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ABSTRACT

Classroom discourse among multilingual learners (MLLs)
routinely integrates cognitive, interpersonal, and organiza-
tional work, yet scalable discourse analytics in educational
data mining (EDM) rely on linguistic features whose re-
lationship to these meanings is often unclear. This study
examines how psycholinguistic features derived from Lin-
guistic Inquiry and Word Count (LIWC) correspond to ex-
pert interpretations of meaning in multilingual small-group
science discourse. Grounded in Systemic Functional Lin-
guistics (SFL), we analyze associations between LIWC cat-
egories and human annotations of the ideational and in-
terpersonal metafunctions across ten classroom transcripts.
Using three complementary analyses, we evaluate empirical
alignment patterns and theory-driven predictions. Results
show that LIWC features align most consistently with inter-
personal meaning, capturing stance and social positioning,
whereas ideational meaning is reflected more selectively in
measures of elaboration and in references to participants and
actions. These findings clarify what dimensions of classroom
meaning are accessible as LIWC-based representations and
highlight important limitations of psycholinguistic features
for modeling learning-relevant discourse in multilingual set-
tings.

Keywords

Educational Data Mining, Collaborative Learning, Multi-
lingual Discourse, Systemic Functional Linguistics, Inter-
pretability

1. INTRODUCTION

Classroom discourse plays a central role in collaborative
learning by shaping how multilingual learners (MLLs) con-
struct ideas, negotiate understanding, and coordinate par-
ticipation during instruction. In multilingual classrooms,
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these processes are often realized through translanguaging
practices in which learners flexibly draw on multiple linguis-
tic resources to foster joint sense-making and participation
[2, 16]. Prior research shows that student talk in small-
group STEM activities routinely serves multiple communica-
tive functions simultaneously, such as combining problem
solving, interpersonal positioning, and discourse organiza-
tion within a single spoken utterance [20, 5, 16].

Educational data mining (EDM) has increasingly turned to
discourse analysis to study classroom interaction and learn-
ing processes at scale [25, 6]. This approach offers pow-
erful tools for characterizing multilingual meaning-making
and collaborative processes across large datasets. How-
ever, many commonly used linguistic representations rely on
surface-level features whose relationship to learning-relevant
discourse functions remains underspecified, particularly in
multilingual settings where it does not conform to monolin-
gual or standardized norms [3, 12]. For instance, a student
might say, “No sé... [I don’t know] but I think it’s because
it evaporates faster,” where the phrase may register pro-
noun use, negation, or cognitive markers in surface feature
models, while simultaneously contributing to collaborative
hypothesis building that may not be fully represented.

Linguistic Inquiry and Word Count (LIWC) provides one
widely adopted and interpretable approach to discourse
analysis by quantifying psycholinguistic dimensions such as
cognitive processing, affective tone, and social orientation
[27, 22]. LIWC features have been used extensively in ed-
ucational research to examine student engagement, perfor-
mance, and experience, including in STEM learning con-
texts [23, 17]. Despite its widespread use, LIWC is often
applied without an explicit theory of discourse and assumes
monolingualism, leaving open questions about what kinds
of communicative work these features actually reflect in lin-
guistically diverse classroom interactions. In addition, MLLs
routinely draw on multiple languages for both conceptual
sense-making and social interaction, even when English is
the official medium of instruction [8, 21]. Approaches that
rely on language-specific dictionaries risk under-representing
how meaning is distributed across languages, with implica-
tions for how discourse is interpreted and used in down-
stream models of learning.
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This study addresses this gap by examining how LIWC fea-
tures align with human interpretations of discourse in K-
12 multilingual science classrooms. Drawing on Systemic
Functional Linguistics (SFL), which theorizes how mean-
ing is realized through language across the ideational, in-
terpersonal, and textual metafunctions [10, 19], we ana-
lyze the correspondence between select LIWC variables and
expert-annotated metafunctions in small-group science dis-
cussions. Rather than treating linguistic features as predic-
tors of downstream outcomes, we adopt a theory-informed
analytic approach to estimate how LIWC’s psycholinguistic
variables represent different dimensions of meaning-making.

1.1 Multilingual Classroom Discourse
Research on classroom discourse has long emphasized that
knowledge construction is achieved through interactional
processes (i.e., explanation, questioning, critique, and up-
take) instead of isolated individual contributions [20, 5].
In multilingual classrooms, these interactions are frequently
characterized by translanguaging practices in which students
coordinate meaning across and beyond languages and regis-
ters [7, 9]. Studies of multilingual STEM classrooms show
that student contributions often integrate cognitive work,
social alignment, and discourse organization within a sin-
gle turn, reflecting the inherently multifunctional nature of
collaborative sense-making [16].

While discourse analysis approaches have documented these
patterns in detail, they typically rely on labor-intensive qual-
itative methods and small datasets, limiting their scalability
for EDM applications [16]. This tension motivates the need
for computational representations that remain sensitive to
the functional complexity of classroom talk.

1.2 LIWC

LIWC is one of the most widely used dictionary-based tools
for analyzing psychological, cognitive, and social dimensions
of language. It operationalizes linguistic features as propor-
tions of words associated with categories such as cognitive
processes, affect, social relationships, and function words,
as well as composite summary measures including Analyti-
cal Thinking, Clout, Authenticity, and Emotional Tone [27,
22].

In educational research, LIWC has been used to study how
linguistic patterns relate to student outcomes and experi-
ence. For example, Lin, Yu, and Dowell [17] showed that
cognitive and social LIWC features were differentially as-
sociated with performance and sense of belonging in online
STEM courses. Other work by [23] showed through LIWC
analysis that students’ use of function words and analytic
language patterns in their writing predicts academic perfor-
mance.

Foundational LIWC research cautions that psycholinguis-
tic categories do not map transparently onto communicative
functions. The interpretation of any given LIWC feature de-
pends on context, genre, and interactional setting, requiring
theoretical grounding [27]. In multilingual classroom dis-
course, this limitation is compounded by LIWC’s reliance
on language-specific dictionaries. As MLLs fluidly integrate
linguistic resources, analysis must either restrict data to one
language or transform translanguaged discourse into mono-
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lingual representations. Both approaches risk distorting how
meaning is distributed across languages and interaction, par-
ticularly in collaborative settings where ideational and inter-
personal work are tightly integrated.

1.3 Systemic Functional Linguistics

SFL provides a principled framework for interpreting dis-
course by distinguishing among ideational and interpersonal
metafunctions, which capture how speakers construe expe-
rience and negotiate social relations during interaction [19].
These dimensions have been widely used to analyze class-
room talk and multilingual academic language practices,
particularly in studies of collaborative learning and sense-
making [26, 28].

e Ideational: construing experience, representing pro-
cesses or phenomena, and elaborating content.

e Interpersonal: expressing stance, evaluation, uncer-
tainty, and social alignment with others.

SFL also theorizes a textual metafunction concerned with co-
hesion, information flow, and discourse organization across
extended stretches of discourse. However, textual meaning
is primarily realized across turns and interactional sequences
instead of isolated speaker turns. Because LIWC operates at
the level of short utterances and relies on surface lexical and
punctuation cues, it is poorly suited for capturing textual
resources that develop thematically in dialogic classroom
interaction. Accordingly, while textual meaning was anno-
tated to characterize the multifunctional nature of classroom
discourse, subsequent LIWC analyses in this study focus ex-
clusively on ideational and interpersonal metafunctions.

2. METHODS
2.1 Dataset

The dataset consists of 204 utterances drawn from ten small-
group science classroom transcripts collected across three
Midwestern K—12 school districts. Transcripts were selected
from longer classroom sessions as part of a broader study
of multilingual interaction in science classrooms in Fall 2024
and Spring 2025. For the present analysis, we focus on pre-
selected segments capturing focal episodes of collaborative
sense-making and translanguaging.

Across these segments, 123 students participated. Class-
rooms varied in science content and linguistic demograph-
ics (four 6th-grade science classrooms, one 9th-grade biol-
ogy classroom, and one 10th-grade chemistry classroom),
and included MLLs with diverse language backgrounds (e.g.,
Spanish, Arabic) as well as monolingual English-speaking
peers. The selected segments represent authentic small-
group problem-solving interactions in which students col-
laboratively interpreted evidence, negotiated understanding,
and coordinated action using their multilingual resources.

The data used in this study were collected as part of a
broader research project approved by the Institutional Re-
view Board (IRB) (ID: 2024-1029-CP004) at the University
of Wisconsin-Madison. Informed consent was obtained from
parents/guardians and assent from students in English and
Spanish. All data were de-identified before analysis.
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Figure 1: Distribution of adjudicated SFL metafunction labels. ID = ideational; IP = interpersonal; T = textual.

2.2 SFL Annotation

Two bilingual annotators fluent in English and Spanish in-
dependently annotated all utterances using a finalized an-
notation protocol grounded in SFL. Both annotators had
expertise in qualitative analysis of multilingual classroom
discourse. Annotations served as the reference standard
for examining how psycholinguistic features align with func-
tional meanings in multilingual student talk. Disagreements
were resolved through structured discussion, with annota-
tors jointly revisiting interpretations and reaching consensus
iteratively [15].

Each utterance was labeled for the presence of one or more
SFL metafunctions to reflect the multifunctional nature of
classroom discourse. Annotators were permitted to assign
multiple labels to a single utterance when meanings over-
lapped, consistent with prior discourse-analytic research on
multilingual STEM classrooms. Table 1 provides an illus-
trative excerpt showing how ideational, interpersonal, and
textual meanings can co-occur across short stretches of mul-
tilingual peer interaction.

Unit of analysis. The unit of analysis was a single speaker
turn, defined as one sentence or short utterance. Utterances
are understood as socially and interactionally situated units
of meaning-making [1]. Multi-clause turns were annotated
as a whole when they reflected a unified communicative in-
tent.

Rank-order labeling. When multiple metafunctions were
present, annotators assigned all relevant labels and ranked
them by prominence, with the primary communicative func-
tion listed first. For example, the utterance jQué pasd?
¢ Qué vieron? [What happened? What did you see?] was
labeled as primarily ideational, reflecting the solicitation of
experiential information, and secondarily interpersonal, re-
flecting engagement with peers and the initiation of joint
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sense-making. Annotators relied on expert judgment rather
than fine-grained grammatical segmentation.

Annotations revealed substantial multifunctionality across
the corpus. As shown in Figure 1, utterances express-
ing more than one metafunction were more common than
single-function realizations, with ideational-interpersonal
combinations occurring most frequently, followed by singu-
lar ideational turns and three-way metafunctional combina-
tions. Purely interpersonal or purely textual utterances were
comparatively rare.

2.3 Label Reliability

Inter-rater reliability was assessed using Cohen’s kappa for
each metafunction annotation, as seen in Table 2. Agree-
ment was substantial for ideational meaning (k = 0.551),
high for interpersonal meaning (x = 0.693), and moderate
for textual meaning (k = 0.444), following conventional in-
terpretation thresholds [14]. Overall micro-averaged agree-
ment was k£ = 0.595, with an exact set-level agreement of
0.620. All disagreements were adjudicated by the primary
author to produce a single gold-standard label set used in
subsequent analyses.

2.4 LIWC Feature Extraction

Each utterance was analyzed using LIWC-22. LIWC pro-
duces a broad set of variables capturing summary dimen-
sions, psychological processes, affective and social language,
and function word use. Most variables are calculated as
proportions of total words, while summary variables are
standardized composite scores derived from underlying cat-
egories [27]. The psychometric foundations of LIWC-22 are
documented in the LIWC-22 manual [4], and the English
LIWC-22 and Spanish ES-LIWC2007 variables in this study
are listed in the Appendix.

Because the unit of analysis is a short speaker turn, many
LIWC variables were sparse or zero-inflated at the utterance
level. To reduce noise associated with short texts and enable



Table 1: Excerpt of multilingual small-group science discourse with SFL metafunction labels.

Speaker Utterance Meta-functions
Yesenia (Qué pas6? ;Qué vieron? [What happened? What did you see?] Ideational, Interpersonal
Trevor Las personas de ... o los cientificos ... [The people ... or the | Ideational
scientists ... ]
Yesenia Aja, jqué estan haciendo los cientificos? [Uh-huh, what are the | Ideational
scientists doing?]
Trevor Matando a las ... um ... urchins [Killing the ... um ... urchins] | Ideational, Interpersonal
Yesenia (Erizos? [Urchins?] Ideational, Interpersonal
Trevor Erizos, yeah [Urchins, yeah] Tdeational
Yesenia (Estan matando a los erizos porque qué pasé con los erizos? [Are | Ideational, Textual
they killing the urchins because what happened with the urchins?]
Trevor Se comen la kelpo [They eat the kelp.] Ideational
Yesenia Entonces, jhay muchos erizos o pocos erizos? [So, are there many | Ideational
urchins or few urchins?]
Alonso Muchos [Many./ Ideational, Textual

Table 2: Human—human agreement for metafunction labels
per utterance.

Metafunction K

Ideational 0.551
Interpersonal 0.693
Textual 0.444
Overall micro 0.595
Exact set-level agreement 0.620

interpretable comparison across features, LIWC variables
appearing in fewer than 5% of utterances were excluded
from analysis. The remaining variables were then carried
forward to the correlation analyses described below, where
52 exceeded the median absolute correlation threshold for
at least one metafunction and were retained for reporting.

2.5 Statistical Analysis

To examine how LIWC features correlate with functional
discourse, we conducted three complementary analyses. To-
gether, these analyses examine empirical patterns, theory-
driven expectations, and robustness across language condi-
tions.

Analysis 1: Empirical alignment between LIWC fea-
tures and SFL metafunctions. First, we examined associ-
ations between LIWC variables and adjudicated SFL meta-
function labels using correlation analysis. The ideational
and interpersonal metafunctions were represented as binary
indicators indicating whether they were present in a given
utterance, which allowed both metafunctions to co-occur
within the same turn.

Spearman rank-order correlations were computed between
each LIWC variable and each metafunction indicator.
Spearman correlation was selected to accommodate non-
normally distributed variables and the ordinal nature of fea-
ture ranks. Given the exploratory goal of identifying inter-
pretable alignment patterns, we focused subsequent anal-
yses on LIWC variables whose correlations exceeded the
median absolute correlation value for each metafunction.
This thresholding strategy was used to distinguish features
showing relatively stronger alignment with expert annota-
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tions from those exhibiting weak or inconsistent associa-
tions, without assuming statistical significance in a small
corpus. Correlation results were visualized using heatmaps
to facilitate comparison across metafunctions and LIWC fea-
ture groups.

Analysis 2: Theory-driven alignment with SFL lexi-
cogrammatical resources. As a second line of analysis,
we adopt a theory-driven approach to evaluate whether psy-
cholinguistic features derived from LIWC align with lexi-
cogrammatical resources theorized in SFL. Whereas Analy-
sis 1 examined empirical associations between LIWC vari-
ables and annotated metafunctions, Analysis 2 tests whether
LIWC variables hypothesized to index ideational or interper-
sonal meaning a priori exhibit differentiated alignment with
these metafunctions in the annotated transcript.

Based on SFL discourse semantics and genre theory [18,
11], we specified LIWC variables expected to align with
ideational and interpersonal meaning, respectively (see the
Appendix). Variables were selected as surface linguistic in-
dicators plausibly associated with different meaning orien-
tations: ideational predictors index elaboration and refer-
ences to processes or phenomena (e.g., WC, WPS, Percep-
tion, space, differ); interpersonal predictors index stance,
social positioning, and participant orientation (e.g., ppron,
you, Social, Clout). Spearman correlations were computed
between each LIWC variable and metafunction.

Analysis 3: Language and Dictionary-Based Error
Analysis. As a third analysis, we examined the robustness
of LIWC-SFL alignment across language conditions while
accounting for constraints of LIWC dictionary design. Cur-
rently, LIWC-22 supports analysis using only one language-
specific dictionary at a time'. Accordingly, we conducted
two parallel analyses across all three transcript conditions:
(a) original translanguaged utterances, (b) English-only ver-
sions, and (c) Spanish-only versions using the LIWC-22 En-
glish dictionary and the internal ES-LIWC2007 Spanish dic-
tionary.

Within each dictionary, LIWC features were computed sep-

"'We confirmed this constraint with the creators of LIWC-22.



arately for all transcript conditions and related to the
same expert-annotated SFL metafunction labels. Follow-
ing prior LIWC cross-language methodology, analyses fo-
cused on within-dictionary patterns and not on direct com-
parisons across languages [24]. Although the English and
Spanish LIWC dictionaries share category structures, subtle
differences in linguistic realization and coverage exist (e.g.,
subject pronoun omission in Spanish), motivating a within-
language analytic approach.

Together, the three analyses serve complementary pur-
poses. Analysis 1 establishes empirical alignment patterns
between LIWC features and expert interpretations of mean-
ing. Analysis 2 evaluates whether these patterns align
with theory-driven expectations about how meaning is re-
alized lexicogrammatically. Analysis 3 probes the stabil-
ity of these alignments under common preprocessing and
language-restriction decisions in EDM. This design supports
both exploratory and theory-driven analysis.

3. RESULTS
3.1 Analysis 1: LIWC Predictors and SFL
Metafunctions

We examined associations between LIWC variables and
expert-annotated SFL metafunctions using Spearman rank-
order correlations. Ideational and interpersonal metafunc-
tions were represented as binary indicators denoting whether
each meaning was present in a given utterance. Fifty-two
LIWC variables exceeded the median correlation threshold
for at least one metafunction and were retained for analysis.
For interpretability, variables were grouped post hoc into six
LIWC-informed categories. Separate heatmaps were gener-
ated for each category to visualize alignment patterns with
ideational and interpersonal meanings.

3.1.1 Summary Variables

Figure 4 presents correlations between SFL metafunctions
and LIWC summary variables. Ideational meaning showed
the strongest alignment within this category, with posi-
tive correlations for word count (WC; p = 0.28), words
per sentence (WPS; p = 0.28), and BigWords (p = 0.22).
Clout was also positively associated with ideational mean-
ing (p = 0.16), while dictionary coverage (Dic) showed a
negative association (p = —0.18).

Interpersonal meaning exhibited weaker and more selective
alignment with summary variables. Clout showed a posi-
tive correlation (p = 0.19), while Analytic was negatively
associated (p = —0.23). Other summary variables showed
correlations close to zero.

3.1.2  Linguistic Dimensions

Figure 2 shows correlations for LIWC linguistic dimen-
sion variables. Interpersonal meaning exhibited the clearest
alignment in this category, with the strongest associations
observed for personal pronouns (ppron; p = 0.28), pronouns
overall (p = 0.21), first-person singular I (p = 0.20), and
second-person you (p = 0.16).

Ideational meaning showed more moderate and distributed
associations across linguistic dimensions, including positive
correlations for ipron (p = 0.17), determiners (p = 0.17),
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prepositions (p = 0.17), auxiliary verbs (p = 0.15), and con-
junctions (p = 0.14). The aggregate Linguistic category was
negatively associated with ideational meaning (p = —0.23).

3.1.3 Psychological Processes

Figure 3 presents correlations between metafunctions and
LIWC psychological process variables. Ideational meaning
showed its strongest association with differ (p = 0.18), fol-
lowed by affiliation (p = 0.11) and cause-related language
(p = 0.08). Other cognitive process categories showed weak
or near-zero associations.

Interpersonal meaning exhibited modest positive correla-
tions for discrepant language (discrep; p = 0.12), cogni-
tion (p = 0.10), and cognitive processing more broadly
(p = 0.09), while differ showed a small negative association
(p = —0.06).

3.1.4 Affect and Social Processes

Figure 5 shows correlations for LIWC affective and so-
cial process variables. Interpersonal meaning aligned most
clearly with this category, with positive correlations for So-
cial (p = 0.22), socrefs (p = 0.18), socbehav (p = 0.12), and
assent (p = 0.15).

Ideational meaning showed weak associations with most af-
fective and social variables, with the exception of a strong
negative correlation with assent (p = —0.35), indicating that
brief agreement tokens were unlikely to be annotated as
ideational.

3.1.5 Perception and Time Orientation

Figure 6 presents correlations for LIWC perception and time
orientation variables. Ideational meaning showed consistent
positive alignment with perception (p = 0.22), spatial lan-
guage (p = 0.19), motion (p = 0.13), and temporal focus,
including past (p = 0.12) and future (p = 0.12) orientation.

Interpersonal meaning showed weak associations across this
category, with correlations near zero for most variables and
small positive correlations for present (p = 0.08) and future
focus (p = 0.05).

3.1.6  Conversational and Punctuation Features

Figure 7 shows correlations for LIWC conversational and
punctuation variables. Ideational meaning exhibited con-
sistent negative correlations with conversational markers,

including Conversation (p = —0.29), nonfluencies (p =
—0.18), overall punctuation density (AllPunc; p = —0.16),
and comma use (p = —0.13). In contrast, Apostro (p =

0.12) and OtherP (p = 0.11) showed small positive associa-
tions.

Interpersonal meaning showed weak and inconsistent align-
ment across conversational and punctuation features, with
correlations ranging from p = —0.03 to 0.10.

3.2 Analysis 2: LIWC Alignment with SFL

Lexicogrammatical Resources
We examined whether LIWC variables predicted a pri-
ori to align with ideational or interpersonal lexicogram-
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Figure 3: Spearman correlations between SFL metafunctions and LIWC Psychological Processes.

matical resources exhibit empirical alignment with expert-
annotated metafunctions. For each theoretically-specified
LIWC variable, Spearman correlations were computed with
both ideational and interpersonal indicators to give direct
comparison across metafunctions.

Ideational-predicted LIWC variables. Figure 8 shows
Spearman correlations for LIWC variables hypothesized to
index ideational meaning, displayed for both ideational
and interpersonal metafunctions. Measures of elaboration
showed the strongest positive correlations with ideational
meaning, including word count (WC; p = 0.28) and words
per sentence (WPS; p = 0.28). Perceptual and experiential
variables also showed positive correlations with ideational
meaning, including Perception (p = 0.22), space (p = 0.19),
motion (p = 0.13), and differ (p = 0.18).

Across these variables, correlations with interpersonal mean-
ing were weaker or near zero. LIWC cognitive process vari-
ables (e.g., cogproc, cause, insight, discrep) showed weak
or inconsistent correlations with ideational meaning (all
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p < 0.10).

Interpersonal-predicted LIWC variables. Figure 9
presents correlations for LIWC variables hypothesized to
reflect interpersonal meaning for ideational and interper-
sonal metafunctions. Pronoun-based features showed the
strongest positive correlations with interpersonal meaning,
including personal pronouns (ppron; p = 0.28), first-person
singular (I; p = 0.20), and second-person address (you;
p = 0.16). Social reference variables also showed positive
correlations with interpersonal meaning, including Social
(p = 0.22), socrefs (p = 0.18), affiliation (p = 0.11), and
Clout (p = 0.19).

The same variables showed weaker correlations with
ideational meaning, including ppron (p = —0.02), I (p =
—0.10), you (p = 0.06), Social (p = 0.13), socrefs (p = 0.13),
affiliation (p = 0.11), and Clout (p = 0.16).

Affective and modality-related variables showed compara-
tively weaker correlations with interpersonal meaning, in-
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cluding Affect (p = 0.07), tentat (p = 0.07), and negate
(p = 0.06).

The patterns observed in Analysis 2 support the construct
validity of the theory-driven mapping. Variables predicted
to align with ideational and interpersonal meaning showed
differentiated correlations across metafunctions. This diver-
gence would not be expected if LIWC features reflected only
generic verbosity or affect, but instead indicates theoretical
alignment with dimensions of meaning. At the same time,
the weak and inconsistent performance of cognitive-process
variables highlights limits in how these categories map onto
interactional reasoning in multilingual classroom discourse.

3.3 Analysis 3: Language, Translation, and

Error Analysis
LIWC outputs varied systematically across the original
translanguaged, English-only, and Spanish-only transcript
conditions, with distinct patterns depending on dictionary
choice (Tables 3 and 4).
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Spearman correlations between SFL metafunctions and LIWC Affective and Social Processes.

Using the LIWC-22 English dictionary (Table 3), English-
only transcripts showed higher values than the original
translanguaged condition for dictionary-based and function-
heavy categories, including Dic (89.03 vs. 71.28), Linguis-
tic (79.82 vs. 62.83), and function (55.85 vs. 42.60). The
Spanish-only condition showed pronounced reductions in
these same variables (e.g., Dic = 16.91; function = 8.00),
while punctuation- and segmentation-related measures in-
creased, including Analytic (63.81 vs. 30.43), Period (26.74
vs. 12.61), and AllPunc (57.59 vs. 42.12). Pronoun- and
verb-based categories were near zero in the Spanish-only
condition under the English dictionary.

Using the ES-LIWC2007 Spanish dictionary (Table 4),
Spanish-only transcripts showed higher values than the orig-
inal for dictionary match and grammatical categories, in-
cluding Dic (80.70 vs. 28.28), Funct (51.59 vs. 19.02), Verbos
(18.89 vs. 5.36), and TotPron (12.72 vs. 4.48). English-only
transcripts showed consistently lower values across these
same categories. Punctuation-related variables (AllPunc,
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Period, @Mark) showed higher values in the Spanish-only
condition across both dictionaries.

Across both dictionary settings, the original translan-
guaged condition generally fell between the English-only and
Spanish-only conditions on most variables (Tables 3-4), in-
dicating that language restriction and translation systemat-
ically reshaped LIWC feature distributions.

4. DISCUSSION

This study uses SFL to address a central challenge in EDM:
how to improve interpretation of automated linguistic mea-
sures in ways that are theoretically grounded and reflect
authentic language use, particularly in multilingual STEM
classrooms. SFL provides a principled account of how lan-
guage simultaneously construes experience, enacts social re-
lations, and organizes discourse, making it well suited for
analyzing the meaning-making practices of MLLs whose lin-
guistic resources span languages and registers.
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Against this backdrop, we examined how psycholinguistic
features derived from LIWC align with expert annotations
of SFL metafunctions in K-12 multilingual small-group sci-
ence discourse. By grounding analysis in ideational and in-
terpersonal meaning, the results clarify which dimensions of
classroom talk are captured by commonly used psycholin-
guistic features and which aspects may remain less visible
within current analytic approaches.

Across analyses, ideational meaning showed limited align-
ment with LIWC features. It was most reliably associated
with surface measures of elaboration, particularly WC and
WPS. Although often treated as coarse indicators, these
measures indexed experiential and explanatory content in
collaborative science talk, suggesting that longer and more
elaborated turns were more likely to involve ideational mean-
ing. Perceptual and spatial categories (e.g., Perception,
space, motion) also showed modest alignment, reflecting the
role of observation and spatial reasoning during scientific
sense-making.
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Figure 9: Spearman correlations between LIWC variables and the interpersonal metafunction.

Several LIWC variables commonly interpreted as indicators
of conceptual processing showed weak or inverse relation-
ships with ideational meaning. Higher values for Dic and
aggregate linguistic measures (e.g., Linguistic, function word
totals, and overall punctuation density) were negatively as-
sociated with ideational meaning. In multilingual classroom
discourse, lower dictionary coverage may reflect translan-
guaging practices and domain-specific terminology that fall
outside of monolingual dictionary inventories. As a result,
utterances that are rich in disciplinary and collaborative
content may register as having a lower dictionary match,
despite contributing substantively to meaning-making.

In contrast, interpersonal meaning exhibited the strongest
and most coherent alignment with LIWC features. Pro-
noun variables (e.g., ppron, I, you), social reference cate-
gories, and summary measures related to social positioning
(e.g., Clout) showed the highest and most stable correla-
tions across analyses. Agreement markers such as assent
followed this pattern, showing a positive correlation with in-
terpersonal meaning and a strong negative correlation with
ideational meaning (p = —0.35). This pattern is most clearly
reflected in Analysis 2, where variables predicted to align
with ideational and interpersonal meaning showed clearly
differentiated correlations across metafunctions. These pat-
terns align with SFL accounts in which interpersonal mean-
ing is enacted through stance-taking, evaluation, and par-
ticipant positioning.

Relatedly, several LIWC categories often interpreted as
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indexing cognition (e.g., cogproc, discrep) aligned more
strongly with interpersonal than ideational meaning. In di-
alogic classroom interaction, these features frequently func-
tion to signal epistemic stance, hesitation, or negotiation
(e.g., “I think,” “I don’t know,” “maybe”) within interaction
rather than to elaborate scientific explanations. This sug-
gests that LIWC cognitive-process variables in collaborative
settings are more closely associated with interactional posi-
tioning than with experiential or explanatory content.

Findings from the third analysis sharpen these interpre-
tations by isolating the role of language-bound dictionary
assumptions. When multilingual classroom talk was con-
strained to a single-language representation, the prominence
of LIWC features shifted systematically, with greater em-
phasis on grammatical density, punctuation, and segmenta-
tion, and reduced sensitivity to social (e.g., Social, socrefs,
affiliation) and experiential (e.g., Perception, space) cate-
gories. These shifts varied by dictionary, indicating that
alignment patterns are shaped by how linguistic resources
are partitioned across language-specific inventories. The
translanguaged condition did not behave as an aggregation
of English and Spanish features, but instead exhibited a dis-
tinct distribution of LIWC features, suggesting a redistribu-
tion of meaning-making resources that is not fully preserved
under single-language dictionaries. These findings empiri-
cally challenge assumptions that academic reasoning occurs
primarily in English while other languages serve only so-
cial or supportive functions, showing instead that MLLs use
their full linguistic repertoires for both ideational and inter-



Table 3: Mean LIWC values across transcript conditions in the LIWC-22 English dictionary.

LIWC Variable (English dict) Original English-only  Spanish-only
Dic 71.28 89.03 16.91
Linguistic 62.83 79.82 12.45
function 42.60 55.85 8.00
Tone 41.83 54.45 20.60
Cognition 22.85 28.01 5.87
verb 16.39 21.61 0.00
pronoun 14.50 18.17 0.50
Clout 36.11 41.26 12.43
Social 5.92 8.53 1.13
Perception 7.22 9.29 1.24
Analytic 30.43 31.25 63.81
AllPunc 42.12 40.42 57.59
Period 12.61 13.33 26.74
QMark 12.16 8.03 17.91
BigWords 10.42 10.64 17.96

Table 4: Mean LIWC values across transcript conditions in the ES-LIWC2007 Spanish dictionary.

Spanish LIWC var  English counterpart Original English-only  Spanish-only
Dic Dic 28.28 12.30 80.70
Funct function 19.02 7.78 51.59
MecCog Cognition 7.92 0.61 26.59
Verbos verb 5.36 1.17 18.89
TotPron pronoun 4.48 0.37 12.72
Present focuspresent 4.59 1.17 16.21
Relativ relativ 2.11 0.17 10.31
Conjunc conj 1.23 0.00 7.23
AllPunc AllPunc 42.12 40.42 57.59
Period Period 12.61 13.33 26.74
QMark QMark 12.16 8.03 17.91
Sixltr BigWords 10.42 10.64 17.96

personal meaning-making.

Taken together, these outcomes have direct implications for
how psycholinguistic features are interpreted and used in
EDM models of learning in multilingual classroom contexts.
In particular, LIWC categories conventionally treated as in-
dicators of cognition or reasoning consistently aligned with
interpersonal meaning in dialogic interaction. As a result,
models that do not account for these learner variabilities
may underestimate MLLs’ knowledge and shape both as-
sessment and downstream instructional decisions in ways
that do not reflect their full meaning-making practices [13].
We therefore recommend that LIWC-based approaches more
explicitly account for multilinguality, and that future work
compare these features with methods that are better suited
to multilingual analysis (e.g., parts-of-speech tagging).

Several limitations should be considered when interpret-
ing these findings. The dataset consists of a relatively
small number of annotated utterances drawn from focal
segments of authentic classroom interactions, which en-
ables fine-grained functional analysis but limits statistical
power and generalizability to broader classroom popula-
tions. Multilingual classroom discourse highlights a signifi-
cant limitation of dictionary-based approaches, as translan-
guaging practices and multilinguality are not fully captured
by language-specific resources. In addition, SFL metafunc-
tion labels were applied at the utterance level and allowed
to co-occur, reflecting the multifunctional nature of class-
room talk. While theoretically grounded, this design atten-
uates feature—label correlations and complicates interpreta-
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tion. Future work should explore representations that cap-
ture temporal context, turn-taking structure, and the devel-
opment of meaning across turns, including textual and the-
matic organization, to better align computational features
with interactional processes.

5. CONCLUSION

This study uses SFL theory to examine what LIWC fea-
tures capture in multilingual classroom discourse. LIWC
aligns most strongly with interpersonal meaning by captur-
ing stance and social positioning. Ideational meaning is
only partially reflected through elaboration and experien-
tial language, while cognitive-process categories show lim-
ited alignment with explanatory content. Integrating SFL
with computational analysis can support more precise in-
terpretation of linguistic features and the development of
methods that capture ideational and interpersonal meaning-
making in multilingual learning contexts.
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APPENDIX
A. LIWC VARIABLES

Table 5: LIWC variables used in analyses. ID = ideational; IP = interpersonal; () = no a priori prediction specified.

Category Abbrev. Description / Exemplars Predicted
Summary Variables

Word Count WC Total number of words. D
Analytical Thinking Analytic Formal, logical, hierarchical language. ID
Clout Clout Confidence, leadership, social status. 1P
Authenticity Authentic Honest, personal, genuine language. 1P
Emotional Tone Tone Overall emotional positivity or negativity. 1P
Words per Sentence WPS Average sentence length. ID
Big Words BigWords Words with six or more letters. -
Dictionary Words Dic Words matched by LIWC dictionary. —
Linguistic Processes

Linguistic Processes Linguistic Aggregate function word usage. —
Function Words function Articles, pronouns, prepositions, auxiliaries. -
Pronouns (total) pronoun / TotPron All personal and impersonal pronouns. -
Personal Pronouns ppron I, we, you, they. 1P
First-person singular I I, me, my. P
First-person plural we we, us, our. P
Second-person you you, your. 1P
Impersonal Pronouns ipron it, that, those. -
Determiners det this, that, these. -
Prepositions prep to, with, from, entre. -
Auxiliary Verbs auxverb be, have, do. -
Conjunctions conj / Conjunc and, but, or, porque. —
Negations negate no, not, never. 1P
Verbs verb / Verbos Action and relational verbs. ID
Quantifiers quantity / Cuantif many, few, much. 1D
Numbers number Numeric digits and number words. ID
Adjectives adj Descriptive modifiers. -
Clognitive Processes

Cognitive Processes cogproc / MecCog Thinking, knowing, reasoning. 1D
Insight insight Realization, understanding. ID
Causation cause Cause—effect relations. 1D
Discrepancy discrep Should, would, could. 1D
Tentativeness tentat Maybe, perhaps. P
Differentiation differ Contrast (but, however). 1D
Certitude certitude Certainty and confidence markers. 1P
Affective and Social Processes

Affect Affect Emotional expression (happy, sad, angry). 1P
Social Processes Social Social interaction language. P
Social References socrefs References to others. 1P
Social Behavior socbehav Helping, talking, sharing. 1P
Affiliation affiliation Belonging and connection. P
Assent assent Agreement markers (yes, okay). 1P
Perception and Time

Perception Perception / Percept  Sensory language (see, hear, feel). 1D
Motion motion Movement and change. ID
Space space / Espacio Spatial reference. D
Past Focus focuspast Past tense orientation. -

Present Focus
Future Focus

focuspresent / Present

focusfuture

Present tense orientation.
Future-oriented language.

Conversational and Punctuation

Conversation Conversation Informal spoken discourse markers. -
Nonfluencies nonflu Filled pauses and hesitations (um, uh). -
All Punctuation AllPunc Overall punctuation density. -
Comma Comma Comma frequency. -
Apostrophe Apostro Apostrophe frequency. -
Other Punctuation OtherP Punctuation other than periods and commas. —
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