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The feasibility of using a computer-controlled adaptive procedure to find maximum monotic 
performance for consonant-vowel (CV) stimuli was evaluated and compared to the procedure 
typically used to determine a performance-intensity function in two experiments. In ex- 
periment I, the computer-controlled adaptive procedure and the typical manual procedure 
were evaluated on 26 normally hearing listeners. Results indicated that the shape of the 
performance-intensity functions was similar for both procedures with the computer-con- 
trolled adaptive procedure selecting a higher presentation level. The test-retest reliability 
for the computer-controlled adaptive procedure was good with a mean difference on retest 
of 1.2 dB. In experiment II, the same procedures were evaluated using 9 sensorineural 
hearing impaired subjects. Again similar configuration between functions was observed. The 
primary advantage of the computer-controlled adaptive procedure for both subject groups 
is efficiency in terms of time of administration and number of CV stimuli used. 

INTRODUCTION 

Dichotic speech tests are used clinically to assess the integrity of the 
complex pathways of the central auditory system. In dichotic speech tests, 
different speech signals are presented to each ear of the listener simul- 
taneously. Listeners are then required to identify each signal. In general, 
for normal listeners, higher identification scores are obtained for the right 
ear than for the left ear. This right ear advantage (REA) in normal subjects 
is thought to reflect the dominance of the left hemisphere for speech and 
language perception (Broadbent, 1954; Kimura, 1961a; Kimura, 1961b; 
Sparks, Goodglass, and Nickel, 1983). 

However, several factors may confound the interpretation of results 
from dichotic speech tests. One such factor is peripheral hearing loss- 
specifically asymmetric hearing loss. If a difference in speech recognition 
ability exists between the listener’s ears, it is not possible to determine 
the extent to which the dichotic test results reflect the peripheral hearing 
loss rather than a central deficit. Moreover, Speaks, Bauer, and Carlstrom 
(1983) have shown that dichotic ear advantages may be influenced by 
peripheral hearing sensitivity even when monotic speech intelligibility is 
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eqllal for the two ears at the dichotic test intensity unless the presentation 
level for the dichotic stimuli lies within the midrange of the asymptotic 
region of the monotic performance-intensity (PI) function. Specifically, 
the presentation level must lie at least 10 dB from the upper and lower 
knees of the monotic PI function for both ears. For example, Speaks et 
al. (1983, p. 135) found that 

Monotic intelligibility scores for the left ear were 100% from 60-100 dB 
SPL, but monotic scores for the right ear were 100% only from 80-100 dB 
SPL. Thus the “knee” of each function. the boundary between the rising 
portion of the function at lower intensities and the asymptotic scores at 
higher intensities, was sharply defined for both ears-60 dB SPL for the 
LE and 80 dB SPL for the RE. Dichotic testing was conducted at three 
intensities for which monotic scores were 100% for both ears. The outcomes 
may be expressed as right-ear advantage (REA), left-ear advantage (LEA); 
or no ear advantage (NoEA). The advantages were REA 16% at 100 dB, 
NoEA at 90 dB, and LEA 27% at 80 dB. Thus as the dichotic test intensity 
was lowered toward the knee of the PI function for the right ear, the dichotic 
ear advantage changed by 43% and reversed from REA to LEA. 

Consequently, Speaks et al. (1983) recommended that a PI function of 
speech recognition ability be obtained for each ear prior to dichotic test- 
ing. These monotic PI functions should be obtained over a range of in- 
tensities broad enough so that both the upper and lower knees can be 
identified. Using this information, the level for the dichotic testing should 
be selected such that the presentation level lies at least 10 dB from both 
the upper and lower knees in each ear. 

Unfortunately, obtaining a monotic PI function for each ear before be- 
ginning dichotic testing is too time consuming for routine clinical use. 
Such a procedure usually requires a minimum of 30 minutes per ear. As 
a result, clinicians have been forced to choose between the questionable, 
though expedient, practice of performing dichotic testing at an arbitrary 
level and the more defensible, though time-consuming, practice of de- 
veloping a monotic PI function for each ear before selecting a presentation 
level. 

To resolve the dilemma between obtaining reliable estimates of speech 
recognition ability through a range of intensities and operating within the 
time limit imposed in most clinical settings, Levitt (1978) suggested using 
an adaptive procedure to estimate the intensity level at which maximum 
word recognition ability occurs. This adaptive procedure converges on a 
level at which the slope of the function is flat-in other words, it converges 
on a level within the plateau region of the PI function. 

In 1983, Kamm et al. used Levitt’s adaptive procedure to estimate an 
intensity level at which PB max occurs. They compared results obtained 
with Levitt’s adaptive procedure to results obtained by constructing a 
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complete PI function. Results indicated that a level at which PB max 
occurs was chosen by the adaptive procedure in about 75% of their nor- 
mally hearing and sensorineural hearing-impaired subjects. Kamm et al. 
(1983, p. 202) concluded that “although PB max is most accurately es- 
timated by delineating the entire PI function, . . . scores obtained at the 
level estimated by the adaptive procedure may serve as reasonable es- 
timates of PB max.” 

Based on the positive results obtained by Kamm et al. (1983), a pre- 
liminary investigation was completed to determine if Levitt’s adaptive 
procedure could be used in estimating monotic PI functions for the CV 
stimuli used in dichotic testing. This preliminary investigation was de- 
signed to assess (1) the comparability of intensity levels which are selected 
using the two procedures in normally hearing subjects; (2) the efficiency 
of finding CV maximum performance with a computer-controlled adaptive 
procedure; (3) test-retest reliability of the computer-controlled adaptive 
procedure with normally hearing subjects. 

EXPERIMENT I 

Method 

Subjects. Twenty-six normally hearing persons, ranging in age from 20 
to 28 years, served as subjects for the first part of this study. Normal 
hearing sensitivity was defined as pure tone thresholds of less than 15 dB 
HL at 2.50-8000 Hz, interweaving air and bone conduction thresholds and 
normal acoustic immittance results. 

Stimuli. The stimuli were six synthetic monosyllabic consonant-vowel 
(CV) tokens, (ba/ga/da/pa/ta/ka). These tokens were constructed with the 
Klatt (1978a) speech synthesis program implemented on a PDP 1 l/23 com- 
puter. Synthesis was done in a cascaded formant configuration with a 
steady-state fundamental frequency of 120 Hz. To minimize extraneous 
acoustic onset differences among the stimulus tokens, all CV monosyll- 
ables were synthesized with a relatively short burst release (5-10 msec). 
In addition, all formant transitions were 45 msec in duration. The total 
duration of each token was 380 msec. The frequencies and slopes of the 
initial formant transitions as well as the steady-state formant frequencies 
of the vowel [a] were based upon those suggested by Klatt (1978b). These 
same stimuli were used in both the manual and computer-controlled adap- 
tive procedures. 

CV tokens were chosen as the stimuli because, according to Niccum 
et al. (1981), determination of a monotic PI function with CV tokens will 
yield a more conservative estimate of speech recognition than that pro- 
vided by digits and words. Thus, if the procedure is viable with the more 
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difficult CV tokens, it is reasonable to assume that it would be viable with 
more easily understood stimuli. 

Equipment. Pure tone thresholds, spondee thresholds, word discrim- 
ination measurements, and the manual CV performance-intensity func- 
tions were obtained using clinical audiometers (Teledyne TA200 and GS 
1704) and a cassette tape deck (Sony 117). Acoustic immittance mea- 
surements were completed using an impedance bridge (American Elec- 
tromedics 83). Stimulus presentation for the adaptive procedure was 
under computer control (PDP 1 l/23). All testing was completed in an IAC 
booth. 

Procedures. All subjects were evaluated in three separate sessions. 

Session I: Basic Auditory Test Battery. In Session I, the basic auditory 
test battery was completed. It consisted of pure tone testing, using stan- 
dard clinical air conduction and bone conduction procedures, monaural 
word recognition testing, using taped CID W-22 word lists, and acoustic 
immittance measurements. 

Session ZZ: Manual Procedure. In Session II, a monotic PI function 
was obtained using CV stimuli. Prior to the test trials, subjects were given 
a short practice session. The practice session consisted of two or three 
lists of 30 CV tokens presented at 90 dB SPL. All but one of the normally 
hearing subjects were able to correctly identify 100% of the CVs following 
the practice period. One-half of the subjects received the practice and 
test trials in the left ear first and one-half of the subjects received the 
practice and test trials in the right ear first. 

Each test trial consisted of a list of 30 CV tokens. Presentation level 
was begun at 100 dB SPL. For each succeeding trial, the SPL was de- 
creased by 12 dB until the 50% discrimination point was reached. A step 
size of 6 dB was used for points that were intermediate between the 50% 
and 93% correct points in order to more precisely determine the knee. 
Typically, 8 intensity levels from 28 to 100 dB SPL were used. The average 
test time to determine the PI function for both ears was one hour. 

Presentation level determination for session ZZ. The PI functions were 
used to predict an appropriate level for dichotic testing (Figure 1). First, 
the plateau region was defined as the area of stable asymptotic scores. 
The knee of the function was defined as the point where discrimination 
decreased to more than 10% below the point of maximum discrimination. 
The upper knee would be an intensity level above the point of maximum 
discrimination (in this example 100 dB) and the lower knee would be an 
intensity level below the point of maximum discrimination (in this example 
58 dB). A presentation level was then selected that fell within the plateau 
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Figure 1. A performance-intensity function exemplifying defined upper and lower 
knees, and area of asymptotic scores. 

area of the PI function and was at least 10 dB away from each knee. For 
this example, where the lower knee is 58 dB and the upper knee is 100 
dB, an acceptable presentation level must fall between 68 and 90 dB SPL. 

Session ZZZ: Computer-Controlled Adaptive Procedure. In Session III, 
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an estimate of the PI function was obtained using a computer-controlled 
adaptive procedure as described by Levitt (1978). Both stimulus selection 
and presentation were under computer control. Subjects heard a pair of 
CV tokens presented monotically with the intensity of the first token of 
each pair 6 dB below the intensity of the second token. The rules for 
stimulus level variations (Appendix A) are essentially the same as those 
suggested by Levitt (1978) and employed by Kamm et al. (1983). 

The intensity level for starting the computer-controlled adaptive pro- 
cedure was determined by examining the PI function obtained for each 
individual in Session II. Since the adaptive procedure may be biased to- 
ward the starting intensity level (Levitt, 1978), an intensity level was 
chosen that fell between the 50 and 70 percent points on the psychometric 
function. This precaution ensured that the starting level was adequately 
high but would still provide a complete estimate of the PI function. The 
average test time needed to complete a PI function for both ears was lo- 
15 minutes. Following a short break, the normal subjects were retested 
to assess reliability of the procedure. 

Presentation level determination for session III. At the termination of 
the computer-controlled adaptive procedure a PI function was con- 
structed. Each intensity level where the CV tokens were presented was 
assumed to be a point on the psychometric function. A percent correct 
value was determined based upon the number of CVs given at each in- 
tensity level. The point of maximum discrimination, the knee points, and 
the presentation level were determined in the same manner that was used 
for the manual procedure. 

Results 

The PI functions obtained using the manual and the computer procedures 
for a typical normally hearing subject are shown in Figure 2. Note the 
similarity of the configuration of the PI functions obtained using the two 
procedures. Presentation levels of 64 and 56 dB SPL were selected using 
the computer and manual procedures, respectively. An S-dB difference 
was found between the procedures with the computer-controlled adaptive 
procedure selecting the higher of the two levels. This 8-dB difference is 
representative of the group data; mean difference in presentation level 
between the two procedures was 9.1 dB. Table 1 summarizes the indi- 
vidual differences between the presentation levels selected by the two 
procedures. As can be seen, the presentation levels selected using the 
two procedures were within 12 dB for 17 of the subjects. 

The computer-controlled adaptive procedure chose a higher presen- 
tation level for 24 of the 26 normally hearing subjects. For one subject a 
difference of 26 dB was found between the two presentation levels de- 
termined from the two procedures. This was the largest difference for 
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Figure 2. Performance-intensity functions obtained from a representative nor- 
mally hearing subject. The manual procedure is represented by 0 (presentation 
= 56 dB SPL) and the adaptive procedure represented by A (presentation = 64 
dB SPL). 

any of the 26 subjects. For this subject a dichotic test was given at both 
the presentation levels; 40 and 66 dB HL. The ear advantage remained 
the same at both presentation levels. Even in this case, where presentation 
levels were widely discrepant, the ear advantage did not change, sug- 
gesting that both procedures determined an adequate level for dichotic 
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Table 1. Differences in dB between 
Presentation Levels Selected by the 
Manual and the Computer-Controlled 
Adaptive Procedure 

N 

Differences 

(dW 

8 O-6 

9 l-12 
5 13-18 
4 >18 

testing. It appears, then, as if several presentation levels can be appro- 
priate as long as the presentation level selected for dichotic testing is 
adequately displaced from the upper and lower knees of the PI function. 

The reliability of the computer-controlled adaptive procedure was as- 
sessed by having each normally hearing subject generate two PI functions 
in Session III. The mean difference between the two trials was 1.2 dB. 
Examination of individual subject data indicated that 12 of the subjects 
had identical presentation levels for the test and retest session; 13 of the 
subjects had presentation levels that varied by less than 6 dB; the re- 
maining subject had a presentation level that differed by 12 dB. 

Discussion 

The primary advantage of the computer-controlled adaptive procedure is 
that it is more efficient than the manual procedure with respect to time 
of administration and the number of CVs required to complete the func- 
tion; comparable information can be obtained in one-quarter of the time 
when the computer-controlled adaptive procedure is used. While the time 
is reduced for the computer-controlled adaptive procedure used here, an 
even further reduction in time could be achieved by using a simple up- 
down adaptive procedure for the initial trials followed by a transformed 
up-down procedure when in the vicinity of the target area (Levitt, 1978). 

One disadvantage of the computer-controlled adaptive procedure lies 
in the lack of stimuli presentation above the plateau region. If, as ac- 
cording to Speaks et al. (1983), the presentation level must lie at least 10 
dB away from the upper and lower knees, both knees must be identified. 
The computer-controlled adaptive procedure defines the lower knee, but 
owing to the termination rules, the upper knee cannot be precisely de- 
fined. This does not appear to be a problem in subjects with normal pe- 
ripheral sensitivity, but caution must be used with sensorineural subjects 
prone to reduced discrimination performance at increased sound pressure 
levels. In the future, researchers should evaluate the possibility of starting 
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Table 2. Pure Tone Air Conduction Threshold Data in dB HL and Word 
Discrimination Scores (WDS) in Percent for the Sensorineural Subjects 

Subject Ear PTA 250 500 1000 2000 4000 8000 WDS 

Sl R 12 10 
L 13 15 

s2 R 45 5 
L 43 35 

s3 R 10 0 
L 38 0 

s4 R 40 - 10 
L 42 -10 

s5 R 45 15 
L 43 15 

S6 R 40 35 
L 48 45 

S7 R 40 35 
L 40 30 

S8 R 52 15 
L 18 15 

s9 R 50 45 
L 43 25 

10 10 15 75 75 96 
25 5 10 50 70 94 
40 50 45 40 20 96 
40 50 40 30 35 96 

0 10 20 5 5 96 
20 40 50 50 40 80 
0 50 70 90 80 86 

-5 50 80 105 85 80 
- 10 55 90 95 80 78 
- 10 60 90 100 100 64 

45 50 25 15 15 100 
50 55 40 35 30 98 
45 50 25 15 15 100 
40 50 30 10 25 98 

- 10 60 105 100 105 88 
- 10 -10 75 85 80 90 

45 50 55 55 90 96 
30 40 60 60 75 92 

the computer-controlled adaptive procedure at both high and low intensity 
levels in order to define both the upper and lower knee points. 

In summary, the computer-controlled adaptive procedure is more ef- 
ficient than the manual procedure in constructing PI functions, providing 
an equivalent function in one-quarter of the time. The question remains, 
however, whether this procedure is viable for hearing-impaired subjects. 
Experiment II was designed to investigate the potential of applying this 
technique to persons with sensorineural hearing impairment. 

EXPERIMENT II 

Method 

Subjects. Nine sensorineural hearing-impaired subjects, ranging in age 
from 17 to 47 years, served as subjects for the second portion of the study. 
Hearing loss configurations varied; two subjects (Subjects 6 and 7) ex- 
hibited greater hearing loss in the low frequencies while the remaining 
seven exhibited greater hearing loss in the higher frequencies. Specific 
audiometric information is given in Table 2. 

Stimuli. The same six synthetic monosyllabic consonant vowel tokens 
were used. Discrimination of these stimuli is known to be difficult for 
hearing-impaired individuals. However, it is reasonable to assume that if 
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the computer-controlled adaptive procedure is viable with these difficult 
tokens, it should be viable with more easily understood stimuli. 

Equipment. Same as for Experiment I. 

Procedures. Session I: Basic Auditory Test Battery. Same as for Ex- 
periment I. 

Session ZZ: Manual Procedure. Monotic PI functions for CV stimuli 
were obtained as they were in Experiment I. Because of the difficulty of 
the CV stimuli, sensorineural subjects were not able to correctly identify 
100% of the CV stimuli during the practice sessions. However, a minimum 
of three practice lists of 30 CV tokens were administered to each of the 
subjects at 90 dB SPL. 

Presentation level for the test trials was begun at 100 dB SPL, and for 
each succeeding test trial the SPL was decreased by 12 dB to the 50% 
discrimination point. A step size of 6 dB was used for points that were 
intermediate between the 50% and 93% correct points in order to more 
precisely determine the knee. While 8 intensity levels were typically 
needed for the normally hearing subjects, fewer intensity levels were 
needed to define the functions for the hearing-impaired subjects due to 
their reduced dynamic ranges. 

Presentation level determination for Session ZZ. Same as for Experiment 
I. 

Session 111: Computer ControlledAdaptive Procedure. Session III was 
the same as for Experiment I except that the time required for determi- 
nation of the function for both ears using the computer-controlled adaptive 
procedure ranged from 15 to 20 minutes for the sensorineural subjects. 

Presentation level determination for session ZZZ. Same as for Experi- 
ment I. 

Results 

Figure 3 shows the PI function generated by both the manual and com- 
puter-controlled adaptive procedure for a representative hearing-impaired 
subject. Note the similarity in configuration between the psychometric 
functions. The presentation level selected by the computer-controlled 
adaptive procedure for the left ear was 82 SPL (the lower knee is 72 dB 
SPL) and the presentation level selected for the LE for the manual pro- 
cedure was 76 SPL (the lower knee is 66 dB SPL). For this individual, 
the difference between the two was 6 dB, with the computer-controlled 
adaptive procedure selecting the higher of the two levels. The manual 
procedure selected a level that was higher for three of the subjects and 
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Figure 3. Performance-intensity functions obtained from a representative hearing- 
impaired subject. The manual procedure is represented by 0 and the computer- 
controlled adaptive procedure represented by A. 

the computer-controlled adaptive procedure selected a higher level for 
three subjects. 

For these six subjects, presentation levels that were 10 dB away from 
both the upper and lower knees could be selected using either procedure. 
For the remaining three subjects, however, no presentation level could 
be determined regardless of the procedure used to generate the psycho- 
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Figure 4. Performance-intensity functions obtained from the right (0) and left ( x ) 
ears of one hearing-impaired subject (S8). No acceptable presentation level for 
dichotic testing could be determined for this subject. 

metric function. An example of the dilemma can be seen in Figure 4. 
While the performance for the right ear is rapidly increasing between 88 
and 100 dB, the performance for the left ear is decreasing with increases 
in SPL. Consequently, the point of maximum discrimination for the right 
ear occurs well beyond the maximum discrimination point for the left ear. 
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No acceptable presentation level can be determined that is between the 
upper and lower knees for both ears. 

Discussion 

The computer-controlled adaptive procedure remains more efficient for 
hearing-impaired subjects than the manual procedure; it selected a com- 
parable presentation level in one-fourth the time. A disadvantage of the 
computer-controlled adaptive procedure for hearing-impaired subjects 
lies in the limited number of CV stimuli presented at each intensity level, 
a function of the adaptive procedure rules. This limited number of stimuli, 
in conjunction with the inherent difficulty of the CV stimuli, results in an 
uneven function. An example is shown in Figure 5. The manual procedure, 
with its large number of CV stimuli at each intensity level, shows a gradual 
increase in performance between 64 and 82 dB SPL. The function gen- 
erated with the computer-controlled adaptive procedure appears to in- 
crease sporadically, again owing to the reduced number of CV tokens at 
some intensity levels. 

While the hearing-impaired subjects were hindered in their performance 
by the difficulty of the stimulus, these preliminary data suggest that the 
procedure is feasible even with difficult CV tokens. A smoother function 
would probably be generated with a more easily discriminated stimulus 
such as digits. 

CONCLUSION 

In conclusion then, this preliminary investigation suggests that the com- 
puter-controlled adaptive procedure is the procedure of choice with both 
normally hearing and hearing-impaired subjects. Future research could 
concentrate on the development of rules to assist in defining the upper 
knee of the function more precisely and on the use of alternate stimuli, 
such as digits, to simplify the task for hearing-impaired listeners. 

APPENDIX 

1. If responses to both tokens are correct, presentation levels for the 
following tokens are not changed. 

2. If a higher intensity token is missed but a correct response is given 
to the lower intensity CV, it is assumed that the point of maximum 
recognition has been exceeded and the presentation intensity for 
the next CV pair is decreased. 

3. If the response to the lower intensity level is incorrect but the 
response to the higher intensity level is correct, it is assumed that 
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Figure 5. Performance-intensity functions obtained using the manual (0) and the 
computer-controlled adaptive (A) procedures from one hearing-impaired subject 
68). Fewer stimuli tokens presented per intensity level result in an uneven func- 
tion. 

the point of maximum recognition has not been achieved, thus the 
presentation level for the next CV pair is increased 6 dB. 

4. If responses to both CVs are incorrect, the intensity of the following 
pair is not changed. If the identification of the next CV pair is then 
also incorrect, the intensity of the following CV pair is increased 
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on the assumption that the levels are well below the point of max- 
imum discrimination ability. 

5. Testing was terminated after 12 reversals of intensity or consecutive 
correct responses. 

The authors would like to thank Claude Lambert and Daphne Kent for their assistance in 
this project. 
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