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ABSTRACT 

 

 

 

Despite attempts to improve speech recognition in noise via hearing aid 

algorithms, communication where there is background noise continues to present serious 

challenges to hearing aid users. The viability of using speech reading to augment 

amplification to improve communication in noise has not been fully investigated. One 

reason for this oversight is the assumption that the decline in speech recognition 

performance with decreases in S/N ratio is similar for communicative situations in which 

speech reading is available and for those in which it is not.  

 In this study, comparison of speech recognition performance for auditory only (A) 

and audio-visual (AV) presentation of sentences was made at four signal-to-noise-ratios 

ranging from 0 to –6 dB. Twenty-six participants with normal hearing and vision, 20 to 

30 years, responded to eight experimental conditions (A and AV presentation of speech at 

each of four signal-to-noise ratios). Speech recognition performance was evaluated using 

a 2 X 4 repeated measures ANOVA. The main effects of presentation mode and S/N ratio 

were statistically significant. More importantly, there was a significant interaction 

between these factors for speech recognition performance. The interaction revealed a 

growing benefit of speech reading, defined as the difference between audio-visual and 

auditory only performance (AV-A), with decreasing signal-to-noise ratios. This finding 

of increasing benefit with deteriorating listening conditions refutes the assumption that 

performance decline with increasing background noise is independent of presentation 

mode. This finding suggests that the need for individuals with hearing impairment to 

avail themselves of visual speech cues increases with a deteriorating listening 

environment. 

 In view of these findings, hearing aid evaluations involving both A and AV 

presentation of speech at different signal-to-noise ratios are recommended. Such 

procedures allow for both objective and subjective assessment of speech recognition 

performance under combinations of presentation mode and S/N ratios.  
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CHAPTER 1 

 

INTRODUCTION  

 

 Speech recognition performance for normal hearers and for individuals with hearing 

impairment has been investigated almost exclusively through auditory only presentation of 

speech. The responses from subjects have been reported in percent correct. There are few studies 

in which speech was presented audio-visually (AV) and almost none in which there was AV 

presentation of speech in noise. Thus, the literature contains little information concerning 

comparison of performance between auditory only and AV presentation. Such comparisons in 

this study are made between the mean performances of subjects for these two speech stimulus 

presentation modes at 4 different signal-to-noise (S/N) ratios. AV is expected to be greater than 

auditory only mean performance at each of these ratios. This difference is defined in this paper 

as the benefit of speechreading  because, for the great majority of individuals, addition of the 

visual channel (speechreading), results in increased performance relative to auditory only 

presentation of speech stimuli. 

 This oversight also is evident in hearing aid evaluations. These studies involve speech 

recognition performance comparisons for several hearing aids, each with a different means of 

acoustic processing. Most of these evaluations are done with auditory only presentation of 

speech in quiet. 

 Small and inconsistent gains in speech recognition performance have been found for 

some hearing aid processing methods relative to others for speech presentation in quiet. These 

particular methods or algorithms amplify certain low intensity speech sounds which were 

previously inaudible to the individual under evaluation, to audible levels while maintaining all 

amplified speech at a comfortable listening level. However, these methods have not yielded 

similar advantages for speech presented in noise. Thus, individuals may derive little benefit from 

amplification when listening to conversational speech in the presence of noise. 

 Given the above limitations of hearing aids, it seems logical that clinicians and 

researchers would have given more attention to the potential benefits of speechreading as partial 

compensation for these limitations, especially for hearing impaired individuals attending to 

talkers in the presence of background noise. However, few clinicians employ speechreading 

training or even discuss the potential benefit from its daily use with their clients who have 

hearing impairment. In addition, AV presentation of speech has rarely been used in hearing aid 

evaluations or in research, at least in part because of certain widely-held assumptions. One such 

assumption is that the same performance differences across hearing aids employing different 

acoustic processings for auditory only presentation, in quiet and in noise, will be reflected in AV 

presentations. Another way of stating this is the related assumption that the ideal acoustic 

parameters that maximize speech recognition are the same for any combination of presentation 

mode (auditory only and AV) and set of acoustic conditions. All modifications in the auditory 

realm are considered changes in acoustic conditions. These changes encompass different hearing 

aid processing methods or adjustments and listening under different conditions, e.g. in quiet or in 

different degrees and types of masking noise. Auditory realm changes also include different 

conditionings of speech by means other than hearing aid adjustments and processing selections, 

e.g. filtering of speech and mixing of speech with noise for presentation at different S/N ratios 

and other manipulations performed with laboratory equipment.  
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 The above assumptions that AV is uniquely determined by auditory only speech 

recognition performance, will be discussed in the literature review. The results of the present 

experiment and of certain research articles discussed in the present study refute these 

assumptions. Refutation is accomplished by reporting studies of speech recognition in which 

changes in auditory only performance, under certain circumstances, did not result in proportional 

changes in AV performance. In addition, such refutation implies that AV cannot necessarily be 

predicted by auditory performance alone. Logically, this lack of predictive ability argues for 

using both AV and auditory only presentation modes in speech recognition studies, including 

hearing aid evaluations. In this way, the set of hearing aid processing conditions superior for AV 

and those superior for auditory only speech presentation can be discovered. In addition, it is 

possible to discover if those particular conditionings result in superior performance for listening 

in both quiet and in noise.    Discovering the set of acoustic parameters that promotes superior 

speech recognition for a given combination of presentation mode and environmental listening 

conditions (in quiet and under different noise conditions), should be the goal underlying hearing 

aid research.  

 A closely related subject area pertains to the very limited amount of information in the 

literature concerning interaction between presentation mode of speech stimuli and systematic 

changes in isolated (single) acoustic variables in respect to speech recognition performance. 

Amplification studies cannot provide this information. Typically, they involve the comparison of  

hearing aids using different processing algorithms to determine the effects of these hearing aids 

on speech recognition performance. However, each processing scheme involves changes in 

multiple acoustic variables, for example, different sets of specifications for gain, frequency 

response and compression characteristics. Such studies may also evaluate the effect of changes in 

listening environment, i.e. listening in quiet vs in noise or listening at various S/N ratios.  

 The primary purpose of the present study is to investigate the effects on auditory only and 

on AV speech recognition of systematic changes in S/N ratio for unconditioned speech. 

Unconditioned speech is defined for this study as speech which has received no filtering, 

reduction in bandwidth, compression or temporal manipulations. The presentation of both 

auditory only and AV speech stimuli allows for intermodal performance comparisons, and 

therefore the opportunity to observe performance changes from the addition of speechreading. 

Experimental control is achieved by isolating the effects of S/N ratio within each presentation 

mode while eliminating potential confounding effects of acoustic conditioning variables. 

Experimental S/N ratios were produced by mixing different levels of speech babble with a 

constant level of unprocessed speech stimuli. 

 It is of interest to observe changes in speech recognition performance across these S/N 

ratios within auditory only and within AV modalities to determine how performance changes 

with decreasing S/N ratios within each modality. However, intermodal performance comparisons 

at each S/N ratio is necessary to determine if a change in speechreading’s benefit occurs across 

these ratios. Benefit is defined in this study as the difference between AV and auditory only 

performance (AV-A) in percent correct. Therefore benefit refers to the performance increase that 

occurs for virtually all individuals when their performance for auditory only is compared with 

that of audio-visual presentation of speech. 

 A finding that such benefit increases with decreasing S/N ratio would represent 

irrefutable evidence that AV communication, that is, the use of speechreading, becomes more 

critical as an individual’s listening environment deteriorates. This finding would suggest that is it 

important to discover hearing aid processing strategies that best support AV communication, 



 

 3 

especially in the presence of competing noise. Similar investigation for purposes of discovering 

acoustic conditions that best support AV communication may be carried out using laboratory 

equipment to condition speech, e.g. filtering. The speech conditionings that result in superior AV 

communication could then be sought through hearing aid circuit design. 

 Investigations of this nature have been thwarted by the conclusions of certain authors 

including those of Sumby & Pollack (1954) who stated that speechreading’s benefit is constant 

across changing S/N ratios. These particular findings obviate the need to include simultaneous 

visual channel presentation when studying the effects of S/N ratio on speech recognition. 

Evidence contrary to these findings would support additional investigation of speechreading’s 

benefits under varying background noise conditions. 

 The type of investigation described above also has import for theoretical aspects of 

speech recognition. Speechreading is hardly mentioned in classic theories of speech perception. 

Likely this omission is due to similar reasons for its lack of inclusion is speech recognition 

research. It is possible that originators of speech perception theory assumed that the addition of 

speechreading produced a constant benefit to speech recognition across different acoustic 

conditions.  Potential theoretical import from studies of speechreading’s benefits will be 

discussed in the literature review.  

 There is still another rationale for investigating speechreading’s potential benefit for both 

clinical and research applications, that will receive in depth coverage in the literature review. 

This rationale pertains to the argument that there are severe limitations in the potential of 

amplification alone to improve speech recognition in noise, no matter what advances in hearing 

aid design are made. This argument is made, in part, from evidence that a damaged peripheral 

auditory system, resulting in a moderate or greater degree of  sensori-neural hearing loss 

(SNHL), cannot be made to function normally with amplification. Adding to this difficulty is the 

low reliability of hearing aid selection procedures in finding amplification parameters best suited 

to individuals with hearing impairment.  

 In addition to these limitations, the numerous deleterious effects of noise are presented as 

a problem not likely to be overcome with amplification. The combination of auditory system 

damage and the great susceptibility of individuals with hearing impairment to these negative 

effects of noise is then used as a rationale for the greater employment of speechreading to 

partially compensate for these phenomena interfering with accurate speech recognition. 

 In summary, the following observations, agreed upon by most hearing health care 

professionals, are offered collectively as a rationale for further study of speechreading’s benefits:  

1. Most individuals report that the most serious manifestation of their hearing 

impairment is poor speech recognition in noise. 

2. Hearing aids have not substantially improved hearing in noise. 

3. AV is superior to auditory only and to visual only communication except for 

individuals who are blind or totally deaf respectively. 

4. Visual communication is not adversely affected by either peripheral auditory system 

damage or by environmental noise. 

  The positions taken above will be developed with supporting evidence in the literature 

review. Limitations in hearing aids per se as well as amplification’s limitations due to auditory 

system damage and to noise will also be discussed in greater detail in the literature review. The 

basis of hearing aid fitting practices will be shown to lack reliability, further decreasing 

amplification’s potential to improve speech recognition in noise. Hearing aid strategies to reduce 

the effects of noise on speech recognition will be presented as having little merit. In addition, a 
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number of assumptions, that have precluded deserved attention to the benefits of speechreading, 

will be addressed and contrary evidence will be presented. In so doing, AV will be shown to be 

more than a function of auditory only communication. Such evidence is the basis for concluding 

that speechreading’s effect is dynamic rather than static across different speech conditionings 

and across different listening environments and that it is important that this dynamic effect be 

studied.             
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CHAPTER 2 

REVIEW OF THE LITERATURE   

The Limitations of Amplification to Improve Speech Recognition, Especially in Noise   

Audiologists are told by virtually all their clients seeking amplification that the 

most serious consequence of their hearing impairment is difficulty understanding speech when 

background noise is present. Hearing in noise, in fact, represents the most serious communicative 

difficulty to the great majority of hearing impaired individuals (Fabry & Van Tassel, 1986; 

Killion, 1997). Despite improvements in hearing aid design, there seem to be no adjustments or 

processing schemes that increase the signal-to-noise (S/N) ratio. This increase is necessary to 

improve speech recognition in noise (Killion, 1997). Fabry and Van Tassel (1986) added that 

increase in S/N ratio can only occur through distinction by hearing aids of targeted from 

background sound so that the former can be relatively emphasized. However, present hearing 

aids cannot accomplish this, especially when both target and background sound is speech. This 

difficulty is addressed by Schum (1996). This author explained that the long- term spectrum of 

many environmental noises, having significant energy below 1 kHz and a gradual roll off in the 

higher frequencies, is similar to the long-term spectrum of speech. Therefore, these noises 

occupy frequency ranges that would be expected to interfere with the understanding of speech. 

The use of filtering by hearing aids to remove noise, would also remove speech in the same 

frequency regions. The overlap in spectral content between the targeted and non-targeted speech 

then would be exact, reducing even more the effectiveness of filtering. 

 Barker (1997) found that amplification’s main function of making speech more intense, 

does not improve speech intelligibility for many individuals with hearing impairment. She 

concluded that suprathreshold distortion rather than amplitude attenuation is the more important 

factor in reduced speech recognition for individuals with SNHL. She found this to be especially 

true for individuals with greater than mild hearing impairment.   

 Barker’s findings (1997) refuted those from many previous studies with similar goals. 

These goals included investigation of the manner in which speech recognition is affected by 

distorting its acoustic parameters for auditory presentation only. Once the parameters responsible 

for decreased speech recognition performance were identified, the hearing aid ostensibly could 

be programmed to compensate for these particular parameter deficiencies. Distorted speech 

stimuli were presented to individuals with normal hearing in order that each distortion could be 

studied in isolation in respect to its effect on speech recognition. In addition, combinations of 

distortions could be presented to closer represent the effects of SNHL in normal hearing subjects. 

Often, these studies used filtering and masking noise for purposes of simulating hearing loss 

(Bilger & Wang, 1976; Fabry & Van Tassel, 1986; Humes, Tharpe & Bratt, 1987; Miller & 

Nicely, 1955; Needleman & Crandell, 1955; Owens, Benedict & Schubert, 1972; Sher & Owens, 

1974; Wang, Reed & Bilger, 1978; Zurek & Delhorne, 1987). In contrast, only a few studies 

have investigated the effect of temporal distortions on speech recognition by normal hearing 

individuals (Florentine & Buss, 1984; Humes & Roberts, 1990). 

 The majority of the above investigations concluded that the primary detriment of SNHL 

to speech recognition is the attenuation of speech due to loss of threshold sensitivity. If these 

conclusions are accurate, then speech recognition problems could be resolved by increasing the 

suprathreshold intensity of speech. However, hearing aids do not restore normal speech 



 

 6 

recognition in most listeners with SNHL, especially when there is background noise (Killion, 

1997).   

 Barker’s conclusions (1997) that suprathreshold distortions, experienced by individuals 

with SNHL, could not be corrected with amplification, support the argument made in this thesis. 

That argument is that amplification alone is not sufficient to permit many individuals with SNHL 

to adequately understand speech, particularly in noise. Perhaps Barker’s findings, which were 

contrary to previous research, were due, in part, to her use of the HELOS apparatus. This device 

allowed manipulation, separately and in combination, of intensity, spectral content and timing 

aspects of speech stimuli delivered to normal hearing subjects. Such versatility in conditioning of 

stimuli was not available at the time of or not investigated in previous studies whose authors 

concluded that loss of audibility was primary in explaining poor speech recognition for persons 

with SNHL.   Barker found that audibility was the primary factor only in cases of mild hearing 

loss, involving minimal cochlear damage. Subsequently, auditory system physiological changes 

accompanying hearing impairment will be discussed as underlying amplification’s effectiveness 

being limited to individuals with mild hearing loss listening in quiet (Barker, 1997; Boothroyd, 

1984). 

 The use of amplification alone was said to be very limited regarding restoration of normal 

speech recognition, especially in noise, for individuals with SNHL. This evidence comes from 

behavioral studies in which auditory only speech recognition was tested under many different 

speech parameter conditionings and listening environments. Discussion will now move to the 

phenomena that underlie amplification’s limitations. The principal phenomena are the results of 

cochlear damage and the negative effects of masking noise. Subsequently, the low predictability 

of speech recognition from standard audiological tests (the audiogram) will be discussed as yet 

another obstacle to the use of amplification to improve speech recognition in noise.  

 

Correlelates of SNHL Underlying Both Reduced Speech Recognition and the Limitations of 

Amplification to Compensate 

Physiological and psychoacoustic manifestations of SNHL from injury to the peripheral auditory 

system  

Damaged auditory peripheral nervous systems result in abnormal responses by single 

nerves measured in animal studies and in arrays of auditory nerve fibers described in 

psychoacoustic studies using human subjects. Such abnormal responses underlie and help 

explain the resulting decrease in speech recognition performance (Festen & Plomp, 1983) and 

make restoration of normal auditory function with amplification unlikely (Barker, 1997).  

 Single nerve studies. Damage to the auditory peripheral nervous system is reflected by 

decreased function in nerve fibers due to direct damage or to association with a particular 

damaged area of the organ of Corti (Pickles, 1988). This damage is most often depicted with 

graphical changes in a nerve fiber’s tuning curve. This curve may be considered the fiber’s 

audiogram (Sellick, Patuzzi & Johnstone, 1982). The changes due to damage are a decrease in 

sensitivity in that fiber’s characteristic frequency (CF) and a broadening of the fiber’s bandwidth, 

both of which result in a flattening of the fiber’s tuning curve. 

 An individual fiber may be described as a band-pass filter tuned to a particular frequency, 

that is, to its CF. A damaged fiber requires a more intense sound stimulus to provoke an 

increased firing rate at its CF. In addition, damage results in a broadening of the frequency range 

of stimuli that will cause the fiber to fire at a rate above its resting rate (Kiang, Moxon & Levine, 

1970; Pickles, 1988). These changes could result in reduced capability to detect a signal 
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embedded in noise due to the fiber’s reduced frequency sensitivity and selectivity (Henderson, 

Salvi, Boettcher & Clock, 1994; Pickles, 1988; Tyler, Summerfield, Wood & Fernandes, 1982). 

The reduced tuning is thought to allow the fiber to pass more noise, decreasing the S/N ratio. 

One consequence of such a decrease would be lower speech recognition performance in noise 

(Killion, 1997). 

 Psychoacoustic studies. Peripheral auditory system damage may also be demonstrated by 

reduced performance on psychoacoustic (behavioral) measures in humans. These reduced 

functional measures are likely the behavioral manifestations of reduced auditory nerve function 

described above. Dallos, Ryan, Harris, McGee, and Ozdamar (1977) observed that 

psychophysical tuning curves (PTCs) in humans closely resemble tuning curves for single 

auditory nerve fibers in animals. 

 PTCs are behavioral measurements of the frequency selectivity and sensitivity of 

different regions of the cochlea and that region’s associated nerve fibers. PTC and other 

psychoacoustic phenomena, i.e. auditory filter patterns, yield broadened stimulus response 

curves in the presence of peripheral auditory system damage. These curves are observed to 

broaden with increased hearing loss (Pickles, 1988) much like single nerve response curves, both 

demonstrating loss of function. For the above reasons, these and other psychophysical measures 

of sensitivity and frequency selectivity may be used to predict the region and the extent of 

cochlear damage (Salvi, Henderson, Hamernik & Ahroom, 1993) by reflecting the function of 

single auditory nerves (Dallos et al., 1977). These predictions have been found to be more 

accurate than the clinical audiogram threshold data regarding the extent of damage to the cochlea 

(Preminger & Wiley, 1985). Subsequently, low correlelation between standard clinical 

measurements, i.e. the audiogram and both the extent of cochlear damage and speech recognition 

performance, will be discussed as adding to the difficulty of proper hearing aid selection which is 

important to insure benefit from amplification. 

 Recruitment as a product of injury to the auditory peripheral system. Other single nerve 

and psychoacoustic studies addressed the manifestations of intensity, especially the phenomenon 

of recruitment. The abnormal growth of loudness with increase in stimulus level, for persons 

with SNHL, was first labeled as “recruitment” by Fowler (1937) but first described by Fowler 

(1928). 

 Studies by Kiang et al. (1970), Pickles (1988), Evans (1975) and Viemeister  (1983) 

reported that reduction in frequency selectivity of individual auditory nerves was associated with 

the greater number of nerve fibers brought into the discharge pattern than normally occurs, as 

stimulus intensity is increased. This pattern of firings was used to explain the mechanism behind 

recruitment by these authors. Behaviorally, recruitment is demonstrated with interaural loudness 

matching tasks (Moore, Wojtczak, & Vickers, 1996) in which loudness is shown to grow faster 

in the ear having the greater degree of SNHL than the opposite ear, for the same subject. Based 

upon these results, Moore et al. concluded that recruitment originates from the auditory system’s 

inability to correctly process the range of rapid changes inherent in sounds.  

 Other phenomena associated with peripheral auditory system damage. The concept of 

“loss of compressive non-linearity” was discussed by Sellick et al. (1982) as a phenomenon 

accompanying SNHL. This refers to basilar membrane studies in which normal cochlear function 

is demonstrated when a wide range of sound input levels is compressed into a narrower range of 

basilar membrane movements or excursions. This function, which is another means of studying 

recruitment, is lost with cochlear damage. The loss of this compression, characteristic of 
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loudness recruitment, has been demonstrated by behavioral tests as well (Moore et al, 1996; 

Jerger & Harford, 1960) involving interaural loudness matching. 

 Decreased function accompanying hearing loss has been demonstrated in loss of timing 

information. Florentine and Buus (1984) found that individuals with SNHL have lowered 

temporal gap detection abilities compared with normal hearing persons.  

 Hair cell studies. There is another genre of animal studies, relating damage to specific 

populations of cochlear hair cells and resulting deficits in auditory behavior. Brownell (1990) 

and Dallos (1985) found that outer hair cells (OTCs) serve as sensory amplifiers to sound stimuli 

while the function of inner hair cells (IHCs) is to carry sensory information to the brain. Pickles 

(1988), Killion (1997) and Barker (1997) used different methods but came to the same 

conclusions. They presented evidence that cochlear damage limited to OTCs, associated with 

mild hearing loss, enabled individuals to benefit from amplification. In these cases, amplification 

by a hearing aid can compensate for amplification lost due to OHC damage. However, damage to 

IHCs, normally associated with greater than mild deficit, results in suprathreshold distortion 

which cannot be overcome with amplification. Killion (1997) stated that the loss of IHCs results 

in loss of information such that individuals with this type of damage will have difficulty 

understanding some speech in quiet and all speech in noise. Thus, studies concerning missing or 

damaged populations of hair cells add additional evidence that cochlear injury accompanying 

SNHL results in abnormal auditory function which cannot be corrected with amplification, 

especially for greater than mild hearing losses.  

 Implications of physiological and psychoacoustic studies. The above studies of 

physiological and behavioral deficits clearly demonstrate the limitations in the auditory 

processing of speech for individuals with SNHL. These deficits occur at suprathreshold intensity 

levels. For this reason, amplification, which elevates speech to suprathreshold levels, where such 

distortions occur, cannot compensate for these deficits. 

 Increased susceptibility of individuals with SNHL to the effects of noise        

 Another correlelate of SNHL that interferes with normal auditory processing of speech, 

precluding to some degree the potential benefit of amplification, is the adverse effects of noise 

on speech recognition. These effects are discussed as a correlelate because persons with SNHL 

are more susceptible to them than are normal hearing persons. Thus damage to the auditory 

system plus the detrimental effects of environmental noise are presented as putting the individual 

with SNHL in double jeopardy of being unable to follow conversational speech in poor listening 

environments.  

Limitations to communication imposed by masking noise. The acoustic speech signal can 

be considered to contain cues to the manner, place, and voicing production in the vocal tract. The 

listener is thought to utilize these acoustic cues in addition to his knowledge and prior experience 

with the rules of auditory language to extract the meaning intended by the speaker (Sanders, 

1977; Terrio, 1982). The auditory system, therefore, attempts to analyze these acoustical cues in 

order to extract useful information. This process includes discrimination of wanted from 

unwanted sound (noise). The interference or masking of wanted signals by noise is the converse 

of analysis (Kryter, 1970). 

Amplification may restore some cues lost to hearing impaired persons by increasing the 

intensity of some speech sounds. However, as previously discussed, bringing sounds into 

audibility does not necessarily make them more understandable (Barker, 1997; Martin, 1994). 

Martin explained that speech sounds and sound combinations are recognized and interpreted by 

the human auditory system due to the relationships of the physical parameters of speech 
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occurring during a particular time period. These parameters are intensity, frequency and 

spectrum with the underlying parameter of time. When there is interference that changes these 

parameter relationships, the original speech sounds become distorted (Boothroyd, 1993). This 

interference and accompanying distortion can result from an external event, such as 

environmental noise, as well as from a damaged auditory system or from a combination of both. 

This interference occurs at suprathreshold presentation of speech. Therefore, an increase in 

intensity via amplification cannot overcome the problem of inaccurate speech recognition in 

quiet, and even less in noise (Barker, 1997). The implications of these writings are that the 

impaired auditory system cannot necessarily be made to function normally by presenting it with 

higher levels of stimulation. Therefore, a compounding of interference in speech parameter 

relationships (Martin, 1994) would occur when distortion from noise is superimposed upon 

distortions from hearing impairment. This results in considerable detriment to speech 

recognition.  

Mechanisms of masking. For this paper, masking refers to the state in which auditory 

sensory receptors (hair cells and their stereocillia) are not functionally available for analysis of 

attended sound because they are being stimulated by unattended sound (Kryter, 1970). Thus, 

receptors that normally respond to certain frequencies cannot respond at all or respond less 

vigorously to the desired signal because of noise at the same frequencies. These sensory 

receptors may also lose their capacity to respond because of the spread of masking along the 

basilar membrane, from another signal which is lower or higher in frequency than the attended 

signal (Humes & Roberts, 1990). The upward spread of masking, especially, has received a lot of 

attention from audiologists because of its greater interference to the speech recognition of 

individuals with hearing impairment than to that of normal hearers (Humes & Roberts, 1990). 

This phenomenon is considered to result in reduced frequency sensitivity and selectivity in the 

cochlea for higher frequency spectral energy due to the effect of energy at lower frequencies. 

This reduction was found in individual auditory nerve cells for experiments using animals 

(Henderson et al., 1994; Pickles, 1988) and in arrays of auditory nerves for experiments using 

human subjects (Pickles, 1988; Preminger & Wiley, 1985). 

The mechanism for this altered response seems to be low frequency noise activating 

cochlear regions that do not correspond to any frequency component in the bandwidth of the 

presented signal (Schum, 1996). For persons with SNHL, there is a much greater spread of this 

masking than seen in normal hearers (Klein, Mills & Adkins, 1990). These authors found that 

threshold shift in noise for hearing impaired subjects went beyond that which could be explained 

by the degree of shift in normal hearers in the presence of the same noise. The threshold shift 

also went beyond the amount of shift explained by the hearing impaired subjects’ thresholds in 

quiet. This unexplained amount of threshold shift demonstrated the greater susceptibility of 

hearing impaired individuals to upward spread of masking compared with normal hearers.  

All masking is thought to interfere more with speech recognition for hearing impaired 

persons because of the broadening of their auditory filters (Pickles, 1988) and of their critical 

bands (Humes et al., 1984) at the sites of cochlear damage. Such broadening implies a loss of 

frequency tuning in the cochlea due to observations that a competing noise can activate a wider 

array of auditory nerve fibers than it can for an individual with normal hearing and no cochlear 

damage. This increased sensory representation from noise reduces the S/N ratio (Killion, 1997).  

For purposes of this paper, all sound, including speech, is considered to be noise if it is 

not the listener’s objective or desire to attend or understand it but it interferes with attending to 
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or understanding of targeted sound. Often this noise is the combination of several unattended 

talkers’ speech or “babble” which masks attended speech.  

Babble is a more effective masker than most other noise (Schum, 1996). This is because 

the combination of several persons’ speech, including that of the targeted talker, results in a 

uniform speech amplitude waveform. This composite waveform does not contain the amplitude 

fluctuations and silent gaps present in single talkers’ amplitude waveforms. Therefore, these 

features, which serve as important cues for speech recognition, are lost. The overall effect is a 

background of speech-like sound without significant linguistic meaning (Schum, 1996). Schum 

(1996) also pointed out that the effectiveness of a masker is proportional to its similarity to the 

masked signal regarding spectrum. Therefore, the most effective masker of speech is other 

speech. 

 Hearing aid filtering circuitry cannot distinguish between targeted and non-targeted 

speech and therefore removes spectral energy from both. Little is done in this case to enhance the 

figure-ground relationship (Sanders, 1971) or improve the S/N ratio (Killion, 1997). Despite 

these facts, some amplification strategies to enhance speech in the presence of noise, use such 

filtering. These strategies will be reviewed herein. 

Human communicative behavior in noise. Another detrimental aspect of noise pertains to 

the behavior of talkers in its presence. Pearsons, Bennett, and Fidell (1977) found that for low 

background noise levels (48 dB or less), talkers produce average speech levels of 55 dB sound 

pressure level at a distance of 1 meter. This situation represents a S/N ratio of +7 dB. As 

background noise increases, most talkers raise the level of their voices at a rate of .6 dB for each 

1 dB increase in background noise, decreasing S/N ratio. At a background noise level of 70 dB, 

talkers typically produce speech at 67 dB, yielding a S/N ratio of –3 dB. In fact, these authors 

found that the S/N ratio of typical listening situations varies between +7 and –3 dB. Interestingly, 

Schum (1996) found that persons with SNHL require a much higher S/N ration than +7 dB to 

obtain even a minimal level of accurate speech recognition for auditory only presentation of 

speech stimuli. Assuming both Pearsons et al. (1977) and Schum (1996) are correct in their 

respective findings, individuals with SNHL must necessarily rely upon the addition of 

speechreading to auditory only communication, to be able to follow the speech of talkers, even in 

low noise backgrounds.  

The squelch effect. The loss of the “squelch” effect by persons with hearing impairment 

has been offered as an explanation of why their understanding of speech in noise is more 

adversely affected than that of normal hearers. Seemingly, this particular loss cannot be 

explained merely as greater susceptibility to the effects of noise for hearing impaired individuals 

due to the broadening of their auditory filters. The loss of squelch represents a diminished ability 

in hearing impaired persons to utilize the advantages of binaural relative to monaural hearing. A 

normal hearing individual, when listening binaurally in noise, receives an improvement of 3 dB 

or more in the S/N ratio compared with monaural listening (Carhart, 1965). The squelch effect 

(Schum, 1996) occurs when the brain of the normal hearer compares the separate inputs from 

each ear, utilizing the difference in the spectral content between the two ears to gain a more 

favorable S/N ratio (Schum, 1996). Further, these spectral differences theoretically separate 

speech from noise to improve what Sanders (1971) referred to as the “figure-ground” effect. Ter-

Horst, Bryne and Noble (1993) claim that hearing impaired individuals do not have this ability, 

even if their hearing loss is symmetrical between left and right ears. These authors’ explanation 

is that a damaged peripheral auditory system prevents the brain’s access to such cues from 

interaural differences. 
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Amplification’s Limitations Due to Questionable Hearing Aid Selection Procedures 

Hearing aids were said above to have inherent limitations in what they can do to improve 

the S/N ratio. Correlelates of SNHL were then discussed underlying some of these limitations. 

Damage to the ear precludes normal auditory function regarding sensitivity to and selectivity of 

the acoustic parameters of speech during the process of speech analysis. The presence of noise 

further reduces the probability of accurate speech recognition by obscuring important speech 

acoustic cues thereby removing potential “targets” for amplification.  

There is another obstacle to the improvement of speech recognition performance using 

amplification, though of lesser importance than the correlates discussed above. Certain clinical 

measures, notably the clinical audiogram, cannot be used to accurately predict either the degree 

and nature of auditory system damage or the speech recognition performance for individuals 

with hearing impairment.  

Differences among individuals in degree and in anatomical location of peripheral 

auditory system damage underlies the variance in their performance seen in psychoacoustic and 

in speech recognition tasks (Preminger & Wiley, 1985). These differences in sensory system 

damage and in behavioral responses, however, are not reflected by comparable differences in the 

audiometric pure tone thresholds of these individuals (Preminger & Wiley, 1985). These authors 

found considerable differences in speech recognition for persons with practically identical pure 

tone audiograms. Therefore, these thresholds cannot be used to accurately predict unaided speech 

recognition or its improvement with the use of amplification. In spite of these limitations, pure 

tone thresholds are used to determine hearing aid response parameters using popular hearing aid 

fitting formulae e.g., National Acoustics Laboratories (NAL) (Bryne & Dillon, 1986), 

Prescription of Gain/Output (POGO) (McCandless & Lyregaard, 1983).  

In addition to this questionable use of threshold data per se, the application of threshold-

based formulae results in more gain, proportionate to hearing loss, for audiometric test 

frequencies above than for those below 1 kHz. There is evidence, however, that such frequency 

responses do not result in superior speech recognition for some individuals under auditory only 

and for most individuals under AV presentation (Walden, Prosek & Worthington, 1974).  

The Limited Success of Amplification Strategies to Reduce the Effects of Noise 

 Hearing aids were presented as being unable to substantially improve the S/N ratio, 

especially when background speech masks targeted speech. Correlelates of SNHL were then 

shown to underlie this inability. Questionable hearing aid fitting procedures were then said to 

add to this problem.  

 Attempts to improve speech recognition in noise with amplification will be reviewed 

briefly at this time. They will be shown to be only modestly successful for a limited number of 

individuals with hearing impairment. These tried and failed efforts help strengthen the contention 

that the addition of speechreading to auditory only communication is necessary for substantial 

improvement in speech recognition in the presence of noise.  

 The most basic strategy to reduce the deleterious effects of noise to speech recognition is 

the use of binaural amplification for individual with bilateral hearing loss. There is evidence that 

binaural fittings are superior to monaural ones in this respect, from subjective patient reports 

(Brooks & Bulmer, 1981; Erdman & Sedge, 1981) and from objective clinical studies, e.g. Byrne 

(1980). However, the loss of the binaural squelch effect for hearing impaired persons, discussed 
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above, suggests the possibility of other decreased binaural advantages enjoyed by normal hearing 

persons. Therefore, binaural fittings do little to improve speech recognition in noise. 

 Speech recognition in noise improved for some subjects with increases in hearing aid 

maximum power output (MPO). In communicative situations in which there are positive S/N 

ratios, the increased power raises the threshold at which hearing aid output waveforms are 

“clipped” or removed. This preserves the favorable S/N ratio. However, Pearsons et al. (1977) 

found that talkers’ voices do not increase in level proportionately to increasing levels of 

background noise, resulting in negative S/N ratios. In such cases, this technique would not be 

appropriate even if the user of the hearing aid could tolerate the increased output levels. 

 Reduction of low frequency gain below 1 kHz is likely the clinical technique most used 

in attempts to improve speech recognition in noise. The rationale for its use is decrease in 

upward spread of masking. Individuals for whom this is effective are those who are unusually 

susceptible to the effects of masking by low frequencies (Bilger & Wang, 1976). This technique 

is seen in all hearing aid fitting formulae, i.e. the NAL formula (Byrne & Dillon, 1986) and in 

the most comfortable level (MCL) fitting technique, both resulting results in reduced hearing aid 

gain at 250 and 500 Hz relative to gain at 1 kHz (Shapiro, 1976).  

 Other techniques are designed to increase the gain of low intensity speech sounds relative 

to higher intensity ones. Hearing aids are available which attempt to increase the consonant to 

vowel (C/V) ratio (Venema, 1998) for all hearing aid input levels and others which result in 

treble increase at low input levels or TILL (Sweetow, 1994).  

 Killion (1997) admitted that some of these techniques had merit in quiet listening 

situations, but in noise the result was similar operations being performed, e.g. filtering, on both 

noise and on speech, maintaining the S/N ratio. Therefore, there was no potential for increased 

speech recognition.  

Filtering, compression and other hearing aid processing strategies reduce both speech and 

noise within a particular spectral region, maintaining the S/N ratio. This applies even to the 

latest technology referred to as modulation-based noise reduction (Flynn, 2003). Hearing aids 

with this processing capability, detect frequency bands that contain more noise than speech and 

suppress amplification of these bands, maintaining the S/N ratio in those bands. The only 

advantage is enabling the hearing aid to maximize amplification in bands where there are higher 

S/N ratios. These hearing aids increase comfort but do not improve speech recognition in noise 

(Flynn, 2003). 

There seem to be two related explanations for this lack of improvement. These 

instruments are very sensitive to background noise and, therefore, tend to reduce gain for 

frequency bands even at relatively favorable S/N ratios. In addition to this shortcoming, most 

background noise is broadband rather than restricted to a narrow frequency region. Therefore, 

suppression of gain may occur across most of the operating bandwidth of the hearing aid. 

However, hearing aid wearers normally increase the gain of their instruments to subjectively 

improve their speech recognition in noise. 

Directional microphones have been used for many years to increase the S/N ratio in 

certain listening situations. However, effectiveness depends upon noise and targeted speech 

arising from different azimuths relative to the microphone’s orientation. In this case, the listener 

orients to or faces a talker, enabling the directional microphone to enhance this zero degree 

incident input while reducing the level of inputs from other directions or azimuths. This 

orientation to the talker results in a dramatic increase in the S/N ratio. However, this technique is 
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limited due to the difficulty in always being oriented toward the targeted speaker. Also, 

reverberant conditions prevent such isolation of a speaker.  

 At present, the only proven means of increasing S/N ratio is the use of hearing aids with 

conventional directional microphones (Flynn, 2003). This increase has been estimated at about 

3-4 dB in real-world listening environments (Woulters et al., 1999). However, there may be 

disadvantages to this technology in addition to the inconvenience of users having to orient 

toward the speaker in order to appreciate the increase in S/N ratio found in laboratory testing 

conditions.  

“Beamforming” is the latest and most sophisticated manifestation of the directional 

microphone. This technology is still in the experimental phase, though some behind the ear 

(BTE) hearing aids have been developed as prototypes (Schweitzer et al., 1995). Essentially, this 

technology attempts to steer a multiple microphone array towards a given source (targeted talker) 

by focusing its signal-capturing abilities in a particular direction (Schweitzer, 2000). 

Interestingly, beamforming is an attempt, via electronic processing, to capture the advantages of 

binaural hearing. Blauert (1983) compared beamforming to the kind of “triangulation” done by 

listeners based on the relative distances between the ears. That is, interaural differences in 

magnitude (SPL) and differences in phase are understood to be the key acoustical cues in the 

localization and selection process of audition according to Blauert. This selection process is 

enhanced according to Schweitzer by beamforming processors “disambiguating” a signal from a 

noise by helping a listener distinguish between a desired target and a “jammer”.  

These processors used in conjunction with the prototype BTEs now must be worn as a 

hard-wired belt unit. Most beamforming systems have been reported to have audible artifacts. In 

spite of this, the systems have been reported to relieve the stress of hearing speech in noise in 

subjective reports from some subjects (Schweitzer, 2000).  

  From an engineering standpoint, conventional directional microphones belong to the 

strategy that has been employed for many years to try and improve the S/N ratio. That category 

or strategy is to deliver an improved S/N ratio to the eardrum with no requirement that the 

central auditory system improve this ratio even more. Adaptive filtering, compression and noise 

reduction algorithms use the same strategy. Beamforming, on the other hand attempts to offer 

certain acoustic parameters at the peripheral auditory system, with processed differences at the 

left and right ears, that allows the central auditory system to improve the S/N ratio. In other 

words, beamforming attempts to restore selective listening by presenting the central system with 

the necessary differences between left and right ears so it can separate the desired from the 

undesired signals. Selective listening is an auditory ability available to normal hearers that 

allows them to focus on one talker in a room while ignoring interfering talkers (Agnew, 2000).  

The conclusion by Ter-Horst et al. (1993), that the hearing impaired individual loses his 

ability to use binaural cues, likely assumed that hearing loss precluded the possibility of the 

necessary cues for binaural processing from ever being delivered to the peripheral mechanism. 

It was not interpreted to mean that the central system could not utilize these cues if they were 

available at the periphery. In fact these authors suggested that digital processing could possibly 

enable some hearing impaired individuals to separate speech from noise.  

 Providing the central auditory system with cues that allow it to spatially separate speech 

from noise is a new direction from conventional means to enhance the S/N ratio at the eardrum. 

The conventional means or direction assumed that a single hearing aid could be constructed to 

separate desired from undesired auditory signals. Further, its success was predicated on the 

eventuality that the device would be able to identify and amplify one voice among several 



 

 14 

competing ones. Such identification is a complex challenge for a single instrument, especially 

since the long-term speech spectrum of an individual talker is essentially the same as that of 

multitalker babble (Agnew, 2000). Further, the amplitude of the competing voices may be equal 

to the targeted one. Therefore, the listener has neither a difference in frequency components nor 

in amplitude to distinguish one speaker from another.  

In conclusion, the use of hearing aids which can condition sound in a manner allowing  

the central auditory system to separate speech from noise, seemingly holds some promise 

regarding the improvement of speech recognition in noise (Blauert, 1983; Schweitzer, 2000). 

Such hearing aids, however, are not available at this time. Presently, only conventional 

directional microphones in addition to certain filtering and compression techniques are 

prescribed to increase speech recognition performance in noise. However, these techniques have 

only been able to enhance targeted speech relative to background noise to a modest degree 

(Killion, 1997). The reader is reminded that these filtering and compression techniques aimed at 

enhancing high relative to low frequency sounds, theoretically improve speech recognition for 

auditory only presentation of stimuli. It is logical that these techniques are employed given that 

virtually all hearing aid research has been done with auditory only presentation. Enhancement 

of high relative to low spectral regions, however, may result in poorer AV speech recognition. 

This prediction was made by Walden et al. (1974). These authors contended that high frequency 

enhancement of speech would result in similar information (place of articulation speech cues) as 

that provided by speechreading. This similarity or redundancy is not present when low 

frequency spectral speech regions are enhanced. 

 

Speechreading and its Benefits During AV Communication 

Definition and overview  

Speechreading refers to the utilization of visual communication cues presented by the 

movements and postures of the speech articulators, facial expressions and body movements and 

posturing. The term “benefit of speechreading”, as used in this paper, was defined earlier as 

AV-A performance. This definition will be contrasted with that of Sumby and Pollack (1954) 

subsequently. Regardless of definition, all calculations of benefit are meaningful only when AV 

and auditory only presentations of speech stimuli occur for comparable conditions regarding the 

selected stimuli and for identical conditions regarding their acoustic processings and the 

listening (environmental) conditions under which they are presented. In this study, AV and 

auditory only performance is compared at each of 4 different S/N ratios for unconditioned 

stimuli. Further, sentences comparable in length, linguistic complexity and frequency of 

occurrence of words, from the same test instrument, are used for AV and auditory only 

presentation. This satisfies the stated criteria for the calculation of speechreading’s benefit.  

 Benefit from speechreading has lacked deserved attention in hearing aid studies (Grant et 

al., 1998) as well as in other investigations whose author’s were concerned with speech 

recognition. This lack of attention is reflected by the fact that visual communication is ignored 

or only briefly mentioned in classic theories of speech perception (Diehl & Kluender, 1989; 

Halle & Stevens, 1991; Klatt, 1989; Stevens, 1989). The lack of attention paid to speechreading 

is surprising given the universal acknowledgement of the superiority of AV over auditory only 

communication for the great majority of listeners (Grant et al., 1988; Miller & Nicely, 1955; 

O’Neill, 1954; Sanders, 1971; Solley & Murphy, 1960; Walden et al., 1974). This superiority 

has been attributed to the contribution of both auditory and visual cues as well as to the 
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additional cues derived from the sensory integration of these individual channels (D.Ling & 

Ling, 1978; Miller & Nicely, 1955; O’Neill, 1954; Sanders, 1971, 1977; Walden et al., 1974). 

 The benefits of speechreading are in need of investigation. This pursuit will more likely 

lead to improved speech recognition in noise for persons with hearing impairment than past and 

present methods involving auditory only research. The factors underlying the low potential for 

auditory only research were presented as correlelates of SNHL. Questionable fitting procedures 

were then discussed as adding to the above limitations of improving speech recognition in noise 

when the application is hearing aid evaluation. Additional evidence was presented with 

discussion of amplification schemes to improve speech recognition in noise that have been 

largely unsuccessful. Of these techniques, only beamforming increases the S/N ratio but is an 

impractical solution in its present form.  

 It is important to investigate the possibility that speechreading’s benefit is a dynamic 

phenomenon explained by factors in addition to performance from auditory only presentation of 

stimuli. Widely-held assumptions hold that this benefit is constant across different listening 

environments, e.g. S/N ratios for broadband (unfiltered) speech and uniquely determined by 

auditory only performance for conditioned, e.g. filtered speech.  If such evidence is found, it 

becomes important to discover which acoustic processes maximize benefit. Some of these can 

be programmed into hearing aid output responses. It is also important to understand the effects 

of environmental listening conditions on speechreading’s benefit. It would be most helpful to 

know under which listening conditions speechreading can make the greatest contribution to 

understanding conversation, especially in noise. Such investigation also has considerable import 

to speech perception theory especially if evidence were to be found that visual speech cues  

become increasingly more important with deteriorating listening conditions.  

It is contended in this paper that even the most sophisticated processing of speech 

represents a signal presented to a damaged auditory neural and/or sensory system and cannot be 

normally processed. Therefore, the benefit from the addition of visual speech information to 

auditory speech cues is very important to accurate speech intelligibility. This benefit applies to 

visual cues per se and of integration between visual and auditory cues. For this reason, 

speechreading should be included in research and in aural rehabilitation programs. It also should 

be included in counseling of hearing impaired individuals to make them more aware of the 

benefits of speechreading.  

Assumptions explaining non-inclusion of speechreading in research 

Certain assumptions obviate the advantage of including speechreading in research 

investigations of speech intelligibility. If it is assumed that AV performance is predictable from 

or uniquely determined by auditory only performance levels, it is not necessary to complicate 

research designs by presenting AV stimuli.  

 Assumptions as described above involve AV performance predictions. One such 

assumption is that conditions of equal auditory intelligibility yield equal AV intelligibility. This 

assumption was first advocated by Sumby and Pollack (1954) and later by articulation theory 

(ANSI, 1969). This assumption was further supported by the ANSI standard for calculating the 

articulation index [ANSI S3.5-1969 (R 1986)], a graphical procedure for predicting AV from 

auditory only performance. This calculation is referred to as the audio-visual correction factor. 

According to the ANSI standard, an auditory intelligibility (articulation) index is 

determined by the audibility of differentially weighted bands of speech, with mid audiometric 

frequencies (e.g., bands centered at 1.6, 2 and 2.5 kHz) given the greatest weights. The standard 

further assumes that these same bands are equally important to AV intelligibility. The 
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articulation index (AI) (French & Steinberg, 1947; ANSI, 1969) is a value between 0 and 1 

which represents the portion of available speech information transmitted to a listener. 

Computation of the AI is based upon the audiogram of an individual as well as upon the 

characteristics of the speech signal presented to him. The same differential frequency weighting 

applies in both cases. For signals, it was implied that speech stimuli with emphasized mid-

frequency information would be predicted to yield a higher auditory AI that the same stimuli 

with other spectral regions emphasized. This weighting relative to an individual’s audiogram 

may be explained by considering the attenuation of an individual’s hearing threshold at 250 Hz. 

A higher auditory AI would be predicted for this case than the one in which this same 

individual’s hearing were attenuated proportionately at 1.6, 2 or 2.5 k Hz. That is, the removal of 

“information” from the lower and less important frequency region would not reduce the auditory 

AI to the degree as removal of information from a more important frequency region. The 

assumption of the ANSI correction factor (ANSI 1969, R1986) is that these mid-frequency 

regions are just as important to AV as they are auditory only performance. Since the AI is an 

index of predicted performance, it is assumed that variability in the AV AI is explained by 

variability in the auditory AI when predictions are made according to the frequency weighting 

that has been described previously. Predictions are based upon the degree of “availability” of 

information across the speech spectrum. Availability then depends upon both the signal 

conditioning, e.g. filtering and the audiogram of an individual which may be used, in conjunction 

with signal parameters, to determine how much energy from different spectral regions falls 

between this individual’s speech reception threshold and threshold of discomfort (French & 

Steinberg, 1947; ANSI, 1969). 

Walden and his colleagues, however, suggested that the AV performance is determined 

by the degree of redundancy provided by auditory and visual speech cues, not the overall 

auditory performance level (Walden et al., 1974; Grant & Walden, 1996; Grant, Walden & Seitz, 

19980). Walden et al. (1974) stated that low redundancy between the auditory and visual 

modalities allows for misperceptions in one to be resolved by correct perception in the other 

modality. This was also hypothesized in later studies (Walden & Montgomery, 1975; Walden, 

Prosek & Worthington, 1975; Walden, Prosek, Montgomery, Scherr & Jones, 1977). 

Models of speech perception subsequent to classic theories (Massaro, 1987; Braida, 

1991) support Waldens’ contentions by providing additional evidence that patterns of auditory 

and of visual perceptual confusions, derived from confusion matrices, are necessary to predict 

AV speech recognition performance. These analyses (Grant & Braida, 1991; Walden et al., 

1974) suggest that acoustic place of articulation cues are redundant with those available from 

speechreading. However, voicing and manner of articulation acoustic cues are more 

complementary to speechreading. If it is assumed that the more complementary situation results 

in either a greater amount or in more useful information transmission, then the following is true: 

Low frequency bands, containing more voicing and manner cues, will produce higher AV 

performance, when combined with speechreading, than will high frequency bands containing 

more place of articulation cues, provided all the bands provide equal auditory only intelligibility. 

Walden et al. (1974) demonstrated this to be true, refuting the ANSI  standard ((1969, R 1986), 

at least for identification of medial consonants e.g., /aba/, /aza/, /aka/, etc., in vcv contexts, 

surrounded by the same vowel. 

Braida’s Pre-Labelling Integration Model (1991), using separate auditory only and visual 

only identification tasks, predicted nearly perfect AV speech recognition for theoretical subjects 

with average speechreading skill in addition to auditory recognition only of voicing and manner 
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of production consonant cues. However, for subjects with identical speechreading skills but with 

auditory recognition only for place of production cues, considerably lower AV scores were 

predicted.  For actual auditory only presentation of stimuli, subjects observed to have fewer 

manner and voicing confusions were found to correctly identify more speech tokens for AV 

presentation than subjects who had fewer place cue confusions.  

Braida’s (1991) predictions and findings supported the redundancy hypothesis (Walden et 

al., 1974) that low redundancy between the auditory and visual channels supports more efficient 

sensory integration, and consequently, greater AV performance. Other models that predict AV 

intelligibility from potential efficiency of sensory integration are those of Massaro (1987) and 

Blamey et al. (1989).  

It is not surprising, therefore, that the following important finding emerged from the 

“equally intelligible” filtered band studies and on other studies based upon confusion matrices 

(Blamey et al., 1989; Braida, 1991; Massaro, 1987; Walden et al.,1974): Speech parameter 

conditionings that result in the highest auditory only speech intelligibility may result in lower 

AV speech recognition than other conditionings. These findings suggest that hearing aids need 

different programmed frequency responses for auditory only than for AV communicative 

situations in order to achieve superior speech recognition for each mode of presentation. For this 

reason Walden et al. (1974) recommended a high frequency response for the former and low 

frequency response for the latter situation. Summerfield (1987) added importance to this 

principle by declaring that the speech acoustic features found in the low spectral regions of 

speech, important for AV communication, become more so in the presence of noise. It is likely 

that this is true because of the robustness of voicing and manner features during increasing 

background noise, after acoustic place features have dropped below audibility (Miller and 

Nicely, 1955). It is reasonable to assume that this robustness means that voicing and manner cues 

are less difficult to maintain at a S/N ratio at which they can be perceived, in spite of increasing 

levels of background noise. Together, all the studies discussed above suggest that a modest 

emphasis in hearing aid gain below 1 kHz, maintains auditory availability of manner and voicing 

cues in noise to complement place cues that are easily available from the speaker’s lips and facial 

expressions (Walden et al., 1974).  

Based on the reviewed literature, the nature of the contribution of visual cues to speech 

intelligibility is not clear. For the majority of hearing care professionals, this knowledge is 

limited to the increase in speech intelligibility for most individuals due to the addition of visual 

cues. Prior to research by Walden et al. (1974), there was no evidence that benefit from 

speechreading might vary with different filtering schemes, e.g., those selected for a hearing aid’s 

output response. Assumptions were widely held by the audiology community that this benefit 

was independent of filtering, compression characteristics and other acoustic parameters that may 

be programmed into a hearing aid’s response. Walden et al. (1974) found evidence refuting this 

assumption, at least for recognition of medial consonants surrounded by a common vowel. It is 

not known, however, if these same findings apply to longer linguistic units. 

In addition, the assumption of speechreadin’s constancy of benefit was made across 

different S/N ratios (Sumby and Pollack, 1954; ANSI, 1969, R1986). However, this assumption 

was derived from the particular metric used by these authors to define speechreading’s benefit. 

Further, this metric applied to identification of spondaic words. 

A study by Grant, Walden & Seitz (1998) compared auditory only with AV speech 

recognition for IEEE/Harvard (1969) sentence lists. These are considered to be low context 

sentences. Examples are: “Both brothers use the same size” and “Watch the log float in the wide 
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river”. Masking used in this study was white noise. Sumby and Pollack (1954) made presentation 

mode comparisons using spondaic words and defined speechreading’s benefit as AV-A/100-A. 

Other studies compared consonant recognition for both presentation modes in quiet (Walden et 

al., 1974) and in speech-shaped noise  (Grant et al., 1998). 

There seems to be no study in the literature which compares speech intelligibility for 

auditory only with AV presentation with the following characteristics: 1. The speech stimuli are 

sentences designed to represent everyday conversation . 2. The masking noise used is speech 

babble. 3. Comparison of presentation modes is made across different S/N ratios. 4. The metric 

defining benefit of speechreading is AV-A. The use of these characteristics is meant to simulate 

social communicative situations similar to those encountered every day by hearing impaired 

individuals. The Connected Speech Test (Cox et al., 1987), discussed above, allows for the 

simulation of such situations. Further, the metric used to define benefit of speechreading is 

straightforward and clearly illustrates the contribution of visual speech information to speech 

recognition at all S/N ratios.  

 The purpose of the present study is to determine the effect on speechreading’s benefit of 

systematic changes in S/N ratio when speech stimuli and background noise are used to simulate 

real-world communicative situations. The following hypotheses will be tested. 

Experimental Hypotheses 

1. Ha: There is a significant differences (p>.05) in correct speech recognition  

between auditory only and AV presentation modes.        

2. Ha:  There is a significant interaction (p>.05) between presentation mode 

              and levels of S/N ratio for correct speech recognition. 
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CHAPTER 3 

 

METHOD 

 

 This chapter describes the subjects and procedures for the pilot and experimental 

investigations. Also, the speech stimuli, equipment, and data analysis used are described. 

 

Subjects 

A total of 26 subjects, 17 female and 9 male, were recruited from undergraduate and 

graduate students and staff in the Department of Communication Disorders of Florida State 

University. Participation was voluntary. However, participating student subjects received special 

credit, determined by their individual professors. Criteria for acceptance of subjects included: 1. 

Normal hearing at the time of test presentation. 2. Having never received auditory or speech 

reading training.  3. Being between the ages of 18 and 30 years. 4. Being a native speaker of 

American English.  

For the study, normal hearing was defined as no more than one established threshold per 

ear exceeding 20 dB HL (ANSI, 1969) for pure tone stimuli at .25, .5, 1, 2, 4, 6 and 8 kHz and 

that particular established threshold(s) could not exceed 25 dB HL.   

Each subject for the study was scheduled for a two-hour appointment. This allowed for 

the following: 1. Determination if individual subjects met the selection criteria.  2. Obtaining 

agreement to continue with informed consent. 3. Presentation of practice passages. 4. Formal 

testing.  

 

Experimental Speech Stimuli 

The primary objective of this research is to compare auditory only with AV speech 

intelligibility under different S/N ratios. This objective includes the use of speech intelligibility 

testing materials and masking (interfering) noise that more closely approximate real life listening 

conditions than traditional listening tasks employing monosyllabic and spondaic lists of isolated 

words for presentation in quiet and in the presence of white or filtered noise, e.g., Sumby & 

Pollack (1954) and Dirks, Morgan & Dubno, (1982). For these reasons, the Connected Speech 

Test (CST) was the instrument used (Cox et al., 1987). This test provides sentence stimuli on one 

channel and multi-talker babble masking noise on the other, allowing the clinician to mix the two 

channels at any desired S/N ratio, for speech intelligibility testing in noise.  In this way, the 

listener is presented with a task similar to a social situation in which he or she attempts to follow 

the conversation of one targeted talker while other talkers’ audible speech tends to mask the 

targeted speech and detract the listener’s attention from it.  

The CST consists of 72 passages, each comprised of 10 or 11 sentences. Passages 

concern common topics, e.g., plants and animals. Each passage is identified by a name, e.g., owl, 

wheat, windows, etc. which describes the content of its sentences. Sentences are seven to ten 

words in length. According to Cox et al.(1987), syntax and word familiarity were controlled by 

using only simple grammatical forms and basic vocabulary from a children’s educational reading 

source. The passages contain 25 key words each. Within each passage, five levels of difficulty or 

intelligibility are represented by five words each. Approximately one-half of the key words are 

monosyllabic, one-third are bi-syllabic, and the remaining words are multi-syllabic. The 

percentages of phoneme occurrence according to phonetic categories of the key word consonants 

are similar to conversational data reported by Fletcher (1952). Listeners repeat the passages one 
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sentence at a time and scores are based on the number of key words they repeat correctly in each 

passage. A single score in percentage correct is determined by adding the total number of 

correctly identified key words across all passages used for a particular condition and dividing 

that number by the total number of key words across the same passages.  

 These authors characterize the CST as having a small error of measurement, sufficient to 

detect an intelligibility change equivalent to a S/N ratio change of 1-2 dB. Correlations of 

transformed scores with true scores indicate that an individual’s performance for one CST 

passage is an accurate estimate of their true score for contextual (connected) speech stimuli. The 

CST is the only published conversational speech test that furnishes normative and reliability data 

for normal hearers (Cox et al., 1987) and for listeners with hearing loss (Cox et al., 1988). 

All passages of the CST are considered equivalent in terms of the probabilities of 

identification of each passage’s key words for both normal hearing (Cox et al., 1987) and for 

hearing impaired individuals (Cox et al., 1988). Key words are defined by the authors as any 

word essential to convey the meaning of the sentences in which they occur.  

For this study, three passages comprised of 30 sentences and 76 key words were 

presented at each of 8 different conditions. This resulted in a total of 24 passages comprised of 

240 sentences and 608 key words presented to each subject. Test presentation alone required 1 

hour and 50 minutes. Four passages, two in the audio-visual mode and two in auditory only 

mode were used for practice. This was the minimum recommended by the authors (Cox, et al., 

1989) for subjects to approach the maximum performance of their respective learning curves.   

Permission was obtained from personnel of the Hearing Aid Research Lab, University of 

Memphis, to copy the CST test from laser disc to VCR tapes. The experimental tapes included 

ten seconds pause times between sentences comprising individual passages. These pauses 

allowed both subject response time followed by experimenter recording time of the response. 

Fifteen second pauses were inserted between passages to give the experimenter five seconds 

additional time to change the S/N ratio for presentation of the following passage and to announce 

to the subject the name of the subsequent passage.  

 

Procedures  

All subjects were presented the first 24 passages of the CST in the order of the original 

test recording. Passages were programmed to alternate between audio-visual and auditory only 

presentation. Two VCR tapes were made, one in which odd numbered passages were presented 

in the audio-visual mode (even numbered passages were auditory only) and the second tape was 

the contrary. Each tape was used with half the subjects in order to balance the presentation of 

auditory only and AV stimuli. A rest period was inserted after 16 of the 24 passages.  

  The VCR’s video output was routed to the video input of a Panasonic 25” T.V./monitor 

and the VCR’s audio outputs were routed to the audio inputs of a Grason Stadler ( model 16) 

clinical audiometer. On the console of the audiometer, each audio channel input level was 

adjusted with its own corresponding VU meter. This allowed for independent calibration of 

speech stimuli and noise, from separate audio channels. The laser disc contained calibration 

stimuli for both speech stimuli and babble noise. These calibration stimuli were dubbed to the 

beginnings of the VCR tapes containing the CST in order to calibrate the audiometer’s audio 

inputs to its attenuator dials. Thus, VU readings of 0 dB on each meter indicated that levels on 

the audiometer’s attenuator dials could be read in dB HL (ANSI, 1969). 

In order that passages recorded on VCR tapes alternate between audio-visual and 

auditory only presentation, the experimenter, during the recording process, removed the laser 
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player’s video output cable for those passages to be presented in the auditory mode only. This 

resulted in auditory only dubbing to the tapes for these particular passages. This process 

precluded the necessity of covering the monitor during auditory only presentation of passages 

recorded with AV stimuli.   

Subjects were seated in a double-walled IAC sound booth at a distance of 1.3 meters 

from the TV monitor. Speech stimuli and noise were both routed to the right ear of standard 

TDH- 50 earphones, though the level of each signal was controlled with separate attenuators. 

The speech stimuli level was set at 55 dB HL (75 dB SPL) approximating the average level of 

free field conversational speech at a distance of one meter. Different S/N ratios were obtained by 

adjusting the output level of the babble noise. Speech stimuli plus babble noise was were 

presented at four S/N ratios: 0 dB, -2 dB, -4 dB and –6 dB.  

The experimenter instructed two raters on the criteria for correct participant responses. 

These criteria were obtained by talking with the two principal authors of the CST. After a 20 

minute training session, the raters were able to make the judgments consistently. The raters then 

listened to audio tape recordings taken for each participant. Of 15,600 total responses by the 26 

participants, only 4 responses (key words) were disputed. This yielded an interobserver 

agreement of  99.97 %. The high agreement is attributed to the lack of ambiguity in the scoring 

criteria. 
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Figure 1. Percentage correct audio-visual (AV) and auditory only (A) scores  

for 4 subjects at S/N ratios of +5 to -10 
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Figure 2. Percentage correct audio-visual (AV) and auditory only (A) scores  

for 4 subjects at S/N ratios of +3 to -6 
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Figure 3. Percentage correct audio-visual (AV) and auditory only (A) scores for  

5 subjects at S/N ratios of 0 to -6 
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These S/N ratios used in presentation of sentence stimuli were determined by presenting 

the stimuli to a series of pilot subjects whose results are depicted in Figures 1 to 3. As can be 

seen in Figures 1 and 2, ceiling effects occurred for positive S/N ratios. There were several 

perfect scores that would not allow interpretation of the results. Similarly, there were floor 

effects for a S/N ratio of –10 with some scores under 10%. Again, responses in this range would 

be difficult to interpret and may have skewed distributions. As shown in Figure 3, the selected 

presentation levels should provide data with normal distribution patterns.  

 

Data Analysis 

This study investigated two independent variables (two within-subject factors): 1. 

Presentation mode comprised of auditory-visual and auditory only categories. 2.  Signal to noise 

ratio, comprised of four levels:  0 dB, -2 dB, -4 dB and –6 dB. The dependent variable is 

percentage correct speech recognition score. The design for data analysis is a two-factor analysis 

of variance with repeated measures. To determine equality of variance in a repeated measures 

ANOVA, Mauchly’s Test of Sphericity was used. Sphericity implies equal variance across the 

levels of a variable having more than two levels. S/N ratio is a multi-level variable which did not 

meet this assumption. Therefore, both S/N ratio and the interaction of S/N ratio and presentation 

level required adjustment with the Greenhouse-Geisser correction procedure. 

In this analysis, each subject’s speech intelligibility in noise is tested under each 

combination of presentation mode and S/N ratio, yielding 8 different performance mean values. 

Significant differences are hypothesized for both main effects of presentation mode and S/N 

ratio. In addition, a significant interaction is hypothesized between the independent variables in 

respect to speech intelligibility performance. A third and closely related parameter of interest 

concerns informal examination of the data, especially of auditory only scores, to discover if there 

are two particular contiguous S/N ratios between which a disproportionate change in average 

speech intelligibility occurs, relative to other contiguous ratios. This phenomenon would imply 

that it is especially important to hearing impaired individuals to avail themselves of 

speechreading when there is noise due to the possibility of prevailing S/N ratios similar to those 

between which this decrease took place. This is especially true if it is discovered that the 

consecutive audio-visual scores, at these same ratios, did not result in the same disproportionate 

decrease. 
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CHAPTER 4 

 

RESULTS  

 

One of the independent variables used in this study was presentation mode of the 

sentence stimuli. The two categories or modalilties are AV and auditory only presentation. The 

second independent variable was the S/N ratios resulting from the acoustic mixing of sentence 

stimuli with speech babble masking noise. Four different S/N ratios (0, -2, -4 and –6 dB) of 

combined targeted speech (sentences) and masking noise were created by mixing a constant 

sentence level of 75 dB SPL (55 dB HTL) with each speech babble level of 75, 77, 79 and 81 dB 

SPL (55, 57, 59 and 61 dB HTL), respectively, to create these ratios. 

The first hypothesis tested was: 

Ha: There are significant differences (p< .05) in speech recognition performance  

        Between auditory only and AV presentations.  

The main effect of presentation mode was found to be significant [F (1,25) = 291.96, p< 

.001)] with AV producing superior performance to auditory only presentation (See Table 1).  

The second hypothesis tested was: 

Ha: There is a significant interaction (p< .05) between presentation mode and            

        Levels of S/N ratio for speech recognition performance.  

 

 

 

 

Table 1. ANOVA Table for the main and interaction effects. 

Source Sum of Squares df Mean Square F Significance

Presentation 37031.130 1.0 37031.130 291.966 <.001

  Error (Presentation) 3170.842 25.0 126.834  

S/N Ratios 50481.821 2.2 23198.240 262.751 <.001

  Error (S/N Ratios) 4803.207 54.4 88.290  

Presentation x Ratios 8542.194 2.7 3153.210 63.656 <.001

  Error (Present. x Ratios) 3354.833 67.7 49.535  

 

 

 

 

The interaction effect was found to be significant [F (2.7, 67.7) = 63.7, p<.001)] (See 

Table 1). Mauchly’s test of sphericity revealed a significant effect for the S/N ratios, therefore a 

Grennhouse-Geiser correction was used for the degrees of freedom when the S/N ratios were part 

of the analysis. This procedure results in reduced degrees of freedom for S/N ratio and the 

interaction as well as for their respective error terms. These data can be viewed in Table 2. 
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Table 2. Means and standard deviations of percentage of correct responses by participants 

for each signal-to-noise ratio and the two modes of presentation. The means are in Roman type 

and the standard deviations are in italic type. 

 

Mode of Presentation Signal to Noise Ratio 

 0 dB -2 dB -4 dB -6 dB 

Audio-Visual 95.2 88.0 90.0 70.6 

 3.7 7.7 10.3 15.2 

     

Audio Only 85.0 67.6 48.8 25.8 

 5.6 11.3 13.9 9.9 

 

 

 

 

 

Effect size (ES) was determined using the partial eta-squared. The effect sizes for the two 

main effects and the interaction were found to be .94, .92 and .85 for presentation mode, S/N 

ratio and for the interaction respectively. These effect size measures indicate that a large 

proportion of the differences between the levels of the variables can be attributed to actual 

differences and not error variance. 

The benefit of speechreading, using mean values for the 26 subjects (mean AV-mean A 

performance), was found to be 10.3, 20.4, 31.2 and 44.8% for S/N ratios of 0, -2, -4 and –6 

respectively. These percentage differences, as well as informal inspection of Figure 4 reveal a 

growing mean benefit with decreasing S/N ratio. Further, linear relationships are observed 

between the plots for each presentation mode and S/N ratio.  

Declines in performance within each presentation mode may be seen when the direction 

of comparison of performance means is from higher to lower S/N ratios (See Figure 4). 

Therefore there are three such comparisons within both AV and auditory only presentation 

modes. These are between 0 and –2, -2 and –4 and –4 and –6 db S/N ratios. For auditory only 

presentation, the respective declines in performance are 20, 28 and 48 %. For AV presentation, 

the corresponding declines are 8, 9 and 12 %. 
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Figure 4. Mean percentage of the correct responses at each signal-to-noise ratio for the 

audio and audio-visual(A/V) presentation of speech. 

 

 

 

 

It is observed that declines in performance between contiguous ratios are more dramatic 

for auditory only relative to AV presentation. Intermodal difference in decline of performance is 

especially dramatic between –4 and –6 dB S/N ratio.  This decline in performance was 12 % for 

AV but 48 % for auditory only presentation.  

Thus, for all these decreases in S/N ratio discussed above, there is considerably greater 

detriment to speech recognition performance for auditory only relative to AV presentation. This 

disparity, which defines speechreading’s increasing benefit with worsening S/N ratio, will be 

explored in the subsequent discussion. 
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CHAPTER 5 

 

DISCUSSION 

 

Reasons for testing this study’s hypotheses. 

The first research hypothesis tested in the present experiment was the prediction 

that significant intermodal differences in performance would be found at all of 4 discrete 

S/N ratios. The second and more important hypothesis predicted that these intermodal 

differences across S/N ratios would be significantly different from one another. Both 

hypotheses were supported by the experimental results. Not only were significant 

intermodal differences found at each S/N ratio but these differences increased with 

declining S/N ratio, demonstrating a significant interaction between presentation mode 

and S/N ratio for speech recognition performance.  

The researcher’s primary interest in testing these hyotheses was to demonstrate 

that speechreading’s benefit increases with worsening S/N ratio when the most 

straightforward, understandable and most intuitive method is used to calculate this 

benefit. This calculation is AV-A performance in percentage correct, at each of this 

study’s 4 S/N ratios. This calculation represents the additional percentage of the 

presented speech stimuli correctly identified due to the addition of speechreading to 

auditory only presentation. Mean AV-A performance differences, ranging from 10.3 % at 

0 dB S/N ratio to 44.8% at –6 dB S/N ratio, clearly demonstrate the increasing benefit of 

speechreading with deteriorating listening conditions. 

Sumby and Pollack (1954) chose to represent speechreading’s benefit with a 

calculation suggesting that this benefit is constant across different S/N ratios. In contrast, 

these authors stated that AV declined at a slower rate than auditory only performance 

with decreasing S/N ratio. This statement comes from graphical information (p. 213) 

depicting the increasing intermodal performance differences with worsening S/N ratio. 

Therefore, this statement, its implications and its graphical representation are consistent 

with both the logic of the present study’s definition of speechreading’s benefit and its 

findings. However, these authors said in conclusion, “To a first approximation, the 

relative visual informational contribution supplied by observing a speaker’s facial and lip 

movements is independent of the speech-to-noise ratio under test” (p.215).  This 

statement is not consistent with the AV-A definition of benefit. It is, however consistent 

with these authors’ view of the most appropriate research question and ensuing definition 

of benefit:  “What is the visual informational contribution relative to the possible 

available contribution in the absence of visual cues (p. 215)”? The calculation consistent 

with this definition is AV-A/100-A.  

It is understandable that Sumby and Pollack (1954) wished to remove the bias 

against speechreading’s benefit for situations in which auditory only intelligibility is 

high. Under these circumstances, there is little room for improvement in intelligibility 

from the addition of speechreading. However, the converse of this argument is considered 

to be just as legitimate. That is, consider a situation in which intelligibility for auditory 

only presentation is low, for example 50% and the addition of speechreading results in an 

AV intelligibility score of 70%. This 20% increase using the AV-A calculation becomes 
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66% using AV-A/100-A. This formula could be said to be biased in favor of low auditory 

only scores.  

 The AV-A calculation of benefit used in the present study clearly shows the 

increasing importance of speechreading with deteriorating listening conditions. For this 

reason, it may be utilized as an easily understood counseling tool by the clinician to 

persuade individuals with hearing impairment to consider the importance of 

speechreading training and the daily use of speechreading. However, the AV-A/100-A 

metric of Sumby and Pollack (1954), implying a constant benefit with worsening 

listening conditions, seemingly would be less effective as a counseling tool to individuals 

with hearing impairment due to the difficulty they are likely to have understanding this 

measure of benefit.  

 Sumby and Pollack’s (1954) definiton of speechreading’s benefit risks inference 

by readers that these authors found a monotonic relationship between AV and auditory 

only performance plots across S/N ratio. If this were true, then AV performance could be 

predicted by merely adding a constant to auditory only performance for any S/N ratio. 

The risk that audiologist and others interpret this to mean that auditory only determines 

AV speech recognition across S/N ratios is considered to be even greater given the 

related assumptions that a signal’s auditory articulation index (AI) determines its 

auditory-visual AI (ANSI, 1969) and that the set of acoustic parameters most important to 

auditory only is equally important to AV speech recognition.  

 A reevaluation of these assumptions is now needed. Braida (1988, 1991), Grant et 

al. (1998), Grant & Walden (1996), Grant & Braida (1991), Walden et al. (2001), 

Walden, Schwartz, Montgomery & Prosek (1981), Walden et al. (1977), Walden & 

Montgomery (1975), and Walden et al. (1975) have presented data that contradict the 

filtered band assumptions. The assumptions concerning unfiltered speech in noise is 

contradicted by the results of the present experiment. It is hoped that this presentation of 

evidence will lead to greater consideration of speechreading’s benefits by researchers and 

clinicians and to an understanding that the only means of discovering how to maximize 

AV speech recognition may be to include AV as well as auditory only presentation in 

tests of speech recognition, including hearing aid evaluations. In this way intermodality 

comparisons of performance can be made and used as a counseling tool. This protocol is 

necessary to demonstrate the growing importance of speechreading with increasing 

background noise and to discover the set of auditory parameters necessary to improve 

AV communication. 

Speechreading in isolation only allows for consideration of 13 visible facial 

movements that serve to cue the presence of the estimated 41 phonemes in general 

American English (Erber, 1974; Ling, 1969; Terrio, 1982). However, the speech cues 

arising from sensory integration between auditory and visual channels (Sanders, 1977), in 

addition to visual cues per se, are more important to speech recognition than implied by 

these limitations. Therefore, it is necessary to include speechreading in research by 

performing intermodal speech recognition comparisons for different speech conditionings 

and under different listening conditions. In this way, more can be learned about sensory 

integration between auditory and visual channels including how to best support it, and 

thereby support superior AV speech recognition.  The AV-A calculation then is important 

because it represents the clearest evidence of a slower decline of AV relative to auditory 

only performance with increasing masking of auditory cues. In the case of the present 



 

 29 

experiment, it appears that subjects made more efficient use of available visual cues as 

auditory cues became less available due to increasing masking.  

The actual findings from the present study and the graphical information from the 

Sumby and Pollack (1954) study are essentially in agreement because plots from each 

show an increasing intermodal discrepancy in mean performance with deteriorating 

listening conditions. This implied interaction from Sumby and Pollack (1954) between 

presentation mode and S/N ratio for speech recognition performance, was found with 

statistical analysis in the present study. Findings from each study therefore refute 

assumptions of monotonicity discussed above, under the present study’s measure of 

speech reading’s benefit.  

  Experimental results from the present study and from Sumby and Pollack’s 

(1954) graphical display suggest speechreading’s benefit is explained to some degree by 

S/N ratio. Likewise, filtered band studies suggest that speechreading’s benefit is at least 

partially explained by available speech spectral information as a result of filtering. 

Therefore, all these studies provide evidence that AV speech recognition performance 

cannot be predicted uniquely from auditory only measures. In view of the above findings, 

the interpretation of Sumby and Pollack’s definition of speechreading’s benefit, as it 

pertains to S/N ratio, must be questioned. Likewise, the ANSI correction factor (ANSI 

1969, R1986) must be questioned in respect to its assumptions regarding equal 

importance of spectral information to AV and to auditory only speech recognition.  

Benefit, as discussed earlier, has been shown to be proportional to the degree in which 

auditory and visual information are complementary (Walden et al.,1977). This degree is 

proportional to the efficiency with which misperceptions in either the auditory or visual 

channel are corrected by accurate perceptions in the other (Blamey et al., 1989; Braida, 

1991; Miller and Nicely, 1955). These and other aspects of benefit are not taken into 

consideration by the ANSI correction factor (ANSI, 1969, R 1986). Inability to predict 

the benefit of speechreading implies the inability to predict AV from auditory only 

performance. 

Filtered band studies imply that different filtering schemes must be chosen for AV 

than for auditory only presentation for maximum performance to be achieved in both 

presentation modes. The present study demonstrated the growing importance of 

speechreading with increasing background noise. The results from all these studies are 

important for use in audiological management of persons with hearing impairment. 

 

Implications of this study for aural rehabilitation 

The studies discussed above imply that it is necessary to compare intermodal 

performance for changes in listening environment, speech parameter processing schemes 

and in combinations of these factors, as part of aural rehabilitation. If this is done, the 

increasing benefits of speechreading with decreasing S/N ratio may be demonstrated and 

the parameters which best support this benefit may be discovered. 

The literature reviewed support the contention that the only means to significantly 

ameliorate the poor speech recognition in noise, suffered by virtually all individuals with 

hearing loss, involves speechreading. Based on the results of this study, it is 

recommended that audiologists offer speechreading training to their clients fitted with 

amplification. Many clinicians, however, do not perform speechreading training and/or 

their clients do not elect to participate in training. For these individuals, it would be 
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helpful for the clinician to explain to their clients the advantage of arranging their 

communicative situations so that visual speech cues are available. The results of this 

experiment could then be used to demonstrate the particular need for such an 

arrangement when background noise is present. If different means of hearing aid filtering 

are found to be necessary to produce both superior AV and auditory only speech 

recognition, the clinician can recommend a hearing aid with multiple memory locations 

containing the different frequency responses. The hearing aid wearer can easily select 

among these, depending on the particular combination of listening environment, 

availability of visual cues, and the particular sound attended to. For example, a hearing 

aid wearer listening to music may prefer a flat frequency response rather than either a 

high-pass one for auditory only listening or low-pass one for AV listening as suggested 

by the literature reviewed.  

Speechreading’s benefit in the presence of noise is especially important for 

clinicians to convey to clients during evaluation with amplification and during 

counseling. This is especially true given that their hearing aids will most likely increase 

audibility for quiet listening situations but will do little to improve the S/N ratio which 

appears necessary for improved speech recognition in noise (Barker, 1997; Killion, 

1997).  

The fitting of hearing aids and a brief orientation of its function and care often 

comprise the entire process of aural rehabilitation (Prendergast & Kelley, 2002) as 

practiced by most clinicians. The results of a survey conducted between 1980 and 1990 

(Schow, Balsara, Smedley & Whitcomb, 1993) indicate that over these 10 years, the 

proportion of audiologists performing speechreading and auditory training declined from 

38 to 23%. A follow-up survey (Schow & Nerbonne, 2002) indicated that this proportion 

in the year 2000 was still 23%. 

The primary reasons for the decline in these services are because health insurance 

plans do not reimburse for these services and because of the time demands that are 

incompatible with the informal service delivery model adopted by most clinicians. 

However, additional reasons why speechreading and auditory training are not provided 

likely include poor understanding of speechreading’s benefits by clinicians. The purpose 

behind this thesis is the provision of greater understanding of this benefit and its 

importance to aural rehabilitation. The importance of speechreading may be better 

understood by the finding that its addition to audition can be effectively equivalent to an 

improvement in S/N ratio of as much as 15 dB (Sumby & Pollack, 1954). This 

improvement is especially important in view of findings that each 1 dB improvement in 

S/N ratio can correspond to a 5-10 dB percentage point increase in intelligibility (Grant & 

Braida, 1991; Miller, Heise & Lichen, 1951).  

 

Specific implications of this study for hearing aid evaluations  

 The use of sentence stimuli and babble, presented at various S/N ratios for 

auditory only and AV modalities, provides individuals with hearing impairment 

considerable and powerful information directly related to the main communication 

difficulty that brought them to the clinician. That difficulty was said to be understanding 

of conversational speech when background noise, which is often other talkers, is present. 

This information enables the clinician make a better hearing aid selection decision and 

better predict the improvement different hearing aid processing strategies will make. In 
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addition, such information in conjunction with the AV-A method of defining benefit of 

speechreading, is most valuable in counseling, enabling the clinician to explain benefits 

and limitations of amplification in a way that patients can relate to (Taylor, 2003). 

 A fixed ratio test of speech recognition has the disadvantage of the clinician not 

knowing what single S/N ratio to use. If the selected ratio makes speech recognition too 

easy, benefit from amplification may be overestimated. From the present study’s pilot 

data, it can be seen that positive S/N ratios produced ceiling effects. If the ratio is too 

difficult, the benefit may be understated for more favorable ratios under which the patient 

may likely encounter. For example, Taylor (2003) did not recommend the use of a fixed 

ratio of –6 dB because it is too challenging to use alone in representing an individual’s 

speech recognition in noise. This ratio was used in the present experiment for that very 

reason, along with other less challenging ratios so that a range of performances for 

subjects could be described which were essentially free of both ceiling and floor effects. 

This range of ratios is likely to be encountered in many social situations in which there is 

a targeted talker and several non-targeted talkers representing background babble. 

Pearsons, Bennett & Fidell (1977) described a typical social situation as one in which a 

targeted talker’s speech may be at 67 dB in a noise background of 70 dB, yielding a –3 

dB S/N ratio. Of course this ratio was said to vary with the particular environment. It is 

both interesting and fortunate that this particular ratio falls into the middle of the range of 

ratios used in the present experiment. Therefore, this range of ratios, selected to avoid 

ceiling and floor effects, is representative of ratios found in typical social situations.  

 

Limitations of this study and its implications for future research  

 A limitation of the present study was the age of its participants. Given that the 

present study used only young adults, generalization may not be appropriate for 

comparison to the age range expected for the hearing impaired population. Replication of 

this study with a wider age range of normal hearing subjects would increase the ability to 

generalize these results.  

 It is recommended that the benefits of speechreading be included in future 

investigations and in clinical hearing evaluations. For example the audio-only and AV 

responses can be compared across different filtering conditions. Thereby, the filtering 

conditions that result in superior AV and those that result in superior auditory only 

speech recognition can be discovered. Summerfield (1987) said that the speech 

conditionings resulting in superior AV speech recognition in quiet are even more 

important in noise. In the clinic, important information about the benefits of 

speechreading may be discovered with comparisons of performance between AV and 

auditory only presentation.  

 In the simplest terms, AV is superior to auditory only speech recognition under all 

circumstances. The results of the present experiment demonstrate that this superiority 

grows with increased masking of auditory speech cues for unfiltered speech. Therefore, it 

is important to determine if this growing superiority, with deteriorating listening 

environments, can be enhanced with speech conditionings.  

 Performance of subjects in the present study is representative of their speech 

recognition in typical social situations as explained in the method section. The absolute 

performance results for these normal hearing subjects cannot be generalized to the 

performance of hearing impaired individuals. However, it is likely that the growing 
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intermodal discrepancy found for normal hearers with decreasing S/N ratios would be 

even more dramatic for hearing impaired individuals due to their greater susceptibility to 

the effects of noise. Greater intermodal discrepancies for individuals with hearing 

impairment are expected at discrete S/N ratios due to research involving auditory only 

presentation which demonstrates that in any given listening condition, individuals with 

hearing impairment need a more favorable S/N ratio than normal hearers to achieve equal 

performance on speech recognition tasks (Suter, 1985; Crandell, 1993). At the same time, 

both normal hearers and those with hearing impairment suffer no decrease in the 

availability of visual information with decreasing S/N ratios. 

 It is suggested that studies with similar methods to the present one be conducted 

using hearing impaired subjects. Such investigations would allow comparisons of the 

increase in intermodal discrepancy across decreasing S/N ratios for the normal hearers in 

this study with the results for hearing impaired populations. A steeper performance 

decline between the presentation modes for the latter group would give more justification 

for researchers and clinicians to attend to the benefits of speechreading. It is suggested 

that individuals with hearing impairment be grouped according to their auditory only 

speech recognition performance in quiet rather than grouped according to similarity of 

threshold data. Then, comparison of the benefit of speechreading for each group may be 

made against the group containing individuals with normal hearing. With this procedure, 

more meaningful comparisons may be made. That is, the benefit of speechreading with 

changing S/N ratio may be compared between groups. This will help determine if groups 

with poorer auditory only performance benefit more from speechreading than groups 

with better auditory only speech recognition. 

 Finally, it is suggested that intra-group comparisons of individuals with hearing 

impairment be made regarding the benefits of speechreading. Such comparisons should 

be made between group members trained in speechreading and those with no training to 

determine if such training increases the benefit of speechreading. 
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APPENDIX A 
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Subject SNR_0AVa SNR_0AVb SNR_0AVc SNR_0AV  SNR_2AVa SNR_2AVb  SNR_2Avc  SNR_2AV

1 96 100 96 97.33 88 100 100 96.00

2 92 84 92 89.33 80 100 96 92.00

3 100 96 88 94.67 92 88 96 92.00

4 92 84 80 85.33 72 80 89 80.33

5 100 100 96 98.67 92 92 100 94.67

6 100 100 100 100.00 84 96 92 90.67

7 96 92 96 94.67 92 88 100 93.33

8 100 96 100 98.67 100 96 96 97.33

9 96 100 100 98.67 84 92 96 90.67

10 80 88 96 88.00 52 72 92 72.00

11 92 96 92 93.33 84 96 76 85.33

12 96 100 96 97.33 88 100 100 96.00

13 88 100 96 94.67 80 92 92 88.00

14 100 88 96 94.67 80 84 76 80.00

15 88 96 92 92.00 76 60 74 70.00

16 100 80 92 90.67 72 88 80 80.00

17 88 96 96 93.33 96 96 92 94.67

18 96 100 96 97.33 96 96 92 94.67

19 100 100 96 98.67 88 96 92 92.00

20 100 96 96 97.33 84 96 88 89.33

21 96 100 96 97.33 88 96 92 92.00

22 100 92 96 96.00 92 96 96 94.67

23 100 96 96 97.33 84 88 84 85.33

24 96 100 96 97.33 88 92 80 86.67

25 96 100 100 98.67 92 84 88 88.00

26 92 96 92 93.33 76 68 76 73.33

         

Mean    95.18   88.04

St. Dev.    3.70   7.74
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Subject  SNR_4AVa SNR_4AVb  SNR_4AVc  SNR_4AV SNR_6AVa  SNR_6Avb  SNR_6AVc  SNR_6AV

1 92 96 92 93.33 96 76 88 86.67

2 76 80 96 84.00 92 84 92 89.33

3 92 88 96 92.00 76 88 76 80.00

4 76 64 76 72.00 68 64 60 64.00

5 84 76 86 82.00 56 76 60 64.00

6 88 92 88 89.33 88 80 80 82.67

7 84 92 96 90.67 84 84 76 81.33

8 76 96 96 89.33 64 72 88 74.67

9 72 84 92 82.67 76 76 96 82.67

10 56 44 64 54.67 20 40 28 29.33

11 84 72 60 72.00 72 28 80 60.00

12 64 84 92 80.00 72 64 64 66.67

13 92 88 80 86.67 80 80 76 78.67

14 84 76 80 80.00 76 48 60 61.33

15 68 68 64 66.67 76 44 64 61.33

16 72 48 56 58.67 36 60 40 45.33

17 84 80 84 82.67 76 72 72 73.33

18 92 68 80 80.00 72 84 76 77.33

19 84 88 88 86.67 96 76 84 85.33

20 88 80 84 84.00 80 64 76 73.33

21 92 84 84 86.67 80 68 72 73.33

22 92 84 92 89.33 92 68 76 78.67

23 80 92 84 85.33 80 76 80 78.67

24 76 80 80 78.67 84 92 80 85.33

25 64 68 68 66.67 64 68 64 65.33

26 52 76 72 66.67 48 28 32 36.00

         

Mean    80.03   70.56

St. Dev.    10.33   15.19
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Subject SNR_ 0Aa  SNR_0Ab  SNR_0Ac SNR_ 0A  SNR_2Aa  SNR_2Ab SNR_2Ac SNR_2A 

1 92 80 96 89.33 84 96 72 84.00

2 72 76 76 74.67 12 68 72 50.67

3 84 92 96 90.67 68 83 54 68.33

4 72 88 100 86.67 72 44 40 52.00

5 84 80 84 82.67 64 72 76 70.67

6 76 92 68 78.67 60 72 80 70.67

7 80 84 84 82.67 76 60 72 69.33

8 96 96 96 96.00 84 96 88 89.33

9 88 88 96 90.67 60 72 72 68.00

10 72 68 96 78.67 16 60 48 41.33

11 92 80 88 86.67 56 48 80 61.33

12 84 92 92 89.33 44 88 84 72.00

13 80 80 84 81.33 44 64 68 58.67

14 88 84 84 85.33 80 76 80 78.67

15 76 88 86 83.33 76 60 64 66.67

16 72 76 76 74.67 56 72 64 64.00

17 84 92 92 89.33 92 88 88 89.33

18 80 88 84 84.00 52 64 64 60.00

19 80 92 88 86.67 52 88 76 72.00

20 88 88 92 89.33 56 100 84 80.00

21 88 92 92 90.67 56 72 68 65.33

22 76 92 88 85.33 64 80 76 73.33

23 68 84 72 74.67 64 76 68 69.33

24 92 72 80 81.33 56 48 64 56.00

25 92 88 92 90.67 64 60 68 64.00

26 80 92 84 85.33 60 64 60 61.33

         

Mean    84.95   67.55

St. Dev.    5.57   11.30
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Subject 
 
SNR_4Aa

 
SNR_4Ab 

 
SNR_4Ac SNR_4A 

 
SNR_6Aa SNR_6Ab 

 
SNR_6Ac SNR_6A 

1 64 80 76 73.33 68 60 16 48.00

2 40 48 60 49.33 28 60 12 33.33

3 28 68 56 50.67 20 20 28 22.67

4 20 36 52 36.00 16 24 20 20.00

5 52 64 68 61.33 24 24 16 21.33

6 56 52 60 56.00 20 32 4 18.67

7 40 56 60 52.00 20 20 16 18.67

8 44 48 16 36.00 36 8 28 24.00

9 40 64 36 46.67 36 24 48 36.00

10 16 40 8 21.33 16 4 20 13.33

11 32 44 36 37.33 16 28 4 16.00

12 32 60 16 36.00 24 16 52 30.67

13 40 44 44 42.67 28 8 24 20.00

14 36 32 36 34.67 16 24 28 22.67

15 48 56 56 53.33 52 32 40 41.33

16 36 52 56 48.00 16 20 24 20.00

17 68 76 72 72.00 32 28 32 30.67

18 16 36 28 26.67 28 0 24 17.33

19 72 60 68 66.67 20 40 28 29.33

20 80 68 72 73.33 48 56 56 53.33

21 40 52 52 48.00 32 8 36 25.33

22 48 64 60 57.33 28 12 24 21.33

23 48 72 60 60.00 16 40 28 28.00

24 44 32 36 37.33 12 24 20 18.67

25 32 64 60 52.00 12 28 20 20.00

26 36 44 40 40.00 12 28 20 20.00

         

Mean    48.77    25.79

St.Dev.    13.90    9.85
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APPENDIX B 

 

Human Subjects Approval Memorandum and Informed Consent Form 



t'rida State
UNIVERSITY

Office of the Vice President

for Research

Tallahassee, Florida 32306-2763

FAX (850) 644-4392(850) 644- 7900 .
APPROVAL MEMORANDUM (for change in research protocol)
from the Human Subjects Committee

Date: October 4, 2002From: David Quadagno, Chai~~ --- ---~- _u --- -- --

To: Stuart D. Southard Jr.
2212 Orleans Drive
Tallahassee, FL 32308

Dept: Communication
Re: Use of Human subjects in Research

Project entitled: Comparison of Auditory Only With Auditory-Visual Speech
Recognition at Different Signal-to-Noise Rations for Normal Hearing
Individuals

The memorandum that you submitted to this office in regard to the requested change in your research protocol for
the above-referenced project have been reviewed and approved. Thank you for informing the Committee of this

change.

A reminder that if the project has not been completed by October 3. 2003, you must request renewed approval for

continuation of the project.

By copy of this memorandum, the chairman of your department and/or your major professor is reminded that he/she
Is responsible for being informed concerning research projects involving human subjects in the department, and
should review protocols of such investigations as often as needed to insure that the project is being conducted in
compliance with our institution and with DHHS regulations.

This institution has an Assurance on file with the Office for Protection from Research Risks. The Assurance Number
isIR~.

cc: Dr. Richard Morris
chgapp . doc

APPLICATION NO. 02.453

39



I freely and voluntarily and without element of force or coercion, consent to be a participant in the research project entitled
"Comparison of Auditory only with Auditory-Visual Speech Recognition at Different Signal to Noise Ratios For Nonnal Hearing Individuals"

This research is being conducted by Stuart D. Southard Jr., M.S. who is a doctoral student at Florida State University and may be
contacted by the following: 1. Phone: (850) 878-7039 2. E-mail: sds0271IWamelacns.fsu.edu 3. Mailing address: Stuart Southard, 2212
Orleans Drive, Tallahassee, Florida 32308. The research is being done with the direction of my doctoral committee chairman, Dr. Richard
Morris, Chair, Department of Communicative Disorders, College of Communications. He can be reached by the following: 1. Phone at the
Regional Rehabilitation Center: (850) 644-8459 2. E-mail: rmorrisOmailer.fsu.edu. I understand the purpose of his research project is to
better understand the perception of speech In the presence of competing noise. I understand that my participation will Involve a screening
procedure of approximately forty-five minutes In duration. I understand that If I pass the criteria of the screening, I will be scheduled for an
experimental session that is approximately an hour and a half in duration. I understand that during this experiment I will attempt to identify
words presented In the presence of background noise by repeating the words perceived. I understand that the screening procedure involves
the following: 1. A standard hearing test for each ear which involves presentation of pure tone stimuli at frequencies of 250,500, 1k, 2k, 4k
and 6k Hz. For this test I understand I am to respond when I hear the stimuli by raising my hand or pushing a button and that the test is done
under headphones in a sound treated room. 2. A visual acuity test of each eye in which I orally identify each member In a single row of letters
and/or numbers on a standard eye chart, such as that used in optometry, at a distance of 20 feel 3. I understand that the experiment involves
my listening to recorded speech utterances in the presence of multi-talker babble noise presented various acoustic levels. I understand that
this task resembles the situation In which a listener attempts to understand the speech of a particular person while there Is competing or
Interfering speech In the background. I understand that I am to respond to each utterance by repeating the words perceived. I understand
that each utterance will be comprised of a common English Language word and likely will require very close attention due to the interfering
noise presented with the words. I understand that I am to attend to a video monitor placed at a distance of 6 feet. I understand the reason for
this attention Is because some of the recorded utterances will be accompanied by the simultaneous visual Image of the talker's face while
producing these utterances. I understand that my task during these particular utterances is to attend to their auditory and to their
simultaneous visual aspects. I understand that for other utterances, only the auditory aspects will be presented, that Is, without benefit of the
visual image of the talker.

I understand my participation is totally voluntary and I may stop participation at anytime. I understand that confidentiality will be
kept to the extent allowed by law. I understand that all of my responses to stimuli, questions about procedure and subjective comments will
be kept confidential. I understand that once I pass the screening procedure, these data will be discarded. I understand that my name will not
be linked to particular responses or comments. I understand that It Is not In the Interest of the msearcher to attach a name to any data and
that his interest is in studying aspects of speech intelligibility in noise coming from averaging data across all subjects.

I understand there is no apparent risk to my psychological or physical health In any part of this experiment because the acoustic
level of stimuli is no greater than listening to conversational speech of a targeted talker while there are competing talkers In the background
such as encountered In many social situations.

I understand there are no benefits to me for participating in this research project.

I understand that this consent may be withdrawn at any time without prejudice, penalty or loss of benefits to which I am otherwise
entitled. I have been given the right to ask and have answered any Inquiry concerning the study. Questions, If any, have been answered to
my satisfaction.

I understand that I may contact Stuart Southard by any of the means listed above, for answers to questions about this research or
my rights. Group results will be sent to me upon my request.

I have read and understand this consent form.

(Subject)

(WItness )

INFORMED CONSENT FORM

(SAMPLE)

. -.
(~

~
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APPENDIX C 

 

Permission to Copy the Connected Speech Test from Laser Disc Format to Videotape 



School of Audiology and Speech-language Pathology
Memphis Speech and Hearing Center

November 1, 2002

Stuart Southard
2212 Orleans Dr.
Tallahassee, FL 32308

Dear Stuart: ~ ",'~ >-.

This letter is being written to give you permission to copy the Connected

Speech Test (CST) from the optical laser disc format to videotape,
provided that any additional copies you make are being used for research
purposes only. I understand your videotaped copy will add pauses
between the sentences to facilitate your test administration and that this is

the only change you will make to the test materials.

It would be good to label the tape as the Connected Speech Test and note
on the label that this version of the recording is for research purposes only
and is not to be distributed or sold.

Good luck on your research project.

Sincerely I

~GenevieveC AI e ~/- /-
Research A ud.. le~';-der: tiA.----

10 agist

~
The UniversitY of Memphis

f!ffl Jefferson Avenue
Memphis. Tennessee 38105

901/678-5800
FAX 901/525.1282
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