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Abstract

Pronunciation plays a pivotal role in oral fluency and overall communicative effectiveness in English as a Foreign Language (EFL)
learning. However, pronunciation instruction remains a persistent challenge in higher education contexts, particularly where learners have
limited opportunities for individualized feedback and sustained oral practice. Responding to recent advances in artificial intelligence (Al),
this study investigated the effectiveness of the Al-powered ELSA Speak application in enhancing EFL learners’ pronunciation
development. Adopting a longitudinal experimental design, the study involved 60 university-level EFL students, equally divided into
experimental and control groups. Learners’ pronunciation performance was assessed at three time points using the CAFIS analytic
framework. Repeated-measures analyses revealed that students using ELSA Speak demonstrated significantly greater improvement across
all CAFIS dimensions compared to the control group. Accuracy showed the most immediate gains, followed by gradual but consistent
development in intonation and fluency over time. These findings underscore the value of Al-assisted pronunciation instruction and
highlight the importance of adopting multidimensional assessment frameworks to capture nuanced developmental changes. The study
contributes empirical evidence from a Saudi higher education context and offers pedagogical insights into the integration of Al-driven
tools for pronunciation development in EFL classrooms.
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1. Introduction

Pronunciation is a key element in effective oral communication and is widely regarded as a integral part of oral fluency in English
(Abdelhalim & Alsehibany, 2025). For EFL learners, it serves as a bridge between linguistic knowledge and effective real-world
interaction. Pronouncing well not only enhances listener’s comprehension but also foster communicative effectiveness (Al-Shallakh,
2024). Correspondingly, poor pronunciation not only hinders mutual understanding but also erodes confidence in speaking (Aulia &
Santosa, 2025), leading to avoidance of oral interaction and stagnation in overall language proficiency (Metruk, 2024). In higher
education, where oral communication is integral to classroom discussions or presentations, mastering English pronunciation becomes
even more critical (Li & Akram, 2023, 2024). It empowers students to participate actively, articulate their ideas clearly, and compete
globally in post-graduation careers (Aryanti & Santosa, 2024). Yet, pronunciation is often overshadowed in many EFL curricula, leaving
learners with unaddressed gaps in oral fluency.

Meanwhile, the integration of artificial intelligence (Al) into language settings has grasped substantial consideration (Abdelrady et al.,
2025). Al-powered applications have been shown to by facilitating learners’ engagement (Akram & Li, 2024), supporting their autonomy
(Al-Adwan et al., 2022; Sohail & Akram, 2025), shaping their learning preferences (Ma et al., 2024), bringing creativity (Lin & Chen,
2024), providing immediate and personalized feedback (Akram & Abdelrady, 2023, 2025), and making learning environments dynamic
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(Akram et al., 2021). In terms of pronunciation learning, Al technologies enable learners to receive instant evaluations of their speech
(Dennis, 2024), compare their production with native-like models (Metruk, 2024), and engage in repeated, self-paced practice (Ou et al.,
2024). Such features address many of the limitations of traditional pronunciation instruction and align well with the needs of EFL learners
in higher education.

One such Al-powered application gaining popularity in EFL contexts is ELSA Speak. It is prominent for its focus on improving learners’
spoken English through automated speech recognition and real-time feedback (Arbain et al., 2023). Utilizing speech recognition
technology, it evaluates learners’ pronunciation against native speaker models and delivers immediate scores (Pham & Pham, 2025). Its
user-friendly interface and gamified elements make it particularly suitable for EFL learners seeking to improve oral fluency (Rusmawaty
et al., 2024). Although previous studies report positive effects of Al-assisted tools on EFL learners’ pronunciation training, there is a clear
gap concerning the use of Al-powered pronunciation applications in the Saudi Arabian higher education context. EFL learners often face
pronunciation challenges due to limited English speaking outside the classroom in Saudi context (Al-Bogami & Alahmadi, 2025). It
provides them less opportunities for authentic spoken interaction. Despite the growing adoption of educational technologies in higher
education, little studies have examined the effectiveness of Al-driven pronunciation tools, specifically, ELSA Speak. In light of this, the
present study aims to investigate these research objectives:

1. To examine the role of the ELSA Speak app in enhancing EFL students’ pronunciation.
2. To steer a longitudinal assessment of students’ pronunciation performance at various intervals of time
2. Literature Review

Several research studies highlight the transformative role of Al in language learning, particularly in the domain of pronunciation
development for EFL learners. Al-powered applications such as Elsa Speak have gained attention for their ability to provide real-time,
individualized feedback, which traditional classroom instruction often lacks. Aryanti and Santosa (2024) emphasize that Al tools like Elsa
Speak create immersive and adaptive learning environments. Their systematic review found that such tools significantly enhance learners’
pronunciation skills by offering consistent and targeted feedback. This identification aligns with Godwin-Jones’ (2018) opinion, who
notes that mobile technologies can extend learning beyond the classroom, supporting autonomous and personalized learning practice. In
another study, Sholekhah and Fakhrurriana (2023) highlights the dynamic role of ELSA Speak, revealing the role of gamified elements in
securing interactive learning environment by boosting learners’ motivation. Aligning this, Kholis’s (2021) observation illustrates that this
app promotes autonomous learning by allowing students to practice independently, thereby reducing their reliance on teacher feedback
and encouraging self-directed learning.

Building on this, Aulia and Santosa (2025) conducted a PRISMA-based review that confirms Elsa Speak’s effectiveness in
improving pronunciation skills among learners. They attribute these gains to the app’s interactive features, including gamification,
progress tracking, and speech modeling. Learners also reported increased motivation and engagement, suggesting that Al tools may
foster sustained language practice. Comparative studies further validate Elsa Speak’s pedagogical value. For instance, Arbain et al.
(2023) specified that learners using Elsa Speak outperformed those using non-Al tools in pronunciation assessments. While traditional
tools may support vocabulary acquisition, they lack the nuanced phonological feedback necessary for pronunciation development. In a
similar vein, a study conducted by Al-Shallakh (2024) at a Jordanian university reported significant enhancement in students’
pronunciation after a seven-week intervention with this app. Another study by Karim et al. (2023) found a 17% improvement in speaking
ability, underscoring the app’s effectiveness in fostering both fluency and accuracy. Moreover, the app’s ability to simulate real-life
communication scenarios enables learners to practice and enhance their conversational skills, which is particularly beneficial for less
proficient students (Rusmawaty et al., 2024).

Despite the growing interest in Al-powered pronunciation tools like Elsa Speak, several critical gaps remain in the existing literature.
Most studies emphasize short-term improvements, leaving limited evidence on whether pronunciation gains are retained over time or
effectively transferred to spontaneous speech. Furthermore, many studies lack a comprehensive theoretical framework that integrates
technological, and behavioral perspectives, which is essential for a holistic understanding of AI’s role in language learning. Therefore, a
balanced approach that combines Al tools with traditional teaching methods may be most effective in enhancing EFL learners' oral
proficiency.

2.1 Theoretical Framework

Pronunciation is a complex, multidimensional construct that underpins second language (L2) oral communicative competence. Unlike
other linguistic skills, pronunciation relies on the integration of segmental, suprasegmental, and psycholinguistic processes (Pennington,
2021). To systematically examine how the ELSA Speak app influences pronunciation development, this study adopts the
Comprehensibility, Accuracy, Fluency, and Intonation Rating Scale (CAFIS) as its theoretical framework. It is adapted from Derwing and
Munro’s (2005) holistic pronunciation model, which provides a validated, multidimensional lens to evaluate three core dimensions of
pronunciation:

2.1.1 Accuracy

Accuracy refers to learners’ control over segmental features, including the production of vowels, consonants, and syllable structures that
approximate target-language norms. Its theoretical basis lies in phonetic (Mora-Plaza et al., 2024) and phonological models of second
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language acquisition (Abreu & Gathercole, 2012), which emphasize the role of perceptual discrimination and articulatory practice in
forming new sound categories. Accurate segmental production is fundamental to intelligibility, as mispronunciations at the segmental
level can lead to misunderstanding or communication breakdowns (Derwing & Munro, 2015). Building on this, Gordon and Darcy (2022)
suggest that segmental accuracy is often the first pronunciation component to show improvement following focused instruction,
particularly when learners receive explicit feedback on sound-level errors. However, accuracy alone does not guarantee natural or fluent
speech, underscoring the need to examine additional pronunciation dimensions.

2.1.2 Intonation

Intonation represents the suprasegmental dimension of pronunciation and encompasses pitch movement, stress patterns, and rhythmic
organization (Jenkins, 2004). Its theoretical basis lies in prosodic phonology (Hammond, 2020) and communicative intent theory (Fetzer,
2008). These perspectives highlight the role of intonation in signaling meaning, discourse structure, and pragmatic intent (Dahmen et al.,
2023). In English, intonation patterns contribute to the distinction between statements and questions, the expression of emphasis, and the
management of conversational flow (Liu et al., 2025). For EFL learners, intonation is often challenging due to cross-linguistic influence
and limited exposure to authentic spoken input (Adams-Goertel, 2013). Expanding on this, Zuhairya et al. (2024) assert that inappropriate
intonation can negatively affect perceived comprehensibility and speaker confidence, even when segmental accuracy is relatively high. As
a result, intonation is considered a crucial yet gradually developing component of pronunciation competence.

2.1.3 Fluency

Fluency refers to the temporal dimension of speech, including speech rate, smoothness, and pausing behavior (Derwing & Munro, 2015).
Its theoretical basis is rooted in automaticity theory (Suzuki et al., 2025) and cognitive load theory (Bdna & Bakti, 2020). Automaticity
theory argues that fluency develops as learners transition from controlled to automatic processing of linguistic forms. The reputation of
the practice reduces the cognitive resources needed for production, which leads to smoother speech. While cognitive load theory adds that
focusing on accuracy can disrupt fluency, creating a “trade-off” that complicates L2 development. For EFL learners, this trade-off is
pronounced in contexts with limited oral practice, as cognitive resources are diverted to monitoring accuracy rather than maintaining flow
(Terzioglu & Kurt, 2022). CAFIS captures this balance by evaluating fluency alongside accuracy and intonation, providing a holistic
measure of pronunciation development (Derwing & Munro, 2005).

2.2 ELSA Speak and CAFIS Dimensions

Recent advances in Al technologies have enabled the development of pronunciation tools that align closely with the multidimensional
nature of pronunciation competence (Akram et al., 2022; Jalalzai et al., 2025; Sholekhah & Fakhrurriana, 2023). The ELSA Speak
application employs automated speech recognition and Al-driven feedback to address each CAFIS dimension systematically. At the
segmental level, the app provides immediate feedback on sound accuracy (Liunokas, 2025), allowing learners to identify and correct
specific pronunciation errors. This targeted feedback supports the development of segmental accuracy through repeated, individualized
practice (Karim et al., 2023). In terms of intonation, ELSA Speak exposes learners to native-like speech models and evaluates pitch
variation and stress patterns, encouraging more natural prosodic production (Kholis, 2021). In addition, its visual and auditory feedback
features help learners notice deviations from target intonation patterns, thereby facilitating suprasegmental development (Sholekhah &
Fakhrurriana, 2023). With respect to fluency, this application not only promotes continuous speech production through structured
speaking tasks and repeated practice but also help in reducing hesitation and unnatural pauses (Liunokas, 2025). By integrating these
features, ELSA Speak operationalizes pronunciation training in a manner that aligns with the CAFIS framework and proposes the
following hypotheses:

1. ELSA Speak application significantly enhances EFL learners’ pronunciation accuracy overtime.

2. ELSA Speak application significantly enhances EFL learners’ pronunciation intonation overtime.
3. ELSA Speak application significantly enhances EFL learners’ pronunciation fluency overtime.
4

ELSA Speak application significantly enhances pronunciation (across CAFIS dimensions) over time for students in the
experimental group.

3. Methodology

This study adopted a longitudinal quasi-experimental design to investigate the role of the ELSA Speak application in enhancing EFL
students’ pronunciation over a 12-week intervention. Following a non-equivalent group design, 60 second-year English program students
from a public university of Saudi Arabia were selected through a convenience sampling and assigned to two groups (experimental: n=30;
control: n=30) with random distribution prior to the course onset. All participants shared a relatively homogeneous linguistic background
and had no prior experience of using the ELSA Speak App for English learning. They were further compared on baseline English
proficiency, assessed via pre-test CAFIS scores, revealing no statistically significant differences (p > 0.05) between groups, confirming
initial equivalence (Twisk & Proper, 2004). Furthermore, the study followed all ethical requirements set out by the World Medical
Association's (2013) declaration of Helsinki, which are widely acknowledged standards for research involving human subjects. Research
participants were further adequately informed about the research's purpose, methodology, and the academic evaluation of their audio
samples. Their participation was voluntary, and informed consent was obtained prior to data collection. They were also advised that they
might withdraw from the study at any time without academic or personal consequences. In a similar vein, coded identities were assigned
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to each participant to ensure their anonymity, and no personally identifiable information was collected or shared when divulging the
results.

3.1 Procedure

Both groups received identical 90-minute weekly in-class pronunciation instruction, focusing English word/sentence stress, rhythmic
pacing, and intonation contours, led by the same trained EFL instructor. The only variable difference was the mode of 30-minute daily
out-of-class practice, as detailed below:

Experimental Group

At first, the students in the experimental group received pronunciation training through the ELSA Speak app. Subsequently, they were
made engaged with ELSA Speak app with 30 minutes per day throughout the entire intervention. The app provided learners with
individualized, CAFIS-aligned tasks targeting: (1) accuracy (segmental features, consonants, vowel production, and stress placement); (2)
intonation (suprasegmental aspects, pitch variation, sentence-level prosody, and rhythm); and (3) fluency (pacing guidance, pause pattern
reduction). Learners received real-time audio-visual Al-driven feedback to identify pronunciation errors and make adjustments in real
time and completed tasks sequenced from simple to complex pronunciation activities to progress pronunciation acquisition systematically.
Additionally, regular practice schedules and progress indicators within the app encouraged its sustained engagement. In particular, ELSA
usage was objectively tracked via the platform’s instructor admin dashboard, which captured real-time metrics including daily practice
completion, total session minutes, module mastery rates, and weekly engagement frequency. Average compliance across the 12 weeks was
94% (no attrition); participants completed a mean of 30.2 minutes of daily practice (SD = 2.1) and a total of 2174 cumulative practice
minutes (SD = 148) over the intervention period. All ELSA tasks were aligned with weekly in-class pronunciation topics to ensure
curricular consistency.

Control Group

In contrast, the control group received traditional pronunciation instruction through teacher-led activities without the support of
mobile-assisted pronunciation technology. It included repetition drills (for segmental/suprasegmental features) oral reading tasks of EFL
textbook passages (Headway Intermediate, 5th Ed.), and written pronunciation worksheets (error correction and pattern recognition).
Practice compliance was tracked via weekly worksheet submission and signed practice logs (average compliance: 92%), with the same
instructor providing written feedback on completed practice materials (no additional oral feedback beyond in-class sessions).

3.2 Pronunciation Assessment

Students’ pronunciation performance of both groups was assessed at the beginning (week 1), mid (week 6), and end (week 12) using the
CAFIS’ criteria prescribed by Derwing and Munro (2005). From 1 (very poor) to 9 (outstanding or native-like), this scale offers a
comprehensive range of rankings, focusing on three core dimensions, accuracy, intonation, and fluency.

3.3 Data Collection Procedure

At each measurement point, participants from both groups undertook a standardized speaking task that included three distinct oral tasks
aimed at eliciting comparable oral production for CAFIS rating. Tasks were designed to capture both controlled and spontaneous speech,
as follows:

1. Reading Aloud: A 100-word passage from a standard EFL textbook (carefully selected for a balanced range of vowels,
consonants, and intonation patterns) read at a natural pace.

2. Picture Description: A 1-2 minute description of three connected daily-life scenario pictures with no prior preparation.

3.  Free Speaking: A 1-2 minute spontaneous response to the general topic “My English Learning Experience” with no prior
preparation.

All speech samples were audio-recorded and anonymized (coded with participant 1D only), and stored securely for subsequent CAFIS
rating.

3.4 Rating Procedure and Reliability

Three trained EFL instructors (with >5 years of pronunciation teaching experience) served as raters for the audio-recorded speech samples.
Prior to formal scoring, raters completed two 90-minute calibration sessions using a subset of anonymized pilot speech samples (not
included in the study dataset) to establish a shared understanding of CAFIS descriptors for each dimension (accuracy, intonation, fluency).
Raters scored all samples independently (blind to group assignment and measurement time point) using the CAFIS scoring rubric.
Inter-rater reliability was calculated for each CAFIS dimension using two-way mixed intraclass correlation coefficients (ICC) (Cole,
2024); all ICC values exceeded 0.82 (accuracy: ICC=0.87; intonation: 1CC=0.85; fluency: 1CC=0.84), indicating excellent inter-rater
consistency across raters and measurement time points. Discrepancies in scores (<1 point on the 9-point scale) were resolved via group
consensus among raters.

3.5 Data Analysis

The data were analyzed with SPSS version 26.0. First, descriptive analysis (mean, standard deviation) was run for each CAFIS dimension
across each time point for both groups to summarize performance trends. Subsequently, two-way repeated measures ANOVAs were
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employed to determine whether observed differences across pre-, mid-, and post-intervention stages were statistically meaningful. This
analytic strategy allowed for a clear evaluation of the extent to which sustained engagement with the ELSA Speak app contributed to
learners’ pronunciation development over time.

4. Results

This section presents the findings related to the impact of the ELSA Speak application on EFL students’ pronunciation development
across three time points: pre-intervention, mid-intervention, and post-intervention.

4.1 Descriptive Statistics

Descriptive information (see Table 1) displays the mean and standard deviation values for pronunciation accuracy, intonation, and fluency
for both groups at each time point. At the pre-test stage, the experimental and control groups demonstrated comparable levels of
pronunciation performance across all three dimensions, indicating baseline equivalence. Over time, the experimental group showed a
steady increase in mean scores across all pronunciation dimensions,

whereas the control group showed relatively limited progress. Additionally, error bars (see Figure 1) indicate consistent variability in
scores, and the gap between groups widened at mid-test and post-test, confirming the intervention’s sustained positive effect.
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Figure 1. Mean comparison across CAFIS dimensions over time
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Table 1. Descriptive results

Dimension Group Pre-test Mid-test Post-test
M (SD) M (SD) M (SD)
Accuracy Experimental 4.15 (0.84) 5.46 (0.78) 6.82 (0.70)
Control 4.12 (0.81) 4.38 (0.79) 4.71 (0.76)
Intonation Experimental 3.92 (0.89) 5.03 (0.83) 6.35 (0.75)
Control 3.90 (0.86) 4.14 (0.82) 4.42 (0.80)
Fluency Experimental 4.08 (0.87) 5.18 (0.80) 6.57 (0.72)
Control 4.05 (0.85) 4.33(0.81) 4.60 (0.77)

4.2 Two-Way Repeated Measures ANOVA

To examine the effect of ELSA Speak app on students’ pronunciation over time, prior to conducting inferential analyses, assumptions of
normality and homogeneity of variance were checked and met for all CAFIS dimensions. Two-way repeated measures ANOVA was then
conducted for each CAFIS pronunciation dimension (accuracy, intonation, fluency) (see Table 2). Mauchly’s Test of Sphericity was further
used to verify the critical sphericity assumption for the within-subjects time factor and Group > Time interaction, and no violations of
sphericity were detected, thus no corrective adjustments (e.g., Greenhouse-Geisser) were required for degrees of freedom or p-values. The
results revealed a significant impact of time on all three pronunciation dimensions, which supports hypotheses 1, 2, and 3. In parallel, the
interaction of groups with time was also found significant, which indicates that pronunciation improvement differed significantly between
the experimental and control groups over time, which supports hypothesis 4. It shows that students in the experimental group experienced
significantly greater pronunciation gains over time compared to those in the control group. Regarding strength, the effect of ELSA Speak
app was strongest for Accuracy dimension F(2, 116) = 36.58, p < 0.001, == 0.39, with a mean difference of 2.67 (95% CI), whereas
Intonation demonstrated comparatively smaller improvement then other, i.e., F(2, 116) = 33.47, p = < 0.001, == 0.37, with a mean
difference 2.43.

Table 2. Repeated measures ANOVA results

Dimension Effect F df p-value Partial #=
Accuracy Time 52.41 2,116 <.001 47
Group 18.76 1, 58 <.001 .24
Group x<Time 36.58 2,116 <.001 .39
Intonation Time 48.29 2,116 <.001 .45
Group 16.94 1,58 <.001 .23
Group x<Time 33.47 2,116 <.001 37
Fluency Time 50.13 2,116 <.001 .46
Group 17.62 1,58 <.001 24
Group x<Time 35.89 2,116 <.001 .38

4.2.3 Post Hoc Comparisons

Post hoc analyses with Bonferroni adjustments were conducted (see Table 3) to identify specific differences between time points. These
revealed that the experimental group demonstrated significant improvements across all three pronunciation dimensions from pre-test to
mid-test and from mid-test to post-test. In contrast, the control group did not show statistically significant changes between any of the
measurement points.

Table 3. Post Hoc comparisons

Dimension Group Comparison Mean Difference SE p-value
Accuracy Experimental Pre vs. Mid 131 0.19 <.001
Mid vs. Post 1.36 0.18 <.001
Pre vs. Post 2.67 0.21 <.001
Control Pre vs. Mid 0.26 0.17 142
Mid vs. Post 0.33 0.16 .081
Pre vs. Post 0.59 0.18 .064
Intonation Experimental Pre vs. Mid 111 0.20 <.001
Mid vs. Post 1.32 0.19 <.001
Pre vs. Post 2.43 0.22 <.001
Control Pre vs. Mid 0.24 0.18 .188
Mid vs. Post 0.28 0.17 133
Pre vs. Post 0.52 0.19 .098
Fluency Experimental Pre vs. Mid 1.10 0.19 <.001
Mid vs. Post 1.39 0.18 <.001
Pre vs. Post 2.49 0.21 <.001
Control Pre vs. Mid 0.28 0.17 124
Mid vs. Post 0.27 0.16 141
Pre vs. Post 0.55 0.18 .083
4.3 Inter-Rater Reliability
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Inter-rater reliability for CAFIS ratings was calculated to ensure scoring consistency between the two independent raters (see Table 4).
Intraclass Correlation Coefficient (ICC) values for all dimensions and time points exceeded 0.84, indicating excellent inter-rater agreement
(Shieh, 2016).

Table 4. Inter-rater reliability matrix

Time Point Accuracy ICC (95% CI) Intonation ICC (95% CI) Fluency ICC (95% CI)
Pre-test 0.86 (0.79-0.91) 0.84 (0.76-0.90) 0.88 (0.82-0.93)
Mid-test 0.87 (0.80-0.92) 0.85 (0.78-0.91) 0.89 (0.83-0.94)
Post-test 0.89 (0.83-0.94) 0.87 (0.80-0.92) 0.90 (0.85-0.95)

5. Discussion

Given the extensive application of Al-powered tools in educational settings, the present study examined the role of the ELSA Speak
application in enhancing EFL learners’ pronunciation via the CAFIS dimensions. The findings provide compelling evidence that
technology-enhanced instruction, when grounded in a multidimensional framework, can lead to meaningful and sustained improvements in
learners’ pronunciation skills.

The results revealed that learners who used ELSA Speak achieved substantial improvements in pronunciation accuracy compared to their
counterparts receiving traditional instruction. This finding aligns with Rusmawaty et al.’s (2024) identification, who emphasize the
effectiveness of explicit, form-focused pronunciation practice supported by ELSA Speak. The Al-driven feedback provided by ELSA Speak
appears to have facilitated learners’ awareness of segmental errors, enabling repeated self-correction and refinement of sound production. In
agreement with this, Abdelhalim and Alsehibany (2025) highlight that segmental accuracy is particularly responsive to technology-assisted
instruction due to learners’ ability to practice autonomously and receive individualized feedback. Linking with immediate feedback, our
finding resonates with Xodabande et al. (2025) observation, who argued that accuracy improvements are most pronounced when feedback is
immediate and tailored to learners’ weaknesses. The present findings extend this line of research by demonstrating that such gains are not
only immediate but also sustained across multiple time points, suggesting that Al-supported practice may contribute to longer-term
stabilization of phonological representations.

Regarding intonation, the experimental group also showed significantly greater improvement than the control group, though the magnitude
of gains was the most gradual. This pattern is consistent with Gordon and Darcy’s (2022) findings, indicating that suprasegmental features
tend to develop more slowly than segmental accuracy and require prolonged exposure and practice. The visual and auditory modeling
features embedded in ELSA Speak likely supported learners’ perception and production of pitch variation and stress placement, which are
critical components of intelligible speech. This aligns with Dennis’s (2024) reflection who found that feedback-driven prosodic training
improves CAFIS intonation scores by increasing learners’ awareness of rhythm and stress. Building on this, Al-Bogami and Alahmadi
(2025) suggest that technology-mediated input can enhance learners’ sensitivity to prosodic features that are often neglected in conventional
classroom instruction. Importantly, the observed improvement in intonation reinforces the value of treating pronunciation as a
multidimensional construct, as gains in this domain may not be captured through holistic assessment alone.

Regarding fluency, intervention yielded the gradual but consistent improvement across measurement intervals. This result aligns with
theoretical accounts of fluency development that emphasize automatization and reduced cognitive load in speech production (B&a & Bakti,
2020). The structured repetition and continuous speaking tasks encouraged by ELSA Speak likely contributed to smoother speech flow,
fewer unnatural pauses, and increased speech rate among learners in the experimental group. Terzioglu and Kurt (2022) further noted that
fluency is often the most resistant aspect of pronunciation development, particularly in EFL contexts where opportunities for authentic
spoken interaction are limited. The present findings suggest that Al-powered applications can partially compensate for this limitation by
providing learners with frequent, low-anxiety speaking opportunities, thereby supporting gradual fluency development over time.

Taken together, the findings highlight the pedagogical value of integrating Al-powered pronunciation tools into EFL instruction, particularly
in higher education contexts where individualized feedback is often difficult to provide. The alignment between ELSA Speak’s instructional
features and the CAFIS dimensions suggests that technology is most effective when it is theoretically grounded rather than used as a
stand-alone supplement. Moreover, this study contributes to the limited body of research on Al-assisted pronunciation learning in the Saudi
higher education context, addressing an important gap in the literature. The positive outcomes observed suggest that such tools can be
culturally and pedagogically adaptable, offering scalable solutions for pronunciation instruction in EFL settings.

6. Conclusions

This study set out to explore the role of the ELSA Speak application in enhancing EFL learners’ pronunciation development. Drawing on the
CAFIS analytic framework, the findings provide robust evidence that Al-powered pronunciation instruction can significantly improve
learners’ pronunciation accuracy, intonation, and fluency when compared to traditional instructional approaches. The differential rates of
improvement observed across CAFIS dimensions highlight that pronunciation development is neither uniform nor linear. Segmental
accuracy responded most rapidly to Al-mediated feedback, while suprasegmental features such as intonation and fluency required sustained
exposure and repeated practice. These findings reinforce the pedagogical value of analytic assessment frameworks that move beyond
holistic scoring and allow instructors and researchers to track specific areas of pronunciation growth. The study also demonstrates the
instructional potential of Al-driven applications such as ELSA Speak in addressing long-standing challenges in pronunciation teaching. By
offering immediate, individualized feedback and opportunities for repeated practice, the application supported learners’ autonomous
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engagement with spoken English and compensated for limitations commonly associated with large EFL classrooms. Importantly, the
positive outcomes observed in the Saudi higher education context suggest that Al-assisted pronunciation tools can be effectively adapted
across diverse EFL settings.

Regardless of its significance, the study is not without limitations. The sample size was relatively modest, and pronunciation performance
was assessed within a controlled instructional environment. Further research should include a wider diversity of students, long-term
outcomes, and approaches to implementation of the tools in classrooms for better validation and generalization of artificial intelligence in
language instruction. Additionally, examining the transfer of pronunciation gains to spontaneous communicative contexts would further
strengthen understanding of the long-term impact of such interventions. In conclusion, the study provides practical verification for the
incorporation of Al-powered pronunciation applications in EFL instruction and underscores the importance of theoretically grounded,
multidimensional assessment approaches. By combining technological innovation with analytic pronunciation frameworks, educators and
researchers can better support learners’ oral development and advance pronunciation pedagogy in higher education.
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