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Abstract It has been suggested that students’ epistemic understandings influence their practice of
argumentation. However, how that influence takes place is not yet fully explained. To contribute to the
answer to this question, this study explored elementary students’ epistemic understandings in their sci-
entific argumentation. A 4-month qualitative case study with descriptive and interpretive emphases was
conducted in a grade 5/6 science classroom in Canada. Nineteen students and their teacher participated
in this study. Multiple methods for data collection were employed, including observation, interviews,
and collecting students’ works. It was found that these students were aware of their epistemic under-
standings. Qualitative data analysis also revealed that students’ epistemic understandings can, yet do
not always, influence their performance in argumentation by affecting the ways they think and do while
engaged in argumentative dialogues. Moreover, it was found that elementary students were capable of
refining their epistemic understandings through social interactions with peers and adapting their epis-
temic understandings in new contexts. Based on the findings, instructional suggestions are discussed to
support the development of students’ epistemic understandings and argumentation skills.

Résumé Certains prétendent que les conceptions épistémiques des éleves influencent leur pratique
argumentative. Cependant, nous ne connaissons pas encore exactement les modalités de ce processus
d’influence. Afin de mieux cerner la réponse a cette question, nous explorons dans cette étude les con-
ceptions épistémiques des éleves du primaire a travers leur argumentation scientifique. Sur une période
de quatre mois, nous avons conduit une étude de cas de nature qualitative mettant I’accent sur la descrip-
tion et I'interprétation dans une classe de sciences canadienne constituée d’éleves de cinquieme et de
sixieme année. Dix-neuf éleves et leur enseignant ont participé a I’étude. Plusieurs méthodes de collecte
de données furent employées, y compris 1’observation, des entrevues et le recueil de travaux faits par les
éleves. Il a été démontré que les éleves étaient conscients de leurs conceptions épistémiques. L’ analyse
qualitative des données a aussi révélé que les conceptions épistémiques des éleéves peuvent parfois in-
fluencer leur performance en argumentation en modifiant leur facon de penser et d’agir dans des situa-
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tions de dialogues argumentatifs. De plus, il a été établi que les éléves du primaire étaient capables de
raffiner leurs conceptions épistémiques en interagissant socialement avec des pairs et en adaptant leurs
conceptions épistémiques aux nouveaux contextes. A partir de ces constatations, nous apportons des
suggestions en matiere d’enseignement qui soutiennent le développement de conceptions épistémiques
et de compétences en argumentation chez les éleves.

Keywords Elementary science - Epistemic understandings - Evidence-based argumentation -
Qualitative research

Recent studies suggest that engaging students in evidence-based argumentation is effective to enhance
their scientific and critical thinking as core elements of science literacy (Choi & Hand, 2020; Christenson
etal., 2017; Grooms et al., 2018; Hand et al., 2016). In many of those studies, researchers tended to focus
on the final products of argumentation as students’ reasoning abilities; thus, there is a lack of information
on the process of students’ scientific argumentation in classrooms (Chen et al., 2017; Ryu & Sandoval,
2012). The argumentation process includes not only students’ observable performances of argumentation
but also their inner thinking processes with epistemic beliefs that inform their performing (Chinn et al.,
2020; Hogan & Maglienti, 2001; Iordanou & Constantinou, 2015). Understanding these processes, such as
how students coordinate claims and evidence during argumentation, is essential for developing appropriate
instructional supports to facilitate students’ argumentation (Bravo-Torija & Jiménez-Aleixandre, 2018).
Therefore, this study looks into the process of student argumentation to understand students’ thinking
and meaning making through argumentation.

Background
Scientific Argumentation and Epistemic Norms of Argumentation

Aligning with previous research on scientific argumentation (e.g., Evagorou et al., 2020; Ryu &
Sandoval, 2012; Wang, 2020), this study understands argumentation as a social practice, highlighting
that it is directed to other people or to contemplate the pros and cons of one’s own ideas by putting
forward and examining available evidence (van Eemeren et al., 1996). Focusing on the process of
argumentation, this study distinguishes argumentation from argument. Specifically, we use argument
to refer to the artefact resulting from a cognitive and interactional process, which is argumentation
(Ryu & Sandoval, 2012). When engaged in argumentation, students construct, evaluate and revise
their arguments to make sense of the phenomenon under investigation and/or to negotiate for col-
lective meaning making (Kim & Roth, 2014).

A scientific argument consists of claims and evidence. In this structure, a knowledge claim includes a
proposition, solution or position taken through observation or discussion, and evidence consists of data
and reasoning (Chen et al., 2016; Hand et al., 2021). Data could be any information, such as measure-
ment, observation, experience, knowledge or information from a book or media. Through reasoning
(e.g. looking for patterns), data are interpreted into evidence (Chen et al., 2016; Villanueva & Hand,
2011). With this structure of argument, we focused on the way in which students establish and evaluate
evidence to support or reject the legitimacy of the claim, which is valued in the scientific community
as the enculturation of scientific practice and communication (Jiménez-Aleixandre & Erduran, 2007;
McNeill et al., 2016).

Many scholars support that over an extended period, people who participate in a community identified
by joint social activities come to share a set of standards and values that shape the behaviours central
to the activity (Driver et al., 2000; Ford & Forman, 2006; Kuhn et al., 2010). Therefore, argumentation
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in school science as a social practice implicates not only competences or skills but also standards and
values shared by the members of the learning community. Those standards and values are usually
represented as norms of argumentation, particularly epistemic norms (Driver et al., 2000; Kuhn et al.,
2013; Ryu & Sandoval, 2012).

Epistemic norms, in a broad sense, are concerned with the process of generating and validating sci-
ence knowledge, that is, what can be counted as legitimate in the science community (e.g. the accepted
methods to be used, the data appropriate to be collected and interpreted; Ryu & Sandoval, 2012). In the
context of students’ scientific argumentation, epistemic norms include norms related to evidence, such
as what students think counts as evidence and how students decide what sort of evidence supports or
refutes a particular claim (Chen et al., 2016; Iordanou & Constantinou, 2014).

Researchers (e.g. Ryu & Sandoval, 2012; Sampson & Clark, 2008) state that whether and how stu-
dents understand these epistemic norms influences their participation in and performance of argumenta-
tion, and vice versa. In this study, we use the term epistemic understandings to refer to students’ under-
standings about the epistemic norms of argumentation, that is, students’ understandings and knowledge
about “what and how to argue to produce desired knowledge” in their science classroom (Chen et al.,
2019, p. 1240, emphasis in original).

Individuals’ epistemic understandings are tied to specific content and context (Chen et al., 2019; He
et al., 2020). Accordingly, in this study, which explored elementary students’ epistemic understandings,
we focused on their knowledge and beliefs about and approach towards evidence in their dialogical
argumentation. In particular, emphasis was placed on the following aspects, which have been suggested
in the literature as central to epistemic understandings and appropriate for young learners (e.g. Chen
et al., 2016, 2019; Hogan & Maglienti, 2001; Kuhn et al., 2013; Ryu & Sandoval, 2012; Villanueva &
Hand, 2011; Yang et al., 2018):

1. Importance of evidence: students’ knowledge or understandings about whether and how evidence
is important to make a claim

2. Sufficiency of evidence: students’ knowledge or understandings around the quantity and sufficiency
of evidence cited to justify a claim

3. Validity of evidence: students’ knowledge or understandings around the validity and trustworthi-
ness of evidence, such as knowing how to make sure the data collected are valid and interpreted
appropriately and thus can be counted as evidence to support claims

4. Relevance of evidence: students’ knowledge or understandings about how relevant the evidence is
to justify a claim, such as knowing that evidence needs to be relevant and data need to be thought
about with respect to the inquiry question in order to be used as evidence

Students’ Epistemic Understandings Influence Argumentation Performance

One of the aims of research on argumentation is to get students to argue like scientists by using evidence
to support their claims (Sandoval & Millwood, 2008). The coordination of claims and evidence inher-
ently involves students’ epistemic understandings. For example, to formulate a quality argument, students
need to coordinate their understanding of the phenomenon under investigation with their understanding
of what counts as a good and convincing argument (Sampson & Clark, 2009). Consequently, it has been
widely suggested and accepted that students’ epistemic understandings influence and even determine
how they perform argumentation (Duschl, 2008; Hogan & Maglienti, 2001; Kawasaki et al., 2014; Ryu
& Sandoval, 2012; Sampson & Clark, 2008).

Kuhn’s (2010) model helps explain how individuals’ epistemic understandings regulate their argu-
mentation performance. To explain the development of argumentation skills, Kuhn (2010) proposed a
theoretical framework in which development of strategies and skills at the procedural level is supported
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and regulated by development at the metalevel. One’s evidence-related epistemic understanding is part
of the metalevel understanding of argumentation in this model, and thus regulates procedural compo-
nents of argumentation, such as processing others’ input and constructing one’s own responses (Kuhn,
2010). Therefore, as epistemic understandings develop, theoretically, they would support the execution
of argumentation skills and strategies at the procedural level (Kuhn, 2010; Kuhn et al., 2016).

This influence of epistemic understandings on argumentation performance may have been considered
as a matter of course, since it certainly makes sense that students’ ideas about what counts as a good
argument, reasonable evidence and so forth ought to affect how they argue. Therefore, limited empiri-
cal studies have investigated how this influence takes place. Despite this influence being theoretically
suggested and widely accepted, there is limited empirical evidence to explain how it occurs. Questions
such as whether and how students’ performances of argumentation are determined by and thus consist-
ent with their epistemic understandings are still not clear.

Researchers suggest that it is important for learners to be aware of their own epistemic beliefs and
understandings for the purpose of learning, especially transferring learning into new situations (Clyde
& Wilkinson, 2019). In terms of argumentation, Iordanou and her colleagues (e.g., lordanou, 2010;
Tordanou & Constantinou, 2014) suggest that being aware of one’s epistemic understandings supports
the transfer of argumentation strategies and skills. Students in Iordanou (2010), with their awareness
of the evidence-related argumentative strategies they used, brought and applied these strategies and
skills in new argumentation tasks. In their later research with preservice science teachers, Iordanou
and Constantinou (2014) confirmed that enhanced awareness of the use of evidence in argumentation
supported the transfer of individuals’ skills and strategies of employing evidence in dialogical argu-
mentation. The importance of being aware of one’s own epistemic understandings has been recognized;
however, limited research on student argumentation has explored students’ awareness of the use of
evidence, especially younger learners such as elementary children.

Epistemic Understandings Develop Through Participating in Argumentation

While researchers argue that understanding epistemic norms of argumentation is essential for students’
scientific argumentation, they have pointed out that students usually lack such understandings (Ryu &
Sandoval, 2012; Sampson et al., 2011). Scholars explain that failing to facilitate students’ epistemic
understandings is the main reason why some instructional supports that aim to improve student argumen-
tation end with unsatisfying outcomes (Sampson & Clark, 2009; Sampson et al., 2011). Thus, investigat-
ing how students come to appreciate and understand epistemic norms holds pedagogical significance,
since it is important for developing appropriate instructional supports to facilitate students’ epistemic
knowledge and argumentation skills.

Previous research has provided valuable information on how students develop their knowledge about
norms of argumentation (e.g. Ryu & Sandoval, 2012; Schiefer et al., 2020). Through participating in
argumentation in a science classroom in Ryu and Sandoval’s (2012) study, third- and fourth-graders
refined epistemic norms, such as what counted as persuasive evidence and how to persuade with evi-
dence. Through observing and analysing students’ performances (e.g. argumentative discourses), Ryu
and Sandoval identified the improvement of students’ understandings of epistemic norms and thus
provided valuable information about supporting students’ epistemic understandings through engaging
them in argumentation. Sustained practice in argumentation has the potential to improve not only stu-
dents’ argumentation skills but also their evidence-related epistemic understandings. However, in Ryu
and Sandoval, how these elementary children thought during the process, whether they were aware of
their own epistemic understandings, and whether the thinking behind their performance was consistent
with what was observed, etc., were unknown. Given that students’ awareness of their argumentation
practice is critical for developing and transferring argumentation skills (Clyde & Wilkinson, 2019;
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Iordanou, 2010; Iordanou & Constantinou, 2014), there is a need to further explore students’ epistemic
understandings in the context of classroom scientific argumentation.

Some studies in the literature have provided insights concerning how to support individuals to be
aware of their evidence-related epistemic understandings. Preservice science teachers in Iordanou and
Constantinou’s (2014) study enhanced their metalevel awareness of the use of evidence in argumenta-
tion through engaging in reflective activities during argumentation. During their argumentative practice,
these student teachers were asked to explicitly reflect in groups on “whether they had used evidence
in the arguments and counter-arguments they had produced” and “the quality of the evidence used”
(Iordanou & Constantinou, 2014, p. 45). Engaging in these reflective activities, which were designed
as the intervention, preservice teachers became aware of their evidence-related epistemic understand-
ings, such as knowing the importance of using evidence to justify and addressing the opposing claim
in argumentation. Their awareness was enhanced by sustained practice of those reflective activities.

Without designed research interventions, students are capable of initiating metalevel reflections
during their argumentative practice (Kuhn et al., 2013). Working with middle-school students in a
philosophy class, Kuhn et al. (2013) identified students’ metatalk, which refers to talk about argumenta-
tion rather than about topics under investigation. Through metatalk with peers, students in Kuhn et al.
(2013) developed and refined their understanding of epistemic norms of argumentation (e.g. “key norm
pertained to the role of evidence in argument”; p. 473).

Participation in metatalk requires students to be aware of and able to share their own understandings
of epistemic norms of argumentation. Students’ awareness of their epistemic understandings manifest
and are communicated in their metatalk. Kuhn et al. (2013) research on metatalk is important because
it shows that it is possible for students to initiate explicit communications on argumentation without
designed interventions, and these metalevel communications potentially develop their epistemic under-
standings. Research on elementary students’ metatalk in science classrooms is rare. Thus, whether
younger students are capable of initiating and benefitting from their metatalk in science classrooms is
less known.

Research Purpose

Given the aforementioned gaps in the literature, the purpose of this study was to explore elementary
students’ epistemic understandings in the context of classroom scientific argumentation. In particular,
this study aimed to answer the following research questions:

1. Are elementary students aware of their evidence-related epistemic understandings while practicing
scientific argumentation? If so, how does their awareness affect their argumentation practice?

2. How do students develop their evidence-related epistemic understandings by engaging in argumenta-
tion in science classrooms?

Methods

This 4-month-long research was designed as a qualitative case study with descriptive and interpre-
tive emphases (Merriam, 2016). Descriptive case studies in education are useful for presenting
basic information about areas of education where little research has been conducted (Merriam,
1998), such as elementary students’ awareness of their epistemic understandings in this study. In
addition to including rich and thick descriptions, these descriptive data were also used to interpret
how students’ epistemic understandings affect their argumentative performance, and vice versa.
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With this interpretative emphasis, this study set out to “illustrate, support or challenge theoretical
assumptions held prior to the data gathering” (Merriam, 1998, p. 38), such as the widely accepted
and assumed influence of epistemic understandings on argumentation.

The case study has been challenged in terms of the validity and generalizability of the research
findings. In response, we used two approaches suggested in the literature: thick description (Guba
& Lincoln, 1989) and triangulation of multiple data sources (Creswell & Miller, 2000). The fol-
lowing sections provide detailed descriptions of the research context and how data from multiple
sources were collected and triangulated.

Research Participants and Curriculum Context

This study took place in a grade 5/6 science classroom in a public school in Canada. One teacher,
Ms. Bowen, and her 19 students (12 in grade 6 and 7 in grade 5) participated in this study, includ-
ing 4 girls and 15 boys. During the research period, they studied two units: (1) Sky Science and
(2) Air, Aerodynamics, and Flight. According to the teacher’s pedagogical preference, both units
were delivered as project-based learning with an instructional focus on evidence-based problem
solving. Table 1 provides an overview of these two units.

Usually, Ms. Bowen would organize students together at the beginning of each class to intro-
duce the learning activities, give necessary guidance, encourage students to share their thoughts
or prior knowledge, lead whole-class discussions about anything that interested or concerned the
students, etc. Then, students would be dismissed to work individually or in small groups with the
given learning tasks. At the end of each class, students would be gathered together again to share
what they had gained or achieved in the class or any questions or thoughts they had.

The unit of Sky Science started with a review of science concepts based on the provincial cur-
riculum, such as phases of the moon and planets and their moons. After that, the teacher introduced
a NASA technology design project. In the scenario built by Ms. Bowen, students were expected
to act like innovative technologists at NASA and design a technology to advance NASA’s current
space explorations. Students knew from the beginning of the project that they would make a pres-
entation and that their technologies would have to be approved and supported by the panel from
NASA, which consisted of their teacher and classmates. Their designs were to be based on their
experiences, knowledge learned in the unit and information from online research on their topics.
On the presentation days and after each presentation, there was some time for idea sharing and
discussion. During that time, the audience asked questions or gave comments, and the presenters
responded to the audience. When different ideas appeared, students would justify themselves with
evidence, and argumentative dialogues occurred.

The unit of Air, Aerodynamics and Flight started with learning science concepts such as properties
of air and Bernoulli’s principle, followed by a parachute design project. Students worked on this activity
in small groups. As a group, students needed to make decisions about their designs (e.g. materials, size,
shape). With the aim to achieve consensus, students would negotiate through providing and examining
each other’s evidence when different ideas arose in their groups. In this way, argumentative dialogues
took place in the group problem-solving context as well. With their design plans, students were provided
materials to build, test, and improve their parachute models to make their models strong and of good
quality. They decided to do the final test using quail eggs. That is, a quality parachute (model) should
safely land quail eggs from the second floor of their school building.

By designing and implementing these two projects, Ms. Bowen aimed to raise students’ aware-
ness of evidence and provide students opportunities to practice evidence-based thinking and prob-
lem solving.

@ Springer



559

Can. J. Sci. Math. Techn. Educ. (2021) 21:553-570

v

I
€

3umnse) [opow ynyoered [eur
sfopowr 9ynydered 1oy) payipowgal pue suefd uSisap 1oy pasoidur sjuopmg
sfopowr 9)nyoeIed I19y) paIse) pue JIng SJUIPNS

sdnoi3 [rews ur uSisop rentul [opow nydered Uo payIom SJUIPNIS
‘uonjonponur 33fo1g

WN[NOLIIND 9y} Uo paseq s3doouod 9ouaros JuruIes|
sugisop A3o[ouyd9) VSN 1oy pajuasaid sjuepm§
suonjejuasald 11y 10§ paredard
pue ‘s1oad pue 19yoea) Y} WO Yorqpad) 103 ‘suIsop 1oy} pado[eaap Joylng sjuepms
sugisop 1oy} pasodoid pue yo1easar auIuo JI2Y) PIp SIUPMS

100f01d 2y} Jo pud Ay} Ik SIAYI0 eNn[eAd pue uSIsop
umo 119y} Juasaid pynom Aoy mouy syuspni§ :uononpoxnur Jo3foid udrsap ASofouyosl VSYN

wN[NOLLING AU} U0 paseq s3daouod 90u0s SuIuIed |

109foxd
ugIsop [opow dnyorIed 31U WYSII[{ pue SOIWBUAPOIDY ‘1Y

109foxd uSrsap ASo[ouyos) YSYN :U() 20U0S AYS

SU0SSI|
Jo _dquInN

SINIAI}OR WOOISSB[)

jun Surured |

SSBO S, UoMOg "S]Al UI S}IUN QOUAIDS AY) JO MATAIAQ T J[qEL

pringer

A's



560 Can. J. Sci. Math. Techn. Educ. (2021) 21:553-570

Data Collection and Analysis

Multiple methods were employed for data collection. We observed classroom activities, took field
notes and collected students’ works, such as their NASA technology presentations and parachute
design plans. We also video-recorded all the classes throughout the research period, including stu-
dents’ group work and teacher-led whole-class discussions. With the aim to approach students’
awareness and thinking processes during argumentation, we adopted two kinds of self-report inter-
views: in-class informal interview and stimulated recall interview. When students are interviewed
to report their thinking processes, memory failures and distortions might occur (Veenman, 2005).
As aresult, students might know more than they tell, and they sometimes tell more than they know.
In-class informal interviews minimize the potential memory failures and distortions by interviewing
students concurrently with their task performance.

During the classroom observations, we noticed some “specific incidents or behaviours” that we
used as “reference points” for subsequent in-class informal interviews (Merriam, 2016, p. 139).
With these interviews, we probed students’ inner awareness and thinking processes behind these
discerned incidents and behaviours (Veenman, 2005). Stimulated recall interview (SRI) has also
proven to be a useful method for circumventing the memory-failure or distortion problem to gather
appropriate data on students’ awareness and thinking processes (Anderson et al., 2009; Veenman,
2005). During SRIs, students reviewed episodes from the videotapes of their task performances to
reproduce their thought processes, followed by reflection on their thinking at that time (Thomas &
McRobbie, 2001). In this way, SRI provided us a rich and highly qualitative means to elucidate stu-
dents’ awareness and thinking processes within the context in which they were situated (Anderson
et al., 2009). Eight students participated in the first round of SRIs right after they completed their
NASA presentations. Seven students participated in the second round at the end of the parachute
project.

Classroom videotapes were reviewed immediately after they were collected. After reviewing the
classroom recordings, we selected episodes of students’ argumentative discourses and/or indica-
tors of students’ epistemic understandings. Some of these episodes were shown to students during
their SRIs. These selected classroom episodes and student interviews, both the in-class informal
interviews and the SRIs, were transcribed for further analysis. Multiple data were then organized
into clusters for thematization. Each cluster consisted of relevant data, including classroom record-
ings, SRIs and in-class informal interviews, students’ works and/or researchers’ field notes. For
example, in the case of the argumentative dialogue between Henry and Nate (see Episode 01 in the
next section), by reviewing the classroom recordings, we identified the dialogue between Henry
and Nate as an episode of importance. This episode was shown to both Henry and Nate during
their subsequent SRI sessions. Therefore, this cluster of data included (1) the classroom recording
of the dialogue between Henry and Nate; (2) SRIs with Henry and Nate in which they shared how
they thought while they were engaged in that dialogue; (3) Henry’s presentation, about which he
and Nate exchanged their different ideas and (4) researchers’ field notes about the argumentative
dialogue between Henry and Nate.

In this way, we collected 53 clusters of data in total. Each cluster was analysed as a whole
to interpret student argumentation through reviewing and cross-checking these data. We first
analysed the data separately. Then, through critically comparing and examining each other’s
interpretations, we achieved collective data interpretations. Throughout the data analysis and
the following presented research findings, pseudonyms are used to ensure the anonymity of the
participants.
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Findings
Three key themes relating to students’ epistemic understandings were identified in this study.

1. The influence of epistemic understandings on argumentation practice is complex and uncertain,
especially in socially interactive contexts (RQ1). In this study, students who participated in inter-
views showed their awareness of their epistemic understandings. With classroom observations and
interviews, it was noticed that, in many cases, students employed their awareness to regulate their
argumentative practice, including how they thought and what they did during argumentation. How-
ever, in other cases, students did not apply their epistemic understandings in the actual dialogical
argumentation, despite being aware of it. Students’ epistemic understandings affect their argumenta-
tion performance; however, it is not a matter of course that occurs in all situations.

2. Social interaction has the potential to refine one’s epistemic understandings (RQ2). When students
in this study had the opportunity to share their diverse knowledge about the use of evidence in
argumentation, their epistemic understandings were refined and developed through these commu-
nications.

3. Epistemic understandings are tied to specific content and contexts, and thus can and need to be
adapted in new situations (RQ2). When students moved from the first unit to the second, which were
two different problem-solving situations, they adapted their epistemic understandings by examining
their task performances and the applicability of their existing knowledge about evidence in the new
context.

These themes were commonly found across datasets (i.e. clusters of data in this study), and therefore
were presented as the main findings. However, because it is not possible or necessary to present all the
supportive data sets, distinctive exemplars were selected to illustrate the findings. These illustrating
examples were chosen on the basis of the extent to which they could represent the case of this study
(i.e. the science class including Ms. Bowen and her 19 students), or, specifically, “cases within the
case” (Stake, 2000, p. 447), that is, students who were closely observed and interviewed in this study. In
what follows, these themes are illustrated with one or two selected distinct examples as the supportive
evidence.

Theme 1: Epistemic Understandings Influence Argumentation Performances, But Not Always

Students who participated in interviews in this study were aware of their evidence-related epistemic
understandings, and their awareness influenced how they performed scientific argumentation. Students
were aware of their understandings about evidence, such as knowing the necessity of evidence to jus-
tify a claim and the importance of providing sufficient and valid evidence. By applying their epistemic
understandings, they regulated their performances during argumentative dialogues with peers. In what
follows, we present an excerpt of students’ discussion after their NASA technology presentations. Dur-
ing the discussion, students shared different ideas on the presented topics, which developed a dialogical
form of argumentation among themselves.

Example 01: Students Applied Their Epistemic Understandings to Regulate Dialogical Argumentation
Henry’s design was a space sports centre. After his presentation, Nate asked Henry how he would “send

off [his] space centre into space.” Henry answered, “I will use gas, just like the gas cars use.” In response,
Nate made a rebuttal that “gas is not the most efficient fuel; you will need a lot of gas, and it will generate
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lots of carbon dioxide.” He proposed a counter-claim by saying, “I use anti-matter as the power for my
rocket,” followed by the supporting evidence that “anti-matter is more efficient and cleaner than gas.”
Then, Henry said he “will consider” Nate’s ideas. Henry later added “an anti-matter power” part to his
assignment that he submitted to the teacher.

This dialogue was identified as an important moment of dialogical argumentation, and thus was
brought to the SRI sessions with Nate and Henry in which they separately shared what and how they
were thinking at that time. Nate shared:

I was thinking, okay, this is going to happen, then, how? . .. He [Henry] needs evidence for the
how. Without it, his [argument] is not convincing. So, I was not convinced as the NASA panel. . .
. I was thinking he might forget to put certain information to explain. We need information, lots
of, enough information, evidence, to persuade . . . so, I asked that question, asked him to provide
his evidence. . . . I did research on fuel. My rocket needs fuel too. . . . I think I know fuel well . . .
so I also shared with him my research.

Nate’s epistemic awareness of the importance and sufficiency of evidence manifested when he explic-
itly expressed “we need... enough... evidence to persuade,” even though he was not clear about the differ-
ence between information (i.e. data) and evidence, as these two terms were used interchangeably in his
interview. With this awareness, he examined Henry’s evidence and realized that he was not convinced
because of the lack of necessary evidence in Henry’s argument. Therefore, Nate raised a question to
Henry, asked him for more evidence and shared his own ideas and evidence. As with Nate, through SRI,
we learned Henry’s thinking process at the time. Henry shared,

I know his [Nate’s] idea was good, made sense to me. I knew that was from his research. He
researched on scientific research NASA has done. That is reliable. . . . Research is always good
evidence . . . so, I agreed to take it. And more evidence is always good for my work.

Henry knew Nate’s idea was based on NASA’s scientific research, which he believed was a reliable
information source for valid evidence. He also knew that citing more evidence would strengthen his
argument. Therefore, he decided to accept Nate’s idea and included it in his project as another piece of
evidence to support his claim. With his own understandings around evidence, Henry evaluated Nate’s
evidence as reliable and revised his ideas by accepting Nate’s.

This example, from both Nate’s and Henry’s perspectives, illustrates how students’ awareness of the
use of evidence in argumentation influenced their performance during argumentative dialogue. They
consciously applied their evidence-related epistemic understandings to inform how they would think
and do as they examined available evidence to raise questions or revise their initial ideas.

Many other similar examples were identified during the data analysis, illustrating that students
employed their awareness of the use of evidence to regulate their argumentative practice. Even though
the influence of students’ epistemic understandings on how they perform argumentation was evident in
many classroom situations, it did not occur in all situations as a matter of course. In some situations, it
was noticed that students’ epistemic understandings failed to affect their argumentation performance,
despite them being aware of it. What follows is one of the identified illustrating episodes.

Example 02: Epistemic Understandings Failed to Affect Argumentation Performance
During the teacher-led whole-class discussion in the second unit, Ivan shared how he and his group
would solve disagreements within their group through providing and examining each other’s evidence:

If we have different ideas, we should discuss, take the turn to say our ideas . . . discussion can
solve [the disagreement] because reasons and evidence are always important . . . we should, we
will compare evidence and make our decision.
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Thus far, Ivan’s awareness of the importance of evidence manifested as he explicitly expressed his
ideas about how his group would make their decision through comparing and examining available evi-
dence. However, when Ivan was working in his group with Judy and Jeff, sharing or examining evidence
for decision-making did not happen in the group interactions. For instance, the following dialogue took
place when the group was working on the parachute project and trying to decide how many shroud lines
they wanted to have for their parachute model.

2-1 Ivan: We should have 10 [shroud lines].

2-2 Judy: Is that too much? How about four, with one on each corner? So, we can manage the
balance, and not too heavy.

2-3 Ivan: No, it should be 10, we need 10.

2-4 Judy: What do you think, Jeff?

2-5 Ivan: We are going to have 10 [writing down 10 in their document].

When his group members had different ideas (turn 2-2), Ivan ignored them without exploring evi-
dence or justification (turns 2-3, 2-5). Noticing this incident, we initiated an in-class informal interview
with Ivan. He shared during the interview that he was certain his idea was the best solution, saying “we
don’t need to discuss, 10 is the best.” Ivan’s observed behaviour in the group problem solving and what
he shared during the interview were consistent and indicated that he did not apply his knowledge about
evidence (i.e. that examining evidence is important for decision-making) when he was actually in the
context of argumentation. Ivan’s problem solving, as an example, shows that the influence of students’
epistemic understandings on their performance of argumentation is complex and uncertain in social
interactions in classrooms.

Theme 2: Students Refined Their Epistemic Understandings Through Social Interactions

Regarding how students developed their epistemic understandings, we found that social interactions dur-
ing their argumentation contributed to the refinement of their epistemic understandings. It was noticed
that students” knowledge about evidence-related epistemic norms was diverse as they had various ideas
about, for example, how data can be interpreted and used as evidence and what sort of evidence can
support or refute claims. When students had opportunities to share these various evidence-related ideas,
they recognized the differences in their peers’ ideas, and some of them examined and changed their
initial ideas through sharing with their peers. In this way, students refined their epistemic knowledge
through social interactions.

We illustrate this notion with the following example from the discussion in the Sky Science unit.
During the discussion, in addition to talking about science topics under investigation (e.g. whether a
space ship can travel at the speed of light), metatalk among students also occurred as they discussed
what constitutes good evidence, the importance of evidence and how to interpret data into evidence.
With metatalk, students demonstrated awareness of their own epistemic understandings and refined their
knowledge about and approach towards evidence through communicating with peers. What follows is an
example showing how students refined what sort of evidence they thought to be relevant and supportive
of claims in their metatalk.

Example 03: Students refined epistemic understandings through metatalk

Levi’s technology, Solitude 1, was a rover to explore Triton. Levi organized and interpreted information
he had gathered from reliable sources into evidence to justify his claim that “NASA should support my
Solitude 1 because it is a good design.” The evidence he presented included the need to explore Triton,
benefits of the exploration and the specific design of his rover to make the exploration.
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After Levi’s presentation, Nathan challenged Levi’s evidence, particularly the relevance of Levi’s
evidence, by asking why he had talked more about the need for exploration than about his rover. Levi
answered that it was to support his claim. Then, with the teacher’s prompt “Would you like to share
why you have that concern?”, Nathan elaborated on why he thought Levi’s evidence was not relevant:

If you spent more time talking about your topic closely, it will make it stronger. . . . You talked
a lot about why human beings should be there. These are not really related . . . not helpful. It
needs to be related, then, it is persuasive . . . like 99% should be closely and directly about the
topic, the rover design. Otherwise, it is not supporting.

In response, Levi said:

It is related. It is important, actually necessary, to have evidence related to the topic. I said, if
we did more research, we could know more, that is why human beings should be there, and my
rover is to do the research. They are related to the topic. . . . They might be, seem like, a little
bit off topic, but they are supporting, because I curved back and reattached that part back to
the system, to the topic, so it is relevant and supporting.

In Nathan’s view, information that was cited should be “closely and directly about the topic” to
become relevant evidence to support a claim. Levi agreed that it was “necessary to have evidence
[be] related to the topic”; he thought as long as he could “curve back and reattach... [the informa-
tion] to the topic” then it became relevant evidence and supported the claim, even if it might be “a
little bit off topic.” Thus far, both Levi and Nathan were clearly aware of the importance of including
evidence in their arguments, particularly relevant evidence. Yet, their understandings of what and
how information (i.e. data) can be used as relevant evidence were different.

This episode was shown to both Levi and Nathan in the later SRI sessions. Through communi-
cating ideas with Nathan, Levi realized that it was helpful to explain how the seemingly off-topic
information was connected to the topic and thus eligible as evidence to support his claim. In other
words, Levi recognized the importance of making reasoning explicit in his argument.

I was thinking, we should definitely have information being relevant to support. . . . With his
[Nathan’s] question, I think . . . it is good, best actually, to have all the evidence closely related,
but if you cannot do that, like mine, it is helpful to explain how they are connected. . . . That

would help my work be even stronger and better . . . also good for audience to understand . . .
and to persuade the panel.

Levi did so accordingly. Before he submitted his assignment to the teacher, he added an explicit
explanation of how “the need to explore Triton” and “benefits of the exploration” supported his claim
by writing, “My Solitude 1 will make the exploration come true and bring NASA and human beings
all these benefits, so NASA should support Solitude 1.” By doing this, Levi made the reasoning
component in his argument more explicit and further justified why the information he cited became
supporting evidence.

Through the metatalk on evidence with Nathan, Levi learned what Nathan thought about evidence
and refined his own understanding of “relevant evidence.” During the metatalk with Levi, Nathan’s
knowledge about supporting evidence was also refined. Nathan shared:

After he explained, I can see the connection. His explanation was really helpful. . . . You can
talk about other things, but only a little. And you want to make sure you have the explanation,
like Levi did [in the conversation], but he forgot in his presentation. . . . Some information
might be not obviously, closely, directly related to the topic. They could be evidence too, as
long as you explain the connection . . .
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Nathan shared that, with Levi’s explanation, he could see the connection between the cited informa-
tion and the topic, which he initially thought not related. In other words, as Levi made his reasoning
explicit, Nathan was able to recognize why the data were related to the claim, and thus accepted these
data as relevant evidence. By saying “information [that] might be not obviously, closely, directly related
to the topic... could be evidence too, as long as you explain the connection,” Nathan acknowledged the
role of appropriate reasoning to develop data into evidence.

In this metatalk, Nathan and Levi demonstrated their awareness of their own epistemic understand-
ings. Through metatalk, their epistemic understandings were also exchanged and refined, particularly
around the idea that “evidence needs to be related” and how to explain the relevance. Their metatalk
involved the difference between data and evidence, as well as the role of reasoning, both of which are
fundamental in argumentation (Sampson & Clark, 2009; Sampson et al., 2011). Through social inter-
actions, students attempted to negotiate how data could become relevant supporting evidence through
appropriate reasoning.

Theme 3: Students Adapted Their Epistemic Understandings in New Situations

In addition to the social interactions, we found that students also developed their epistemic understand-
ings through adapting them in new situations. In the unit of Air, Aerodynamics and Flight, students
worked in groups to design, test and improve their parachute models. This task was a new learning
situation and was different from the NASA technology design project in Sky Science. It was found that
students adapted the epistemic understandings they had learned and practiced in the previous project
(i.e. NASA technology project in the Sky Science unit) in this new group problem-solving task.
Through examining their task performance and the applicability of their existing knowledge about
evidence in the current context, students found that some of their previous evidence-related epistemic
knowledge did not work and thus adapted it by considering the characteristics of the new situation. In this
way, students developed their epistemic understandings. What follows is one of the illustrating examples.

Example 04: Students Adapted Their Epistemic Understandings in a New Situation

Through group discussion, David, Kenny and Zhao completed their parachute model planning docu-
ment. According to their initial design, they intended to build a parachute with a piece of nylon fabric
as the canopy because, as they wrote in their planning document, “NASA is using nylon to make their
parachutes. Using the same material as the real ones will make our parachute fly and land well.” After
they tested their initial design and in the later improving stage, they revised their design by changing
canopy materials.

During his SRI, David shared how and why they made these changes, as well as how his group dis-
covered that their previous knowledge about evidence “[did] not work™ in the current task and how they
adapted that knowledge for the goal of problem solving in the new situation:

When we started making our parachute, we researched on the real ones. . . . We were thinking
it would be very cool if we use the same design as the real, then our parachute would work very
well, it could be more convincing. . . . We got some useful information from the NASA website too.
NASA also makes parachutes, with nylon for the canopy. So, we decided we would also use nylon.
We thought it would work well, because, you know, NASA is reliable. . . . We thought we found
evidence, good evidence to support our design.

With their existing understanding of evidence-based problem solving (e.g. knowing that they needed
valid evidence and that the NASA website was a reliable source of valid evidence), this group of students
explored the NASA website to find valid evidence to support their original design. After they learned
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that NASA’s real parachute canopies were made of nylon, they proposed to use the same material to
build their model, because they thought using “the same [materials] as the real [parachutes]” would be
convincing to justify that their parachute was good. However, when they tested their parachute, they
found that the nylon canopy was too heavy to land slowly and protect their quail eggs. David shared,
“We did build a nylon one... but it fell down so fast. That was not good. We need it slow, very slow to
protect the quail eggs.”

By reflecting on their task performance, they realized that reliable information from an authentic data
source was not necessarily supportive evidence to justify their solution, and they had to find another
way to achieve their goal in their new problem-solving context. David shared:

Using the information from NASA and the same materials as the real one sounds cool, but in this
project, it cannot prove our parachute is good, cannot make our small one good. . . . If we can
prove, if our eggs are good, not broken, and, if our parachute can carry more eggs, then it is a
good parachute. . . . These are good evidence to prove ours is good [design] . . . Even NASA is
using that, other real parachutes are made of nylon, but it falls very fast, fails to protect the eggs.
Following NASA just does not work.

With their refined ideas on what data would be valid evidence and how to justify their parachute
model in this circumstance, David and his group adjusted how they performed this project and managed
to make their parachute as light as possible, using a plastic bag instead of nylon to make the canopy.

David and his group realized that evidence, as well as the criteria for supporting evidence, needs to
be situated in specific contexts. They understood that trustworthy information from reliable sources such
as NASA could be good evidence to justify their problem solving, yet they also came to know that what
counts as good evidence and reasonable justification need to be appropriate to their problem context.
Their knowledge about data, evidence and evidence-based justification expanded to address the situation
and conditions of their current problems.

Discussion

It has been theoretically proposed and widely accepted that individuals’ epistemic understandings influ-
ence and even determine their argumentation performance (Iordanou & Constantinou, 2014, 2015; Kuhn,
2010; Ryu & Sandoval, 2012). Using descriptive and interpretive methods, this case study presented a
detailed account of students’ understandings about evidence-related epistemic norms of argumentation
in the science classroom context. It was evident in this study that students’ epistemic understandings
affected how they practiced argumentation. Seen from this perspective, findings of this study to some
extent confirmed this aforementioned widely accepted notion.

Nevertheless, we also observed that students’ performances were not always consistent with or regu-
lated by their epistemic understandings. We noticed that some students did not apply their epistemic
understandings to claim making and justification in social interactions, even if they were clearly aware of
it. For example, Ivan (example 02 in the previous section) expressed his understanding of the impor-
tance of evidence to make a claim to solve a problem, yet in the actual group problem solving through
argumentation, he did not apply that evidence-related knowledge. Ivan’s case, as an example, shows that
the influence of students’ epistemic understandings on their argumentation performance is complex.

Epistemic understandings do not influence argumentation performance as a matter of course in any
situation, as has been generally assumed. With the limited data of Ivan’s case, we cannot determine
whether Ivan was unable to retrieve and practice his epistemic understanding or whether he deliberately
decided not to apply it, because we did not have further opportunities to access Ivan’s thinking process.
Even though we understand how students’ epistemic understandings can impact their performance of
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argumentation, we cannot explain how and why it did not always influence students’ work in this study.
We can only assume that the complexity of the performance is related to both epistemic and social
aspects. Because applying knowledge is a higher cognitive ability than understanding and knowing,
the application of students’ epistemic understandings of argumentation may require further effort and
practice to develop their argumentation abilities.

Scholars have long argued that the social norms of argumentation, as the unwritten rules of the com-
munity, significantly influence student argumentation as well (Kelly, 2008; Lemke, 1990; Michaels
et al., 2008; Walton, 1989). Therefore, it is conjectured that the group dynamics and students’ personal
relationships with each other in the groups, as parts of the social context of their argumentation, might
contribute to this noticed phenomenon (i.e. that students did not apply their epistemic understandings in
argumentation). The epistemic and social aspects intertwine to explain how students’ argumentation is
practiced. More empirical research on the complexity of students’ decision-making and interactions with
others during argumentation is needed to help us better understand the relationship between students’
epistemic understandings, social relations and argumentation performance.

Analysing what students performed during argumentative discussion and their reflections on their
own thinking and actions during interviews, we found that students were aware of the importance of
providing and examining evidence in their claim making and communication with others. During the
interviews, some students shared further how they employed their awareness of the use of evidence
to regulate their thinking and performing during argumentation. For example, Nate in example 01
was aware of the importance of providing sufficient evidence to support a claim; thus, he consciously
examined whether Henry’s argument had enough evidence. When he realized Henry’s evidence was not
sufficient to convince him, Nate posed his question to Henry and asked for more evidence. Being aware
of their own epistemic understandings not only helped students regulate how they practice argumenta-
tion, but also facilitated the development of their epistemic understandings. Elementary students in this
study refined their epistemic understandings through social interactions with peers (i.e. metatalk) and
adapted their knowledge about evidence and justification in new situations. These findings are encourag-
ing for educators who strive to support students’ epistemic understandings and argumentation skills. It
is noteworthy that both the refinement and adaptation of epistemic understandings depend on students’
awareness of their own epistemic understandings. When students were aware of their own knowledge
and beliefs about evidence, such as knowing what counts as evidence, how to interpret data into evidence
and what sort of evidence supports or refutes a particular claim, they could express and share those ideas
with others, as well as examine whether these ideas (i.e. their existing epistemic understandings) were
suitable in a new context. If they lack this awareness, refinement and adaptation are unlikely to occur.

Like the middle-school students in philosophy class in Kuhn et al. (2013), younger learners in the
science class in this study were capable of initiating metatalk, which refers to conversation about argu-
mentation and/or the components of an argument rather than science topics under investigation. Through
these conversations, students demonstrated, communicated and refined their epistemic understandings.
Students’ metatalk in this study (e.g. the conversation between Nathan and Levi, see example 03 in
the previous section) involved fundamental issues in argumentation, such as the difference between
data and evidence, and how data can be interpreted into and counted as evidence through reasoning
(Chen et al., 2016; Hand et al., 2021; Sampson & Clark, 2009; Sampson et al., 2011). As a community
united by scientific practice (e.g. scientific argumentation), students also negotiated norms of the use
of evidence through their metatalk, including the importance of providing evidence and making their
reasoning explicit by explaining how the data connected to the claim and thus counted as evidence.
These findings support the notions in the literature that argumentation as a form of social practice
should be learned by participating in it (Kim & Roth, 2014) and explicit reflections on, and communica-
tions about argumentation help the development of student argumentation (Iordanou & Constantinou,
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2014; Kuhn et al., 2013; Shi, 2020). Thus, on a pedagogical level, these findings suggest that engaging
students in argumentative practice and explicit conversations about argumentation could be a promising
approach to improve students’ epistemic understandings and argumentation skills.

Limitations of this Study

Findings from this study highlighted the importance of students’ awareness of their own epistemic
understandings. Among students who participated in interviews in this study, their awareness of their
own epistemic understandings was evident. Concerning those students who did not participate in inter-
views, however, we could not know whether they were aware or unaware of their evidence-related
epidemic understandings, or whether and how being unaware would influence their argumentation. We
acknowledge this as a limitation of this qualitative case study with a small sample size and suggest more
research to explore the question further.
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