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INTRODUCTION

This Paper is concerned with an analysis of Word Score data which was obtained
irom part of our ongoing experiments and measurements. It was intended to
present data obtained from a number of spaces. however the analysis took rather

more time than expected and as such the data presented is for experiments carried
out in a small church hall (St. Pauls) and a large concert hall (Royal Festival Hall).

The object of the analysis was to determine which components of our speech are
robust and which are fragile in the presence of both noise and reverberation. It
should be emphasised that this analysis was not the obiect of the measurements

which were generally carried out to determine and scale speech intelligibility.

The data under analysis comprises CVC nonsense scores determined in each

space with the addition of noise. In each case the source was a Bruel 8t Kjaer omni-
directional loudspeaker and the word lists were contaminated with noise in the
following signal-to—noise ratios >25dB. 6dB, (MB and OdB.

The following tables provide the relevant acoustical data for each space.
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The methods and procedures used in the preparation and determination of the word

tests is given in ‘Preliminary Findings of Research into the Effect of Amplitude

Compression on Speech lntelligibility in the Presence of Noise and Reverberation‘.

ANALYSIS OF DATA

Each word for each word list was analysed to determine which component of the

word e.g. start consonant, vowel or end consonant was misheard by the listener.

In addition each word was split into its phonetic components e.g. vowel. (long and

short) diphthongs, transitionals, semi-vowels, fricative consonants (voiced,

unvoiced) and stop consonants (voiced, unvoiced).

The following abbreviations were used:
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RESULTS

The tables overleaf show the results of the anatysis in regard of word start, end and
vowel.
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From the foregoing tables it can be seen that the vowel sounds are far more robust
than the consonants.
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In regard of the consonant sounds, three effects can be observed.

Firstly, the effect of noise at each position as the S/N reduces there is a steady

reduction in the consonants correctly heard. A similar effect may be seen occurring

to the vowel sounds.

Secondly, there is a steady reduction in the consonants correctly heard as the

direct-to-reverberant ratio decreases. This effect is less prominent for the vowel

sounds.

Thirdly, at St. Pauls the emphasis changes from the end of the word misheard to the

start. This we believe results from the masking effect of the carrier sentence

increasing as the direct-to~reverberant ratio decreases. The fact that this is not seen

in the Royal Festival Hall results, we believe. can be explained by the much longer

mean free path of the Royal Festival Hall.

Hence we may deduce that the loss of intelligibility is due to

(3) Noise masking

(b) Reverberation masking.

It can be seen that in both cases (SIM and DIR) the mechanism is similar. except

that in the presence of reverberation, the effect is more deleterious.

The following tables show the percentage of phonetic components incorrectly

heard:
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It can be seen that there is a difference between the components at the start and

end of the word.

For the start of the word, semi-vowels, voiced stop consonants and unvoiced

fricative consonants seem to be preferred,

Transitionals and voiced tricative consonants are to be avoided.
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In regard of the end of the words, voiced iricative consonants are to be avoided and
semi-vowels or stop consonants are preferred.

It is also possible to deduce that voiced stop consonants and unvoiced fricative
consonants are less affected by reverberation. The same. but to a lesser effect is
true of unvoiced stop consonants and semi-vowels.

DISCUSSION

This limited analysis does seem to suggest that there is some merit in pursuing the
matter and as such. we intend to expand our analysis to include other spaces.

The value in the endeavour is patent. In acoustically difficult situations it might be
possible to construct emergency messages using mainly robust speech
components.

This limited study has identified certain speech sounds to be avoided and as such
this is a start. Our next endeavour is to preferentially select words from the accepted
word score test population which should give a bias towards the two extremes. In
this way we might be able to quantify this preferential effect. We also intend to
examine the difference between CVC nonsense and PB Words to establish
recognition and if the recognition has a preference for certain speech sounds.

Unfortunately, subjective testing is a lengthy and costly process and hence it may
take a little time.

CONCLUSIONS

We have formed the following conclusions:

1. Vowel sounds are more robust than consonants.

2. At the start of the word
Semi-vowels. voiced stop consonants and unvoiced fricatives are to be
preferred.
Transitionals and vowel fricatives are to be avoided.

3. At the end of the words
Semi-vowels are preferred.
Voiced fricatives are to be avoided.

4. There is merit in developing this strategy.
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