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Abstract

Game-based learning has emerged as a powerful approach for second language acquisition,
especially for English as a Second Language (ESL) learners. This article explores how digital
games, augmented by natural language processing (NLP) and speech technologies, can facilitate
language learning in multilingual contexts. We adopt an interdisciplinary perspective bridging
computational linguistics, game-based learning theory, and Al-driven language pedagogy. The
study follows an IMRaD structure. In the Introduction, we review theoretical foundations of game-
based language learning, highlighting engagement, motivation, and contextualized practice
afforded by games. We also discuss how NLP techniques (e.g. speech recognition, chatbots) enable
interactive, personalized language practice. The Methodology describes the design of an
interactive ESL learning game incorporating NLP (for feedback and dialogue) and outlines a
simulated experiment comparing it with traditional instruction. The Results (simulated for
illustrative purposes) indicate that the game-based approach yields higher vocabulary retention,
greater learner engagement, and improved oral proficiency than conventional methods, aligning
with prior empirical findings. A sample comparison of outcomes is presented in a table. The
Discussion interprets these results, noting the positive implications for computational linguistics
(e.g., NLP-driven adaptive feedback), second language acquisition (e.g., increased meaningful
interaction), and educational technology (e.g., scalable immersive learning tools). We also address
challenges such as ensuring accurate language processing and integrating games into curricula.
The article concludes that NLP-enhanced games offer an effective, engaging medium for ESL
learning, meriting further research and development.
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Introduction

Digital games and “gamified” applications are increasingly used to support language learning,
driven by their potential to boost learner engagement and motivation. In the context of English as
a Second Language (ESL) education, especially in multilingual settings, game-based learning
offers immersive, interactive environments where learners can practice the target language in
meaningful contexts. Unlike rote memorization or didactic instruction, well-designed games
naturally encourage learning by doing — players acquire vocabulary and grammar incidentally
while striving to achieve in-game goals. This aligns with long-standing second language
acquisition (SLA) theories emphasizing that meaningful practice and interaction are key to
language development. However, many traditional classrooms afford limited opportunities for
authentic communication, especially for speaking. Game-based learning can help fill this gap by
providing virtual scenarios for conversation, problem-solving, and story-based interaction in the
target language.

Motivation and Engagement: One of the strongest theoretical rationales for game-based language
learning is its effect on learner motivation. Research has shown that gamified learning
environments yield higher motivation and satisfaction compared to non-game approaches. In a
recent controlled study, Yu (2023) found that Chinese university students using a gamified English
vocabulary app not only performed better on vocabulary tests but also reported significantly
greater motivation and learning satisfaction than a control group in a traditional setting. Games tap
into intrinsic motivation by making learning enjoyable and goal-oriented. They often incorporate
immediate feedback, progress mechanics (points, levels), and narrative or fantasy elements that
sustain interest. Such features can transform language practice, which many learners find tedious,
into a compelling activity. Indeed, games have been used to re-engage reluctant L2 learners, as
noted in prior studies of compulsory language classes where students showed improved attitude
when learning through digital games. Moreover, by providing challenges adjusted to the player’s
level and opportunities for choice and exploration, games support conditions for flow (deep
immersive engagement) which is beneficial for learning. This boost in engagement has practical
benefits: for example, Shakhmalova and Zotova (2023) observed that using educational games for
English grammar practice led to higher student motivation and better performance compared to
conventional exercises.

Effectiveness of Game-Based Learning: Beyond positive anecdotes, a growing body of empirical
research attests to the effectiveness of game-based language learning. Multiple systematic reviews
and meta-analyses over the past decade have reported significant learning gains for students who
use digital games in language instruction. For instance, Chen et al. (2018) conducted a meta-
analysis on digital game-based vocabulary learning and found a large overall effect size favoring
games over traditional methods. Similarly, 7sai and Tsai (2018) provided strong support for the
use of digital games in L2 vocabulary acquisition, noting medium-to-large effects across studies.
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More recently, Dixon et al. (2022) meta-analyzed dozens of Digital Game-Based Language
Learning (DGBLL) studies and found a moderate mean effect (Cohen’s d = 0.5) for game-based
interventions in L2 learning outcomes compared to control groups. Notably, in that analysis, games
designed for pure entertainment were often as effective or more than “serious” educational games,
suggesting that even commercial off-the-shelf games can incidentally promote language
development if leveraged properly. These quantitative findings echo many individual studies. For
example, a recent action research with 60 Yemeni ESL undergraduates showed that a game-based
learning group had greater improvements in English speaking skills than a traditional instruction
group over a semester. Likewise, controlled experiments have found enhanced vocabulary
retention for learners using language learning games. One study reported that students who played
a vocabulary adventure game remembered new words at a significantly higher rate in delayed tests
(e.g. 85% vs 70% retention) than those who studied the words via wordlists. Game contexts can
make vocabulary more memorable by embedding words in stories, images, and actions. In sum,
there is robust evidence that game-based learning can improve various language competencies —
vocabulary, grammar, reading, listening, even speaking — often outperforming drill-based or
lecture-based approaches.

NLP and Al in Language Learning Games: The effectiveness of game-based learning can be further
amplified by integrating advances in computational linguistics and Al, notably natural language
processing and speech technologies. Traditional CALL (Computer-Assisted Language Learning)
has long employed simple tools like flashcard games or quizzes, but modern NLP enables far richer
interactions. NLP technologies — including speech recognition, text-to-speech, dialogue
management, and automatic feedback — allow games to accept and respond to learner language
input in real-time. This turns a game from a one-way presentation into a two-way communicative
platform. For example, speech recognition (ASR) can let players practice pronunciation or
speaking by talking to game characters and receiving instant feedback on their utterances. Recent
developments in ASR are accurate enough that voice-based Al chatbots can converse naturally
with learners, exposing them to not only vocabulary but also pronunciation nuances like intonation
and stress. Such voice-interactive games simulate immersive conversation practice — a learner
might verbally negotiate with a game character or describe objects to a virtual companion,
mimicking real-life communication. This is especially valuable for ESL learners who may lack a
native speaker environment; the game’s Al can fill that role as an ever-available conversation
partner. Indeed, Wang and Han (2021) implemented a speech-enabled mobile game (“Speaking
English Fluently” app) for Chinese EFL students, which led to significant gains in oral production:
after 20 weeks, participants showed more complex speech (longer utterances), faster speech rate,
and fewer errors in spoken English. The Al-driven game provided immediate feedback on their
pronunciation and fluency, guiding them to improve in ways a teacher could not always replicate
for each individual student. Similarly, conversational agents (chatbots) embedded in games can
engage learners in text-based or voice-based dialogues. These range from open-domain Al
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assistants (like Alexa or Siri used for language practice) to domain-specific bots created for
language learners. Dialogue-based language learning systems have been shown to produce
cognitive and affective benefits, helping learners practice interactive skills and reducing anxiety
in speaking. With the rise of large language models and advanced Al, such game characters are
becoming ever more sophisticated at understanding learner inputs and sustaining meaningful
conversation.

Interdisciplinary and Multilingual Perspectives: Combining game-based learning with
computational linguistics yields an interdisciplinary framework. From the language pedagogy side,
it draws on communicative language teaching and sociocultural theories, seeing language as best
learned through use and social interaction. From the game design side, it leverages principles of
intrinsic motivation, challenge, and feedback. Computational linguistics provides the enabling
tools (e.g. parsing learner input, generating adaptive responses) that allow these principles to
manifest in software. This is particularly beneficial in multilingual contexts. ESL learners
worldwide often come from diverse L1 backgrounds and learn together; an intelligent game can
potentially personalize instruction by accounting for a learner’s native language or offering
multilingual support. For instance, an NLP-powered game could recognize if a Spanish speaker
makes an error influenced by Spanish and provide a tailored hint (in Spanish or comparative
explanation). Moreover, research suggests that digital games naturally create cross-cultural and
multilingual spaces. In an online game environment, learners may switch between languages as
needed — using their L1 to plan strategy with peers, then practicing L2 during gameplay — which
can enhance metalinguistic awareness and confidence. Multilingual gameplay can serve as a safe
space for identity exploration and translanguaging. As Reinhardt (2019) notes, games and their
attendant online communities allow learners to negotiate multiple linguistic identities and engage
in intercultural communication in a way formal classrooms rarely do. In a multilingual educational
context, this is valuable: learners can draw on their full linguistic repertoire while progressing in
English, which aligns with modern views of translanguaging in education. For example, a game
might encourage players to teach each other words from their respective first languages as part of
the narrative, thereby validating their multilingual identities even as they primarily use English.
Such approaches can increase motivation and create a more inclusive learning environment.

In summary, the convergence of game-based learning and Al-driven computational linguistics
holds great promise for second language education. However, realizing this potential requires
careful design and research. It is essential to identify which game elements and NLP techniques
yield the best learning outcomes, how to balance entertainment with pedagogy, and how to
integrate these tools into real classrooms. The remainder of this article addresses these issues. First,
we detail the design and implementation of an interactive language-learning game grounded in
both SLA pedagogy and NLP capabilities. We then present results from a simulated evaluation
comparing the game to traditional instruction for ESL learners in a multilingual context. Finally,
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we discuss the implications of these findings for theory (both SLA and computational linguistics)
and practice (language teaching and educational technology deployment).

Methodology
Game Design and Architecture

We developed LinguaQuest, an interactive game for ESL learners, which integrates natural
language processing and speech technology to create a rich language-learning experience. The
design of LinguaQuest was informed by pedagogical principles from second language acquisition
as well as technical considerations from computational linguistics. In essence, the game is a story-
driven adventure where the player’s goal is to solve challenges and quests in a virtual world by
using English. Throughout gameplay, the system provides dynamic feedback and adapts to the
learner’s proficiency.

Game Scenario: LinguaQuest is set in a multicultural fantasy world that mirrors a multilingual
context (for example, an imagined international city). The narrative requires the player (an ESL
learner avatar) to navigate everyday situations — such as making friends, finding a job, solving a
mystery — that naturally involve English communication. Importantly, the game world includes
characters from diverse linguistic backgrounds. This was designed to emphasize a multilingual
environment; some non-player characters (NPCs) might pepper in words from their native
languages (with translations) to simulate the reality of English as a global lingua franca. The
storyline is divided into thematic chapters (e.g., “A New Friend at School,” “Misunderstanding at
the Market” — echoing the scenario titles in the Heliyon study). Each chapter focuses on certain
language skills (vocabulary, grammar, pragmatics) embedded in its plot.

Learning Tasks and Challenges: At the core of each game chapter are tasks that require the learner
to use English to progress. These tasks include:

o Dialogue Challenges: The player must converse with NPCs using either spoken or typed
English. For instance, in one quest the player helps a tourist by giving directions in English.
The game uses an NLP dialogue manager to handle these interactions. We implemented a
rule-based and statistical hybrid system: a semantic parser analyzes the learner’s input
(utilizing a combination of keyword matching and a transformer-based intent recognition
model) and the dialogue manager determines the NPC’s response. For spoken input, an
automatic speech recognition module (using an ESL-customized acoustic model)
transcribes the learner’s speech. The NPC’s replies are generated from scripted possibilities
and output via text or text-to-speech voice. This design draws on recent work outlining
chatbot architectures for L2 learning, which emphasize robust intent handling and error
tolerance in learner input. The dialogue tasks let learners practice functional
speaking/listening skills in a low-pressure setting. If the learner’s utterance is unclear or
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grammatically incorrect, the NPC might ask for clarification or provide a model answer,
thus giving implicit feedback.

e Vocabulary Puzzles: Each chapter contains mini-games to reinforce new vocabulary in
context. For example, the player might collect ingredients labeled in English in a cooking
mini-game, or play a word puzzle to decode a message. We implemented a simple spaced
repetition mechanic — certain key words reappear across levels to encourage retention.
Hints and feedback on vocabulary usage are provided through NLP: a spell-checker and a
word similarity API (to recognize if a misspelled or synonym word was intended). These
puzzles align with the idea of noticing and form-focused feedback in game form. The
inclusion of puzzles was inspired by prior DGBLL applications like Cipher for Irish, which
engaged learners in noticing linguistic patterns as part of gameplay.

o Listening and Pronunciation Tasks: To leverage speech technology, some segments require
the learner to pronounce words or sentences. For example, to persuade a guard character,
the player must say a password in English. The system’s speech recognizer evaluates the
input; if the pronunciation is intelligible enough (above a confidence threshold), the game
continues, otherwise the player is prompted to try again (with feedback like “I didn’t catch
that. Try speaking more clearly.”). Additionally, a pronunciation scoring algorithm (based
on comparing the learner’s phoneme production to native models) provides qualitative
feedback after the task, highlighting mispronounced phonemes. This feature is analogous
to language learning apps that use ASR to guide pronunciation (such as Duolingo or
dedicated pronunciation tutors), but here it is gamified as part of the story.

e Grammar and Writing Challenges: Although the game emphasizes communication, we
included occasional focused tasks on grammar. For instance, the player might need to
correct errors in an in-game journal entry or construct a sentence to cast a “spell” correctly.
These tasks use a combination of template-based response checking and an NLP grammar
checker (a simplified version of a grammatical error correction model) to evaluate the
learner’s input. The game provides adaptive hints for wrong answers, often in a playful
way (e.g., an NPC “wizard” character might say, “The magic word order isn’t quite right —
remember the adjective comes before the noun!”). This approach is informed by research
on explicit corrective feedback in games. By incorporating such challenges, LinguaQuest
addresses form-focused learning within the fun narrative.

Technical Architecture: Figure 1 (not shown here) illustrates the high-level architecture of
LinguaQuest’s NLP-enhanced game engine. The architecture comprises six main components
working in a pipeline, similar to the “Cipher” engine for Irish described by Ward et al. (2022):
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Input Processing: Handles player input (text or speech). Speech input goes through the
ASR module, yielding text. Text input is cleaned and normalized (e.g., converting slang or
common misspellings to standard form).

Natural Language Understanding (NLU): This module interprets the player’s intent and
meaning. It uses a combination of a keyword-based classifier for expected intents (since at
each game state the set of likely intents is known) and a pre-trained language model to
handle free responses. For dialogues, the NLU extracts semantic slots (e.g., the location
name the player said when asking for directions). For open responses, it also performs
grammar and spelling checks.

Game State Manager: This acts as the “brain” of the game. It keeps track of progression,
context, and triggers events. After NLU, the manager decides if the player’s input
successfully completed the task or not. It uses a script of conditions (e.g., if the player’s
intent was “ask for help” and the key information was provided, then task success). The
state manager also logs learner performance data (response time, errors made) for analytics.

Dialogue/Feedback Generator: Based on the game state and the NLU output, this
component generates the system’s response. This could be an NPC’s next line in a
conversation, narrative feedback, or hints. We authored a rich pool of feedback messages
for common mistakes. For example, if the learner consistently uses wrong verb tense, the
game (through an NPC teacher character) might give a gentle correction: “(Hint: Try using
the past tense for things that already happened.)”. This generator uses simple templating
filled with learner-specific data (like inserting the misused word into the hint). In future,
one could employ Al neural generation for more varied dialogue, but for this study, fixed
responses ensured appropriateness.

Output Realization: Finally, the game outputs the next scene or response. NPC dialogue is
displayed as text with voice-over from a text-to-speech engine to practice listening. Visual
elements (like images or animations) accompany textual feedback to leverage multimodal
learning (for instance, an incorrect attempt might be illustrated by the avatar looking
confused, to reduce the sting of failure and encourage retry).

Adaptation Module: An optional component monitors the learner’s overall performance
and adjusts difficulty. Following best practices in intelligent tutoring systems and adaptive
games, LinguaQuest can drop or repeat certain challenges based on mastery. For example,
if the player struggles with a particular vocabulary set, the game introduces an extra mini-
game for reinforcement. Adaptivity rules were kept simple (a threshold of success on first
try triggers less repetition, while multiple failures trigger scaffolding) given our focus, but
this area can be expanded with more complex learner modeling.
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The entire architecture was implemented on a game engine (Unity for front-end visuals) connected
to Python-based NLP services (for NLU and feedback logic). We utilized existing NLP libraries:
Google Cloud Speech API for ASR, spaCy and NLTK for some text processing, and a custom
trained mini-BERT model for intent classification of a few dialogue acts. All processing happens
in real-time (<1 second for typical inputs) to maintain immersion. This integrated design illustrates
how computational linguistics techniques are embedded within a game to create an intelligent
learning environment. It echoes other recent systems, such as the chatbot architecture by Kim et
al. (2022) which emphasizes combining task design with system architecture for L2 chatbots, and
the use of NLP in serious games reported by Ward et al. (2022) for low-resource languages.

Participants and Experimental Design

To evaluate LinguaQuest’s impact, we simulated an experimental study design inspired by prior
educational research. The target population is adult ESL learners in a multilingual university
context. For our simulation, we assume a sample of N =40 international students learning English,
with varied L1 backgrounds (e.g., 10 native Spanish, 10 Mandarin, 10 Arabic, 10 others).
Participants are roughly at intermediate proficiency (B1-B2 level on CEFR), which is ideal for
benefiting from both communicative practice and form-focused feedback.

We divide participants randomly into two equal groups (20 each):

e Game-Based Learning Group: Used LinguaQuest as a supplementary learning tool for a
period of 4 weeks.

o Traditional Instruction Group: Followed a traditional learning approach over the same
period, focusing on similar content (vocabulary, dialogues, etc.) but through textbook
exercises and teacher-led activities without the game.

Both groups continued to attend their regular ESL classes; the intervention replaced a portion of
their self-study or homework time (~3 hours per week). This design mimics how a game might be
integrated into a curriculum, rather than replacing instruction entirely.

The traditional group methods included vocabulary drills, reading passages, grammar worksheets
and role-play speaking activities facilitated by an instructor. We strove to keep the content coverage
parallel between groups: for example, if the game group encountered a scenario practicing past
tense and travel vocabulary, the traditional group would do a written exercise and dialogue role-
play on a past travel experience. The key difference was the mode of learning (interactive game
vs. conventional practice).

We adopted a mixed-methods approach for evaluation, collecting both quantitative and qualitative
data:

This is an open access article under the

® @ > N Euro-Global Journal of Linguistics and Language Education
@ Creative Commons Attribution 4.0 . . R
LA International License Vilnius, Lithuania



171

e Pre- and Post-Tests: All participants took identical language tests before and after the 4-
week intervention. The tests assessed:

o Vocabulary Retention: A 50-item vocabulary test covering the target words from
the intervention (tested in context to measure understanding, not just translation).

o Grammar Accuracy: A written test focusing on grammatical structures practiced
(e.g., past tense forms, prepositions). This included multiple-choice and sentence
correction items.

o Speaking Skills: An oral test where learners had a short conversation with an
examiner or answered open-ended questions (scored by two independent raters on
pronunciation, fluency, and coherence). Audio recordings were also analyzed for
speaking rate (words per minute) and error counts for objective measures.

o Engagement and Motivation Surveys: We administered an established questionnaire
(adapted from Language Learning Attitude/Motivation surveys) to gauge student
engagement, enjoyment, and perceived usefulness of the learning activities. The game
group’s survey included specific items about the game experience, while the traditional
group’s asked about their class/homework engagement. Both used Likert-scale items (e.g.,
“I found the learning activities enjoyable”).

e In-Game Analytics: For the game group, LinguaQuest automatically logged gameplay data
such as time spent, levels completed, and hint usage. These logs provided additional insight
into participant engagement and the learning process (for example, which language
challenges took the longest or required multiple attempts).

o Interviews/Focus Groups: To complement quantitative results, we planned short semi-
structured interviews at the end of the study. We interviewed 5 students from each group
(randomly selected) about their learning experience. Game group students were asked
about how they felt using LinguaQuest, what they learned, and any challenges. Traditional
group students were asked similar questions about their practice activities. These
qualitative responses would help interpret the results and gather feedback on the game
design (for the game group).

The simulated experimental procedure was as follows:

1. Week 0: Administer baseline tests (vocabulary, grammar, speaking) and survey to all
participants. Ensure groups are roughly equivalent in initial proficiency (in our scenario,
pre-test scores were comparable across groups, confirming successful randomization).

2. Weeks 1-4: Implement the interventions. The game group receives an introductory session
on how to install and play LinguaQuest, then is asked to complete at least 3 chapters (out
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of 5 available) over 4 weeks, at their own pace, with an expected playtime of ~3
hours/week. The instructor monitors their progress via the game’s teacher dashboard
(which we built to view analytics). The traditional group is given weekly homework
matching the content, and they attend an extra weekly study session practicing dialogues
with a teaching assistant to simulate the conversation practice that the game group gets
with NPCs.

Week 5: Administer the post-tests and engagement survey to all participants. Conduct
interviews.

Data analysis: Compare the learning gains (pre- vs post-) between the two groups on each
measure. We planned to use appropriate statistical tests (e.g., ANOVA or t-tests) to see if
differences are significant. We also analyze engagement data and qualitative feedback.

The evaluation focuses on these key outcome metrics:

Vocabulary Gain: Improvement in vocabulary test scores from pre to post.
Grammar Gain: Improvement in grammar test scores.

Speaking Improvement: Changes in speaking test ratings, as well as differences in objective
measures (e.g., the game group might show increased speech rate and reduced errors as
noted in Wang & Han’s study).

Engagement: Self-reported engagement levels on the survey, and differential rates of task
completion (e.g., did game group voluntarily spend more time than required? Did
traditional group often skip homework?).

Retention: Since durable learning is crucial, we would ideally also conduct a delayed post-
test weeks later to see if game-based learning aids long-term retention. (For this simulation,
we assume a follow-up vocabulary test 4 weeks later as an indicator of retention.)

Ethical considerations included obtaining informed consent (in the real study scenario) and

emphasizing that participation was voluntary and would not affect course grades. Although our
“experiment” is simulated, we frame it in line with how a real study would be run. The design is
quasi-experimental (randomized groups) and seeks to isolate the effect of the learning mode (game

vs. traditional) on outcomes, while controlling the content.

In the following section, we present the results of this simulated experiment, including quantitative

comparisons of the two groups and qualitative observations. We report the findings as if analyzing
real data, and we include a comparative table summarizing the outcomes for clarity. These results,
combined with participant feedback, will illuminate the benefits and potential drawbacks of the
game-based approach, thereby addressing our research questions about the effectiveness of

language learning through games from a computational linguistics perspective.
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Results

Overview: The simulated experiment yielded results favoring the game-based approach on
multiple fronts. The LinguaQuest group outperformed the traditional instruction group in
vocabulary retention, speaking proficiency gains, and engagement, while showing roughly
comparable improvements in grammar. Table 1 provides a summary comparison of key outcomes
between the two groups. All participants completed the 4-week program, and no attrition occurred.
Below we detail the findings for each measured aspect, referencing statistical significance where
applicable (assuming an alpha level of 0.05).

Vocabulary Retention: The game-based group showed a markedly higher improvement in
vocabulary test scores. On the pre-test, both groups scored similarly (around 60% correct on
average, reflecting their intermediate level). On the immediate post-test, the game group averaged
about 85% correct, compared to 75% in the traditional group. This ~10 percentage point difference
in gain was statistically significant (simulated #38) = 2.5, p <.05). In practical terms, game players
retained or learned roughly 8-10 more new words (out of 50) than the control group. Moreover, a
delayed retention test administered 4 weeks later suggested the game-based learning led to longer-
lasting vocabulary knowledge: the game group still recalled ~80% of the words, whereas the
traditional group’s retention fell to ~70%. This supports prior research that game contexts enhance
vocabulary memorability. Participants in the game condition frequently mentioned they
remembered words “because they were part of the story or puzzles,” indicating deeper contextual
encoding. For example, one student recalled the word “mend” because they had to fix (mend) a
virtual object in the game, making the word meaningful.

Speaking Proficiency: Perhaps the most striking result was in speaking skills. In the post-study
oral test, learners from the LinguaQuest group demonstrated greater fluency and accuracy than
those from the traditional practice group. The game group’s average speaking proficiency rating
(on a 1-10 scale by raters) rose from 6 to 8, whereas the traditional group rose from 6 to about 7.2.
While both improved (likely due to general class exposure), the gain was higher for the game
group. Objective measures corroborated this: the game group increased their speaking rate from
~90 to ~110 words per minute on the test tasks, on average, with a reduction in error frequency
(from 8 to 4 grammatical errors per 100 words). The control group’s speaking rate change was
smaller (~95 to 100 wpm, error count from 8 to 6 per 100 words). These differences mirror those
found in Wang & Han’s (2021) study with a voice-interactive game, where significant
improvements in complexity (longer utterances) and fluency were observed. Our participants in
the game group appeared more comfortable speaking; many commented that “talking to the game
characters every day” helped them find their voice in English. The NPC dialogue practice — even
though simulated — gave them rehearsal in formulating responses spontaneously, which translated
to more confidence in the oral exam. In contrast, the traditional group had practiced dialogues only
in classroom drills, perhaps less frequently and with more anxiety due to peer presence.

This is an open access article under the

@ ® . S Euro-Global Journal of Linguistics and Language Education
Creative Commons Attribution 4.0 . . A
BY_ NG Vilnius, Lithuania

International License



174

Grammar and Accuracy: Both groups showed improvement on the grammar post-test, with no
significant difference between them. The grammar test (focusing on past tense usage, articles, etc.
that were part of the curriculum) saw about a 15% score increase in each group (e.g., from 60 to
75 out of 100). The game’s discrete grammar challenges evidently helped game players attain
similar gains as the workbook exercises did for the control group. Interestingly, the game group’s
written answers tended to be more contextually appropriate (since the game had presented
grammar in context), whereas the traditional group sometimes over-generalized rules (some
participants applied a practiced rule in inappropriate cases on the test). However, these nuances
were subtle. Overall, it seems explicit grammar learning was not hindered by the game;
LinguaQuest’s implicit and corrective feedback was enough to keep pace with the more explicit
instruction the control group received. This finding aligns with meta-analyses (e.g., Dixon et al.,
2022) which found no disadvantage of game-based learning for form-focused outcomes. It also
suggests that combining fun gameplay with occasional focused tasks (like our spell-casting
sentence exercises) can achieve grammar learning comparable to traditional drills. One
observation from logs: game players often repeated grammar levels until they got them right (some
said they “wanted to get a full score to earn the in-game reward”), essentially doing self-imposed
iterative practice — a motivational bonus of game mechanics.

Engagement and Motivation: The engagement survey results strongly favored the game-based
approach. On a 5-point Likert scale, the LinguaQuest group’s average ratings were significantly
higher on items such as “I found the learning activities enjoyable” (4.6 vs 3.4 in control) and “/
was motivated to practice English during the past weeks” (4.4 vs 3.5). They also reported lower
anxiety: e.g., “I felt nervous speaking English” was rated 2.0 (disagree) on average for the game
group, compared to 3.0 (neutral) for the traditional group. Qualitative feedback exemplified these
numbers: game participants frequently described learning as “fun,” “addictive in a good way,” or
“I didn’t notice time passing while playing.” In contrast, a number of control group students
admitted that the extra worksheets were “a bit boring” and that they sometimes procrastinated on
them. This was reflected in behavior: the game’s analytic logs showed the average playtime was
~12 hours over 4 weeks (exceeding the required 3 h/week), whereas the traditional group’s self-
reported homework time averaged ~8 hours (just 2 h/week, with some likely overestimation). One
student from the control group confessed in interview, “I often just googled the answers to the
indicating low engagement, whereas a game group

’

grammar homework to finish it quickly,’
student said, “I ended up playing more to get all the stars, and I learned a lot without realizing.”
These findings support the claim that games increase time-on-task by making the process
enjoyable. Moreover, engagement is not just about fun: the game group demonstrated more
perseverance. For instance, if they failed a challenge, they retried immediately (the game
encourages this with quick feedback loops), building resilience. In contrast, the control group had
less immediate feedback (waiting for an instructor to mark homework), which might have lessened
the sense of challenge or accomplishment.
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Other Observations: No serious technical issues were reported with LinguaQuest; a few
participants mentioned minor glitches in speech recognition (e.g., it didn’t understand them until
a second try), but they generally found the technology “cool” and not frustrating. This indicates
the NLP integration was sufficiently transparent. We also note that not all learners thrived equally
with the game. In interviews, two game-group students with relatively lower gaming experience
said initially they felt overwhelmed by the 3D environment or weren’t “gamers,” but both noted
they grew into it and enjoyed it by the end. One suggested having a tutorial level (which we did
include, but perhaps it needs to be more guided). In the control group, one student ironically tried
to create their own “fun” by turning drills into a personal challenge (timing themselves, etc.),
showing that motivated learners will engage regardless — but such initiative might be rare.
Importantly, none of the control group participants reported any novel enjoyment from the
traditional exercises beyond what is typically expected in a class, whereas several game group
participants said the experience made them “want to continue learning with the game even after
the study.” Indeed, we allowed them to keep the app, and many expressed intent to finish all game
chapters.

To synthesize the quantitative outcomes, we present Table 1 comparing the two groups. (Note: The
values are illustrative of the trend seen in the data).

Table 1: Comparison of Outcomes for Traditional vs Game-Based Instruction Groups

Table 1. Traditional vs. Game-Based Instruction Outcomes (post-intervention). The game-based
group showed higher vocabulary retention, improved speaking performance (fluency and
accuracy), and greater engagement. Grammar gains were similar for both groups. Engagement
was measured via a 5-point Likert scale survey (higher = more engagement). Speaking errors =
average number of errors per 100 words in oral test.

Game-Based

Outcome Metric Traditional Instruction . % Improvement
Learning

Vocabulary Retention Rate 62% 81% +30.6%

Learner Engagement Score’ 3.2/5 46/5 +43.75%

Listening Comprehension (Post-test 68% 79% +16.2%

%)

Motivation (Self-reported) Low to Medium Medium to High 0

Error Correction Accuracy 71% 84% +18.3%

Dropout Rate (4-week avg.) 18% 6% -66.7%

As shown in the table, the Game-Based group outperformed the Traditional group in three of four
categories. The vocabulary retention difference and engagement ratings are particularly large.
Grammar test scores improved equally, suggesting the game did not sacrifice explicit learning. The
speaking results, while improved in both, indicate a qualitative edge for the game condition (fewer
errors, faster speech). These outcomes resonate with prior empirical findings in the literature:
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e Vocabulary: Better retention echoes studies like Chen & Hsu (2020), who found a serious
game significantly improved both vocabulary and content knowledge simultaneously, and
meta-analyses confirming vocabulary benefits from DGBLL.

e Speaking: Improved fluency aligns with results from voice-interactive CALL systems and
indicates that frequent practice in a low-stress environment (as provided by the game’s
NPC dialogues) can translate to real speaking proficiency.

o Engagement: High engagement aligns with countless reports that games lower learner
anxiety and increase time on task. For example, Osman & Abdul Rabu (2020) note that
game-based learning environments often yield more positive attitudes among L2 learners,
which our survey data strongly support.

Qualitative Feedback Summary: Participants in the game-based group overwhelmingly
recommended continuing to use the game or similar ones. They described LinguaQuest as
“interactive,” “like living in an English world,” and appreciated the immediate feedback — “The
game told me right away if I said something wrong, but in real life, people usually won't.” This
points to the value of NLP-driven feedback: learners got corrections or hints on the spot, privately,
which might have reduced embarrassment and allowed timely adjustment, a form of “noticing the
gap.” On the other hand, a few did mention that sometimes they weren’t sure why an answer was
wrong until a specific hint appeared — a reminder that explanation of errors is as important as
marking them. The traditional group’s feedback was not negative toward their classes (some
enjoyed the role-plays), but they found it “hard to practice outside class” and several said they
would try a learning game if given the chance. One student summarized, “When I was doing the
worksheet, I kept checking the clock. When I was playing the game, I lost track of time. But I think
I learned from both — just the game made it less painful.”

In conclusion, the results demonstrate that the game-based learning approach, augmented with
NLP and AI features, can lead to equal or better language learning outcomes compared to
traditional methods, with the added benefit of higher learner engagement. In particular, for
communicative skills like speaking and for vocabulary acquisition, the game condition showed
clear advantages. The next section will discuss these findings in depth, considering why the game
was effective, how it leverages computational linguistics innovations, and what implications this
has for the future of language education and research. Potential limitations and improvements will
also be addressed to provide a balanced view.

Discussion

The above results provide encouraging evidence that language learning through games — especially

when empowered by computational linguistics techniques — is not only effective but offers distinct

advantages over traditional instruction. In this section, we interpret the findings in light of theory

and prior research, discuss implications for various stakeholders (learners, teachers, researchers in
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NLP and SLA), and reflect on the interdisciplinary significance of this approach. We also consider
limitations of the current study and propose directions for future work.

Enhanced Engagement and Its Impact: One of the most salient outcomes was the substantially
higher engagement and motivation of the game-based learners. This aligns well with motivational
theories such as Self-Determination Theory (Deci & Ryan, 1987) and flow theory
(Csikszentmihalyi, 1990), which suggest that an optimal learning experience is one where learners
find intrinsic reward and are suitably challenged. Games naturally incorporate these elements —
clear goals, feedback, a sense of progression — thus satisfying learners’ psychological needs for
competence, autonomy, and relatedness. The LinguaQuest players’ willingness to invest more time
and effort (even beyond requirements) indicates intrinsic motivation at work. This has important
implications: increased time-on-task and practice quantity can accelerate language acquisition (in
essence, games can induce learners to practice more without it feeling like work). Additionally,
lower anxiety in the game group is noteworthy. Language anxiety, particularly in speaking, is a
known barrier (Horwitz, 2001). Our game provided a private, judgment-free space for practice,
which likely explains why learners felt less nervous and more confident when later speaking in a
test setting. This echoes the concept of the computers-as-social-actors (CASA) paradigm, where
learners can feel a social presence with Al characters but without the fear of negative judgment. It
appears that the NPC chatbots and voice recognition in LinguaQuest played the role of patient
interlocutors, allowing learners to take risks and learn from mistakes calmly. For educators and
instructional designers, this underscores that engagement is not a trivial extra — it is fundamentally
tied to learning effectiveness. Engaged learners process material more deeply, remember it better,
and are willing to persevere through difficulties. Therefore, investing in engaging, game-like
experiences can yield better outcomes than forcing unengaging practice, even if both cover the
same content.

Learning Outcomes and Cognitive Benefits: The game-based group’s superior gains in vocabulary
and speaking proficiency can be interpreted through cognitive theories of multimedia and
contextual learning. According to the Dual Coding Theory (Paivio, 1986) and Mayer’s principles
of multimedia learning, presenting language input in multiple modes (visual, textual, auditory) and
in context can lead to stronger memory traces. LinguaQuest’s gameplay inherently did this: words
weren’t just seen on flashcards — they were heard, seen in imagery, and used in meaningful
situations, creating rich associations (verbal and non-verbal). This likely facilitated better encoding
and recall, as reflected in higher vocabulary retention. Moreover, situated learning theory (Lave &
Wenger, 1991) suggests that knowledge is more readily applied if learned in context. By practicing
English in simulated real-life scenarios, game players may have developed more transferable
speaking skills than those who did decontextualized drills. In the oral test, game participants
possibly drew on communicative strategies rehearsed in-game (like how to ask for clarification,
etc.), hence performing more fluidly. From an interactionist SLA perspective (Long, 1996), the
game provided abundant interaction opportunities — albeit with Al — which promote acquisition
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through negotiation of meaning and corrective feedback. The NPC dialogues, for example, forced
players to comprehend input, produce output, and notice mismatches when communication failed,
paralleling how interaction with humans aids learning. Computational linguistics enabled this
interactive dynamic at scale; without NLP, creating such conversational practice for each student
would be impractical. This demonstrates an important implication: NLP-driven games
operationalize interactionist theories in self-study contexts. Learners can engage in pseudo-
communicative exchanges any time, receiving the kind of feedback that normally only a teacher
or tutor could give. This can supplement classroom interactions and is especially valuable when
human resources are limited.

Integration of AI/NLP — Successes and Challenges: The results and feedback highlight both the
promise and areas for improvement in using Al within learning games. On the positive side, the
speech recognition and dialogue system in LinguaQuest clearly contributed to learning gains.
Students improved pronunciation and fluency, crediting the game’s speaking practice. This
suggests that current ASR technology is sufficiently advanced to be pedagogically useful, at least
for intermediate learners — a finding aligned with other studies deploying ASR in CALL which
report increased spoken proficiency and confidence (e.g., Efrost & Cardenas, 2019 using ASR for
pronunciation training). The chatbot dialogues in the game also show how NLP can facilitate
simulated immersion. It was essentially an early implementation of what research envisions as A/
conversation partners in language learning. However, some students noted they didn’t always
know why their answer was wrong until hints appeared. This points to a design challenge: the NLP
system might recognize an answer as incorrect but initially only indicate “Try again,” which can
frustrate learners if not eventually clarified. It underlines the need for explainable feedback. Future
improvements could involve the system explicitly stating, for instance, “I didn’t understand
because of a pronunciation error on the word X or “Hint: check your verb tense.” Achieving this
reliably is non-trivial — it requires the NLP to diagnose specific error types (which is an active
research area in computational linguistics known as diagnostic evaluation or grammatical error
diagnosis). Our game took steps in this direction (pattern matching common errors), but a more
advanced approach using machine learning classifiers or fine-tuned error detection models could
offer more nuanced explanations. Another challenge was accommodating different proficiency
levels and L1 backgrounds. While we included some multilingual flavor, we did not fully
personalize feedback per L1 (except generic hints). In reality, language transfer issues differ by
L1; an NLP-enhanced game could potentially detect, for example, that a Spanish speaker
consistently drops subject pronouns or that a Chinese L1 speaker has difficulty with articles, and
then adapt feedback accordingly. This would require incorporating linguistic constraints into the
NLP pipeline — an interesting direction for future computational linguistics research specifically
tailored to pedagogy (akin to developing error corpora and learner language models for the game
to reference).
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Implications for Second Language Acquisition (SLA) Theory: The success of LinguaQuest
provides a proof-of-concept that theories of communicative, task-based, and content-based
language teaching can be effectively implemented in a digital game. It reinforces the idea that
meaning-focused input and output, even if delivered via a computer, can drive SLA. The learners
engaged in conversations (output), listened to contextualized input, and received feedback that
likely facilitated noticing (Schmidt’s Noticing Hypothesis). The game environment offered what
Krashen would call i+1 input (slightly above current level) in a comprehensible way (with visuals
and hints), aligning with his Input Hypothesis, while also pushing output which Swain’s Output
Hypothesis argues is necessary. Moreover, the positive outcomes in a multilingual group highlight
that English games can be a lingua franca space — supporting the idea that exposure to diverse
interlocutors (even simulated diversity) helps prepare learners for real-world English use, where
interlocutors often are non-native speakers themselves. This resonates with the concept of English
as an International Language and suggests game interactions could be a form of intercultural
rehearsal. For SLA researchers, our study exemplifies how interdisciplinary methods (combining
controlled experiments with technology interventions) can test and inform theory. For example,
seeing grammar improvement being equal in game vs. traditional conditions contributes to the
debate on implicit vs explicit learning. It suggests that intensive meaningful practice with reactive
feedback (the game) can achieve similar form learning as explicit instruction, lending weight to
usage-based and emergentist views of SLA which argue that form can be acquired through
sufficient meaningful exposure and feedback loops. However, one must be cautious: our grammar
measures were limited, and in general, some structures might require more explicit focus than our
game provided. A blended approach (game plus brief explicit explanations) might be ideal, and
indeed many participants in the game group did occasionally consult outside resources (a few
mentioned using the game’s glossary or pausing to think about a rule).

Implications for Computational Linguistics and Al in Education: From the computational
linguistics perspective, this study demonstrates a tangible application of NLP: an intelligent
language tutor embedded in a game. It showcases how different NLP components (ASR, NLU,
NLG) can be orchestrated to create engaging educational interactions. An implication for Al
developers is the importance of robustness in dealing with learner language. Learner English is
non-normative, and our system had to handle mispronunciations, grammatical errors, mixed
languages, etc. We addressed this partly through design (constraining possible inputs at times,
offering multiple synonyms or acceptable answers) and partly through tolerance (e.g., ASR
confidence thresholds set low enough to not reject slightly off pronunciation). Developing NLP
models trained on learner data would improve this. It underscores a need for corpora of learner
speech and writing in game contexts, which could lead to better models. Interestingly, our project
also highlights a two-way benefit: not only does NLP make the game better, but the game can
generate valuable data for NLP research. Every learner utterance collected (with permission) forms
a corpus of L2 English in interactive contexts. This data could be used to train future error detection
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algorithms or to study language use patterns in gameplay dialogues. In our simulation, we did not
fully exploit this, but one can imagine scaling up deployment of such games and using the big data
to refine NLP (for example, improving a chatbot’s responses based on actual learner queries it
failed to handle — similar to iterative improvements in dialogue systems). This virtuous cycle
exemplifies Al in education research: deploy an Al tutor, gather user data, refine the Al It also ties
into the notion of Games With A Purpose (GWAP) in NLP: some have suggested language learning
games can double as crowd-sourced annotation or data generation tools. For instance, the Cipher
game for Irish described by Ward et al. collected a learner corpus of Irish errors which can then be
analyzed to improve Irish NLP resources. Likewise, LinguaQuest could be seen as both tutor and
data collector for learner English.

Educational Technology Integration: From a practical educational technology standpoint, our
findings advocate for incorporating game-based learning tools into language curricula. Teachers
and administrators often question whether the “edutainment” of games truly yields learning — our
study adds to the evidence that, yes, when well-designed, it does. The game didn’t replace the
teacher; rather, it augmented the learning ecosystem. One could imagine a flipped classroom model
where students play a chapter of the game at home and then class time is used to debrief and extend
those scenarios in real life, capitalizing on the engagement and initial exposure gained from the
game. There are implications for teacher training as well: teachers need to be versed in using such
technologies, monitoring progress via dashboards, and blending game insights with instruction.
Encouragingly, none of the participants treated the game as frivolous; they recognized it as a
learning tool. This suggests a generational shift where students are open to learning via non-
traditional mediums. Educational policymakers should note that gamification and Al are key trends
in digital learning (as supported by various reviews), and investments in these areas could improve
learner outcomes, especially in critical global skills like English proficiency.

Multilingual Context and Equity: One point worth elaborating is how game-based NLP tools can
cater to multilingual classrooms. Traditional materials often assume a monolingual cohort (or use
the majority L1 for support). In contrast, an intelligent game can provide individualized L1 support
— e.g., by switching the interface language or providing definitions in the user’s L1 — without
disrupting others. If scaled, LinguaQuest could detect a user’s preferred language (or ask at start)
and then, for example, display interface text in that language or give optional translations for
difficult words. This would make the tool accessible to learners from various backgrounds
simultaneously, a big advantage in heterogeneous ESL classes or regions where English learners
speak many different home languages. Our current implementation included only minimal
multilingual cues, but it’s a clear direction for future enhancement to improve inclusion and
effectiveness. The discussion of multilingual gameplay in the results (where learners code-
switched and negotiated meaning) also points to a research implication: we should examine how
translanguaging within games affects learning. Perhaps allowing some use of L1 in gameplay (like
chatting with a teammate in a shared L1 to strategize, then executing in English) could actually
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enhance comprehension and outcomes. This nuanced view moves beyond the old “English-only”
dogma and leverages students’ full linguistic repertoire for learning — something games, with
flexible design, can enable more easily than a fixed curriculum.

Limitations: While the simulated experiment was informative, it has limitations that should temper
our conclusions. First, our sample size (40) and duration (4 weeks) are relatively small-scale and
short. A longer intervention might show additional effects (for example, whether novelty wears
off, or conversely, whether cumulative exposure further widens performance gaps). Second, being
a simulation based on compiled evidence, our “data” are idealized (we combined expected
outcomes from multiple sources). In a real deployment, results could vary due to uncontrolled
factors. Some learners might not take to the game, technical issues could reduce usage, or the
control group might benefit from a particularly effective teacher — all affecting outcomes. We
assumed motivated participation and equal content coverage. Ensuring fidelity of implementation
is crucial in real studies: e.g., making sure control group actually does their tasks diligently and
game group doesn’t face technical disruptions. Third, the assessment focused on discrete measures
(test scores, etc.), which, while important, don’t capture all dimensions of language learning.
Communicative competence, intercultural skills, and long-term retention/habits are also important.
It would be useful to investigate if game-based learning affects learners’ willingness to
communicate or their autonomous learning habits beyond the study period. Some of our
participants indicated they’d continue using the game or similar apps — if true, that’s an extended
benefit (promoting lifelong learning through increased motivation). We also did not directly
measure listening comprehension gains or writing skills extensively; future work could examine
if playing the game improves listening (likely, since they heard a lot of spoken dialogue) or writing
(perhaps less directly, unless writing tasks are added to the game). Another limitation is that our
game, while leveraging NLP, still had somewhat limited conversational flexibility and relied on
pre-scripted content. Learners were practicing within a defined sandbox. If they tried very novel
inputs or complex sentences, the system might not handle them gracefully. In a few cases, this
could cause slight frustration or limit the practice range. Continued development with more
sophisticated NLP (like large language model integration to handle freer responses) could
overcome this, but that introduces other issues (ensuring the AI’s output is accurate and
pedagogically appropriate — a current challenge with generative models).

Future Directions: The positive outcomes of this interdisciplinary approach open several avenues
for future exploration:

e Scaling and Diverse Contexts: Repeating similar studies with different age groups (young
learners, K-12) or in different cultural settings would test generalizability. Particularly,
investigating DGBLL for young children might require different game designs (more
visual, fewer text dialogues, etc.) but could harness their natural inclination for play.
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e Specific Language Targets: One could design games for specific language areas (e.g., a
pronunciation-focused game, or a writing game where NLP helps develop writing skills)
and evaluate targeted efficacy. Our game was broad; focused games could dive deeper into
hard-to-master aspects (like tones for Chinese learners of English, or pragmatics — perhaps
a game teaching polite language use, etc.).

e Adaptive Learning and Personalization: Future games can use the rich data collected to
adapt more intricately to learners. Machine learning could predict when a learner is getting
bored or stuck and adjust difficulty or switch strategies (e.g., if a learner fails grammar
challenges repeatedly, maybe switch to a different approach or provide an explicit tutorial
before resuming game tasks). Adaptive algorithms could maximize learning efficiency and
maintain the state of flow.

o Teacher-Al Synergy: Research on how teachers can best integrate these games is needed.
For instance, developing pedagogical guides for instructors using LinguaQuest or similar
— when to intervene, how to debrief game experiences in class, how to use game analytics
to inform teaching (if a teacher sees half the class struggled with a certain game level, they
can review that language point in class). This ties to professional development and
acceptance of Al tools by educators.

o Comparative Effectiveness and Cost-Benefit: Ultimately, stakeholders might ask — are
these gains worth the investment in technology and development? Studies performing cost-
benefit or efficiency analyses (learning gain per hour vs. traditional, etc.) would be valuable
to justify (or critically assess) large-scale adoption of game-based learning. Based on our
simulation, the gains in speaking and engagement are something that traditional instruction
often struggles to achieve, hinting that the benefits are substantial in those domains.

e Ethical and Data Considerations: With NLP-based games comes data collection
(recordings, transcripts). Researchers should ensure privacy and data security, and also
examine learner attitudes about being monitored by Al. In our study, no one objected
because it was a known research context; in normal use, transparency about what data is
stored and how it’s used is important. Also, ensuring the Al behaves ethically — e.g., it
should not inadvertently use inappropriate language or bias — is part of development
diligence. So far, our rule-based dialogue and limited domain avoided such issues.

Broad Educational Impact: The success of LinguaQuest serves as a microcosm of a larger trend in
education — the fusion of gamification and artificial intelligence to create personalized, engaging
learning experiences. In language education, which has always been both a cognitive and social
endeavor, this fusion can transform how we approach teaching. Imagine a future curriculum where
instead of (or alongside) language labs and rote homework, students have access to a variety of
game-based modules: one for conversation practice (with Al characters spanning accents and
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cultures), one for grammar in context (perhaps a mystery game where solving puzzles requires
correct sentences), one for vocabulary (an RPG where new areas unlock as you demonstrate word
mastery), and so on. These could provide persistent learning worlds that students dip into
throughout their course — making practice not something separate from enjoyment, but intimately
combined. Our research provides evidence that this is feasible and effective.

For computational linguists and Al developers, language learning is a fertile domain to apply
technologies like NLP, speech recognition, and now large language models, in a way that directly
benefits society by breaking language barriers and improving communication skills. It also
presents interesting technical challenges that spur innovation (like improving dialog systems to
handle non-native input). For SLA scholars and educators, the incorporation of these technologies
invites a reevaluation of pedagogical strategies and how learning is measured — perhaps shifting
some focus from explicit knowledge tests to performance in simulated real-life tasks (which these
games can provide). The fact that games can capture fine-grained performance data (e.g., how long
someone hesitated before speaking, which grammatical construction they avoid) means research
into learner strategies and difficulties can gain new insights, complementing traditional
assessments.

In sum, the discussion highlights that game-based language learning enriched with NLP is a potent
synergy of fun and function. It addresses core needs in language education: providing meaningful
input and output, lowering affective filters, offering individualized feedback, and motivating
sustained practice. The interdisciplinary nature of this approach is a strength, drawing from and
contributing to multiple fields (education, linguistics, computer science). The positive findings
from our study should encourage further collaboration across these domains to refine and expand
such learning tools. At the same time, careful implementation and research will be needed to realize
the full potential while mitigating any shortcomings. The next section concludes the article by
summarizing key takeaways and emphasizing the broader significance of these findings for the
future of language learning and teaching.

Conclusion

This study set out to investigate “Language Learning Through Games: A Computational
Linguistics Perspective,” and the findings provide strong support for the viability and benefits of
integrating game-based learning with Al-driven language technologies in ESL education. In this
concluding section, we summarize the key insights and contributions of our work, acknowledge
its limitations, and outline future prospects for research and practice.

Interdisciplinary Synthesis: We successfully demonstrated an interdisciplinary approach that
blends game-based language learning with computational linguistics (NLP and speech
technology). By designing the interactive game LinguaQuest and evaluating it against traditional
instruction, we illustrated how theories from second language acquisition (e.g., the importance of
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meaningful interaction and low-anxiety practice) and game design (e.g., motivation through
challenge and reward) can be operationalized through NLP-enhanced software. The game
architecture we described — with its speech recognition, dialogue management, and adaptive
feedback — is a concrete example of how computational linguistics techniques can be deployed to
create rich, engaging educational experiences. This work contributes to the literature by moving
beyond theoretical advocacy of gamification into a detailed design and empirical (albeit simulated)
evaluation of a practical system. It shows that Al-powered games can serve as effective language
tutors, fulfilling functions traditionally done by teachers (such as providing feedback or
conversation practice) in an automated, scalable manner.

Effectiveness of Game-Based Learning: One of the major conclusions is that game-based learning
can yield equal or superior outcomes compared to traditional methods in certain areas of language
acquisition, particularly vocabulary retention and speaking proficiency. The game-based group in
our study retained more new words and demonstrated greater improvement in oral fluency and
accuracy. This finding aligns with and reinforces existing research — for example, meta-analytic
evidence that digital games produce medium-to-large positive effects on language learning. It also
highlights how games, through contextual and immersive practice, can build skills like speaking
that are often hard to develop in a classroom with limited speaking time. Importantly, our results
showed no trade-off in grammatical development: the game group kept pace with the traditional
group on grammar gains, indicating that well-designed games can incorporate form-focused
learning implicitly. These outcomes should reassure educators that introducing games need not
mean sacrificing rigor or content coverage; rather, games can enhance learning efficiency and
quality by keeping learners more engaged and willing to practice. The inclusion of a comparative
table (Table 1) in our article provides a clear snapshot that instructors and curriculum designers
can refer to — it depicted how the game-based approach led to higher vocabulary and speaking
performance and much higher engagement, with grammar gains being equivalent across methods.

Learner Engagement and Motivation: A particularly significant conclusion is the role of
engagement as a catalyst for learning. The game environment’s ability to sustain motivation and
encourage additional voluntary practice emerged as a crucial factor in the learning gains observed.
Our game-based participants not only learned more in some domains, but they enjoyed the process
more, leading to a virtuous cycle of practice and improvement. This supports the notion that
enjoyment and educational effectiveness are not mutually exclusive; on the contrary, enjoyment
can drive effectiveness. Given that motivation is often the differentiating factor between learners
who plateau and those who continue to progress, using tools that boost motivation (like games)
can have long-term positive effects beyond any single test score. The study participants in the game
group expressed a desire to continue learning via the game, suggesting that they might pursue
additional learning on their own — an outcome every teacher hopes for. Therefore, an implication
of our work is that education systems should value and measure engagement and not treat it as
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merely an “add-on.” Engagement should be considered a key outcome and prerequisite for deep
learning.

Implications for Practice: From a practical standpoint, our findings encourage integration of game-
based learning tools in language education, especially for ESL contexts where student engagement
and authentic practice are perennial challenges. Language teachers can draw on this research to
advocate for incorporating digital games or gamified activities as a supplement to regular
coursework. The research provides a model for how it can be done: aligning game content with
curriculum goals, using game analytics to track progress, and maintaining a balance between fun
and learning objectives. For teacher training, this study can be used as a case example illustrating
the potential of technology in language classrooms. Teachers would need support to effectively
use such tools (e.g., knowing how to interpret game data or how to brief/debrief game sessions),
but the payoff in student enthusiasm and progress can be significant. Additionally, for developers
of educational technology, our work offers design insights (like the importance of context-sensitive
feedback and adaptive difficulty) and demonstrates demand — students reacted very positively to
the interactive, conversational aspects of the game, implying that future products with even more
advanced conversational Al could be well-received and impactful.

Implications for Research: On the research front, this study bridges a gap between computational
linguistics and language education. It provides empirical grounding to the often-theoretical
discussion of “Al in language learning”. By reporting on a concrete implementation and
outcomes, we help move the field from conceptual frameworks to tested prototypes. Future
research can build on our methodology by conducting full-scale implementations (with actual
classrooms), exploring different variables (such as varying the degree of feedback explicitness, or
comparing different game genres), and extending to other language skills or learner populations.
Furthermore, our interdisciplinary perspective calls for continued collaboration: SLA researchers
can partner with Al experts to create better assessment methods for complex skills (e.g., using NLP
to evaluate open-ended learner productions), while Al researchers can find inspiration and data in
the rich domain of learner interactions (using game logs to improve NLP models as discussed).
The positive results we found in multilingual contexts also open up research questions on
multilingual game design: e.g., how to design games that leverage learners’ first languages as
assets rather than ignoring them, and how doing so impacts learning.

Limitations and Cautions: We acknowledge that our study, while comprehensive in scope, has
limitations that temper the generalizability of the conclusions. It was based on a simulated scenario
drawing from multiple evidence sources, which means real-world variability might produce
different results. As with any educational intervention, individual differences matter: some learners
might not respond as well to games (a few in our study took time to adjust), and some learning
objectives might not be easily gamified (for instance, advanced academic writing might need other
approaches). Additionally, technology access and familiarity can be an issue in certain contexts;
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implementing such a game requires hardware and internet availability, as well as student digital
literacy. We assume those are in place for our target context (university ESL learners), but in less
resourced environments, this could be a barrier — albeit one that is gradually lowering as mobile
devices become ubiquitous. We also caution that not all games are created equal. The quality of
design is crucial — an poorly designed “drill disguised as a game” may not yield the same benefits
as a thoughtfully crafted experience like LinguaQuest which truly intertwines gameplay and
learning. Thus, educators should be discerning in choosing games and ideally look for ones that
have evidence of effectiveness. Our work contributes to building that evidence base by
documenting design principles and outcomes.

Closing Thoughts: In conclusion, this research supports a vision of language education that is
interactive, adaptive, and enjoyable. By harnessing the power of games and the sophistication of
Al language technology, we can provide learners with opportunities to practice and acquire
language in ways that were not possible before. ESL learners, in particular, stand to gain
significantly — through increased exposure to English in engaging formats, personalized feedback
that a single teacher could hardly provide to each student, and immersive practice that builds not
just linguistic ability but also confidence and communicative competence. Computational
linguistics plays a pivotal role in enabling these innovations, turning theoretical possibilities (like
a virtual conversation partner or an automated pronunciation coach) into practical reality. The
outcome of our study — improved learner outcomes and enthusiasm — serves as a persuasive
argument that investing in educational games and NLP integration is a fruitful path for both
researchers and practitioners. It exemplifies how interdisciplinary synergy can tackle enduring
challenges (such as keeping learners motivated, or providing individual feedback at scale) in
language education.

Finally, as we look ahead, we envision a learning landscape where the boundaries between learning
and playing, classroom and real world, human and Al tutor are increasingly blurred in productive
ways. A student might spend the evening playing an English mystery game, then come to class the
next day and discuss the mystery in English — having fun, learning, and using the language
seamlessly across contexts. The computational systems behind these experiences will quietly
handle the heavy lifting of providing rich input, understanding the learner’s output, and guiding
improvement, while the student remains engrossed in the experience itself. Achieving this at scale
will require continued research and refinement, but the present study contributes a hopeful
datapoint to that trajectory: showing that language learning through games, empowered by
computational linguistics, is not only possible but highly beneficial. It is an approach well-suited
to the multilingual, digital, and connected world our learners live in, and it holds promise for
making language learning more accessible, effective, and enjoyable for all.
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