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Abstract: This study characterizes linguistic sophistication within university-based
online courses using Learning Management Systems (LMS) across various academic
disciplines. The research employs natural language processing tools to extract detailed
linguistic features from student discussion posts and utilizes Principal Components
Analysis (PCA) to identify distinct linguistic profiles. These profiles are analyzed to
understand how linguistic sophistication varies across different educational contexts,
specifically among various schools and courses. Subsequent cluster analysis reveals
statistically significant distinct groups based on linguistic attributes. Despite the
comprehensive analysis, the study did not establish significant predictive models
linking linguistic sophistication to any direct educational outcomes. Instead, the findings
highlight significant differences in language use across disciplines, suggesting that
each academic field may have unique linguistic norms. The study emphasizes the need
for further research to explore the underlying factors that influence these linguistic
characteristics and their implications for educational practices.
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1. Introduction

The evolution of online learning platforms has necessitated a deeper understanding of the
factors contributing to student success in such environments. This exploration is critical as
educational institutions increasingly rely on virtual classrooms to deliver their curricula.
Previous studies have extensively analyzed student engagement and linguistic characteristics
within Massive Open Online Courses (MOOCS), highlighting certain behaviors and language
features as predictors of course completion and academic achievement. However, the
generalizability of these findings to other online learning contexts, such as Learning
Management Systems (LMS) used by universities, remains uncertain. For instance, a
significant body of work, including that by Andres et al. (2017), has identified sophisticated
linguistic patterns in written work as indicators of greater engagement and higher likelihood of
course completion in MOOCs. Yet establishing if these indicators are present in academic
discussion forums and if language sophistication translate to success metrics in LMS
environments used within traditional university settings still needs further investigation most
especially within underrepresented populations like the Philippines .

By situating our study within the broader discourse on language use in education—
spanning from the implications of linguistic features in MOOCSs to their potential influences in
formal learning settings—we aim to provide comprehensive insights that could benefit
educational researchers, curriculum developers, and e-learning technologists alike. This
paper aims to bridge this gap by examining whether linguistic sophistication is related to
academic success in university-based online courses. The motivation stems from previous
findings suggesting a strong link between linguistic sophistication and educational outcomes
in MOOCs and other informal online learning platforms.



1.1 Research Questions

The research questions below focus on the understanding the linguistic profiles and their
distribution across different educational contexts.
RQ1: What principal components of linguistic sophistication characterize student
discourse in university-based online courses?
RQ2: How do these principal components of linguistic sophistication vary across
different academic schools and specific courses?
RQ3: What clusters of linguistic sophistication can be identified among students, and
how do these clusters distribute across different courses and schools?

2. Prior Work

Various dimensions of linguistic features were found to be related to positive learning
outcomes, e.g. MOOC completion and academic success. A significant body of research has
attempted to identify success indicators in MOOCSs, given their vast and diverse participation.
Crossley et al. (2016) found that participants who employed more sophisticated language were
more likely to complete their courses. This supports the notion that linguistic sophistication—
characterized by advanced vocabulary and complex syntactic structures—can predict course
completion. Subsequent studies have explored these findings further. Andres et al. (2017)
replicated the association between linguistic sophistication and MOOC completion rates.
However, Monterozo and Rodrigo (2023) noted that these indicators did not hold in university
LMS contexts, suggesting a divergence in success factors between MOOCs and structured
LMS settings. This discrepancy highlights the need for further investigation into the dynamics
of linguistic interactions across different online learning environments. In a related study,
Banawan et al. (2021) utilized natural language processing tools to evaluate linguistic
sophistication in student discussions on Math Nation, an online learning platform. Their results
indicated that students with higher academic outcomes demonstrated more sophisticated
language use, suggesting that linguistic ability significantly contributes to academic
performance in math courses. These studies highlight the pivotal role of linguistic
sophistication in online learning environments, emphasizing the need for deeper exploration
into how language use impacts learner engagement and success.

3. Methods
3.1 Participants and Study Structure

This study was conducted in a university in Quezon City, Philippines, with a population of
approximately 12,000 students. The data was collected during the COVID-19 pandemic when
classes were conducted online. The current study used LMS logs recorded from August 25,
2021 to December 18, 2021 which comprises one fully online semester. The dataset used
comprised of 3,429 different classes with 6,439 unique students enrolled. Furthermore, the
classes in the dataset were limited to five schools of the university: education, humanities,
management, science and engineering, and social sciences. The university’s office in charge
of research ethics reviewed the study protocol and the qualifications of the research team and
gave the research team clearance to proceed.

3.2 Natural Language Processing

Fine-grained language sophistication features were extracted from the individual posts
(original post and replies). This study employed two advanced tools: TAASSC (Tool for the
Automatic Analysis of Syntactic Sophistication and Complexity) and TAALED (Tool for the
Automatic Analysis of Lexical Diversity). Both tools were adapted from their original
implementations (downloaded from their Github repositories) to suit the specific corpus of our



LMS discussion posts. Further preprocessing steps were undertaken to prepare the data for
subsequent analysis. One of the primary preprocessing steps involved the exclusion of posts
with an insufficient number of words (n<40), corresponding to the 25th percentile of the
dataset. This cutoff was chosen because linguistic indices such as type-token ratio (TTR) can
yield spurious or misleading results when applied to very short texts. The rationale is that with
fewer words, there is less opportunity for lexical diversity, and the metrics that rely heavily on
word count variability become less meaningful and potentially deceptive. This step resulted in
a refined dataset of 196,056 entries from the original 203,477. The preprocessing steps
reduced the total number of language sophistication indices from 335 to 82 indices.

The NLP approach employed in this study included Principal Component Analysis
(PCA), clustering analysis, and variability analysis of the emergent components derived from
the fine-grained linguistic indices. To further explore the linguistic profiles, a clustering analysis
was performed on the scores of the principal components derived from the PCA. The optimal
number of clusters was determined using the elbow method and silhouette analysis to ensure
meaningful segmentation (see Figure 1).
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Figure 1. Silhouette Scores by Number of Clusters
4. Results and Discussion
4.1 PCA

Six principal components explained 35% of the variance in the data, with each component
reflecting distinct aspects of language usage and sophistication in the discussion board texts.
Based on the constituent fine-grained indices with significant loadings (greater than 0.30) per
principal component, the following descriptions are presented:

1. Component 1: Lexical Richness and Syntactic Complexity. This component suggests
a use of elaborate language and complex sentence structures, often associated with
academic writing where detailed explanations and sophisticated argumentation are
required.

2. Component 2: Narrative and Explanatory Depth. The indices that loaded in this
component point to a capacity for detailed descriptions and explanations, which are
critical for disciplines requiring extensive contextual or background information.

3. Component 3: Discursive and Argumentative Complexity. This component reflects
argumentative or persuasive writing, highlighting a propensity to use language that
supports claims or arguments with substantial evidence.

4. Component 4: Clarity and Conciseness. This component is characterized by negative
loading on Complex Syntactic Structures which suggests simplicity and accessibility in
language use. This component favors straightforward and accessible language,
indicating a preference for clear and concise communication, which is essential in
instructional settings.

5. Component 5: Interpersonal and Functional Language Use. This component suggests
a focus on relational and functional aspects of language, typical in conversational or



collaborative academic settings where interpersonal communication is key.

6. Component 6: Emotional and Evaluative Language. This component is characterized
by indices pertaining to the Frequency and Complexity of Verbs and Lemmas
Associated with Evaluative or Emotional Content which indicates the use of expressive
language to convey attitudes, values, and emotions. This component captures the
expressive and evaluative aspects of language, which are crucial in fields like
literature, the arts, or any discipline where subjective analysis and personal reflection
are integral.

4.2 Cluster Analysis

The cluster analysis used the scores of the six principal components (PCs) identified through
PCA, employing the K-means clustering algorithm to group similar instances into clusters
based on their PC scores. Two distinct clusters emerged from this analysis, reflecting different
levels of linguistic sophistication and usage patterns in the online academic discussions. The
first cluster is characterized by high linguistic sophistication, featuring complex vocabulary and
detailed language structures but less emphasis on interaction and conversational elements.
This cluster likely represents more formal, structured, and detailed linguistic usage typical of
academic or professional discourse. The second cluster, on the other hand, features simpler
linguistic usage with some attention to interactive and conversational language elements but
less overall structure and coherence. This cluster could represent more informal or
conversational contexts where interaction is more common but with less complexity and detail
in language use.

4.3 Variability Analysis of the Linguistic Profiles (Principal Components) between
Schools and Courses

We used the Kruskal-Wallis test to evaluate the differences in principal components and
average score percentages. Significant differences were found across schools and courses,
with varying degrees of linguistic sophistication and academic performance metrics.
Additionally, average score percentage showed highly significant differences, suggesting
variability in grading standards or performance levels across different educational settings. In
our analysis, we found that the lexical sophistication of academic texts reflects distinct
disciplinary differences, consistent with findings from disciplinal differences of Crossley, Kyle,
& Romer (2019) and conventions of rhetorical moves specific to the disciplines (Simanjuntak,
2022). Specifically, the variability analysis of principal components such as PC1, PC2, and
PC6 revealed substantial differences both across schools and individual courses. Conversely,
other components like PC3, PC4, and PC5 showed more pronounced variability among
individual courses rather than between schools, highlighting the nuanced ways in which
language use can vary within educational contexts.

4.4 Investigating the Relationship between Linguistic Sophistication Features with
Academic Performance

Correlation analysis was performed to explore the relationships between the principal
components (PCs) and the average score percentage, providing insights into how different
linguistic aspects captured by the PCs relate to academic performance.

The correlation analysis reveals nuanced interactions between linguistic complexity
and academic performance as captured by the principal components derived from discussion
board texts. Notably, PC1, which encapsulates lexical richness and syntactic complexity,
shows a modest positive correlation with average score percentage. This suggests that a
certain level of sophistication in vocabulary and sentence structure might enhance
comprehension and engagement, thereby potentially improving academic performance. Such
features are likely appreciated in settings where analytical depth and precision in language



are valued, such as in advanced humanities or social science courses.

Conversely, PCs that represent narrative depth, clarity, and argumentative complexity
(PC2, PC4, and PC5) exhibit negative correlations with academic performance. This could
indicate that while complexity adds depth, it may also introduce ambiguities or distract from
the core message, particularly in examinations or assignments where conciseness and
directness are rewarded. This is particularly salient in disciplines where clear and precise
communication is critical, such as in the sciences and technical fields, where overly elaborate
language might obscure essential scientific concepts. PC3, which shows the strongest
negative correlation, highlights a critical educational insight: excessive argumentative
complexity may not only fail to aid but actively hinder academic performance. This could reflect
scenarios where students, in attempting to construct sophisticated arguments, may sacrifice
clarity and coherence (Crossley & McNamara, 2012; Leung, Davison, & Mohan, 2014), leading
to confusion and a dilution of key points in their communication (Tabari & Johnson, 2023). In
contrast, PC6, which involves emotional and evaluative language, presents a strong positive
correlation. This indicates that the ability to effectively convey emotions and evaluations might
engage readers more deeply (Foolen, 2012; Puglisi & Ackerman, 2019), fostering a clearer
understanding and stronger alignment with the rhetorical and evaluative aspects of
coursework, particularly in subjects that value persuasive and affective communication.

4.5 Regression Analysis

Regression analyses were conducted to quantify the impact of each principal component on
academic performance, adjusted for school-specific variations. Significant indicators of
academic performance only emerged for the humanities and the science and engineering. A
regression model with PC5 as a predictor shows a slight negative impact on performance for
the humanities (Coefficient = -0.3827 , R? = 0.0034), suggesting that overemphasis on
interpersonal and functional language use might reduce effectiveness in humanities
disciplines, which require a balance of depth and interaction. PC3 and PC4 negatively affect
performance in science and engineering, highlighting issues with excessive complexity.
Conversely, PC6 positively influences performance, underscoring the value of clear and
evaluative language in enhancing understanding and engagement in scientific contexts.

The regression analyses conducted provide insight into how specific components of
linguistic behavior potentially influence academic performance within diverse educational
settings. It is important to acknowledge from the outset that the explanatory power of these
models, as indicated by very small R-squared values, suggests that linguistic sophistication
alone does not predominantly drive academic performance. However, the analyses still reveal
nuanced insights that contribute to our understanding of academic communication within
specific disciplines. Despite the overall low explanatory power of these models, the significant
results for specific components highlight the subtle yet relevant roles that certain linguistic
features can play in academic settings (Galloway & Jenkins, 2009; Johnston, 2023),
particularly linguistic sophistication (Kim et al, 2018; Kyle & Crossley, 2016).

5. Conclusions, Recommendations, and Limitations

This study focused on the exploration of linguistic sophistication within university-based online
courses facilitated by an LMS. Our key findings include linguistic variability as revealed by the
significant variability in linguistic profiles across different schools and courses. A PCA
identified distinct dimensions of language use, including lexical richness, narrative depth, and
emotional language, which varied significantly between educational settings. The two major
clusters identified, representing high and low levels of linguistic sophistication, showed
different distributions across schools and courses, suggesting that linguistic characteristics
are reflective of specific academic cultures and expectations. A major limitation of this study
is the absence of significant predictive models connecting the academic performance measure
(average score percentage) and the language sophistication features extracted from the posts.
Both fine-grained features and emergent components were utilized in predictive modeling
attempts, but the outcomes suggested that factors other than those measured might play a



more substantial role in determining academic success.

Our recommendation is that future studies should explore additional variables that may
impact academic success in LMS environments, such as psychological factors, instructor-
student interactions, and external educational resources.
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