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1 Introduction

"It’s why we don’t do math. Math pisses me off" Ximena, an 8th-grade Mexican American girl, said to her friend

and classmate, Destiny, an 8th-grade Dominican and Haitian American girl. They were working on a problem and
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Table 1. Excerpt 1 from Classroom Conversation between Ximena and Destiny

Speaker Line Dialogue

Ximena 1 “But I subtract th-, that, that to that.”

Destiny 2 “No, you minus on these sides, right?”

Ximena 3 “Yeah”

Destiny 4 “That’s how we learned yesterday, and then do the same thing on these numbers once
you figure out this answer.

Ximena “Oh, oh it’s ninety one. That’s why.”

“This is ninety one”
“Ninety one divided by nine”
“It’s why we don’t do math.”
“Math pisses me off”

O 0 N N G

Ximena had asked Destiny for help. She expressed her frustration with the process of solving the problem. All the
while, two small microphones captured their words and an iPad filmed while they worked. Later, this conversation
would be transcribed (automatic transcription reviewed and edited by human transcribers) and an LLM would be used
to annotate it for mathematic talk moves. These two sentences from Ximena would be coded as "Off-task,' meaning
they did not relate to the math task at hand or the process of solving the problem. This definition of Off-task had come
from educational research about math and collaboration, and it distinguished other academic talk moves from Off-task
talk. A few weeks later, the first author sat with Ximena to watch a clip of the exchange. When asked whether she
agreed that those lines were off-task, Ximena pushed back: "Technically I wasn’t really off task, I was talking about
math but not in a good way... So, Chat PT [sic] needs to get his life together”

In this paper we explore the following question: what can be learned by involving students in the epistemo-
logical process of validating LLM-based measures of student talk? Validation itself is a practice of knowledge
production, and it raises the question of who holds epistemic authority over how student language is interpreted.
Students are experts with respect to their own experiences and bringing them into the validation process can deepen
the understanding of their talk in ways that teachers, researchers, and LLMs cannot achieve alone. We argue for a
two-part epistemic shift. First, language should not be treated solely as a text-based representation, but as a situated,
social, cultural, and embodied experience — which requires re-contextualizing the transcripts that LLM-based measures
rely on. Second, youth should be brought into the validation process as epistemic authorities on their own talk, not
just as the subject of expert annotation. Figure 1 maps this shift from excluding to including students in the validation
process.

We illustrate this shift through a case study of multilingual youth! in one 8th-grade math classroom, drawing on
participant observations, interviews, focus groups, and member checks with four focal students. Re-contextualizing the
transcripts surfaces dimensions of participation — relationships, classroom routines, physical space, gesture, prosody,
language ideologies — that text-only representations obscure and that shape potential interpretations of student talk.
We also show how sharing epistemic authority with the students reveals misalignments between how the LLM classified
their talk and how they themselves understood it. These misalignments go beyond errors that can be fixed with

prompt-engineering and instead require modifications of the coding scheme that delineates what counts as math talk.

'We use the term multilingual youth expansively to refer to youth that speak more than one language or language variety, i.e. African American English
or Spanish-English varieties [24].
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Together, the two shifts point toward a model of validation in which youth are not only the source of the data, but also
participants in deciding what the data means.

The remainder of the paper illustrates these two shifts. We start in Section 2 by reviewing related work on com-
putational measures of classroom discourse, ethnographically oriented methods and participatory approaches to Al
evaluation. Next, in Section 3, we provide a brief overview of the LLM-based measures for context. In Section 4, we
describe the ethnographic methods we used for re-contextualization and member checking. Section 5 presents what

each surfaces, including the context the transcripts miss and classifications the students themselves contest.

Student
Math Talk

Stu%nts
Member Interviews/

i Checks Focus Groups

Fig. 1. When Youth Enter the Chat: Before (blue) and After (yellow) Involving Youth in the Knowledge Production Process

2 Related Work
2.1 Computational Measures of Classroom Discourse

Recent work in Natural Language Processing (NLP) and learning analytics has used computational methods to analyze
student and teacher discourse, including talk moves, collaboration, and patterns of participation in classroom and
collaborative problem-solving settings [1, 3, 6, 28, 34, 36—38]. Prior studies have used methods such as Linguistic Inquiry
and Word Count (LIWC) [34, 36], BERT [36, 37], and other classifiers to identify discourse features and relate them
to learning outcomes or collaborative behaviors. These studies have advanced the ability to analyze classroom talk
at scale and have typically validated models using expert-annotated transcripts, held-out test sets, and performance
metrics such as F1 scores, AUROC, or agreement with human experts. While these approaches are useful for assessing
how well models reproduce expert labels, they generally treat transcripts as sufficient representations of classroom
interaction and rarely incorporate validation from the perspectives of the students whose discourse is being measured.
As a result, current validation practices say little about whether model outputs align with how students themselves
understand their participation or with the broader contexts in which that talk occurs.
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2.2 Ethnographically-Oriented Methods and Context in Multilingual Math Classrooms.

What ethnographic research, in particular, has long shown is that classroom discourse is shaped by social relationships,
institutional norms, identity, and embodied interaction. Studies focused on multilingual youth translanguaging practices
[14, 35, 46], and language ideologies [11, 12, 23] demonstrate that meaning cannot be understood from words alone, but
must be interpreted in relation to context, audience, language ideologies and the racialized experiences of interlocutors.
The context of multilingual mathematics classrooms makes these limitations especially important. In the United States,
the language practices of multilingual youth have historically been framed through a deficit lens [17], positioning
their linguistic repertoires as requiring remediation rather than serving as resources for learning [16, 39]. Research in
mathematics education has shown that talk and collaboration are central to learning, [8], while scholarship on identity
and language in math classrooms has demonstrated that participation is shaped by broader histories of race, gender,
language, and belonging [10, 15, 29, 32, 33]. In classrooms where standardized English is often treated as the norm
[5, 19], multilingual students may draw on broad linguistic repertoires across settings [14], and their participation may
not be fully legible through transcript-based measures alone. This makes multilingual math classrooms a particularly
revealing site for examining what LLM-based discourse measures capture, what they miss, and what is at stake if youth

are not involved in the validation process.

2.3 Participatory Approaches to Al Evaluation

We engage youth through participatory approaches similar to work done in Al and HCI evaluation. Related work in
HCI and responsible Al has argued that evaluating Al systems requires attention to the perspectives of the communities
most affected by them [18, 40, 41, 43]. Participatory approaches, including audits [40], co-design and co-creation [30],
teacher and youth centered evaluation [18, 43], have been used to surface harms, biases, and mismatches that are
not visible through standardized metrics alone. Additionally, youth have been engaged through Youth Particpatory
Action Research to reflect on technology and its impact on students [13], and college students have been engaged in
participatory design processes [31]. Our work builds on the evaluation strand of this literature: we ask what happens
when youth are brought into the validation of LLM-based measures that researchers have already built — a stage in the

Al lifecycle where their perspectives remain especially rare.

2.4 Epistemic Authority and Exclusion

Finally, we draw on theoretical frameworks of epistemic agency, authority and exclusion to analyze what is missed
when students are not involved in the validation process. Epistemic agency is the ability for youth to participate
in the disciplinary practices and intellectual activities of knowledge production [27]. Epistemic authority relates to
who has the power to engage in the intellectual process of knowledge building, which traditionally has been held
by teachers in classrooms, and scholars and their tools in research. Epistemic exclusion relates to who is excluded
from the knowledge-building process [4]. Scholars in math and science education have used these constructs to
examine power and participation in classroom collaboration [20, 21], showing that epistemic agency is dynamic and
interactionally constituted, and that authority does not redistribute automatically in collaborative or student-centered
settings. Additionally, scholars have applied this framework to show how technology can also mediate epistemic
injustice [2].

We extend this body of work in two ways. First, while these frameworks have largely been applied to classroom
interactions, we apply them to the research process itself. We ask how youth are epistemically excluded not only when
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learning, but also when their learning is being measured, interpreted, and represented. Second, building on work that
positions youth as philosophers of technology [44], we engage youth as experts of their own experiences who can

interrogate technological artifacts, in this case the LLM classifications of their talk.

3 LLM-Based Measures of Student Talk

The context of our study is a two-year project, one goal of which has been to develop scalable measures of multilingual
students’ math language practices. Data from the first year of the project (2024-2025 school year) was used to develop
and validate preliminary LLM-based measures via prompt-engineering. We treat these LLM measures as central artifacts
in the ethnographic work presented in this paper, both for re-contextualization and member-checking. The ethnographic
work was conducted during the 2025-2026 school year. Here we provide a short overview of these LLM-based measures
and their initial validation.

In the first project year, the research team partnered with two large urban school districts in the West Coast, both
serving a high number of multilingual students, to collect transcripts from middle school math classrooms. During
recordings, students worked on math tasks with peers, with at least one student per group reporting Spanish as a home
language. Recordings were transcribed by automated speech recognition software with human cleanup and review

prior to annotation.

Codebook. We used a multi-theoretic coding scheme that covered topic and talk move codes from collaborative
problem solving (CPS) and mathematics learning frameworks [7, 9, 37, 38, 45]. LLMs were used to code for collaborative
and academic talk moves, including the topic codes—Offtask, Recording, Competent, Understanding, Tool—and the
talk move codes—Question, Apology, Claim, Reasoning, Next Step, Monitor, Disagree, Agree, Compare, Add-On, and
Revoice. The codebook definitions were developed with human experts who also helped create the validation set. In
this paper, we focus on the seven codes with the highest frequency in our analytic sample: Off-task, Understanding,

Recording, Question, Claim, Next-step, Disagree. This analytic codebook is shown in Table 2.

Validation set. To develop a validation set for the LLM models, five transcripts totaling 41,196 utterances were
annotated by human experts—current and former teachers and educators, including members of the research team.
Specifically, the annotators were one Latina woman (former teacher and first author of this paper), one Asian woman
(current curriculum specialist), three white women (a current teacher, an instructional coach, and a teacher educator),
and one white man (former teacher and second author of this paper). Utterances were split at the sentence level that
served as the unit of analysis for the LLM-based talk measures. Each utterance was additionally tagged for whether the
utterance was in English, Spanish or both. We evaluated several LLMs against this validation set (Claude 3.7, GPT 5.0,
GPT 5.1) and selected GPT-5.1, which performed best based on F1 scores.

LLM prediction. We used GPT-5.1 to annotate the transcripts chosen for the student member checks. The model was
prompted with the code definitions and three positive examples and three non-examples per code (chosen by human
experts), and instructed to assign each utterance a binary (0/1) label for each code. The analytic sample consisted of two

transcripts from the focal classroom (2025-2026).

LLM performance. Table 3 reports GPT-5.1’s validation performance (F1, precision, recall) on the seven most frequent
codes in the analytic sample. We also conducted an error analysis, which surfaced misclassification patterns that we
attempted to address by revising code definitions in the prompts and resolving inconsistencies in the human-annotated

validation set. After updating definitions, we re-ran the GPT 5.1 on the validation set. The F1 scores increased for each
Manuscript submitted to ACM



Table 2. Code Definitions and Examples

Code Type Code

Definition

Example

Topic Off-Task

Understanding

Recording

Talk not pertaining to the assigned task and how
to engage with it.

Discussing group or individual’s understanding
of a mathematical idea, question, or problem.
Disscussing whether or not or to the extent to
which the group or individual feels like they
understand or do not understand.

Talk pertaining to the recording equipment or
the university researchers using it to observe
them.

“I'm just gonna go back there and play
Fortnite. I somehow know how to play
Fortnite”

“Okay, ya lo entiendo.” (Okay, I under-
stand it now)

“Estoy diciendo cosas y tengo el micro-
fono” (I am saying things and I have the
microphone.)

Question

Claim
Talk Move

Next-Step

Disagree

Asks a question

A mathematical statement of fact or conjecture
that can be proven false or not.

Suggests the next step for the group or an indi-
vidual to take.

Expresses disagreement with another students’
mathematical reasoning expressed in a prior
turn.

“Why?”

“Veinte por cuarenta es ochenta”
(Twenty times forty is eighty.)

“Try and see if eight can go into twenty-
four on this”

“No, you can’t put the five because you
never know how many friends there is”

feature, as shown in Table 3, which reports the F1 scores before and after updating definitions and human annotations.

Two codes saw the largest change in F1 scores due to updating definitions, Claim (+0.104), and updating inconsistencies

in human annotation, Question (+0.23). The remaining codes used for this analytic sample saw a smaller increase in F1

performance (+0.021 - +0.061).

Table 3. GPT-5.1 Scores by Feature Before and After Definition Update

Feature Old F1 NewF1 New Precision New Recall
Off-Task 0.764 0.817 0.734 0.921
Understanding ~ 0.639 0.700 0.605 0.830
Recording 0.661 0.682 0.564 0.863
Question 0.717 0.947 0.955 0.938
Claim 0.653 0.757 0.894 0.656
Next-Step 0.586 0.631 0.515 0.815
Disagree 0.429 0.473 0.481 0.464

The process of creating the validation set surfaced limitations that motivate the rest of the paper. The annotation

team found that disambiguating certain talk moves required context beyond text—intonation, students’ intent, what

they were pointing to or referring to. This was difficult even for human experts, and more so for LLMs, which lacked the

annotators’ background as educators and their experience listening to youth talk. In early runs of the LLM annotation,

the models struggled to reach a 0.7 F1 score on most features. This gap was exacerbated by certain features being

infrequent and more conceptual, requiring inference about intent rather than recognition of surface features. After
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adjusting definitions, the F1 scores improved but for some features—most notably Next-Step and Disagree (Table 3)—they
remained low. This validation process motivated the need to find other ways to validate LLM-based measures of student

talk and to re-contextualize the transcripts on which they depend.

4 Ethnographically-Oriented Methods

The epistemic shift in the validation of the LLM-based measures of student talk consists of two shifts, which include
re-contextualizing student talk and bringing youth into the validation process. We employed a set of ethnographically-
oriented methods as part of these shifts: participant observations, student interviews, focus groups, and member
checks.

Focal classroom and participants. For the 2025-2026 case study, we selected one 8th-grade math classroom from a
large urban school district on the West Coast. The classroom was selected from participating classrooms, as the school
primarily serves multilingual youth from African-American and Latinx families. The classroom teacher had participated
in the broader study during the prior year, but her students were new to it. From the students who consented to be
recorded, we selected four focal students because they worked in the same pairs frequently, which allowed us to discuss
their collaborative dynamics: Ximena and Destiny, two girls (Ximena is Latina and a designated English Learner; Destiny
is Latina and Haitian), and Diego and Drake, two boys (Diego is Latino; Drake is African-American). Across the school
year, I, the first author, conducted seven participant observations, four interviews, two focus groups, and four member
checks with these students. We also selected two transcripts from the focal classroom as the analytic sample for the
case study; the same excerpts were used in the interviews, focus groups, and member checks. The transcripts were the
two most recent transcripts from lessons the students had done, so that the conversations would be more recent in the

students’ memories for the participant retrospection, interviews, and focus groups.

Positionality. 1, the first author, am an immigrant Latina woman who is multilingual and grew up in large urban city
on the West Coast. I also previously taught as a K-5 classroom teacher. This background allowed me to speak in both

Spanish and English with the youth, and shaped how I approached relationship-building with the teacher and students.

Participant observations. 1 sat with various student groups during observations to get to know the youth and notice
how their group work unfolded. After each visit, I wrote field notes capturing the classroom environment, the math
activities, and my own reflections on the interactions I observed. These initial participant observations supported
relationship-building between the teacher, the youth, and me, which helped create a more comfortable environment in

the interviews and focus groups.

Student interviews. In one-on-one interviews, students participated in two activities: a language mapping activity and
participant retrospection. Building on Martinez and Mejia, [25], the language mapping activity asked youth to reflect
on the spaces and places they traverse daily and weekly, the people they interact with, and how they use language
across those audiences and interlocutors. The purpose of this activity was to build a more expansive picture of students’

linguistic repertoires both within and beyond math class.

Participant retrospection and member checks. During retrospection, youth revisited an excerpt of one of their math
class conversations and reflected on what they were doing, thinking, and feeling at the time. They were then shown the
LLM’s annotations of that same excerpt and asked whether they agreed or disagreed with how the model had classified
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Fig. 2. Example of Language Mapping Activity

their talk, what they would change, and what they felt the model had missed. The full protocol is included in Table 6 in
the Appendix.

Focus groups. Focus groups paired each focal student with a peer with whom they had worked before. They revisited
the same transcript excerpts used in the interviews and reflected on their group dynamics, collaboration, and what it
was like to talk with one another in math class. Finally, students were asked to reflect on their group dynamics and

collaboration with their classmates.

Analysis. From the participant observations, I thematically grouped field notes into contextual factors that LLM-based
measures miss (e.g., environmental, social, multimodal, and relational dimensions). These contextual factors, which
informed how students participated, included information that was not supplied to the LLMs about the multimodal
context of the classrooms and would not be represented in the transcription alone. For the member checks, I tabulated
each instance where a student disagreed with an LLM classification (Table 4) and sorted the disagreements into two
categories: disagreement with the LLM’s classification of a given utterance, or disagreement with the coding scheme.
These groupings surface misalignments between how students saw their talk and how the LLMs and coding scheme
classified their talk.

5 Results
5.1 Re-Contextualization: Beyond Text-Only Representations of Language

When classroom interactions are reduced to transcripts of verbal contributions, key dimensions of participation are
lost. The physical and socio-cultural environment, multimodal communication (silence, gesture, tone), teacher and
student characteristics and relationships, the curriculum and lesson structure, and the broader language ecology of the
classroom are missing from transcripts. Due to this, LLM-based measures that rely on such transcripts alone operate on
an incomplete representation of classroom activity.
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By using ethnographically-oriented methods, we recover much of what transcripts lose by treating student talk as a
situated, embodied, social, and cultural experience. In the sections that follow, we describe five dimensions of context
surfaced through participant observations, interviews, and focus groups, each illustrated with examples from the focal
classroom. These contextual factors allow us to (re)interpret the transcripts and create more holistic representations of

student math talk and participation, and ultimately, center the student experience.
whiteboard/
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Teacher’s
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=
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Fig. 3. Layout of Ms. Richer’s classroom mapping where Luna and Malik sat during a class session.

5.1.1  School and Classroom Environment. The focal school is situated in a large urban city on the West Coast in a
residential neighborhood with mostly single story homes. Down the street from the school, there were businesses with
signs written in Spanish and English. In the afternoons, multiple paleteros (ice cream sellers) and snack carts lined up
around the front left corner of the school to sell paletas (popsicles), fruit or chicharrones de harina (wheat pinwheels)
with lime and hot sauce, chips and sweets. Ms. Richer’s 8th-grade math classroom was on the first floor of a two-story
building. At the time that data was collected for this study, a decoration of La Llorona (The Weeping Woman) was
visible on the classroom door. Inside, the classroom was often dimly lit with shades pulled down and light streaming in
from a narrow gap below the shades. Small blue string lights highlighted the contour of the whiteboard at the front of
the classroom. Students were assigned seats in groups of about four per table with the only exception being the two
single seat desks by the front of the classroom. The classroom was tight with only about one to two feet between any
tables—Ms. Richer measured the spacing to be just right for her to squeeze through between tables. All along the walls
there were posters and signs including math concepts, classroom expectations, voice level descriptors, and hand signals
for the bathroom, questions, and other requests students might have. In the middle of the whiteboard at the front of the
class was an agenda for the day. To its side there were class point and seating chart posters.

The physical space in the room impacted how students worked together. In one observation, I sat with two students,
Malik, an African-American boy, and Luna, a Latina girl, who were sitting across from each other. The group tables
were actually two smaller rectangular tables set up next to each other to form a square (see Figure 3). The distance
between the two tables created a wide enough gap that if two students sat across from each other it was harder to hear
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with other conversations going on, and it made talking across the two tables less inviting. Instead of talking to one

another during the pair-share time, Malik and Luna continued working in silence independently.

5.1.2  Classroom Curriculum and Lesson Structure. Classroom routines further structure when and how students are
expected to talk. The focal classroom had structured time for when to talk and when not to talk. Ms. Richer followed a
similar agenda during observations starting with a warm-up exercise, then an activity covering the current material the
class was learning with designated “mild,” “medium,” and “spicy” challenge levels, and closing with an exit ticket. A
typical routine included Ms. Richer starting the class with instructions and 3-5 minutes of independent work at "voice
level zero," meaning there should be no talking. Then, Ms. Richer asked students to turn to their group or partner and
share for 1-2 minutes at a normal talking voice level. Finally, Ms. Richer asked students to share-out in a whole class
discussion for an additional 2-3 minutes. Ms. Richer typically asked students to share with a partner or share out with
the class in between each activity, with lo-fi music playing in the background and a timer counting down for most
activity sections. During my observations, the majority of students were quiet during the class, both in group work
time and during the whole class share-out. Even during partner talk time or class share-outs, a majority of youth had
their heads down looking at their worksheet continuing to work independently. Some of this was structural: parts of
the curriculum directed students to complete activities individually on computers, which did not invite collaboration.
For this project, we focused on student-to-student conversation, so the whole class share-outs were not part of the final
transcript.

Knowing the lesson structure matters for interpretation. Students were constrained by how much time and how
many opportunities they had to talk with peers, and those constraints shaped the distribution of talk in ways that are
invisible from the transcripts alone. This makes it difficult to interpret measures of participation without the context of

the lesson plan.

5.1.3  Multimodal Communication. Two kinds of multimodal information are lost in the transcripts: non-verbal demon-
strations of mathematical thinking and communication, and the communicative work done by tone, prosody, and
silence.

During class, students engaged in many non-verbal actions that demonstrate their learning and mathematical
thinking, which was not captured by transcribed speech. As mentioned above, during my observations, the majority
of the class worked independently and quietly on math activities both during the independent work time and the
pair-share time. Despite not engaging in verbal communication, most students continued to write equations and solve
problems on their handouts.

Multimodal data about student conversations can also reflect individual traits and dispositions that shape participation
in ways that coding schemes and LLM-based measures do not capture. For example, Carlos, a Latino boy, rarely spoke in
whole-class or group conversations but he worked diligently and quietly on his own. Drake, an African-American boy,
was charismatic and outgoing, frequently contributing both in groups and during whole class share-outs. Interpreted
only through what an LLM has been told counts as academic talk via the coding scheme, Carlos and Drake look like
opposite ends of a participation scale. This difference between them could easily be mischaracterized as reflecting
differences in engagement, whereas it may, in fact, be reflecting differences in their preferred mode of engagement.
Coding schemes built around spoken academic talk risk mischaracterizing those differences as gaps in ability or
attention.

Multimodal data about the classroom conversations also helps when interpreting what students meant in the context

of their conversations. Tone, silence, prosody, and body movements all help make meaning and these communicative
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dimensions are lost in transcription. Within transcribed speech, attending to tone or prosody can disambiguate a
student’s intent. For example, when "Yeah" is said in a transcript, it can be a signal of agreement or a filler word, and
the disambiguating signal is in the voice, not the transcript. Gesture and posture similarly shape what an utterance

means in context yet remain unavailable to text-based LLM measures.

5.1.4 Language ldeologies and Norms. Institutional language ideologies and norms also shape student discourse.
Although many students in the classroom spoke Spanish as a home language, instruction was conducted in English,
and the use of other languages was not explicitly encouraged. As a result, transcripts may not capture the broader
linguistic repertoires students draw on in other contexts or outside of recording times. Ms. Richer is a white woman in
her mid 30s who had been teaching math for 10 years at the time of this study. She speaks English and shared that
she understands “some” Spanish. Ms. Richer explained that while the school did not explicitly prohibit using other
named languages like Spanish, they did not explicitly encourage it in the classroom either. Most class discussion used
English, with some colloquial language from Ms. Richer. The class was majority Latine and bilingual in Spanish and
English; most of those students were Reclassified, with a handful designated English Learners. The students designated
English-Only were primarily African-American. This was reflective of the school’s broader demographics, where the
majority of students were Latine or African-American.

Students’ use of home languages was discussed in student interviews and the language mapping activity. For example,
Ximena, who is a designated English Learner, shared that even though she speaks Spanish, she would only use it in
certain contexts at school, such as during Physical Education class, where she helped translate for Spanish-speaking
peers. However, in math class, Ximena shared that she did not use Spanish. During my observations, I only heard
Ximena use Spanish a handful of times. Ximena'’s classmate and friend, Destiny, also shared that she knew some Spanish
and Haitian Creole, but did not use these at school. Both students also used features of African-American English though
neither named this language variety in their language mapping activity. When I asked the students about whether they
thought they used African-American English, Ximena looked over at Destiny and said, "No, I thought I was just talkin’
normal English" Destiny smiled and added, "Right, like I never noticed anything different" Looking only at LLM-based
measures of student talk based on transcripts would fail to capture the expansiveness of students’ linguistic repertoires,
the context for why they may change the way they speak with different audiences and in different places, and the way

their talk is informed and constrained by language ideologies.

5.1.5 Relationships. In focus groups, students emphasized that interpersonal relationships affected how comfortable
they felt talking to their peers in class. In response to a question about what it was like to be paired with Ximena,
Destiny shared: “I feel like sitting next to her, I just feel comfortable.” Elaborating on whether it was important to feel
comfortable with her peer, Destiny said, "Yes because I'm a really anxious person, like I have lots of anxiety and like
social anxiety, and so like being around people that I'm comfortable with instead of sitting next to somebody I don’t
know is a lot easier for me.” These relationships are often not explicit in recordings and are not captured in LLM-based
coding schemes. Students are aware that their experience collaborating with peers may be different based on preexisting
relationships.

Students described their relationship with their teacher as similarly important. In student interviews and focus
groups, students expressed feeling more comfortable with Ms. Richer than with other teachers at their school. They
reported that this impacted how they talked in the classroom, including their willingness to engage in off-task talk.
Ximena shared in an interview that Ms. Richer was "more calmer and that’s why everybody’s her favorite teacher". Ms.

Richer’s relationship with her students and her disciplinary choices made Ximena feel more comfortable talking in her
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class and made Ms. Richer her favorite teacher. For Ximena and Destiny, that comfort shaped what they felt able to say.
Such dynamics are not captured in LLM-based coding schemes, but they help explain variation in participation that

transcript-based measures would otherwise obscure.

5.2 "ChatPT [sic] needs to get his life together": Students Engaging with LLM Based Talk Measures

Re-contextualizing transcripts goes some distance toward centering student experience, but it does not fully bring
students into the validation process. Students are experts on their own talk and bringing them into the validation process
can provide nuance, depth, and contrasting viewpoints that adult annotators, researchers, and LLMs cannot provide
alone. Student member checks revealed that discrepancies between LLM classifications and student interpretations were
not limited to isolated errors. They reflected deeper misalignments between how coding schemes define academic talk
and how students understand their own participation. While students generally agreed with the LLM classifications, the
moments of contestation—and the reasons they gave for them—highlighted misalignments with the LLMs’ classification
of a given utterance, and with the coding scheme itself. Table 4 shows the highest-frequency disagreements during
member checks. Students were especially vocal about the Claim and Off-task codes and pushed back on these labels by

foregrounding the intentions behind their utterances.

Table 4. Disagreement Rates During Student Member Checks for Analytic Codes

Student Off-Task Understanding Recording Question Claim Next-Step Disagree

Diego 0/2 0/6 - 0/10 5/12 0/1 1/1
Drake 1/5 1/4 - 0/6 0/6 1/1 0/1
Destiny 0/8 0/5 1/2 0/8 1/4 1/3 0/2
Ximena 5/8 0/4 - 1/4 3/17 0/1 -

Note. Cells show the disagreement counts divided by the total count for each code. Dashes indicate that the code did not occur for that
student in the analytic excerpt.

Students argued for more expansive definitions of what counted as math talk. Ximena pushed back on the Off-task
label three times because these were moments when she explicitly said "math" and related to her math learning
experiences. In the first excerpt (Table 1), where Ximena and Destiny discussed how to solve a problem, the LLM
annotated lines 8-9 (“It’s why we don’t do math. Math pisses me off””) as off-task. From Ximena’s perspective, expressing
frustration was part of working on the math task. The pattern repeated in a second excerpt (Table 5), where Destiny
checks her answer with Ximena and Ximena replies, “I don’t know see honey bunch, you’re asking the wrong person
over here. Let’s be for real. you’re asking the wrong person” The LLM marked both lines as off-task. Ximena argued
they were not, since she was “still talking about the work.” A third instance occurred mid-conversation about a math
problem, when Ximena said, "[Teacher], I think I'm actually smart. I don’t even know why I'm in eighth grade. ’'m
actually supposed to be in high school" Her position was consistent: "I think it was on task because I was talking about
math." In all three of these instances, Ximena engaged actively with math tasks and made comments about her personal
math experience. Ximena was quick to say, "ChatPT [sic] needs to get his life together," in response to how the LLM
was annotating her talk. Not only was Ximena offering a more expansive idea of what could be considered math talk,
she was also pointing out the LLM’s role in this process. By engaging Ximena in the conversation about her own talk,
the epistemic authority shifted to include her as a part of the knowledge production process.

Students also added more clarity around their intentions and what was missed by the coding scheme used for LLM

classification. Ximena and Diego had similar utterances that were coded by the LLM as Claim, but they disagreed with
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Table 5. Excerpt 2 from Classroom Conversation between Ximena and Destiny

Speaker Line Dialogue

Destiny 1 “Divided by six.”
2 “Negative one. Right? Am I, am [ dumb or am I dumb?”

Ximena 3 “I don’t know see honey bunch, you’re asking the wrong person over here.”
4 “Let’s be for real. you're asking the wrong person.”

this code. In a recording, Ximena had said, "Ten, twenty, thirty, forty," and reflecting on this she thought this should
have been marked as showing reasoning: "I say reasoning...because I was trying to figure out why it’s this number, so I
was counting." Diego had an instance where he was also counting out loud: "Sixty. Seventy." and similarly disagreed
with the Claim label: "Nah I was just like counting...I think it’s different because a claim.. you're saying that’s the answer
or something"" For both students, the intention behind their utterance was different from a claim. As Diego explained, a
claim involves asserting a final answer, whereas counting reflects an intermediate step. This distinction, while captured
by the coding scheme, was not replicated by the LLM-based measures, which classify utterances based on the raw data
rather than intended function.

Reflecting on their original intentions in conversations, students described possible new codes for their talk that
were missing from the coding scheme. Diego had another instance where he was talking to Drake about a possible
solution and said: "I feel like it’s twenty-eight for some reason." The LLM classified this as a Claim and Disagree. Diego
clarified, "No, it was just like a guess, I was just guessing I wasn’t claiming that it was.. wasn’t denying it wasn’t also
28." In this moment, Diego was able to make a guess about a possible solution and hold multiple possibilities in his
head. When I asked how he would categorize this instead, Diego asked, "There’s no guess?" There were no codes in the
coding scheme for brainstorming or guessing, so this function was missed.

Member checks reveal that coding schemes embed assumptions about what counts as meaningful participation, and
that those assumptions do not always align with how students themselves understand their talk. Centering student

interpretations can both help correct misalignments and surface categories the scheme failed to anticipate.

6 Discussion

Our findings highlight two epistemic shifts in the design of LLM-based measures of student talk. The first concerns
the data: by reducing rich, embodied classroom interactions to text and then to discrete labels, LLM-based systems
omit relational, spatial, socio-cultural, and multimodal dimensions of participation by design. These omissions are not
errors that can be corrected through improved prompting or larger datasets; they are structural limitations of applying
text-based classification to complex social interaction [42, 47]. Because they take conversations out of context and
exclude student input, these omissions also de-center the youth whose talk is being measured.

The second concerns validation. Standard validation practices ask whether a model reproduces expert labels, but
validation is itself a knowledge-production practice: it determines whose interpretation of the data counts. By involving
youth in validation, we shift epistemic authority over interpretation from researchers and models to students themselves
(Figure 1). This re-centering of youth allows us to better understand not only how students see their own math talk, but
also whether these talk measures are meaningful to them. Asking for the perspective of students allows us to validate if
the talk measures are accurate to their original intentions and, beyond this, gives insight as to what youth see as part of
the math learning experience. The disagreements the students in this study raised were not simply classification errors,
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but alternative interpretations of what their talk meant. In other words, student were not simply interested in using the
available codes provided by the research team to improve model performance, they wanted to change the interpretations
of existing codes, and add codes they felt were missing. When Ximena contested her talk being labeled as off-task,
for instance, she was asserting that her math conversations include social and affective dimensions—an assertion that
aligns with prior work showing that off-task talk can serve a range of social and communicative purposes [22, 26].
Students also added nuance to their original intentions, which highlighted misalignments with the coding scheme.
These misalignments might cause LLMs to misattribute talk moves and miss significant contributions. Incorporating
student perspectives is, therefore, not just a methodological choice, but a necessary step toward creating more equitable
and representative forms of Al in education.

Taken together, these findings argue for participatory validation as a core component of responsible Al in education.
Tools and research that measure student discourse can shape how participation, collaboration, and learning are under-
stood and evaluated. Without incorporating the perspectives of the communities being measured, these outcomes risk
reinforcing narrow or misaligned definitions of meaningful participation, particularly for multilingual and marginalized
students. Centering youth as epistemic authorities additionally improves the creation and interpretation of measures
by grounding these measures in the lived experiences of the youth. We recommend that scholars using LLM-based
discourse measures triangulate data from multiple methods and seek input from participating communities to validate
and improve measures. This is especially important for combating the biases and harms that LLMs can reproduce and

that disproportionately affect marginalized youth.

7 Limitations and Ethical Considerations

Several limitations bound the claims of this paper. First, our framing intentionally treats student learning as more than
spoken contributions, and we address this through methodological triangulation. But the same methods that allow us to
re-contextualize a small number of conversations also constrain how many we can analyze. Part of the work in the focal
classroom included building relationships slowly and intentionally over the course of months, which limits the total
number of students and classrooms under consideration. The tradeoff is that we cannot generalize from one classroom
and four students. A larger or more varied sample would likely surface participation patterns and disagreements we did
not observe.

Second, our participatory engagement was scoped to the validation phase. Youth provided feedback on the LLM’s
outputs and on the coding scheme, but they were not involved in designing the coding scheme or the LLM prompts in
the first place. A fuller participatory approach, in which youth shape the underlying definitions of math talk before
classification begins, would likely surface further mismatches that our member checks missed.

Finally, the use of LLM-based measures raises concerns not only about the bias and harms that LLMs have been shown
to cause for users, but also about the environment and communities near data centers. This is especially concerning
for the larger models that cannot be locally run. Our team conducted two annotation runs with GPT 5.0 via API calls,
one for the full set of features, one for a reduced set of features with updated definitions, and one for the two analytic
excerpts. While our validation set and analytic sample is small, the impact of our research must also be taken into
account as we look towards future work. As we center equity in our work, we must also account for the impact of our
research on communities beyond our focal classroom, including those most affected by the infrastructure that LLMs

depend on.
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8 Future work

The limitations of this work point to natural extensions: a broader sample, fuller co-design and participatory approaches
with youth, and smaller, locally-runnable models. Beyond these, our findings open several further directions for inquiry.
First, extending this work beyond mathematics classrooms, into after-school programs, extended-day spaces, or other
subject-area classrooms, would help us understand how youth language practices and the categories that describe
them shift across settings. Second, future research could examine what happens downstream of measure development.
When teachers, students, or administrators see LLM-based discourse outputs, how do those outputs shape participation,
instruction, and student-teacher relationships? Finally, the participatory validation approach we describe could be
applied to other Al tools used in educational settings, such as automated feedback systems, assessment tools, or behavior
detection, to test whether the misalignments we observed are specific to discourse measurement or reflect broader gaps

between Al-generated representations and the experiences of the students they describe.

9 Conclusion

This paper argues that standard validation practices for LLM-based measures of classroom discourse (i.e., expert
annotation, F1 scores, held-out test sets) are insufficient for capturing the full meaning of student participation and
ensuring these measures are meaningful and equitable. Through a case study of multilingual youth in one 8th-grade
math classroom, we showed that ethnographically-oriented methods recover dimensions of classroom interaction that
text-only transcripts cannot represent, and that students themselves contest both model classifications and the coding
schemes used to produce them. Treating youth as epistemic authorities on their own talk reframes validation as a
knowledge-production practice in which the people being measured help decide what the measurements mean. As
LLM-based tools become more widely used in educational contexts, participatory and community-engaged approaches
that center the voices of students are essential for ensuring that these systems are both accurate and equitable. Students
are experts with respect to their own experiences, and epistemic authority should be shared with them when evaluating

and designing tools to interpret their talk.
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Table 6. Overview of Participant Retrospection and Member Check Protocol

Phase

Questions / Prompts

Participant Retrospection
Introduction

I want to talk about some of the moments when you were talking in your math
class and how you felt and what you were thinking during those moments. Let’s
read this example together.

Retrospection Questions

“Can you tell me more about this and what you were doing here?"
“Could you tell me how you were feeling during this moment?”

Member Check Introduc-
tion

One of the things we want to be able to learn from looking at how students talk
in math is how to help teachers notice the brilliant and interesting conversations
you all are having. As part of our research to understand the ways students
talk in math class we are using Large Language Models (think of something like
ChatGPT) to see how they pick up on the way you all talk to each other. So we can
give the model a written version of your conversation and ask it to look for when
a student asked a question, added on to what someone else said, or shared an idea
about math. Here are some examples of what this model picked up from your
conversation. Thinking about what you remember happening in this moment,
what do you think about what the model noticed?

Member Check Questions

“If you agree, why do you agree?"

"If you disagree, why do you disagree?”

“Would you change anything or add on to what the model noticed?”

“Was your intent captured correctly? Are there any things that the LLM is miss-
ing?”

“Is there anything else you wish your teacher would notice when you are talking
during math class?”

Closing

“Is there anything else you think I should know about math talk?”
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