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Speech intelligibility: percentage of words a listener can accurately 

recognize.

Subjective intelligibility metric: relies on human listeners who 

evaluate the intelligibility of speech.

Objective intelligibility metric (OIM): uses mathematical models to 

predict intelligibility.

Intrusive OIM: rely on a clean speech or noise sample as a 

reference.

● Intrusive intelligibility metrics rely on time alignment between 

clean and degraded signals, making them overly sensitive to 

temporal blurring caused by severe reverberant distortion [1]. 

HASPI (The Hearing-Aid Speech Perception Index) is a 

exception.

● Significant differences in subjective intelligibility can arise 

between languages, particularly in acoustically challenging 

spaces [2].

1. Introduction
Datasets: AISHELL-3 for Mandarin, TIMIT for English

Clean signals: 3 utterances x 84 speakers (42 male and 42 female 

speakers) = 252 utterances each for Mandarin and English

Degraded signals: Each clean signal was convolved with 40 Room 

Impulse Responses (RIRs) of the same T60 value to generate 

reverberation-degraded signals. Each T60 value corresponds to one 

room type, with T60 values ranging from 0.05s, 0.17s, 0.31s, 0.48s, 
0.71s, 1.17s, 1.92s, 3.15s, and 7.00s, resulting in a total of 40 x 9 = 360 

different conditions.

Procedure: After applying the test objective intelligibility metrics to 

the degraded signals and averaging the scores of signals degraded 

with the same RIR, we obtain 40 intelligibility scores for each T60 

value for each test metric. For STIPA, since only one test signal was 

degraded, the averaging step is omitted, resulting in 40 scores for 

each T60. In addition to the degraded signals, we also ran STIPA 

and the test metrics on the clean speech signals and clean test 

signal to observe how they predict intelligibility in the absence of 

reverberation.

Performance Criteria:
● Levene’s Test: To evaluate whether the robustness of test 

metrics differs between Mandarin and English, we used 

Levene’s test  to assess the equality of variances for each test 

metric across the two languages.

● Kendall’s tau coefficient: To evaluate how the test metrics 

perform under low and high reverberation conditions for 

English, Kendall’s tau correlation coefficient is calculated 

between STIPA and each metric for low T60s, high T60s, and 

all T60s. 

● We define T60 values of 0.05s, 0.17s, 0.31s, 0.48s, and 0.71s as 

low reverberation conditions, and 1.17s, 1.92s, 3.15s, and 7.00s 

as high reverberation conditions.

4. Experimental Setup

Performance of test metrics for English under 
reverberation:
From Table 2, it can be observed that In the low 

reverberation range and entire range, test metrics 

performances are similar, while in the high reverberation 

range, HASPI shows better performance than the other 

metrics. However, since the confidence interval (CI) width 

in the high reverberation range is 0.2 due to its sample size 

of 160, it is insufficient to conclude that HASPI outperforms 

the other two metrics. In low reverberation range and entire 

range CI width is 0.1 because of sample sizes of 200 and 

360.

● Despite being thoroughly tested for English under 

reverberant conditions [3], STIPA cannot replace 

subjective intelligibility tests.

● Only 9 T60 values and 40 RIRs per T60 were used to 

apply degradation, and at each T60 there was only one 

room type. Also due to dataset limitations, we selected 

only 84 speakers per dataset. 

● Including more speakers and incorporating a greater 

variety of RIRs, room types, and additional T60 values 

would have improved reliability of the experimental 

results. 

6. Limitations

Main Question: How do ESTOI, SIIBGauss and HASPI perform under 

different reverberant conditions?

● Subquestion 1: How do ESTOI, SIIBGauss and HASPI perform 

under different reverberant conditions for English?

● Subquestion 2: How robust are ESTOI, SIIBGauss and HASPI, for 

Mandarin compared to English under reverberant conditions?
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Differences Between Mandarin and English Scores for Test 
Metrics:

Zero-reverberation: STIPA score is 0.98 (1 means perfect 

intelligibility), ESTOI, HASPI, and SIIBGauss predicted perfect 

intelligibility.

Under reverberation: Levene’ Tests results indicate that scores 

variances are equal between Mandarin and English. Table 1 shows 

that all resulting p-values are smaller than significance level of 

0.05. Slight differences at some T60s can be observed visually from 

figure 1. 

5. Results

7. Conclusions and Future Work

3. Objective Intelligibility Metrics

Reference Metric: 

● STIPA ( Speech Transmission Index for Public Address 

Systems): A simpler and faster alternative of STI, designed 

specifically for testing public address systems. It is reliable for 

English under reverberant conditions[3].

Test Metrics:

● ESTOI (The Extended Short-Time Objective Intelligibility): It is 

an enhancement of the Short-Time Objective Intelligibility 

(STOI)  algorithm, designed to predict speech intelligibility in 

environments with highly modulated noise sources or 

non-linear distortions.

● SIIBGauss(Speech Intelligibility in Bits (SIIB) Gaussian): It is 

computationally faster while maintaining performance levels 

comparable to SIIB, which estimates speech intelligibility 

based on information theory by quantifying the amount of 

information shared between clean and distorted speech 

signals

● HASPI (The Hearing-Aid Speech Perception Index): HASPI 

predicts speech intelligibility for both normal hearing and 

hearing-impaired individuals using an auditory model that 

accounts for hearing loss. It compares the envelope and 

temporal fine structure outputs of a reference signal to those of 

a test signal.

Figure 1: mean scores and standard deviations of test metrics and STIPA. The x-axes are not 
even step sized

Table 2: The Kendall's tau correlation coefficients between STIPA scores 
and test metrics scores for English at different T60 ranges

Table 3: The p-values of Kendall's tau correlation coefficients between STIPA 
scores and test metrics scores for English at different T60 ranges

Table 1: P-Values of Levene’s Test Results for Test Metrics Between Mandarin 
and English at Each T60

As shown in Table 3, the p-values are small enough to 

demonstrate strong correlation between test metrics and 

STIPA for English.

ESTOI, HASPI, and SIIBGauss show little difference in terms 

of score variances between Mandarin and English. 

HASPI, ESTOI, and SIIBGauss also demonstrate similar 

performance in reverberant conditions (from a T60 of 0.05s 

to 7s) for English. 

Further research could be done by using listening tests.


