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The productive interplay between student-student and
teacher-student dialogic interactions and the affordances of
student generated explanatory drawings to understand plate
tectonics
Felicity McLure a, Mihye Won b and David F. Treagust b

aCharles Darwin University, Alice Springs, Australia; bSchool of Education, Curtin University, Bentley,
Australia

ABSTRACT
Understanding mechanisms underpinning formation of convection
currents is pivotal for developing explanations of plate tectonics
when teaching Geoscience topics. While student generated
diagrams explaining convection currents may be used to evaluate
student conceptual understanding and alternative conceptions in
this topic, students may need support to produce elaborated
explanatory diagrams. This study investigates the affordances of
dialogue with peers and knowledgeable others as students
construct explanatory diagrams of convection current formation
and plate movement. Grade 8 students (n = 37) participated in
small group and whole class discussions to construct
explanations of plate movements at divergent boundaries and
then drew diagrams to elaborate their understanding of this
phenomenon. Throughout the process students were encouraged
to mentally engage with the drawing process through discussions
with peers and teachers. The drawing process provided
opportunities for teachers to identify alternative conceptions that
were not evident in teacher-student dialogic interactions but
were evident in diagrams and to encourage consideration of
scientific explanations through use of probing questions about
what students were representing. The drawing process also
elicited discussions between peers about complex interactions
occurring within the mantle, during which some students became
aware of inconsistencies within their explanations which led to
adoption of more scientifically accurate conceptions.
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Introduction

Geoscience topics such as plate tectonics and the rock cycle are taught in middle school
(Grades 6–9: 11–15 year olds) in countries such as Australia, England and the USA
(ACARA, 2016; Department_for_Education, 2013; NGSS, 2013). However, to
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understand the underlying causes of plate tectonics, students must integrate concepts
learned in physics and chemistry, such as density, pressure, energy transfer, temperature
and the kinetic theory of matter in order to be able to produce causal explanations for
these huge movements over long periods of time (Conrad & Libarkin, 2022; Orion &
Libarkin, 2014). Even students studying Geoscience at university level find it difficult
to explain the formation of convection currents in the mantle and to construct an under-
standing of the complex and dynamic processes driving rock formation and change
(Libarkin & Kurdziel, 2006; Orion & Libarkin, 2014; Raia, 2008). In a previous article
we described the ways that middle school students’ explanatory diagrams about plate tec-
tonics can be used to understand how they make sense of the underlying causes of these
dynamic processes occurring within the Earth (McLure et al., 2021). However, how can
teachers use the affordances of student generated explanatory diagrams more produc-
tively to support them in constructing conceptual understanding of these complex and
dynamic processes?

When learning about plate tectonics in middle school, students progress from a
static understanding of plates towards an understanding which involves dynamic pro-
cesses that integrate the movements of convection currents in the mantle due to
heating from the core with formation and destruction of crust material at plate
boundaries (McDonald et al., 2019). Students who have constructed understanding
at the highest learning progression are able to explain the formation of convection
currents in terms of heat transfer to produce density differences and changes in
buoyancy. However, very few students (<5%) were able to construct explanations
of plate movements at this highest learning progression (McDonald et al., 2019).
This may be because Geoscience is often taught in middle school as a series of
lessons describing conditions for the formation of different types of rocks (sedimen-
tary, igneous, metamorphic) without firstly addressing the underlying dynamic earth
system which drives these changes. McDonald et al. (2019) suggest that teaching of
Earth science should begin by introducing students to the fundamental drivers of
these dynamic processes. However, if constructing understanding of convection cur-
rents is challenging for university students, developing understanding of the complex
interactions occurring in the mantle can be even more challenging for middle school
students.

In order to support students to construct such understanding we adopted a dialogic
approach combined with production of student-generated explanatory diagrams to
teach this topic. Many studies have shown the benefits of student-generated diagrams
to help students reason about scientific phenomena (Fan, 2015; Leopold & Leutner,
2012; Tippett, 2016; Tytler et al., 2020). For instance, Gobert (2005) found that the affor-
dances of student-generated diagrams resulted in students using deeper processing skills
than when writing summaries about plate tectonics. Additionally, encouraging students
to construct a series of complex explanatory diagrams which represent macroscopic,
microscopic and sub-microscopic processes supports students in developing a more
complex understanding of the inter-relatedness of entities and processes (McLure
et al., 2021, 2022; Tytler et al., 2018). Student-generated explanatory diagrams also
benefit students who do not possess the literacy skills and scientific vocabulary to success-
fully express their scientific understanding by giving them an alternative means of
expressing their understanding (Chang et al., 2020). Likewise, students’ diagrams
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enable teachers to become aware of alternative conceptions that students hold, that may
not be evident when students only provide verbal or written explanations (Chang et al.,
2020; McLure et al., 2021).

However, students need teacher support in producing and refining explanatory dia-
grams of scientific phenomena, otherwise, in our experience, students tend to simply
draw superficial macroscopic features or produce non-explanations in their diagrams
(McLure et al., 2022). What features of dialogic interactions between teachers and stu-
dents and between students themselves are productive in encouraging students to
produce explanatory drawings that include more complex inter-relations between
macroscopic, microscopic and sub-microscopic aspects of a phenomenon? How does
the production of explanatory drawings support student-student dialogic interactions?

Gillies (2016) describes the types of dialogic interactions that can occur in collabora-
tive small groups when students are trained to use linguistic tools such as cognitive ques-
tioning. She categorised these interactions as statements, challenges, elaborations or
explanations, open questions, closed questions and short responses. However, studies
have shown that students do not usually pursue explanations, draw on prior knowledge
or engage in discourse to give justifications for conclusions without external support or
guidance (Chin et al., 2000; King, 2002).

When the focus turns to teacher-student discourse, many studies have found that
teachers most often follow an initiation-response-evaluation (IRE) format (sometimes
described as information-response-feedback) which does not encourage students to
engage with cognitively challenging questions or make complex links between
aspects of prior learning (e.g. Galton et al., 1999; Howe & Abedin, 2013). In addition,
this form of classroom dialogue does not allow teachers to diagnose students’ alterna-
tive conceptions (Alexander, 2008). On the other hand, dialogic teaching probes stu-
dents’ thinking by asking higher-order questions, encourages students to share ideas
and consider alternatives, involves longer, reciprocal interchanges between teachers
and students and encourages students to attend to other students’ contributions (Alex-
ander, 2018).

Productive dialogic discourse has been studied in the Science classroom (Bansal,
2018; Tytler & Aranda, 2015) including in cooperative inquiry lessons (Gillies,
2016). While much dialogue in the science classroom is authoritative and follows
the IRE pattern, more productive dialogic discourse led by expert teachers tends to
follow a more open-ended pattern, such as Interrogation-Response-Follow-on (IRF)
(Tytler & Aranda, 2015). This results in long chains of discursive moves, such as
IRPRPRPRPR, which involve the teacher encouraging the student/s to elaborate or
refine their explanations by using prompt (P) questions (Mortimer & Scott, 2003).
By challenging students to extend their thinking, such dialogic discourse between
teacher and student results in higher-order explanations from students (Bansal,
2018; Tytler & Aranda, 2015).

However, the kinds of productive discourse that occurs when students produce dia-
grams to construct their understanding have had less attention in the literature.
Adams et al. (2020) studied discursive moves of one secondary teacher around visual rep-
resentations in science classrooms and found that the teacher used an interactive/author-
itative approach to support students in extending their reasoning and refining the
representations that they produced. However, there are few, if any, studies which
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investigate the effects of both student-student discourse and IRF teacher-student dis-
course on student generated diagrammatic explanations, nor the effects of producing
those drawings on student-student discourse. This study aims to fill this gap.

Research question:
What productive interactions are observed between student-student and teacher-

student dialogic interactions and the affordances of student generated explanatory draw-
ings as students construct a series of diagrams to explain plate tectonics?

Methods

Context and participants

Two teachers and their Grade 8 Science classes (13–14 years of age) from aWestern Aus-
tralian government school who were engaged with an Earth Science unit (ACARA, 2015)
investigating mantle convection and rock formation agreed to participate in this
research. Both classes were of mixed ability. 37 of a total of 51 students and their
parents from the two classes (22 and 15) gave informed consent for their drawings
and discussions to be included in this research prior to data collection. Following pro-
vision of training in implementation of a drawing-based teaching strategy, including
questioning strategies, described below, the teachers implemented this strategy with
their students in five lessons: understanding convection currents as the driver of large-
scale tectonic movements, the formation of sedimentary rocks, igneous rock formation
processes, metamorphic rock formation processes, and the rock cycle. Prior to this
unit, students had learned about the differences in particle movement in solids, liquids
and gases based on the kinetic theory of matter, the concept of density, and the relation-
ship between heat and particle movement.

Lesson

This paper focuses on the introductory lesson in which students developed models to
explain the way in which convection currents in the mantle result in the formation of
divergent plates at the mid-ocean ridge. An earlier paper (McLure et al., 2021) described
this lesson and the ways in which students’ drawings can be used to understand how they
make sense of the formation of convection currents. Following on from these findings,
we focus on the ways in which dialogic interactions as students produce explanatory
drawings, influence student understanding and the drawings they produced and how
the affordances of producing explanatory drawings interact with student-student
dialog to form new explanatory models.

The introductory lesson, on which this paper focuses, asked students to respond to a
guiding question: How does convection in the mantle explain the movement of ocean
crusts and why does a new ocean crust layer form at the mid-ocean ridge? The structure
of each Geoscience lesson was based on the Thinking Frames Approach (McLure et al.,
2020; Newberry et al., 2011). Students were placed in small groups which were deter-
mined at the beginning of the unit of work and which remained stable throughout.
Within each small group students produce verbal explanations of their observations of
convection currents forming in a tank of water, highlighted by the movement of coloured
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dyes and relate this to the overarching question explaining plate movement. They were
then asked to present their explanations to the whole class and the teacher used question-
ing strategies to elicit more elaborated explanations and to challenge alternative con-
ceptions. This whole-class discussion continued until students produced a scientific
explanation of movement of tectonic plates based on their observations of formation
of convection currents in water. Students were then directed to work within their
small groups to individually construct explanatory drawings. The time allocated for
the lesson was 60 min, during which students spent 15–20 min individually constructing
a series of diagrams in response to four sub-questions scaffolding students’ drawings:
Why do convection currents form in the mantle? Why do the plates get pushed apart?
What happens at the mid-ocean ridge? What happens to the whole ocean crust over
long periods of time? Teachers moved from group to group asking questions and
encouraging greater elaboration through diagrams.

Data collection

Ethics approval was obtained before data collection commenced. Video and audio
recordings of whole-class and small group interactions throughout the lesson were
obtained from those who had given consent. In addition, worksheets from 37 students
from the two participating classes were collected and analysed. A purposeful sample of
participating students and the teachers were also interviewed at the end of the Geoscience
unit using a semi-structured interview protocol to understand their perspectives about
the learning experience.

Analysis

The focus of this paper is on two types of dialogic interactions: student-student inter-
actions and teacher questioning of students about their drawings while they worked
in their small groups. However, in order to understand these interactions in context,
summaries of student-student interactions, as they develop initial verbal models of
plate movements due to convection currents and teacher-student dialogic interactions
during whole class discussions where initial explanations were presented and probed
were made. The focus of the analysis was on the ways in which these dialogic inter-
actions affect student decisions about what to draw, what to change in the diagrams
and the ways in which the affordances of drawing itself influenced student discus-
sions and conceptual understanding. Discourse moves were identified based on analy-
sis frameworks developed by Mortimer and Scott (2003) and summarised by Tang
(2021).

Video recordings of small groups were transcribed (together with audio recordings
where video audio was unclear). Beside the transcriptions of verbal discourse, notes
were taken about relevant gestures and body movements. In addition, drawing actions
that were observed were described at each point in the discourse. Interactions between
verbal dialogue, gestures and drawing elements were then analysed to understand the
interplay between student-student dialogue and explanatory drawing, and teacher –
student questioning and explanatory drawing in developing student understanding of
plate tectonics. In order to understand the experience that students had while drawing
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explanatory diagrams and the dialogic interactions that occurred during the lesson, one
group was chosen to illustrate interactions during the drawing task. This group (Group 6)
was chosen because of the clarity and number of the verbal interactions between the
group members as they were drawing and consisted of three students: Nadene
(female), Caroline (female), Andrew (male).

Results

In response to the research questions, dialogic interactions (verbal utterances, gestures
and diagrams) produced during each phase of the lesson were analysed. The drawing
phase of the lesson followed initial student-student dialogic interactions (5 min) in
their small groups where students were asked to develop explanations for the over-
arching question: how convection in the mantle explains the movement of ocean
crusts and why a new ocean crust layer forms at the mid-ocean ridge. The dialogue
between students in Group 6 (and in other groups) consisted mainly of tentative state-
ments, questions which were not answered and lengthy pauses. Nadene suggested that,
‘when the mantle rises to the top it pushes the crust around’ which she showed with
clockwise and anti-clockwise hand movements. However, this was not elaborated on
by either of the other students, although Caroline thought that it might happen
under water. Andrew was uncertain (shrugged) and didn’t contribute to the
discussion.

In the whole class discussion that follows, students from each group presented their
ideas to the class. The teacher led the discussion by initiating (I) the discussion with ques-
tions about what explanations students had developed (e.g. ‘What did you guys discuss
today?’). Students then respond (R) (e.g. Group 1: ‘The mantle – the hottest part rises and
then causes the plates to move’). The teacher then used a follow-on question (F) which
either probed the student’s explanation (e.g. ‘Okay, where does the heat come from?’)
or asks students to extend their explanations (e.g. ‘Flows? In which direction does it
flow?’). These questions were often in conjunction with the teacher paraphrasing what
students had contributed to the explanation so far (e.g. ‘And you said that it causes
the plates to move. Did you elaborate on that at all?…Not yet?’). Less frequently the
teacher evaluated (E) the student’s explanation, but then posed a follow-on question
(F) to extend or probe explanations (e.g. ‘It does form the mid ocean ridge. And
you’re saying that because of the magma rising?’). Throughout the dialogue a scientific
explanation was constructed as students from one group built on the explanations pre-
sented and elaborated by other groups. Despite not engaging in the initial small group
discussion, Andrew presented an explanation for the movement of the plates based on
the movement in opposite directions of currents in the magma for Group 6. He suggested
that the collision of the currents causes the magma to rise. Other concepts highlighted in
the discussion by other groups were: the core heats the mantle to form currents with
material flowing upwards; heating particles makes them move faster and take up more
volume – decreasing the density; magma cools as it rises and becomes denser and
then moves back downwards to be heated again; and molten material at the mid-
ocean ridge is pushed out and solidifies to form new crust. Based on the whole class dis-
cussion, it would appear that elements of a verbal scientific explanation of sea-floor
spreading were elicited as a result of teacher questioning. However, the whole class
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discussion did not include dialogue about subduction at the other side of the plate. It was
also unclear how well students were listening and absorbing the information elicited by
the teacher from other groups. However, because the interaction flows from group to
group, students had to be alert and listen to their peers so that they could respond
when asked follow-on questions.

In the drawing phase of the lesson, which is the focus of this paper, students drew
explanatory diagrams to explain the answers to each of four guiding questions. They con-
tinued to work in their small groups but produced individual diagrams. The dialogue
between students, and between teacher and students, gestures and drawing actions are
presented in Tables 1–4 and the diagrams that students produced for each question
are presented together with the dialogue.

Why do convection currents form in the mantle?

Table 1 and Figure 1(a–c) present the student-student and student-teacher dialogues and
diagrams produced in response to the first guiding question: Why do convection currents
form in the mantle?

In the first part of the student-student dialogue (turns 1–3), Caroline and Andrew
quickly drew the sections of the inner Earth, showing core, mantle and crust. Nadine,
however, simply drew a line to represent the crust and indicated that below the line
was mantle made of magma. She did not include the core and clearly did not consider
the importance of the heat from the core in her explanation. In their initial discussion,
Caroline and Andrew adopted one simple concept from the whole-class discussion,
namely that the mantle is hotter near the core than the crust. While Caroline initially
mentioned that cool magma is more dense, at this point, none of the students incorpor-
ated particles or density into their drawings. Caroline and Andrew simply wrote ‘hot
magma’ and ‘cold magma’ on their diagrams. Nadine, on the other hand, focused on
her first explanation which she gave during the initial student-student dialogic inter-
action at the beginning of the lesson, that is, that the mantle rises to the top and
moves the crust around. She seemed satisfied with a simple explanation, drawing over-
lapping circles to represent currents without including particles.

In the next part of the discussion (turns 4–7), Caroline and Andrew added in another
concept, that was raised in the whole class discussion, into their verbal and diagrammatic
explanations: distance between particles (density) related to temperature. In turn 4, Caro-
line, who had already labelled the magma near the core as hot and the magma near the
crust as cold, suddenly recognised that the colder magma will be denser (turn 4). Before
thinking about how to incorporate density into her drawing it seems that she hadn’t
really understood the effect of temperature on density, despite having verbalised this
in turn 1 and having listened to the whole-class discussion about density and temperature
which highlighted that particles that are hotter have more energy and move faster and
hence are further apart. Caroline looked to Andrew for confirmation of her new under-
standing (turn 4).

The dialogue that followed turn 4 illustrates the complexity introduced into the expla-
nation by the existence of a third concept – increasing pressure with depth in the mantle.
Andrew pointed to the mantle near the core and speculated that there would be ‘stronger
bonds’ between particles there. Even though neither mentioned the increased pressure
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Table 1. Guided lesson question #1.
Turn
# Speaker Contribution to the verbal discussion Gestures Drawing actions

1 Caroline So cool magma is more dense Draws crust, core and mantle
2 Caroline Looking at Nadene

(Figure 1c) and
Andrew’s (Figure 1a)
drawings

Labelling her diagram (Figure 1b)
and Indicates the magma near the
crust is cooler and the magma near
the core is hot. No particles and
only one current.

3 Andrew Andrew begins with drawing one
current, labelling magma as hot
near the core and cold near the
crust. Andrew looking at Caroline’s
drawing.

4 Caroline So wait! [As if she suddenly
understands] So the cooled one is
more dense and the hot one is less
dense?

Labels the diagram to show that cool
magma near the crust is more
dense than hot magma near the
core. Doesn’t draw particles.

5 Andrew They’d have a stronger bond down
here. No it would be less!

Pointing to near the core

6 Caroline The particles here are more close
together

Pointing to down the
bottom of Figure 1(b),
near the core

7 Andrew … as they get cold Andrew adds in particles to his
drawings showing cooler particles
closer together and hotter particles
further apart (although Andrew’s
particle distances are a bit hard to
see the difference between)

8 Teacher [Rephrase, F probe] OK so when they
are cool they are closer together
and as they get heated up – what
happens?

Looking at Andrew’s
drawing

9 Andrew They get more kinetic energy He indicates greater and less kinetic
energy of hot and cold particles in
his drawing by adding in vibration
lines for hot particles

10 Caroline They vibrate more Showing with hands and
showing them
spreading apart

Caroline adds in particles to her
drawing #1 showing the cooler
particles closer together and the
hotter ones further apart. She
doesn’t write or add to her pictures
to indicate vibrations

11 Nadene Nadene has drawn the higher
temperature particles very close
together, compared to cooler
particles (at the same depth)

12 Teacher [To Nadene] What are these particles
doing?

Showing the particles
that she has shown
very close together
when hot

13 Nadene Nadene rubs out the ‘cold’ and ‘hot’
particles and re-draws them close
together for ‘cold’ ones and further
apart for ‘hot’ ones.

14 Teacher [To Nadene] OK so why did the
particles get further apart?

15 Nadene Adds in lines around heated particles
to show they have lots of energy
and writes that this makes them
less dense than the colder particles

Note: Why do convection currents form in the mantle?
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Table 2. Guided lesson question #2.
Turn
# Speaker

Contribution to the verbal
discussion Gestures Drawing actions

16 Caroline [To Nadene] So I guess like
from the numerous currents
in the magma are just – the
numerous currents in the
mantle – push the crust
away

Using her hands to show
plates spreading apart. Then
looks at her own drawing

Figure 2(b): Draws the crust
spreading apart but adds in two
currents both going in the same
direction

17 Caroline They go this way – something
like that. Oh! I don’t know!
And then I guess they come
back

Using her hands to show
currents but they seem to
be going in the same
direction e.g. both clockwise

18 Andrew Figure 2(a): Draws currents going
in the same direction
(clockwise) on his drawing

19 Andrew So, I guess it [crust] goes – it
goes this direction. Does it
go in this direction down
there? I guess like

Indicating to the right.
Shaking his head in
confusion.

Drawing an arrow to the right on
the crust on the right-hand side
of diagram.

20 Caroline Rubbing out the currents she has
drawn.

21 Caroline It’s pushed apart. Yeah. Or
maybe it’s the other way?
[Realising that she has the
currents going in the wrong
direction to push the plates
apart]. The other way
around. Like, from here.

Draws both currents going
clockwise and then changes
this to show one current going
clockwise and the other going
anti-clockwise taking up the
whole of the mantle and the
core

22 Caroline How did you draw it? It would
be like that…
and then they go there…
and then they go like in this
big circle.

Leaning over to Andrew.
Showing the left current
circling anticlockwise.
Showing the other circling
clockwise

23 Andrew Oh yeah! [sounding like he
suddenly understands] Yeah.
Oh – because there’s like
multiple like currents.

He rubs out what he had and
starts to re-draw currents in #2
– clockwise and anti-clockwise.
Andrew draws two large
opposing currents going
through the core and
encompassing the whole of the
inside of the earth.

24 Nadine Figure 2(c): Draws two counter
currents with magma welling
up between and writes that the
pressure is pushing the magma
up. A gap between plates.

Note: Why do the plates get pushed apart?

Table 3. Guided lesson question #3.
Turn
# Speaker Contribution to the verbal discussion Gestures Drawing actions

25 Caroline Let’s move on to [Guiding question 3]
and what happens to the whole
ocean crust [Guiding Question 4]?
So, since the crust is like that, right
…

Indicating the gap
between the
plates in Figure 2
(b)

(Continued )
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near the core, both Andrew and Caroline seem to recognise this problem as they looked
at their drawings and suggested that the particles are closer together near the core, even
though these particles are hotter than those near the crust (turns 5 & 6). Andrew initially
attributed higher density to stronger bonds between particles close to the core but then
challenged and discarded this idea, possibly because there was no discussion of increasing
pressure with depth during the whole-class discussion. Andrew’s response in turn 7 chal-
lenged Caroline’s assertion in turn 6 that particles near the core are closer together and
moved the dialogue back to the relationship between density and temperature, ignoring
the effects of pressure. This is consistent with the earlier whole class discussion, and both
Caroline and Andrew (and later Nadene) choose to adopt a simplified explanation of
changes in density related solely to temperature. Andrew then added in particles to his
diagram to show cooler particles near the crust with greater density (closer together)
and hotter particles further apart, although differences in spacing are difficult to see in
his diagram.

Table 4. Guided lesson question #4.
Turn
# Speaker

Contribution to the verbal
discussion Gestures Drawing actions

30 Caroline Okay what happens at the mid-
ocean ridge over long periods of
time [#4)? Convergent boundary
maybe?

Pointing at the other
side of the plate
from the mid-ocean
ridge

Draws a convergent boundary in #4
showing the way that two currents
going in opposite directs can also
bring two plates together at the
other side of the plate. She writes
old crust on the subducting plate
and newer crust on the other plate.

31 Andrew Draws a similar diagram #4 to
Caroline, using the same labelling

32 Nadine Does not attempt #4

Note: What happens to the whole ocean crust over long periods of time?

Table 3. Continued.
Turn
# Speaker Contribution to the verbal discussion Gestures Drawing actions

26 Andrew What happens at the ridge?
27 Caroline So, the current is flowing –

something like this, yeah and then
after that, because of the pressure
it goes up and then because it has
got some contact with the cool
water it basically solidifies and it
becomes mid-ocean ridge. Is that
right?

Draws a gap between the two parts
of the crust in Figure 3(b). Her
drawing shows pressure due to hot
magma rising is pushing the
magma out.

28 Andrew Andrew focuses on drawing magma
being pushed up and out between
two diverging plates. He only
includes one of the convection
currents in Figure 3(a)

29 Nadine Nadine draws a thinning area at the
divergent boundary where magma
is pushing directly upwards Figure
3(c). No convection currents
evident. New crust forming on both
sides.

Note: What happens at the mid-ocean ridge?
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In turns 8–15 the teacher joined Group 6 and used initiating (I) questions based on her
understanding of the students’ diagrams to begin discussions which encouraged students
to extend their explanations. Students responded (R) to her questions and she followed
on (F) with questions to elicit development of another chain of reasoning in students’
explanations – increased temperature increases kinetic energy (KE) of particles which
in turn results in greater spacing between particles.

Teacher questioning is instrumental, in this case, for the elaboration of students’
explanations of changing density related to temperature by encouraging students to
consider the effects of temperature on particle motion. The teacher firstly looked at
Andrew’s drawings and interprets the diagram as – particles are close together when
colder (turn 8). She then asked a follow-on question to extend Andrew’s explanation
in terms of what happens to particles when they are heated up. As a result, Andrew
then described the increase in KE with temperature both verbally and in his
drawings of particles (turn 9). Likewise, Caroline further elaborated Andrew’s expla-
nation by adding that they vibrate more and she showed this with her hands, indi-
cating that this pushes the particles apart (turn 10). However, although Caroline then
added in particles with different arrangements into her diagram, depending on temp-
erature, she chose not to add in any indication of changes in KE (Figure 1b).
Andrew, however, added in small lines into his drawing of particles in the hotter
magma and wrote that they have kinetic energy and are far apart (Figure 1a).
However, he did not add in any lines to the cooler particles but simply wrote
that they have less KE, possibly indicating that he thought that they are not
vibrating.

The teacher’s attention then turned to Nadene (turn 11) who had remained silent up
until that time, but who had drawn particles that are hotter closer together than the
cooler particles. The teacher asked Nadene to explain the arrangement of the particles,
which Nadene received as a challenge to her thinking. It is clear that, despite the
whole-class discussion and Andrew and Caroline’s discussions, up until this time she
had not adopted a scientific understanding of the relationship between temperature
and density. However, following the teacher’s question, Nadene changed her drawing
of particles to align with the preceding discussions. The teacher then asked a follow-
on question to probe the source of the change in Nadene’s understanding (turn 14).
Rather than responding verbally, Nadene added in lines to indicate increased KE

Figure 1. (a) Andrew (b) Caroline (c) Nadine.
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around the ‘hot’ particles and added in some words to indicate the effect on density
(Figure 1c). Like Andrew, she did not add in lines to suggest vibrations of the cooler
particles.

In response to the first guiding question, both Caroline and Andrew only drew one
current to illustrate the changes in density with temperature, whereas Nadene started
by drawing two opposing currents. This is consistent with her explanation for plate
movement in the initial student-student dialogue (‘So, I guess like when the mantle
rises to the top it moves it around and then it pushes the crust around’ ‘It rises up,
and then it cools down. And then it pushes the crust’).

Why do the plates get pushed apart?

Table 2 and Figure 2(a–c) present the student-student dialogue and diagrams
produced in response to the second guiding question: Why do plates get pushed
apart?

The discussion moves on to the second guiding question in turns 16–24. As Caro-
line read the second guiding question, she realised (turn 16) that there must be more
than one current in the mantle and that they act on the plates. She also saw that
Nadene had drawn two currents. She then produced a preliminary explanation relating
magma movement and crustal movement by adding in two currents below the crust.
However, she drew them both going clockwise (turn 16), so it is clear that she
hadn’t understood or taken onboard Nadene’s explanations in the initial student-
student dialogue or Andrew’s and others’ explanations of opposing currents given
during the whole class, teacher-guided discussion (Andrew: ‘I guess a current would
be in one direction – the direction maybe is multiple so they go against each other.’
Other student: ‘because of two different temperatures which caused the convection cur-
rents to move in the circle – current. And then they would be like gears and pushing
them out from each other and so they drag the plates with them’). It is only as Caroline
attempted to draw an explanation that inconsistencies between her initial explanation
and the observations of plate movement become evident to her. In turn 17 Caroline
experienced some cognitive conflict when her hand gestures representing the move-
ment of the two currents were not consistent with her drawing of plates moving
apart. Interestingly, Andrew trusts Caroline’s explanation showing currents going in

Figure 2. (a) Andrew (b) Caroline (c) Nadine.
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the same directions (turn 18), despite having given a verbal explanation during the
whole class discussion which involved currents going in opposite directions. In turn
19, Andrew reviewed his diagram and compared this to his verbal explanation of
the direction of the currents. This introduced cognitive conflict as he recognised
that his diagram is inconsistent with the plates being pushed apart.

Likewise, in turns 20–21 Caroline looked at her drawings and recognised that having
two currents going in the same direction doesn’t result in the plates being pushed apart.
Therefore, she used her diagram to test what would happen if the currents were going in
opposing directions and whether this would result in diverging plates. She thus used her
diagram to resolve the cognitive conflict that she was experiencing in turn 17. In turn 22,
she then looked at Andrew’s drawing and described the changes she had made in her dia-
grams to him. As Andrew watched her gestures, he suddenly understood why the cur-
rents must go in opposing directions and added this into his own diagram. Although
both Andrew and Caroline recognised the relationship between the movement of the
currents and the plates at this point, both drew only two currents in the whole mantle
and seemed to think that these pass through the core (Figure 2a and b).

Nadene, on the other hand, seemed to have recognised from the start that the cur-
rents must oppose one another. She drew counter currents which seem to be dragging
the crust apart, she introduced a new concept into her explanation, namely that
pressure from an unnamed source is pushing the magma up (Figure 2c). It may be
that she saw the upward movement due to density differences in the magma as this
source of pressure.

What happens at the mid-ocean ridge?

Table 3 and Figure 3(a–c) present the student-student dialogue and drawings
produced in response to the third guiding question: What happens at the mid-ocean
ridge?

Turns 25–29 focused on the third guiding question about what is happening to the
crust at the mid-open ridge. Caroline starts the discussion by making a propositional
statement explaining the formation of new crust material at the ridge in terms of
upward pressure from the magma pushing magma out between the gap in the crust,
which then cools and solidifies as it comes into contact with cooler water. She then rep-
resented this verbal explanation by drawing a gap in the crust and new rock material

Figure 3. (a) Andrew (b) Caroline (c) Nadine.
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forming at the mid-ocean ridge due to the convection currents moving mantle material
upwards (turn 27, Figure 3b). Andrew (Figure 3a) and Nadene (Figure 3c) adopted much
of Caroline’s explanation in their diagrams.

What happens to the whole ocean crust over long periods of time?

Table 4 and Figure 4(a–c) present the student-student dialogue and drawings produced
in response to the fourth guiding question: What happens to the whole ocean crust over
long periods of time?

Finally, Caroline and Andrew considered what is happening at the other side of the
plate. Due to understanding that they constructed in response to guiding question
two, about the relationship between movement of plates related to currents moving in
opposite directions, they are quite rapidly able to reason, using their drawings, that
the currents will move towards each other to form a convergent boundary (turn 30).
At this stage, however, students are running out of time, so there is limited discussion
and Nadene is not able to complete her drawing for guiding question four.

Discussion

Apart fromone small case study of one teacher’s discursivemoveswhile their class produced
scientific drawings (Adams et al., 2020), limited attention has been paid to the dialogic inter-
actions that occur between students and to support students as they draw to explain, nor of
the ways in which the process of drawing influences dialogic interactions between students.
In this study, we analysed the dialogic interactions as students transferred their understand-
ing developed through exploratory student-student dialogue and whole class, teacher-led
teacher-student dialogic interactions, into explanatory diagrams in small groups.

As observed in other studies which showed that students do not usually pursue expla-
nations, draw on prior knowledge, or engage in discourse to give justifications for con-
clusions without external support or guidance (Chin et al., 2000; King, 2002), the initial
discussion of the open-ended question at the beginning of the lesson resulted in very
limited explanations and limited student-student dialogic interactions. In particular,
Andrew gave no verbal input into the discussion and neither he nor Caroline constructed
coherent explanations. Nadene introduced one descriptive chain of events for how the
movement of the mantle in counter currents pushes the crust apart but did not elaborate

Figure 4. (a) Andrew (b) Caroline (c) Nadine.
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this idea. At this point, there was no teacher-student dialogic interaction and no drawing.
Nadene appeared to be basing her explanation on observations of convection currents
being set up in a tank of water placed over a heat source. However, no mention is
made of the heat source driving the formation of the currents in the mantle, nor is
there an explanation of why the currents form.

During the whole class discussion, the teacher used expert dialogic moves, specifically
IRFRFRFRF, where the follow-on question either probes the concepts presented in stu-
dents’ explanations or encourages students’ to further elaborate those explanations. She
also frequently, summarises what students have said so far by rephrasing student contri-
butions to focus students’ attention on what she believes are the most important points.
This strategy is one that Tytler and Aranda (2015) described in productive dialogic dis-
course led by expert teachers. In this way a scientific causal explanation was synthesised
based on the contributions of each group. However, it is impossible to tell at the end of
this phase how successfully students have adopted a scientific explanation which contains
the elements of temperature change, KE change, density change, buoyancy change to
explain the establishment of convection currents which act in opposing directs and
result in sea-floor spreading.

It is only as students attempt to transfer their understanding into explanatory dia-
grams that it becomes evident, both to the students themselves and to the teachers,
the extent to which students have comprehended and adopted the scientific explanation.
It is evident from the dialogic interactions between Andrew and Caroline that, while they
were able to repeat some of the statements elicited during the whole class discussion, they
have not really grasped the full implications of these statements. For instance, Caroline
repeats the statement that cold material is more dense than hot, yet when she attempts to
draw this, she suddenly struggles to understand what this means and why there is a differ-
ence between the hot and cold mantle material. Dialogic interactions with Andrew then
helped her to clarify the relationship between density and temperature. Andrew stated in
a later interview, drawing the explanation led him to focus on one concept and then add
in further concepts as he understood the interrelation between these concepts.

This study reveals the pivotal nature of the teacher’s role in supporting student to
produce elaborated, complex chains of reasoning both verbally and in diagrams. Stu-
dents’ initial choices of what to draw in order to produce an explanatory diagram
were influenced by the responses elicited from students during the discussion that
occurred during the whole class IRFRFRFRF teacher-student dialogue. However, stu-
dents may have been satisfied with producing one or at most two chains of reasoning
in their diagrams if they had not been prompted by a further series of IRFRF interaction
with the teacher to form a more complex explanation is essential. Unlike the study of
Adams et al. (2020), where the teacher used authoritative dialogic moves when interact-
ing with students about their drawings in order to correct misconceptions or encourage
additions to drawings, the teacher did not revert to authoritative dialogue with students
when discussing their diagrams. Instead, she firstly looked at students’ drawings and ver-
balised her interpretation of their pictorial explanations. As the teacher carefully scruti-
nised the students’ drawings student understanding was made evident, including
alternative conceptions that they held. As discussed in our earlier study (McLure et al.,
2021) this allowed the teacher to address alternative conceptions that might not other-
wise have been apparent.
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Secondly, the teacher used follow-on questions which either probed or asked students to
extend their explanations. By extending the IRFRFRF dialogic interaction to the drawing
process, the teacher gave the students opportunities to extend their diagrammatic expla-
nations and recognise where there might be limitations in that explanation. This benefit
was observed for all three students. It is interesting to note that, even though Narene
had verbally expressed a simple descriptive explanation at the beginning of the lesson,
she chose not to verbalise her explanations while drawing, but used her diagrams as the
vehicle for explanation. As a result of the IRFRFRF teacher-student dialogue all three stu-
dents included other concepts that had not been addressed earlier in their drawings, for
example by adding in change in density through showing particles close together or
further apart or by adding in lines to represent increased KE to explain the decreased
density. These concepts may not have been considered or incorporated to make a more
complex causal explanation without the teacher engaging in dialogic teaching at this point.

Finally, the process of drawing led students to engage in more productive student-
student verbal dialogue. Nadene, was the exception. She continued to draw without con-
tributing to the verbal dialogue, even when the teacher asked her questions. However, it
was clear that she was listening to the discussion between the teacher and the other
members of her group and hence was able to adopt their explanations quite quickly.
As students drew, there was a lot of thinking out loud as they tried to transfer their con-
ceptual understanding into a visual format. As another student noted in his interview,
drawing led to more productive thinking and discussion.

In addition, there were several pivotal points, during the drawing phase of the lesson,
where transferring conceptual understanding into drawings led to cognitive conflict and
students were forced to question their currently held conceptions. This led to more pro-
ductive dialogue between students as students reasoned using verbal, gestural and dia-
grammatic modes. In a real sense, the drawing process made some of the alternative
conceptions that student held visible to themselves. For instance, Caroline initially
drew the convection currents going in the same direction on her drawing and then recog-
nised that this would not result in the observed spreading apart of the plate on the sea-
floor. Results from this study suggest that social construction of student-generated visual
representations, including purposeful teacher-student questioning strategies, may
support students to construct more elaborated and coherent scientific explanations of
the dynamic, complex processes of plate tectonics.

Implications for future research

As a result of the findings of this study there are several suggestions we would make for
future research.

(1) Further studies of the ways in which productive dialogic interactions between tea-
chers and students may support greater engagement with drawing explanatory
diagrams

(2) Further studies of how explicit teaching to students of strategies for having pro-
ductive dialogic interactions with peers, such as described by Gillies (2016), may
have benefits for the production of explanatory drawings
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Conclusion

This study follows on from a study of the ways in which students make meaning about
the complex scientific phenomenon of plate tectonics through diagrams (McLure et al.,
2021). This study investigated how teacher-student and student-student dialogic inter-
actions can support students as they engage in the drawing process to produce more ela-
borated causal explanations. The findings reveal the ways in which students can build on
understanding that has begun to be constructed through whole-class teacher-student dia-
logic teaching as they transfer that understanding into explanatory diagrams. Students
initially include one main causal concept in their drawings (e.g. the relationship
between temperature and density). It highlights the need for further IRFRF interactions
with the teacher in order to help students to clarify and extend their explanations to
include other concepts (e.g. the relationship between temperature, KE and density and
the formation of opposing currents). The study also highlighted the value of explanatory
drawing: as a promoter of productive student-student discussion within a small group; to
make visible students’ alternative conceptions; and to introduce cognitive conflict
leading to change in student conceptions and the possibility of adopting scientific
conceptions.
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