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Abstract
Intersubject variability in perception is a prominent char-
acteristic of people with cochlear implants. This study
characterized intersubject differences using simple met-
rics based on psychophysical measures: maximum com-
fortable loudness levels (C levels) and dynamic ranges
(DRs). In a group of 17 subjects, we assessed across-site
variation (ASV) and across-site mean (ASM) values of C
levels and DRs for bipolar (BP) and monopolar (MP) stim-
ulation, and examined the relation of these metrics to
speech recognition across subjects. Significant negative
correlations with speech recognition were found for
ASVs of C levels for BP stimulation; i.e., subjects with
high ASVs of BP C levels had poor speech recognition.
Positive correlations with speech recognition were found
for ASMs of C levels and ASMs of DRs for both BP and
MP stimulation; i.e., subjects with high mean C levels
and large mean DRs had better speech recognition. Thus,
these psychophysical metrics are effective for diagnosis
of individual differences in performance of subjects with
cochlear implants. Furthermore, they point to some po-
tentially useful treatment procedures.

Copyright © 2005 S. Karger AG, Basel

Introduction

Intersubject variability in speech recognition perfor-
mance is a persistent characteristic of cochlear implant
users, despite significant improvements in average per-
formance over the last two decades. This study is one of
a series of studies assessing simple psychophysical mea-
sures that may help with diagnosis of conditions in the
implanted subjects that contribute to this intersubject
variability. Such measures are needed for guiding treat-
ment of individual problems in performance of cochlear
implants. In a previous study [Pfingst et al., 2004], we
found that variances of psychophysical detection thresh-
olds (T levels) across all sites in a subject’s scala tympani
electrode array were moderately, but significantly corre-
lated with speech recognition performance. In the study
reported here, we examined suprathreshold measures:
maximum comfortable loudness levels (C levels) and dy-
namic ranges (DRs). Because most speech information
delivered by cochlear implants is at suprathreshold levels
and speech recognition generally improves as a function
of level [Franck et al., 2002], we reasoned that psycho-
physical responses to suprathreshold stimuli might be
more strongly correlated with speech recognition than
measures taken just at the threshold level.

T level and C level data are commonly obtained in the
clinic in order to program a speech processor to operate
within the DR of the subject’s hearing with electrical
stimulation. Variability of these measures across all avail-
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able stimulation sites in the implant (across-site varia-
tion, abbreviated ASV) and mean levels of these measures
averaged over all available stimulation sites in the im-
plant (across-site mean, abbreviated ASM) are two poten-
tially useful metrics that are easily derived from these
data. In the previous study mentioned above [Pfingst et
al., 2004], we found that ASV of T levels was significant-
ly correlated with speech recognition performance but
that ASM of T levels was not. In the current experiment,
these two metrics (ASV and ASM) were applied to C lev-
el and DR data. We also examined two stimulation
modes: monopolar (MP) and narrowly spaced longitudi-
nal bipolar (BP) stimulation. These modes represent two
extremes of the range of electrode configurations avail-
able in most current commercially available cochlear im-
plants. Although ASV of T levels for MP stimulation is
typically much smaller than that for BP stimulation
[Pfingst and Xu, 2004], we previously found that ASVs
of T levels for both configurations were significantly cor-
related with speech recognition [Pfingst et al., 2004].
The working model guiding the studies of ASV is that
ASV of T and C levels is due in part to variation from one
stimulation site to another in the lengths of the current
paths from the electrodes to the sites of action potential
initiation, and that large variation in the lengths of these
current paths reflects conditions that are not compatible
with good speech recognition. Variation in the electrode-
to-neuron distances can result from variation in nerve
survival, variation in the presence of new bone or other
obstructions in the current paths from electrodes to neu-
rons, and/or variation in the medial-lateral location of
electrodes within the scala tympani. Longer current paths
result in higher thresholds because current potential de-
creases as a function of distance from the electrodes. Con-
ditions of nerve survival or physical conditions that lead
to long electrode-to-neuron distances and relatively high
T levels would be expected to result in distortions in the
place-pitch map because currents would excite neurons
that were distant from the intended targets. If sufficiently
large, such distortions could degrade speech recognition
[Shannon et al., 1998, 2002]. In addition, variation in the
distances between electrodes and neurons could lead to
variation in the number of neurons activated by a given
stimulation site [Frijns et al., 1995] and the resulting vari-
ation in bandwidth from channel to channel might de-
grade speech recognition. Finally, the temporal pattern of
neural responses to electrical stimulation can be affected
by electrode-to-neuron distances [Mino et al., 2004].
Variation in the timing of neural responses across stimu-
lation sites could result in abnormal variation in envelope
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information from site to site along the electrode array,
which could be disruptive to processes that require com-
parison of envelope information across channels.

Sites of action potential initiation for cochlear im-
plants are expected to vary as a function of stimulus lev-
el [van den Honert and Stypulkowski, 1984] and as a
function of electrode configuration [Miller et al., 2003].
Thus, while we would expect variability in biophysical
and physiological conditions in the implanted cochlea to
be reflected in ASV of both T and C levels for both MP
and BP electrode configurations, the pattern of variation
across stimulation sites might not be the same from con-
dition to condition because of differences in the sites of
action potential initiation. Thus, the effectiveness of psy-
chophysical metrics for reflecting the condition of the im-
planted cochlea might vary as a function of stimulus pa-
rameters. This possibility was assessed in the current ex-
periment by comparing correlations of speech recognition
and ASVs of C levels with those of T levels and by com-
paring data obtained with BP and MP electrode configu-
rations.

In addition to variation in T and C levels across stim-
ulation sites within subjects, we have noted considerable
variation across subjects in ASMs of T and C levels for
the entire electrode array [Pfingst and Xu, 2004]. We as-
sume that these ASMs of T and C values reflect the over-
all condition of the entire region of the cochlea that is
stimulated by the full electrode array. In our previous
study, we found that ASMs of T levels for BP or MP
stimulation did not correlate with speech recognition. On
the other hand, a few investigators have found that ASMs
of DRs do correlate with speech recognition across sub-
jects [Blamey et al., 1992; Donaldson and Nelson, 2000;
Kuk et al., 1990]. In this study, we examined within- and
across-subject variation in DR and the individual contri-
butions of T levels and C levels to that variation.

This study used 17 of the subjects who participated in
the previous study of ASV of T levels [Pfingst et al., 2004].
This allowed us to test the consistency of the ASV data
for T levels over a relatively long interval (averaging 8.9
months).

Methods

Subjects

This report is based on data from the 17 postlingually deaf adult
subjects with Nucleus® CI24R(CS) (Contour™) implants or Nu-
cleus CI24M (straight array) implants. All subjects spoke American
English as their native language and all were experienced with the
T level and C level testing procedures. In a related previous study
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on the relation between speech recognition and ASV of T levels
[Pfingst et al., 2004], we tested 21 subjects which included the 17
tested in the study reported here. For the study reported here, we
obtained estimates of C levels and new estimates of T levels, but
we used the speech recognition data that had been collected for the
previous study. Details for the subjects are reported in table 1 of
Pfingst et al. [2004]. The 4 subjects from that study who did not
participate in the current experiment were subjects S10, S11, S14
and S20. The use of human subjects in this research was reviewed
and approved by the University of Michigan Medical School Insti-
tutional Review Board.

Measurements of T and C Levels

For measurements of T and C levels, a laboratory-owned SPrint
processor (serial number 408594, Cochlear Corporation, Engle-
wood, Colo., USA)was used. The stimuli were controlled by custom
software that generated sequences of frames and sent instructions
to the SPrint processor utilizing Nucleus Implant Communicator®
(version 3.27) software libraries. The software communicated with
the SPrint processor using an IF5 ISA card and a processor control
interface (Cochlear Corporation). The custom software also pro-
vided an interface that was used to collect the psychophysical re-
sponses from the subjects, as detailed below.

The stimuli were symmetric-biphasic pulses with a phase dura-
tion of 200 ps presented at a rate of 250 pulses/s. The polarity of
the initial phase of each pulse to the scalar electrode in the MP
mode or the more basal electrode in the BP mode was negative. The
interphase gap was 45 ps. The stimulus burst duration was 500 ms
with silent intervals of 500 ms in between bursts. The relatively
long pulse duration used in these experiments was chosen to allow
us to assess the full DR in the BP configuration, given the compli-
ance limits of the implanted stimulators. In a previous study
[Pfingst et al., 2004], we examined effects of pulse duration on
across-site threshold variation using phase durations ranging from
25 ps to 1600 ps. We found that in the majority of cases, ASV
showed little change as a function of phase duration and that a
200-ws/phase pulse duration gave a reasonable estimate of ASV at
other pulse durations.

T and C levels were measured using both BP and MP electrode
configurations from all available stimulation sites in the 22-elec-
trode arrays. A stimulation site was defined as the physical location
of the intracochlear electrodes. For MP stimulation, there were 22
possible sites and for BP stimulation, there were 21. A few sites in
a few subjects were not tested because the sites were not functional
or because stimulation at those sites produced uncomfortable sen-
sations. In the MP configuration, stimulation was between an elec-
trode in the scala tympani array and two extracochlear electrodes
in parallel (i.e., MP1 + 2). The two extracochlear electrodes com-
prised a ball electrode buried underneath the temporalis muscle
and a plate electrode located on the casing of the implanted receiv-
er/stimulator. In the BP configuration, stimulation was between
pairs of adjacent electrodes in the intracochlear array. Spacing be-
tween electrodes (center to center) averaged 0.75 mm for CI24M
implants and about 0.64 mm for CI24R(CS) implants.

The method of adjustment was used to measure T and C levels.
The procedure was similar to that used in fitting implants clini-
cally. In this procedure, the stimuli were presented repeatedly with
a 500-ms on/off duty cycle. Arrow keys on the computer screen,
controlled by the computer mouse, were used to adjust the level of
the current. For these measurements, manufacturer-defined cur-
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rent level programming units (CL units) were used and the subject
could increase or decrease the CL in steps of 1 or 5 units by click-
ing on the appropriate arrow. An increase of 1 CL unit was equiv-
alent to a 0.176-dB increase in current. For measurement of T lev-
els, the subject was instructed to adjust the level of the signal until
it was ‘barely audible’. For measurement of C levels, the subject
was instructed to adjust the level of the signal until it was ‘at the
maximum loudness level that is still comfortable’. The order of T
and C level testing for the various stimulation sites and electrode
configurations was randomized.

The T and C levels that we measured were initially obtained in
CL units. There were 256 steps of CL with CL = 0 corresponding
to approximately 10 wA peak and CL = 255 corresponding to ap-
proximately 1,750 pA peak. Output of the implanted receiver/stim-
ulators at a given CL varied from stimulator to stimulator over a
range of about = 10%. A calibration for each of the subjects’ im-
planted receiver/stimulators was obtained from Cochlear Corpora-
tion. These calibrations were used to calculate stimulation levels in
microamperes, as described previously [Pfingst and Xu, 2004]. The
stimulation levels in microamperes were then converted to decibel
re 1 mA using the formula I (dB) = 20 log[I (nA)/1000 pA].

Two metrics, ASV and ASM, were calculated for C levels, T
levels, and DRs for each subject. T and C levels were calculated in
decibels re 1 mA peak and DRs (C minus T) were calculated in
decibels. ASVs of T levels, C levels and DRs were the variances
across all tested stimulation sites in the subject’s electrode array
(normally 21 or 22 sites). ASMs of T levels, C levels and DRs were
calculated by averaging the T levels, C levels, or DRs across all of
the tested stimulation sites in the subject’s electrode array.

Speech Recognition Testing

For speech recognition testing, subjects used their own proces-
sors, which were programmed with their normal everyday process-
ing strategies and electrode configurations. The subjects sat in a
double-walled sound-attenuating chamber (Acoustic Systems Mod-
el RE 2428). Speech recognition test materials were presented from
sound files in a desktop computer. The signals were passed through
a Rane ME-60 graphic equalizer and a Crown D-75 amplifier and
presented through a Tannoy TDC 4A loudspeaker positioned about
1 m away from the subject at about 0° azimuth. The level of pre-
sentation was 64 dB(A).

Three tests were used for speech recognition assessment: conso-
nant recognition, vowel recognition, and sentence recognition in
background noise. For consonant recognition tests, recordings
made by Shannon et al. [1999] of 20 naturally spoken American
English consonants in a consonant-/a/ context were used: ba, cha,
da, fa, ga, ja, ka, la, ma, na, pa, ra, sa, sha, ta, tha, va, wa, ya, and
za. Two talkers were used (male No. 3 and female No. 3) for a total
of 40 stimuli. For vowel recognition tests, recordings made by Hil-
lenbrand et al. [1995] of 12 naturally spoken American English
vowels in an /h/-vowel-/d/ context were used: had, hayed, hawed,
head, heard, heed, hid, hod, hoed, hood, hud, and who’d. Two male
(No. 48 and No. 49) and 2 female (No. 39 and No. 44) talkers were
selected from the recordings, giving a total of four sets of natural
/h/-vowel-/d/ tokens for a total of 48 stimuli. For sentence-in-noise
testing, the HINT sentence test created by Nilsson et al. [1994] was
used. Lists of 10 sentences each were drawn at random from the 25
lists in the test set. Sentences were presented in speech-shaped noise
that matched the spectra of the sentences. The signal-to-noise ratio
was +10 dB.
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variance of C levels across all tested stimu-
lation sites in the implant. The left column
is for BP stimulation and the right column
is for MP stimulation. The three rows, top
to bottom, represent the data from conso-
nant, vowel, and HINT sentence (+10 dB
S/N) tests, respectively. Linear regression
lines are shown with the correlation coeffi-
cients (r) indicated at the lower right corner
of each panel followed by the results of the 0-
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r=-0.56, p < 0.05 o

r=-0.42,p>0.05|

z tests. The correlations for BP stimulation
were statistically significant (p < 0.095),
whereas those for MP stimulation were not
(p>0.05).

During the tests, subjects were first given a preview of the sounds
and then a practice session to familiarize themselves with the tests.
Then, each speech recognition test was administered three times.
The results of the three tests were averaged to yield speech recogni-
tion scores. For the consonant and vowel recognition tests, the stim-
uli were presented respectively in 20- or 12-alternative forced-
choice paradigms. Tokens were presented in random order without
replacement. The listeners viewed a screen with the choices listed
alphabetically and used a computer mouse to select their responses.
For the HINT sentence tests, a different list was used for each of
the three administrations of the test. Subjects reported their re-
sponses verbally. The sentences were scored based on the percent-
age of correct words.
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Results

ASV of C and T Levels

Figure 1 shows the relationship between ASV of C lev-
els and speech recognition. Subjects with larger ASV of C
levels tended to have poorer speech recognition perfor-
mance. For BP stimulation, there were significant nega-
tive correlations between ASV of C levels and consonant,
vowel and sentence recognition (z test; p < 0.05). For MP
stimulation, the relationships between ASV of C levels
and speech recognition showed a tendency toward a neg-
ative correlation. However, these correlations were not
statistically significant.
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Table 1. Correlations of ASV for C levels and T levels with three
measures of speech recognition

Speech test Psychophysical BP con- MP con-
measure figuration figuration
Consonants ASV of C levels -0.60 -0.47
ASV of T levels -0.57 -0.82
Vowels ASV of C levels -0.60 -0.15
ASV of T levels -0.57 -0.81
HINT sentences ASV of C levels -0.56 -0.42
(+10 dB S/N) ASV of T levels -0.56 -0.72

The r values in italics indicate that the correlations are statisti-
cally significant (z test; p < 0.05).

A negative correlation between ASV of T levels and
speech recognition was reported in our previous study
[Pfingst et al., 2004]. In the current study, this analysis
was repeated using newly obtained T levels for the 17
subjects. These results are reported in table 1 along with
the results for C levels that are illustrated in figure 1. For
T levels, ASV was significantly correlated with speech
recognition for both BP and MP stimulation, in agree-
ment with the conclusions for the larger population, in-
cluding these subjects, as reported in the previous paper
[Pfingst et al., 2004]. Consistent with the observations
reported above, we found a strong significant correlation
between ASV of T levels and ASV of C levels for BP

Psychophysical Metrics and Speech
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1st ASV of T levels (dB?)

stimulation (r = 0.95), but not for MP stimulation (r =
0.35) (see also figure 4 in Pfingst and Xu [2004]).

Consistency over time of ASV of T levels was checked
by comparing data obtained in the present study with
those obtained in the previously published study. The
intervals between data collection for these two studies
averaged 8.9 months (SD = 2.5 months) across all sub-
jects. The T level ASV data for these two studies (fig. 2)
were highly correlated for BP stimulation (r = 0.95; p <
0.05), suggesting that this measure is quite reliable. For
MP stimulation, the correlation was weaker but still sta-
tistically significant (r = 0.68; p < 0.05).

ASMs of C Levels

ASMs of C levels were significantly correlated across
subjects with speech recognition under both BP and MP
stimulation (fig. 3). The highest r value was for the cor-
relation between ASMs of C levels for BP stimulation and
consonant recognition. This contrasts with our previous
finding that ASMs of T levels were not significantly cor-
related across subjects with speech recognition (figure 5
in Pfingst et al. [2004]), which was confirmed for the 17
subjects in this study.

Dynamic Ranges

ASV of DRs was not correlated across subjects with
speech recognition (fig. 4). However, ASMs of DRs were
positively correlated across subjects with speech recogni-
tion for both BP and MP stimulation (fig. 5). ASMs of
DRs for stimulation with these two electrode configura-
tions were strongly correlated with each other (r = 0.87;
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of each panel. All correlations were statisti-
cally significant (z test; p < 0.05).

p < 0.05), suggesting that both metrics might reflect a
common underlying mechanism. ASMs of DR for BP
stimulation were a little larger than those for MP stimula-
tion in most (14 out of 17) subjects (fig. 6). The overall
mean of the ASMs of DRs across all 17 subjects was sig-
nificantly larger for BP stimulation (9.1 dB) than for MP
stimulation (8.1 dB) (paired t test, p < 0.01).

To determine the relative contributions of ASM of T
levels and ASM of C levels to this correlation between
DRs and speech recognition, we examined the correla-
tions between T and C levels and DRs across subjects
(fig. 7). For MP stimulation, ASMs of T values were neg-
atively correlated with ASMs of DRs, suggesting that sub-
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ASM of C levels (dB re 1 mA peak)

jects with larger DRs for MP stimulation had lower ASMs
of T levels. For BP stimulation, there was a positive cor-
relation between ASMs of C levels and DRs, suggesting
that subjects with larger DRs for BP stimulation had high-
er C levels.

Discussion

This study demonstrated correlations of speech recog-
nition with three metrics: ASV of C levels (negative cor-
relation for BP stimulation), ASM of C levels (positive
correlation for BP and MP stimulation) and ASM of DRs
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(positive correlation for BP and MP stimulation), and it
confirmed the previous finding [Pfingst et al., 2004] that
ASVs of T levels were correlated with speech recognition
(negative correlation for BP and MP stimulation). Thus,
subjects with poor speech recognition tended to have high
ASVs of T levels for BP and MP stimulation, high ASVs
of C levels for BP stimulation, low ASMs of C levels and/
or small ASMs of DRs.

As noted in the Introduction, we expected metrics
based on suprathreshold measures to be more strongly cor-
related with speech recognition than those based on thresh-
old measures. However, for ASV metrics, this prediction
did not hold. For BP stimulation, the negative correlation

Psychophysical Metrics and Speech
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ASV of DRs (dB?)

of speech recognition with ASV for C levels was significant
for all measures, but the correlation coefficients were very
similar to those obtained for T level ASV for all three mea-
sures of speech recognition for this same group of subjects
(table 1). For MP stimulation, the negative correlation
coefficients for speech recognition with ASV for C levels
were smaller than those obtained for T levels and they
were not statistically significant (p > 0.05).

We considered whether the poorer correlations of
speech recognition with ASV for MP C levels relative to
those for MP T levels might be due to MP C levels being
anoisier measure. In a previous study, we found that trial-
to-trial variation in C levels (as assessed by standard de-
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viations) was actually a little smaller than that for T levels,
which suggests that C levels are not inherently less reliable
than T levels (figure 5D ordinate in Pfingst and Xu [2004]).
However, another possibility is that there are subject vari-
ables unrelated to speech recognition that affect C levels
more than T levels. This argument can be considered in
the context of our working model that ASV reflects, in
part, the distances between electrodes and sites of action
potential initiation and that variation in these distances is
in part responsible for poor speech recognition. Both T
levels and C levels would be affected by the electrode-to-
neuron distances. However, if additional variables not re-
lated to speech recognition, such as adaptation to loud

338 Audiol Neurotol 2005;10:331-341
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sounds, also affect C levels, this could weaken the correla-
tion between speech recognition and ASV of C levels.
With this consideration in mind, we revisited the trial-to-
trial variation data that had been collected previously us-
ing 10 repeated measures of C and T levels at 4 stimulation
sites each in 13 subjects. We found no significant correla-
tion between mean trial-to-trial variation and ASV for ei-
ther MP or BP stimulation. This suggests that across-sub-
ject differences in reliability of C level estimation were not
a strong contributor to the ASV measure.

Mechanisms underlying the correlation of ASV with
speech recognition are probably different from those un-
derlying the correlations of ASM values with speech rec-
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and Clevels (upper panels), and ASMs of DRs
and T levels (lower panels). The left column
is for BP stimulation and the right column is
for MP stimulation. Linear regression lines
are shown with the correlation coefficients (r)

r=-0.02, p > 0.05

r=-0.68, p < 0.05

indicated at the upper right corner of each
panel. Only the r values for BP C levels and
MP T levels were statistically significant
(z test; p < 0.05).

T
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ognition. As noted in the Introduction, we believe that
one mechanism underlying ASV of C and T levels is ASV
in the distances between electrodes and neurons, which
results in distortion of the place-pitch map, making speech
recognition more difficult. The consequences of distor-
tions in the place-pitch map similar to those that would
be produced under these conditions have been studied
under a variety of similar conditions in both normal-hear-
ing and implanted subjects [Moore, 1995]. Turner and
colleagues have studied effects of amplifying sounds at
specific frequencies corresponding to dead regions in the
cochlea. Such amplification presumably results in spread
of excitation to regions outside the dead zone. These in-
vestigators have found that speech recognition under this
type of amplification can become worse than with no
stimulation at all in the impaired frequency region [Ho-
gan and Turner, 1998; Turner and Cummings, 1999;
Turner et al., 1999]. Shannon et al. [2002] have shown
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similar negative effects when the outputs of certain chan-
nels of the cochlear prosthesis speech processor are re-
mapped to electrodes that are apical or basal to the nor-
mal target electrodes.

If we assume that stimulation sites with abnormally
high or low T and C levels are producing aberrant pat-
terns of neural stimulation that are disruptive to speech
recognition, then a reasonable experimental therapy
would be to remove those stimulation sites from the pa-
tient’s processor map. Previous studies have shown that
(a) a large number of sites can be removed from a 20-site
map without incurring a reduction in speech recognition
[Friesen et al., 2001] and (b) removal of a few sites that
show poor performance based on psychophysical mea-
sures can result in increases in speech recognition [Zwolan
et al., 1997]. Thus, it seems probable that removal of sites
with extremely high or low T or C levels to reduce ASV
could result in improved speech recognition.
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One possible mechanism underlying the correlations
of ASM suprathreshold values (ASMs of C levels and
DRs) and speech recognition is saturation of neurons at
high stimulus levels. This saturation probably occurs
more frequently in subjects with smaller DRs. Such satu-
ration could lead to distortion of place-pitch and tempo-
ral envelope representations. Consistent with the place-
pitch distortion hypothesis, we and others have observed
poorer electrode-place discrimination [Pfingst et al.,
1999] and poorer place-pitch ranking [Donaldson and
Nelson, 2000] in subjects with small DRs for electrical
hearing. Smaller DRs would also allow fewer discrim-
inable intensity steps within the DR assuming that the
level difference limen remains constant, but this assump-
tion remains to be tested. Stimulation parameters such as
carrier pulse rate [Kreft et al., 2004] and the presence of
background high-rate pulse trains [Hong and Rubinstein,
2003] affect the DR and could possibly improve perfor-
mance for subjects with small mean DRs.

The metrics discussed in this study account for 30-
60% of the variance in speech recognition across the sub-
jects tested. Clearly, there are many variables that con-
tribute to across-subject variation in speech recognition
ranging from biophysical, to neural, to cognitive [Blamey
et al., 1996; Kawano et al., 1998; Kileny et al., 1991;
Knutson et al., 1991; Pisoni, 2000; Rubinstein et al.,
1999]. Some of these variables, such as nerve survival
pattern, are likely to affect the metrics that are based on
the simple psychophysical measures studied in the ex-
periments reported here, while others, such as cognitive
ability, are less likely to affect these simple psychophysi-
cal metrics. Furthermore, as noted above, ASV metrics
probably reflect different underlying variables than met-
rics based on ASM values. Thus, these psychophysical
metrics should be clinically useful for segregating subjects
into groups that can be aided by specific rehabilitation
strategies. For example, subjects with high ASV of BP C
levels, or BP or MP T levels might benefit from strategies
that reduce this ASV by removal of aberrant sites. On the
other hand, subjects with small ASMs of DR might re-
quire other strategies such as use of special stimulus wave-
forms and electrode configurations to reduce problems of
neural saturation and improve speech recognition. More
complex psychophysical tasks, such as complex pattern
recognition, have been shown to correlate with speech
recognition [Collins et al., 1994], and these might be use-
ful for identifying differences in cognitive ability.

Various features of electrical stimulation can play im-
portant roles in determining the predictive and diagnostic
power of psychophysical metrics. For ASV metrics, we
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suggest that BP stimulation has a slight advantage over
MP stimulation because the ASV values for BP stimula-
tion are much larger than those for MP stimulation, mak-
ing them less susceptible to ‘noise’ created by other vari-
ables. For ASV of T levels, we found greater consistency
over a period of approximately 8§ months in the metrics
based on BP stimulation as compared to those based on
MP stimulation. On the other hand, ASV for MP T levels
did correlate highly with speech recognition and MP con-
figurations are the ones most commonly used in the clin-
ic, so it could be more practical to use ASV of MP T lev-
els for clinical diagnosis. ASV values of C levels for BP
stimulation were significantly correlated with speech rec-
ognition, while those for MP stimulation were not, so in
clinical practice, where MP data are obtained more fre-
quently than BP data, T levels might be more useful for
diagnosis.

For the ASM of DR metric, the situation with regard
to electrode configuration is different. The difference in
the ASM DR values for BP stimulation and those for MP
stimulation were statistically significant, but they were
not large, and ASM of DR metrics for both BP and MP
configurations were significantly correlated with speech
recognition. Thus, both should be useful for diagnostic
purposes, though again, data for MP configurations are
more likely to be readily available to the clinician.

Conclusions

Metrics based on simple psychophysical tests, similar
to those that subjects perform routinely during clinic vis-
its, have been found to correlate significantly across sub-
jects with speech recognition. These metrics account for
30-60% of the variance in the speech recognition results
obtained in this study. Thus, they may be useful in diag-
nosis of the source of problems that individual prosthesis
users may have in recognizing speech. Furthermore, the
measures point to some alterations in stimulation strate-
gies that might lead to improvements in speech recogni-
tion in individual patients. These applications remain to
be tested.
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