
R-based Systematization of Advanced Audiometric Formulas: Beyond the 25 dB Threshold

Results
Table 1. This matrix showcases the structured 7-module report pipeline

generated instantly by the R engine. The system transitions seamlessly from raw

air and bone pure-tone averages to geometric slope vectors and mappings of

residual auditory spaces. By evaluating traditional administrative benchmarks

alongside new clinical processing indices, the tool delivers an all-inclusive,

standardized diagnostic report optimized for point-of-care clinical neuroscience.

Figure 1. The flowchart demonstrates the successful validation of a "plug-and-

play" offline deployment pipeline. An Inno Setup installer extracts directly to the 

local user directory. As shown in the workflow, the background VBScript 

initializes the standalone R-Portable core and maps a local server strictly 

through the workstation's RAM. 

Figure 2. : The split-panel GUI features a left sidebar for execution control and

metadata alongside a tonotopic air conduction, bone conduction, UCL and

speech audiometry values input matrix. Crucially, the R engine dynamically

processes omitted frequencies as NA values to strictly preserve mathematical

integrity during automated clinical reporting.

Table 2. This comparative analysis quantifies the technical and operational shift

achieved by transition from manual legacy workflows to the automated R

platform.
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Motivation
Normal Thresholds & Modern Binaurality: Legacy static formulas fail 

to reflect contemporary neuroscience advancements in speech-in-noise and 

spatial hearing, while ignoring the modern clinical consensus that shifts the 

normal hearing limit from 25 dB down to 20 dB.

Administrative Bias: Standard metrics (monaural averages and the 80-

year-old 5:1 binaural ratio) stem from legacy pension management based on 

historical custom, completely lacking solid clinical evidence.

Hidden Indicators: Critical diagnostic data remains trapped within 

unexamined mathematical relationships between threshold values across 

specific frequencies, which traditional averaging completely obscures.

Objective: Audiometry Calculator 2026 (R-based software) automates these 

complex, non-linear functional calculations into a zero-deployment 

platform, moving beyond administrative baselines into precise clinical 

practice.
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Conclusions
The modular R architecture enables high-throughput data processing to

statistically validate the newly proposed binaural indices. Additionally, its

source code flexibility allows direct integration as an analytical core in PC-

based audiometers, as well as future porting into standalone hardware

firmware through systematic cross-compilation into native machine

languages.

Audiometry Calculator 2026 demonstrates that computational audiology can 

be successfully translated into immediate clinical practice in a easy way.

Methods
Section 1 Formula Reformulation & R-Core Development

o Theoretical Overhaul: Before coding, a rigorous mathematical redesign was 

conducted to overhaul legacy audiological algorithms. Traditional monaural 

and binaural formulas were systematically re-mapped, discarding historical 

baselines to integrate the modern 20 dB normalcy threshold.

o Advanced Functional Ratios: Novel diagnostic metrics and updated binaural 

formulations were created to mathematically account for contemporary 

auditory neuroscience parameters, the relationship between average 

thresholds in different tone groups (including very high frequencies) and 

specifically speech-in-noise perception and spatial masking phenomena.

o Modular R Programming: Following these theoretical reformulations, the 

entire algorithmic engine was coded from scratch in the R programming 

language, utilizing a highly modular and flexible architecture to facilitate 

rapid updates and custom scaling.

Section 2: Software Compilation & Dual-Mode UI Framework

The Compilation Pipeline: Once the core R source code was finalized, R-

Portable was integrated as an isolated, zero-dependency local environment. A 

silent VBScript launcher was developed to initialize background processes 

without administrative blocks, and Inno Setup was utilized to compile the 

entire ecosystem into a single, offline desktop executable installer (.exe) with 

zero external network dependencies.

Standardized HTML Interface: The front-end deploys an interactive, local 

HTML-based GUI designed for intuitive workflow integration. 

The project is titled: “Audiometry_Calculator_2026” and made fully available 

under the GNU/GPL-3.0 license in the GitHub repository

Module
Parameter Name

(Computed Outputs)

Algorithmic Basis & 

Computational Execution in R

[1]

Monaural Pure-Tone Averages (PTA) - Air 

Conduction (AC)

• WHO Conversational (500–4000 Hz)

• Low-Frequency PTA

• High-Frequency PTA

• Mid-Frequency PTA

• Ultra-High Frequency (UHF) PTA

Automatically executes mathematical 

averages across distinct frequency vectors 

for Right Ear (RE) and Left Ear (LE).• 

Dynamically triggers WHO categorical 

grading strings based on a modern 20 dB 

clinical normalcy baseline (e.g., Mild, 

Moderate, Severe)

[2]

Monaural Pure-Tone Averages (PTA) - 

Bone Conduction (BC)

• Conversational BC PTA (500–4000 Hz)

• Low-Frequency BC PTA (250–750 Hz)

• High-Frequency BC PTA (4k–8k Hz)

• Mid-Frequency BC PTA

Computes standalone bone conduction 

matrices to isolate sensorineural baselines 

across low, central, and high-frequency 

bands

[3]

Air-Bone Gap (ABG) Analysis

• Mean Conversational ABG

• Low-Frequency ABG (250–750 Hz)

• High-Frequency ABG (4k–6k Hz)

• Mid-Frequency ABG

Quantifies conductive components 

instantly by calculating the matrix 

differential: ABGf=ACf ​−BCfacross four 

distinct tonotopic regions

[4]

Monaural Hearing Loss Percentages

• Conversational Monaural Loss (%)

• AMA Criterion Monaural Loss (%)

• Oregon Criterion Monaural Loss (%)

Compares thresholds against mathematical 

impairment curves. Contrast to show the 

variance between traditional clinical indices 

(Conversational), legal-pension metrics 

(AMA), and industrial-occupational 

standards (Oregon)

[5]

Tonal Binaural Hearing Loss & Advanced 

Parameters

• Tonal Binaural Loss (WHO 5:1 Ratio + 

Classification)

• AMA Binaural Loss (5:1 Weighting)

• Oregon Binaural Loss (7:1 Weighting)

• Audibility Index (AI)

• Raw Binaural Benefit (dB)

• Binaural Benefit Index (BBI %)

• Raw Binaural Interference (dB)

• Binaural Interference Index (BII %)

• General Binaural Handicap Index (BHI %)

Core Computational Module. Reconfigures 

classical interaural scaling

Synthesizes multi-factorial variables, 

progressing from legal-administrative 

baselines (WHO, AMA, Oregon) into new 

audiological processing coefficients (AI, 

Benefit/Interference, and the final 

compounded Binaural Handicap Index)

[6]

Cochleo-Constructive Configuration 

Frequency Ratios

• AC Ratios (High/Low & Low/High)

• BC Ratios (High/Low & Low/High)

• ABG Ratios (High/Low & Low/High)

• AC UHF/High Ratio

Computes geometric and proportional 

vector slopes between adjacent and 

distant tonotopic frequency inputs to 

automatically model the mathematical 

configuration profile of the cochlea

[7]

Dynamic Range Averages (DRA)

• Functional Spans: Low, Conversational, 

Mid, High, and Ultra-High DRA.

• Structured Bands: 125–500 Hz, 750–

2000 Hz, 3000–6000 Hz, and 8000–10000 

Hz.

Maps the local residual auditory space by 

processing point-of-care inputs: 

DRAf=UCLf​−SRTf/Thresholdf sliced into 

four specific functional bands and four 

high-resolution structural bands

Table 1. Automated Output Sequence and Algorithmic

Architecture

Evaluation

Parameter

Traditional / Legacy Manual 

Methods

Audiometry Calculator 2026 

(R-Based Platform)

Execution Time 

(per patient)

High (300 – 600 seconds of

manual computation)

Instantaneous (< 1 second) automated

processing

Human-Error Rate 

(%)

Elevated risk due to abstract ratios 0% (Systematized algorithmic

standardization)

Diagnostic Scope

Restricted to legacy administrative 

thresholds (25 dB) and static 5:1 

ratios

New clinical insights (20 dB normalcy, 

speech-in-noise, spatial masking)

IT Deployment

Friction

Variable. It could be severe 

(Blocked by network security or

administrative privilege requirements)

Zero (100% Offline, sandboxed

portable runtime environment)

Table 2. Evaluation of Technical Execution, Diagnostic Scope, and 

Network Friction

Figure 2. Screenshot of the user interface of the Audiometry calculator 2026, 

portable web version
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