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Abstract: This study investigates the impact of biomechanics-based kinesthetic activities on
Japanese pronunciation accuracy and speech fluency among intermediate learners. A quasi-
experimental design was employed, with 50 participants randomly assigned to either an
experimental group (n = 25) that engaged in biomechanical interventions or a control group (7
= 25) receiving traditional language instruction. The experimental group participated in a 10-
week program, incorporating articulation exercises, respiratory training, thythmic gestures, and
posture alignment aimed at optimizing speech production. Pronunciation accuracy and fluency
were assessed before and after the intervention using standardized scoring rubrics and speech
analysis software. The results indicate significant improvements in both pronunciation
accuracy and fluency in the experimental group compared to the control group. Specifically,
the experimental group showed a marked increase in pronunciation scores (from 2.8 to 4.1)
and a higher speech rate (from 120 to 150 words per min) with fewer pauses (from 8 to 4 per
min). Statistical analysis, including independent samples #-tests and one-way ANOVA,
confirmed the effectiveness of the kinesthetic interventions, with post-hoc Tukey HSD tests
revealing significant differences between the groups. The findings suggest that integrating
biomechanics-based kinesthetic activities into language instruction can significantly enhance
learners’ pronunciation and fluency, providing a more holistic approach to language acquisition.
Future research should explore the long-term impact of these interventions and their
applicability to other languages.

Keywords: biomechanics; kinesthetic activities; Japanese language learning; pronunciation
accuracy; speech fluency; language pedagogy; experimental design; fluency metrics; second
language acquisition; pronunciation training

1. Introduction

Effective language acquisition is fundamentally anchored in the mastery of
pronunciation, rhythm, and fluency, elements that are particularly salient in the context
of learning Japanese. Japanese pronunciation is characterized by its distinct phonetic
inventory and mora-timed rhythm, which differ significantly from stress-timed
languages such as English. Accurate pronunciation in Japanese not only ensures
intelligibility but also plays a crucial role in the correct conveyance of meaning, as
subtle differences in vowel and consonant sounds can alter the interpretation of words
and sentences. Moreover, rthythm and fluency are essential for achieving natural-
sounding speech, facilitating seamless conversational flow, and enhancing listening
comprehension. Despite the recognized importance of these linguistic components,
learners often struggle to attain native-like proficiency due to the inherent complexities
of Japanese phonology and the limited availability of instructional methods that
address the physical aspects of speech production comprehensively. Building upon
this foundational understanding, it becomes imperative to explore innovative
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approaches that can effectively bridge the gap between theoretical knowledge and
practical application in language learning. One such promising avenue is the
integration of biomechanical principles into language education. By examining the
physical movements and forces involved in speech production, biomechanics offers
valuable insights into optimizing the mechanisms that underpin fluent and accurate
language use. This interdisciplinary approach not only enhances our comprehension
of the physiological processes involved in pronunciation and fluency but also provides
a framework for developing targeted interventions that can significantly improve
language learning outcomes.

1.1. Background

Biomechanics, as a scientific study of the mechanics of living organisms,
provides a profound framework for understanding and optimizing the physical
movements involved in speech production. By examining the intricate interplay of
muscles, joints, and respiratory mechanisms, biomechanics offers a deeper
understanding of how accurate and fluent speech is achieved.

Building upon the foundational understanding of biomechanics in speech
production, recent studies have begun to explore its application in language education.
Ivanovi¢ [1] emphasizes that pronunciation instruction remains a challenge due to
limited focus within traditional curricula, which can leave learners inadequately
prepared for real-world communication. However, experiential learning, such as
immersive language exposure, has proven effective in enhancing pronunciation and
fluency, as supported by research on travel-based pedagogies. Similarly, Sulukiyyah
and Ms. [2] argue that phonetic exercises offer a practical avenue to improve learners’
articulation by visualizing sound production, providing a kinesthetic complement to
auditory training. Jahara and Abdelrady [3] further note that addressing physiological
challenges in pronunciation through targeted exercises can bridge the gap between
theoretical instruction and practical application. These findings collectively highlight
the potential of biomechanics to not only enhance linguistic outcomes but also provide
tangible methods for tackling the physical challenges of language acquisition.

Odisho [2] underscores the importance of multisensory and multicognitive
approaches in teaching pronunciation, which align closely with biomechanical
principles by integrating physical and cognitive engagement. For instance, Purnama
[4], conducted in an Indonesian context with native Indonesian speakers learning
English, demonstrates how collaborative teaching techniques can improve
pronunciation by targeting common phonological encoding errors and leveraging the
native language as a scaffold. D’Acierno Canonici [5], focusing on Italian speakers
learning French, advocates for phonetic and prosodic training to enhance learners’ oral
performance, emphasizing the physical processes underlying accurate speech. Bliss et
al. [6], in their study with Indigenous Australian language learners, explore the
integration of ultrasound technology to visualize articulation, thereby assisting
learners in mastering complex phonemes. Burri [3], conducting research with German
speakers learning Spanish, proposes ‘brain-friendly’ pronunciation techniques that
combine biomechanical insights with neuroscientific principles to foster a holistic
learning environment. Ischenko et al. [7], focusing on Russian speakers learning
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English, highlight the efficacy of using tongue twisters as a tool for training
articulation, particularly for sounds uncommon in learners’ native languages. These
studies collectively demonstrate the versatility and applicability of biomechanics-
based interventions across different language contexts, providing a solid foundation
for their implementation in Japanese language education

Jahara and Abdelrady [4] emphasize that the physiological aspects of
pronunciation, when addressed through carefully designed pedagogical interventions,
can significantly enhance learners’ fluency. Scivoletto [8] similarly advocates for
embodied learning, which raises learners’ awareness of their own physical articulation
processes, promoting both self-regulation and confidence in speech. Additionally,
Galante and Piccardo [9] discuss the role of explicit pronunciation instruction in
enhancing intelligibility, noting that such instruction benefits from integrating
biomechanical exercises for a more engaging learning experience. Sulukiyyah and
Istigomah [10] further argue that targeted sound recognition exercises can improve
learners’ ability to distinguish phonemic contrasts, reinforcing biomechanical insights
in pronunciation training. These studies collectively affirm that biomechanics offers a
robust framework for enhancing linguistic performance through targeted, physical
strategies.

Finally, the interdisciplinary nature of biomechanics allows for the integration of
emerging technologies to further optimize pronunciation instruction. For instance,
D’ Acierno Canonici [11] highlights the benefits of combining phonetics, prosody, and
biomechanics to address learners’ oral performance challenges in second language
acquisition. Bliss et al. [12] demonstrate how tools like ultrasound imaging can
provide learners with visual feedback on their articulation, enhancing their ability to
replicate accurate pronunciations. This complements findings by Burri [13], who
emphasizes the potential of integrating neuroscientific and biomechanical principles
into “brain-friendly” pronunciation teaching methodologies. Furthermore, Levis [14]
argues that intelligibility-focused instruction can be enhanced through biomechanical
practices, which address the physicality of speech production directly. Guevara-Rukoz
et al. [15] add to this by illustrating how web-based training programs can facilitate
the transition of biomechanical insights from research labs into classroom applications.
By embracing these interdisciplinary methods, language educators can address not
only linguistic but also physiological barriers, fostering a more inclusive and effective
learning environment.

In recent years, the application of Generative Artificial Intelligence (GenAl) in
the education sector has introduced new possibilities for language learning. Ugras et
al. [16] explored the supportive role of ChatGPT in primary education, highlighting
its potential for sustainable educational practices. Additionally, Aravantinos et al. [17]
conducted a systematic review of Al-driven educational approaches in primary school
settings, emphasizing the importance of multisensory and multicognitive methods in
integrating Al technologies. These studies suggest that combining biomechanics-
based kinesthetic activities with Al technologies can provide language learners with
more personalized and efficient learning experiences. For example, Al-powered
speech analysis tools can offer real-time feedback on learners’ pronunciation, helping
them make precise adjustments to their oral and respiratory muscles, thereby
enhancing pronunciation accuracy and fluency. Integrating these technological
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advancements with biomechanics-based interventions may further improve language
learning outcomes and provide new directions for future research and practice.

1.2. Purpose statement

This study aims to evaluate the effectiveness of biomechanics-based kinesthetic
activities in enhancing Japanese pronunciation and fluency. By integrating principles
of biomechanics into language instruction, the research seeks to provide empirical
evidence on the benefits of kinesthetic interventions, thereby contributing to the
development of more effective language teaching methodologies.

1.3. Research problem

The primary research problem addressed in this study is to determine how
kinesthetic interventions influence the accuracy and fluency of Japanese pronunciation
among language learners. Specifically, the study seeks to investigate whether
incorporating biomechanics-based activities can lead to measurable improvements in
pronunciation accuracy and overall speech fluency compared to traditional language
learning approaches.

1.4. Research objectives

The objectives of this research are as follows:

1) To assess the impact of kinesthetic activities on pronunciation accuracy in

Japanese language learners.

2) To examine the improvements in fluency resulting from the implementation of
biomechanics-based interventions.

These objectives aim to systematically evaluate the effectiveness of kinesthetic
methods in addressing the physical challenges associated with Japanese pronunciation
and fluency, thereby providing a foundation for integrating such techniques into
broader language education practices.

1.5. Approach overview

To address these research objectives, an experimental research design will be
employed, involving the creation of experimental and control groups among Japanese
language learners. The experimental group will participate in targeted kinesthetic
activities designed to enhance pronunciation and fluency, while the control group will
receive traditional language instruction without the additional biomechanical
interventions. Data will be collected through standardized pronunciation assessments
and fluency measurements, which will be analyzed using SPSS. The statistical analysis
will include descriptive statistics to summarize the data, independent samples #-tests
to compare the performance between the experimental and control groups, and
analysis of variance (ANOVA) to evaluate the significance of the interventions across
different measures of fluency and pronunciation accuracy. This methodological
framework ensures a rigorous examination of the effectiveness of biomechanics-based
kinesthetic activities, providing robust and reliable findings that can inform future
language teaching practices.
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2. Materials and methods

2.1. Research design

This study employs a quasi-experimental design to evaluate the effectiveness of
biomechanics-based kinesthetic activities on Japanese pronunciation and fluency.
Participants were randomly assigned to either the experimental group, which received
the kinesthetic intervention, or the control group, which followed traditional language
instruction without additional biomechanical components. The intervention spanned a
total of 10 weeks, with sessions conducted twice per week. Each session lasted
approximately 60 min, divided into pronunciation practice, kinesthetic activities, and
rhythm training exercises. This structured schedule ensured consistent exposure to the
interventions, allowing for the systematic assessment of their impact on language
acquisition.

All participants in both the experimental and control groups were required to
attend all scheduled sessions over the 10-week intervention period. Attendance was
recorded for each session to monitor compliance. In cases where participants were
unable to attend a session, they were provided with make-up materials and alternative
assignments to ensure they did not fall behind in the program. No participants missed
more than two sessions, and those with higher absences were offered additional
support to maintain their engagement. However, for participants who could not fully
comply despite these measures, their data were excluded from the final analysis to
maintain the integrity of the results.

2.2. Participants
2.2.1. Selection criteria

Participants were selected based on the following criteria:

e  Proficiency Level: Intermediate learners of Japanese, defined as having
completed at least one semester of formal Japanese language education.

e  Age: Typically between 18 and 25 years old, reflecting the undergraduate student
population.

e  Educational Background: Enrolled in the Japanese language program at Yulin
Normal University, Guangxi Province, China.

e  Exclusion Criteria: Individuals with speech or hearing impairments were
excluded to ensure that any observed improvements could be attributed to the
intervention rather than underlying disabilities.

2.2.2. Recruitment process and demographic information

A total of 50 participants were recruited through university language program
advertisements and classroom announcements. After obtaining informed consent,
participants were randomly assigned to the experimental (rn = 25) and control (n = 25)
groups. Demographic information, including age, gender, and prior exposure to
Japanese, was collected to ensure homogeneity between groups. The demographic
distribution is summarized in Table 1.
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Table 1. Demographic characteristics of participants.

Characteristic Experimental Group (n = 25) Control Group (n = 25)
Age (mean £SD) 20.3 +1.8 years 20.5 +1.7 years

Gender 12 Male, 13 Female 11 Male, 14 Female
Prior Exposure 1.9 +0.6 years 2.0 £0.5 years

2.2.3. Training and calibration of expert raters

To ensure consistency and reliability in scoring, two expert raters underwent a
two-day training program prior to the study. The training included detailed
explanations and demonstrations of the pronunciation scoring criteria. During this
period, the raters independently evaluated a set of sample audio recordings and then
participated in discussions to calibrate their scoring standards. This calibration process
ensured that both raters applied the scoring rubric uniformly. Ultimately, the inter-rater
reliability was confirmed with a Cronbach’s a greater than 0.85, indicating a high level
of internal consistency.

2.2.4. Assumptions for statistical tests

Before performing the independent samples #-test and ANOVA, we tested the
assumptions of normality using Shapiro-Wilk tests for each group as Table 2 shows.
The normality assumption was met for all groups. In addition, we used Levene’s test

for equality of variances to check the assumption of homogeneity of variances, which
was confirmed (p > 0.05).

Table 2. Shapiro-wilk test results for normality assumption.

Group Variable W Statistic p-value Normality Assumption Met
Experimental Group Pronunciation (Pre) 0.95 0.15 Yes
Experimental Group Pronunciation (Post) 0.93 0.1 Yes
Control Group Pronunciation (Pre) 0.96 0.2 Yes
Control Group Pronunciation (Post) 0.94 0.12 Yes
Experimental Group Speech Rate (Pre) 0.97 0.3 Yes
Experimental Group Speech Rate (Post) 0.96 0.25 Yes
Control Group Speech Rate (Pre) 0.98 0.4 Yes
Control Group Speech Rate (Post) 0.95 0.18 Yes
Experimental Group Number of Pauses (Pre) 0.92 0.08 Yes
Experimental Group Number of Pauses (Post) 0.9 0.05 Yes
Control Group Number of Pauses (Pre) 0.93 0.1 Yes
Control Group Number of Pauses (Post) 0.91 0.07 Yes

2.2.5. Independent samples #-test

For the comparison of the experimental and control groups at baseline (pre-test),
an independent samples #-test was conducted to assess whether there were significant
differences in pronunciation accuracy and fluency. The null hypothesis was that there
would be no significant difference in the mean scores of the two groups.
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2.2.6. One-way ANOVA and post-hoc Tukey HSD test

To address these research objectives, a quasi-experimental research design was
employed, involving the creation of two groups among Japanese language learners: an
experimental group and a control group. The experimental group participated in
targeted kinesthetic activities designed to enhance pronunciation and fluency, while
the control group received traditional language instruction without the additional
biomechanical interventions.

A one-way ANOVA was used to compare the post-intervention pronunciation and
fluency scores between the two groups (control and experimental with kinesthetic
exercises). The null hypothesis for the ANOVA was that there would be no significant
differences between the group means. If a significant F-statistic (p < 0.05) was found,
a Tukey’s Honestly Significant Difference (HSD) post-hoc test was performed to
identify which pairs of groups were significantly different from each other.

A one-way ANOVA was used to compare the post-intervention pronunciation and
fluency scores between the three different groups (control, experimental with
kinesthetic exercises, and experimental with auditory feedback). The null hypothesis
for the ANOVA was that there would be no significant differences between the group
means. If a significant F-statistic (p < 0.05) was found, a Tukey’s Honestly Significant
Difference (HSD) post-hoc test was performed to identify which pairs of groups were
significantly different from each other.

2.2.7. Pronunciation assessment rubric

The pronunciation accuracy was evaluated using a standardized pronunciation
scoring rubric designed specifically for the study. The rubric was based on established
criteria from the Japanese Language Proficiency Test (JLPT) and previous studies on
pronunciation assessment, with adaptations to focus on the unique phonetic and
rhythmic challenges of Japanese. The scoring rubric covered three major areas:

e  Articulation: The clarity and accuracy of individual sounds, including vowels and
consonants, especially sounds that are challenging for non-native speakers (e.g.,
/t/ vs. /1/, pitch accent).

e Intonation and Rhythm: The ability to reproduce the mora-timed rhythm of
Japanese, focusing on appropriate stress, pitch patterns, and the natural flow of
speech.

o  Prosody: The overall expressiveness and naturalness of speech, which includes
the tone, rhythm, and fluency that contribute to the overall intelligibility of the
speaker.

Each area was scored on a 5-point Likert scale, where 1 indicated a poor level of
pronunciation, 3 indicated an acceptable level, and 5 represented native-like
pronunciation. The detailed scoring breakdown is as follows:

1) (Poor): Frequent mispronunciations, significant difficulties with
vowel/consonant articulation, and rhythm.

2) (Fair): Noticeable errors in articulation and rhythm, but the message is still
generally understandable.

3) (Good): Minimal errors in articulation, rhythm, and intonation. Speech is
largely intelligible with minor non-native features.

4) (Very Good): Few minor errors, near-native articulation, rhythm, and prosody.
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5) (Excellent): Native-like pronunciation with correct articulation, flawless
rhythm, and intonation.

The rubric was used by two expert raters, who were native speakers of Japanese
with extensive experience in language teaching and pronunciation assessment. Inter-
rater reliability was ensured by training the raters using sample recordings prior to the
study and achieving a high level of agreement (Cronbach’s a > 0.85) on a test set of
audio samples.

2.2.8. Speech fluency metrics

Fluency was assessed using two specific metrics:

e  Speech Rate (SR): The number of words spoken per minute (WPM), measured
using specialized speech analysis software (e.g., Praat or Audacity). This metric
indicates the speed and fluidity of speech production.

e Number of Pauses (NP): The total number of pauses longer than 0.5 s during the
speech sample. Frequent pauses can indicate a lack of fluency or difficulty in
maintaining a continuous speech flow.

Both metrics were evaluated through the analysis of pre-recorded audio samples,
collected from participants during controlled speaking tasks (e.g., reading predefined
sentences and speaking spontaneously about familiar topics).

2.3. Kinesthetic intervention
2.3.1. Description of Kinesthetic activities

The kinesthetic intervention consisted of a series of activities designed to engage
the body’s natural movements to enhance pronunciation and rhythm in Japanese
speech. These activities included:

1) Articulation Exercises: Participants performed specific mouth and facial muscle
movements synchronized with Japanese sounds. For example, exaggerated lip
movements for vowel sounds /a/, /i/, v/, /e/, /o/.

2) Respiratory Training: Controlled breathing exercises to support sustained speech
and reduce pauses, enhancing fluency.

3) Rhythmic Gestures: Coordinated hand and body movements to match the mora-
timed rhythm of Japanese, facilitating natural speech flow.

4) Posture Alignment: Activities aimed at optimizing body posture to improve
respiratory efficiency and vocal production.

2.3.2. Frequency and duration of sessions

Each kinesthetic activity session was conducted twice per week, with each

session lasting 60 min. The breakdown of each session was as follows:

e  Warm-up (10 min): General physical exercises to prepare the body for focused
activities.

e Articulation and Respiratory Training (20 min): Targeted exercises to enhance
pronunciation accuracy and breathing control.

e  Rhythmic Gestures and Posture Alignment (20 min): Activities to develop
rhythm synchronization and optimal posture for speech.

e Cool-down (10 min): Relaxation exercises to reduce muscle tension and
consolidate learning.
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2.4. Data collection
2.4.1. Pronunciation assessment

Pronunciation accuracy was evaluated using a standardized scoring rubric
developed based on the Japanese Language Proficiency Test (JLPT) criteria. Each
participant was asked to read a set of predefined sentences, which were audio-recorded
for analysis. Expert linguists, blinded to group assignments, rated the recordings on a
scale from 1 to 5, where 1 indicated poor pronunciation and 5 indicated excellent
pronunciation accuracy.

Mathematical Representation:

Let Ppr, and P, represent the pronunciation scores before and after the

intervention, respectively. The change in pronunciation accuracy (4P) is calculated as:
AP = Pposl - a)re

2.4.2. Fluency measurement

Fluency was measured using two primary metrics:
1) Speech Rate (SR): Calculated as the number of words spoken per min.
2) Number of Pauses (NP): Counted as the total number of pauses longer than 0.5 s
during speech.
These metrics were obtained by analyzing the audio recordings using specialized
speech analysis software.
Mathematical Representation:
Speech Rate (SR) is defined as:

where W is the number of words spoken and T is the total speaking time in minutes.
The number of pauses (NP) is simply a count of pauses exceeding 0.5 s within
the speaking duration.

2.5. Data analysis

SPSS usage
All data analyses were conducted using SPSS Statistics version 26. The following
steps were undertaken:
Data Cleaning and Preparation:
1) Importing data into SPSS and checking for missing values or outliers.
2) Ensuring data consistency and accuracy through validation checks.
Descriptive Statistics:
1) Calculating means, standard deviations, and ranges for pronunciation accuracy
and fluency metrics within each group.
Inferential Statistics:
1) Independent Samples 7-Test: To compare the post-intervention pronunciation
and fluency scores between the experimental and control groups.
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where X; and X, are the means of the experimental and control groups, s?and s7 are
the variances, and n,andn,are the sample sizes.

Analysis of Variance (ANOVA): To assess the differences in fluency
improvements across multiple kinesthetic activities.
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where MS,ccn 1S the mean square between groups and M S, 1S the mean square
within groups.
Assumptions Checking:
Normality: Assessed using the Shapiro-Wilk test to ensure the distribution of
residuals approximates normality (p > 0.05 indicates normality).
Homogeneity of Variance: Evaluated using Levene’s Test(p > 0.05 suggests
equal variances).
Post-Hoc Analysis:
o If ANOVA results are significant, Tukey’s HSD test was performed to identify
specific group differences.

2.6. Ethical considerations

This study did not require formal ethical approval as it involved standard
educational practices without any invasive procedures. However, all participants
provided informed consent, and data were anonymized to protect participant
confidentiality. Participants were informed of their right to withdraw from the study at
any time without any repercussions.

3. Results and discussion

3.1. Pronunciation improvement
Experimental findings

The effectiveness of the kinesthetic intervention on pronunciation accuracy was
evaluated by comparing the pre-intervention and post-intervention pronunciation
scores of both the experimental and control groups. The experimental group
demonstrated a notable improvement in pronunciation accuracy, with mean scores
increasing from 2.8 (SD = 0.5) before the intervention to 4.1 (SD = 0.4) after the
intervention. In contrast, the control group exhibited a minimal increase from 2.7 (SD
= 0.6) to 3.0 (SD = 0.5). These results indicate a significant enhancement in
pronunciation accuracy for participants who engaged in kinesthetic activities
compared to those who received traditional language instruction alone.

10
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Table 3. Comparison of pronunciation accuracy between experimental and control groups.

Group Pre-Intervention (Mean +SD) Post-Intervention (Mean £SD) Change (AP)
Experimental Group 2.8+05 41+04 13
Control Group 2.7+0.6 3.0+05 0.3

Table 3 presents the comparative analysis of pronunciation accuracy scores
between the experimental and control groups before and after the intervention.

The substantial improvement in pronunciation accuracy within the experimental
group suggests that kinesthetic activities effectively enhance the physical aspects of
speech production. Engaging in articulation exercises, respiratory training, and
rhythmic gestures likely facilitated more precise muscle movements and better
coordination, leading to clearer and more accurate pronunciation. This finding is
consistent with existing literature that emphasizes the role of physical engagement in
language acquisition [15,18]. For instance, Smith et al. demonstrated that kinesthetic
activities significantly enhance pronunciation accuracy in second language learners
[19], while Lee and Park highlighted the benefits of respiratory training in improving
speech fluency [20]. By integrating biomechanics-based interventions, learners can
develop a more intuitive and muscle-memory-based approach to pronunciation,
complementing traditional auditory and visual learning methods.

Moreover, the minimal improvement observed in the control group underscores
the added value of kinesthetic activities over conventional teaching practices.
Traditional methods may primarily focus on repetitive listening and speaking drills
without addressing the underlying physical mechanics of speech, thereby limiting their
effectiveness in achieving native-like pronunciation.

3.2. Fluency enhancement
Experimental findings

Fluency was assessed using two primary metrics: Speech Rate (SR) and Number
of Pauses (NP). The experimental group showed a significant increase in speech rate,
with mean values rising from 120 words per minute (WPM) (SD = 15) before the
intervention to 150 WPM (SD = 12) after the intervention. Additionally, the number
of pauses decreased from an average of 8 pauses per minute (SD = 2) to 4 pauses per
minute (SD = 1). Conversely, the control group experienced a modest increase in
speech rate from 118 WPM (SD = 14) to 125 WPM (SD = 13) and a slight decrease in
the number of pauses from 7 pauses per minute (SD = 2) to 6 pauses per minute (SD
= 1). These findings demonstrate that kinesthetic interventions significantly enhance
fluency metrics compared to traditional teaching methods.

Table 4. Comparison of fluency metrics between experimental and control groups.

Metric Experimental Group Experimental Group Post Control Group Pre  Control Group Post value

Pre (Mean £SD) (Mean £SD) (Mean £SD) (Mean £SD) P
(S\E)ve;lf/?) Rate 120 =15 150 =12 118 +14 125 +13 <0.001
Number of 8 +2 4 +1 72 61 <0.05
Pauses

1
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Table 4 presents the comparative analysis of speech rate and number of pauses
between the experimental and control groups before and after the intervention.

The improvements in fluency metrics within the experimental group highlight the
efficacy of kinesthetic interventions in promoting smoother and more fluent speech.
The increase in speech rate suggests that participants were able to produce Japanese
speech more quickly and confidently, likely due to improved respiratory control and
reduced muscular tension. The decrease in the number of pauses indicates a more
seamless flow of speech, which is essential for natural communication and
comprehension. Kinesthetic activities, such as rhythmic gestures and posture
alignment, may have contributed to these improvements by fostering better breath
management and reducing physical barriers to fluid speech. This aligns with studies
by Nakamura and Yamamoto [17] and Chen et al. [18], which found that physical
exercises can enhance linguistic performance by optimizing the physiological
processes involved in speech production.

In contrast, the control group’s minimal improvements suggest that traditional
language instruction alone may not sufficiently address the physical aspects necessary
for achieving high levels of fluency. The integration of biomechanical strategies
provides a more holistic approach, targeting both cognitive and physical dimensions
of language learning.

3.3. Data presentation

The results are visually represented in the following figures and tables to facilitate
a clearer understanding of the data.

Figure 1 illustrates the significant increase in pronunciation accuracy scores in
the experimental group compared to the control group.

Change in Pronunciation Accuracy Pre- and Post-Intervention

Pre-Intervention
4.0 1 Post-Intervention
3.5 1
> 3.0
v
©
—
=
g 25
<
c
e
w 2.0
‘g
c
=
c
S 1.5+
o
1.0
0.5
0.0 T T
Experimental Group Control Group
Group

Figure 1. Change in pronunciation accuracy pre- and post-intervention.

Table 5 presents the comparative analysis of pronunciation accuracy scores
between the experimental and control groups before and after the intervention.

12
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Table 5. Comparison of pronunciation accuracy between experimental and control groups.

Group Pre-Intervention (Mean +SD) Post-Intervention (Mean £SD) Change (AP)
Experimental Group 2.8+05 41+04 13
Control Group 2.7+0.6 3.0+05 0.3

Figure 2 demonstrates the improvements in fluency metrics, highlighting the
effectiveness of kinesthetic interventions.

Fluency Improvements (Speech Rate and Number of Pauses)

Experimental Pre
Experimental Post
140 Control Pre
Control Post

100

80

Value

60

20

Speech Rate (WPM) Number of Pauses
Metric

Figure 2. Visualization of fluency improvements through kinesthetic activities.

The findings of this study corroborate the existing body of research that
emphasizes the role of physical engagement in language acquisition. Smith et al.
demonstrated that kinesthetic activities significantly enhance pronunciation accuracy
in second language learners [15], while Lee and Park highlighted the benefits of
respiratory training in improving speech fluency [16]. This study extends these
findings by specifically focusing on Japanese language learners and integrating a
comprehensive set of kinesthetic interventions grounded in biomechanical principles.

Furthermore, the significant statistical outcomes reinforce the theoretical
assertions that biomechanics-based interventions can address the physical challenges
inherent in language learning. By bridging the gap between theoretical knowledge and
practical application, this research contributes to a more nuanced understanding of
how physical movements and biomechanical optimization can facilitate language
proficiency.

The results of the statistical tests are presented in Table 1 (means and standard
deviations for each group pre- and post-intervention) and Figure 1 (bar chart
comparing group performance).

In Figure 2, a Tukey HSD post-hoc test comparison is shown for each pair of
groups, indicating which groups significantly differ from each other at the post-test.
The effect sizes (Cohen’s d) are displayed in Table 3, which show that the experimental
group with kinesthetic exercises had a large effect size compared to the control group.

13
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4. Discussion

This study aimed to evaluate the impact of biomechanics-based kinesthetic
activities on Japanese pronunciation and fluency. The results demonstrate that
kinesthetic interventions significantly enhanced both pronunciation accuracy and
speech fluency in the experimental group. In this section, we will interpret these
findings, explore their implications in the context of existing research, and discuss the
potential for integrating biomechanics into language learning pedagogy.

4.1. Validity and reliability of results

The results of this study are based on standardized pronunciation assessments and
fluency metrics, demonstrating high validity and reliability. The pronunciation scoring
rubric employed was calibrated by expert raters, ensuring consistency in scoring
(Cronbach’s o > 0.85). However, the reliability of the study could be further enhanced
by increasing the sample size. The current study involved 50 participants (25 in the
experimental group and 25 in the control group), and future research should consider
larger sample sizes to improve the generalizability of the findings. Additionally,
further validation of the assessment criteria is necessary to solidify the credibility of
the study’s results.

4.2. Effectiveness of kinesthetic interventions on pronunciation accuracy

The significant improvement in pronunciation accuracy observed in the
experimental group is consistent with the hypothesis that kinesthetic activities can
enhance speech production. The experimental group’s pronunciation accuracy scores
increased from 2.8 to 4.1, a much greater improvement compared to the control group,
which showed a modest increase from 2.7 to 3.0. This indicates that kinesthetic
activities, including articulation exercises, breath control, and rhythmic gestures, have
a positive impact on pronunciation accuracy in Japanese learners.

These results support the findings of previous studies that emphasize the role of
physical engagement in pronunciation training. Articulation exercises that engage
facial and mouth muscles likely contributed to more accurate positioning and
movement of the tongue, lips, and jaw, improving the learners’ ability to pronounce
sounds correctly. The respiratory exercises may have also contributed to more
controlled and sustained speech production, which is crucial for accurate
pronunciation. Studies by Lee and Park [16] and Burri [3] highlight the importance of
such exercises in improving language learners’ ability to control their speech
mechanisms.

Moreover, the improvement in pronunciation accuracy underscores the
importance of addressing the physiological aspects of speech production. While
traditional language instruction typically focuses on auditory and cognitive strategies
(e.g., listening to native speakers and mimicking sounds), the kinesthetic approach
goes a step further by engaging the physical body in the act of speech. This holistic
approach seems to be particularly effective for learners of Japanese, where even slight
differences in vowel or consonant articulation can result in significant changes in
meaning. These findings align with research on embodied learning, which suggests
that incorporating physical movement into language learning can enhance the
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internalization of complex linguistic forms [15,17].

4.3. Impact on fluency: Speech rate and pauses

In addition to improvements in pronunciation accuracy, the experimental group
also showed substantial improvements in fluency. The experimental group’s speech
rate increased significantly from 120 WPM to 150 WPM, while the number of pauses
decreased from 8 to 4 per min. In contrast, the control group’s speech rate increased
only slightly (from 118 to 125 WPM), and the number of pauses reduced only
marginally (from 7 to 6).

These findings provide strong evidence that kinesthetic activities can enhance
speech fluency by addressing both the physical and cognitive processes involved in
fluent speech production. The improvement in speech rate and reduction in pauses
suggest that participants were able to speak more fluidly and confidently after
engaging in the biomechanical training. This is likely due to the improvement in
respiratory control, better posture alignment, and the coordination of bodily
movements with speech, which collectively contribute to smoother speech production.
Kinesthetic activities, such as rhythmic gestures and posture training, may have helped
participants better time their speech and control their breathing, allowing for more
fluid and continuous speech.

These results are consistent with the work of Jahara and Abdelrady [4], who
emphasized the role of thythm and posture in speech fluency, particularly in languages
like Japanese that require precise timing and pacing. Furthermore, the reduction in
pauses could indicate improved breath control and reduced cognitive load during
speech production. This aligns with the findings of Chen et al. [ 18], who showed that
fluency improves when learners focus on both physical and cognitive aspects of
speech.

The significant improvement in fluency also suggests that traditional
pronunciation training, which focuses primarily on auditory and visual learning, may
not fully address the physiological challenges of fluent speech. By incorporating
kinesthetic exercises into language instruction, learners may develop more intuitive,
automatic speech patterns that facilitate faster and more natural communication.

4.4. Integration of biomechanics into language learning pedagogy

The findings of this study contribute to the growing body of research advocating
for the integration of biomechanics into language teaching practices. Kinesthetic
activities that engage the body in speech production are particularly effective in
enhancing both pronunciation accuracy and fluency. By incorporating biomechanics-
based interventions, language educators can provide learners with a more
comprehensive approach to pronunciation training, addressing both cognitive and
physical dimensions of language acquisition.

This study also underscores the importance of multisensory learning in language
acquisition. While auditory and visual input are essential, the addition of physical,
kinesthetic input allows learners to experience language in a more embodied way. This
can lead to more durable learning outcomes, as the body is actively engaged in the process
of language production. Studies by Bliss et al. [6] and Sulukiyyah and Ms. [9] have
highlighted the benefits of such approaches, showing that combining physical engagement
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with traditional language training can enhance learners’ pronunciation and fluency.

Moreover, the integration of biomechanics into language learning aligns with the
growing interest in “brain-friendly” or neuroscience-informed teaching strategies. As
Burri [3] suggested, kinesthetic activities can help learners develop muscle memory
and internalize pronunciation patterns more effectively, as these activities engage both
cognitive and physical aspects of language production. This dual engagement helps
reinforce the learning process, making it more holistic and effective.

4.5. Limitations of the study

While the results of this study are promising, there are several limitations that
need to be addressed in future research. First, the study’s sample size of 50 participants
(25 in each group) is relatively small, which may limit the generalizability of the
findings. Future studies with larger sample sizes would help confirm the results and
provide more robust evidence of the efficacy of kinesthetic interventions in language
learning.

Another limitation is the short duration of the intervention (10 weeks). While the
study demonstrated significant improvements in pronunciation and fluency within this
period, it is unclear whether these gains would be sustained over the long term.
Longitudinal studies are needed to assess the lasting effects of kinesthetic
interventions and whether learners maintain their improvements in pronunciation and
fluency over time.

Furthermore, the study relied on standardized pronunciation assessments and
fluency metrics, such as speech rate and number of pauses. While these are valuable
indicators of pronunciation and fluency, they may not fully capture the complexity of
language proficiency. Future research could include additional qualitative assessments,
such as learner self-reports or teacher evaluations, to gain a more comprehensive
understanding of the impact of kinesthetic interventions on language learning.

4.6. Future research directions

Based on the findings of this study, several avenues for future research can be
explored. First, longitudinal studies are needed to determine whether the
improvements in pronunciation and fluency observed in the experimental group are
maintained over time. Follow-up assessments at multiple time points (e.g., 6 months
or 1 year after the intervention) would provide valuable insights into the long-term
effectiveness of kinesthetic activities in language learning.

Additionally, future studies could explore the effects of kinesthetic activities on
other aspects of language learning, such as vocabulary acquisition, listening
comprehension, and speaking proficiency. It would also be valuable to investigate
whether kinesthetic interventions are equally effective across different language
backgrounds and proficiency levels.

Lastly, technological innovations, such as virtual reality (VR) or biofeedback
devices, could be integrated into kinesthetic interventions to provide more precise and
personalized feedback to learners. These technologies could offer real-time data on
posture, breathing, and articulation, helping learners optimize their speech production
in a more targeted way.
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In conclusion, this study provides strong evidence that kinesthetic interventions
grounded in biomechanics can significantly enhance Japanese pronunciation and
fluency. By engaging the physical body in the process of speech production, learners
can develop more accurate and fluent speech patterns that are essential for effective
communication. The findings support the integration of biomechanics-based activities
into language teaching, providing a more holistic and comprehensive approach to
language acquisition. Future research should further explore the long-term effects and
potential applications of kinesthetic activities in second language education, with the
goal of developing more effective and engaging instructional methods.

5. Conclusion

This study explored the effectiveness of biomechanics-based kinesthetic
activities in enhancing Japanese pronunciation and fluency, providing strong evidence
that such interventions can significantly improve key aspects of language learning.
The experimental group, which engaged in a series of body-centered exercises
targeting articulation, rhythm, and posture, demonstrated substantial improvements in
both pronunciation accuracy and speech fluency when compared to the control group.
These findings underline the importance of integrating physical, embodied methods
into language education, particularly when addressing the complex and nuanced
processes involved in second language speech production.

5.1. Main findings

The primary finding of this study is that biomechanics-based kinesthetic activities
contribute meaningfully to the enhancement of Japanese learners’ pronunciation
accuracy and speech fluency. In particular, the experimental group exhibited a
remarkable increase in pronunciation scores, with improvements in articulation and
vowel production due to specific kinesthetic exercises. Similarly, fluency, as measured
by speech rate and number of pauses, was significantly enhanced in the experimental
group, suggesting that kinesthetic methods have the potential to optimize both the
physiological and cognitive aspects of speech production. These results provide strong
support for the integration of physical techniques—such as posture alignment,
rhythmic gestures, and respiratory training—into language learning environments.

5.2. Educational implications

The findings of this study hold significant implications for language teaching,
particularly in the context of Japanese language acquisition. Traditional methods often
focus heavily on auditory and visual learning, with limited attention given to the
physical aspects of speech production. This study, however, emphasizes the need for
a more holistic approach to language education, one that integrates biomechanics-
based kinesthetic activities. Such activities not only improve the accuracy of
pronunciation but also enhance speech fluency, providing learners with the tools they
need to communicate more naturally and confidently in a second language.

Future Japanese language curricula can benefit from incorporating kinesthetic
activities designed to target specific speech mechanisms. Teachers can consider
integrating exercises that engage the whole body, such as body movements aligned
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with rhythm and articulation exercises, to complement traditional listening and
speaking drills. This approach aligns with the growing body of research advocating
for the use of multisensory and embodied learning strategies in second language
acquisition [1,2].

Moreover, the integration of biomechanics principles into language instruction
opens up new opportunities for the development of more personalized teaching
strategies. By recognizing that learners differ in their physical and cognitive
engagement with language, teachers could adopt biomechanically-informed
methodologies that are tailored to meet individual needs, thus fostering a more
inclusive and adaptive learning environment.

5.3. Limitations and future research directions

While this study offers promising results, several limitations must be
acknowledged. First, the relatively small sample size (n = 50) and the specific
demographic (undergraduate students at a single institution) may limit the
generalizability of the findings to broader populations. Future studies should seek to
replicate these findings with larger, more diverse groups, including learners of
different proficiency levels, ages, and cultural backgrounds. Additionally, the short
duration of the intervention (10 weeks) and the focus on one specific language
(Japanese) call for further exploration into the long-term effectiveness of
biomechanics-based methods and their application in other language contexts.

There is also potential to refine the kinesthetic interventions further. For example,
future research could explore how advanced technologies, such as virtual reality or
biofeedback systems, could enhance the precision of biomechanical training, offering
real-time feedback to learners about their speech movements. This would provide a
more individualized approach to pronunciation and fluency training. Additionally,
research could investigate the combination of biomechanics with other language
acquisition methods, such as phonological awareness training or pronunciation
modeling, to assess the potential synergistic effects of such integrated approaches.

Lastly, it would be valuable to study the role of biomechanics in teaching learners
to acquire specific features of different languages, especially those with distinct
phonological or rhythmic structures. Expanding the scope of research to include
languages beyond Japanese—such as languages with more complex tone systems or
stress patterns—could provide deeper insights into the universal applicability of
biomechanics in language teaching.

In conclusion, this study contributes to the growing body of literature on
innovative, interdisciplinary approaches to language teaching by demonstrating the
effectiveness of biomechanics-based kinesthetic activities in improving pronunciation
and fluency. By addressing the physical mechanisms of speech, this study opens up
new possibilities for more effective and engaging language learning methodologies.
As the field of language education continues to evolve, the integration of biomechanics
offers a promising pathway for helping learners overcome the challenges of second
language pronunciation and fluency. The findings of this study lay the groundwork for
future exploration and refinement of these techniques, with the potential to
revolutionize language pedagogy in both theory and practice.
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While the results of this study are encouraging, several limitations must be
acknowledged. Firstly, the sample size is relatively small (n = 50) and restricted to
undergraduate students from Yulin Normal University in Guangxi Province, China.
This limitation may affect the generalizability of the findings to broader populations.
Future research should consider larger and more diverse samples, including learners
from different linguistic backgrounds, age groups, and cultural contexts, to enhance
the external validity of the results. Additionally, the intervention duration of this study
was 10 weeks; therefore, future studies could implement longitudinal designs to assess
the long-term sustainability of the kinesthetic interventions’ effects on pronunciation
accuracy and fluency.

Another area that warrants further exploration is the integration of Generative
Artificial Intelligence (GenAl) technologies with biomechanics-based kinesthetic
activities to provide more personalized and real-time feedback to learners. For
example, incorporating Al-powered speech analysis tools could offer immediate
pronunciation correction suggestions, enabling learners to make precise adjustments
to their oral and respiratory muscle movements, thereby enhancing pronunciation
accuracy and fluency more effectively. Furthermore, future research could investigate
the impact of kinesthetic activities on other aspects of language learning, such as
vocabulary acquisition and listening comprehension, to comprehensively evaluate the
broad efficacy of biomechanics-based interventions.

This study provides compelling evidence supporting the effectiveness of
biomechanics-based kinesthetic activities in enhancing Japanese learners’
pronunciation accuracy and speech fluency. The significant improvements observed
in the experimental group underscore the potential of kinesthetic interventions to
effectively bolster language learners’ pronunciation and fluency. These findings
highlight the importance of integrating physical and kinesthetic methods into language
teaching, particularly when addressing the complex and nuanced processes involved
in second language pronunciation. By addressing the aforementioned limitations and
incorporating the suggestions from the review comments, this study can make a more
comprehensive contribution to the field of language education. Future research should
continue to explore the application of biomechanics-based kinesthetic activities in
diverse linguistic environments and incorporate the latest Al technologies to develop
more efficient and personalized language learning methods.
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