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Description and Scope
This resource contains the extended transcript segments for CMIs 1, 2, 3, and 4, with pre-dialogue, in-dialogue, and post-dialogue phases marked and characterised using the qualitative descriptor scheme in Online Resource 1. Each line is accompanied by an interpretive warrant explaining the coding decision. Analytic memos following each CMI summarise the ΔΔ characterisation and its analytic significance.
All 83 transcript lines (L1–L83) are covered. Lines belonging to the four CMIs are annotated at full resolution. Lines outside CMI boundaries are included with lighter annotation for context. The transcript was lightly edited for readability, false starts and non-lexical fillers removed where they do not affect analytic interpretation, but CMI identification and phase boundary determination were made from the full unedited transcript prior to editing. Edited excerpts are representative of the reasoning observable across each phase as a whole.
Participants are referred to by pseudonym throughout: Callum, Jane, and Jack. The teacher is referred to as Teacher.
Legend
Analytic dimensions:
1. CA –  Contextual Anchoring: how learners draw on contexts to ground modelling assumptions
1. VS – Voice and Stance: how learners position themselves toward mathematical claims
1. TA – Tool Appropriation: how learners introduce, coordinate, or extend cultural tools
1. EA – Epistemic Authority: how authority for knowledge claims is negotiated and stabilised

Qualitative descriptors: Absent – Emerging – Coordinated or Authorial
Phase labels: Pre = pre-dialogue; In = in-dialogue; Post = post-dialogue
Important: Descriptors are qualitative interpretive characterisations grounded in transcript evidence, not ordinal scores to be arithmetically combined. ΔΔ is an interpretive contrast between the qualitative characterisation of activation and that of consolidation, not a computed score.
Non-CMI Worked Example – Food Estimation (Q1)
Included solely to demonstrate how the BV framework and ΔΔ characterisation are applied (Table 1). This exchange is not a CMI and is not analysed in the main manuscript.
Table 1. Non-CMI demonstration of the BV framework and ΔΔ characterisation application
	Line
	Transcript
	Phase
	CA
VS
TA
EA
	Interpretive Warrant

	L5
	Jane: “What’s the difference between estimation and guessing then?”
	Pre
	Absent
Absent
Absent
Absent
	Opens conceptual space; no contextual anchoring, tool use, or claim ownership yet

	L6
	Callum: “Estimation involves logic; guessing is random.”
	In
	Emerging
Emerging
Absent
Emerging
	Provides shared definitional criteria; stance tentatively accountable; authority beginning to distribute

	L7
	Teacher: “Estimation is using what you know, maybe doing research, applying logic.”
	Post
	Emerging
Emerging
Emerging
Coordinated or Authorial
	Revoices and stabilises learner definition; introduces structured criteria; epistemic authority shifts to teacher-grounded collective understanding


Δ(pre to in): modest activation – CA, VS, and EA move from Absent to Emerging; TA remains Absent.

Δ(in to post): partial consolidation – TA moves to Emerging; EA reaches Coordinated or Authorial through teacher revoicing.

ΔΔ: positive but teacher-driven – stabilisation through teacher authority rather than learner-owned consolidation.

Analytic memo:
This brief exchange illustrates how contextual anchoring, stance, and epistemic authority shift during early conceptual clarification. It is not a modelling chain and does not constitute a CMI. It is included solely to demonstrate how the BV framework is applied across the three phases and how the ΔΔ characterisation is derived from the interpreted pattern of qualitative descriptors rather than from arithmetic on codes.
CMI 1 – A4 Pages (Q5): From Competing Definitions to a Self-Corrected Modelling Chain
Phase sequence: pre-dialogue/early in-dialogue → in-dialogue → post-dialogue. Line numbering for this CMI (Q5-L1 to Q5-L20) is independent of the main lesson numbering (L1–L83) used for CMIs 2, 3, and 4, as Q5 is a separate task block (Table 2). The post-dialogue phase of this CMI is evidenced by a photographed written artefact (Figure 1, below) rather than transcribed dialogue; the verbal record ends at the point the group begins counting, and the calculation itself is documented only in the group’s notebook working.


Table 2. Pre-dialogue and early in-dialogue (Q5-L1–Q5-L7): Heteroglossic dispute over what counts as “average”
	Line
	Transcript
	Phase
	CA
VS
TA
EA
	Interpretive Warrant

	Q5-L1
	Jane: “We could do it based on the average words per lines.”
	Pre
	Emerging
Emerging
Absent
Emerging
	Proposes a basis for estimation; contextual anchor not yet defined; stance tentative but assertive

	Q5-L2
	Callum: “Define average…”
	Pre
	Absent
Emerging
Absent
Emerging
	Challenges the definitional basis of Jane’s proposal; heteroglossic tension begins; no resolution yet

	Q5-L3
	Jane: “A lot better than you…” [Laugh]
	Pre
	Absent
Emerging
Absent
Emerging
	Adversarial stance; humour masks genuine definitional dispute; authority contested between speakers

	Q5-L4
	Callum: “Define a lot then…”
	Pre
	Absent
Emerging
Absent
Emerging
	Sustains the challenge; dispute remains unresolved; no contextual anchor or tool yet established

	Q5-L5
	Jack: “I challenge… about the average number of pages… as the words could have been typed… handwritten…”
	In
	Emerging
Emerging
Emerging
Emerging
	Escalates dispute productively: introduces a genuine confound (format) not yet considered; activation begins across all dimensions

	Q5-L6
	Callum: “Even with typing, it depends on the type of font and size as well…”
	In
	Emerging
Emerging
Emerging
Emerging
	Extends Jack’s confound; multiple candidate variables now surfaced but not yet coordinated

	Q5-L7
	Jane: “How about if the text is in bold?”
	In
	Emerging
Emerging
Emerging
Emerging
	Further variable added; group collectively discovering the problem is underspecified; no single voice dominates framing (EA distributed)



Table 3. In-dialogue (Q5-L8–Q5-L20): From recollection to contested calculation to empirical pivot
	Line
	Transcript
	Phase
	CA
VS
TA
EA
	Interpretive Warrant

	Q5-L8
	Jane: “I have kind of written 30,000 words before and that was 26, 27 pages… that was typing though, in Times New Roman…”
	In
	Emerging
Emerging
Emerging
Emerging
	Experiential anchor offered; narrative grounding rather than empirical measurement at this point

	Q5-L9
	Callum: “…that will make it over a 1000 words per page roughly… that’s a lot… maybe a bit more…”
	In
	Emerging
Emerging
Emerging
Emerging
	Plausibility check against Jane’s figure; mutual correction begins; reasoning becomes more accountable

	Q5-L10
	Jane: “mmm… you’re right there… maybe it’s even twice that number of pages… am not too sure though… but could be nearer 57 pages.”
	In
	Emerging
Emerging
Emerging
Emerging
	Stance revised in direct response to challenge; real-time mutual correction; contextual accountability operating without an agreed tool

	Q5-L11
	Jack: “if it is typed and using font Calibri with size 12… then it’s how many words on a line… we will be looking at… which could be 15 may be 17?”
	In
	Emerging
Emerging
Emerging
Emerging
	Proposes a font-based calculation; tool emerging but still contested and not yet agreed by the group

	Q5-L12
	Callum: “What about the margins? Wide or the standard one could affect the number of words…?”
	In
	Emerging
Emerging
Emerging
Emerging
	Raises a further confound; the font-based approach is destabilised before it can be operationalised

	Q5-L13
	Jane: “All this could affect how accurate our estimates will be… why don’t we do it… handwritten instead? We could use our notebooks here to make it as realistic as possible…”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Emerging
	Pivotal tool-appropriation move: abandons contested abstraction in favour of an agreed empirical procedure; CA, VS, and TA shift sharply

	Q5-L14
	Callum: “Yeah… good idea…” / Jack: “Yep…”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Immediate uptake from both peers confirms the proposal as a collective decision; authority becomes fully shared

	Q5-L15
	Jane: “Ok… if we count mine… mine is about 11…”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Empirical measurement begins; words-per-line count from Jane’s own handwriting

	Q5-L16
	Callum: “Mine is about 8, 9…”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Second data point contributed; group is triangulating across individual handwriting samples

	Q5-L17
	Jack: “His giant handwriting…” [Laugh]; “If we count the lines on this notebook we get… say 32…”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Humour alongside continued empirical measurement; lines-per-page count begins

	Q5-L18
	Callum: “…but you could get a bit more on an A4 sheet… a couple more?”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Refines the lines-per-page estimate collaboratively; group converges on 35 lines

	Q5-L19
	Jack: “So 35 is about right…”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Confirms the agreed parameter; group has now collectively established both words-per-line and lines-per-page

	Q5-L20
	Jane: “So we work with 9–11 words/line and 35 lines on a page… let’s work it out.”
	In
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Closes the in-dialogue phase by stating the agreed working parameters explicitly; group moves to written calculation



Post-dialogue: Collective written working (Figure 1)
Fig. 1 Group one’s written working on Q5 (A4 Pages), photographed by the researcher during the lesson as field evidence. Produced collectively by the group; no teacher involvement.
[image: ]
Fig. 1. Group one’s written working on Q5 (A4 Pages)
Transcription of Figure 1:
    "1) How many pages is a 30,000-word essay (A4)
     Answer: 9,450,000 – 11,550,000 [crossed out] – 95.24 – 77.92
Estimations
    9–11 words in one line, written by hand
    35 lines in one A4 sheet
[partially struck through] 8 lines missed on average
    315 per page – 385 words per page
[crossed out: 385 × 9,450,000]
    315 × 30,000 = 9,450,000 w/p/p
    385 × 30,000 = 11,550,000 w/p/p
    30,000 / (315–385) = 95.24–77.92"
Interpretive warrant: The working documents the group’s agreed parameters from Q5-L20 (9-11 words/line, 35 lines/page) carried forward, with an adjustment of 8 lines “missed on average” to account for partially filled lines, yielding a words-per-page range of 315–385. The first calculation step (315 × 30,000 and 385 × 30,000) is a unit error: multiplying words-per-page by total words does not yield pages. A further line partially crossed out (“385 × 9,450,000”), shows the group beginning a second erroneous step before abandoning it. The group then performs the dimensionally correct operation, 30,000 ÷ 315 and 30,000 ÷ 385, yielding a final range of approximately 77.92 to 95.24 pages. CA: fully parametric and empirically derived. VS: authorial, expressed as a defensible range rather than false precision. TA: coordinated and self-correcting, the group identifies and replaces an erroneous operation within its own modelling chain. EA: fully learner-owned; no teacher input appears anywhere in this artefact or the preceding dialogue.
Δ(pre to in): substantial activation – the dispute over “average” generates competing framings; CA moves from Absent to Emerging through experiential anchoring; TA moves from Absent to an agreed empirical procedure by Q5-L13–L14.

Δ(in to post): strong consolidation – all four dimensions reach Coordinated or Authorial; the written working shows the group constructing and then self-correcting a complete multiplicative chain with no teacher involvement.

ΔΔ: positive; mechanism is learner-driven resolution of heteroglossic tension culminating in a self-monitoring, empirically grounded modelling chain.

Analytic memo:
The in-dialogue phase of CMI 1 is characterised by the activation of contextual and representational resources through heteroglossic negotiation – the dispute over what counts as a legitimate basis for estimation (recollection, typography, or empirical measurement) drives the group toward an agreed procedure. The post-dialogue phase, evidenced by the photographed working rather than transcribed dialogue, shows the clearest instance of learner-owned epistemic authority in the dataset: the group not only constructs a complete modelling chain unaided, but visibly identifies and corrects an error within it. The claim made here is bounded by what the artefact can support: the written record demonstrates that an erroneous operation was abandoned in favour of a correct one; it does not capture the verbal reasoning behind that correction, which was not preserved in the available transcript.
CMI 2 – Air Weight Estimation (L14–L22)
Non-focal CMI: identified and coded; not examined in depth in the main manuscript (Table 4). Included here as part of the complete audit record. See Online Resource 2 for the rationale for non-selection.
Phase sequence: pre-dialogue → in-dialogue → post-dialogue
Table 4. Non-focal CMI - identified and coded but not examined in depth in the main manuscript
	Line
	Transcript
	Phase
	CA
VS
TA
EA
	Interpretive Warrant

	L14
	Teacher: Q2 — “How much does the air in this room weigh?”
	Pre
	-
	Task launch; no student reasoning yet

	L15
	Jack: “Hotter air is less dense…”
	Pre
	Emerging
Emerging
Absent
Absent
	Brings physics concept; contextual but not yet organised into a modelling structure

	L16
	Jane: “I’d say about 30g.”
	Pre
	Absent
Absent
Absent
Absent
	Pure guess; no contextual or tool link; stance uncertain

	L17
	Jack: “30g is light – I’d say 30kg.”
	Pre
	Absent
Emerging
Absent
Absent
	Contrasting guess; first plausibility comparison but no model; stance playful

	L18
	Jane: “30kg is too heavy… unlikely.”
	Pre
	Absent
Emerging
Absent
Absent
	Plausibility check; no contextual anchor yet; stance becomes evaluative

	L19
	Callum: “Make it as realistic as possible – what about gas canisters?”
	In
	Emerging
Emerging
Emerging
Emerging
	Contextual analogy introduced; tool-like proxy begins; epistemic authority distributed

	L20
	Jane: “They’re compressed, you know.”
	In
	Emerging
Emerging
Emerging
Emerging
	Negotiates analogy; voice becomes accountable; heteroglossic refinement of contextual tool

	L21
	Teacher: “If you compress it… it weighs a lot…”
	In
	Emerging
Emerging
Emerging
Emerging
	Revoices analogy; scaffolds realism; authority remains distributed

	L22
	Teacher: “1–2 kg/m³; think about room volume.”
	Post
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Provides density frame enabling full modelling chain; all four dimensions reach Coordinated or Authorial through teacher-provided structure; consolidation teacher-mediated



Δ(pre to in): activation – CA, VS, TA, EA all move from Absent to Emerging

Δ(in to post): consolidation – all four dimensions reach Coordinated or Authorial; but consolidation is teacher-provided rather than learner-constructed.

ΔΔ: positive; mechanism is teacher-mediated frame provision rather than learner-owned appropriation.

Analytic memo:
CMI 2 meets all four CMI criteria and shows positive ΔΔ. It is not examined in the main manuscript because the consolidation mechanism it illustrates, teacher provision of a density frame that enables a modelling chain, does not add a qualitatively distinct mechanism beyond those demonstrated by CMIs 1 and 3. It is retained here as part of the complete coding record, available for inspection and as evidence that episode selection was made from a larger identified set.
CMI 3 – Pacing Analogy and Appropriation (L76–L83)
Phase sequence: in-dialogue → post-dialogue. The pre-dialogue baseline for CMI 3 is the representational difficulty visible at the close of the Q7 group discussion: learners attempted to estimate their daily walking distance but could not connect their intuitive knowledge of that distance to a mathematical structure. The teacher’s pacing intervention at L76 provides the representational bridge that enables consolidation.
Table 5. In-dialogue (L76–L78): ZPD-informed tool introduction
	Line
	Transcript
	Phase
	CA
VS
TA
EA
	Interpretive Warrant

	L76
	Teacher: “An average person walks about 2,000–3,000 steps a day.”
	In
	Coordinated or Authorial
Emerging
Coordinated or Authorial
Emerging
	Introduces step count as a structured representational tool; CA immediately Coordinated or Authorial; TA reaches Coordinated or Authorial because step-to-distance conversion is provided; authority distributed

	L77
	Teacher: “One step is about 3 feet, which equals one yard.”
	In
	Coordinated or Authorial
Emerging
Coordinated or Authorial
Emerging
	Provides the measurable proxy (step = yard) that makes the tool mathematically operable; representational structure complete

	L78
	Teacher: “In rugby, referees pace out yards – it’s why yards are still used in sport.”
	In
	Coordinated or Authorial
Emerging
Coordinated or Authorial
Emerging
	Cultural tool link: connects pacing to learners’ existing cultural knowledge of sport; ZPD mechanism – culturally familiar tool repositioned for mathematical use



Table 6. Post-dialogue (L79–L83): Learner-owned appropriation and consolidation
	Line
	Transcript
	Phase
	CA
VS
TA
EA
	Interpretive Warrant

	L79
	Callum: “That surely puts it in context… mine will work out…”
	Post
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Recognition and appropriation of tool; internal persuasive discourse – tool is meaningful to Callum; authorial stance begins; all four dimensions reach Coordinated or Authorial

	L80
	Callum: “500 steps × 3 = 1,500 yards ÷ 1,760 = 0.85 miles/day.”
	Post
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Learner-constructed modelling chain using teacher-provided tool; 500 steps is an independent modelling judgement (below teacher’s 2,000–3,000 range); CA fully parametric; TA fully coordinated

	L81
	Callum: “0.85 × 365 = 311 miles per year.”
	Post
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Full consolidation: modelling chain complete; authorial stance; learner-owned epistemic authority — result produced and owned without teacher validation

	L82
	Jane: “Adding context always helps.”
	Post
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Uptake and endorsement of tool’s value; plausibility confirmed through contextual accountability; VS authorial; EA collectively grounded

	L83
	Jack: “It brings the subject to life.”
	Post
	Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
Coordinated or Authorial
	Collective learner-authored uptake; all three participants endorse the tool’s value; EA Coordinated or Authorial confirmed through group stabilisation


Δ(pre to in): activation is strong – teacher’s ZPD-informed intervention immediately provides structured representational tool; CA and TA move from Absent to Coordinated or Authorial; partial appropriation within in-dialogue phase itself.

Δ(in to post): consolidation is strong – tool extended beyond teacher’s provision through learner-constructed sub-estimates; all four dimensions reach Coordinated or Authorial; authority fully learner-owned.
ΔΔ: positive; mechanism is ZPD-informed tool introduction followed by learner-initiated appropriation and extension – distinct from CMI 1 mechanism of learner-driven boundary negotiation.

Analytic memo:
The post-dialogue phase of CMI 3 constitutes the consolidation phase for both CMI 3 and CMI 1. The pacing tool introduced at L76 provides the representational structure that the in-dialogue phase of CMI 1 could not generate internally. Callum’s choice of 500 steps, a conservative figure below the teacher-provided range of 2,000–3,000, is an independent modelling judgement rather than a direct application of the teacher’s figure, demonstrating appropriation in Wertsch’s (1998) sense: the tool is repurposed for a specific context rather than simply applied. Jane and Jack’s uptake at L82–L83 confirms that consolidation is a group achievement, not only Callum’s individual calculation. The shift from Emerging to Coordinated or Authorial across all four dimensions simultaneously is itself analytically significant, consistent with the main paper’s argument that consolidation involves holistic reorganisation of interactional positioning rather than piecemeal development along independent dimensions.
CMI 4 – Media Use Counterexample (L26–L32)
Phase sequence: pre-dialogue → in-dialogue (activation only; no post-dialogue consolidation). This episode is included as a negative case demonstrating dialogic activation without developmental consolidation. Coded using the same procedure as CMIs 1, 2, and 3, the near-zero ΔΔ characterisation demonstrates that the phase-contrast indicator discriminates between consolidating and non-consolidating episodes (Table 7).
Table 7. CMI 4 – Media Use Counterexample (L26–L32)
	Line
	Transcript
	Phase
	CA
VS
TA
EA
	Interpretive Warrant

	L26
	Teacher: Q3 – estimate daily media use
	Pre
	- 
	Task launch; no student reasoning yet

	L27
	Jane: “9 hours probably…”
	In
	Emerging
Emerging
Absent
Emerging
	Contextual self-reference; narrative anchor; no modelling tool introduced; authority informally distributed

	L28
	Jack: “24 hours!”
	In
	Emerging
Emerging
Absent
Emerging
	Hyperbolic claim; conversational engagement; no modelling structure; TA remains Absent

	L29
	Callum: “16 hours, because I sleep 8.”
	In
	Emerging
Emerging
Absent
Emerging
	Weak contextual anchoring (sleep subtraction); no decomposition strategy or shared variable introduced; TA remains Absent

	L30
	Jane: “What about shower time?”
	In
	Emerging
Emerging
Absent
Emerging
	Expands contextual scope but introduces no representational structure; talk remains conversational

	L31
	Jack: “Take extremes – 8 hours average.”
	In
	Emerging
Emerging
Absent
Emerging
	Proposes aggregation strategy but does not operationalise it; no modelling chain emerges; TA remains Absent throughout

	L32
	Teacher shows class results and moves on
	Post
	Emerging
Emerging
Absent
Emerging
	No consolidation; all four dimension descriptors unchanged from in-dialogue phase; reasoning not reorganised



Δ(pre to in): modest activation – CA, VS, EA move from Absent to Emerging; TA remains Absent throughout.

Δ(in to post): negligible – all descriptors unchanged; no representational structure emerges; no modelling chain.

ΔΔ ≈ zero: activation without consolidation.




Analytic memo:
Although all three learners were engaged and contributing throughout this episode, interaction remained at the level of conversational plausibility. The absence of a representational structure, no agreed variable, no decomposition strategy, no unit of measurement, no modelling chain, meant that the contextual resources activated in dialogue could not be organised into consolidated modelling reasoning. This is not attributable to low engagement or learner incapacity: the same three learners produced strongly positive ΔΔ in CMIs 1 and 3. The differentiating variable is the absence of any tool capable of structuring the activated contextual resources. The near-zero ΔΔ characterisation confirms that the indicator discriminates between types of dialogic participation rather than simply measuring interactional quality.
Cross-Reference to Other Online Resources
1. Online Resource 1: Full coding scheme with qualitative descriptor definitions, boundary rules for each dimension, and coding reliability figures.
1. Online Resource 2: CMI identification criteria and full audit trail showing how sixteen candidate episodes were screened to two focal CMIs (1 and 3), one non-focal coded CMI (2), and one counterexample (4).
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