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Abstract
Speech intelligibility has traditionally been measured by presenting words mixed in noise to
listeners for identification at several different signal-to-noise ratios. The words are produced in
isolation or in sentence contexts where the predictability of specific items can be varied.
Psychometric functions are typically obtained relating signal-to-noise ratio to percent correct
recognition. Error analyses are often carried out by examining response confusions to construct
similarity spaces for words which reflect their perceptual organisation and acoustic–phonetic
similarity. When using these techniques to measure speech discrimination or speech intelligibility
in an open-set format, the recognition score obtained reflects the combined influence of both the
sensory information encoded in the speech signal as well as the listener's decision process and
response biases. Despite this limitation, the procedure has strong face validity as a measure of
word recognition performance in normal-hearing listeners as well as other clinical populations
which routinely use speech audiometry techniques to diagnose and assess both peripheral and
central hearing impairments. All of the major findings and phenomena in the spoken word
recognition literature can be demonstrated and explored with this experimental method. This
technique continues to provide extremely valuable information about the organisation of words in
the mental lexicon and how these sound patterns are accessed from acoustic-phonetic information
in the speech signal.

Issues Addressed
1. Signal-to-noise (S/N) ratio needed for correct identification of words mixed in

noise (Miller, Heise, & Lichten, 1951).

2. Underlying sensory and cognitive factors controlling intelligibility of words both in
isolation and in various kinds of contexts (Miller et al., 1951; Kalikow, Stevens, &
Elliott, 1977).

First Uses
Campbell (1910); Fletcher (1929); Egan (1948).

Description
Spoken words are mixed in noise at various S/N ratios and presented to listeners who are
asked to recognise or identify the stimulus pattern as an English word (Egan, 1948; French
& Steinberg, 1947). Sometimes nonsense syllables are used as well as pseudowords to
dissociate early processes of speech perception, which are controlled primarily by the
sensory information in the acoustic signal, from word recognition and lexical access, which
also involve knowledge of the sound patterns and distinctive features of a particular
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language (Bagley, 1900; Cole & Rudnicky, 1983). The identification of nonsense syllables,
words and pseudowords also requires that the listener have proper knowledge of the relevant
phonological contrasts in a particular language.

Stimuli
Any linguistic stimulus of interest can be used, including syllables, words, pseudowords and
sentences (Miller et al., 1951). In many studies, white noise is used to introduce degradation
of the speech signal. However, other forms of stimulus degradation have been developed
using envelope-shap ed noise, which provides a constant S/N ratio across consonant and
vowels (Horii, House, & Hughes, 1971; O'Malley & Peterson, 1966).

Dependent Variables
1. Percent correct recognition (i.e. identification) using psychometric functions as a

function of S/N ratio (Miller et al., 1951).

2. Confidence ratings (Pollack & Decker, 1958).

3. Response confusions in noise using error responses (Miller & Nicely, 1955; Wang
& Bilger, 1973).

4. Scaling and construction of similarity spaces using MDS techniques (Shepard,
1972; Schiavetti, 1992; Triesman, 1978a).

Independent Variables
1. Signal-to-noise ratio.

2. White noise vs envelope-shaped noise.

3. Word frequency and familiarity.

4. Word length.

5. Lexical density (i.e. perceptual similarity).

6. Speaking rate.

7. Familiar vs unknown voices.

8. Sentence context.

9. Stimulus set size.

10. Auditory vs auditory + visual presentation.

Analysis Issues
Separation of sensory (acoustic-phonetic) properties from decision biases resulting from the
use of top-down knowledge in perception.

Effects Found with Paradigm
1. Context

Shown by: Miller et al. (1951); Kalikow et al. (1977); Huggins and Nickerson
(1985); Miller (1962).

2. Word frequency and familiarity
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Shown by: Owens (1961); Rosenzweig and Postman (1957); Savin (1963);
Broadbent (1967).

3. Word length

Shown by: Egan (1948).

4. Lexical neighbourhood

Shown by: Triesman (1978b); Luce, Pisoni and Goldinger (1990).

5. Native vs non-native listeners

Shown by: Lane (1963).

6. Normal vs hearing-impaired listeners

Shown by: Hirsh et al. (1952); Penrod (1985).

7. Synthetic vs natural speech

Shown by: Pisoni, Nusbaum, Luce and Slowiaczek (1985).

8. Differential masking of consonants and vowels

Shown by: Licklider and Miller (1951); Hawkins and Stevens (1950); Miller
(1947).

9. Voice familiarity effects

Shown by: Peters (1955); Penrod (1979); Mullennix, Pisoni and Martin (1989).

10. Multi-modal audio-visual integration effects

Shown by: Sumby and Pollack (1954).

11. Form-based priming effects

Shown by: Slowiaczek, Nusbaum and Pisoni (1987).

Design Issues
1. Substantial set-size effects are found for digits, letters, nonsense syllables, words

and sentences (Miller et al., 1951).

2. Substantial differences between open-set and closed-set response format
demonstrates the important role of prior knowledge of response alternatives on
spoken word recognition performance (Black, 1957; House, Williams, Hecker, &
Kryter, 1965; Sumby, 1962).

Validity
There is strong “face validity” for this experimental paradigm (Hawley, 1977). Many, if not
all, of the major phenomena in word recognition and spoken language processing can be
demonstrated and studied experimentally using this method. The research literature on
speech intelligibility is extensive, dating back well before the Second World War (Beranek,
1947; Black, 1946; Campbell, 1910; Egan, 1948; Fletcher, 1929; Licklider & Miller, 1951;
Miller et al., 1951; Kalikow et al., 1977).

Advantages
1. Ease of use.
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2. Permits the experimenter to control the amount of sensory information in the signal
and degradation levels.

3. Permits the computation of psychometric functions for subjects' identification data
as a function of the S/N ratio.

4. Provides a way to examine the underlying perceptual and psychological processes
used in recognising words from degraded or partial information.

5. Permits the use of a number of different dependent variables which provide
converging evidence on processes of word recognition and lexical access.

Potential Artifacts
The only potential artifacts are that the observed recognition score (percent correct
recognition) reflects the combined use of both sensory information in the signal—that is,
bottom-up acoustic-phonetic processing—as well as top-down lexical processing, reflecting
the contribution of knowledge of the listener based on the sound patterns in his or her
language that are stored in long-term lexical memory. White noise also masks consonants
more than vowels. And there are differences in intelligibility among different talkers and
among different words.

Problems
There are several problems with this technique. The data on masking of the acoustic–
phonetic properties of speech (Miller & Nicely, 1955) are still largely empirical and there is
no current model that combines knowledge of acoustics–phonetics with masking theory to
accurately predict speech recognition performance at this early level of perceptual analysis.
Because of the open-set nature of the word recognition task, it has been extremely difficult
to separate the contribution of sensory information in the signal from the listener's prior
knowledge and response biases that arise in the decision process.

Uses with Other Populations
In addition to its traditional use in the assessment of telephone and communication
equipment with normal-hearing listeners, which has a very long history, speech
intelligibility techiques have also become routine in the speech clinic to assess and diagnose
a wide range of hearing and speech perception disorders in clinical populations. Known in
this context as “clinical speech audiometry” or just “speech discrimination” tests, the same
stimulus materials and methods have been used to measure word recognition performance in
both the quiet and in noise (see Hirsh et al., 1952; Hudgins, Hawkins, Karlin, & Stevens,
1947; Davis & Silverman, 1947). As commonly used, the term “speech intelligibility” refers
to the reproduction of speech by a transmission system, whereas the term “speech
discrimination” is used more routinely in audiology for the clinical assessment of a human
listener's ability to perceive and understand speech (Penrod, 1985; Owens & Schubert, 1968;
Schubert & Owens, 1971).

Other Comments
Speech intelligibility tests have also been used to study multi-modal integration of auditory
and visual information (Sumby & Pollack, 1954) and to place the problem of speech
perception within the larger context of event perception and recent developments in
ecological psychology (Fowler, 1986; Gaver, 1993).
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