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Abstract

This study investigated the effects of utilizing different artificial intelligence vocabulary tools on the writing
performance of English as a foreign language (EFL) learners. Specifically, it examined three dimensions of
writing performance: lexical diversity, lexical accuracy, and writing coherence. The study is significant as
it addresses a gap in existing research by focusing on academic writing outcomes and discipline-specific
vocabulary use rather than general language improvement. This study investigated the efficacy and usability
of two artificial intelligence vocabulary tools in enhancing the vocabulary of a group of undergraduate
English language learners. We adopted a mixed-methods approach and collected both quantitative data from
pre- and post-vocabulary assessments of the participants and qualitative data from their surveys and in-
depth interviews. A total of 160 EFL students from three English composition courses participated in this
study over the course of one semester. They completed 8 sessions of guided writing using the two
vocabulary tools, and their perceptions of the tools' usability and efficacy were collected and analyzed. The
findings showed significant improvements in lexical diversity, vocabulary accuracy, and writing coherence.
Also, they show positive perceptions of the Al tools' usability for enhancing their vocabulary and writing
skills. While there are many difficulties in vocabulary instruction using Al-powered tools, the potential is
immense, and their efficacy will ultimately depend on the quality of the pedagogically driven, teacher-
supported, face-to-face or digital instruction that structures their use. This article offers practical advice for
teachers and researchers on classroom instruction focused on long-term vocabulary acquisition.
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Introduction

Since artificial Intelligence tools can self-improve, they are becoming highly effective
resources for teaching English. Additionally, as new Al technologies, such as ChatGPT, appeared,
we witnessed their significant impact on education at all levels (Jen & Salam, 2024). These tools
provide immediate responses, adapt lessons to maintain learner progression, and keep learners
engaged through gamified activities whilst easing any nervousness during speaking drills.
According to Phanwiriyarat et al. (2025), learners tend to improve their grammar and vocabulary
over time by tailoring lessons to their proficiency levels. Undoubtedly, the use of Al tools enhances
and facilitates English learning; however, their status relative to real teaching wisdom remains
questionable (Phanwiriyarat et al., 2025).

Saudi Arabia, like most countries worldwide, is rapidly embracing Artificial Intelligence
(AbdAlgane & Othman, 2023; Jen & Salam, 2024). Higher education institutions (HEIs) began
implementing Al in teaching and learning across many disciplines. English language learning is
not an exception. This rapid tendency toward Al presents both opportunities and challenges. For
instance, while Al technology supports personalized learning and acquisition of vocabulary,
questions about fair distribution, moral use, and classroom fit still require further examination
(Baskara et al., 2024; Mabuan, 2024)

Many well-known English-language instructional tools, such as Grammarly and ChatGPT,
have recently been adopted by learners and their teachers to generate grammatically and
semantically accurate sentences in real time (Baskara et al., 2024; Tran, 2025). Empirical research
has found that the use of these instructional tools leads to positive learner outcomes, including
better planners and more motivated task performers (Ranalli, 2018; Nhan et al., 2025). However,
questions remain about the accessibility of personal data, the reliability of the generated responses,
and whether the same level of proficiency can be maintained without such technology. Many
educationalists today warn that excessive use of Al tools may weaken students' thought and
creativity, even though the learners find them effortless (Ya’'u & Mohammed, 2025). This could
happen unless teachers actively intervene to guide learning.

Webb and Nation (2017) indicated that having sufficient vocabulary knowledge is a crucial
component of students’ ability to write. Students not only need to have a sufficiently wide range
of vocabulary to deal with the many topics covered in class (vocabulary breadth), but they also
need sufficient vocabulary depth (precision, discipline, theme) to adequately deal with issues, to
write good arguments, and to be persuasive. Vocabulary learning in context, via Al-powered tools,
can support EFL students in their writing. Tools such as ChatGPT and QuillBot can provide
immediate feedback on students' vocabulary use and issues of cohesion, word choice, and sentence
structure.

Although corrective feedback has several strengths, there are still some issues that must be
addressed in the future, for example, how to handle polysemic words or more complex sentence
structures (Pitura, 2024; Pondelikova & Luprichova, 2024). On the other hand, there are also
affective aspects that could be problematic in the long run, as seen in students’ fear of making
mistakes and their lack of learner autonomy (Webb & Nation, 2017; Ranalli, 2018).

This study investigated the possible effects of using vocabulary-focused Al-based
instructional tools on enhancing adult EFL learners’ academic writing skills within a Saudi Arabian
college context. Three key questions guide this study:

1. How do Al-based vocabulary tools influence EFL students’ vocabulary development
and academic writing performance?
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2. How do learners perceive the role of artificial intelligence in terms of helping them
learn vocabulary or produce academic writing?

3. What challenges and ethical considerations emerge from the use of Al tools in EFL
instruction?

The main objective of this research is to investigate how effectively Al-based vocabulary tools
assist students in writing. Furthermore, it examines learners' perceptions of using Al in the
classroom and how they feel during lessons. This study is of great significance as it could shape
future approaches to teaching academic writing within Saudi universities. The findings may also
guide teachers in effective ways to integrate Al into language learning and academic writing,
specifically without compromising academic integrity.

Literature Review
Vocabulary Development in Academic Writing

Vocabulary development has been a persistent challenge for English as a Foreign Language
(EFL) learners. This obstacle is apparent in academic writing contexts, where precise lexical
choice, cohesion, and disciplinary conventions are required (Khampusaen, 2025). Learners who
acquire knowledge of collocations, idiomatic expressions, polysemous terms, and evaluative lexis
are usually able to demonstrate greater syntactic variety and academic authority in their writing
(Webb & Nation, 2017; Hossain et al., 2025). In colleges, discipline-specific vocabulary is
essential in writing both scientific and humanities texts, as it establishes credibility and supports
argumentative writing (Aljuaid, 2024). However, the acquisition of specialized terminology
imposes cognitive demands on EFL learners, particularly when instruction relies on traditional list-
based drills that emphasize recognition rather than contextualized use (Pondelikova & Luprichov4,
2024; Wu et al., 2024). Pitura (2024) assumes that such approaches often fail to support due
retention of idiomatic expressions and technical jargon, especially in the absence of authentic
academic practice.

The hindrance of vocabulary development stems from two main factors: emotional and social
environmental influences. Students choose the words they know because they experience learning
anxiety and lack control over their education. Furthermore, their metacognitive skills are
insufficient to build their vocabulary (Ranalli, 2018). The problem is further exacerbated by
learners' socio-cultural backgrounds and their lack of disciplinary knowledge. Challenges in
performing advanced semantic processing stem from a lack of strong digital skills and a heavy
reliance on automated systems (Jomaa et al., 2025; Khampusaen, 2025). Students acquire and
retain vocabulary most effectively through instruction that incorporates context, spaced repetition,
and authentic writing and speaking activities (Webb & Nation, 2017; Wu et al., 2024). Al-powered
adaptive review systems enhance student learning by tracking their performance and progress,
enabling targeted reinforcement at the appropriate time (Webb & Nation, 2017; Wu et al., 2024).

Al-Assisted Vocabulary Learning

A growing number of EFL students and instructors are integrating Al-assisted vocabulary
tools to support their academic writing development. This integration occurs through immediate
feedback and individualized learning methods. Automated feedback systems in tools like
Grammarly, ETS Criterion, and ChatGPT provide immediate feedback on grammar, word choice,
and sentence structure, allowing users to refine their draft writing (Al-Raimi et al., 2024;
Mekheimer, 2025; Pitura, 2024). Students learn vocabulary through context-based learning when
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they interact with generative Al through dialogues, as noted by Alghasab (2025). Furthermore,
Alghasab (2025) demonstrated that teachers should implement specific instructional approaches
to achieve these learning outcomes. Some hybrid platforms link adaptive glossaries to multimodal
resources via Al-assisted writing tools, enabling students to learn new words through both
accidental and intentional methods (Aldossary, 2025; Muslimin et al., 2024; Wu et al., 2024).

Al tools in EFL writing instruction

Recent research suggests that introducing Al-assisted writing tools, such as language
generators, into English writing classes yields positive results (Khampusaen, 2025; Ya'u &
Mohammed, 2025). Regular use of Al feedback systems has led to improvements in the type-
token ratio and syntactic precision, although relying on these tools alone may lead to formulaic
language production and reduced critical engagement (Mekheimer, 2025; Nhan et al., 2025). Al
tools also help students feel less anxious while building their confidence. However, teachers need
to actively guide students to develop their advanced writing abilities such as argumentation and
evaluative stances, and rhetorical coherence (Utami et al., 2023; Wu et al., 2024; Ya'u &
Mohammed, 2025).

Students’ Perceptions of Al tools

Nowadays, using vocabulary and writing Al tools is becoming more popular among students.
Research attributes this to three main reasons: ease of access, instant feedback, and customizable
learning periods (Chen, 2024; Phanwiriyarat et al., 2025; Zhai & Ma, 2023). Features such as
points, leaderboards, and interactive challenges in gamified systems increase participant
motivation and engagement. This happens especially when learners receive feedback from their
peers and get opportunities to interact with others (Al-Raimi et al., 2024; Wang et al., 2024). The
system generates repetitive language patterns, leading to reduced critical thinking skills as users
depend too heavily on automated suggestion functions (Mekheimer, 2025). Learners are expected
to continue to use Al systems as long as they can easily handle content accuracy, system
transparency, cultural sensitivity, user digital competence, and access to reliable technological
infrastructure (Chen, 2024; Jomaa et al., 2025; Ranalli, 2018).

Research Gaps

Research in Al-assisted EFL instruction is still in its early stages. As such, it has several
areas that need to be addressed. First, while studies investigate academic writing learning
techniques (Nhan et al., 2025), very little is known about how students currently learn to write
academically, particularly regarding access to Al tools. This includes how to build arguments, use
hedging techniques, and employ disciplinary vocabulary. Second, since evaluation methods in
standard assessments mainly measure mechanical accuracy rather than rhetorical development
(Chen, 2024; Wu et al., 2024), there is still much to be researched, especially regarding how those
improvements can be accurately measured within the limitations of current assessment criteria.
Finally, research methods, especially in vocabulary acquisition, need to be developed to explore
the implementation of delayed retention tests, comparative writing assessments, and mixed-
methods studies to assess students' long-term vocabulary retention and their ability to write at
advanced levels (Mekheimer, 2025; Phanwiriyarat et al., 2025; Ya'u & Mohammed, 2025).
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Methods

This section describes the research methodology adopted to investigate the effects of Al-based
vocabulary tools on the academic writing performance of EFL students. The research employs a
mixed-methods design, combining quantitative language development assessments with
qualitative data on students' learning experiences. Established analytical procedures have been
adopted and referenced to ensure methodological transparency and scholarly rigor.

Participants

This study recruited 160 undergraduate EFL learners enrolled in three disciplines: Business,
Engineering, and Computer Science at a medium-sized university in Saudi Arabia. English is the
medium of instruction for all university subjects. Participants’ English proficiency ranged from
intermediate to advanced, as determined by the university’s English placement test, which is a
prerequisite for admission. Stratified sampling was used to ensure that learners at each proficiency
level were fairly represented in the data analysis. The students enrolled in three English courses,
ENGL 101 (First-Year Composition), ENGL 102 (Introduction to Report Writing), and ENGL 201
(Technical Writing). Participants (Table 1) were primarily male (56%) and 44% female, with ages
ranging from 19 to 22 years old (76%). The remaining 24% of the sample consisted of 23-year-old
students and older. Course assignments and learning objectives came from business (24%),
engineering (36%), and computer science (40%) programs. Most of the sample consisted of
students who scored CEFR (Common European Framework) B2 (58%), C1 (24%), or mid B1 (18)
on the placement test. Students reported good digital readiness. Although 66% of students felt they
had sufficient digital readiness to work with educational technology, 89% reported familiarity with
at least one Al writing tool.

Table 1. Descriptive characteristics of participants

Variable Value
Sample size (N) 160
Gender: Male (%) 56
Gender: Female (%) 44
Age: 19-22 (%) 76
Age: >22 (%) 24
Discipline: Business (%) 24
Discipline: Engineering (%) 36
Discipline: Computer science (%) 40
CEFR: B1-mid (%) 18
CEFR: B2 (%) 58
CEFR: C1 (%) 24
Digital literacy: Confident with ed-tech (%) 66
Prior Al writing tool awareness (%) 89
Prior Al writing tool deep use (%) 28
Paid subscription users (%) 17
Own laptop meeting specs (%) 81
Intermittent device access (%) 19
Stable internet off-campus (%) 78
Attendance <10% absenteeism (%) 92
Weekly formal English study (median hours) 5

Note 1. Values are percentages unless otherwise indicated.
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Research Instruments

The course instructors utilized multiple instruments to collect both quantitative and qualitative
data throughout the semester. The courses utilized 150-300-word essays, which students wrote
both before and after the intervention to assess their academic writing development. The essays
were analyzed using automated corpus tools to extract data pertaining to the Type-Token Ratio
(TTR) and the Measure of Textual Lexical Diversity (MTLD) to assess various textual
characteristics, including grammatical accuracy and error frequency- Human raters validated
automated outputs to ensure collocational accuracy, discourse coherence, and terminological
appropriateness.

Vocabulary skills were tested through assessment quizzes that included word identification
tasks, sentence completion activities, and restricted free-writing sections.

A questionnaire was administered in the middle and at the end of the semester to assess
students’ perceptions of academic writing and their level of engagement. Furthermore, semi-
structured interviews and focus group discussions were conducted to gather qualitative data on
system usability, Al requirements, and students' self-confidence in learning.

Research Procedures

The research spanned three orientation phases, an intervention stage, and an evaluation stage.
The first few training sessions taught participants to utilize their selected Al vocabulary tools while
they learned about ethical use, data protection, and academic standards. The diagnostic
assessments enabled teachers to assess student writing competencies at the beginning, which they
used to develop personalized learning plans.

During the intervention phase, students participated in tool training and independent self-
study using a variety of academic Al writing tools, namely Grammarly and ChatGPT. These
resources offered students synonyms specific to the context, alerts for repetition in their writing,
and opportunities for vocabulary building aligned with the discipline. These tools included
gamified challenges, used alongside spaced-repetition activities, to help students enhance their
semantic accuracy and syntactic flexibility. The system tracked student involvement with tools and
tool usage through privacy-safeguarded analytic dashboards, which also helped students develop
metacognitive skills and ethical technology practices.

The researcher collected data at three distinct points: pre-intervention, mid-intervention, and
post-intervention stages. We employed repeated-measures statistical methods to analyze
quantitative data, using paired-samples t-tests to investigate the evolution of lexical diversity,
grammatical accuracy, and cohesion patterns throughout the study. We used thematic coding on
qualitative interview data and open-ended questionnaire responses and performed member
checking to confirm reliability. Additionally, we utilized quantitative data to enhance the
interpretive validity of their results.

Ethical Considerations

The researchers obtained informed consent from all participants. They were also given the
right to withdraw from the study at any point. Participants' data were held in line with international
research ethics. The data was entirely anonymous, encrypted, and stored securely. The research
participants received education on the responsibility of Al use, plagiarism prevention, and digital
health protection to help them avoid relying on automated systems throughout the course.
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Results

This section presents the study's findings by utilizing descriptive statistics and pre—post
comparisons. The most relevant and notable patterns are described in this section. Tables 2 — 6 can
be referred to for the remaining quantitative data.

As shown in Table 2, lexical diversity improved following the intervention. The mean TTR
increased from 0.43 to 0.51 (d = 1.23, p < .001) and the MTLD increased from 73.0 to 92.0 (d =
1.52, p<.001). This indicates that the participants’ vocabulary widened alongside the use of longer,
more developed texts. Frequency-band shifts also indicated a shift from high-frequency General
Service List vocabulary (66.0% to 54.0%) toward Academic Word List items (7.5% to 12.2%) and
mid/low-frequency terms (27.0% to 33.8%). Importantly, appropriate academic collocations
increased from 22.0 to 33.0 per 1000 words (d = 1.62, p < .001), suggesting that gains were not
limited to isolated synonym substitutions, but extended to more conventional academic
phraseology.

Table 2. Lexical diversity metrics, Pre- and Post-intervention

Metric Pre_Mean Pre SD Post_Mean Post SD Cohend P

TTR 0.43 0.06 0.51 0.07 1.23 <.001
MTLD 73.0 12.0 92.0 13.0 1.52 <.001
GSL share (%) 66.0 8.0 54.0 9.0 -1.41 <.001
AWL share (%) 75 2.5 12.2 3.0 1.70 <.001
Mid/Low frequency share (%) 27.0 7.0 33.8 8.0 0.90 <.001
Valid academic collocations per 22.0 6.0 33.0 7.5 1.62 <.001
1000w

Note 2. TTR = Type-Token Ratio; MTLD = Measure of Textual Lexical Diversity; Cohen’s d
computed with pooled SD.

In addition to all the above improvements, there was also a noticeable increase in
students’ vocabulary and grammar use. The data shown in Table 3 reveal a notable increase in the

percentage of error-free clauses (74.0% to 83.0%, d = 1.16, p <.001), a notable decrease in
lexical errors (28.0 to 16.5 per 1000 words, d =—1.39, p <.001) — labelled as: “error:
inappropriate language’; “error: incorrect part of speech’; and “error: atypical collocations’; and a
notable increase in correct use of terms specific to the discipline rather than generic academic

vocabulary (18.0 to 28.0 per 1000 words, d = 1.53, p <.001).

Table 3. Vocabulary accuracy metrics, Pre- and Post-intervention

Metric Pre Mean Pre SD Post Mean Post SD Cohend p
Error-free clauses (%) 74.0 8.0 83.0 7.5 1.16 <.001
Lexical error rate per 28.0 9.0 16.5 7.5 -1.39 <.001
1000w
Inappropriate register 7.5 3.5 3.6 2.4 -1.30 <.001
incidents per 1000w
Incorrect POS choice 9.2 4.0 5.0 3.2 -1.16 <.001
per 1000w
Atypical collocations 11.8 4.5 6.4 3.6 -1.33 <.001
per 1000w
Correct domain terms 18.0 6.0 28.0 7.0 1.53 <.001
per 1000w
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Note 3. A decrease in the error metrics indicates overall improvement. POS = Part of Speech;
Cohen’s d computed with pooled SD; w = words.

The same pattern of improvement can also be seen at the discourse or essay level. There is a
significant increase in the use of linguistic cohesion and organization devices (up from 42.0 to 55.0
tokens of cohesive devices per 1000 words, d = 1.24, p <.001), as well as in the number of unique
transition types (from 9.0 to 14.0 per 1000 words, d = 1.53, p < .001). Human raters of holistic
coherence rated the essays as having improved from a mean of 3.4 to 4.2 on the 1-6 rating scale,
while raters of holistic organization rated them as having improved from a mean of 3.3 to 4.4 on
the same scale.

Table 4. Coherence and organization indicators, Pre- and Post-intervention

Metric Pre Mean Pre SD Post Mean | Post SD Cohend p
Cohesive devices per | 42.0 10.0 55.0 11.0 1.24 <.001
1000w
Unique transition 9.0 3.0 14.0 35 1.53 <.001
types (count)

Rater coherence (1-6) | 3.4 0.7 4.2 0.8 1.06 <.001
Rater organization (1- | 3.3 0.8 4.4 0.7 1.46 <.001
6)

Note 4. Rater scales range 1-6. Cohen’s d computed with pooled SD. w = words.

Engagement and Perceptions

Table 5. shows the learners’ perceptions of the studied Al tools. Students had very positive
views of the Al tools studied. Their ratings for usefulness (M = 4.4) and ease of use (M = 4.3) were
very high. This is also reflected in their ratings of relevance to the discipline (M = 4.3) and
satisfaction (M = 4.3). The usefulness of gamification (M = 3.8) and learners’ trust in Al-generated
suggestions (M = 3.9) were lower than those of other aspects. These findings indicate that while
students find value in some of the support features offered by Al tools, they would generally not
use them without verification.

Table 5. Usability constructs (Likert 1-5)

Construct Mean SD Median N
Ease of use 4.3 0.6 4.0 160
Clarity of feedback 4.2 0.7 4.0 160
Perceived usefulness 4.4 0.6 4.0 160
Discipline relevance 4.3 0.6 4.0 160
Mobile/desktop continuity 4.2 0.7 4.0 160
Gamification usefulness 3.8 0.9 4.0 160
Trust in suggestions 3.9 0.8 4.0 160
Overall satisfaction 4.3 0.6 4.0 160

Note 5. Higher scores indicate more favorable ratings. N = number of respondents.

Table 6 details the means and effect sizes (d) for the three measures for the pre-and post-data
for the three conditions (n = 160). Large effect sizes were found for lexical diversity (MTLD, d =
1.52) and vocabulary accuracy (lexical error rate, d = —1.39), with substantial interrater-based
rater-based coherence (d = 1.06).
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Table 6. Summary of comparative Pre/Post outcomes

Domain Primary metric Pre Post Effect size | p-value
(MeanzSD) (Mean+SD) (d)
Lexical diversity MTLD 73.0£12.0 92.0+13.0 1.52 <.001
Accuracy Lexical error rate | 28.0+9.0 16.5+7.5 -1.39 <.001
/1000w
Coherence/Organization Rater coherence 3.4+0.7 4.2+0.8 1.06 <.001
(1-6)

Note 6. Effect sizes (Cohen’s d) computed using pooled SD estimates; p values indicate paired
comparisons.

Differences across Proficiency Levels
To examine variation across proficiency levels (B1-ENG101, B2-ENG102, C1-ENG201),
stratified pre—post comparisons were conducted. Table 7, below, summarizes the results.

Table 7. Pre—Post outcomes by proficiency level (B1, B2, C1)

Level Metric Pre-Mean Post- Mean Cohen’sd p
B1 (ENG101) TTR 0.41 0.48 1.05 <.001
MTLD 68.0 82.0 1.20 <.001
B2 (ENG102) TTR 0.43 0.51 1.22 <.001
MTLD 73.0 92.0 1.50 <.001
C1 (ENG201) TTR 0.45 0.54 1.35 <.001
MTLD 78.0 101.0 1.70 <.001

As shown in Table 7, the three groups made significant progress in all aspects. However, students
at different levels progressed at different speeds. The C1 group achieved the highest levels of
lexical diversity and collocational range. This reflects a higher level of lexical skills. The B1 group
had the largest reduction in error corrections, suggesting a higher level of accuracy in language
use. The B2 group was in the middle in all three aspects.

Discussion

This study investigated whether the structured use of Al-based vocabulary tools can improve
EFL undergraduates' overall academic writing performance and how learners perceive their use.
The results provide consistent evidence—across automated indices, rater judgments, and learner
reports—that the intervention was associated with meaningful gains in lexical diversity, lexical
accuracy, and coherence/organization (Tables 2-4), as well as high usability and perceived
usefulness (see Table 5). In line with the study rationale, this section discusses the outcomes in
relation to vocabulary theory, Al-supported writing research, and the implementation challenges
identified in the literature.

Research Question 1: Effects on Vocabulary Development and Writing Performance

The strongest quantitative evidence for written academic discourse quality in the post-samples
comes from measures of lexical diversity and shifts in the vocabulary-use profile across frequency
bands. Table 2 shows a marked increase in TTR and MTLD between the pre- and post-samples. In
addition, the post-samples contain a higher percentage of academic words and fewer less frequent
words in written academic language. Studies indicate that knowledge of vocabulary breadth and
word form is critical to students' written and oral academic disciplinary practices and academic
argumentation (Hossain et al., 2025). Furthermore, the increase in AWL words indicates that
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students are using a formal, expanded vocabulary beyond the most common high-frequency words
in their spoken academic discourse (Mekheimer, 2025).

It is important to stress, however, that the intervention process was not only about learning
synonyms; it also led to an increase in the number of valid collocations in students' academic
writing. The word collocations (and other multiword units), including those that are learners' own
creations, and recycled from academic interactions they attend to in order to write academic
discourse in their L2, are among the most difficult things for EFL learners to incorporate into their
writing, beyond simple listing (Pondelikova & Luprichovd, 2024; Pitura, 2024). This study
highlights the importance of contextualized practice and, indeed, practice that offers learners an
opportunity for feedback before it takes place. The findings are also consonant with the potential
offered by Al to support learners in: (a) identifying the words and phrases that they use most
frequently; (b) sourcing alternatives for repeated phrases; and (c) gauging the naturalness and
communicative effectiveness of the phrases that appear in their writing. This program can also be
used to develop and augment teacher-guided writing programs.

Table 3 presents data on vocabulary accuracy improvements, clearly demonstrating that
students have achieved gains by using rare-word substitutions that go beyond mere
academicization. Although the total number of lexical errors decreased only marginally, the
number of instances of inappropriate register, part-of-speech, and atypical collocations decreased
significantly. In contrast, the number of correct uses of domain terms increased in significance.
There is consensus in the existing research that vocabulary-focused learning strategies enhance
English writing skills. The use of vocabulary-focused Al-powered feedback tools can improve the
sentence-level quality of students' writing by making it less wordy and more linguistically
accurate. Such Al-powered tools identify errors and provide opportunities for revision in real time.
For instance, Ya'u and Mohammed (2025) found that their proposed vocabulary-learning strategy
enhanced English writing skills by increasing students' vocabulary load.

However, concerning the level of discourse (Table 4), we observe that the discourse segment
shows an increase in cohesive devices/transition tokens and rater judgment tokens. This increase
in lexical improvements has positively influenced the organization of the text. Obviously, the
lexical error score for the organization of discourse improved by 3 percentage points, like the sub-
analysis of lexical error scores conducted in the main study (Alghasab, 2025). Lexical gains,
especially those found in form (connectors), attitude (manifestation of stance), organization of
discourse, and evaluation (evaluative lexis), support Thematic Development and Rhetorical
Control (Alghasab, 2025).

The data from the combined pre- and post-performance, shown in Table 6, indicate large gains
in lexical diversity, accuracy, and coherence. Although this study does not attempt to establish a
cause-and-effect relationship between Al and the observed gains, it aligns with a host of previously
mentioned studies, most recently Mekheimer (2025) and Ya'u & Mohammed (2025). They report
on the potential of Al-powered writing tools when integrated into teacher-led instructional contexts
that monitor students' generation of quality academic written communication within disciplinary
contexts that demand high-quality vocabulary, in terms commensurate with the EFL post-
secondary school environment in which this study was conducted. The present study attempted to
address an obvious research gap by reporting results that are more specific and relevant to the
academic writing needs of EFL learners, unlike most previous research, which has focused on the
effects of Al in EFL instruction and learning and is generally related to language acquisition as a
whole or in part.
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Research Question 2: Student Perceptions, Engagement, and Usability

Survey findings (Table 5) indicate that students generally perceived the Al vocabulary tools
as easy to use, useful, and relevant to their disciplines. High ratings for perceived usefulness (M =
4.4) and overall satisfaction (M = 4.3) support earlier studies, which show that Al systems can
enhance engagement by providing immediate feedback and reducing barriers to independent
practice (Phanwiriyarat et al., 2025; Chen, 2024). These perceptions are also consistent with
reports that learners value mobile accessibility and self-paced micro-learning opportunities,
especially when classroom time is limited (Utami et al., 2023; Zhai & Ma, 2023). Given that most
participants were already aware of some Al writing tools (Table 1), the intervention likely
benefited from a degree of readiness and curiosity, which supports adoption and sustained use
(Ranalli, 2018).

However, ratings for trust in suggestions (M = 3.9) were lower than ratings for usefulness and
ease of use (Table 5). This pattern is educationally meaningful. Prior research suggests that learners
may appreciate the convenience of Al support while simultaneously recognizing risks of semantic
mismatch, culturally inappropriate phrasing, or register errors—especially under time pressure
(Mekheimer, 2025). The moderate trust rating may therefore reflect appropriate skepticism rather
than dissatisfaction, indicating that students were not fully delegating judgment to the system. This
finding aligns with calls for teacher guidance and metacognitive instruction to help learners
evaluate Al output critically and maintain ownership of meaning (Kohnke & Ulla, 2024; Tran,
2025).

Gamification usefulness (M = 3.8) was also comparatively lower (Table 5). This finding is
consistent with the literature, which shows that gamification can reduce anxiety and sustain
motivation; however, its effectiveness depends on learner preferences and perceived relevance to
academic goals (Phanwiriyarat et al., 2025; Utami et al., 2023). In university academic writing
contexts, learners may value functional features, such as clarity of feedback and relevance to
discipline, more than reward-based indicators. Accordingly, gamification may be most effective
when used to support distributed practice (e.g., spaced repetition) rather than as an end in itself,
which aligns with evidence supporting spaced retrieval for long-term retention (Wang et al., 2024;
Pitura, 2024).

Research Question 3: Challenges, Ethical Considerations, and Implementation Constraints

The findings highlight structural and pedagogical constraints affecting the implementation of
Al-supported learning. Unequal access to devices and unstable internet connectivity outside
campus limited equitable participation, underscoring the impact of the digital divide. In this study,
19% of learners reported only occasional computer access, and 22% experienced inconsistent
internet connectivity, findings that align with prior research emphasizing accessibility and
reliability as key determinants of digital tool adoption (Jomaa et al., 2025; Ranalli, 2018). Despite
the pedagogical potential of Al-supported platforms, their effectiveness remains contingent on
adequate technological infrastructure and institutional support.

A further challenge concerns overreliance on Al tools and the risk of semantic drift. Although
accuracy improved, learners may accept Al-generated suggestions uncritically, prioritizing fluency
over precision (Nhan et al., 2025; Mekheimer, 2025). Moderate trust levels suggest partial
awareness of these limitations; however, reliance may increase under time pressure. This
reinforces the need for teacher-mediated practices that promote critical evaluation of Al output
(Kohnke & Ulla, 2024; Tran, 2025). Ethical concerns also arise regarding academic integrity and
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data privacy, as generative tools may blur authorship boundaries (Ya’u & Mohammed, 2025).
These risks can be mitigated through clear institutional guidelines, reflective writing practices, and
transparency in data use within Al-supported learning environments (Baskara et al., 2024;
Mabuan, 2024).

Significance and Contributions to the Research Gap

This study contributes to the research gap identified in the literature by linking the use of Al
tools to academic writing—relevant outcomes, rather than only general language gains. Specifically,
the results document simultaneous changes in vocabulary profile (Table 2), accuracy (Table 3),
and discourse-level organization (Table 4), which offers a more comprehensive picture of
academic writing development than single-indicator evaluations. These identified gaps respond to
calls for more sophisticated evaluation beyond mechanical precision, including attention to
rhetorical coherence and discipline-specific register (Wu et al., 2024; Nhan et al., 2025).

The effect sizes in Table 6 indicate very large gains. From a pedagogical perspective, gains in
lexical range and accuracy are important because they enhance credibility, accuracy, and
argumentation skills, which are crucial for students in English-medium university settings (Webb
& Nation, 2017; Hossain et al., 2025). Although the intervention in this study was highly perceived
as useful, trust in Al was only moderately high (Table 5). So, although students can benefit from
Al support, they still have to use their own judgment in using it (Mekheimer, 2025; Tran, 2025).

Implications for Teaching Practice and Institutional Policy

Our findings suggest that integrating Al vocabulary tools into English language teaching
activities is most effective when it is grounded in meaning-focused revision, discipline-specific
pedagogy, and a focus on vocabulary knowledge. There are practical classroom applications,
including: (a) guided drafting cycles where students use Al to identify repetition and explore
alternatives, followed by teacher-led justification of lexical choices; (b) collocation-focused mini-
lessons informed by Al-flagged atypical collocations; and (c) discipline-specific vocabulary banks
aligned with course assignments to reinforce accurate uptake of technical terms (Wu et al., 2024;
Mekheimer, 2025). Such findings align well with evidence that teacher scaffolding and reflective
prompts are essential for preventing superficial learning and promoting durable vocabulary
development (Tran, 2025; Nhan et al., 2025). Furthermore, the access limitations participants
encountered at the institutional level highlight the need for further equity-oriented policies and
interventions, such as a device loan policy, access to institutional labs, and a licensing model that
enables all students to benefit from adaptive learning features.

Limitations and Future Research

There are several limitations that would provide a good basis for future research. First, the
study examined a single cohort and intervention period, which limits the extent to which
generalizations can be drawn when applying the findings to other institutions, proficiency profiles,
or writing genres. Second, automated lexical indices (e.g., TTR, MTLD) can be sensitive to task
conditions and genre, and rater scores involve subjective judgment despite rubric guidance
(Khampusaen, 2025). Third, the study focused on pre—post change; long-term retention and
transfer of vocabulary gains remain unknown. We also acknowledge that this study lacked a control
group, but this was primarily due to ethical considerations, as the institute sought to ensure that all
participants benefited from the intervention.
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Future research should employ longitudinal designs with delayed post-tests to evaluate the
durability of lexical and collocational gains, and multi-site sampling to test stability across contexts
and disciplines. Mixed-method approaches remain valuable, but future work can strengthen causal
claims by incorporating comparison groups, randomized assignment when feasible, and measures
of critical thinking and independent editing ability to examine the risk of algorithm dependency.

Conclusion

This study examined the impact of pedagogical approaches blended with Al on the
enhancement of English language learners' academic writing skills. Students received explicit
instruction on making effective word choices for academic writing. An Al-powered vocabulary
application was also utilized to support vocabulary acquisition throughout the study. Pre- and post-
intervention, during the semester-long intervention period of this study’s instructional approach,
participants completed several academic writing tasks. Results indicated that the intervention
positively impacted participants’ writing in several areas. The technology used in this study, in
particular, saved teachers and students a great deal of time usually spent on repetitive vocabulary
correction tasks, while simultaneously encouraging students to think critically about word choice,
increasing metalinguistic awareness, and enhancing their use of technology in ways that promote
autonomy, critical thinking, and academic integrity, and foster ethical use of technology in
language learning. Implications for the teaching of academic vocabulary and potential future
research topics are discussed. Specifically, potential topics for future research include the ability
to retain vocabulary acquired during academic-year-long intervals post-intervention and the effects
of different Al feedback forms on English language learners.
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