distinction between data and reasoning in students’ arguments (students’
arguments from phase I, Pos. 5-6 and phase II1, Pos. 78, translated from German).
The calcification of coral skeletons is impaired because, due to the intense exchange of CO:
caused, for example, by the combustion of fossil fuels, carbon dioxide dissolves in seawater
and reacts to carbonic acid. From this hydrogencarbonate and oxonium ions are produced in
the water. Due to the increased concentration of HzO" ions, the pH of the seawater increases.
Although the pH remains in the basic range, it nevertheless harms the calcification of coral
skeletons.

Because the pH in the ocean decreases and the CO- concentration in the water increases, the
calcification of coral skeletons is impaired. This occurs because coral skeletons require solid
CaCO:; to form lime, and the decrease in pH increases the solubility of solid CaCOs in water.

Legend: data — reasoning

This conceptual bridge breaks down students’ arguments into distinct components, focusing
exclusively on data, reasoning and claim, while disregarding modal qualifiers and the category
other. The student argument presented in Figure 2 serves as an example to illustrate the concept
of the conceptual bridge in Figure 3. As demonstrated in Figure 2, the student’s argument
includes more than just the elements data, reasoning and claim — in this case, it also contains a
modal qualifier. However, this modal qualifier is not relevant to the conceptual bridge.

Figure 2. Example of a student argument (Student argument from Phase III, Pos. 3-4,

translated from German).

The pH decreases, as a result, it is certain that the calcification of coral skeletons is hindered.

Coral skeletons require solid CaCOs, but the decrease in pH increases the solubility of solid
CaCO:s in sea water, which leads to less solid CaCO:s.

Legend: data — modal qualifier — claim - reasoning

In order to determine whether a sequence of a student’s argument serves as either data, reasoning
or claim, the conceptual bridge can be used as a tool for discussion between raters. Furthermore,
it may also serve as an instructional instrument to help students actively distinguish between these
elements in their own arguments. As illustrated in Figure 3, data and claim are visualised as
bridge pillars, literally forming the foundation of the bridge — and, figuratively speaking, the
foundation of the argument. Reasoning functions as the bridge itself, connecting the two pillars
and enabling movement from one to the other. This visualisation emphasises the essential link
between claim and data within the structure of scientific argumentation.

A total of three iterative coding cycles took place, each followed by communicative validation
between the two raters. Table 1 illustrates the development of intercoder reliability across these
three coding cycles.

To assess intercoder reliability, we began by coding students’ arguments from phases III and IV
— written after the intervention — under the assumption that these arguments would be easier to
categorise. We used them to refine the definitions of each category and to add anchor examples
to the coding system. Consequently, the category other did not exist during the first coding cycle
for students’ arguments in phases III and IV. This category was introduced during the first
communicative validation and is therefore not referenced in the coding of students’ arguments
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from phases III and IV coded in the first cycle.

Figure 3. Conceptual Bridge (Students’ arguments from Phase 111, Pos. 3-4, translated from
German; Bridge generated with ChatGPT).

Coral skeletons require solid CaCOj, but the decrease in pH increases the
solubility of solid CaCOs in sea water, which leads to less solid CaCOs
(Reasoning)

l(\

Calcification of coral
skeletons is impaired
(Claim)

pH decreases
(Data)

In addition, intercoder reliability increased significantly across all coding cycles of phase III.
Between the first and second cycle, the visualisation of the conceptual bridge was created and
initially discussed between the two raters. Between the second and third cycle, this visualisation
was incorporated into the coding system, along with an anchor example. However, assessing
intercoder reliability for students’ arguments of phase I remained challenging, even with the
visualisation of the conceptual bridge. During this process, intense communicative validation
took place between the two raters, with each arguing for their own coding strategy, using the
conceptual bridge visualisation. No agreement on coding modal qualifiers was reached during
the first coding cycle of students’ arguments of phase 1. This can be attributed to the absence of
relevant anchor examples needed to define this category. While one rater coded sequences such
as so, decisive or therefore, the other only coded sequences only where the degree of certainty
was explicitly stated, such as therefore, it follows with certainty or presumably follows.
Consequently, more diverse anchor examples were added to the coding system, resulting in higher
reliability in the subsequent coding cycles. Also, intercoder reliability increased significantly
between the first and the second coding cycle of phase I, whereas this was not the case during the
final intercoder cycle.

Table 1. Development of the intercoder reliability over three iterative cycles.

Claim Data Reasoning | Modal Other K
qualifier
— I 38.46 % | 47.06 % 34.78 % 0% 2222 % | 0.22
é pnd 83.64 % | 90.57 % 67.61 % 68.97 % 100 % 0.74
A~ pd 91.23% | 96.30 % 73.24 % 91.43 % 100 % 0.84
9 o I 89.66 % | 45.71 % 2333 % 66.67 % - 0.43
ﬁ - pnd 92.96 % | 78.87 % 78.26 % 88.89 % 0% 0.80
T 98.59% | 91.43 % 82.86 % 98.18 % 100 % 0.91
Total 95.31 % | 93.55% | 78.01 % | 95.56 % 100 % 0.88

Our analysis of students’ approaches to structuring their arguments revealed a broad use of TAP
across all phases. However, the significance of these elements was generally low in students’
arguments from phase I. While modal qualifiers appeared in all phases, their use became more
nuanced after the intervention — for example, shifting from phrases like so or this leads to to this
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probably leads to or this could lead to. This enhancement is likely attributable to the provision of

the pre-structured argumentation cards. Furthermore, the different elements in students’
arguments were not seamlessly linked during phase I. After the intervention, however, the
majority of students demonstrated more coherent argumentation. In particular, data and claims
were more effectively connected through deeper reasoning. This progress also likely resulted
from the use of pre-structured argumentation cards.

Conclusion And Outlook

We conclude that implementing TAP implicitly through teaching materials such as argumentation
cards may lead to an intuitively appropriate use of these tools, thereby laying the foundation for
a more explicit implementation of TAP later on. This scaffolded intervention could lead to
“[e]xercises that asked students to distinguish [between] claims, warrants and data”, thereby to
re-construct existing arguments, and thus providing a “foundation for more demanding exercises
which asked students to construct their own arguments” (Osborne et al., 2016, p. 841).

Based on our findings, implementing TAP already shows promise in improving students’
scientific argumentation skills — even within our short-term intervention, despite limitations such
as time constraints, a small number of participants, and a generally high socio-economic status.
Therefore, we are going to scale up our follow-up study with a larger, more diverse group of
students. To this end, teaching materials will first be developed through design-based research
(Bakker, 2018), in close collaboration with both students and teachers to iteratively refine the
materials. This will be followed by a two-phase intervention study (n = 150). From a structural
point of view, phase one will implement a simplified version of TAP, focussing on Claim, Data
and Reasoning (based on the CER model of McNeill et al., 2006), first implicitly, then explicitly.
From a content point of view, phase one focuses on chemistry specific content knowledge. An
interactive learning video introduces the topic of human-induced ocean acidification and its
effects on coral skeletons. Following this, students are asked to formulate written arguments —
later extending to other calcifying organisms as well. Phase two will deepen TAP instruction by
extending the CER model to include modal qualifiers and rebuttals. The SSI of human-induced
ocean acidification will serve as the central content. Through structured discussions, students
strengthen their argumentation skills, reflecting on their actions, and formulating personal courses
of action — also considering the broader relevance for humans and ecosystems beyond coastal
regions. Given the need for more chemistry-specific research on scientific argumentation in SSI-
related subjects at the secondary level (Christodoulou & Grace, 2019), we anticipate that this
contribution will offer valuable insights and stimulate further work in this research area.
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Although students often construct explanations in class, they receive limited instruction in
communication skills needed to articulate them effectively. In this project secondary school
students (N=130-140, age 12-13) were put into the role of science communicators to produce
science podcasts on topics of their choosing in electromagnetic radiation (EMR). Two test groups
received different introductions prior to the production of podcasts: one on EMR content
knowledge (CK) and the other on principles of good explanations. Assessing the depth and type
of explanations revealed that students predominantly provide superficial and descriptive
explanations. Interestingly, elevated CK did not result in higher-quality explanations. As
numerous non-physics explanations were found, we analysed the contexts of the explanations in
more detail. Two distinct genres of podcasts emerged: Nature of Science (NOS) podcasts (N=12),
which embedded phenomena in a broader scientific context, and science podcasts (N=22), which
provided science-based explanations of a phenomenon. We conclude that developing explanatory
competence requires explicit instruction in communication skills rather than content knowledge
alone. Podcasts offer a promising medium for fostering science communication competence and
deepening students’ engagement with NOS concepts.
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Fostering positive attitudes towards science as well as the construction of scientific knowledge
are primary goals of both science communication research and science education research.
However, the disciplines developed in separate directions. Thus, some scholars advocated for the
rapprochement of the two disciplines (e.g., Baram-Tsabari & Osborne, 2015). Kohen and Dori
(2019) therefore conducted a literature review to identify similarities and disparities between
these “sister disciplines” (p. 526). A key finding concerns the different orientations of the two
communities: “the science communication community mostly considers the process of
communicating science to the public, whereas the science education community by and large
focuses on the product—the knowledge and understanding of science that students gain as a result
of learning and engaging with science* (Kohen & Dori, 2019, p. 545). By process, the authors
refer to the way science content is communicated to the target audience, i.e., through various
communication channels. While science communicators prioritize engagement and outreach,
science educators (bound to formal settings and regulations) prioritize conceptual understanding
and knowledge about science.

Our project seeks to bridge this gap by designing an intervention that targets both objectives:
fostering science engagement through active participation in authentic communication practices
while simultaneously developing students’ scientific knowledge and explanatory competence.
Specifically, we implement this approach through a workshop where students are put into the role
of science communicators and create podcasts focused on Electromagnetic Radiation (EMR). In
the next section, we briefly discuss the relevance of communication competence for science
education and present the theoretical framework for the evaluation of the students’ explanations.
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The Role Of Communication Competence In Science Education

Through communication we make sense of the world, both through passive communication when
i.e. obtaining information from written text or listening to explanations from others and through
active communication when constructing our own explanations of observed phenomena.
Furthermore, the relevance of communication competence becomes clear when examining key
science education frameworks. For instance, communication competence is a core element of
PISA, as scientifically literate students should be able to “explain phenomena scientifically”, and
“research, evaluate and use scientific information for decision making and action” (OECD, 2023,
p. 9). Similarly, constructing explanations and communicating information are two out of the
seven science practices included in the Next Generation Science Standards (NGSS, 2013).
Moreover, explanatory and communication competencies are embedded in several school
curricula worldwide, including those of Austria and Germany.

As a result, Kulgemeyer and Schecker (2013b) developed a constructivist model of
communication competence. In this model, they distinguish between the subject adequacy and
the addressee adequacy of a communication product. Communication between addressee and
communicator is considered successful if the communication product is both addressee-adequate
and subject-adequate. An addressee-adequate explanation considers the addressee’s prior
knowledge and interests, whereas subject adequacy refers to the correctness of the communicated
information.

To analyse the subject adequacy of the students’ explanations in this study, we examine the
explanatory type and the explanatory depth. The explanatory type is linked to philosophical
accounts of explanation described in detail by Braaten and Windschitl (2011). For this study, we
adopted and slightly adapted their three levels of explanation: a) descriptive explanations which
answer questions about the what of a phenomenon and describe it on the basis of patterns and
surface features, b) process-oriented explanations, which answer questions about the how of a
phenomena by invoking causes and simple if-then relationships, and ¢) justifying explanations,
which answer questions about the why of a phenomenon by embedding it within the larger
framework and drawing on theoretical concepts and laws. Because these three explanatory types
do not capture the factual correctness of an explanation, we additionally examined its explanatory
depth.

Research Gap And Research Question

Although the construction of explanations is crucial for the development of students’ scientific
literacy, the research field is still emerging. There are few existing studies, i.e., Helms (2017)
developed a method to improve students’ explanations to teach their peers, de Andrade et al.
(2019) analysed students’ written explanations in the context of chemistry, Alameh et al. (2023)
compared explanations of students, teachers and experts and Kulgemeyer and Schecker (2013a)
filmed students while explaining physics contents during a roleplay. They analysed the filmed
explanations through a qualitative content analysis, focusing on the addressee-adequateness. The
more beneficial categories an explanation counted, the better its quality. In this study, we aim to
look deeper into the subject-adequacy of students’ explanations to answer to what extent the CK
affects the subject-adequacy of students’ explanations.

In previous studies, students had to explain a certain phenomenon in a fixed setting. It remains
unknown how students construct science explanations when put in the role of science
communicators and choosing their own topics. We further aim to discover how the students’
Content Knowledge (CK) and Communication Competence (CC)! affect the subject-adequacy of

! This influence of the CC on the explanations is not presented in this paper as the analysis is still in process.
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the students’ explanations and what contexts students choose for their podcasts as science

communicators. The following questions guide our analysis:

RQ 1: Does elevated content knowledge result in increased levels of subject-adequacy of the
students’ explanations?

RQ 2: What contexts do students choose to communicate their physics knowledge in podcasts
and how does the context affect the level of subject-adequacy of the students’ explanations?

Research Design

The presented study is embedded in the bigger project We talk about Science. In this project,
students are put into the role of science communicators and are tasked with the creation of science
communication products. The products are presented during science communication events for
the school community. To measure influences of the CK and the CC, we used two test groups
and one control group. One test group received a communication training (CT group) comprising
two school lessons in advance. The training consisted of theoretical knowledge on good
explanations and various tasks to practise explaining. The other test group received four physics
lessons on EMR prior to the Science Communication Workshops. In this article, we present the
results of the produced podcasts with a focus of the students’ CK and the podcasts’ contexts. The
study took place in the summer semesters of 2024 and 2025.

The Science Communication Workshops

The workshops in the second cycle in 2025 consisted of two days each comprising of three school
lessons (each 50°). On the first day, students were briefly introduced to the goals of science
communication (i.e., inform, entertain) and most important aspects to be considered when
producing science communication products (i.e., choosing the right medium, tailoring the product
to the target group). Afterwards, we presented the subject EMR to the students. This topic was
chosen as we knew that the participating students had not received any training on EMR prior the
intervention. Additionally, a teaching concept has been developed recently and evaluated for
secondary school students by Zloklikovits (2022) in Vienna. Based on this concept, we introduced
the students to some key ideas guided by a prepared power point presentation and interrupted by
experiments (i.e., feeling versus seeing IR-radiation, observing the effect of UV-radiation on UV-
sensible beads). Afterwards, we asked students how the new acquired knowledge should be
explained to their peers. We introduced them to an explanation cycle (see Malotki et al., 2026)
that was developed for the communication training. Subsequently, the students performed a paper
pencil test (~20”) to inquire about their CC and CK on EMR. The first day ended with the students
choosing a topic in the field of EMR for their podcasts. We supported the selection process with
a collection of links to information texts on the browser-based application taskcards. On a
pinboard, we arranged the links according to the type of radiation discussed in the texts. The texts
ranged from science communication texts from popular German speaking journals (i.e., Spektrum
der Wissenschafft) to information texts from the German Federal Office for Radiation Protection,
and physics texts especially for students (i.e., www.leifiphysik.de). In groups, the students planned
their podcasts with the help of printed storyboards. On the storyboards, they focused on three to
five main research questions, chose the genre of their podcast (i.e., interview or discussion
format), and planned their explanations. The next day started with the students writing scripts on
printed worksheets (~ 50°). In the next 50 minutes, students recorded their podcasts with their
mobile phones or tablets using the App CapCut (free version). In the last 50 minutes, students
edited and handed in their products. The workshop ended with listening and appreciating the
students’ podcasts. Also, the products were uploaded to our project website. This way, students
and teachers could share the podcasts with the school community, family and friends.
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In contrast to cycle II as described above, cycle I in 2024 provided maximum freedom for the

students. The first day, we briefly introduced the students to the five key ideas of EMR based on
the work of Plotz (2017, p. 5). Afterwards, the students posed three questions concerning EMR
on their own and then chose one question in groups of three. The students did research on the
internet to answer their chosen question. Using a storyboard and worksheets for preparing their
scripts (similar to cycle II), they planned their science communication products in their preferred
format: podcast, video or Instagram post. On the second day, students created their products.
There was no exact timeline for each step of the production process and the teacher as well as the
project team only assisted when help was required. The podcasts from cycle I will be examined
together as one group (Z1).

Participants

In this study secondary students from the age of 12 to 13 participated (N = 130-140 students from
six different classes). We chose middle school classes, as this is the most representative student
population in Austria. One of the participating schools is located in Vienna and two in rural areas
of Austria (Styria and Lower Austria). In contrast to the two schools in Styria and Lower Austria,
the school in Vienna is a private school with a greater percentage of students with migration
background. Next to the middle school in Upper Austria, there is a gymnasium-high achieving
students are therefore more likely to attend the gymnasium next to the middle school. This
information is important, as the location and separation of high-achieving and low-achieving
students probably influenced the quality of the learning products.

Research Method

For this study we chose a mixed-methods design to analyse the quality of the students’ podcasts
and influences of the students’ CK and CC. The students’ podcasts were analysed by applying a
structural thematic content analysis according to Kuckartz and Réidiker (2022). All podcasts (N
= 34; duration: approx. one to five minutes) were transcribed and then uploaded to MAXQDA
2024. After transcribing the podcasts, each text was read and structured in explanation sequences.
One explanation sequence (usually) equals the proposition of one student. Next, the type of each
explanation sequence was determined using the deductive subcodes: descriptive, process-
oriented, and justifying explanations. Subsequently, the depth of each student explanation was
examined. We distinguished the four subcategories non-physics, insufficient, superficial and
concept-oriented explanations. As this distinction resulted in a large number of non-physics
explanations, we examined the context of each explanation in more detail and categorised them
as dealing with physics, astronomy, history of physics, biology/medicine or Nature of Science
(NOS). To have a better impression of the students’ associations with science, we analysed NOS
aspects that students addressed in their explanations. For this purpose, we used the already
existing category system of Sattelkau (2021). She derived the NOS categories from diverse NOS
concepts (i.e., Family Resemblance Approach, Whole Science) and reflections on science
communication. In our analysis of the explanatory context of each explanation sequence and the
number of NOS dimensions, three types of podcasts emerged: Physics Podcast, Biological
Podcast and NOS Podcast.

To compare the different groups (CK group, CT group, Control group, and Z1 group) and the
different types of podcasts, we calculated scores of the explanatory depth and explanatory type.
Each proposition was assigned with one to three points, according to Table 1. The scores were
calculated by dividing the sum of the points in depth and type through the number of explanation
sequences in the podcast. For example, a podcast containing 4 propositions with three descriptive
explanations and one justifying explanation results in six points divided by four, achieving a Type
Score of 1.5. Similarly, the depth score of each podcast was calculated. To compare the groups,
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we used quantitative tests such as ANOVA and Kruskal-Wallis-Tests. Furthermore, we compared

the explanatory type and depth of the different podcast types using the Kruskal-Wallis-Test.
Finally, the CK test on EMR was evaluated to compare the content knowledge of the three
participating groups in the second cycle by running an ANOVA. To measure influences of the
students’ CK on the explanatory type and depth, we calculated correlations.

Table 1. Distribution of points according to the applied code.

0 points 1 point 2 points 3 points
Explanatory Depth Non-physics Insufficient Superficial Concept-oriented
Explanatory Type - Descriptive Process-oriented Justifying

Results
Analysis Of The Explanations’ Subject-Adequacy

We measured the level of the subject-adequacy by examining the type and depth of each
explanation in the podcasts. As one can see in Table 2, most assertions were coded as descriptive
explanations (n = 128). Those assertions deliver facts or describe observable phenomena, usually
answering questions about the “what of a phenomenon”. To a lesser extent, assertions were coded
as process-oriented (n = 31) or justifying (n = 32). Process-oriented explanations answer
questions to the “how of a phenomenon” and include i.e. if-then-clauses, showing simple relations
between descriptions (“what”) and their trigger (“how”). Justifying explanations answer
questions of the “why of a phenomenon” and include causes, theoretical concepts and laws,
usually signalled by the word “because”. To compare the podcasts of the different groups, a type
score of each podcast was calculated as described in the methods section. Running a Kruskal-
Wallis Test, no difference was found between the four groups. Neither the communication
training nor additional lessons on the concept of EMR seem to influence the explanatory type
score.

For determining the depth of explanations, the inclusion of physic concepts, theory and laws as
well as the correctness of the assertations was considered. At level zero, there are non-physics
explanations, which address a physics phenomenon but do not provide a physics-based
explanation (i.e., the history of the microwave oven and biological, medical subjects). At the next
level are insufficient explanations, which present a physics perspective but are based on incorrect
facts. The next level comprises superficial explanations, which include mostly correct facts but
do not connect them to underlying physics concepts. In contrast, concept-oriented explanations
contain physics concepts, draw conclusions, and rely on correct information only. In Table 2, one
can find the distribution of codes concerning the explanatory depth. Calculating the depth score
and comparing the measures of the groups did not show any differences when computing the
Kruskal-Wallis Test, y°(3) = 3.764, p < .288, £2 = .114. However, the CK group shows a slightly
higher mean depth score when compared to the other groups. Especially when looking at Dunn’s
post hoc comparisons, the highest difference was found between the CK and Z1 group (p = .060).
This might indicate that the additional lessons on EMR before the workshops had some effect on
the explanatory depth. Moreover, the Z1 group that received the least information on EMR and
the least guidance during the workshop achieved the lowest mean depth score of all groups,
however we found no significant differences.

Influences Of The Students’ Content Knowledge On The Explanations’ Subject-Adequacy

In cycle 11, the students took a brief paper-pencil test on EMR to measure influences of their CK
on the explanation quality in their podcasts. After verifying the assumptions, we conducted an



603
ANOVA which revealed significant differences between the groups in their CK (£(2, 68) =10.02,

p <.001, »?=.23). Post hoc comparisons using Tukey’s test showed that the CK group did not
differ from the control group, #(68) = .677, p =.777, d = .198. However, we found significant

Table 2. Distribution of subcodes in the categories type and depth of explanations.

Type of Explanations Depth of Explanations
71 CCKCTTotal 71 CCKCTTotal
Descriptive 453329 21 128 Non-physics 30179 9 65
Process-oriented 8 6 8 9 31 Insufficient 707 9 23
Justifying 136 6 7 32 Superficial 222324 16 85
SUM 6645 43 37 191 Concept-oriented 7 5 3 3 18
N =Documents 128 7 7 34 SUM 664543 37 191

N=Documents 128 7 7 34

differences between the CK and CT group, #68) =4.181, p <.001, d = 1.207 and the control and
CT group, #68) = 3.458, p <.003, d = 1.009. Although the mean test score of the CK and control
group was significantly higher than the test score of the CT group, comparing the depth scores in
the section above, those groups did not present explanations in more depth. This is also evident
when examining the correlations between one group's content knowledge and their explanatory
type score, as we found no correlation between students' mean test scores and explanatory type
or depth.

Context Of The Explanations

During the analysis of the explanations’ depth, many non-physics explanations emerged.
Nevertheless, the podcasts clearly referred to the field of science. Therefore, we added the main
category NOS dimensions to explore which aspects of science the students discussed. As a first
step, we decided for each proposition if a phenomenon was explained from a physics, astronomy,
history of physics or biological/medical perspective. Explanations that did not fit into any of those
categories were coded as NOS. Next, we analysed all explanations regarding NOS dimensions
using the coding manual of Sattelkau (2021). An overview of found NOS dimensions in the
podcasts and their adapted and summarized descriptions can be found in The Explanations’
Subject-Adequacy In The Different Genres Of Podcasts

Given the non-normal distribution of the data, a Kruskal-Wallis test was used to compare the
depth scores and type scores of the different genres of podcasts. The test showed that the three
genres differed significantly in terms of the explanatory depth y2(2) = 14.333, p <.001, €2 =
434. In Dunn’s post hoc comparisons, Physics Podcasts achieved significantly higher depth
scores than NOS Podcasts (p <.001, b = .850) and Biology/Medicine Podcasts (p = .002, rrb =
.800). As expected, there were no significant differences comparing the types of explanations
between the three genres, y2(2) = 1.971, p = .373, ¢2 = .060. However, this result is not
surprising, as NOS Podcasts and Biology/Medicine Podcasts count a higher number of non-
physics explanations which are scored with zero points.

Table 3.

By comparing the number of applied codes in each podcast two main genres of podcasts emerged:
Science Podcast (n = 22) and NOS Podcast (n = 12). Podcasts coded as Science Podcasts mainly
focus on scientific explanations, either from a physics or biological/medical perspective on
selected phenomena of EMR. Therefore, we distinguished between two subgenres depending on
the referred science discipline: Physics Podcasts (n = 10) or Biology/Medicine Podcasts (n = 12).
Physics Podcasts not only included science explanations but also the two dimensions NOS
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Products and NOS Production. For instance, one group described how the sunlight can be used

for energy production through solar panels (= subcode Applications in the dimension NOS
Products). In Biology/Medicine Podcasts, we only discovered the NOS dimension Products with
two subcodes Applications and Risks and Benefits. Several Biology/Medicine Podcasts presented
the application of X-ray imaging, highlighting its benefits for medical examinations, as well as
its risks. In contrast, NOS Podcasts displayed a variety of NOS dimensions, for example, they
name different nationalities of scientists, describe collaborations and typical tasks of scientists
(NOS Actors) and name different institutions around the world (NOS Players). In the main NOS
Podcasts category, we discovered the subgenre History of Physics Podcasts. For instance, one
group described the coincidental invention of the microwave oven, while another podcast tells
the story of the discovery of infrared light in 1800 (NOS Production). Furthermore, we found
evidence in the NOS Podcasts that, alongside the development of Applications, one goal of
science is the acquisition of Knowledge (NOS Products).

The Explanations’ Subject-Adequacy In The Different Genres Of Podcasts

Given the non-normal distribution of the data, a Kruskal-Wallis test was used to compare the
depth scores and type scores of the different genres of podcasts. The test showed that the three
genres differed significantly in terms of the explanatory depth y?(2) = 14.333, p <.001, & = 434,
In Dunn’s post hoc comparisons, Physics Podcasts achieved significantly higher depth scores
than NOS Podcasts (p < .001, r» = .850) and Biology/Medicine Podcasts (p = .002, r.» = .800).
As expected, there were no significant differences comparing the types of explanations between
the three genres, ¥*(2) = 1.971, p = .373, £ = .060. However, this result is not surprising, as NOS
Podcasts and Biology/Medicine Podcasts count a higher number of non-physics explanations
which are scored with zero points.

Table 3. Short descriptions of the NOS dimensions, adopted and adapted according to
Sattelkau (2021). Specific examples found in the products are given in brackets.

Knowledge (n=6) One intention is the generation of knowledge, differentiation between models,

g theories and laws (i.e., finding out the origin of the universe)
S ' |Applications Specific applications or technologies, optimization of applications and visions
s L PP P pp g P pp
&= |(n=65) of future applications; Risks and benefits for humans and the environment
(i.e., risks of x-ray imaging)
Politics (n=1 Diverse political actors, Scientific findings inform political decisions, politics
p g p p

can influence the direction of scientific research, i.e. through financing (i.e.,
Federal Office for Radiation Protection)

Society (n=10) Influences of society’s needs, development through science, science
communication, trust and mistrust (i.e., what radiation types are dangerous,
radiation protection)

Science (n=19) [Institutions, Disciplines, Financing of Science and Lobbying (i.e., scientific
facilities around the world, collaborations in large science projects)
Industry and Influences of industry and economy on scientific projects, input and output of
Economy (n=1) |science for industry (i.e., invention of the microwave in the laboratory of an
armaments industry)

Personnel Scientists have various cultural, religious, gender backgrounds and
Diversity (n=19) |nationalities, different professions (i.e., physicists)

|Activities (n=15) |Scientists produce knowledge through observing, examining, measuring, ...

Players
(n=31)

NOS Dimensions

s name substances, planets etc.
19, T |Characteristics Scientists have different personalities, typical and atypical characters (i.e.,
< (n=2) curiosity), they experience success and failure, have vast expertise
Social Interactions [Scientists work together, discuss findings in (inter-)national conferences, use
(n=4) peer reviews, award prizes for outstanding work or name i.e. methods after
scientists (i.e., Planck Telescope)
o Methods, Nature of scientific inquiry, different scientific methods, empirical evidence,
-2 & |mechanisms and  [formulation and testing of hypotheses (i.e., drawing on empirical evidences,
é E ractices (n=18) presenting different scientific methods)
E — |Development and (Scientific findings take time, there are highs and lows, errors and

Time (n=6) irregularities (i.e., coincidental invention of microwave oven, year dates)
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Discussion

Students Mostly Provided Descriptive And Superficial Explanations

Although children are usually interested in more detailed information when confronted with
explanations (Why is that so?), they did not show the same inquisitiveness about their own
explanations in the analysed podcasts. Students mostly offered descriptive explanations and
rarely provided justifying or process-oriented explanations. However, in the second cycle, we
explained that in science, a claim is always followed by justifications. This was also one of the
points highlighted in the communication training. Nevertheless, the CT group did not provide
more justifications than the other groups. We do not know whether students are satisfied with the
quality of their explanations or if they simply were overwhelmed by all the steps they had to take
in our workshop. It is also possible that students lacked detailed knowledge of the phenomenon
to be explained. Note that students did not show signs of time pressure during the research phase.

Furthermore, all groups tended to provide predominantly superficial explanations. We
anticipated that the CK group might provide explanations in more depth, since they could rely on
key ideas and experiences from the lessons on EMR before the workshop. However, the CK
group did not provide a higher number of concept-oriented explanations than the other groups.
This might indicate that students need some kind of guidance to connect prior knowledge to new
information gathered from research. Additionally, Schecker and Hoéttecke (2021) report that in
students’ explanations claims often lack the connection to physics principles. To guide students
in this process, Tschentscher and Berger (2016, as cited in Schecker & Hoéttecke, 2021, p. 500)
developed the methodological tool “Explanatory Chain” (Erklédrkette) to support students in
formulating subject-adequate explanations.

Interestingly, only about 12 % (n = 23) of the propositions were coded as insufficient, which
means that explanations based on wrong facts (i.e., humans cannot see but feel UV radiation, or
gamma radiation is radioactive) were not predominant in the student-created podcasts.
Nevertheless, we found a large number of explanations that were not physics related. This raises
the question of whether students avoid intensive engagement with physics topics, preferring to
talk about related sciences (i.e., biology or medicine) rather than explain phenomena from a
physics perspective.

Influences Of The Content Knowledge On The Quality Of Explanations

In this study, we did not find statistical evidence that higher levels of CK resulted in higher quality
of explanations. This was measured by evaluating the subject-adequacy in terms of the type and
depth of explanations. The mean scores of the groups on the CK-test neither influenced the depth
score nor the type score. This might indicate that it does not suffice to provide students with
information about a certain topic to provide high quality explanations. This is in line with
previous studies on CK and its influences on students’ communication skills (Kulgemeyer &
Schecker, 2013b). Similar results were found for teachers, needing a certain level of pedagogical
content knowledge (PCK) to use their CK for delivering high-quality explanations (Kulgemeyer
& Riese, 2018). Perhaps students too must develop communication competence skills in science
education in order to provide high-quality explanations. Interestingly, students are usually tasked
with the formulation of explanations during science lessons or in exams without being prepared
with explanatory skills. As part of this study, we therefore developed and evaluated a
communication training that focused on the addressee-adequacy of explanations. So far, the CK
group has not shown better results in terms of the subject-adequacy of explanations. However,
the results regarding the influences of the CC on the subject-adequacy as well as influences of
the communication training on the addressee-adequacy are still being processed.
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Three Genres Of Students’ Podcasts: Physics, Biology/Medicine, Nature Of Science

A deeper analysis of propositions coded with the subcategory non-physics opened a new
perspective on the student-produced podcasts. We found two main genres of podcasts, Science
Podcasts with the focus of explaining phenomena scientifically (at an age-adequate level) and
NOS Podcasts that embed a topic in the field of EMR in a broader picture and address various
aspects of science. In this category, we found the subgroup History of Science Podcasts. This is
especially interesting, as one propagated way of teaching NOS is through the History of Science
approach. Regarding the distribution of genres in the different groups, most NOS Podcasts were
found in cycle II (n = 10) in the control group (n = 5). This might be influenced by the fact that
we offered them a diverse range of topics concerning EMR on taskcards. However, in the end
the students chose the topic by themselves. Furthermore, ten out of twelve Physics Podcasts were
also created in cycle II. One might anticipate that most of the Physics Podcasts were produced by
the CK group, however, in each group of cycle II we found three or four Physics Podcasts.
Interestingly, eight out of twelve Biology/Medical Podcasts were created in cycle I. Apparently,
students avoid deeper engagement with a chosen topic from a physics perspective, especially if
they are not confronted with pre-selected topics/texts.

Limitations
Please consider that there are several limitations in this study:

- The correlations between the CK and the explanation quality in the first cycle is based on a
small number of students (N = 71). The analysis of the explanatory type and depth score is
based on both cycles with a sum of n = 34 podcasts. However, this is an exploratory study
with a focus on the development of teaching materials.

- The findings reported are preliminary, as this is part of the ongoing dissertation project of the
first author. Intercoder agreement on the coded data is planned for summer 2026.

- The groups included are not easily comparable, as the students have different socioeconomic
backgrounds. Additionally, two of the participating middle schools are located next to a
gymnasium. Consequently, high-achieving students are more likely to attend the gymnasium.
In contrast, there is no gymnasium near to the third middle school (control group). This may
explain why the control group performed better in the CK test. The choice of different schools
was made due to the project’s focus on science communication and the goal of greater
outreach.

- As the podcasts are created in groups, it was not possible to compute correlations between
individual CK scores and their skills in providing subject-adequate explanations.

- The used CK test on EMR is based on previous work of Zloklikovits (2024). The adapted and
used items were not evaluated in advance. Also, the test only consisted of four items due to
time restrictions.

Conclusion

Although we established considerable high standards for the students, they delivered
commendable products in a short period of time and demonstrated strong engagement during the
podcast production on the second day of the workshops. Incorporating science communication
practices, particularly divers communication channels and attention to communication processes,
appear to be effective approaches to engage students with science. While approximately a third
of the created podcasts focused on physics explanations to present a chosen topic in the field of
EMR another third of the podcasts focused on facts about science. This might indicate that the
production of podcasts might be a beneficial way to teach NOS, especially when addressing NOS
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explicitly. However, aiming at the production of Physics Podcasts, students need more guidance

in obtaining information and translating gathered information into valuable science explanations.
Formulating subject-adequate explanations is a skill that must be learned. One way of supporting
this process is through the explanatory chain developed by Helms (2017). The analysis of the
explanations’ addressee-adequacy and influences of the developed communication training on
the students’ explanations are still ongoing. So far, this article presented a useful way of analysing
the subject-adequacy in terms of type and depth of explanations. Those categories along with
characteristics of the addressee-adequacy will be part of a diagnostics tool for analysing students’
explanations. To conclude, we think that next to a certain level of CK, students should be prepared
with explanatory skills in science education as are teachers with PCK. By strengthening students’
communication skills, we enable them to express and share their knowledge effectively.
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Japanese primary school education is required to develop the ability to make scientific
Jjudgements about food safety and prevent food poisoning. For example, the consumption of
pufferfish requires a scientific understanding and judgement of the bioaccumulation of pufferfish
toxins. An argument consisting of ‘claim — evidence — reasoning’ is effective in using scientific
understanding, and, in particular, the appropriate use of evidence is considered important.
Therefore, this study developed an argument construction support system ‘Argu-made 2.0°, and
conducted a class using this system and simulators by Matsuyama et al. (2023) promoting
understanding of the bioaccumulation of pufferfish toxin, and the effectiveness of Argu-made 2.0
was evaluated. This class was conducted for sixth-grade food-chain studies. Students learned
about the bioaccumulation of pufferfish toxins using simulators and constructed arguments while
examining the evidence in Argu-made 2.0. The effectiveness of Argu-made 2.0 was evaluated
from two perspectives: ‘examination of evidence’ and ‘achievement of scientific judgement’. In
‘examination of evidence’, the process of using evidence appropriately in Argu-made 2.0 was
analysed, while in ‘achievement of scientific judgement,’ the content of the students’ arguments
was analysed. The results showed that 48 [87%)] students selected appropriate evidence, and 42
[76%] constructed arguments by correctly constructing all elements. These results indicate that
Argu-made 2.0 was effective in supporting sixth-grade students in considering appropriate
evidence and in making scientific judgements about the presence or absence of pufferfish toxins.

Keywords: Argument, Primary school, Argu-made 2.0
Introduction

Japanese primary school education is necessary to make effective scientific judgements about
food behaviours, which is crucial for food safety especially preventing food poisoning. However,
not only in Japan, recent studies have indicated that many consumers make incorrect judgements
about food safety due to limited knowledge and awareness (e.g., Sharif & Al-Malki, 2010). There
is a growing need for teaching methods that enable primary school students to learn to handle
food safely and make informed judgements using this knowledge.

One example of scientific judgement regarding food safety is food poisoning by pufferfish toxins.
In this case, a scientific understanding of the bioaccumulation of pufferfish toxins and a scientific
judgement regarding the safety of consuming pufferfish by applying this understanding are
necessary (e.g., Malloggi et al., 2023). Students must understand how the concentration process
works to gain a scientific understanding of pufferfish toxin bioaccumulation. The simulator
developed by Matsuyama et al. (2023) to understand the bioaccumulation of pufferfish toxins
was effective in promoting this process. Developing the ability to form scientifically valid ideas
(claims) is key to making scientific judgements. Arguments structured as ‘claim (answer to a
question) - evidence (experimental results) - reasoning (scientific principle)’ have proven
effective (e.g., Kamiyama et al, 2015; Iordanou et al, 2019). In particular, since the use of
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appropriate evidence provides higher scientific credibility and validity to one’s claims, it is

important to consider the appropriateness of evidence in terms of it being obtained for proper
purposes and methods and it being linked to one’s claims while being based on theoretical support
(scientific conventions) (Duncan et al., 2018).

Matsuyama et al. (2024a) developed an argument construction support system, ‘Argu-made’, to
help users share, compare, and examine evidence online to promote the appropriate use of
evidence. Matsuyama et al. (2024b) developed and evaluated a teaching method to encourage
scientific judgement on the subject of bioaccumulation of pufferfish toxins, using a simulator
developed by Matsuyama et al. (2023) in combination with arguments consisting of ‘claim-
evidence-reasoning’. The results showed that some students did not appropriately use their
knowledge of the mechanism of bioaccumulation in their scientific judgements, indicating the
need for improved instruction on the structure of evidence and reasoning.

Therefore, this study focused on examining this evidence, which was one of the challenges
identified by Matsuyama et al. (2024b). To improve evidence examination, support is needed to
allow opinions on the appropriateness of evidence to be shared and compared online and
reconsidered from multiple perspectives. Therefore, we improved Argu-made by Matsuyama et
al. (2024a) and developed an argument construction support system called ‘Argu-made 2.0’ that
has the functions to realise these improvements. Unlike traditional paper media, this system
enables asynchronous commenting based on individual progress, improving learner participation.
Another feature is that past opinions can be confirmed and revised based on the comment history.
This study aimed to develop and implement an instructional method using the simulator by
Matsuyama et al. (2023) and Argu-made 2.0, and to analyse the effectiveness of this method by
focusing on the process of examination of evidence by students and the achievement level of
scientific judgement.

Research Question

This study verified the effectiveness of Argu-made 2.0. The two research questions are as follows:
Did Argu-made 2.0 support the evidence for bioaccumulation of pufferfish toxin?

Was Argu-made 2.0 effective in achieving scientific judgement?

Argument Construction Support System ‘Argu-made 2.0’

Argu-made 2.0—a system developed using the no-code application development tool ‘Adalo’—
supports the construction of an argument consisting of ‘claim (answer to a question) - evidence
(experimental results) - reasoning (scientific principle)’. Figure 1 shows the home screen of Argu-
made 2.0. Using the ‘Decision of Claim ((1))’ function, users decide on the claim (the answer to
the question) and make a plan for the construction of the argument, such as considering the
characteristics of evidence to enhance its scientific reliability and validity (hereinafter referred to
as ‘appropriate evidence’). Using the ‘Examination of the Evidence ((2))’ function, they can
compare evidence and discuss the appropriateness of each evidence while considering the
evidence to be used in the argument. The ‘Examination of the Reasoning ((3))’ function allows
them to construct reasoning that strongly supports the scientific credibility of their claims
(hereafter referred to as ‘appropriate reasoning’), just as when considering the selection of
evidence.
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Figure 1. Home screen.
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Selecting ‘Examination of the Evidence ((2))’ takes the users to the screen shown in Figure 2.
Several pieces of evidence are submitted and shared here. They can extract appropriate evidence
with a good mark ((2)-2) using the characteristics of the appropriate evidence noted in (2)-1 as a
hint. Furthermore, by selecting the comment mark ((2)-3) on each piece of evidence, they can
move to the screen shown in Figure 3 to examine the appropriateness of the specified evidence.
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Overview Of The Class

A four hour long class was conducted by the second author in the science course ‘Connections
among living creatures’ for 55 sixth-grade students (11-12 years old). Students had already
studied the food-chain on land and in rice paddies. At the beginning of this class, they also knew
that pufferfish toxin is not produced endogenously but by marine bacteria. They were asked the
following learning question: ‘If only marine bacteria were not eaten, would pufferfish be
poisonous?’ They made scientific judgements about the presence or absence of pufferfish toxins
in the following two scenarios.

In Scenario 1, using the simulator and the knowledge of the content of the previous class, the
students were asked to organise the food-chain with the five creatures (pufferfish, crabs, starfish,
clams, and marine bacteria) and understand the basic mechanism of bioaccumulation: All the
toxin in the prey is absorbed into the predator’s body. In Scenario 2, through simulations, they
confirmed the mechanism of bioaccumulation: The amount of toxin accumulated depends on
what and how much a predator preys on, and more toxin is accumulated as it gets closer to the
top of the food-chain. Subsequently, they constructed arguments using Argu-made 2.0. First, the
students were given the prospect of constructing the argument by deciding their claim with the
function of ‘Decision of Claim ((1) in Figure 1)’. Next, they submitted and shared their evidence
using the function of ‘Examination of the Evidence ((2) in Figure 1)’, and extracted the evidence
they considered appropriate with a good mark ((2)-2 in Figure 2). Only one appropriate piece of
evidence was selected when discussing the appropriateness of each piece of evidence with
comments ((2)-4, 5 in Figure 3). Finally, the function of ‘Examination of the Reasoning ((3) in
Figure 1)’ was used to construct the appropriate reasoning just as when considering the selection
of evidence.

Analysis

The class was evaluated from two perspectives: ‘examination of evidence’ and ‘achievement of
scientific judgement’. In the ‘examination of evidence’, the extraction of evidence with good
marks ((2)-2 in Figure 2) from students’ activity history in Argu-made 2.0 in scenario 2 was
analysed by classifying the students into four types (Table 1).

For the ‘achievement of scientific judgement’, the content of the students’ arguments in scenario
2 were analysed by scoring them, and their judgements about the presence or absence of
pufferfish toxins were evaluated. We scored the claims, evidence, and reasoning independently
on a 1-point scale, with the sum of the scores on a 3-point scale, based on a rubric. Concerning
claim, one point was awarded if the student was able to write ‘poisonous’ in response to the
question: If only marine bacteria were not eaten, would pufferfish be poisonous? Concerning
evidence, one point was awarded if the student was able to select the experimental result: the
pufferfish fed on zero marine bacteria and at least one other creature of one or more species. For
reasoning, one point was awarded for correctly describing the basic explanation of how
bioaccumulation works: All the toxins in the prey are absorbed into the body of the predator.

Results

From the ‘examination of evidence’ section, Table 1 shows the status of evidence extracted with
good-mark. Of the students who selected appropriate evidence, Type A (42 [76%]) extracted only
appropriate evidence with good marks. Type B (6 [11%]) selected appropriate evidence at the
end, although they extracted appropriate and inappropriate evidence with good marks.

Among the students who ultimately failed to select appropriate evidence, Type C (2 [4%])
extracted appropriate and inappropriate evidence with good marks. Type D (4 [7%]) extracted all
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inappropriate evidence with good marks. Type E (1 [2%]) did not select anything at the extraction

or selection stage.

In the ‘achieving scientific judgement’ section, 54 out of 55 [98%] students received a score of 1
for the claim, 48 [87%] for the evidence, and 47 [85%] for the reasoning in each component. In
addition, 42 students [76 %] correctly constructed all the elements (students who scored a perfect
score of 3). Most students used the food-chain and bioaccumulation mechanisms to make
scientific judgements regarding the presence or absence of pufferfish toxins while providing
evidence of appropriate simulation results.

Table 1. Extraction of evidence with the good-mark to its adoption into the argument

Type Number of students [The ratio]
A: All evidence given a good mark is appropriate, and the appropriate evidence is 42 [76 %]
ultimately selected.
B: The evidence given a good mark is a mixture of appropriate and inappropriate 6[11 %]

evidence, but the appropriate evidence is ultimately selected.
C: The evidence given a good mark is a mixture of appropriate and inappropriate 2[4 %]
evidence, and the inappropriate evidence is ultimately selected.

D: All evidence given a good mark is inappropriate, and the inappropriate evidence is 47 %]
ultimately selected.
E: None of the evidence was given a good mark, or no evidence was ultimately selected. 1[2 %]
Discussion

Argu-made 2.0 developed in this study was able to support the examination of evidence regarding
the bioaccumulation of pufferfish toxins. Based on the status of the extraction of evidence with
good marks, Argu-made 2.0 effectively helped sixth-grade students examine appropriate
evidence. This effectiveness was attributed to Argu-made 2.0 encouraging the step-by-step
selection of evidence using the good-mark function and supporting discussion its appropriateness
during the selection process.

Furthermore, Argu-made 2.0 was effective in achieving scientific judgements. Most students used
food-chain and bioaccumulation mechanisms to make scientific judgements about the presence
or absence of pufferfish toxins while providing appropriate evidence. This success was likely
because the selected evidence could be uploaded immediately to the argument, reducing the
workload for the students and allowing them to focus on constructing arguments without
interruptions. Additionally, since Argu-made 2.0 allows repeated modifications after uploading,
this feature likely encouraged the students to re-examine the appropriateness of their evidence.

Future studies should investigate these factors in greater detail through questionnaires and follow-
up interviews.
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This study explores gendered participation patterns in secondary school science group work by
integrating Automatic Speech Recognition (ASR) and Social Network Analysis (SNA) in authentic
classroom settings. Audio data were collected during science activities involving 16 students in
a Finnish secondary school, using individual microphones with separate-channel recording to
capture student speech. ASR was applied to generate time-stamped transcriptions and speaker
labels, and interaction networks were subsequently constructed using SNA to identify
participation patterns and student roles. Student speech was also manually coded into functional
categories to examine discourse roles over time. The results demonstrate that ASR, when
combined with individual microphone systems, can accurately differentiate speakers and capture
student interactions in natural classroom environments. SNA effectively identified central and
peripheral participation roles, while discourse analyses revealed how gender, science identity,
and extroversion intersect to shape students’ participation patterns. Although exploratory, this
study highlights the methodological potential of combining ASR and SNA for fine-grained and
scalable analyses of equitable participation in science classrooms.

Keywords: gender difference, automatic speech recognition, social network analysis
Introduction

Gendered Participation In School Science Group Work

Over the last decade, in many countries including Finland, female students have outperformed
male students in school science subjects (OECD, 2016; 2023). In addition, previous studies
indicate that female students tend to report stronger preferences for collaboration (Li et al., 2021)
and higher levels of extroversion than their male peers (Weisberg et al., 2011). Taken together,
these characteristics—higher academic performance, greater cooperativeness, and stronger
extroversion—would suggest that female students are likely to participate actively in science
group work.

Contrary to this expectation, participation in science group work often follows gendered patterns.
Research consistently shows that boys tend to dominate group interactions and assume leadership
roles, whereas girls are more frequently positioned at the periphery of group activities
(Wieselmann et al., 2020). One potential explanation for this pattern lies in differences in science
identity. Boys, on average, report higher levels of science identity, encompassing recognition,
confidence, interest, and perceived competence, compared to girls (Williams & George-Jackson,
2014).

However, science identity alone does not fully explain observed participation dynamics.
Empirical evidence suggests that some girls with high levels of science identity still participate
passively in group work, while some boys with relatively low science identity engage actively
(Kang, 2023). Moreover, it remains underexplored why girls’ reported extroversion and
collaborative preferences are not consistently manifested in their observable participation during
science group activities. These inconsistencies point to a need for more nuanced analyses that
consider the intersection of gender, science identity, and personal characteristics in shaping
participation patterns.
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To date, however, most studies investigating gendered participation in science group work have

relied on small samples and labor-intensive manual observation or coding. While such
approaches have provided important insights into classroom interaction, they offer limited
temporal resolution and constrain the ability to examine participation patterns systematically
across groups and contexts. There is therefore a clear need for methodological approaches that
enable scalable, fine-grained analyses of student participation in authentic classroom settings,
making it possible to link individual dispositions with observable interactional roles and
participation trajectories.

Emerging Technologies For Capturing Participation Patterns

Traditionally, participation patterns during group work have been examined through direct
classroom observation or video-based coding schemes, both of which are time-intensive and
limited in scalability (e.g., Wieselmann et al., 2020). While these approaches allow for rich
qualitative interpretation, they pose challenges for capturing fine-grained interactional dynamics
across larger samples and multiple classroom contexts.

Recent advances in educational data science have introduced computational approaches that offer
new possibilities for analysing classroom interactions in more systematic and scalable ways. One
such approach is Automatic Speech Recognition (ASR), which enables the automated
transcription of spoken interactions and the quantification of verbal participation (Jensen et al.,
2021; Pugh et al., 2021). In classroom research, ASR has primarily been applied to teacher talk,
as it is logistically easier to equip a single teacher with a high-quality microphone than to provide
individual recording devices for students (Jensen et al., 2021). Only a small number of studies
have applied ASR to student speech. For instance, Pugh et al. (2021) examined collaborative
dialogue among students aged 12—15 using headset microphones; however, their data were
collected outside natural classroom environments, with students interacting in pairs over Zoom.
Consequently, the potential of ASR to capture student participation in authentic, face-to-face
science group work remains underexplored.

While ASR enables the identification of who speaks and how much, it provides limited insight
into the relational structure of interactions within a group. To address this limitation, Social
Network Analysis (SNA) has increasingly been adopted in educational research as a powerful
analytical framework for examining interactional patterns among learners (Saqr et al., 2020).
SNA conceptualizes classroom interactions as networks, where students are represented as nodes
and communicative exchanges as ties. This approach makes it possible to identify participation
structures, such as central or peripheral roles, leadership, and dominance, that may not be readily
visible through frequency-based measures alone.

In the context of group work, SNA has been used to examine collaboration quality, knowledge
construction, and social positioning within learning groups (Saqr et al., 2018; 2020). Importantly,
SNA offers a theoretically grounded way to operationalize participation as a relational
phenomenon rather than an individual attribute, making it particularly well suited for
investigating gendered participation patterns.

Integrating ASR with SNA offers a promising methodological advancement. ASR can provide
automated, fine-grained data on verbal interactions, while SNA can model these interactions as
dynamic networks that reveal students’ participation patterns and roles within group work.
Despite this potential, empirical studies that combine ASR and SNA to analyse student
participation in natural classroom settings remain scarce. This study seeks to address this gap by
leveraging the complementary strengths of ASR and SNA to examine gendered participation
patterns in science group work.
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Research Aim And Questions

Addressing these gaps, the present study aims to examine students’ participation patterns during
science group activities conducted in natural classroom settings. Specifically, it investigates how
gender, science identity, and personality characteristics—particularly extroversion—are
associated with students’ participation patterns and roles within group work. Methodologically,
this study explores the integration of ASR and SNA as complementary tools for identifying
participation structures and interactional roles in an automated and scalable manner.

The study is guided by the following research questions:

RQI1. Can ASR capture and differentiate students’ speech during science group activities in
natural classroom settings?

RQ2. Can SNA effectively identify participation patterns and student roles within science group
work?

RQ3. How are gender, science identity, and personality traits (extroversion) related to students’
participation patterns and roles in science group activities?

Methods

Sample, Data Collection, And Measures

The study was conducted with high school students participating in a mandatory two-day science
project on sustainability in Finland. A total of 28 students took part in the project, of whom 16
volunteered to have their voices recorded during the first two-hour brainstorming session. These
16 students were organized into four groups, each consisting of four members. Three groups
comprised two female and two male students, while one group consisted of one female and three
male students.

To capture individual student speech during group work, each participating student was provided
with a wireless microphone. Audio signals were recorded on separate channels using an LR20
mixer to ensure high-quality speech input suitable for ASR processing. After recording, the audio
channels were grouped according to team membership and merged into four final audio files—
one per group—while preserving channel-level information for speaker identification.

In addition to audio data, students completed questionnaire measures assessing science identity
and personality characteristics, including extroversion. These self-report measures were used to
contextualize participation patterns identified through ASR and SNA and to explore potential
associations between individual characteristics and participation roles.

Data Analysis

ASR processing generated time-stamped transcriptions and speaker labels, which served as the
basis for constructing interaction networks for SNA. To address RQ1, the quality of ASR outputs
was evaluated using two complementary metrics: Word Error Rate (WER) and Diarization Error
Rate (DER). WER quantifies the proportion of incorrectly recognized words relative to a human
reference transcript, with lower values indicating greater transcription accuracy. In speech
recognition research, lower WER values (e.g., below approximately 20-30% in noisy multi-
speaker environments) have been considered acceptable for interaction-level analysis rather than
for perfect lexical accuracy alone (Attia et al., 2023).

On the other hand, DER measures the proportion of total recording time that is incorrectly
attributed to speakers, combining false alarms, missed speech segments, and speaker confusions
into a single error metric. DER is the most widely used metric for evaluating speaker diarization
systems, especially in multi-speaker contexts where correctly identifying “who spoke when” is
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critical for interaction analysis. In natural, spontaneous speech environments such as classroom

group discussions, DER values up to mid-30% range have been reported in recent diarization
research as indicative of a feasible diarization system for exploratory interaction analysis (Wang
et al., 2024).

The outputs of ASR (time-stamped transcriptions and speaker attributions) were used to construct
participation networks for SNA. In these networks, students were represented as nodes, and ties
were defined based on temporal co-occurrence of speech segments and turn-taking interactions.
SNA indicators (e.g., degree and eigenvector centrality) were then used to distinguish between
more central and more peripheral participants within each group, addressing RQ?2.

Survey data on science identity and personality traits were integrated with ASR- and SNA-
derived indicators to explore associations between individual characteristics (gender, science
identity, extroversion) and participation patterns, addressing RQ3. Given the pilot nature of the
study and the small sample size, these analyses were exploratory and aimed at identifying
preliminary trends rather than testing causal relationships.

To complement the automated analyses, a manual content analysis of student speech was
conducted. Each utterance was coded into one of six functional categories: directing, elaborating,
questioning, sharing, disagreeing, or agreeing. This coding provided (a) richer interpretive insight
into participation patterns beyond structural measures, and (b) a labelled dataset for future
development of machine learning models for automated speech function classification. In the
present pilot study, the manually coded speech functions were incorporated into the participation
analysis to capture both quantitative interaction structures and qualitative discourse roles.

Results

RQ1. Can ASR Capture And Differentiate Students’ Speech During Science Group
Activities In Natural Classroom Settings?

Audio data were collected from four student groups in a secondary school science classroom. To
address RQI, an initial performance evaluation was conducted using the audio data from the first
group to compare several commercially available ASR systems, including Whisper, Google
Cloud Speech-to-Text, AWS Transcribe, and AssemblyAl. The comparison focused primarily on
the systems’ ability to accurately differentiate between individual speakers in a natural classroom
environment. Based on this evaluation, AssemblyAl was selected for subsequent analyses, as it
demonstrated the highest speaker differentiation accuracy.

For the first group, ASR performance was quantitatively evaluated using WER and DER. The
word-level comparison between ASR output and human transcripts yielded a WER of
approximately 2.1% (63 word errors out of 3001 reference words), indicating very high lexical
accuracy. At the utterance level, comparison of human and ASR speaker labels resulted in a
confusion-based DER of approximately 19.5%, corresponding to a speaker attribution accuracy
of about 80.5%. These values substantially exceed typical feasibility thresholds reported for
classroom-based, multi-speaker ASR applications, where considerably higher error rates are often
considered acceptable for participation-level analysis. Following this initial evaluation,
AssemblyAl was applied to the remaining three groups.

Despite the overall high accuracy, minor errors were observed in both word recognition and
speaker identification. For example, as shown in Table 1, in Occurrence 1, the utterance “I don’t
have any ideas” was incorrectly transcribed as “I do have any ideas,” representing a word-level
recognition error. In Occurrence 298, an utterance was incorrectly attributed to a group member
when it originated from a brief interruption by a neighboring group, resulting in a speaker
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attribution error. Such cases were rare and did not meaningfully affect the identification of

speaker turns or overall participation patterns.

As illustrated in Table 1, the ASR system detected approximately 300 speech occurrences among
the four members of the first group, providing detailed information on speech duration and
speaker identity. Each entry includes an occurrence number, timestamps marking the start and
end of speech, an assigned speaker label (A, B, C, or D), and the corresponding transcription.

Overall, the results demonstrate that ASR can capture and differentiate students’ speech with high
accuracy during science group activities in natural classroom settings. The high level of
performance observed in the initial evaluation, together with consistent outputs across all groups,
supports the feasibility of using ASR for analysing student participation patterns, addressing
RQI.

Table 1. Sample conversation excerpt from ASR output.

Occurrence Duration Speaker: Statement

1 00:00:01,439 --> Speaker A: I do have any ideas.
00:00:03,020

2 00:00:06,879 --> Speaker B: What kind of inequality do you want to focus on?
00:00:10,259

3 00:00:12,480 --> Speaker A: Unfortunately, I haven't experienced any inequality.
00:00:15,660

4 00:00:20,239 --> Speaker C: Last year they did the accessibility.
00:00:24,300

5 00:00:24,719 --> Speaker D: The first thing that pops into my mind is like, you know,
00:00:50,466 language inequalities, you know, like if you don't speak Finnish, like,

how much that sets you back. Like in general, living in XXX or in
Finland, of course it like depends on the area. Like in XXX, like, there
might be more English translations and stuff, but like, think about how
hard it is to participate in everything.

298 00:46:16,420 --> Speaker D: How are you guys doing? What is it? What is it? That is
00:46:57,019 interesting. That is such a good idea. I know. Great.

299 00:46:59,159 --> Speaker A: Yeah. We're doing about nutrition in relation of malnutrition to
00:47:13,619 poverty and reinforcing this free school food with nutrients which are,

like, less common in the poorer.

RQ2. Can SNA Effectively Identify Participation Patterns And Student Roles Within
Science Group Work?

Following ASR-based transcription and speaker identification, Social Network Analysis (SNA)
was conducted to examine interaction patterns within student groups. Due to space limitations,
the results presented here focus on a single 45-minute recording from Group 1, consisting of two
male and two female students. The speakers’ characteristics were as follows: Speaker A (Male 1,
high science identity, extroverted), Speaker B (Female 1, low science identity, introverted),
Speaker C (Male 2, average science identity, extroverted), and Speaker D (Female 2, average
science identity, extroverted).

Frequency Of Speech Transitions And Speaking Duration

A total of 299 speech transitions were identified and ranked by frequency (Table 2). The most
frequent transitions occurred between Speaker A and Speaker C (A—C: 70; C—A: 66),
indicating that a substantial portion of the discussion was concentrated between the two male
students. The next most frequent transitions were between Speaker C and Speaker D (C—D: 50;
D—C: 45), suggesting that Speaker C actively engaged with multiple group members. In contrast,
transitions involving Speaker B were rare, with only three transitions observed between Speaker
C and Speaker B and between Speaker B and Speaker A, indicating limited participation and a
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peripheral role in the discussion.

Analysis of speaking duration further supported these patterns. Speaker C had the longest total
speaking time (751.52 seconds), followed by Speaker D (571.53 seconds) and Speaker A (564.83
seconds), whereas Speaker B spoke substantially less (119.76 seconds). Together, the high
frequency of transitions and extended speaking duration position Speaker C as the most central
participant in the group, while Speaker B appears comparatively marginalized.

Table 2. Speech transition occurrences between group members.

Rank Speaking direction Frequency |Rank Speaking direction Frequency
1 'Speaker A' — 'Speaker C' 70 7 'Speaker A' — 'Speaker B' 8

2 'Speaker C' — 'Speaker A' 66 8 'Speaker B' — 'Speaker D' 8

3 'Speaker C' — 'Speaker D' 50 9 'Speaker D' — 'Speaker B' 5

4 'Speaker D' — 'Speaker C' 45 10 'Speaker B' — 'Speaker C' 5

5 'Speaker D' — 'Speaker A' 22 11 'Speaker B' — 'Speaker A' 3

6 'Speaker A' — 'Speaker D' 14 12 'Speaker C' — 'Speaker B' 3

Network Structure And Temporal Dynamics

Figure 1 illustrates interaction networks derived from SNA, where node proximity reflects
interaction strength and edge thickness represents transition frequency. To examine temporal
changes in participation patterns, the interaction data were segmented into three consecutive
phases of 100 speech occurrences, followed by an aggregated network representing all 300
transitions.

Figure 1. Temporal changes in interaction patterns among four participants based on
SNA results.
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During the first phase, interactions were relatively balanced, although Speakers A and C were
already more strongly connected than other pairs. In the second phase, Speaker C became
increasingly central in the network, while Speaker B engaged less frequently and moved farther
from the core interaction structure. This pattern intensified in the third phase, with Speakers C
and A forming even stronger ties. The aggregated network highlights Speaker C’s dominant
role in the discussion and Speaker B’s consistently peripheral position.

Overall, these results demonstrate that SNA effectively captures participation patterns and reveals
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distinct student roles within science group work. By integrating transition frequency, speaking

duration, and network structure over time, SNA enabled the identification of central and
peripheral participants, providing clear evidence in support of RQ?2.

RQ3. How Are Gender, Science Identity, And Personality Traits (Extroversion) Related
To Students’ Participation Patterns And Roles In Science Group Activities?

To further explore how individual characteristics relate to participation patterns and roles, each
speech occurrence was manually coded into one of six functional categories. This analysis
complemented the SNA results by examining not only how much students participated, but also
how they contributed to the ongoing discussion.

Among the six categories, cumulative elaboration statements were first examined to trace how
participants contributed to advancing the discussion over time. As shown in Figure 2, the two
male students exhibited a crossing pattern in cumulative elaboration, indicating that they
alternated in taking the lead during the conversation. In contrast, Speaker B (Female 1, low
science identity, introverted) contributed to elaboration primarily during the early phase of the
session but gradually withdrew from active participation around the midpoint. Speaker D (Female
2, average science identity, extroverted) showed a gradual increase in elaboration contributions
over time; however, her participation followed a different trajectory from that of the male students
and did not converge with the dominant interaction pattern.

Figure 2. Cumulative elaboration statements over time.
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Figure 3 presents the proportion of speech functions attributed to each speaker. Speaker C (Male
2, average science identity, extroverted) dominated across multiple conversational functions,
including directing, elaborating, and disagreeing, indicating a central and influential role in
shaping the discussion. Speaker A (Male 1, high science identity, extroverted) contributed
primarily through elaboration, suggesting a supportive but still central role. In contrast, Speaker
B (Female 1, low science identity, introverted) accounted for a substantially smaller proportion
of all speech categories, reflecting a marginalized participation role. Speaker D (Female 2,
average science identity, extroverted) contributed across several categories but was less involved
in directing or disagreeing, functioning primarily as an active follower within the group
interaction.

Taken together, these findings suggest that participation patterns and roles in science group work
are shaped by an interplay of gender, science identity, and personality traits. In this group, male
students—regardless of differences in science identity—occupied more central and directive
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roles, while female students displayed more varied participation trajectories that were sensitive

to both science identity and extroversion. Although exploratory in nature, these results provide
initial evidence that individual characteristics are meaningfully related to how students participate
and position themselves within science group activities, addressing RQ3.

Figure 3. Proportion of each category attributed to speakers (%).
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Building on the results addressing RQI, the ASR system demonstrated performance that
exceeded commonly reported feasibility thresholds for classroom-based, multi-speaker
environments (Wang et al., 2024; Attia et al., 2024). This high level of performance can be
attributed not only to recent advances in ASR technology but also to the use of individual
microphones with separate-channel recording, which substantially improved speaker separation
and audio quality. Together, these results provide empirical evidence that ASR, when supported
by individual microphone systems, can be successfully applied to investigate student interactions
in authentic, co-located classroom activities involving more than 16 students.

In addition, whereas previous studies have primarily focused on online learning contexts (Saqr et
al., 2018; 2020), the integration of SNA in the present study proved effective for identifying
participation patterns and distinguishing central and peripheral roles within authentic, face-to-
face science group work (RQ2). By modelling interaction structures over time, SNA made visible
participation dynamics that are difficult to capture through traditional observational approaches
alone. When combined with functional analyses of student talk, the results further revealed how
participation roles are shaped by a complex interplay of gender, science identity, and personality
traits such as extroversion (RQ3). These findings underscore the importance of considering
individual characteristics when examining collaborative learning processes in science education.

While the present study is exploratory in nature and based on a limited number of groups, it
demonstrates the methodological promise of combining ASR and SNA for scalable and fine-
grained analyses of classroom interaction. Accordingly, future work should further validate the
use of ASR and SNA in educational research and deepen understanding of equitable participation
and inclusion in science classrooms with larger student populations.
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This study explores the discursive practices of science teachers in modelling-oriented teaching
contexts, particularly emphasising dialogic classroom decision-making and its impact on
students' learning opportunities. Teachers' speech turns are analysed when implementing a task
with modelling potential to visualise these discursive processes. This is achieved through a
discourse analysis of the productive conversation, including the breakdown of the dialogue into
modelling phases (familiarisation, discussion, and consensus) and the classification of
interaction types such as validation, information, clarification, challenge, and consolidation. The
unpacking of these modelling-oriented talk moves highlights how teachers perceive and respond
to student responses and how their discourse can facilitate or hinder the modelling process. The
results suggest that the talk moves teachers use to enable the development of a productive
conversation in which students' cognitive engagement in modelling processes is promoted.

Keywords: Instructional Modelling, Talk Moves, Teachers' Discursive Practices
Theoretical Framework

In accordance with the needs of the learning process in science education is critical for teachers
to promote interactive talk in the classroom, as questioning students increases students’
motivation to learn, supports productive classroom discussion, and fosters knowledge
construction (Tiffany et al., 2023; Tytler & Aranda, 2015). Questioning is a process of
collaborative learning that requires active, reciprocal participation that promotes a tension
between students' need to express their ideas and teachers' need to mediate their reasoning in
terms of scientific knowledge (Hamnell-Pamment, 2023). In modelling-based instruction, this
tension is palpable in the mediation process teachers enact to facilitate students' mental model-
building. As a teaching approach, modelling instruction requires teachers to promote an
instructional task sequence that allows students to engage in modelling practices (Garrido &
Couso, 2024). This performance is associated with a student-centred discourse, where teachers
encourage students to express their ideas and promote divergence and convergence to help them
gradually revise and refine their initial models.

Promoting the performance of modelling practices through dialogic teaching involves spaces to
listen to other ideas, reasoning with others, and negotiating new ideas (Vergara et al., 2025b). So
far, the study of the dialogic opportunities given in science instruction has been focused in the
count of instances in which discursive strategies are used (Christodoulou & Osborne, 2014), the
comparison of the distribution of linguistic movements in the dialogue (Balyan et al., 2022), the
presentation of dialogue in a particular episode (Cui & Teo, 2023), the time spent on the stages
of a task (Newman, 2017), flow diagrams (Larusso et al., 2023), and the use of discursive
categories over time (Tytler & Aranda, 2015). In science modelling processes, visualisations have
focused on the flow of the chain of discursive strategies (Vergara-Sandoval et al., 2025a) and
graphs of discourse variation in different episodes (Garrido Espeja, 2016). However, to
understand how teachers promote modelling practices, a deeper analysis of their dialogical
decisions is required.

Exploring productive conversations between teachers and students through conversation analysis
can shed light on teachers' discursive strategies to facilitate model construction (Hamnell-
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Pamment, 2023). While embedded within the intricate, in-the-moment decision-making

processes of teaching, these strategies can be identified and visualised. To achieve this, it is
essential to analyse teachers’ talk moves in terms of their specific purposes. This approach also
highlights the importance of examining the balance between allowing students to articulate their
reasoning and the teacher’s role in guiding instructional modelling (Hamnell-Pamment, 2023).

Analysing teacher discourse in dialogical science classrooms can reveal patterns and strategies
that contribute to refining students' ideas as they develop a school scientific model (SSM).
However, the learning opportunities available depend significantly on how tasks are implemented
(Krist et al., 2023). Given that task implementation can often diminish a task's modelling
potential, it becomes crucial to integrate an analysis of teachers’ discursive practices that foster
students’ intellectual engagement (Tekkumru-Kisa et al., 2023). Although efforts have been made
to enhance students’ epistemic agency (Krist et al.,, 2023), the role of teachers’ discursive
decisions in shaping discussions within the specific context of task implementation has not been
extensively explored.

Therefore, it is important to identify how talk moves within a modelling process mediates
students’ learning (Tytler & Aranda, 2015), particularly when considering how these moves are
shaped by teachers’ noticing, interpretation, and responses during task implementation and
student interactions. This research aims to examine visualisations of classroom interactions
between teachers and students by analysing modelling-oriented talk moves and their patterns,
with a focus on decisions that support students’ modelling processes. By characterising these talk
moves, the study seeks to illustrate the learning opportunities created by science teachers through
their modelling-oriented discourse.

Research Question

In characterising classroom interactions between teachers and their students in which dialogic
decision-making affects learning opportunities in a task with modelling potential, we seek to
respond to the following research question:

RQ: What discursive decisions do science teachers make to facilitate modelling processes
in their students?

Methods & Context

To achieve the study's objective, a qualitative research approach with discourse analysis was
employed. The study involved 3 Chilean chemistry teachers, Chris, Marina, and Caroline, who
constitute the participants of this research. The data collection included the audiovisual recording
of one lesson for each secondary education teacher.

Context Of The Study

The teachers in this study are part of a learning community in model-based teaching. The learning
community lasted a year and a half, during which they revised their ideas about models and
modelling, discussed their experiences, and received feedback on the tasks with modelling
potential that they enacted in their classrooms. In this context, in the last months of the learning
community, the teachers co-designed a modelling-oriented teaching and learning sequence (TLS)
that follows the criteria for a modelling-oriented task proposed by Cortés-Morales & Marzabal
(2025a) and the design principles for a modelling-oriented TLS proposed by Tena & Couso
(2023).

To recognise teachers' discursive practices and establish possible talk move patterns in the
modelling conversations, the implementation of task 5 was selected for its characterisation:
"Represent and describe the final state of the reaction". This task is part of an experiment that
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compares the reaction between copper sulphate and iron shavings in a TLS about ponderal laws.

By presenting a scientific phenomenological context associated with low cognitive demand in an
open-ended question, it can be established that the tasks have low modelling potential (Cortés-
Morales & Marzabal, 2025a). This low potential is related to a selected context that is distant
from the students' experiences and knowledge, so an extensive familiarisation process may be
required to enable students to relate what they know about the phenomenon.

Strategies For Data Collection And Analysis

The video recordings were made following the analytical strategy proposed by Lehesvuori et al.
(2018) to analyse teaching processes. This meant using a camera positioned at the back of the
classroom to record the teacher's interactions with the whole group and a mobile camera to record
the teacher's interactions with the small groups. This meant that a camera and microphone
followed the teacher to record the conversations.

A coding scheme was developed to examine the talk moves used by science teachers to support
their students' modelling; the analysis required arranging the codes to visualize the discourse.
Previous work on modelling conversations made by Tytler & Aranda (2015) and Vergara-
Sandoval et al. (2025a) led the researchers to make adaptations in their proposals in order to
consider how the nature of the talk move could change the purpose of the discourse action taken
by the teachers. Consequently, this tool for characterising conversations considers the purpose of
the talk move and its nature depending on how the move is framed. In this sense, a distinction
was made between the cognitive demand imposed by the teacher and whether that demand entails
a process of requesting or providing ideas for constructing an SSM (Table 1).

The dialogue between teacher and students during a task with modelling potential was coded
according to the following aspects of discourse:

a) Communicative act. The identification of turns of speech, differentiating between student and
teacher turns, and communicative intentions to differentiate one turn among several together
(Hennessy et al., 2016)

b) Typology: The distinction between productive conversation and general classroom
conversation (Soysal, 2019)

c¢) Organisation: The organisational difference between students in conversation, i.e., interaction
with the teacher in a small or large group (Alexander, 2018).

d) Identification of the phase of the modelling cycle that teachers promote with their discourse:
familiarisation, discussion, and consensus (Garrido & Couso, 2024).

e) Characterisation of the type of interactions in Table 1 (next page).

This qualitative research proposes analysing data to visualise the discourse led by teachers
through their turns of speech (Category A), which are framed by the organisation of the students
with whom they interact (Category C) in a phase of the modelling cycle (Category D). These
turns are differentiated by the type of conversation (Category B) and the type of interaction the
teacher promotes (Category E).

For this, in the first instance, how teachers interact with their students during the same task was
characterised and presented in the visualisations by their location on the axis. In a second instance,
the purpose of the interactions was characterised by the sub-code indicated in the turn-of-speech
box (P: Provide; R: Request). The discourse display is a chronological map of the teacher's talk
moves as they implement a common task.
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Table 1. Talk moves for modelling conversation (Cortés-Morales et al., 2026).
Talk move Teacher request... Teacher provides...
Acknowledge A word or phrase to signify the value
of the student's contribution, to
validate or acknowledge a point of
view, or time for students to think
about what they have expressed.
i.e., ok, very good, right
Inform Information to get a first appreciation
of the students' ideas
i.e., How are we doing? What
happened? What were you able to

observe?

Clarify Students to expand on their ideas with A thought-provoking idea by providing
a more robust response or to explain  information or an analogy for the
what they meant. revision of an idea about the
i.e., You say it's an oxidation, what phenomenon.
was oxidized? And that, to what i.e., But if it were to dye it blue and we
equate? Ok, we would see particles,  don’t see it blue, then maybe the
particles of what? change doesn’t go hand in hand with

dying it

Challenge Students to check the ideas that have A questioning of the students' ideas
been put forward or ask for an and rationales about the phenomenon.
interpretation that helps to contrast i.e., Do we have the same results if we
ideas to elicit an idea when something have different amounts of copper
doesn't fit. sulphate?

i.e., ok, it melts [repeating student's
answer| how so?

Consolidate  Students to integrate the ideas A synthesis of the students' ideas in a
discussed into a single answer. single answer.
i.e. [To end the task] Is it the same if  i.e., That is also relevant because when
we have two volumes of copper I have a chemical change, the changes
sulphate in the reaction? are important; besides the change in

color, we also see a change in
temperature.

Findings

The analysis of teachers' discourse employs visualisations that allow us to observe how discourse
and talk moves are structured in a productive conversation for a task with low modelling potential.
This first finding yields a methodological tool that enables us to observe the rhythm and
consistency of the dialogue in a modelling-oriented classroom. These discourse visualisations
(Figure 1) show, on the left, the modelling-oriented talk moves, and, on the right, their uses by a
teacher in chronological order. On top, we can examine if the conversation is between the teacher
and the whole group (WC), or with a particular small group (G. number). Below the class
organisation, we will find the modelling phase that the teachers promote in their discourse,
colour-coded: cyan for familiarisation, blue for discussion, and purple for consensus. The
descriptions of the expected conversations for each modelling phase follow the studies by Garrido
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& Couso (2024) and Cortés & Marzabal (2025b). In a familiarisation phase, the teachers approach

a contextualised problem situation and expect students to recognise that they need a model,
express it, and, in their conversations with others, understand that there can be different versions
of the model in the classroom. In the discussion phase, teachers ask questions to help students
use their ideas iteratively, testing and contrasting them to revise their initial model. In the
consensus phase, teachers facilitate a dialogue in which students agree on a final model that
emerges from collective understanding.

In the case of the turn-of-speech boxes, we can identify whether the teacher is requesting (R) or
providing (P) an idea in the modelling-oriented talk move. They have been coloured as well to
facilitate the reading of the visualisation, light grey is providing, and dark grey is requesting.

Finally, every conversation that is not dialogic and interactive as a communicative act (Mortimer
& Scott, 2003) is levelled with general classroom conversations and appears in the visualisation
as diagonal shading. Every speech turn in a teacher's general classroom conversation has the same
width as the turn-of-speech boxes with the talk moves.

In addition to the codes typified in the visualisation, two icons have been used to show how the
tasks are presented to students. The asterisk (*) marks the teacher reading the task, in some tasks
teachers take a time before reading the task to talk with students about something that they need
to be able to complete the task, in such cases as in figure 1, we can see that the task does not start
with the reading of the task, but with an explanation about how to use a balance. Another icon is
a slash (/) that indicates turns of speech in which the teacher repeats the task with some alteration,
providing a reformulation or simplification of the task instructions to the students.

Figure 1. Visualisation of Marina's talk moves in the task.
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Science Teachers' Discursive Practices In Instructional Modelling

The analysis of the visualisation for the three chemistry teachers allows us to examine how the
productive conversations unfold in instructional modelling. The findings show patterns of the
dialogue that promote students' revision of their SSM.

Firstly, most of the speech turns relate to productive conversations. Although most of the
modelling conversations are productive conversations, some of them are general classroom
conversations that provide students with the learning opportunities they need to refine their initial
model. This means that, in implementing tasks with modelling potential, an alternation between
productive and general classroom conversations is required. This shift between communicative
acts reflects teachers noticing and acting in accordance with the ideas expressed by their students,
a key aspect of modelling conversation, as well as the responsiveness of teachers in the dialogue
they mediate.

Similarly, teachers' dialogue involves extensive conversations that promote students' familiarity
with the phenomena, accounting for 100% of Caroline's dialogue, 46% of Marina's turns, and
18% of Chris's dialogue. Chris's turns of speech in the familiarisation phase, unlike Marina's and
Caroline's, are not grouped together, as each conversation with the small groups starts with
familiarisation, shortening the amount of talk moves used in this phase. However, there is a
consistency in the phase for this low modelling potential task, which relates to the request for
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information each time the teachers start a familiarisation dialogue with the small groups.

Secondly, the use of talk moves oriented towards modelling shows that most of the moves have
a nature of requiring (R) students' ideas in different patterns. On the one hand, teachers ask for
clarification, followed by a challenge to their ideas when they are ending a familiarisation phase
or starting a discussion phase. On the other hand, teachers ask them to challenge their ideas, then
require clarification during the discussion phase. In the latter, teachers expect students to be clear
about their ideas and how they differ from their initial model.

Lastly, there is constant use of validation moves, which are the most used talk moves. Teachers
use validation moves in every phase, with every small group, and with the whole group, and they
alternate them with other modelling-oriented talk moves. These moves account for 45%, 42%
and 20% of the modelling-oriented talk moves used by Marina, Chris, and Caroline, respectively.
The repeated use of these moves relates to teachers giving students the opportunity to see their
ideas as valid, as a starting point, or as a way to explain the phenomena. They are a transitional
move that teachers put in place to motivate students during the process and keep the dialogue
going. Even though their use does not promote modelling practice, it allows it to unfold.

Discussion & Implications

The findings in this study lead us to believe that, when implementing the task, the teachers can
maintain a productive conversation oriented toward an instructional modelling process that goes
beyond the modelling potential. In this sense, Chris, Marina, and Caroline decide to facilitate the
modelling process for their students by introducing a recurrent familiarisation phase into whole-
and small-group conversations.

As the potential depends on the practice to be developed, in which the description (demand of the
task) could lead the teacher to close the conversation in search of a particular description that
teachers expect from the students, we can see in Marina's and Chris's cases that the modelling
potential increases as the teacher is inviting students to reason out the observations that lead them
to a representation or description of the phenomena (Park et al., 2021) instead of searching for a
particular answer.

Consequently, regarding the management of modelling processes, the teachers can involve
students in productive discussions. The actions of the observed science teacher are fruitful in
engaging students in modelling processes. Nevertheless, the same could not be said of Caroline's
productive conversations, as she closed the dialogue, ending the task before the conversation
reached the discussion phase of the modelling process.

The shifts between productive and general classroom conversations are not interruptions, but
rather a key discursive strategy that teachers use to respond to students' emergent needs during
modelling. In the same way, each teacher exhibits common patterns but a particular style in
managing classroom dialogue, demonstrating a responsive and adaptive mediation that supports
transitions between phases of the modelling process, depending on the group they are talking with
and the task context. The discourse decisions teachers make to manage and promote the
continuation of a conversation relate to understanding when a general classroom conversation
will help students in the development of the modelling phase, choosing when validation will
secure students expressing their initial representations and when a particular pattern of talk moves
will be more appropriate to help them review their model and negotiate the personal ideas in a
group setting.

The analysis of the results suggests that mapping these interactions could serve as an analytical
tool for discussing and improving teachers' discursive practices, thereby optimising students'
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intellectual engagement in modelling processes.

Disclosure. It should be noted that part of this proceeding was published in an article in Spanish
that can be found at https://orcid.org/0000-0002-3804-7942
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