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Abstract

The Phonemuzu Standard is a pronunciation learning standard designed to enable learners of English as a
second language (L2) to efficiently acquire intelligible pronunciation rather than native-like imitation. The
standard integrates (i) an acoustic space grounded in vowel formants (F1/F2), (ii) perceptual transformation
using the Bark scale to reflect human auditory sensitivity, (iii) cross-modal visualization mapped onto the
perceptually  uniform  CIE  L*a*b* color  space,  and  (iv)  adaptive  instructional  control  based  on  Z-score
normalization and longitudinal error analysis.

A defining feature of the Phonemuzu Standard is its  learner-optimized anchoring strategy, which uses
the learner’s first language (L1) vowel system—in particular, the five Japanese vowels /a i u e o/—as explicit
perceptual anchors. Instead of treating L1 interference as a source of error to be eliminated, the standard
reinterprets it as cognitive scaffolding for L2 phonological category formation. This white paper formalizes
the design principles, mathematical models, instructional implications, evaluation metrics, and operational
scope of  the Phonemuzu Standard,  establishing its  scientific and educational  validity  as  a  reproducible
pronunciation learning standard.

1. Background and Problem Statement

In  global  communication  contexts,  intelligibility  of  pronunciation is  a  critical  component  of  English
proficiency.  However,  traditional  pronunciation  instruction  has  relied  heavily  on  subjective  instructor
judgment  and  imitation-based  practices  such  as  shadowing  and  repetition.  These  approaches  provide
learners with limited access to  objective, quantitative feedback on how their production deviates from
target pronunciation.

For Japanese learners of English, the structural mismatch between vowel systems—five vowels in Japanese
versus more than ten in English—leads to systematic perceptual assimilation and reduced discriminability.
The Phonemuzu Standard addresses this challenge through an integrated design pipeline:

Acoustic → Perceptual → Visual → Adaptive Instructional Control

This pipeline transforms invisible acoustic differences into perceivable and actionable learning signals.
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2. Definition of the Phonemuzu Standard

The  Phonemuzu  Standard  is  defined  as  a  pronunciation  learning  standard  that  satisfies  the  following
conditions:

Vowel production is evaluated using objective acoustic features, primarily F1 and F2 formant
frequencies.
Acoustic values are transformed into the Bark scale to incorporate the nonlinearity of human
auditory perception.
Perceptual distances in Bark space are mapped onto the perceptually uniform CIE L*a*b* color
space, enabling intuitive visual feedback.
Pronunciation error is normalized using statistical measures such as Z-scores and optimized through
longitudinal learning history.
Learners’ L1 vowel categories are explicitly used as perceptual anchors for L2 category formation.

3. System Architecture: A Four-Layer Model

3.1 Acoustic-Physical Layer

Each vowel  is represented as an acoustic vector:

Reference  values  are  standardized  using  established  datasets  for  General  American  English  (GAE)  and
related  varieties.  This  layer  provides  reproducible,  non-arbitrary  acoustic  baselines  suitable  for
standardization.

3.2 Perceptual Transformation Layer

Because physical frequency distances do not correspond linearly to perceptual distance, formant values are
transformed into the Bark scale following Zwicker:

Each vowel is then represented as a perceptual vector:

This transformation aligns error weighting with human auditory sensitivity.

3.3 Cross-Modal Visualization Layer

Perceptual displacements in Bark space are mapped to the  CIE L*a*b* color space. Unlike RGB, L*a*b*
ensures  that  Euclidean  distance  (ΔE)  approximates  perceived  color  difference,  making  it  suitable  for
representing perceptual deviation visually.
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3.4 Instructional Engineering Layer

Rather  than  single-shot  scoring,  instructional  control  is  driven  by  longitudinal  learner  data.  Learning
interventions are scheduled and adapted to maximize retention, manage backsliding, and reduce the risk of
fossilization.

4. Learner-Optimized Anchoring Using L1 Vowels

4.1 Design Philosophy

Research in second language acquisition and perceptual psychology shows that L1 phonological prototypes
often inhibit L2 discrimination (Perceptual Magnet Effect). The Phonemuzu Standard does not attempt to
suppress this effect. Instead, it  externalizes and visualizes L1 anchors, allowing learners to perceive the
direction and magnitude of deviation from their L1 categories.

4.2 Example: Japanese Five-Vowel Anchors

English vowels are grouped relative to Japanese anchors for pedagogical clarity:

These groupings are optimized not only by acoustic distance but also by instructional effectiveness and
error prevention.

4.3 Intentional Pedagogical Intervention

For  example,  placing  /ʌ/  closer  to  the  /o/  anchor  rather  than /a/  is  a  deliberate  instructional  decision
designed to prevent over-assimilation to the Japanese /a/ category and preserve the short, tense quality
characteristic  of  English  /ʌ/.  In  the  Phonemuzu Standard,  classification itself  is  part  of  instructional
design.

5. Cross-Modal Mapping: Bark to CIE L*a*b*

5.1 Local Linear Mapping

For each anchor vowel , a local linear mapping is defined:

/i/ group: /iː/, /ɪ/
/e/ group: /ɛ/, /æ/  
/u/ group: /uː/, /ʊ/
/o/ group: /ʌ/, /ɔː/
/a/ group: /ɑː/, /ə/, /ɚ/

j

C(v) = C +j
0 A (B(v) −j B(j))
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where  is the target color,  is the anchor color, and  is a transformation matrix estimated via least
squares  or  related  methods.  Using  anchor-specific  mappings  allows  nonlinear  vowel  space  to  be
approximated by a set of locally linear regions.

5.2 Cognitive Consistency

The color design reflects known cross-modal correspondences: front, sharp vowels tend to be associated
with warmer colors, while back, muffled vowels align with cooler colors. This alignment enhances intuitive
learner comprehension and reduces cognitive load.

6. Evaluation Model

6.1 Z-Score Normalization

Pronunciation error is defined statistically:

where  is the learner’s value and  represent the native speaker distribution. This approach normalizes
vowel-specific strictness and improves perceived fairness and psychological safety for learners.

6.2 Re-Error Rate (Backsliding Index)

This metric detects instability in learning and prioritizes items with high fossilization risk.

6.3 Difficulty Control via Moving Averages

Recent  error  trends  are  smoothed  using  moving  averages  to  prevent  overreaction  to  outliers  and  to
dynamically adjust instructional granularity in line with the learner’s current Zone of Proximal Development
(ZPD).

7. Feedback Design as User Experience

Feedback in the Phonemuzu Standard emphasizes actionable guidance rather than scores:

Visual color mismatch between expected and produced vowels
Vectors in Bark space indicating direction of correction
Priority ordering of phonemes based on learning history

This design operationalizes the Noticing Hypothesis by systematically inducing awareness of perceptual
gaps.
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8. Scope and Non-Scope

8.1 Scope

Improvement of intelligibility in English vowel production for Japanese L1 learners
Individually optimized pronunciation training
Development of learner self-correction ability

8.2 Non-Scope and Considerations

The core standard focuses on vowels (F1/F2). Consonants and prosody are treated as future
extensions.
Individual anatomical variation (gender, age, vocal tract) should be addressed through separation of
standard models and personalization layers.

9. Recommended Evaluation KPIs

Reduction in perceptual distance (|ΔB|)
Reduction in color difference (ΔE)
Retention metrics: decrease in re-error rate (R_i)
Transfer effects to untrained words and contexts
Subjective measures: self-efficacy, perceived fairness, learning persistence

10. Conclusion

The Phonemuzu Standard integrates acoustics (F1/F2), perceptual psychology (Bark scale), color science (CIE
L*a*b*),  and  instructional  engineering  (statistical  normalization  and  adaptive  control)  into  a  unified,
learner-centered pronunciation learning standard. By re-framing L1 interference as cognitive scaffolding, it
offers a novel and implementable pathway for systematic L2 phonological category formation.

This  standard has  the  potential  to  transform pronunciation instruction from subjective  imitation-based
practice into a reproducible, data-driven learning science.
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