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Background: The intersection of artificial intelligence (Al), psychology and applied linguistics
particularly in the realm of language learning, has opened up a fascinating avenue for exploring the
intricate processes and mechanisms underlying human cognition. Machine learning algorithms have
the potential to shed light on the fundamental principles of learning language specially on reading
comprehension as the core language learning variable.

Aims: In this research, we used supervised machine learning techniques in order to discover the most
important syntactic and lexical features affecting the reading comprehension of English language
learners.

Methods: The design of present study is causal comparative type (ex post facto). the population
includes all second secondary level students who learn English in language training institutions. To
select the participants, language training institutes in Tehran were referred. The participants (h=360)
answered BALA exam (Young, 2022) questions in written and spoken form.

Results: 260 features were extracted from the computer texts prepared from the speech and writing
learners responses by natural language processing (NLP) algorithms. We used learning models of
decision tree, nearest neighbor, support vector method, neural network and regularized linear method
to predict reading comprehension using extracted linguistic features.

Conclusion: The results showed that the variance of language learners' reading comprehension can
be well modeled using the extracted grammatical and lexical features, and in addition, twenty features
that play the most important role in explaining the variance were identified. This study shows that
ML methods can determine the detailed investigation of language processes related to reading
comprehension.
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Introduction

In the contemporary landscape of cognitive research,
the convergence of artificial intelligence (Al),
psychology, and applied linguistics has given rise to
a compelling exploration, particularly within the
domain of language learning. This study embarks on
a nuanced investigation into the intricate processes
and mechanisms that underlie human cognition, with
a specific focus on the intersection of artificial
intelligence, psychology, and applied linguistics in
the context of language acquisition. Notably, the
utilization of machine learning algorithms introduces
a paradigm shift, providing a novel lens through
which we can discern the fundamental principles
governing language learning, with a particular
emphasis on the pivotal variable of reading
comprehension (Poulsen & Gravgaard, 2016).

The backdrop of this research is framed within the
dynamic interplay of Al and psychology, where the
field of machine learning contributes significantly to
our understanding of the cognitive intricacies
involved in language acquisition. Applied linguistics,
as a complementary discipline, amplifies the
relevance of this research by contextualizing it within
the realm of language learning, accentuating its
practical implications (Truckenmiller et al., 2021).
The central aim of this study is to employ supervised
machine learning techniques to unravel the essential
syntactic and lexical features that exert a discernible
impact on the reading comprehension abilities of
English language learners. Through this meticulous
exploration, we endeavor to unveil new insights and
directions in the psychology of learning, thus
contributing to the burgeoning body of knowledge at
the confluence of Al, psychology and applied
linguistics (Graesser & Sabatini, 2022).

This research, characterized by its methodological
rigor and interdisciplinary approach, stands poised to
illuminate hitherto unexplored facets of language
acquisition. By delving into the intricate interplay
between artificial intelligence, psychology, and
applied linguistics, it seeks to not only advance our
theoretical understanding but also to offer practical
implications for educators, psychologists, and
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researchers alike. As we embark on this intellectual
journey, the pursuit of uncovering the intricacies of
reading comprehension in language learning shall
unfold, guided by the principles of scientific inquiry
and the commitment to enriching our comprehension
of the human cognitive landscape.

The foundational underpinnings of language across
diverse domains encompass two primary structures:
vocabulary, encapsulating the depth and breadth of
the lexical repertoire an individual can comprehend
and produce, and syntax, governing the intricacies
and precision of grammatical structures within
language comprehension and production. Numerous
studies have been undertaken to gauge the variance in
reading comprehension, manifested in both oral and
written discourse, with a notable example being the
work by Brimo et al. in 2017. However, many studies
in this domain have concentrated on metrics that do
not provide profound insights, often focusing on
assessing knowledge at rudimentary levels rather than
delving into deeper cognitive processes (Ellis &
Roever, 2021).

Language proficiency and literacy demand cognitive
processes that extend beyond the scope of
conventional multiple-choice response assessments,
necessitating exploration of both constructive and
deconstructed language responses (Pearson & Hamm,
2005). This prompts an essential inquiry into how
advanced technologies, such as Machine Learning
(ML) and Natural Language Processing (NLP), can
facilitate the evaluation of both constructive and
deconstructed language, thus contributing to a
comprehensive understanding of language skills.
Integrating ML and NLP in addressing this question
can significantly influence the overall quality of data
analysis in educational research and play a pivotal
role in validating empirical models.

In machine learning, a set of data, known as the
training set, enables algorithms to identify variables
correlated with reading comprehension as an output
variable. The nature of this correlation is
characterized by direction and strength. Furthermore,
a separate set of data, referred to as the test set, is
employed to assess the performance and evaluate the
applicability of the employed algorithm. This study
aims to comprehend the development of language
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skills in relation to reading proficiency and
investigate how Natural Language Processing and
Machine Learning contribute to a deeper
understanding  beyond  traditional  analytical
indicators and techniques. Researchers also delve into
determining what proportion of variance in learners'
reading comprehension can be accounted for by
lexical and syntactic features extracted through
natural language processing. This study aims to
ascertain the explanatory power of lexical and
syntactic features derived from NLP in understanding
the variance in learners' reading comprehension.

Method

The research methodology employed in this study
entails quantitative modeling within the framework of
a quasi-experimental design. The focus of this
investigation lies within the methodological domain
of language learning, with data collected to model the
English language reading comprehension of high
school students. The comparative foundation
involves the utilization of various machine learning
techniques, all grounded in relational paradigms,
rendering correlation the central perspective of
inquiry. To comprehend the diverse methodological
aspects of this research, it is imperative to outline the
research design. The primary variable (dependent
variable) in this study is the reading comprehension
of language learners. Research indicates that the
proficiency level of language learners is correlated
with their adoption of comprehension strategies.
Consequently, participants in this study are
categorized into two groups: those with "high
proficiency" and those with "low proficiency" in
language skills, based on scores assigned by language
learning institutions. Participants’ responses to
reading skill questions are obtained through both oral
and written formats, providing a comprehensive
evaluation of their language comprehension abilities.
For this research, a total of 180 proficient language
learners with high levels of reading comprehension
skills and 180 students with low levels of reading
comprehension skills volunteered from language
learning centers in Tehran, with their educational
level being secondary school. In similar studies, a
maximum sample size of 50 individuals per group has
been considered (Yap et al., 2021; Gomez-Marino et

Vol. 23, No. 141, 2024

al., 2021; Trocano Miller et al., 2021). However, due
to potential test fatigue, increased reliability of
estimated statistical parameters, and enhanced
generalizability of results, this research opted for a
sample size of 180 participants in each group (high
and low proficiency). Students positioned in
advanced language learning levels constitute the high
proficiency group, while those in introductory
language learning levels constitute the low
proficiency group. The researcher's hypothesis posits
that high-proficiency language learners necessitate
greater language skills compared to their low-
proficiency counterparts.

Results

The first step in data analysis is preprocessing, where
the oral and written language of language learners is
converted into digital text using software. The
primary goal of preprocessing is to extract lexical and
syntactic features. To achieve this, algorithms from
the COVFEFE software package (Comly et al., 2019)
under the Python environment are utilized. Features
serve as predictor variables, representing factors
aimed at reducing the volume of data without losing
essential information. The preprocessing output,
conducted through the lexicosyntactic pipeline of the
COVFEFE package, yields a file with comma-
separated values. These values represent the 260
extracted lexical and syntactic variables for each
input file (generated based on written and spoken
responses of language learners).

The preprocessing involves spoken responses related
to Image Description 1 (168=n), Image Description 2
(168=n), Story Retelling 1 (168=n), and Story
Retelling 2 (140=n), where participants orally express
their interpretations of two images and two stories.
Additionally, the dataset pertaining to the written
language domain includes features related to learners'
explanatory responses to questions (154=n) and their
written features (155=n) (where n denotes the number
of valid responses after data screening in each
section). For all open-ended questions, the NLP
output includes results related to predicting
participants' reading comprehension, their expressed
interest in the topic, questions they formulated, and
their responses to high-level comprehension
questions. In total, 1567 units of analysis related to
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reading comprehension (with a common set of 260
lexicosyntactic variables in all of them) were obtained
for 154 participating students. Given that machine
learning does not perform well in handling missing
data and considering the need to manage the sparsity
and diversity of learners' responses, the dimensions of
this data are reduced.

To achieve this, the average of each feature across
each individual's open-ended responses with common
features and both reading texts is computed.
Subsequently, each feature from this set of averaged
features is extracted from the output of the writing
task (text-based) by taking the average. This approach
prevents the introduction of missing values into the
analysis and avoids negatively impacting the analysis
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domain of a missing element for a specific task. After
processing the two sets of features, each consisting of
260 variables, 165 variables are extracted from
spoken responses and 166 variables are extracted
from written and textual responses (with some
overlap between the extracted variables). Following
this process, variables with no variance are removed
using the ‘nearZeroVar' command in R. The
comprehension output (BALA) is then combined
with the oral and written datasets for each participant.
For analysis purposes, the obtained datasets are
divided into two categories: those obtained through
the regular version and those obtained through the
modified version.

Table 1. Linguistic features extracted through natural language processing

Constituent grammatical components at the word level

Oral Oral/corrected Written Written/corrected

Number of words
Adjectives
Adverbs
Coordinates
Demonstratives
Determiners
Inflected verbs

Light verbs (be, have, come, go, give, take, make, do, get, move, put)

Nouns
Function words
Prepositions
Personal pronouns
Subordinating conjunctions
Verbs
Ratio of nouns to nouns and verbs
Ratio of nouns to verbs

Ratio of Personal pronouns to Personal pronouns and nouns

Adverbial phrase consisting of an adverb

0/09 0/17 0/34 -0/06
0/01 0/35 0/01 0/09
0/32 -0/02 -0/06 -0/13
0/06 -0/17 0/04 -0/18
0/03 0/03 0/28 -0/1
-0/09 -0/17 0/13 0/15

0/2 0/04 <.01 0/18
-0/01 <.01 0/04 0/02
-0/14 -0/04 -0/03 0/05

0/1 -0/06 0/06 -0/07
0/07 0/12 0/09 0/03
0/18 0/06 -0/14 -0/13
0/23 0/1 0/18 0/13
0/25 0/08 -0/16 0/06
-0/24 -0/07 0/12 <.01
-0/15 0/14 0/05 -0/06
0/16 0/07 -0/09 -0/11
0/22 0/09 0/01 -0/02

Conclusion

The current research aimed to identify the most
influential syntactic and lexical features affecting the
English language comprehension of learners using
supervised machine learning techniques. This study
may be one of the first to utilize entirely granular
features from Natural Language Processing (NLP) in
response to uniformly obtained language learner
speech and writing, enabling the comparison of
modeling approaches across different response
methods.

Supervised machine learning methods were
employed to investigate whether 260 grammatical
and lexical features extracted from NLP could predict
reading comprehension. To assess the performance of
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various models, results were compared with their
baseline averages, and models with the least error in
each of the four datasets were selected. For both text-
based datasets (normal and modified), the Random
Forest algorithm proved to be the best. Through
cross-validation, there was a 12.75% relative
reduction in error for written/normal data, while for
written/modified data, there was only a 2.4%
reduction in error. In the oral/normal method, the
Support Vector Machine model exhibited the best
performance (6.07% relative error reduction),
whereas the Gradient Boosting algorithm
demonstrated the best performance for oral/modified
data, reducing the error by approximately 17.21%.
Although there was no distinct pattern indicating
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which reading comprehension version or language
domain was superior in terms of relative error
reduction among the four models, it can be generally
stated that the oral/modified, written/normal,
oral/normal, and  written/modified  methods
experienced the highest to lowest reduction in errors,
respectively.

In summary, machine learning algorithms exhibited
varying degrees of success across datasets, and while
there was no interpretable method for their success,
the research expanded the foundational relationships
between  spoken language and  reading
comprehension. Notably, considerable variance in
reading comprehension can be modeled through
syntactic and lexical features extracted from language
learner speech and writing, highlighting their
potential significance in understanding language
acquisition.
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3. Automated linguistic data collection for personal assessment
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. random forest

. k nearest neighbor

. Support vector

. linear support vector

. Multi-layer perceptron

. Regularized linear method

. Least absolute shrinkage & selection operator (Lasso)
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