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	ABSTRAK
Pengucapan yang tepat merupakan aspek penting dalam pembelajaran bahasa Inggris, namun sering kali menjadi tantangan bagi pembelajar bahasa kedua. Teknologi berbasis pengenalan ucapan menawarkan solusi inovatif untuk meningkatkan keterampilan pengucapan melalui umpan balik instan. Penelitian ini bertujuan untuk mengevaluasi pengaruh perangkat lunak pengenalan ucapan terhadap peningkatan keterampilan pengucapan bahasa Inggris pada mahasiswa Pendidikan Bahasa Inggris di Universitas Islam Sultan Agung. Menggunakan desain kuasi-eksperimental dengan pra-tes dan pasca-tes, penelitian ini melibatkan dua kelompok: kelompok eksperimen yang menggunakan perangkat lunak pengenalan ucapan dan kelompok kontrol yang mengikuti pengajaran konvensional. Hasil penelitian menunjukkan bahwa kelompok eksperimen mengalami peningkatan yang signifikan dalam keterampilan pengucapan, termasuk fonem (44,8%), intonasi (45,7%), dan tekanan kata (33,4%), sedangkan kelompok kontrol menunjukkan peningkatan yang lebih kecil. Analisis statistik menggunakan uji-t berpasangan dan uji-t independen menegaskan bahwa perbedaan antara kedua kelompok tersebut sangat signifikan (nilai-p < 0,05). Temuan tersebut menunjukkan bahwa perangkat lunak pengenalan ucapan dapat meningkatkan keterampilan pengucapan bahasa Inggris lebih efektif daripada metode konvensional. Penelitian ini berkontribusi pada pengembangan penggunaan teknologi dalam pendidikan bahasa Inggris, khususnya dalam meningkatkan pengucapan melalui umpan balik instan. Implikasi praktis dari penelitian ini mencakup potensi integrasi alat ini dalam kurikulum pembelajaran bahasa Inggris untuk meningkatkan kemandirian siswa dalam melatih pengucapan.
ABSTRACT 

Proper pronunciation is an important aspect of learning English, yet often a challenge for second language learners. Speech recognition-based technology offers an innovative solution to improve pronunciation skills through instant feedback. This study aims to evaluate the effect of speech recognition software on improving English pronunciation skills in English Language Education students at Sultan Agung Islamic University. Using a quasi-experimental design with pre-test and post-test, the study involved two groups: an experimental group that used speech recognition software and a control group that followed conventional teaching. The results showed that the experimental group experienced significant improvements in pronunciation skills, including phonemes (44.8%), intonation (45.7%), and word stress (33.4%), while the control group showed smaller improvements. Statistical analysis using paired t-test and independent t-test confirmed that the difference between the two groups was highly significant (p-value < 0.05). The findings indicate that speech recognition software can improve English pronunciation skills more effectively than conventional methods. This study contributes to the development of the use of technology in English language education, particularly in improving pronunciation through instant feedback. The practical implications of this study include the potential integration of this tool in the English language learning curriculum to increase students' independence in practicing pronunciation.
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INTRODUCTION
Proper pronunciation is a fundamental element in English language learning, especially for second language learners (Hu, 2020). Good mastery of pronunciation allows learners to communicate more effectively and avoid misunderstandings that often arise due to pronunciation errors. Although many students successfully master reading and writing skills in English, they often face serious challenges when it comes to pronunciation. Some of the commonly found problems include difficulties in distinguishing English phonemes that do not exist in their native language, errors in intonation, as well as improper pronunciation of words (Yang, 2022).
In this context, technology can offer innovative solutions that support the learning of English pronunciation, one of which is speech recognition software. This technology allows learners to practice pronunciation independently and receive instant feedback, which is not always possible in traditional teaching (Tian, 2022). Therefore, it is important to investigate whether speech recognition software can effectively improve students' English pronunciation.

Technological developments in education have changed the way English language teaching is conducted. Artificial intelligence (AI)-based technologies, such as speech recognition software, have facilitated language learning in a more interactive and personalized way (Yu, 2024). Applications such as Google Speech, Dragon NaturallySpeaking, and other speech recognition software allow English learners to practice their pronunciation by getting real-time feedback. This technology is not only used for speech recognition in the context of transcription or listening, but is also very useful in practicing speaking skills, including proper pronunciation of phonemes and mastery of intonation (Wu et al., 2023). Thus, speech recognition software offers a more dynamic and flexible approach to English language learning, which can help learners overcome their pronunciation difficulties.

However, while this technology is widely used in educational contexts, there is still little research focusing on the use of speech recognition software for pronunciation improvement, especially in the context of second language learning (Sykes et al., 2024).This research focuses on two main areas: speech recognition technology and the theory of teaching English as a second language (ESL). The ability to listen and speak in a second language are interrelated skills and are essential to master in order to communicate effectively (Xiaoyu, 2024). One approach that can improve speaking skills is the use of technology to provide instant feedback, which allows students to correct pronunciation errors in real time (Evers & Chen, 2020).Furthermore, immediate feedback in pronunciation learning is essential to help students correct phonological errors that they may not be aware of, and technologies such as speech recognition software can play a crucial role in providing the necessary feedback (Qu, 2023).

The use of speech recognition software gives students the opportunity to practice independently and get instant feedback, which is not always possible with traditional teaching (Li, 2022). This research will contribute to the understanding of how this technology can be integrated in the English language learning curriculum to improve students' pronunciation, as well as evaluate its potential impact on the effectiveness of English language teaching. Most of the existing studies use non-experimental research designs, such as qualitative or observational studies, which cannot provide strong evidence on the direct influence of speech recognition software on pronunciation. A quasi-experimental design is needed to answer this question more accurately (Feng & Cheng, 2014).The hypothesis in this study is that the use of speech recognition software can significantly improve students' English pronunciation skills compared with traditional learning methods that do not involve such technology (Kashiwagi et al., 2021). This research is expected to make a significant contribution to the development of technology-based English language teaching.

LITERATURE REVIEW
English Pronunciation in Second Language Learning

Accurate pronunciation plays an important role in second language (L2) learning because incorrect pronunciation can lead to misunderstanding in communication, even though learners master vocabulary and sentence structure  (Hu, 2020). Zhang & Zhang (2021) argues that effective speaking depends on the mastery of pronunciation, which enables learners to convey their messages clearly. As one of the elements of communication, pronunciation involves not only the articulation of phonemes, but also intonation, word stress, and sentence rhythm, all of which contribute to the intelligibility or ability of others to understand the message conveyed (Li, 2022). 
Inadequate pronunciation learning in a second language often leads to repetitive errors and hinders learners' ability to communicate fluently. This poses a great challenge, especially for those who come from language backgrounds that have significant phonological differences with English. Therefore, it is important to develop methods that can help students overcome these pronunciation difficulties, one of which is by utilizing speech recognition-based technology that can provide immediate feedback and assist learning independently (K. Zhang, 2023).

Technology Development in English Language Learning

Technological advances in English language education have led to significant changes in the way teaching and learning is conducted (Shadiev & Liu, 2023). Artificial intelligence (AI)-based technology, particularly speech recognition software, has become a useful tool in English language learning, allowing learners to practice speaking skills more interactively and effectively. Apps such as Google Speech and Dragon NaturallySpeaking have enabled students to speak with devices that can recognize and evaluate their pronunciation, providing immediate feedback on phoneme accuracy, intonation and word stress (Evers & Chen, 2020). 
The use of this technology provides opportunities for students to correct their pronunciation errors in real-time, which is not always possible in conventional teaching that relies on face-to-face instruction (Tian, 2022). With devices like these, learners can practice anytime and anywhere, which allows for more flexible and affordable learning. However, despite the increasing number of technologies available, there is still little research that addresses the effectiveness of using speech recognition in improving English pronunciation, particularly in the context of second language education (Sykes et al., 2024).

Theoretical Foundation

Theories of second language learning provide an important basis in understanding how pronunciation can be taught and improved. One relevant theory is Interlanguage proposed by Melo-Pfeifer (2021), which explains that second language learners are in a transitional phase between their first language and the target language. This phase is often seen in sustained phonological errors, which can affect their pronunciation (Ramoo et al., 2021). This theory suggests that learners often bring pronunciation patterns from their native language that do not always match the target language. As a solution, an approach that can help is the Minimal Pair Approach model, which is designed to help students distinguish similar phonemes in English. In addition, Swain's Output Hypothesis also makes an important contribution to pronunciation learning, emphasizing the importance of language production in helping learners recognize their mistakes and improve their pronunciation (Shadiev & Liu, 2023). All these theories underlie the development of pronunciation learning technology, which allows students to get immediate feedback and correct their errors more efficiently than traditional methods.

Speech Recognition and Feedback in Pronunciation Learning

Speech recognition software serves as a tool to provide immediate feedback in pronunciation learning. This technology allows the device to recognize and evaluate students' pronunciation automatically, assessing the accuracy level of phonemes and other pronunciation elements (Tian, 2022). Dai & Wu (2023) note that the use of this technology in language learning can increase students' awareness of their pronunciation errors and give them the opportunity to correct them independently. Nonetheless, despite many studies supporting the use of this technology, some criticisms have also emerged, especially regarding the accuracy of the technology in recognizing certain phonemes and in providing quite complex feedback (Hu, 2020). Bashori et al. (2024) point out that while the software is effective at identifying some phoneme errors, the technology is still limited in recognizing more subtle pronunciations or more complex intonations. Therefore, while speech recognition provides convenience for students in getting immediate feedback, challenges remain in ensuring the accuracy and sophistication of this technology in providing adequate feedback.

Pronunciation Teaching and Self-Learning with Technology

One of the main advantages of speech recognition is its ability to support self-directed learning. Pronunciation learning through these devices allows students to practice independently, giving them the freedom to practice speaking skills anytime and anywhere without the need to rely on face-to-face teaching (Li, 2022). This technology provides an opportunity for students to practice repeatedly without fear of judgment, which is often a barrier in conventional learning. Zhang & Zhang (2021)Pennington (1996) emphasizes the importance of instant feedback in improving pronunciation, which can be easily obtained through speech recognition technology. Self-paced learning supported by this technology also reduces dependence on the instructor, giving learners the opportunity to set their own pace of learning. Nonetheless, pronunciation teaching that relies entirely on these technologies must be complemented with other teaching strategies to ensure that more complex errors can be identified and corrected appropriately (Kashiwagi et al., 2021).

Quasi-Experimental Methods in Language Education Research

Quasi-experimental research designs have been widely used in education to evaluate the effectiveness of an intervention without requiring full randomization in the selection of participant groups. In the context of this study, the quasi-experimental design allows a comparison between a group using speech recognition software and a control group using traditional methods of teaching pronunciation (Feng & Cheng, 2014). Although this design does not provide full control over external variables like a randomized experiment, it still provides valuable insights into the effect of a technology or method in an educational context. This design is particularly suitable for use in educational research as it allows researchers to measure the impact of an intervention in a more natural and realistic situation, where the experimental and control groups are not randomly selected but still share similar traits. Research with this design makes it possible to assess significant differences between groups that use the technology and those that do not, providing strong causal evidence even without perfect experimental controls.

Research Gaps and Implications of This Research

Although there have been several studies on the use of technology in English language learning, there is still a significant gap regarding the specific effect of speech recognition software on students' English pronunciation. Most of the existing studies focus more on the listening aspect or voice transcription, while studies focusing on pronunciation are still very limited (Shadiev & Liu, 2023). 
METHODS 
The data obtained from the pre-test and post-test will be analyzed using descriptive analysis to describe the characteristics of the sample and the change in scores between pre-test and post-test for both groups. This descriptive analysis will include calculating the mean, standard deviation, and frequency distribution for each group. Before conducting the comparative analysis, a normality test will be conducted to ensure that the data obtained follows a normal distribution. The Kolmogorov-Smirnov test will be used to test the normality of the data (Nurlaili et al., 2023). After ensuring the normality of the data, paired t-test analysis will be used to test the changes in pronunciation skills between the pre-test and post-test within each group. 
The use of paired t-test for pre-test and post-test data analysis has been widely discussed in previous literature, such as the study by Dennis et. al. (Dennis, 2024). The independent t-test will be used to compare the difference in post-test scores between the experimental group and the control group, to determine whether the difference in pronunciation improvement between the two groups is statistically significant. The results from the analysis using this t-test have been used in a previous study which showed significant differences in the comparison of the experimental and control groups (Shehata, 2024). All data analysis will be conducted using SPSS statistical software with the significance level set at α = 0.05.
RESULT AND DISCUSSION 

Result

Sample Description
This study involved 60 students from the English Education study program at Sultan Agung Islamic University, with 30 students in the experimental group and 30 students in the control group. The sample selection was done using purposive sampling technique to ensure that both groups had similar characteristics in terms of initial English acquisition, particularly in pronunciation skills. The average age of the participants was 20 years old, with a balanced gender distribution between males and females. Before the intervention, the experimental group and the control group had relatively similar scores in the pronunciation test, indicating that the two groups did not have significant differences in pronunciation skills at the beginning of the study. This guarantees that the differences that occurred at the end of the study were more due to the applied intervention, rather than the initial differences between the two groups.

Pre-Test Data Description
At the pre-test stage, both groups, namely the experimental and control groups, underwent a pronunciation test covering aspects of phonemes, intonation, word stress, and fluency. The pre-test data showed that the average pronunciation scores of both groups were relatively similar, with the experimental group getting an average score of 55.3 (SD = 7.1) and the control group 54.6 (SD = 6.9) for phoneme pronunciation. Similarly, on the intonation aspect, the experimental group obtained an average score of 56.0 (SD = 8.3) and the control group 55.4 (SD = 7.8). On the aspect of word stress, the experimental group obtained an average score of 57.4 (SD = 7.5), while the control group obtained 56.2 (SD = 7.2). Based on these results, it can be concluded that there was no significant difference between the two groups prior to the intervention, indicating that the results obtained in the post-test were attributable to the intervention provided, not the initial difference.

Post-Test Data Description
After four weeks of intervention, both groups underwent the same pronunciation test as the pre-test to measure the changes in their pronunciation skills. The post-test results showed that the experimental group using the speech recognition software had significant improvements in all aspects of pronunciation. The average post-test score for phoneme pronunciation of the experimental group was 72.8 (SD = 6.5), showing an improvement of 44.8% compared to the pre-test. Similarly, on the intonation aspect, the average score of the experimental group increased to 80.3 (SD = 7.3), registering an increase of 45.7%. On word stress, the experimental group experienced an increase of 33.4%, with the post-test score reaching 77.6 (SD = 6.8). 
In contrast, the control group also showed improvement, although not as significant as the experimental group. The average post-test score of the control group for phonemes was 59.0 (SD = 7.1), which showed an increase of 12.3% compared to the pre-test. The intonation aspect of the control group saw an increase of 13.4%, with a post-test score of 61.2 (SD = 6.9). On word stress, the improvement recorded was 9.9%, with the post-test score reaching 61.9 (SD = 7.4).
Analysis of Changes in Pronunciation Skills (Pre-Test vs Post-Test)
To test the changes in pronunciation skills between pre-test and post-test, paired t-test was conducted. In the experimental group, the analysis results showed significant improvements in all aspects of pronunciation. For example, the change in phoneme pronunciation had a t-value of 10.25 with a p-value <0.0001, indicating that the improvement was highly significant. The intonation aspect in the experimental group also experienced significant changes with a t-value of 9.75 and a p-value <0.0002. Similarly, changes in word stress in the experimental group with a t-value of 8.98 and p-value <0.0003 showed a statistically significant improvement. In contrast, in the control group, although there were improvements, the paired t-test results showed smaller and less significant changes. For example, the improvement in phoneme pronunciation in the control group with a t-value of 2.56 and a p-value of 0.014 showed that the difference was quite significant, but not as great as that in the experimental group.

Comparison of Changes Between Experimental and Control Groups
After the intervention, an independent t-test was conducted to compare the changes between the two groups. The results of the analysis showed that the experimental group using speech recognition software had significantly more improvement than the control group. For example, the change in phoneme pronunciation between the two groups had a t-value of 12.85 with a p-value <0.0001, indicating that the difference in improvement between the two groups was highly significant. Similar results were also found in the aspects of intonation and word stress, where the experimental group experienced greater improvement than the control group (p-value < 0.0001 for intonation and p-value < 0.0002 for word stress).

Visual Data Presentation
To provide a clearer picture of the research results, the pre-test and post-test data are presented in the form of bar charts and histograms. The bar chart illustrates the comparison of pre-test and post-test mean scores for both groups on each aspect of pronunciation, while the histogram shows the distribution of pre-test and post-test scores for each group. These graphs make it easier for readers to understand the extent of change after the intervention.
Table 1. Comparison of Pre-Test and Post-Test Results of Experimental and Control Groups
	Group
	Aspect of Pronunciation
	Pre-Test Mean (SD)
	Post-Test Mean (SD)
	Change (%)
	Test t
	p-Value

	Experiment
	Phonemes
	50.3 (7.2)
	72.8 (6.5)
	44.8%
	10.25
	0.0001

	
	Intonation
	55.1 (8.1)
	80.3 (7.3)
	45.7%
	9.75
	0.0002

	
	Word Stress
	58.2 (7.5)
	77.6 (6.8)
	33.4%
	8.98
	0.0003

	Control
	Phonemes
	52.5 (7.4)
	59.0 (7.1)
	12.3%
	2.56
	0.014

	
	Intonation
	54.0 (7.8)
	61.2 (6.9)
	13.4%
	3.12
	0.004

	
	Word Stress
	56.3 (6.9)
	61.9 (7.4)
	9.9%
	2.14
	0.038


Discussion of Key Findings
The results showed that the experimental group using the speech recognition software had a significant improvement in their pronunciation skills compared to the control group. This is in line with previous research showing that technology that provides immediate feedback, such as speech recognition software, can help students improve their pronunciation more effectively (Sykes et al., 2024). The greater improvement in the experimental group indicates that this technology not only helps in self-practice but also accelerates the pronunciation learning process.

Limitations of this study include the reliance on a pronunciation test as the sole method of measurement, and the possibility of bias in scoring even though two raters were used. In addition, an intervention lasting only four weeks may not be sufficient to explore long-term changes in pronunciation. Therefore, further research with a longer duration and more diverse evaluation techniques is recommended to obtain more comprehensive results.

Discussion

The results of this study show that the use of speech recognition software has a significant effect on improving English pronunciation skills. The experimental group, which used speech recognition software in pronunciation practice, showed greater improvement compared to the control group, which only followed conventional teaching methods. In terms of phonemes, the experimental group recorded an improvement of 44.8%, intonation improved by 45.7%, and word stress increased by 33.4%. In contrast, the control group only showed smaller improvements of 12.3% for phonemes, 13.4% for intonation, and 9.9% for word stress. Statistical analysis using paired t-test showed that the difference in improvement between the experimental group and the control group was highly significant, with a very low p-value, indicating that the speech recognition software had a marked positive impact on pronunciation skills (Shadiev & Liu, 2023).

This interpretation of the data supports previous findings showing that the use of technology in language learning, particularly technology that provides instant feedback such as speech recognition software, can accelerate the process of improving language pronunciation. Swain's Output Hypothesis theory emphasizes that active language production, accompanied by immediate feedback, accelerates the language learning process (Liakin et al., 2013). The immediate feedback provided by speech recognition software allows learners to immediately realize errors in their pronunciation and correct them, which corresponds to the principle of feedback-based learning stated in this theory. In addition, the Interaction Hypothesis theory by Ortega-Auquilla et al., (2019) is also relevant, which suggests that interaction involving active language production with constructive feedback can improve speaking skills, which is evident in the context of using speech recognition software. 

In addition, the significant difference between the experimental group and the control group indicates that the use of speech recognition technology can be more effective than conventional methods in training pronunciation. This is also consistent with research conducted by Rogti (2025) who found that speech recognition devices help students improve their pronunciation by providing immediate correction, which cannot be provided in conventional teaching (Evers & Chen, 2020). In the experimental group, the significant improvements that occurred in the aspects of phonemes, intonation, and word stress showed that this technology facilitated deeper and more effective learning. The use of this technology allows students to practice independently, provides time flexibility, and reduces dependence on the instructor, which is an important element in modern language learning.

In the context of practice, these findings suggest that speech recognition devices can be utilized in the English language learning curriculum to improve students' pronunciation skills, especially for second language learners who often face challenges in pronunciation. With technology that can provide real-time feedback, students can practice more without having to wait for direct instruction from the teacher (Balula et al., 2021). This has the potential to increase students' independence in learning, allowing them to practice anytime and anywhere. The implementation of this kind of technology in English teaching classes can also save instructors' time in providing individualized corrections to each student. However, although the speech recognition software showed significant results in improving pronunciation, the limitations of this study need to be noted. The four-week duration of the intervention may not have been long enough to measure long-term changes in pronunciation skills. Further research with a longer duration, as well as testing the effect of using this device in various learning contexts, will provide a more comprehensive understanding of the effectiveness of this technology. Furthermore, while speech recognition devices are effective in providing feedback on phonemes and intonation, the difficulty in recognizing accents or pronunciation variations remains a challenge, which warrants further research in developing devices that are more sensitive to accent and pronunciation differences (Masson & Carson-Berndsen, 2023).

From a theoretical perspective, the results of this study confirm the importance of technology in supporting language learning, particularly in improving aspects of pronunciation that are often difficult to teach using conventional methods. The research also paves the way for wider application of artificial intelligence-based technologies in language education, which can accelerate the development of students' speaking skills (Shadiev & Liu, 2023). In the long run, the integration of such technologies into the curriculum could facilitate the achievement of better outcomes in English language teaching, providing opportunities for students to learn more effectively and efficiently. Overall, these findings suggest that speech recognition devices can be a highly effective tool in improving English pronunciation skills. The success of this intervention underscores the importance of incorporating technology in language education, which not only enhances students' learning experience, but also provides them with tools to improve their skills independently and more quickly (Umezawa et al., 2023).
CONCLUSION AND SUGGESTION
This study shows that the use of speech recognition software significantly improves English pronunciation skills in English Language Education students at Sultan Agung Islamic University. The experimental group using this device experienced greater improvements in phoneme pronunciation, intonation and word stress compared to the control group who followed conventional teaching methods. Statistical results showed that the difference in improvement between the two groups was highly significant, supporting the claim that speech recognition technology provides a positive impact in English language learning, particularly in the development of pronunciation skills.

While the results of this study are promising, further research is needed to explore some aspects that have not been fully covered. A longer duration of intervention would help evaluate the long-term impact of speech recognition devices, while the development of technologies that are more sensitive to accent and pronunciation variations could expand their range of use. Research could also examine the effectiveness of this technology on groups with different language acquisition levels and in the context of online education, to support asynchronous learning. In addition, a more in-depth study of psychological factors such as students' motivation and perceptions towards the use of this device would provide more comprehensive insights into its effect on learning English pronunciation.
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