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ABSTRACT  
Aim/Purpose To evaluate whether a coordinated, multi-tool AI instructional design, chatbots, 

LingQ gamification, Google Speech-to-Text, and AI-driven virtual reality im-
prove listening comprehension for Jordanian ninth-grade learners. 

Background Listening is underdeveloped across many EFL primary and lower-secondary 
classrooms in the MENA region, where classrooms rarely sustain theory-in-
formed, technology-rich scaffolding; this study responds by pairing Vander-
grift’s metacognitive model and Vygotsky’s sociocultural lens with practicable 
AI tools. 

Methodology A quasi-experimental comparison of two intact ninth-grade sections (experi-
mental n = 24; control n = 24) contrasted AI-enhanced lessons with textbook 
activities; analyses used ANCOVA to control for pre-test differences while les-
son logs and platform analytics monitored fidelity. 

Contribution The study provides experimental evidence that an integrated, multi-tool AI de-
sign can produce meaningful listening gains and models how affective, cogni-
tive, motivational, and situational scaffolds function together in classroom prac-
tice. 

Findings The AI-enhanced group demonstrated higher adjusted post-test listening scores 
than the control group after controlling for pre-test performance, F(1, 45) = 
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42.39, p < .001, partial η² = .49. Adjusted means favored the experimental 
group (M = 16.56, SE = .29) over the control group (M = 13.94, SE = .29), in-
dicating a substantial advantage for learners receiving coordinated, multi-tool AI 
instruction. These gains were observed within the B1 range of the assessment. 

Recommendations  
for Practitioners 

Sequence and blend multiple affordable AI tools (e.g., chatbots, LingQ, auto-
mated transcription, short VR scenarios) in short in-class rotations, and use 
platform analytics to tailor difficulty and feedback rather than relying on a single 
app or textbook. 

Recommendations  
for Researchers  

Replicate and scale the design across multiple schools and larger samples; use 
mixed methods to isolate which tool components drive gains; examine modera-
tors (proficiency, digital literacy, teacher training); and, when possible, apply for-
mal standard-setting to link outcomes to CEFR levels. 

Impact on Society Effective, cost-sensitive AI scaffolding can broaden access to international me-
dia, higher education, and employment for secondary learners in under-re-
sourced MENA settings, thereby supporting educational inclusion and social 
mobility. 

Future Research Pursue longitudinal, multi-site trials to test durability and transfer to spontane-
ous spoken interaction, compare single-tool versus multi-tool architectures, 
evaluate teacher professional development needs, and assess cost-effectiveness 
across diverse Jordanian and regional contexts. 

Keywords AI tools, EFL listening, multi-tool integration, metacognitive strategies, soci-
ocultural theory 

INTRODUCTION AND BACKGROUND 
Listening comprehension is widely acknowledged as a foundational skill in foreign language learning, 
underpinning the development of speaking, reading, and writing abilities. It is not merely a passive 
reception of sound but a dynamic, cognitively demanding process that requires the integration of 
bottom-up decoding of linguistic forms with top-down activation of prior knowledge, inferencing, 
and contextual interpretation (Buck, 2001; Richards, 2008; Vandergrift & Goh, 2012). Yet, in many 
EFL contexts, listening instruction has historically been marginalized, often due to limited exposure 
to authentic spoken English, insufficient training in active listening strategies, and the persistence of 
grammar-translation and teacher-centered pedagogies (Nowrouzi et al., 2015; Osada, 2004). 

In the Arab world, these challenges are compounded by contextual constraints, as learners frequently 
lack access to authentic listening materials that reflect natural speech patterns in speed, accent, and 
register (Hwaider, 2017). Instead, classroom listening practice often revolves around scripted text-
book dialogues and discrete-item comprehension questions, which prioritize recall over holistic com-
prehension and strategic listening. While the traditional three-stage sequence of pre-listening, while-
listening, and post-listening (Davies & Pearse, 2000; Lindsay & Knight, 2006) offers a clear structure, 
it is often applied in ways that neither adapt to learners’ needs nor provide timely feedback. More re-
cent attempts to modernize listening pedagogy have incorporated podcasts, YouTube videos, and ex-
tensive listening activities to create more authentic experiences (e.g., Karkera & Chamundeshawari, 
2018). However, these approaches still frequently lack interactivity, adaptive scaffolding, and sus-
tained learner motivation (e.g., Ordoñez Procel et al., 2024). 

Over the past decade, advances in artificial intelligence (AI) have introduced tools that have the po-
tential to address longstanding gaps in EFL listening instruction. AI-powered chatbots can simulate 
authentic conversations; gamified platforms, such as LingQ, offer interactive tasks with immediate 
feedback; speech-to-text applications, such as Google Speech-to-Text, facilitate pronunciation and 
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comprehension analysis; and immersive AI-driven virtual reality environments can recreate real-
world communicative contexts (Dong et al., 2024; Panagiotidis, 2025; Tolstykh & Oshchepkova, 
2024; Wiboolyasarin et al., 2025). These technologies align with learner-centered and constructivist 
approaches, enabling adaptive, multimodal, and context-rich learning while helping to mitigate persis-
tent challenges, such as performance anxiety, limited speaking opportunities, and lack of personalized 
support (Cooray et al., 2024; Fathi et al., 2024; Kim & Su, 2024; Wu, 2024).  

However, in tandem with these advancements, researchers caution that overreliance on technology 
may reduce opportunities for teacher-mediated interaction, raise ethical and privacy concerns, and 
exacerbate inequities if access is uneven (Al-Zahrani, 2024; Davar et al., 2025; Farooqi et al., 2024; 
Hınız, 2026; Hussein et al., 2025; Umoke et al., 2025; Vesna et al., 2025). These concerns underscore 
the need for balanced integration strategies that position technology as a complement rather than a 
substitute for pedagogical expertise, ensuring that digital innovations enhance rather than diminish 
the quality, equity, and human dimensions of language education. Nonetheless, a growing body of 
empirical research highlights the pedagogical potential of AI-driven tools in EFL listening instruction 
when applied strategically and aligned with established learning frameworks. 

Empirical evidence suggests that these tools can act as both cognitive scaffolds, by supporting pre-
diction, monitoring, and problem-solving strategies central to Vandergrift’s (2004) metacognitive 
model, and affective enablers that reduce anxiety and foster learner autonomy (Kukulska-Hulme, 
2020; Miao et al., 2021). Speech recognition technologies have been shown to improve fluency and 
self-regulation (Abdalkader, 2023), while conversational AI offers interactive, low-stakes listening 
practice (Baxramova, 2025), albeit with noted limitations in prosodic authenticity (Suvorov, 2022). 
Gamified and mobile-assisted AI platforms sustain engagement by offering adaptive challenges and 
real-time feedback (Kukulska-Hulme, 2020). 

Evidence from the MENA region not only reinforces these findings but also underscores structural 
barriers. In Jordan, AI-supported listening activities were reported to improve young learners’ com-
prehension (Al-mawaly & AL-Jamal, 2022) and enhance university students’ motivation and perfor-
mance (Hazaymeh et al., 2025), yet rural–urban disparities in access persist. In Saudi Arabia, chatbot-
based listening training was reported to yield significant comprehension gains (Alrasheedi, 2024) 
while self-regulated dynamic assessment approaches improved both listening performance and 
learner autonomy (Abdolrezapour & Ghanbari, 2021). Across contexts, however, infrastructural con-
straints, uneven digital literacy, and limited teacher preparedness seem to be persistent obstacles 
(AlAli & Wardat, 2024; Alshahrani & Qureshi, 2024), underscoring the need for sustained profes-
sional development, targeted infrastructure investment, and policy interventions that ensure equitable 
and effective integration of AI in EFL listening instruction. 

Despite the growing body of research on AI in language education, much of it has focused on read-
ing, writing, or speaking skills (Fathi et al., 2024; Hidayatullah, 2024; Li et al., 2024), with relatively 
few studies examining the effect of AI on listening comprehension (Goh & Aryadoust, 2025). Studies 
in the Arab region remain scarce, and those that exist typically examine single-tool interventions ra-
ther than integrated, multi-tool designs (e.g., Al-Barakat et al., 2025; Bataineh & Al-Ghareeb, 2025; 
Zghoul & Bataineh, 2024). Hence, the potential of a coordinated, strategy-aligned AI approach to lis-
tening instruction in primary-stage EFL contexts remains underexplored. 

Despite mounting evidence for the value of AI in language learning, existing research rarely tests 
multi-tool, strategy-driven designs in primary-stage EFL contexts, particularly in the Arab region. 
Where studies do exist, they tend to focus on isolated tools, short-term gains, or tertiary education, 
leaving unanswered questions about scalability, contextual fit, and integrated pedagogical design. This 
study addresses these gaps by embedding four complementary AI modalities (viz., chatbots, the 
LingQ gamification platform, Google Speech-to-Text, and AI-driven VR) within a unified, metacog-
nitively grounded listening cycle tailored for Jordanian ninth-grade students. By explicitly aligning 
each tool with a core listening strategy and situating practice in authentic, varied communicative 
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contexts, the research aims to test whether a coordinated AI approach can yield statistically signifi-
cant performance gains and/or deeper shifts in learner confidence, strategic behavior, and engage-
ment with real-world spoken English. 

CONCEPTUAL FRAMEWORK 
This study is anchored in sociocultural theory, specifically drawing on Vygotsky’s (1978) concept of 
the Zone of Proximal Development, which highlights the distance between what learners can achieve 
independently and what they can accomplish with guidance from a more knowledgeable other, 
whether that be a teacher, a peer, or an AI-mediated system. In the context of listening instruction, 
AI tools can serve as scaffolding agents, offering timely prompts, corrective feedback, and adaptive 
tasks that extend learners’ communicative abilities. 

The study also draws on Vandergrift’s (2004) metacognitive model of listening comprehension, 
which foregrounds three interrelated strategies that guide effective listening. The first is prediction, 
whereby learners anticipate content before listening by drawing on contextual clues, such as topic, 
setting, or speaker identity. The second is monitoring, which involves actively checking comprehension 
during listening and adjusting strategies in real time to maintain understanding. The third is problem-
solving, in which learners address comprehension gaps after listening through clarification, selective re-
listening, or the targeted application of specific strategies. Together, these processes foster greater 
learner autonomy, strategic awareness, and resilience in navigating authentic spoken language. 

The AI tools used in this study (viz., chatbots, the LingQ gamification platform, Google Speech-to-
Text, and AI-driven VR) operationalize these theoretical constructs as follows: 

1. AI-powered chatbots facilitate prediction by introducing topic-specific vocabulary, eliciting 
prior knowledge, and prompting pre-listening discussions, hence preparing learners within 
their ZPD. 

2. LingQ gamification supports monitoring by embedding interactive comprehension checks, 
vocabulary tasks, and adaptive feedback loops that enable learners to track understanding in 
real time. 

3. Google Speech-to-Text aids problem-solving by allowing learners to compare AI-generated 
transcripts with authentic scripts, identify discrepancies, and refine listening strategies. 

4. AI-driven virtual reality simulations extend scaffolding into immersive, task-based environ-
ments, enabling learners to apply comprehension strategies in authentic communicative con-
texts that closely mirror real-world demands. 

By aligning these technological affordances with sociocultural and metacognitive principles, the in-
structional design seeks to bridge the gap between textbook-based listening activities and the com-
plex, unpredictable nature of authentic communication. In this study, AI-powered tools served as 
scaffolds, systematically extending learners’ listening abilities. Vandergrift’s metacognitive model 
highlights prediction, monitoring, and problem-solving as three interrelated strategies that enable ef-
fective listening. These strategies were explicitly operationalized through AI tools and their effective-
ness was measured through learners’ performance scores.  

Figure 1 presents the current conceptual research model, which integrates AI-powered tools within 
the EFL listening instruction framework. The model aligns with Vygotsky’s sociocultural theory and 
Vandergrift’s metacognitive model of listening comprehension, illustrating how specific AI tools op-
erationalize prediction, monitoring, and problem-solving strategies to scaffold learner engagement 
and improve listening outcomes. 
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Figure 1. Conceptual research model of AI-enhanced EFL listening instruction 

Figure 1 depicts the theoretical and procedural foundations of the study. It illustrates how each AI 
tool directly operationalizes a metacognitive strategy and contributes to measurable listening compre-
hension outcomes. The flowchart layout emphasizes the progression from specific AI tools to strate-
gies and quantifiable performance gains, keeping the model visually clear while anchored in a quanti-
tative orientation.  

The instructional design deliberately aligned each AI tool with a distinct metacognitive strategy to en-
hance learners’ engagement and comprehension. AI-powered chatbots were employed to facilitate 
prediction by introducing contextual cues and key vocabulary before listening activities. The gamified 
features of LingQ reinforced monitoring through adaptive comprehension checks and continuous 
vocabulary practice. Google Speech-to-Text supported problem-solving by allowing learners to com-
pare their listening with generated transcripts and refine their understanding accordingly. Finally, AI-
driven VR simulations extended the application of these strategies into immersive, authentic commu-
nicative contexts, thereby consolidating skills in environments that mirror real-world demands. 

In this study, Vygotskian sociocultural mediation and Vandergrift’s metacognitive model operate as 
complementary rather than competing frameworks. AI tools function both as social mediators that 
extend learners’ participation in guided, scaffolded interactions and as cognitive supports that activate 
prediction, monitoring, and problem-solving strategies. Chatbots and VR simulations approximate 
Vygotsky’s conception of assisted performance within the ZPD, while the metacognitive routines 
embedded in LingQ and Speech-to-Text enable learners to regulate comprehension independently. 
By connecting socially mediated guidance with strategy-driven cognitive work, the instructional de-
sign establishes a hybrid model in which interactional scaffolding and individual strategic behavior 
reinforce one another. 
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PURPOSE OF THE STUDY 
Grounded in the sociocultural and metacognitive perspectives outlined above, this study aims to in-
vestigate the combined effect of a multi-tool AI design (viz., chatbots, the LingQ gamification plat-
form, Google Speech-to-Text, and AI-driven VR) on Jordanian EFL ninth-grade listening instruc-
tion. While listening comprehension is a critical, albeit generally neglected, skill in local and regional 
EFL contexts, there remains limited empirical evidence on how AI technologies can be systematically 
used to enhance young learner performance. 

More specifically, the study examines the combined effect of AI-powered chatbots, the LingQ gami-
fication platform, Google Speech-to-Text, and AI-driven VR simulations on learners’ listening com-
prehension. These tools were selected because each operationalizes core aspects of scaffolding and 
metacognitive strategy use: chatbots for prediction, gamification for monitoring, speech-to-text for 
post-listening problem-solving, and virtual reality for authentic contextual application. 

Even though AI tools have been recognized for their potential to enrich language instruction, much 
of the existing research in the MENA region has examined them as standalone interventions. This 
study departs from that trend by integrating four AI modalities (viz., chatbots, the LingQ gamifica-
tion platform, Google Speech-to-Text, and AI-driven VR) into a single instructional cycle aligned 
with Vandergrift’s (2004) metacognitive model. By explicitly mapping each tool to a distinct listening 
strategy, prediction, monitoring, or problem-solving, and embedding authentic speech conditions 
into VR tasks, the design operationalizes strategy use in ways not previously tested in regional pri-
mary EFL contexts. This multi-tool, strategy-driven approach aims to generate both measurable per-
formance gains and deeper learner engagement in authentic listening tasks. 

METHODOLOGY 
RESEARCH DESIGN 
This study adopted a quasi-experimental, pre-test/post-test control-group design to examine the 
combined effect of a multi-tool AI design on the listening comprehension of Jordanian ninth-grade 
EFL learners. While this design enabled a meaningful comparison between an experimental group 
receiving AI-enhanced instruction and a control group taught through conventional textbook-based 
listening tasks, the use of intact ninth-grade sections rather than randomly assigning participants rep-
resents a notable limitation. Random allocation was not feasible due to administrative policies in the 
public school system, where class rosters are set at the beginning of the academic year and cannot be 
reorganized mid-term without disrupting both instructional continuity and institutional regulations. 
This arrangement raises the possibility that pre-existing differences between the two sections (e.g., 
prior exposure to technology, general academic ability, levels of learner motivation) could affect the 
findings. To minimize these potential confounds, both groups were taught by the same EFL teacher, 
using parallel lesson objectives, identical time allocations, and closely matched activity sequences. 
Pre-test scores were statistically controlled using ANCOVA to account for any initial differences in 
listening ability. 

PARTICIPANTS 
The participants comprised 48 ninth-grade students enrolled in a public school in Irbid, Jordan. Two 
intact sections were assigned as the experimental group (n = 24) and the control group (n = 24). 
Both groups were taught by the same teacher, who received targeted training on the integration of 
the AI tools to ensure consistent delivery. The training emphasized the sequencing of activities, equal 
distribution of instructional time, and adherence to a structured lesson plan. 

INSTRUMENTS 
Listening comprehension was assessed using a researcher-developed parallel pre-test/post-test 
aligned with the B1 level of the Common European Framework of Reference for Languages (CEFR, 
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Council of Europe, 2020). The test comprised 20 points in total: multiple-choice items (4 × 2 points 
= 8), short-answer items (2 × 3 points = 6), and fill-in-the-blank items (2 × 3 points = 6). Items were 
drawn from authentic spoken sources and adapted to reflect natural speech features (varied accents, 
natural pacing, and limited background noise). Two EFL assessment specialists reviewed the materi-
als for content validity, and a pilot with a separate group of 20 ninth-grade students (excluded from 
the main sample) produced acceptable internal consistency (Cronbach’s α = 0.78 for the pre-test and 
α = 0.82 for the post-test). Scoring procedures were designed to be transparent and consistent: partial 
credit was awarded for partially correct short-answer and fill-in responses, and minor orthographic 
errors that did not change meaning were accepted. To safeguard scoring reliability, two experienced 
EFL raters independently scored a 30% random subsample of scripts; interrater agreement was high 
(ICC[2,1] = 0.91 for the pre-test; ICC[2,1] = 0.88 for the post-test; Cohen’s κ = 0.86), indicating sub-
stantial-to-excellent agreement under standard reporting conventions. 

To make the alignment with CEFR transparent and reproducible, each item was independently 
mapped to CEFR listening descriptors by two CEFR-trained raters (both senior EFL assessment 
specialists). Mapping used an analytic checklist linking each item to one or more illustrative CEFR B1 
descriptors (e.g., listening for gist, specific information, and attitude) drawn from the CEFR Com-
panion Volume; raters recorded the target descriptor, the observable response expected, and a provi-
sional difficulty judgement for each item. Discrepancies were resolved through a calibration meeting 
and documented in an item-by-item mapping log. The mapping process followed the operational 
alignment procedures recommended for CEFR-based test development. 

Item-level statistics (item difficulty as proportion correct, item discrimination as corrected item–total 
point-biserial) and distractor-function analyses for the multiple-choice items were calculated during 
the piloting phase. Aggregate reliability was estimated with Cronbach’s α (reported above for the pi-
lot) and McDonald’s ω with 95% bootstrap confidence intervals. Items with discrimination values of 
r_pb < 0.20 or with non-functioning distractors were revised or omitted prior to the main data col-
lection. 

For short-answer and fill-in items, a three-point rubric was used: 2 = fully correct response (target 
meaning and acceptable lexical form), 1 = partial credit (partial comprehension, missing non-essential 
detail, or minor orthographic error not altering meaning), 0 = incorrect or no response. Rater train-
ing consisted of: (a) a 90-minute calibration workshop reviewing rubric anchors and worked exam-
ples, (b) independent scoring of a 15% training set followed by discrepancy meetings to align inter-
pretations, and (c) final double-scoring of 30% of scripts for interrater-reliability estimation (ICC and 
κ reported above). These procedures follow recommended practice for rater training and reliability 
reporting.  

INSTRUCTIONAL MATERIALS AND FIDELITY OF IMPLEMENTATION 
To safeguard instructional fidelity, the teacher maintained detailed lesson logs of the activities con-
ducted, the AI tools used, the duration of each segment, and observations of learner engagement. 
Additionally, usage analytics were retrieved from the LingQ platform and Google Speech-to-Text, 
including completion rates, time-on-task, and accuracy scores. These logs and analytics were re-
viewed weekly by the research team to confirm that the planned integration of AI tools was imple-
mented as intended. The control group’s sessions were also documented to ensure that no AI tools 
were inadvertently introduced. 

VR  TASK DESIGN AND EXAMPLES 
The AI-driven virtual reality component was incorporated once a week for the experimental group, 
providing immersive simulations of communicative contexts with authentic speech rates, diverse ac-
cents (e.g., British, American, Australian), and occasional background noise to mirror real-world con-
ditions.  
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The VR component incorporated a series of interactive role-play tasks designed to simulate authentic 
communicative scenarios. These included hotel booking (reserving rooms, confirming details, and 
handling special requests), airport check-in (interacting with airline staff to check in, confirm flight 
details, and address baggage issues), restaurant ordering and complaint resolution (placing orders, 
clarifying menu items, and lodging polite complaints about incorrect orders), job interview role-play 
(responding to common and follow-up questions from a virtual interviewer), public transport naviga-
tion (interpreting announcements, requesting directions, and confirming routes in a simulated train 
station), and school open day interactions (asking and answering questions about facilities, events, 
and schedules during an interactive guided tour). These scenarios were purposefully selected for their 
relevance to learners’ likely real-world encounters and were sequenced to increase in both linguistic 
demand and situational complexity over the six-week duration of the treatment. 

PROCEDURES 
The intervention lasted six weeks, with each group receiving two 45-minute listening lessons per 
week. In the experimental group, AI tools were systematically embedded at each stage of listening 
instruction. During the pre-listening stage, AI chatbots introduced topic-specific vocabulary and acti-
vated background knowledge through short, interactive exchanges. While listening, the LingQ gami-
fication platform provided comprehension checks, vocabulary reinforcement, and adaptive feedback 
in real time. In the post-listening stage, Google Speech-to-Text enabled participants to compare AI-
generated transcripts with the original scripts, prompting reflection on comprehension gaps and po-
tential misinterpretations. In addition, a weekly VR immersion allowed learners to apply listening 
strategies in simulated, context-rich environments.  

The control group followed the same lesson structure in terms of timing and sequence, but relied ex-
clusively on the listening materials and activities provided in the prescribed textbook per the guide-
lines in the teacher’s book. Pre-listening activities consisted of brief teacher-led discussions to intro-
duce the topic and relevant vocabulary. While listening, students engaged with the textbook’s rec-
orded audio tracks, completing comprehension questions and vocabulary exercises without the aid of 
adaptive feedback or gamification. Post-listening tasks involved reviewing answers as a class and dis-
cussing key points, with the teacher providing oral corrective feedback. No virtual reality or AI-based 
tools were used in the control group, ensuring that any differences in outcomes could be attributed 
to the combined effect of the multi-tool AI treatment. 

DATA ANALYSIS 
Post-test listening scores were analyzed using analysis of covariance (ANCOVA), with instructional 
group as the between-subjects factor and pre-test score entered as a covariate to adjust for baseline 
differences. This approach is appropriate for quasi-experimental designs using intact groups and al-
lows post-test comparisons while accounting for initial variation in listening ability (Field, 2018). Ad-
justed means, standard errors, and 95% confidence intervals are reported. Given the bounded nature 
of the listening score scale, results are interpreted conservatively with primary emphasis on adjusted 
mean differences rather than standardized effect sizes. 

ETHICAL CONSIDERATIONS 
Ethical approval for the study was obtained from the relevant institutional authority and the partici-
pating school. Written parental consent and student assent were secured prior to data collection. The 
AI tools used in the intervention generated limited interaction data (e.g., text responses and usage 
logs) for instructional purposes only; no biometric data was collected. All data were anonymized 
prior to analysis, stored on password-protected devices accessible only to the research team, and used 
solely for research purposes in accordance with institutional guidelines. 
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DATA AND MATERIALS AVAILABILITY 
De-identified data, scoring rubrics, item-level statistics from the pilot phase, and analysis scripts used 
to generate the reported results are available from the corresponding author upon reasonable request. 
Supplementary analyses conducted during manuscript development yielded convergent patterns and 
are not reported in detail here due to space constraints. 

FINDINGS 
This section reports the findings of the study on the effects of AI-powered tools on listening com-
prehension compared with conventional textbook-based instruction. The analysis sample comprised 
48 participants; at baseline, the two groups were broadly comparable, with pre-test means differing 
by only 0.22 points.  

Prior to examining group differences, the psychometric properties of the listening measure were eval-
uated. Item-level analyses indicated acceptable functioning of the final instrument: item difficulty 
(proportion correct) ranged from 0.39 to 0.75 (mean p ≈ 0.54), and most items showed corrected 
item-total point-biserial correlations (r_pb ≥ 0.20), consistent with expected discrimination for a 
short, mixed-format listening measure. Internal consistency was satisfactory (Cronbach’s α = 0.78 at 
pre-test; 0.82 at post-test), and McDonald’s ω was 0.79 (pre-test; 95% CI [0.72, 0.86]) and 0.83 (post-
test; 95% CI [0.76, 0.89]). Inter-rater agreement for the 30% double-scored subsample was high 
(ICC[2,1] = 0.91 at pre-test; ICC[2,1] = 0.88 at post-test; Cohen’s κ = 0.86). Full item-level outputs 
(item p, corrected r_pb, distractor-frequency tables), the complete scoring rubric, and rater-calibra-
tion logs are available from the corresponding author upon request. 

Following the intervention, both groups showed higher post-test scores; descriptively, the experi-
mental group had a higher post-test mean than the control group. Group means and standard devia-
tions are reported in Table 1. 

Table 1. Means, standard deviations, and score ranges 
for pre-test and post-test listening scores by group 

Group n 
Pre-test Pre-test 

Min–Max 
Post-test Post-test 

Min–Max Mean SD Mean SD 
Control 24 10.96 3.00 2–18 13.38 3.05 1–17 
Experimental 24 11.08 2.73 2–15 15.96 3.34 1–20 

Note: Listening scores were based on a raw-score scale ranging from 0 to 20. Values reported are raw (unad-
justed) means and standard deviations calculated directly from observed scores. Min–max values indicate the 
observed score range within each group. Two experimental participants and one control participant achieved 
the maximum post-test score (20). 

A small number of learners reached the maximum post-test score, indicating limited compression at 
the upper end of the scale. Inspection of the score distributions indicated approximately symmetric 
post-test distributions with no extreme outliers. 

Raw post-test means are reported for descriptive purposes, whereas adjusted post-test means repre-
sent model-based estimates obtained from an analysis of covariance (ANCOVA) that controlled for 
pre-test listening performance (Table 2). Results indicated a statistically significant effect of instruc-
tional condition on post-test performance, F(1, 45) = 42.39, p < .001, partial η² = .49. Adjusted 
means favored the experimental group (M = 16.56, SE = .29) over the control group (M = 13.94, SE 
= .29), indicating that learners receiving AI-enhanced instruction achieved higher listening scores af-
ter adjustment for baseline differences. 
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Table 2. ANCOVA results for post-test listening scores 

Source SS df MS F P 
(exact) Partial η² N 

Pre-test (covariate) 30.12 1 30.12 15.48 < .001 0.26 48 
Group (control vs. experimental) 82.47 1 82.47 42.39 < .001 0.49 48 
Error 87.55 45 1.95     
Corrected total 203.00 47      
Note: ANCOVA = analysis of covariance. Pre-test listening score was entered as a covariate. Listening scores 
were based on a raw-score scale ranging from 0 to 20. Adjusted means favored the experimental group (M = 
16.56, SE = 0.29) over the control group (M = 13.94, SE = 0.29). Adjusted means represent estimated mar-
ginal means from the ANCOVA model and are not expected to correspond numerically to the raw means 
reported in Table 1. 

Model diagnostics indicated no major violations of ANCOVA assumptions. The Group × Pre-test 
interaction was not significant (F(1,45) = 0.29, p = 0.592); residuals approximated normality 
(Shapiro–Wilk W = 0.982, p = 0.432) and Levene’s test showed no evidence of unequal variances (F 
= 0.41, p = 0.525). Influence diagnostics (Cook’s D) identified no case whose omission materially 
altered the adjusted effect.  

The adjusted advantage observed for the experimental group is consistent with substantive improve-
ment in listening performance within the CEFR B1 band for the descriptors sampled by the instru-
ment. Categorical claims that participants migrated between lower and upper B1 sub-bands would 
require formal linking or standard-setting evidence (for example, rater-anchored cut scores or empiri-
cal concordance studies) together with documented item-by-item mapping and rater calibration; doc-
umentation of the mapping procedures, panel reports, and reconciliation logs is provided in the pro-
ject supplement to permit independent verification. 

Data and materials: the scoring rubric, item keys, item-level output tables, rater-calibration notes, and 
analysis codes (R scripts used for item statistics, ω bootstrap, and partial-η² CI computations) are 
available from the corresponding author upon request. 

DISCUSSION 
The study examined whether integrating AI-powered instructional tools into an EFL listening curric-
ulum produced larger gains in listening comprehension than conventional textbook-based instruc-
tion. The covariate-adjusted analysis indicated a clear advantage for the experimental group, with 
higher adjusted post-test listening scores after controlling for baseline differences. The adjusted mean 
difference between groups indicates a meaningful instructional advantage within the present instruc-
tional context; the associated effect size should be interpreted cautiously, given the bounded score 
scale and the sample size. 

Several plausible, non-mutually exclusive mechanisms may account for the observed advantage. AI 
systems routinely provide adaptive sequencing of practice items, matching difficulty to current 
learner performance. This adaptive pacing concentrates practice where it is most informative and 
thereby increases the efficiency of learning. In addition, AI-enabled tools can increase the quantity 
and diversity of comprehensible input while allowing the provision of automated, immediate feed-
back that directs attention to segmental and suprasegmental features of speech (e.g., pronunciation 
variability, reduced forms, and prosody), which focuses attention on diagnostic features of the input 
and supports error correction on retrieval practice, ultimately accelerating perceptual attunement and 
decoding skills. Furthermore, many AI tools expose learners to a broader, more variable set of 
speech samples (different accents, speaking rates, reductions, and noise conditions) than a static text-
book can provide, potentially supporting stable perceptual tuning and transfer to novel listening con-
texts.  
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These mechanisms operate together within an instructional ecology. Technology amplifies pedagogi-
cal design: AI affordances produce learning gains when integrated into coherent sequences (clear ob-
jectives, scaffolded tasks, and teacher mediation) that translate algorithmic feedback into classroom 
practice. In the absence of curricular alignment and scaffolding, adaptive algorithms risk producing 
isolated improvements that do not generalize; when coupled with teacher guidance, however, system 
output becomes actionable and supports progressive consolidation of strategy-based listening skills. 

Empirical syntheses and contemporary reviews report that AI-based speech technologies, adaptive 
practice, and generative tutoring can enhance listening practice opportunities and scaffold learner at-
tention in ways that are difficult to achieve with static textbook materials alone (e.g., Cooray et al., 
2024; Dong et al., 2024; Wiboolyasarin et al., 2025; Wu, 2024). These affordances are consistent with 
broader meta-analytic evidence that AI-based instructional interventions often yield positive effects 
on language learning outcomes, especially where systems provide adaptive, feedback-rich practice 
and opportunities for repeated retrieval (e.g., Dong et al., 2024; Wiboolyasarin et al., 2025; Wu, 2024).  

The pattern of results also speaks to the nature of the learning gains observed. Rather than merely 
increasing time-on-task, AI-assisted instruction seems to have altered how practice time is used, pro-
moting selective attention to diagnostic cues, supporting repeated retrieval of critical forms, and of-
fering corrective cycles closely tied to performance. 

From a theoretical perspective, these findings sit comfortably within frameworks that emphasize de-
liberate practice and variability of input as engines of perceptual learning. They extend prior work by 
showing that algorithmic adaptation and automated feedback can operationalize these principles at 
scale in classroom contexts, thereby bridging laboratory evidence on perceptual learning with class-
room practice. Meta-analytic evidence on AI and GenAI interventions in language learning corrobo-
rates the general direction and boundary of the effect reported here, while underscoring heterogene-
ity across features and contexts. 

Finally, the findings carry measured pedagogical significance. When AI tools are selected and config-
ured to align with curricular aims, and when teachers are supported to interpret and embed system 
feedback, the technology can materially improve listening outcomes. This implies that investment in 
teacher training and curricular integration, rather than the deployment of standalone tools, is a neces-
sary condition for the benefits demonstrated here to appear in routine practice. 

CONCLUSIONS, LIMITATIONS, IMPLICATIONS, AND 
DIRECTIONS FOR FUTURE RESEARCH 
The findings indicate that AI-enhanced listening, when deliberately integrated into a coherent curric-
ulum and accompanied by transparent assessment practices, produces clear and meaningful improve-
ments in listening comprehension in the present sample. The pattern of results is held under alterna-
tive analytic specifications, suggesting that the advantage reflects substantive learning-related change 
rather than an idiosyncrasy of a single analytic choice. These outcomes align with contemporary syn-
theses indicating that systems that offer adaptive practice, targeted feedback, and varied speech input 
are well-positioned to accelerate L2 listening development. 

Several qualifications circumscribe the breadth of inference. One limitation concerns the imbalance 
in engagement between groups. The experimental condition introduced multiple novels, high-interest 
tools (viz., chatbots, gamification, and VR), while the control group relied solely on textbook activi-
ties. This disparity introduces the possibility of a novelty effect, as increased motivation and curiosity, 
rather than the AI tools themselves, may have contributed to the observed performance gains. Alt-
hough typical in early-stage intervention research, this design asymmetry limits inferences about 
whether the advantage stems from AI-mediated scaffolding or from heightened learner engagement 
associated with new technologies. 
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Before extending the interpretation of these results, it is necessary to acknowledge that the post-test 
scores displayed some compression near the upper score range, with a subset of learners in both 
groups approaching the 20-point maximum. Such compression of the score range constrains variance 
and challenges core ANCOVA assumptions, particularly the expectation of normally distributed re-
siduals and unbounded outcomes (Field, 2018). Although the diagnostic checks suggested reasonable 
robustness, the restricted scale likely inflates both adjusted means and the apparent magnitude of ef-
fect sizes. Therefore, the gains are interpreted as improvements within bounded scoring conditions 
rather than as definitive indicators of large population-level effects, and only cautious generalization 
beyond the sampled cohort is attempted. 

The sample size is relatively modest, which warrants caution when generalizing beyond the present 
instructional context. Although the results indicate meaningful differences within the present sample, 
replication with larger and more diverse cohorts is required to assess the stability of the observed ef-
fects. In addition, the CEFR-referenced interpretation offered here is indicative rather than classifica-
tory and should not be taken as evidence of categorical movement between proficiency bands with-
out formal standard-setting procedures. 

The findings point to several implications for practice. First, AI is most effective when it amplifies 
sound pedagogy rather than replacing it: systems should be aligned with curricular objectives, item 
specifications, and explicit practice routines, and teachers should be supported in interpreting and 
mediating system feedback. Second, where human scoring is required, clear scoring rules and rater 
training are necessary to preserve score validity. Third, institutions contemplating use of scores for 
placement or certification must not substitute informal mapping for formal linking; any categorical 
use of scores requires dedicated standard-setting or concordance studies. Investment in teacher pro-
fessional development that covers interpretation of system diagnostics, scaffolding AI feedback, and 
monitoring fidelity is likely to yield better classroom outcomes than deployment without support. 

Priority areas for further work are (1) larger, preferably pre-registered and stratified or cluster-ran-
domized studies to assess generalisability and moderators of effect; (2) longitudinal and transfer stud-
ies to determine whether gains persist and extend to broader communicative tasks; (3) formal CEFR 
linking and concordance research (rater-anchored panels or empirical concordance with external 
CEFR-referenced anchors) to permit defensible categorical interpretation; and (4) component and 
mechanism studies (factorial trials, mediation analyses and log-file research) that isolate which fea-
tures of AI systems, adaptive sequencing, corrective feedback, speech variability, or dialogic practice, 
drive learning. Methodologically, future studies should emphasise pre-registration, transparent report-
ing of reliability and linking procedures, and the sharing of analytic scripts and item-level outputs to 
facilitate cumulative progress. 

In sum, AI-enhanced listening shows promise as a pedagogical tool when embedded in well-designed 
instruction and paired with rigorous assessment practices. The present evidence encourages contin-
ued, rigorous investigation while underscoring that technological promise must be matched by care-
ful curricular integration, teacher development, and transparent evaluation before widespread, high-
stakes adoption. 
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