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ABSTRACT

Reading comprehension is a complex interdisciplinary skill involving cognitive,
linguistic, and educational processes. With the rapid advancement of artificial
intelligence and machine learning, new opportunities have emerged to model and
understand the linguistic underpinnings of comprehension. Unsupervised
machine learning, in particular, offers the potential to uncover hidden patterns in
learner language without relying on pre labeled data. Lexical and syntactic
features extracted via natural language processing (NLP) have been widely used
to analyze written and spoken language, but their latent structure in the context of
reading comprehension responses remains underexplored. Previous research has
often focused on individual, manually selected variables or supervised models,
leaving the underlying dimensionality of a broad set of NLP derived features
unexamined. This study aims to fill this gap by applying unsupervised factor
Il yii t 1 stt ff leii aal yyttttt i fitt rrss ttt ratt... frmmFFL Irrr e >
constructed responses to reading comprehension questions. The study addresses
two research questions: (1) What latent factors underlie the lexical and syntactic
fttt rrss ff lrrrrrr > eeeeeee writt  rsseeeeec? s)) Hww  tsss fttt 1rs
predict reading comprehension performance?
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Extended Abstract

Introduction

Reading comprehension is a complex interdisciplinary skill involving
cognitive, linguistic, and educational processes. With the rapid
advancement of artificial intelligence and machine learning, new
opportunities have emerged to model and understand the linguistic
underpinnings of comprehension. Unsupervised machine learning, in
particular, offers the potential to uncover hidden patterns in learner
language without relying on pre-labeled data. Lexical and syntactic
features extracted via natural language processing (NLP) have been
widely used to analyze written and spoken language, but their latent
structure in the context of reading comprehension responses remains
underexplored. Previous research has often focused on individual,
manually selected variables or supervised models, leaving the
underlying dimensionality of a broad set of NLP-derived features
unexamined. This study aims to fill this gap by applying unsupervised
factor analysis to a rich set of lexical and syntactic features extracted

rr FFL leonr’”” cnnnccecl TTeEsssss s eeagggg CITIT  eeennnnm
questions. The study addresses two research questions: (1) What latent
aac €ece XxXxiaa a syaaaciic ccaulees aa&LeesSS eeeceeccee

and written responses? (2) How do these factors predict reading
comprehension performance?

Research Question(s)

1. What latent factors can be identified in the lexical and syntactic
eerrre exaax LLPr FFL aamre’”’ ctttt ccc  ee......
using unsupervised machine learning?

WWW eeeeee aac aeee’’’ reagggg CITIT eeennnnm
scores?

Literature Review

NLP techniques have proven effective in capturing fine-grained lexical
and syntactic properties of text, such as vocabulary diversity,
grammatical complexity, word specificity, and semantic similarity
(Zhi-wei, 2006; Nugues, 2014). Unsupervised learning methods—
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including clustering, association rules, and factor analysis—have been
employed in educational data mining to identify hidden student profiles,
detect outliers, and predict academic achievement (Vlachos, 2011;
Hodeghatta & Nayak, 2017; Saarela et al.,, 2020). In language
assessment, exploratory factor analysis (EFA) has been used to validate
the construct validity of self-efficacy scales and to uncover underlying
dimensions of learner perceptions (Seyd et al., 2015; Xiangdong et al.,
2022). However, few studies have applied unsupervised ML to
simultaneously model the latent factor structure of a large number of
NLP-derived linguistic features from both spoken and written
modalities and link these factors to objective reading comprehension
measures. Recent work by Yapp et al. (2023) used supervised ML to
predict reading comprehension from linguistic features, but the
underlying dimensionality of those features was not examined. The
present study extends this line of research by employing unsupervised
factor analysis to reveal the latent organization of lexical-syntactic
features and assess their predictive validity.

Methodology

Design and Participants. A quantitative causal-comparative design was
adopted. Participants were 360 Iranian EFL learners (180 high
proficiency, 180 low proficiency) recruited from language institutes in
Tehran. High-proficiency learners were enrolled in advanced levels,
while low-proficiency learners were in beginner levels; this
categorization was confirmed by their teachers.

Instruments and Procedure. Reading comprehension was measured
using the BALA (Balanced Assessment of Literacy Ability) instrument
(Jang, 2019). High-proficiency learners completed the regular version
o= wwwproficiency learners completed the revised version
ao= 555 Pacccc . eec ee ppen-ended comprehension questions
based on narrative and expository texts. Additionally, a written opinion
task on the use of social media by adolescents was administered to elicit
extended written responses. Spoken responses were collected via two
tasks—picture description and story retelling—delivered through a
custom-built application. All spoken responses were transcribed
verbatim.

[Homepage: https://jti.atu.ac.ir
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Feature Extraction and Data Analysis. A total of 260 lexical and
syntactic features were extracted from the transcribed responses using
the COVFEFE (Sinclair, Jang, & Rudzicz, 2021) and quanteda (Benoit
& Nulty, 2017) R packages. Features included indices of grammatical
complexity (e.g., mean length of T-unit, number of complex nominals),
lexical diversity (e.g., type-token ratio, moving average type-token
ratio), word properties (e.g., age of acquisition, frequency,
imageability, concreteness), and semantic similarity (WordNet-based
measures). Unsupervised factor analysis with principal axis factoring
was conducted separately on the spoken and written datasets using the
psych package (Revelle & Revelle, 2015). The number of factors was
determined via scree plots and the eigenvalue-greater-than-1 criterion.
Factor scores were saved and entered as predictors in multiple linear
regression analyses, with reading comprehension scores as the outcome
variable.

Results
The purpose of tables and figures in documents is to enhance your

eeaece’’’ eeeetttaggggedt  rrrrr rrrrrrr rrr eeeee cce
is much lucid and efficient if the information is communicated in tables

or figures.

Factor Structure. For both spoken and written datasets, scree plots
and eigenvalues indicated four factors, accounting for 54% and 55% of
the total variance, respectively.

Spoken responses: Factor 1 loaded strongly on grammatical
complexity variables (e.g., complex nominals, sentence length); Factor
2 reflected lexical complexity (age of acquisition, word length,
low-frequency words); Factor 3 was defined by word specificity and
similarity (positive loadings) with negative loadings on personal
pronouns and clausal complexity; Factor 4 captured lexical diversity
(moving average type-token ratios).

Written responses: Factor 1 combined grammatical complexity and
standard type-token ratio (negative loadings on moving average TTRs
and word similarity); Factor 2 represented lexical diversity; Factor 3
comprised clausal complexity (clauses, verbs) with negative loadings
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on text length; Factor 4 was characterized by word specificity and
concreteness (positive) and negative loadings on personal pronouns and
word frequency.

Regression Analyses. For spoken data, only Factor 3 (word
specificity/similarity) significantly and negatively predicted reading
ceeeee eennnnm = —4.00, *p* < .01); the model explained 7% of the
variance (adjusted R? = .07, F (4,90) = 2.79, *p* = .03). For written
aa Fac ggammaiica cllll extty; = -2.63, *p* = .02), 3
ccaaaaagllll extty; =-3.04, *p* <.0laaaa (rrr eeeciiictty; =
2.49, *p* = .04) were significant predictors, accounting for 13% of the
variance (adjusted R2=.13, F (4,94) = 4.72, *p* < .01). Factor 2 (lexical
diversity) was not significant in either dataset.

Discussion

The findings reveal that lexical and syntactic features in learner
responses are organized into interpretable latent dimensions, with
grammatical complexity emerging as a dominant factor across both
modalities. This aligns with theoretical perspectives that syntax plays a
foundational role in language production (Klein, 2008; Nation &
Snowling, 2000). However, the predictive patterns differed by
modality. In spoken responses, only word specificity/similarity
negatively predicted comprehension, suggesting that overuse of
specific, similar words may reflect a limited lexical repertoire or
strategic avoidance of complex structures. In written responses,
grammatical and clausal complexity negatively predicted
comprehension, whereas word specificity positively predicted it. This
may indicate that for written tasks, higher-proficiency learners use more
specific vocabulary but also produce syntactically complex sentences
that do not necessarily lead to higher comprehension scores—possibly
due to task difficulty or cognitive load. The negative prediction of
clausal complexity is counterintuitive but consistent with some prior
studies showing that syntactic complexity does not always correlate
with comprehension (Gottardo et al., 1996; Cain, 2007). The positive
role of word specificity in written responses echoes research
highlighting the importance of precise vocabulary in academic writing
(Crossley et al., 2014). The absence of emotional/affective factors in
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the latent structure, except in low-proficiency spoken data, suggests that
such features may be task-dependent and less structurally stable (Harris,
2018). These results underscore the value of unsupervised ML for
uncovering the hidden organization of linguistic features and provide a
data-driven basis for designing targeted instructional interventions.

Conclusion

This study demonstrates that unsupervised machine learning, combined
with NLP, can effectively identify latent lexical and syntactic factors
eeeellynrg EFL eeeeer eeannrg cppp eeeeiii ee uu
factors were consistently extracted from both spoken and written
datasets, explaining substantial variance. The predictive models
revealed modality-specific relationships between these factors and
reading comprehension, highlighting the importance of word specificity
as a consistent predictor and the differential role of grammatical
complexity. These findings have practical implications for reading
instruction: encouraging the use of specific vocabulary, avoiding
over-reliance on personal pronouns and lengthy sentences, and
providing learners with varied lexical exposure. Limitations include the
cross-sectional design and the lack of a control group. Future research
should replicate these findings with diverse samples and longitudinal
designs, and further explore the interaction between affective variables
and linguistic complexity. The methodology presented here offers a
novel framework for leveraging Al in educational assessment and
personalized learning.
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