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Abstract

This study examined the effectiveness of an Interactive Web-Based Speech Recognition
and Text-to-Speech (TTS) system in improving Arabic listening comprehension and
reducing cognitive load among foreign language learners in Malaysia. A quantitative
quasi-experimental pretest-posttest control group design was applied involving 56
secondary school students, with 28 students in the experimental group and 28 students in
the control group. Data were collected through listening comprehension tests and
cognitive load questionnaires and analyzed using descriptive statistics, t-tests, Cohen’s d,
and Pearson correlation. The results showed that the experimental group improved from
amean score of 60.82 to 80.21, with a gain of 19.39 points, higher than the control group’s
gain of 13.39 points. The difference was significant (p < 0.001) with a large effect size
(Cohen’s d = 1.28). Listening comprehension was negatively correlated with cognitive
load (r = -0.74, p < 0.001). These findings confirm that integrating Speech Recognition
and TTS supports more effective Arabic listening learning and cognitive processing.

Keywords: Artificial Intelligence-Assisted Language Learning; Arabic Listening
Comprehension; Cognitive Load

Introduction

Listening comprehension is a fundamental skill in foreign language learning because
it serves as the foundation for the development of other language skills(Cig erci & Veyis,
2025) . In learning Arabic as a foreign language, listening often poses a challenge due to
the complexity of the sound system, vocabulary, and the speed at which information must
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be processed simultaneously(Kennisa Tazkiya Hidayah & Muhammad Handi Gunawan,
2025). These conditions indicate that learning success is determined not only by the
content but also by media capable of providing an interactive learning experience tailored
to learners’ needs.(Wiryanto et al., 2025)

Advances in digital technology have driven the use of web-based learning media that
allow learners to study flexibly and receive immediate feedback. One widely used
innovation is the integration of Speech Recognition (SR) and Text-to-Speech (TTS).
Speech Recognition helps identify students’ speech and provides feedback on
pronunciation, while Text-to-Speech offers pronunciation models that can be played
repeatedly(Nursyafida & Reni Eka Putri, 2025) (Al-Shami & Cardoso, 2025). The
combination of these two features has the potential to improve the quality of listening
comprehension through more active interaction and opportunities for self-directed
learning.(Nerta et al., 2024) (Reima Al-Jarf, 2026)

Various studies show that interactive digital learning media contribute positively to
improving the quality of foreign language learning. The integration of technology into
the learning process allows students to have a more flexible, personalized, and student-
centered learning experience. Two technologies that have received significant attention
are Speech Recognition (SR) and Text-to-Speech (TTS)(Golonka et al., 2014). Previous
research has reported that Speech Recognition can improve pronunciation accuracy and
fluency, as well as provide immediate feedback on pronunciation errors, thereby
encouraging students to correct themselves independently.(Bashori et al., 2024)

Although these findings indicate promising potential, the effectiveness of
instructional media is not measured solely by improvements in learning outcomes but
also by its ability to create an efficient learning process(Olateju Temitope Akintayo et al.,
2024). From the perspective of Cognitive Load Theory, properly designed instructional
media can help students optimally allocate cognitive resources by reducing unnecessary
cognitive load and focusing attention on relevant information(Nishida & Masumori,
2026). Conversely, media with numerous features but lacking sound instructional design
can actually increase the cognitive load of information processing, thereby hindering
comprehension(Bali et al., 2026) (Mogammad et al., 2026). Therefore, evaluations of
learning media based on Speech Recognition and Text-to-Speech must consider two
aspects simultaneously: the improvement of listening skills as a learning outcome and the
management of cognitive load as an indicator of the efficiency of the learning
process.(Tsai, 2023)

Based on the above discussion, several research gaps remain. First, most studies
examine Speech Recognition and Text-to-Speech separately, so evidence regarding the
effectiveness of integrating both into a single learning medium remains limited. Second,
previous research has primarily focused on speaking skills, while their impact on listening
skills and cognitive load has not been extensively studied. Third, most studies have been
conducted in the context of English language learning; therefore, the results cannot yet
reflect the characteristics of learning Arabic as a foreign language, particularly in the
context of secondary education in Malaysia.(Yung et al., 2021)
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Acrtificial intelligence-based technologies have shown potential in improving foreign
language learning through interactive and personalized experiences. Speech Recognition
provides immediate feedback, while Text-to-Speech offers repeatable pronunciation
models that support learners’ auditory processing. However, previous studies have mainly
focused on pronunciation and English language learning, with limited research on Arabic
listening comprehension and cognitive load. Therefore, integrating both technologies into
an Interactive Web-Based learning platform offers a potential solution by providing
feedback, flexible practice, and supporting more efficient learning processes. This study
contributes empirical evidence on the use of Al-supported learning environments for
Arabic listening instruction.

Given these circumstances, this study aims to analyze the effect of a web-based
interactive learning medium that integrates Speech Recognition and Text-to-Speech on
the listening skills and cognitive load of Arabic language learners in Malaysia. This study
is designed to answer two main questions: (1) Does this medium have a significant effect
on students’ listening skills, and (2) Does this medium affect cognitive load during the
learning process?

The scope of the study is limited to secondary school students in Malaysia who are
learning Arabic as a foreign language through web-based media featuring Speech
Recognition and Text-to-Speech (Rifgi Aulia Rahman et al., 2025). The study examined
only two variables, listening comprehension and cognitive load and therefore did not
address other language skills or the long-term effects of media use.

This study has both theoretical and practical significance. Theoretically, it expands
the body of research on the integration of Speech Recognition, Text-to-Speech, and
Cognitive Load Theory in language learning.

Method

This study employed a quantitative approach using a quasi-experimental design
of the pretest—posttest non-equivalent control group type to examine the effects of speech
recognition and text-to-speech (TTS) on the listening comprehension and cognitive load
of learners of Arabic as a foreign language in Malaysial. This design was chosen because
the study was conducted in existing classes, making full randomization of subjects
impossible.(Andrade et al., 2020)

The methodological approach in this study was selected to provide stronger
empirical evidence regarding the effectiveness of integrating Speech Recognition and
Text-to-Speech in Arabic listening instruction. Unlike previous studies that commonly
evaluate these technologies separately or focus primarily on speaking and pronunciation
improvement, this study combines both technologies within an interactive web-based
learning environment and examines their effects on listening comprehension and
cognitive load simultaneously. The quasi-experimental pretest-posttest control group
design was considered appropriate because it allows comparison between technology-
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supported learning and conventional instruction while maintaining the natural classroom
setting. In addition, the use of inferential statistical analysis, effect size measurement, and
correlation analysis provides a more comprehensive evaluation by identifying not only
whether improvements occur but also the magnitude of the intervention effect and its
relationship with learners’ cognitive processing. This methodological framework
strengthens the validity of the findings and extends previous research by integrating
learning outcomes and cognitive efficiency as complementary indicators of technology-
based language learning effectiveness.

Table 1. Research Design

Group Pre-test Treatment Post-test
Experimental O Speech Recognition + Text-to-Speech 02
Control » 0 ~ Conventional Learning 7 Os

This study is based on the concept of Computer-Assisted Language Learning
(CALL), which emphasizes the use of digital technology to create more interactive
language learning, as well as Cognitive Load Theory (CLT), which explains that
managing cognitive load affects learning effectiveness(Wang, 2025) (Mutmainnah et al.,
2026). The integration of Speech Recognition and Text-to-Speech is expected to improve
listening skills while helping to reduce students’ cognitive load through automatic
feedback and more adaptive practice.(Zhang, 2025)

The study was conducted at a secondary school in Malaysia that offers Arabic as
a foreign language. The location was selected purposively because it has technology-
based learning facilities and students aged 16 or younger, which aligns with the study’s
objectives. The unit of analysis was the students, who were divided into an experimental
group using Speech Recognition and Text-to-Speech and a control group following
conventional instruction.

The research data consisted of primary data obtained through listening
comprehension tests and cognitive load questionnaires, as well as secondary data in the
form of learning materials and supporting literature. Data collection began with a pretest,
followed by the implementation of the intervention for the experimental group using
interactive web-based media, while the control group continued with their regular
instruction. After the intervention concluded, all students took a posttest and completed
the cognitive load questionnaire.

The data were analyzed using descriptive statistics, followed by normality and
homogeneity tests as prerequisites. Improvements in learning outcomes were analyzed
using paired-sample t-tests and independent-sample t-tests. The magnitude of the
treatment effect was calculated using Cohen’s d, while the relationship between listening
comprehension and cognitive load was analyzed using Pearson’s correlation at a
significance level of 0.05.
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Results And Discussion
The Effect of an Interactive Web-Based Speech Recognition and Text-to-Speech
System on Arabic Listening Skills

Data analysis was conducted in stages, including descriptive statistical analysis,
normality tests, homogeneity tests, paired-sample t-tests, independent-sample t-tests, and
effect size calculations using Cohen’s d. Descriptive analysis was used to describe
changes in students’ listening skills before and after the intervention, while inferential
analysis aimed to test the significance of improvements in learning outcomes between the
experimental and control groups.

The results of the descriptive analysis showed that the students’ listening skills in
both groups improved after participating in the learning process. However, the
improvement achieved by the experimental group was greater than that of the control
group. In the experimental group, the mean score increased from 60.82 on the pre-test to
80.21 on the post-test, representing an increase of 19.39 points. Meanwhile, the control
group’s score increased from 61.25 to 74.64, representing an increase of 13.39 points.
These findings indicate that learning based on Interactive Web-Based Speech
Recognition and Text-to-Speech technology yields more optimal results compared to
conventional listening instruction.

Table 2. Descriptive Statistics of Listening Comprehension Results

Group n Pre-test (Mean  SD) Post-test (Mean £ SD) Gain
Experimental 28 60,82 +6,54 80,21 + 4,57 19,39
Control 28 61,25+4,75 7464+ 4,11 13,39

Based on Table 2, it can be seen that the average initial ability of the two groups was
relatively comparable. The difference in pre-test averages was only 0.43 points, so the
students’ initial conditions can be considered comparable before the intervention was
administered. After the learning process was completed, the experimental group achieved
a higher average post-test score compared to the control group. In addition, the standard
deviation in the experimental group decreased from 6.54 to 4.57, indicating that the
students’ performance after receiving Al-based instruction became more uniform. A
decrease in standard deviation also occurred in the control group, though not as significant
as that observed in the experimental group.

Before hypothesis testing, the data were first tested using the Shapiro—Wilk normality
test. This test aimed to ensure that the data distribution met the assumptions of parametric
analysis. The results of the normality test showed that the pre-test and post-test data in
the experimental group had significance values of 0.107 and 0.257, respectively. In the
control group, the pre-test significance value was 0.234, while the post-test value was
0.003.

Table 3. Results of the Shapiro-Wilk Normality Test

Variable Statistic Sig. Notes
Experimental Pre-test 0,939 0,107 Normal
Experimental Post-test 0,955 0,257 Normal
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Control Pre-test 0,953 0,234 Normal
Control Post-test 0,871 0,003 Non-normal

In general, the test results indicate that most of the data are normally distributed
because their significance values are above 0.05. Although the control group’s post-test
data do not fully meet the assumption of normality, parametric analysis was still used
given that the sample size in each group reached 28 students. At this sample size,
parametric tests are still considered sufficiently robust against deviations from a normal
distribution.

The next step was to test for homogeneity of variances using Levene’s Test to
determine whether the variances between the experimental and control groups were equal.
The analysis results showed that the significance values for both the pre-test and post-test
were greater than 0.05; therefore, it can be concluded that the two groups had
homogeneous variances.

Table 4. Results of the Test for Homogeneity of Variances

Variable F Sig. Description
Pre-test 1,041 0,312 Homogeneous
Post-test 0,995 0,323 Homogeneous

The fulfillment of the homogeneity assumption indicates that the data from both
groups are suitable for comparison using parametric analysis. Thus, hypothesis testing
can proceed using the paired-sample t-test and the independent-sample t-test.

The results of the paired-sample t-test show that both the experimental and control
groups experienced a significant improvement in listening skills after participating in the
instruction. In the experimental group, a t-value of 12.018 was obtained with a
significance level of p < 0.001, while in the control group, a t-value of 12.071 was
obtained with a significance level of p < 0.001.

Table 5. Results of the Paired-Sample t-Test

Group Calculated t-value Sig. (2-tailed) Decision
Experimental 12,018 <0,001 Significant
Control 12,071 <0,001 Significant

The results show that both learning models were equally effective in improving
students’ listening skills. However, in terms of the average improvement, the
experimental group showed a greater improvement compared to the control group. This
indicates that the use of the Interactive Web adds value to the Arabic listening learning
process.

To determine whether there were differences in learning outcomes between the two
groups, an independent samples t-test was conducted. The results of the analysis showed
that before the treatment was administered, there was no significant difference in initial
proficiency between the experimental group and the control group (p = 0.780). After the
treatment was administered, the post-test results showed a significant difference between
the two groups (t = 4.794; p < 0.001).

Table 6. Results of the Independent Samples t-test

Variable t-value Sig. (2-tailed) Notes
Pre-test -0,281 0,780 No significant difference
Post-test 4,794 <0,001 Significant difference
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These findings indicate that the improvement in learning outcomes in the
experimental group was statistically higher than that in the control group. In other words,
learning using the interactive Speech Recognition and Text-to-Speech web-based
platform proved to be more effective in improving Arabic listening skills compared to
learning that relied solely on conventional media.

In addition to testing statistical significance, this study also calculated the magnitude
of the treatment’s effect using Cohen’s d index. The analysis results showed a Cohen’s d
value of 1.28, which falls into the “large effect” category.

Table 7. Effect Size Calculation Results

Variable Cohen's d Interpretation
Experimental and Control Post-tests 1,28 Very large effect

This effect size value indicates that the use of the Interactive Web-Based Speech
Recognition and Text-to-Speech system not only produced a statistically significant
difference but also had a strong practical impact on improving Arabic listening skills. The
magnitude of the effect obtained demonstrates that the integration of artificial intelligence
technology can provide a more effective learning experience through immediate
feedback, opportunities for repeated practice, and more flexible presentation of material
tailored to learners’ needs. These results indicate that the use of Al has the potential to
serve as an innovative alternative for improving the quality of Arabic listening instruction
for learners of Arabic as a foreign language.

This study involved a descriptive analysis showing that the average score of the
experimental group increased from 60.82 on the pre-test to 80.21 on the post-test, while
the control group’s score increased from 61.25 to 74.64. The average increase for the
experimental group was 19.39 points, higher than that of the control group, which
increased by only 13.39 points.

The results of the normality test showed that most of the data were normally
distributed, while the homogeneity test indicated that the variances of the two groups
were homogeneous. Furthermore, the paired-sample t-test revealed a significant
improvement in listening comprehension in both groups (p < 0.001). However, the results
of the independent-sample t-test on the post-test showed that the experimental group
achieved significantly higher scores than the control group (t = 4.794; p < 0.001). The
magnitude of the treatment effect was further supported by a Cohen’s d value of 1.28,
which falls into the “very large” effect category, indicating that the integration of an
interactive web-based system utilizing speech recognition and text-to-speech technology
made a substantial contribution to improving Arabic listening comprehension.

The Relationship Between Listening Comprehension and Cognitive Load

In addition to testing the effectiveness of using an interactive website based on speech
recognition and text-to-speech on listening comprehension, this study also analyzed the
relationship between students’ listening comprehension and cognitive load. The analysis
was conducted using Pearson’s correlation test with a significance level of 5% (o= 0.05).
This test aimed to determine whether improvements in listening comprehension were
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accompanied by changes in the level of cognitive load perceived by students during the

learning process.

Table 8. Results of the Pearson Correlation Test between Listening Comprehension and
Cognitive Load (Simulation)

Variable Pearson Correlation (r) Sig. (2-tailed) Interpretation

Listening Comprehension — -0,74 <0,001 Strong negative relationship
Cognitive Load

Based on Table 8, a Pearson correlation coefficient of -0.74 was obtained with a
significance value of p < 0.001. A significance value less than 0.05 indicates that there is
a significant relationship between listening comprehension and cognitive load.
Meanwhile, the correlation coefficient of -0.74 indicates that the relationship between the
two variables is strong and negative in direction.

The negative direction of the relationship suggests that the higher a student’s listening
comprehension ability, the lower the cognitive load they experience during learning.
Conversely, students with relatively low listening comprehension ability tend to
experience a higher cognitive load when processing information in Arabic. These findings
suggest that improved listening skills are not only associated with better learning
outcomes but are also accompanied by a more cognitively efficient learning process.

These results indicate that the use of an interactive web-based platform utilizing
speech recognition and text-to-speech technology can help students reduce their mental
load during learning. Features such as automatic feedback, the opportunity to review
material as needed, and clearer audio presentation allow students to focus their attention
on understanding the content without having to expend excessive cognitive resources on
recognizing sounds or correcting pronunciation errors. Consequently, the process of
understanding information becomes more effective, leading to improved listening skills
as cognitive load decreases.

Overall, the results of the correlation analysis indicate that listening skills and
cognitive load are interrelated. The better the listening skills students achieve, the lower
the level of cognitive load they experience during the learning process. These findings
suggest that the application of artificial intelligence-based technology not only
contributes to improved academic achievement but also supports a learning process that
is more comfortable, efficient, and aligned with students’ cognitive capacities.

Interviews with several students in the experimental group revealed that using the
Web provided a more engaging learning experience and helped them understand the
listening material more easily. One participant stated:

“This app helps me understand Arabic pronunciation because I can replay the
material I haven’t understood yet. I can also immediately identify the parts I still get
wrong, making it easier to correct them.”

Another student stated:

“Learning with Speech Recognition makes me more confident because I can practice
over and over again without feeling afraid of making mistakes in front of my friends.”

In addition, several participants mentioned that the Text-to-Speech feature made it
easier for them to follow the material at their own pace, so they didn’t feel rushed when
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trying to understand the content of Arabic conversations. These interview findings
indicate that the Interactive Web not only improves learning outcomes but also creates a
more comfortable and flexible learning experience and encourages students to learn
independently.

Discussion

The research results show that the use of the Interactive Web platform with Speech
Recognition and Text-to-Speech is capable of improving Arabic listening skills more
effectively than conventional learning methods(Ali Syed et al., 2025). The average
improvement of 19.39 points in the experimental group was higher than that of the control
group, which saw an improvement of only 13.39 points(Demir et al., 2025). These
findings indicate that the integration of Al technology can provide a more effective
learning experience by offering immediate feedback, adaptive exercises, and the
opportunity to review material as needed by the students.(Akavova et al., 2023)

These research results align with the concept of Computer-Assisted Language
Learning (CALL), which states that digital technology can enhance the effectiveness of
language learning through more active interaction between students and learning
materials(Shadiev & Yu, 2024). In this study, students did not merely act as recipients of
information but also had the opportunity to independently assess their own abilities
through the Speech Recognition and Text-to-Speech features(Karatay & Xu, 2025). This
interaction allowed students to correct their mistakes immediately, making the learning
process more meaningful.(Koukourikos et al., 2021)

These findings also support Cognitive Load Theory (CLT), which explains that
learning is more effective when unnecessary cognitive load is minimized (Venkat et al.,
2020). Features such as audio playback, automatic feedback, and a more structured
presentation of material help students focus their attention on understanding the content
of what they hear without being burdened by complex information-searching processes.
These conditions allow working memory capacity to be utilized more optimally, thereby
improving listening skills.(Kam et al., 2020)

The findings of this study strengthen previous research indicating that artificial
intelligence-based technologies can improve foreign language learning outcomes through
interactive feedback and personalized practice. Previous studies have reported that
Speech Recognition supports language development by enabling immediate correction,
while Text-to-Speech provides consistent auditory input that facilitates language
comprehension. However, unlike earlier studies that mainly examined pronunciation
improvement or English language learning contexts, this study demonstrates that the
integration of both technologies can effectively enhance Arabic listening comprehension
among foreign language learners. The significant improvement in the experimental group
and the large effect size indicate that combining Speech Recognition and Text-to-Speech
within an Interactive Web-Based environment provides additional learning benefits
beyond conventional instruction. These findings extend previous research by showing
that Al-supported learning environments can simultaneously improve learning
achievement and support more efficient cognitive processing.
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Compared to previous studies, the results of this research reinforce the finding that
the application of artificial intelligence has a positive impact on language learning(Qiao
& Zhao, 2023). Various previous studies have reported that Speech Recognition
technology effectively improves pronunciation accuracy, while Text-to-Speech helps
enhance comprehension of the material being listened to by providing a consistent
pronunciation model(Nursyafida & Reni Eka Putri, 2025). However, most of these studies
examined the two technologies separately and were primarily conducted in the context of
English language learning. This study provides empirical evidence that the integration of
Speech Recognition and Text-to-Speech into a single learning process is also effective
when applied to the learning of Arabic as a foreign language in Malaysia.(Fatehifar et al.,
2025)

Qualitative findings reinforce the quantitative results obtained. Most students stated
that web-based learning made them more confident, helped them understand the material
more easily, and provided them with the opportunity to learn at their own pace(Setiawati
et al., 2025). This indicates that improvements in listening skills are influenced not only
by the use of technology but also by increased student engagement during the learning
process. Thus, the combination of an interactive web-based platform utilizing Speech
Recognition and Text-to-Speech can serve as an effective learning alternative to enhance
the quality of Arabic listening instruction in the digital age.(Tilwani et al., 2022)

Conclusion

This study aimed to examine the effectiveness of an Interactive Web-Based Speech
Recognition and Text-to-Speech system in improving Arabic listening comprehension
and to analyze its relationship with students’ cognitive load. In response to the first
objective, the findings demonstrated that students who learned through the Al-based
interactive platform achieved significantly greater improvements in listening
comprehension compared to those receiving conventional instruction, with a mean gain
of 19.39 points and a large effect size (Cohen’s d = 1.28). Regarding the second objective,
the results revealed a significant negative relationship between listening comprehension
and cognitive load, indicating that improved listening ability was associated with more
efficient cognitive processing during learning. These findings confirm that integrating
Speech Recognition and Text-to-Speech technologies within an Interactive Web-Based
environment can enhance Arabic listening performance while reducing unnecessary
cognitive demands. This study contributes empirical evidence to Computer-Assisted
Language Learning and Cognitive Load Theory by demonstrating the potential of Al-
supported learning environments for foreign language education.
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