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DEFINITION OF SPEECH INTELLIGIBILITY DEFINITION OF SPEECH INTELLIGIBILITY 
Can You Can You HearHear MeMe Now?Now?

P t ti l Cli t I ’t h thi h I’ itti iPotential Client: I can’t hear anything when I’m sitting in 
the back row.

You: Well is the system loud enough?

Potential Client: Yea it’s plenty loudPotential Client: Yea it s plenty loud.

You: Oh so you can’t understand what’s being said?

Potential Client: Well yea I can’t hear a thing.
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DEFINITION OF SPEECH INTELLIGIBILITY DEFINITION OF SPEECH INTELLIGIBILITY 
Can You Can You HearHear MeMe Now?Now?

L d d “b i bl t h ” i diff t fLoudness and “being able to hear” is different from 
intelligibility and “being able to understand.”  It can be 
loud enough but unintelligible, especially in a 
reverberant space.

It’s not audibility – allowing sounds to be heard amongIt s not audibility allowing sounds to be heard among 
other sounds

It’ t l it f d f d f di t ti f llIt’s not clarity – freedom of sound from distortions of all 
kind
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DEFINITION OF SPEECH INTELLIGIBILITY DEFINITION OF SPEECH INTELLIGIBILITY 

Noun 1. speech intelligibility - the intelligibility of speech 
(usually measured in the presence of noise or(usually measured in the presence of noise or 
distortion) 
intelligibility - the quality of language that is 

h iblcomprehensible 

(in'tel�?�j?'bil�?d�e) 
(communications) The percentage of speech units 
understood correctly by a listener in a communications 
system; customarily used for regular messages wheresystem; customarily used for regular messages where 
the context aids the listener, in distinction to articulation. 
Also known as speech intelligibility. 
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WHAT ARE WE MEASURING AND WHY?WHAT ARE WE MEASURING AND WHY?

* Potential intelligibility of a particular system?

* Intelligibility of speech with the aid (or 
hindrance) of a sound system?hindrance) of  a sound system?

Remember we are usually measuring a system.

We can’t  always control what goes into the sound 
tsystem.
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WHAT ARE WE MEASURING AND WHY?WHAT ARE WE MEASURING AND WHY?

* To verify a sound system meets a particular 
level of speech intelligibility as a designlevel of speech intelligibility as a design 
target.

* To verify a sound system meets a particular 
contractual criterion. 

* To ascertain why a sound system is not as 
i t lli ibl it h ld bintelligible as it should be.
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SPEECH AND FREQUENCY RELATIONSHIPSSPEECH AND FREQUENCY RELATIONSHIPS

* The mid band frequencies are the most 
important for voice and most pre programmedimportant for voice and most pre-programmed 
music.  Vocal power is concentrated around the 
500Hz and 1000 Hz octaves with articulation and500Hz and 1000 Hz octaves with articulation and 
presence at 2000 Hz to 4000 Hz octaves.  Low 
frequency voice energy is around the 200 Hz to 
500 Hz octave and consists of the chest 
diaphragm sounds, more often found in male 
t lk G d i t lli ibilit i littl f ll ftalkers.   Good intelligibility requires a little of all of 
this.
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SPEECH AND FREQUENCY RELATIONSHIPSSPEECH AND FREQUENCY RELATIONSHIPS
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SPEECH AND FREQUENCY RELATIONSHIPSSPEECH AND FREQUENCY RELATIONSHIPS

Copyright Peter Mapp & Associates 2002
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SPEECH AND FREQUENCY RELATIONSHIPSSPEECH AND FREQUENCY RELATIONSHIPS

* The majority of the speech intelligibility 
resides in the three middle octaves of 500 Hzresides in the three middle octaves of 500 Hz, 
1000 Hz and 2000 Hz.  The contribution is 
approximately 16% at 500 Hz 25% at 1000 Hzapproximately 16% at 500 Hz, 25% at 1000 Hz 
and 34% at 2000 Hz.  The remaining contribution 
is distributed throughout  the other octaves.  Our 
analysis usually concentrates on these octaves.
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HISTORY OF MEASURING  (AND STUDYING) HISTORY OF MEASURING  (AND STUDYING) 
SPEECH INTELLIGIBILITYSPEECH INTELLIGIBILITY
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Bell Labs The Fletcher Years 1917 Bell Labs The Fletcher Years 1917 --19331933

* Research for improving quality of telephone 
speechspeech

* Fletcher was the first president of the ASA
* Historical and technical review of these years -

JASA 1996 A il 1825 1839 J t AllJASA, 1996, April, pp1825-1839, Jont Allen
* Documents discovered at ATT Archives, Warren, 

NJ late 1990's 
* 1953 seminal book - Speech 

and Hearing in Communications
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ARTICULATION TESTING ARTICULATION TESTING -- WORD LISTSWORD LISTS

* 1940's - Professors J. P. Egan and S. S. Stevens, 
Psycho-Acoustic Lab Harvard University - The R ListsPsycho Acoustic Lab, Harvard University The R Lists

* Li t f d t d ll bl t* Lists of random sentences, words or syllables to 
measure percentage correctly recognized by a listener

* Evaluate effect of ambient noise, long delayed 
reflections echoesreflections, echoes
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ARTICULATION TESTING ARTICULATION TESTING -- WORD LISTSWORD LISTS

* Lists of phonetically balanced words or rhymes

* Articulation Index (AI): Covered by ANSI S3.5 (1969)

* Phonetically Balanced Word Scores: Covered by y y
ANSI S3.2 (1989)

* Still the only acceptable method of testing in some 
jurisdictions
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ARTICULATION TESTING ARTICULATION TESTING -- WORD LISTSWORD LISTS
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SIGNALSIGNAL--TOTO--NOISE RATIO NOISE RATIO 

* Lochner and Burger 1961 introduction of early 
energy fraction and weighting factorenergy fraction and weighting factor

* 1964 J l f S d d Vib ti* 1964 Journal of Sound and Vibration paper, 
“Influence of Reflections on Auditorium Acoustics”

* Useful energy in sound reflections within first 50 ms 
to 92 ms of direct soundto 92 ms of direct sound

* B i i t ti f d ithi thi i* Brains integration of sound energy within this region
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SIGNALSIGNAL--TOTO--NOISE RATIONOISE RATIO

1 – Direct Sound 4 – Energy Ratio Separation
2 – Early Reflections 5 – Ambient Noise2 Early Reflections 5 Ambient Noise 
3 – Reverberation
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons

* 1971 V M A Peutz publishes equation for %ALcons1971 V.M.A. Peutz publishes equation for %ALcons
in speech 

* %ALcons = 656D2
2RT60(N)

VQM

* Most people must understand at least 85% of the 
articulation of consonants for speech to be intelligible 

* We can tolerate a loss of 15% of the articulation of 
consonants.
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons

* Fi f it i th t f l f* Figure of merit is the percentage of  loss of 
articulation in consonants or abbreviated %Alcons

* In critical listening situations such as worship spaces 
and auditoriums, most people find 8% to 10% ALcons
provides a more realistic limit Listening can beprovides a more realistic limit.  Listening can be 
comfortable and not strained.

* I i d t li ti ft ll th t i* In paging sound system applications, often all that is 
required for the verbal communication, is understanding 
your name.  These systems can often measure slightly 
greater than 15% ALcons.
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons

* S A d C S h I t lli ibilit W k h St* Syn-Aud-Con Speech Intelligibility Workshop - St. 
Charles, IL, Sept 23-26,1986

* Verified and quantified of the TEF 12, %Alcons, B&K 
RASTI measurement systems

* Direct correlation of the role of loudspeaker 
directivity vs. speech ineligibility scores

* Role of ear/brain integration time in speech 
intelligibility
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons

* S A d C S h I t lli ibilit W k h II* Syn-Aud-Con Speech Intelligibility Workshop II, 
Indiana Univ - October 7-9, 1990

* Role of pinnae and ear canal.  Speech intelligibility 
centers on 2 kHz octave as does the peaked 
response at the listeners eardrumresponse at the listeners eardrum

* Learned people with high pinnae response in 2500 
H i b t ll f d hi hHz region, but poor overall freq resp scored higher 
on word tests
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons
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PERCENTAGE ARTICULATION LOSS OF PERCENTAGE ARTICULATION LOSS OF 
CONSONANTS CONSONANTS -- %%ALconsALcons

* S A d C S h I t lli ibilit W k h II* Syn-Aud-Con Speech Intelligibility Workshop II, 
Indiana Univ - October 7-9, 1990

* DAT recordings of various %Alcons using live 
listeners, TEF analysis and In-The-Ear 
measurementsmeasurements

* Learned the role of high level specular room 
fl ti ti l l f id llreflections particularly from side walls
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DIRECT TO REVERBERANT ENERGY RATIOSDIRECT TO REVERBERANT ENERGY RATIOS

* C50 and C35 - Often used in Europe as a measure 
of speech intelligibilityof speech intelligibility

* Split time is the ratio of Direct and Reverberant 
E 35 50 ft th di t dEnergy - 35 ms or 50 ms after the direct sound

* Ideally C50 is >0 dB and roughly equivalent to 10% 
Alcons

* No formalized scale measurements purely withinNo formalized scale, measurements purely within 
the 1 kHz octave, do not take into consideration 
background noise or masking
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MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION -- MTFMTF

* 1980's Houtgast and Steeneken, TNO Human 
Factors published their MTF adaptation first used inFactors published their MTF adaptation first used in 
optics, into Speech Transmission Index (STI)

* 1971 A ti “E l ti f S h T i i* 1971 Acustica, “Evaluation of Speech Transmission 
Channels using Artificial Signals”

* Relies on concept that speech intelligibility is based 
on the slow modulation of the strength of the sound 
pressure acting as a carrierpressure acting as a carrier 
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MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION –– MTFMTF
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MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION –– MTFMTF
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SPEECH TRANSMISSION INDEX SPEECH TRANSMISSION INDEX -- STISTI

* Test signal with speech like characteristics following 
the concept that speech can be described as athe concept that speech can be described as a 
fundamental waveform modulated by low frequency 
signals

* The depth of the modulation of the 
measured/received signal is compared to the test 
signal

* Reductions in modulation depth are reductions inReductions in modulation depth are reductions in 
speech intelligibility
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SPEECH TRANSMISSION INDEX SPEECH TRANSMISSION INDEX -- STISTI

* Carrier - 7 Octave bands, 125 Hz to 8 kHz, gaussian
noisenoise

* M d l ti 14 f i f 0 63 H t 12 5 H* Modulation - 14 frequencies from 0.63 Hz to 12.5 Hz

* Each of the 98 combinations is measured in 10 
seconds for a total of 16 minutes total measurement 
timetime
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SPEECH TRANSMISSION INDEX SPEECH TRANSMISSION INDEX -- STISTI

* Noise may be added as part of the measurement

* Computationally difficult in it’s early days

* Go-no-go type analysis with no additional 
information about the results

* STI Covered by IEC Standard 60268-16
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RAPID SPEECH TRANSMISSION INDEXRAPID SPEECH TRANSMISSION INDEX–– RASTIRASTI
* Developed in 1979 by TNO, Human Factors as a 

simplified measurement

* Method only considers the two octave bands of 500 
Hz and 2 kHz

* Each band modulated with four and five frequencies, 
respectfully, in 9 total  combinations 

* Typical measurement time was 10 to 15 seconds

* Limitations on accuracy where the sound system is 
strongly non-linear or has limited bandwidth
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RAPID SPEECH TRANSMISSION INDEXRAPID SPEECH TRANSMISSION INDEX--RASTIRASTI
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STISTI--Pa and CISPa and CIS

* Computational speed increase allows advances

* Developed to improve accuracy in assessment of 
PA d tPA sound systems

* Handles effects due to reverberation and sound 
system distortions

* Uses all 7 octave bands from full STI and 12 
d l ti i dimodulation indices
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STISTI--Pa and CISPa and CIS

* CD provided with test signalsC p o ded t test s g a s

* Typical measurement time was 10 to 15 secondsTypical measurement time was 10 to 15 seconds

* Common Intelligibility Scale (CIS) common in US

* Peter Mapp & Associates
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STISTI--Pa and CISPa and CIS
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STISTI--Pa and CISPa and CIS
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KEY PARAMETERS AFFECTING SPEECH KEY PARAMETERS AFFECTING SPEECH 
INTELLIGIBILITYINTELLIGIBILITY

* Oversimplified version Low RT or high QOversimplified version - Low RT or high Q 
loudspeaker or short D2

* Age, physical conditions, mental condition, and 
mood will affect understanding speech

* Hearing sensitivity, ear configurations, differences in 
ear type and training will cause variations in speech 
intelligibility scoresintelligibility scores

* Reverberation time - especially difference of direct 
and reverberant level
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KEY PARAMETERS AFFECTING SPEECH KEY PARAMETERS AFFECTING SPEECH 
INTELLIGIBILITYINTELLIGIBILITY

* Signal To Noise Ratio (SNR) MaskingSignal-To-Noise Ratio (SNR) – Masking

* Distance from loudspeaker

* Source misalignments, especially short ones

* Reflections under 1 ft of path length difference

* Reflections late in time (100 + ms) and higher inReflections late in time (100 + ms) and higher in 
level than surrounding energy
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SECONDARY FACTORS AFFECTING SPEECH SECONDARY FACTORS AFFECTING SPEECH 
INTELLIGIBILITYINTELLIGIBILITY
* Talker Type - male/female/accent

* System distortion

* S t E li ti* System Equalization

* Uniformity of acoustic coverage

* Reflections, focusing, echoes

* Localization - direction of arrivals

* V b l d t t f th h i f ti* Vocabulary and context of the speech information
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SPEECH INTELLIGIBILITY SPEECH INTELLIGIBILITY 
MEASUREMENT TOOLSMEASUREMENT TOOLS
* Groups of listeners, a talker and a sound system

* Smaart from JBL, EAW, Rational Acoustics

* EASE S T f AFMG R k H i* EASE SysTune from AFMG or Renkus-Heinz

* TEF 25 from GoldLine

* EASRA from AFMG or Renkus-Heinz

* SIM System from Meyer Sound

* STIPA M t f N i* STIPA Meter from Norsonic

LEE SOUND DESIGN, Inc.



SPEECH INTELLIGIBILITY SPEECH INTELLIGIBILITY 
MEASUREMENT TOOLSMEASUREMENT TOOLS
* Verifier STI-PA Meter from Quest Technologies

* Model DSP30 with STI-CISTM Intelligibility Option 
from GoldLine with conversion to Common 
I t lli ibilit S l (CIS)Intelligibility Scale (CIS)

* STI-PA Software for Ivie Technologies IE-35 
Analyzer

* NTI Acoustic Analyzer AL1 with STI-PANTI Acoustic Analyzer AL1 with STI PA

* Measured IR’s and wave editor software, Audacity, 
S d FSound Forge
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SPEECH INTELLIGIBILITY SPEECH INTELLIGIBILITY 
MEASUREMENT TOOLSMEASUREMENT TOOLS
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AFTERNOON SESSION:AFTERNOON SESSION:

MEASURING SPEECH INTELLIGIBILITY IN REAL LIFE

* Using Rhyme Tests

* M i %ALC* Measuring %ALCons

* Measuring RASTI

* Measuring STI

* Measuring with an STI-Pa Meter
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SPEECH INTELLIGIBILITY MEASUREMENT SPEECH INTELLIGIBILITY MEASUREMENT 
OPPORTUNITIES OPPORTUNITIES -- OR HOW CAN I MAKE OR HOW CAN I MAKE 
MONEY AT THIS?MONEY AT THIS?

* Fire alarm system testing , commissioning 
and troubleshooting – NFPA 72and troubleshooting NFPA 72

* Emergency Evacuation Systems
* Mass Notification Systems - www.mnec.org
* Sound system analysis and reports
* Sound system testing and commissioning
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