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This quasi-experimental study investigates the pedagogical
effectiveness of Al-assisted pronunciation feedback in
improving EFL learners’ intelligibility and segmental
accuracy within a structured instructional framework. The
study integrates automated speech analytics with human
evaluation to ensure both technological precision and
pedagogical validity.Eighty-four intermediate Arabic-
speaking university students participated in an eight-week
intervention. Participants were assigned to either an
experimental group receiving Al-supported real-time
diagnostic feedback integrated into guided classroom
instruction, or a control group receiving conventional
teacher-led drills with delayed corrective feedback. Pretest
and posttest measures included intelligibility ratings
provided by trained evaluators and automated segmental
accuracy scores validated against expert phonetic
assessment.

Analysis of covariance revealed statistically significant
improvements in the Al-assisted group for both
intelligibility (n>=.11, p <.01) and segmental accuracy (n?
= .14, p < .001). Engagement analytics further indicated a
positive relationship between sustained practice cycles and
pronunciation gains. While findings suggest that Al-
Assisted feedback can enhance individualized and scalable
pronunciation training when pedagogically mediated, the
results are context-bound to intermediate Arabic-speaking
learners and short-term intervention conditions. The study
highlights the importance of structured teacher mediation,
critical evaluation of Al feedback systems, and cautious
generalization of outcomes.

Keywords

artificial
intelligence,
pronunciation
instruction,
computer-assisted
language learning
(CALL),
intelligibility,
segmental accuracy,
deliberate practice,
quasi-experiment

672



{ 20260 355 — JSN 5 381 — A8 3320 _ ¢y 015 Gadll sl — il Al }

doi: https://doi.org/10.63797/bjh.

Introduction

Teaching pronunciation remains one of the most challenging aspects of
second language acquisition (SLA). Although pronunciation constitutes a
central component of communicative competence, it is frequently
marginalized in English as a Foreign Language (EFL) classrooms in favor
of grammar and vocabulary instruction (Isaacs & Trofimovich, 2020; Saito,
2021). Contemporary pronunciation pedagogy increasingly emphasizes
intelligibility rather than native-like accent attainment, given its direct
relationship to listener comprehension and communicative success
(Derwing & Munro, 2019; Munro & Derwing, 2020). Research in second
language speech also emphasizes that pronunciation plays a crucial role in
shaping listeners’ perceptions of comprehensibility and communicative
effectiveness in spoken interaction (Isaacs & Trofimovich, 2020).
Effective pronunciation instruction requires timely, individualized
corrective feedback. Research on oral corrective feedback highlights the
importance of immediacy, specificity, and repetition in facilitating
phonological restructuring (Li, 2022; Lyster et al., 2019). However, in
many institutional contexts characterized by large class sizes and limited
instructional time, teachers face structural constraints that restrict
opportunities for sustained, individualized phonological guidance.
Recent advances in Computer-Assisted Pronunciation Training (CAPT) and
Al-driven feedback systems have sought to address these limitations.
Modern systems employ automatic speech recognition (ASR) and acoustic
modeling techniques to generate real-time diagnostic feedback on learner
speech (Kartushina et al., 2022; Liakin et al., 2023). Such systems are
capable of detecting segmental deviations and, in some cases, identifying
stress and rhythm irregularities (Wang & Xu, 2020). The provision of
immediate, item-level feedback aligns with principles of deliberate practice
and noticing in SLA, which emphasize repeated, focused engagement with
target forms (Li, 2022).
Nevertheless, the pedagogical integration of Al-Assisted feedback remains
insufficiently theorized. While several studies report measurable
improvements in phoneme production accuracy (McCrocklin, 2019; Neri et
al., 2022), concerns persist regarding the interpretability of automated
scoring, potential algorithmic bias, and limited contextual sensitivity to
communicative intent (Evers & Chen, 2023; Isaacs et al., 2021). Moreover,
many studies rely primarily on automated metrics without parallel human
validation (Saito et al., 2022).
In light of these considerations, the present study investigates the
effectiveness of Al-Assisted pronunciation feedback within a structured
pedagogical framework that integrates teacher mediation, automated
analytics, and human perceptual evaluation. The study compares Al-
supported real-time feedback with conventional delayed teacher feedback
in improving intelligibility and segmental accuracy among intermediate
Arabic-speaking EFL learners.
In addition to examining the effectiveness of Al-Assisted pronunciation
feedback, the study contributes to the literature by integrating automated
speech analytics with human perceptual evaluation within a structured
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pedagogical framework.

1.1 Conceptual Pedagogical Integration Framework (New Section)
To operationalize the integration of Al-Assisted feedback within

classroom instruction, the study adopts a four-stage pedagogical model:

1. Targeted phonological focus aligned with curricular objectives.
2. Guided Al-supported diagnostic practice.

3. Teacher-mediated consolidation of recurrent errors.

4. Reflective performance monitoring.

This framework conceptualizes Al as a structured practice amplifier rather
than an autonomous instructional agent, ensuring pedagogical coherence
and preventing overreliance on automated scoring.

2. Literature Review
2.1 Pronunciation Instruction and Corrective Feedback

Pronunciation instruction has undergone a notable shift in recent
decades from an emphasis on native-like accent attainment toward an
intelligibility-oriented approach that prioritizes effective communication.
Within this perspective, the primary goal of pronunciation teaching is not
to eliminate a learner’s accent but to ensure that speech is understandable
to listeners in communicative contexts (Levis, 2018; Munro & Derwing,
2020). Research in second language acquisition consistently highlights the
importance of pronunciation as a key component of communicative
competence, influencing listener comprehension, speaker confidence, and
overall interactional effectiveness (Derwing & Munro, 2019).
Corrective feedback plays a central role in the development of
pronunciation skills. Studies on second language speech learning suggest
that learners benefit from feedback that is timely, explicit, and targeted to
specific phonological features (Li, 2022; Lyster et al., 2019). Immediate
feedback, in particular, has been shown to facilitate phonological
restructuring by enabling learners to notice discrepancies between their
production and the target pronunciation. However, providing individualized
pronunciation feedback in traditional classroom settings is often
challenging due to time constraints, large class sizes, and the need for
teachers to divide attention among multiple learners.
These limitations have prompted increasing interest in technological
solutions that can supplement classroom instruction by providing
individualized pronunciation feedback outside the constraints of teacher-led
interaction.

2.2 Computer-Assisted Pronunciation Training (CAPT)
Computer-Assisted Pronunciation Training (CAPT) has emerged as a
promising approach for supporting pronunciation learning through
technology-enhanced practice. Early CAPT systems relied primarily on
rule-based detection mechanisms that evaluated learner pronunciation using
predefined phonetic parameters. More recent systems employ automatic
speech recognition (ASR) and machine learning algorithms to analyze
learner speech and generate diagnostic feedback (Kartushina et al., 2022;
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Neri et al., 2022).

Research on CAPT systems indicates that technology-mediated
pronunciation practice can increase opportunities for repetition, promote
learner autonomy, and support individualized learning pathways
(McCrocklin, 2019; Xie et al., 2023). These systems allow learners to
practice pronunciation tasks multiple times while receiving immediate
feedback on specific phonological features.

Despite these advantages, the effectiveness of CAPT systems has produced
mixed results across different learning contexts. Some studies report
improvements in phoneme production accuracy, while others suggest that
gains measured through automated acoustic analysis do not always
correspond to improvements in listener-based comprehensibility (Isaacs et
al., 2021; Saito et al., 2022). These findings highlight the importance of
combining automated feedback with human evaluation in order to ensure
that improvements detected by technological systems reflect meaningful
improvements in communicative pronunciation.

2.3 Al-Assisted Pronunciation Feedback and Pedagogical Validity
Recent advances in artificial intelligence have significantly expanded
the capabilities of pronunciation training systems used in language learning
environments. Al-driven platforms now integrate speech recognition
technologies, acoustic modeling, and data-driven feedback mechanisms to
provide learners with detailed diagnostic information about their speech
production (Liakin et al., 2023; Zhang & Liu, 2024).
One of the key advantages of Al-Assisted assisted pronunciation training
lies in its ability to provide immediate and individualized feedback. This
feedback may include phoneme-level accuracy scores, visual
representations of speech patterns, and automated prompts encouraging
learners to repeat mispronounced segments. From a theoretical perspective,
such feedback mechanisms align with principles of deliberate practice,
which emphasize repeated performance, immediate feedback, and gradual
refinement of skills (Li, 2022).
However, the pedagogical validity of Al-Assisted feedback remains an area
of ongoing discussion. While Al systems can efficiently analyze acoustic
features of speech, they may not fully capture contextual aspects of
communication, including pragmatic intent, discourse-level meaning, or
affective dimensions of spoken interaction (Evers & Chen, 2023). In
addition, concerns have been raised regarding the potential for algorithmic
bias or misrecognition when automated systems process speech produced
by learners with diverse linguistic backgrounds (Lee et al., 2024).
For these reasons, several scholars recommend hybrid approaches that
combine automated speech analysis with human perceptual evaluation in
order to ensure that pronunciation improvements are both technically
measurable and communicatively meaningful (Saito et al., 2022).

2.4 Intelligibility and Segmental Accuracy in Pronunciation
Assessment

Within contemporary pronunciation research, intelligibility is widely
recognized as a central construct in evaluating pronunciation performance.
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Intelligibility refers to the degree to which a speaker’s speech can be
understood by a listener and is considered a more realistic and
pedagogically meaningful objective than native-like pronunciation (Levis,
2018; Munro & Derwing, 2020).

Segmental accuracy, which refers to the accurate production of individual
consonant and vowel sounds, also plays a critical role in pronunciation
development. Certain phonological contrasts carry a high functional load,
meaning that errors in these sounds may significantly affect listener
comprehension (Saito et al., 2022). As a result, pronunciation training often
focuses on improving the production of these high-impact phonological
contrasts.

However, pronunciation competence extends beyond segmental
production. Suprasegmental features such as stress patterns, rhythm, and
prosodic fluency also contribute to comprehensibility and naturalness in
spoken language (Wang & Xu, 2020). Because automated systems often
prioritize measurable acoustic features, research designs must clearly
define which dimensions of pronunciation are being assessed and
acknowledge those that fall beyond the scope of the measurement tools
used.

2.5 Research Gaps and Rationale for the Present Study

Although previous research has demonstrated the potential of Al-
Assisted pronunciation training, several limitations remain in the existing
literature. Many studies involve relatively short intervention periods,
homogeneous learner samples, or exclusive reliance on automated scoring
metrics without parallel human evaluation (Isaacs et al., 2021; Saito, 2021).
These limitations highlight the need for more comprehensive research
designs that integrate both technological assessment tools and human
perceptual evaluation.
In addition, the pedagogical integration of Al-Assisted feedback within
classroom instruction is often insufficiently specified. While technological
capabilities are frequently discussed, fewer studies provide explicit
instructional frameworks explaining how Al tools can be integrated into
teacher-mediated learning environments.
The present study addresses these gaps by examining the effectiveness of
Al-Assisted pronunciation feedback within a structured instructional
framework that combines automated speech analysis, human perceptual
evaluation, and guided classroom practice. By comparing Al-supported
pronunciation training with conventional teacher-led instruction, the study
seeks to provide empirical evidence regarding the potential role of Al-
Assisted feedback in supporting pronunciation development among EFL
learners.

3. Methodology
This section describes the research design, participant characteristics,
instructional procedures, data collection instruments, and statistical analysis
methods used in the study. The methodological framework was designed to
evaluate the effectiveness of Al-Assisted pronunciation feedback compared
with conventional teacher-led pronunciation instruction.
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3.1 Research Design

The study employed a quasi-experimental pretest—posttest design
involving two instructional conditions: an experimental group receiving
Al-Assisted pronunciation training and a control group receiving
conventional teacher-led pronunciation instruction. This design allowed for
the comparison of learning outcomes while controlling for baseline
differences in pronunciation performance.
Although participants were assigned to intact classroom groups rather than
through full randomization, both groups received identical instructional
content, contact hours, and learning objectives. Pretest scores were used as
covariates during statistical analysis in order to control for initial
differences between the groups.
The intervention lasted eight weeks and was integrated into the regular
instructional schedule of the participants' English courses.

3.2 Participants

The participants consisted of 84 undergraduate students enrolled in
intermediate-level English courses at a public university in Irag. All
participants were native speakers of Arabic and had completed at least six
years of formal English instruction prior to participating in the study.
Participants were divided into two groups:

® Experimental group (n = 42) — received Al-Assisted pronunciation
training.

@ Control group (n = 42) — received traditional teacher-led pronunciation
instruction.

Placement test results confirmed that there were no statistically significant
differences between the two groups prior to the intervention (p > .10). The
participants ranged in age from 18 to 23 years and were enrolled in similar
academic programs.

Participants were selected through convenience sampling from intact
English language classes available during the semester.

While the linguistic homogeneity of the sample helped control for cross-
linguistic variation in pronunciation learning, it may also limit the
generalizability of the findings to other learner populations.

3.3 Instructional Procedures

Both groups participated in an eight-week instructional program
consisting of two 90-minute sessions per week.
During the intervention period, both groups practiced identical
pronunciation targets, including selected English consonant and vowel
contrasts that commonly present difficulties for Arabic-speaking learners.
The control group practiced pronunciation using conventional classroom
activities such as teacher modeling, repetition drills, and delayed corrective
feedback during class discussion.
The experimental group participated in one weekly session of Al-Assisted
pronunciation training. During these sessions, learners practiced
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pronunciation tasks using an Al-based speech analysis system that
provided real-time diagnostic feedback on pronunciation accuracy.
The instructor supervised the Al-Assisted sessions and helped learners
interpret the feedback results when necessary. The Al system therefore
functioned as a supplementary practice tool within teacher-mediated
instruction rather than as a replacement for classroom teaching.

3.4 Al Tool Description

The Al-Assisted pronunciation training system used in this study was
based on automatic speech recognition (ASR) technology combined with
phoneme-level acoustic analysis. The system analyzed learner speech input
and generated immediate feedback on pronunciation accuracy.
The feedback provided by the system included several components:

® phoneme-level pronunciation scores

® visual waveform representations of speech output

® color-coded indicators highlighting pronunciation accuracy

® repetition prompts encouraging learners to reattempt mispronounced
segments

Pronunciation scores were generated on a 0—100 scale based on acoustic
similarity between learner speech and reference pronunciation models.

To examine the reliability of automated scoring, segmental accuracy scores
generated by the Al system were compared with expert phonetic ratings.
The correlation between automated scores and expert ratings was r = .79,
indicating substantial agreement between the two evaluation methods.
Although the system was capable of detecting certain suprasegmental
patterns, the present study focused primarily on segmental pronunciation
features and intelligibility outcomes.

3.5 Deliberate Practice Protocol

To encourage sustained engagement with pronunciation practice,
learners in the experimental group followed a structured repetition
protocol.
For each pronunciation task, learners were required to either:

® achieve a minimum pronunciation score of 80/100, or
@ complete three practice attempts before moving to the next task.

This procedure was designed to encourage iterative practice and reduce the
likelihood that learners would move through the training tasks without
attempting to refine their pronunciation.

3.6 Data Collection Instruments
Three sources of data were used to evaluate pronunciation development
during the study.
Intelligibility Assessment
Participants completed read-aloud passages and picture-based oral
production tasks during both the pretest and posttest stages. Six trained
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evaluators independently rated intelligibility using a nine-point scale. Inter-
rater reliability analysis produced an intraclass correlation coefficient of
ICC = .86, indicating strong agreement among raters.
Segmental Accuracy Scores

Segmental pronunciation accuracy was measured using automated scores
generated by the Al system. These scores were validated through
comparison with expert phonetic judgments as described in Section 3.4.
Learner Engagement Metrics

The Al system recorded engagement data including:

- total practice duration

- number of repetition attempts

- frequency of same-session self-corrections

These metrics were used to explore possible relationships between learner
engagement and pronunciation improvement.

3.7 Statistical Analysis

Data analysis was conducted using Analysis of Covariance
(ANCOVA). Posttest scores for intelligibility and segmental accuracy were
used as dependent variables, while pretest scores were entered as covariates
in order to control for baseline differences between the groups.
Effect sizes were calculated using partial eta squared (n?), allowing for the
interpretation of the magnitude of instructional effects in addition to
statistical significance.
Descriptive statistics were calculated to summarize group performance, and
correlation analysis was used to examine relationships between learner
engagement variables and pronunciation gains.

3.8 Ethical Considerations

All participants were informed about the purpose of the study prior to
data collection. Participation was voluntary, and students were allowed to
withdraw from the study at any time without academic penalty.
Audio recordings collected during the study were anonymized and stored
securely in accordance with institutional ethical guidelines. The research
procedures complied with standard ethical practices for educational
research involving human participants.

4. Results and Analysis

This section presents the statistical findings of the study, comparing the
outcomes of the Al-Assisted pronunciation training with those of
conventional teacher-led instruction. The analysis includes descriptive
statistics, inferential statistical testing using ANCOVA, and an examination
of learner engagement patterns recorded through the Al system.

4.1 Descriptive Statistics

Both groups demonstrated improvement from pretest to posttest;
however, the magnitude of improvement differed between instructional
conditions. Descriptive statistics for intelligibility and segmental accuracy
are presented in Table 1.
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The results indicate that learners in the Al-Assisted group achieved greater
mean gains in both intelligibility and segmental accuracy compared to the
control group. While both instructional approaches resulted in
improvement, the Al-supported condition produced more pronounced gains
over the eight-week intervention period.

Table 1
Descriptive Statistics for Intelligibility and Segmental Accuracy (Pretest—Posttest)
N ERIE S Pretest Mean || Posttest Mean | Mean
P (SD) (SD) Gain
- Al
Intelligibility (1-9 scale) Feedback 4.86 (0.77) 6.31 (0.83) +1.45
| | Control|  483(0.81)]  559(0.88)| +0.76|
Segmental Accuracy (0— Al
100)| Feedback 61.8 (7.5) 73.9(8.1) +12.1
Control 62.1 (7.2) 68.5 (7.7) +6.4

As shown in Table 1, the Al-Assisted group demonstrated nearly double
the improvement in intelligibility compared to the control group. A similar
pattern was observed in segmental accuracy, where the experimental group
achieved a mean gain of 12.1 points compared to 6.4 points in the control
condition.

These descriptive patterns suggest that real-time diagnostic feedback may
have provided learners with additional opportunities for iterative
phonological refinement during practice.

4.2 Inferential Analysis

To determine whether the observed differences between groups were
statistically significant, an Analysis of Covariance (ANCOVA) was
conducted. Posttest scores for intelligibility and segmental accuracy served
as dependent variables, while pretest scores were entered as covariates in
order to control for baseline differences.
The ANCOVA results revealed statistically significant differences between
the two instructional conditions.
For intelligibility, the analysis produced the following result:
F(1,81)=10.13,p=.002, n>=.11
This effect size indicates that approximately 11% of the variance in posttest
intelligibility scores can be attributed to the instructional condition after
controlling for pretest performance.
For segmental accuracy, the ANCOVA vyielded the following result:
F(1,81)=13.07,p<.001,>=.14
This effect size suggests that approximately 14% of the variance in posttest
segmental accuracy scores is associated with the type of pronunciation
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feedback provided during instruction.

These values indicate moderate instructional effects, suggesting that the
Al-Assisted intervention accounted for a meaningful proportion of variance
in pronunciation improvement.

These results indicate that the Al-Assisted training condition produced
statistically significant improvements in both intelligibility and segmental
accuracy when compared with conventional teacher-led feedback.

A visual representation of the comparative gains between the two groups is
provided in Figure 1, which illustrates the differences in mean
improvement across instructional conditions.

14.0
M Intelligibility Gain Segmental Accuracy Gain

12.0 }
10.0
6.0 I

6.0

) i
0.0

Al Feedback Control

Mean Gain

Figure 1
Comparison of Mean Pronunciation Gains between Al-Assisted and
Control Groups

4.3 Learner Engagement Patterns

In addition to performance outcomes, engagement data collected from
the Al platform were analyzed to explore patterns of learner interaction
during the intervention period.
System logs recorded several indicators of learner engagement, including
total practice time, number of repetition attempts, and frequency of same-
session self-corrections. Correlation analysis indicated that higher
engagement levels were associated with greater pronunciation gains.
Specifically, the relationship between practice frequency and pronunciation
improvement produced correlation coefficients ranging between r = .33 and
r =.36 (p <.05). Learners who completed more than three practice cycles
per week tended to demonstrate greater improvements in segmental
accuracy.
These findings suggest that the effectiveness of Al-Assisted pronunciation
training may depend not only on the availability of real-time feedback but
also on the degree to which learners actively engage with iterative practice
opportunities.

4.4 Summary of Results

Overall, the results indicate that Al-Assisted pronunciation feedback
integrated within structured instructional sessions produced greater
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improvements in intelligibility and segmental accuracy than conventional
delayed feedback.

However, the results should be interpreted within the specific scope of the
assessment measures used in this study. The improvements observed reflect
targeted phonological gains measured through intelligibility ratings and
segmental accuracy scores rather than broader dimensions of pronunciation
performance such as prosodic fluency or communicative rhythm.

5. Discussion

The present study examined the effectiveness of Al-Assisted
pronunciation feedback when integrated within a structured instructional
framework. The findings indicate that learners who engaged in Al-
supported real-time diagnostic practice demonstrated greater improvements
in intelligibility and segmental accuracy than those who received
conventional teacher-led pronunciation instruction. These results suggest
that immediate feedback and repeated practice opportunities provided
through Al systems may facilitate more focused phonological development
during instructional activities.
The observed improvement can be interpreted in light of theories of
deliberate practice and corrective feedback in second language acquisition.
Deliberate practice emphasizes repeated engagement with specific
performance targets combined with immediate feedback and opportunities
for refinement (Li, 2022). In the Al-Assisted condition, learners were able
to repeat pronunciation tasks multiple times while receiving instant
diagnostic feedback on mispronounced phonemes. This iterative practice
cycle may have enabled learners to identify discrepancies between their
own speech production and the target forms more efficiently.
The findings also align with research suggesting that immediate corrective
feedback plays an important role in phonological learning (Lyster et al.,
2019). Unlike traditional classroom feedback, which is often delayed due to
time constraints and the need to address multiple learners simultaneously,
Al-Assisted systems provide individualized feedback in real time. This
immediacy may allow learners to adjust articulatory patterns while the
target pronunciation remains cognitively salient.
In addition, the positive relationship observed between learner engagement
and pronunciation improvement suggests that the effectiveness of Al-
Assisted pronunciation training is closely related to the degree of learner
interaction with the system. Learners who engaged more frequently in
repetition cycles and self-correction attempts demonstrated greater gains in
segmental accuracy. Similar patterns have been reported in studies of
computer-assisted pronunciation training, where increased practice
frequency is associated with improved phonological outcomes (Zhao &
Chen, 2021).
However, the results should be interpreted with caution. The improvements
observed in this study were limited to intelligibility and segmental accuracy
measured during structured tasks. Pronunciation competence involves
additional dimensions, including prosodic fluency, speech rhythm, and
broader communicative effectiveness (Munro & Derwing, 2020). Since
these aspects were not directly measured in the present study, the results
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should not be interpreted as evidence of comprehensive pronunciation
development.

Another important consideration concerns the pedagogical role of teachers
in Al-supported learning environments. The findings of this study do not
suggest that Al systems replace teacher instruction. Instead, the results
support a supplementary instructional model in which Al-Assisted
feedback extends opportunities for individualized pronunciation practice
while teachers continue to provide contextual explanation, communicative
guidance, and motivational support. Teacher mediation remains essential in
interpreting feedback, prioritizing learning targets, and integrating
pronunciation practice within broader communicative objectives.
Furthermore, although automated scoring demonstrated substantial
correspondence with expert phonetic ratings in this study, Al-based
pronunciation evaluation systems remain constrained by algorithmic
design. Issues such as misrecognition of accented speech and limited
contextual interpretation have been discussed in the literature (Evers &
Chen, 2023). For this reason, hybrid approaches that combine automated
analytics with human perceptual evaluation may provide a more balanced
framework for pronunciation assessment (Saito et al., 2022).

Overall, the results of this study contribute to a growing body of research
indicating that Al-Assisted pronunciation tools can support targeted
phonological practice when integrated within pedagogically guided
instructional contexts. However, their effectiveness appears to depend on
structured implementation, active learner engagement, and continued
teacher involvement rather than technological availability alone.

6. Conclusion

This study examined the instructional effectiveness of Al-Assisted
pronunciation feedback within a structured learning environment for EFL
learners. By comparing Al-supported real-time diagnostic feedback with
conventional teacher-led pronunciation instruction, the study aimed to
evaluate whether technology-mediated practice could contribute to
measurable improvements in pronunciation performance.
The findings indicate that learners who engaged in Al-Assisted
pronunciation training demonstrated greater improvements in intelligibility
and segmental accuracy than those who received traditional delayed
feedback during classroom instruction. These results suggest that real-time
diagnostic feedback combined with repeated practice opportunities may
facilitate more focused phonological development during pronunciation
training.
One possible explanation for this improvement lies in the immediacy and
consistency of automated feedback. Al-based systems allow learners to
receive individualized corrective feedback instantly, enabling multiple
attempts at pronunciation refinement during practice sessions. This
repeated interaction with targeted phonological features may support
learners in identifying and correcting articulation errors more effectively
than traditional classroom feedback alone.
However, the results of the present study should be interpreted within the
specific context in which the research was conducted. The findings reflect
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pronunciation development among intermediate Arabic-speaking learners
within an eight-week instructional period and therefore cannot be
generalized automatically to learners with different linguistic backgrounds,
proficiency levels, or instructional settings.

In addition, the improvements identified in this study relate specifically to
intelligibility and segmental accuracy. Pronunciation competence includes
additional dimensions such as prosodic fluency, speech rhythm, and
broader communicative effectiveness, which were not directly measured in
the present investigation.

Importantly, the results do not suggest that Al systems replace the
pedagogical role of teachers. Instead, the findings support an instructional
model in which Al-Assisted feedback functions as a supplementary
learning tool that expands opportunities for individualized practice while
teacher mediation continues to guide instruction, contextualize feedback,
and support learner motivation.

Overall, the study provides empirical evidence that Al-Assisted
pronunciation feedback can contribute to targeted pronunciation
improvement when integrated within structured instructional practice.
These findings highlight the potential value of combining technological
feedback systems with pedagogically guided instruction in order to enhance
pronunciation training in EFL contexts.

7. Pedagogical Implications

The findings of this study offer several pedagogical considerations for
integrating Al-Assisted pronunciation tools into English language
instruction.
First, Al-Assisted feedback systems may be most effective when
implemented within a blended instructional model that combines teacher
guidance with technology-supported practice. Rather than replacing
classroom instruction, Al tools can extend opportunities for individualized
pronunciation practice beyond the limited time available in traditional
classroom settings. By providing immediate feedback on pronunciation
attempts, these systems allow learners to engage in repeated practice cycles
that may support the refinement of specific phonological targets.
Second, pronunciation instruction should prioritize intelligibility-oriented
objectives. Research in pronunciation pedagogy has emphasized that
intelligibility plays a central role in effective communication and should
therefore be a primary goal of pronunciation instruction (Levis, 2018;
Munro & Derwing, 2020). Al-Assisted systems can support this objective
by enabling learners to practice high-functional-load phonological contrasts
that have a significant impact on listener comprehension.
Third, learners may benefit from explicit training on how to interpret
automated pronunciation feedback. Al systems typically present numerical
scores, visual indicators, or diagnostic cues that learners must interpret in
order to adjust their pronunciation. Without appropriate guidance, learners
may focus excessively on numerical performance scores rather than on
meaningful phonological improvement. Teacher support can therefore help
learners understand feedback results and apply them constructively during
pronunciation practice.
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Fourth, teacher mediation remains an essential component of effective
pronunciation instruction. While Al systems can provide detailed
diagnostic feedback, teachers continue to play a crucial role in
contextualizing pronunciation practice within communicative activities,
prioritizing instructional targets, and supporting learner motivation. In this
sense, Al tools should be viewed as instructional supplements that enhance
practice opportunities rather than as substitutes for pedagogical expertise.
Finally, practical implementation considerations should also be taken into
account. Successful integration of Al-Assisted pronunciation tools requires
access to appropriate technological infrastructure, including reliable
internet connectivity, compatible devices, and institutional support for
digital learning resources. In addition, teacher training may be necessary to
ensure that instructors can effectively interpret Al-generated analytics and
integrate them into instructional practice.

8. Limitations and Future Research

Although the present study produced statistically significant results,
several limitations should be acknowledged.
First, the study employed a quasi-experimental design using intact
classroom groups rather than fully randomized participant assignment.
While statistical controls were applied to account for baseline differences
between groups, this design may limit the extent to which causal
conclusions can be generalized.
Second, the participant sample consisted exclusively of intermediate
Arabic-speaking university learners from a single educational context.
Although this sample allowed for controlled investigation within a specific
instructional setting, it limits the generalizability of the findings to learners
from different linguistic backgrounds, proficiency levels, or educational
environments. Future research should therefore examine Al-Assisted
pronunciation training across more diverse learner populations.
Third, the duration of the instructional intervention was limited to eight
weeks. While the results indicate measurable improvements during this
period, longer-term studies are needed to determine whether pronunciation
gains achieved through Al-Assisted practice are retained over time and
transferred to spontaneous communicative contexts.
Fourth, the assessment measures used in this study focused primarily on
intelligibility and segmental accuracy. Although these constructs represent
important aspects of pronunciation performance, other dimensions of
spoken language production, such as prosodic fluency, stress patterns,
rhythm, and overall comprehensibility, were not directly evaluated. Future
studies could incorporate a broader range of pronunciation measures in
order to provide a more comprehensive understanding of pronunciation
development.
Finally, while automated pronunciation scores were validated through
comparison with expert phonetic ratings in this study, further research is
needed to examine the accuracy and reliability of Al-based pronunciation
assessment systems across different accents and learner populations.
Continued investigation of hybrid evaluation approaches that combine
automated analytics with human perceptual judgment may help strengthen
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the validity of pronunciation research in technology-enhanced learning
environments (Isaacs et al., 2021; Saito et al., 2022).

Addressing these limitations in future research may provide deeper insight
into the conditions under which Al-Assisted pronunciation tools can most
effectively support language learning.
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