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Wojtczak and ViemeistefJ. Acoust. Soc. Am106, 1917-1924(1999] demonstrated a close
relationship between intensity difference lime(BLs) and 4-Hz amplitude modulatiofAM)
detection thresholds in normal-hearing acoustic listeners. The present study demonstrates a similar
relationship between intensity DLs and AM detection thresholds in cochlear-implant listeners, for
gated stimuli. This suggests that acoustic and cochlear-implant listeners make use of a similar
decision variable to perform intensity discrimination and modulation detection tasks. It can be
shown that the absence of compression in electric hearing does not preclude this possibility.
© 2000 Acoustical Society of Amerid&0001-49660)04508-2

PACS numbers: 43.66.Ts, 43.66.Cb, 43.66.Mk, 43.64[R&S]

INTRODUCTION I. PROCEDURE

Woijtczak and Viemeiste(1999 investigated the rela- Intenjllty tI?]Ls andb_4—I;|z A,m t?]etel:\lctloln thr;; holdﬁl were
tionship between intensity discrimination thresholds andeasured in three subjects with the Nucleus 22 cochiear im-
4-Hz amplitude modulatiofAM) detection thresholds in plant. Three electrodes fr_om d|ﬁereqt regions of the Im-
normal-hearing acoustic listeners. Using continuous purepla.nted array were te;ted in each subject. Ele_ctrode configu-
tone pedestals and carriers spanning a wide range of levelk tion was bipolar, with an electrode separation of 1.5 mm

they found that intensity DLs were related to 4-Hz AM de- P_’Ll) n SUbJ_ECtS_ Sl and S3, and 2.25 'TfBF’”) n
tection thresholds by the equation subject S2. Stimuli were 500-ms gated trains of 800-pps,

80-us/ph biphasic pulses, spanning levels between 15% and
85% of the test electrode’s dynamic range. Five identical
10log Al/1)=0.44 (20 logm)+1.7, ) levels of the standard stimulus were evaluated in both the
intensity discrimination and AM detection tasks. Level was
incremented or sinusoidally modulated by varying the cur-
whereAl/l is the Weber fraction for intenSity discrimination rent amp"tude of pu|SeS within the stimulus trains. Thresh-
and m is the modulation index at threshold. They demon'o|ds were obtained using a 3_down, 1_up 3-interval forced
strated that Eq(1) generalizes to other low modulation fre- choice adaptive procedure that estimated 79.4% correct
quencies by adjusting the additive constant term, and showedl evitt, 1971), corresponding to a detection sensitivity of
that it holds over a range of performana#’) levels. They (’=1.63.
also argued that Eq1) holds for a range of pedestal/carrier  Taple | describes the subjects and shows the absolute
frequencies, for noise carriers, and for gated pedestalghresholds and dynamic rangé@Rs) that were measured for
carriers of varying durations. However, they noted that Eqeach of the nine test electrodes in response to the standard
(1) does not describe the relationship between psychometrigtimulus (800 pps, 80xs/ph, 500-ms pulse traifi Note that
functions for intensity discrimination and AM detection pRrs are similar for electrodes within a given subject, but
when gated pedestals/carriers are used. vary considerably across subjects. This suggests that the

Equation(1) suggests that the same decision variable ishree subjects possess different numbers or patterns of sur-
used for intensity discrimination and AM detection tasks inyjying auditory neurons.

acoustic hearing. Wojtczak and Viemeis(@099 examined

several theoretical models of AM processing in an attempt to

identify this decision strategy, but concluded that no existindl' RESULTS

model accounts convincingly for the empirical relationship Figure 1 shows 4-Hz AM detection thresholds plotted as
that Eq.(1) describes. In this report, we examine the rela-a function of current amplitudeB uA) for each of the nine
tionship between intensity discrimination and AM detectiontest electrodes. In each panel, individual threshold estimates
in cochlear-implant listeners, using gated stimuli. The rela-are shown as shaded triangles and mean threshold values are
tionship that we observe is similar to Ed), suggesting that shown by a thin solid line. For comparison, mean acoustic
whatever decision strategy is used to perform intensity disdata obtained by Wojtczak and Viemeist€r999 for a
crimination and modulation detection tasks in acoustic heari-kHz continuous carrier are plotted in the upper-left panel.
ing also applies to electric hearing. The range of AM detection thresholds exhibited by the
present subjects is generally similar to those reported in ear-

3Author to whom correspondence should be addressed. Electronic maill€f cochlear-implant studieéShannon, 1992; Busbgt aI_., _
donal005@tc.umn.edu 1993; Cazal®t al, 1994. Thresholds are also roughly simi-
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TABLE I. Subjects.

Etiology of  Years Years Electrodes Threshold Dynamic
Subj M/F Age hearingloss deaf implanted tested (dBre: 1 uA) range(dB uA)
S1 M 32 maternal 27 2 eb 41.2 20.6
rubella el2 41.8 18.7
el9 37.2 16.1
S2 F 60 otosclerosis 12 2 ed 48.0 11.0
el7 45.6 10.1
e2l 49.3 10.1
S3 M 59 meningitis 3 3 eb 48.7 6.4
el2 46.6 5.8
e20 50.5 4.9

lar to the acoustic data for pure-tone carriers reported byig. 1. That is, subjects S1 and S2 show steep functions with
Wojtczak and Viemeistef1999 and most othergsee Kohl-  quite sensitive intensity DL6-10 to —16 dB) at the highest
rausch, 1993, for a summaryDifferences are apparent pedestal levels, and subject S3 shows shallower functions
across subjects, however: Subjects S1 and S2 show stegth relatively large intensity DLY—4 to —8 dB) at all
functions with quite sensitive threshol@is30 to—40 dB) at  pedestal levels. We have previously observed considerable
the highest stimulus levels, whereas subject S3 shows flatteariability across subjects and electrodes in the size and level
functions with relatively insensitive AM thresholds-10 to  dependence of intensity DLs in cochlear-implant subjects
—20 dB) at all levels. None of the measured thresholds wasvith the Nucleus 22 devicéNelsonet al., 1996; Donaldson
limited by the resolution of current amplitude delivery in the and Nelson, 1997a)bThe data shown Fig. 2 are typical of
subjects’ devices; however, thresholds for three electrodethose we have reported in earlier studies.
(CJP rEL5, CJP rEL12, and DAW rEL)&pproached this The unfilled square symbols in each panel of Fig. 2 rep-
limit at the highest carrier level. resent intensity DLs predicted from the mean 4-Hz AM de-
Figure 2 shows corresponding intensity DLs tection thresholds in Fig. 1, using E@). Note that predicted
[10 log@Al/I)] for each of the nine test electrodes, plotted as avalues are similar to the mean, measured DLs. This suggests
function of current amplitudédB uA). As in Fig. 1, indi-  that Eq.(1), derived from data for acoustic listeners and con-
vidual threshold estimates are shown as shaded triangles atiduous pedestals/carriers, describes quite accurately the re-
mean thresholds are indicated by a thin solid line. All inten-lationship between intensity DLs and modulation thresholds
sity discrimination thresholds were well below the resolutionfor cochlear-implant listeners and gated pedestals/carriers.
limits of the subjects’ devices. Mean acoustic intensity DLs In Fig. 3, the intensity DLs from Fig. 1 are replotted as
from Wojtczak and Viemeistef1999 for a 1-kHz continu- a function of the corresponding AM detection thresholds
ous pedestal are shown in the upper-left panel. from Fig. 2. The upper-left, upper-right, and lower-left pan-
Note that, for individual electrodes, the shapes of theels show data for subjects S1, S2, and S3, respectively. In
mean intensity discrimination functions shown in Fig. 2 areeach of these panels, data for individual test electrodes are
similar to the shapes of AM detection functions shown inplotted with different symbols, and a single linear regression
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line is fit to the combined data from all three electrodes. Theheir counterparts in Eql) (p<0.005); however, it is ap-
data for each subject show a strong, linear relationship beggarent from Fig. 3 that these differences are small.
tween intensity DLs and 4-Hz AM detection thresholds.

Slopes of all t_hree regression functions are simi@B3— IIl. DISCUSSION

0.36 and the intercepts are all close to zero. In each case,

AM detection thresholds account for a larg&@%—93% and The present data suggest that the empirical relationship
highly significant proportion < 0.0001) of the variance ob- between intensity DLs and AM detection thresholds reported
served in the intensity DLs. by Wojtczak and ViemeistdiEq. (1)] is approximately cor-

The data for subjects S1, S2, and S3 are combined in thegct in both acoustic and electric hearing. This result is at
lower-right panel of Fig. 3. Here, different symbols represenffirst surprising, given that stimulus coding properties are
the data for different subjects. The dark line in this panel isknown to differ substantially in the two modes. For example,
the best-fitting linear regression function for the combinedat the level of the auditory nerve it is known that electric
subject data stimulation produces steeper rate-level functions, smaller dy-
namic ranges, and less variable spike counts than acoustic
10logAl/1)=0.36" (20 logm) +0.9. 2) stimulation (Moxon, 1971; Hartmanret al, 1984; Javel,

The lighter gray line in this panel represents Eq. Both the ~ 1990; Javel and Viemeister, 1999n addition, factors such
slope andy intercept of Eq(2) are significantly smaller than as loss of cochlear compression and altered patterns of neural
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decision statistic for performing intensity discrimination and inter Research Meeting of the Association for Research in
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ables applied in acoustic and electric hearing are related by %&n ESsen for writing the computer programs used to obtain
monotonic transform such as compression, and the noise thite psychophysmal d_ata; Tanya Grann for 6_155|st|ng with data
limits performance occurs before the decision statistic ié:ollectlon_and anaIyS|§; and Monita Chatterjee and an anony-
“computed,” then they will produce identical performance mous reviewer for their helpful comments on an earlier ver-

(Eagan, 1975 This would not only explain the similarity sion of the manuscript. In addition, we extend special thanks
between Eqs(1) and(2) but would also explain the similar- to' the three cochlear-implant subjects who participated in
ity between the Weber fractions and between the modulatiofs WOrk-

thresholds. The requirement that the internal noise precede
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relationship. Indeed, it is possible that the small differences Javel, E.(1996. “Intensity discrimination as a function of stimulus level

bet th | d bet the int ts f . with electrical stimulation,” J. Acoust. Soc. Ami00, 2393-2414.
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or, equivalently,
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