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speaker's voice as clearly as his/her auditory skills will allow 

(Ross, 1972). 

For years, researchers have tried to develop the best way to 

measure the effects of these and other factors on speech 

intelligibility in enclosures. The different approaches they have 

used can be put into the two categories of subjective and 

objective measures. 

Subjective measures utilize trained listeners who are placed 

in various positions throughout a room and are given speech 

recognition tasks (Steeneken & Houtgast, 1980). Their scores on 

these tasks are then compared to see what effects their positions 

in the room had upon their ability to understand what was 

presented. This kind of testing has the advantage of having high 

face validity. Unfortunately, these subjective measures take a 

great deal of time and can be expensive, due to the payment of 

these trained listeners. Also, this kind of testing is not useful 

in the design stages of a room or auditorium (Rao, 1992). It can 

only be carried out in already existing rooms. 

The classic example of a subjective measurement method used 

to assess speech intelligibility in a room is a study by Finitzo­

Hieber and Tillman (1978). Reverberation times and signal-to­

noise ratios were varied in rooms where two different groups of 

children were given monosyllabic word recognition tasks. The 

first group of children had normal hearing, and the second 

consisted of children who had been identified as having moderate 

hearing losses bilaterally. The children repeated words presented 



through a loudspeaker 12 feet in front of them. A child's score 

was represented by the percentage of words he/she repeated 

correctly. Results were analyzed for both individual and group 

scores to determine the effects of the acoustic characteristics 

and the interaction of the two variables. Subjective measurement 

techniques such as this, while time consuming and many times 

expensive, are nonetheless extremely useful and direct. 
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Because of the disadvantages involved in using subjective 

forms of assessing speech intelligibility, objective methods have 

been created and developed. Objective measure are those in which 

the measurements of acoustic factors that affect speech 

intelligibility are plugged into a formula or calculation scheme 

which determines the loss of speech intelligibility for that room 

(Rao, 1992). These methods can be obtained more quickly than 

subjective measures and can save money. 

The first objective method to be developed was the 

Articulation Index (AI) (Fletcher & Galt, 1950; French & 

Steinberg, 1947). This method predicted speech intelligibility by 

dividing the speech spectrum into 20 frequency bands and 

measuring the physical parameters of each. Kryter (1962) improved 

this method by introducing a calculation scheme, worksheets, and 

tables for the AI. This method worked well for distortions of 

frequency, such as interfering noise, but was not effective when 

reverberation and nonlinear distortions, such as peak clipping, 

were involved. 

To account for the deficiencies in the AI, Steeneken and 
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Houtgast (1980) expanded the AI into the Speech Transmission 

Index (STI). It gives a single index to express speech 

intelligibility in rooms and is derived by acoustically analyzing 

a test signal at the listener's position (Rao, 1992). This index 

accounted for reverberation, echoes, and interfering noise. 

Scores from the STI were shown to be within 5% of scores from a 

subjective test administered in the same room using phonetically 

balanced words. 

Houtgast, Steeneken, and Plomp (1980) further expanded the 

STI to include the factors of the volume of the room, the room's 

reverberation time, the noise level, the level of the speaker's 

voice, and the distance of the listener from the speaker. They 

validated their approach by comparing its predictions with 

subjective measures of speech intelligibility, finding them to be 

in agreement. 

Additional modifications of the STI have been made by 

several researchers (Houtgast & Steeneken, 1985; Humes, Boney, & 

Loven, 1987; Humes, Dirks, Bell, Ahlstrom, & Kincaid, 1986). One 

modification which has received a good deal of attention is a 

simplified version called the Rapid Speech Transmission Index 

(RASTI). The RASTI looks at two octave bands with only a few 

modulation frequencies considered, instead of the seven octave 

bands and 14 modulation frequencies of the normal STI. It was 

designed as a screening instrument that would give a fast 

evaluation of speech transmission in auditoriums, accountin~ for 

both reverberation and interfering noise {Houtgast & Steeneken, 


