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The Speech Intelligibility Index~SII! was measured for Navy divers participating in two saturation
deep dives and for a group of nondivers to test different communication systems and their
components. These SIIs were validated using the Speech Perception in Noise~SPIN! test and the
Griffiths version of the Modified Rhyme Test~GMRT!. Our goal was to determine if either of these
assessments was sensitive enough to provide an objective measure of speech intelligibility when
speech was processed through different helmets and helium speech unscramblers~HSUs!. Results
indicated that SII values and percent intelligibility decreased incrementally as background noise
level increased. SIIs were very reliable across the different groups of subjects indicating that the SII
was a strong measurement for predicting speech intelligibility to compare linear system components
such as helmets. The SII was not useful in measuring intelligibility through nonlinear devices such
as HSUs. The speech intelligibility scores on the GMRT and SPIN tests were useful when the
system component being compared had a large measurable difference, such as in helmet type.
However, when the differences were more subtle, such as differences in HSUs, neither the SPIN nor
the GMRT appeared sensitive enough to make such distinctions. These results have theoretical as
well as practical value for measuring the quality and intelligibility of helium speech enhancement
systems. ©1998 Acoustical Society of America.@S0001-4966~98!03109-9#

PACS numbers: 43.72.Kb, 43.72.Ew, 43.71.Gv, 43.70.Dn@JLH#
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INTRODUCTION

Accurate assessment of speech intelligibility is imp
tant for determining the effectiveness of different commu
cation systems used with Navy divers who are exposed
high noise levels in their work environments. Further, the
divers work under hyperbaric conditions at depths of sev
hundred feet of seawater~FSW! in a helium–oxygen~heliox!
environment. These conditions affect the acoustical prop
ties of the speech they produce making it significantly d
ferent from typical discourse and difficult to understand.

Helium speech unscramblers~HSUs! attempt to convert
the frequency spectra of helium speech into a freque
range that is closer to average conversational speech, ma
it more intelligible to listeners and thus improving comm
nication among divers~Belcher and Andersen, 1983; Cope
1966; Giordanoet al., 1973; Stover, 1967!. While such de-
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vices provide significant improvement to intelligibility, th
effects of noise, pressure, and helium still contribute sign
cantly to poor speech understanding among divers. Thus
finements continue to be made in diver communication s
tems by using state-of-the-art technology to improve spe
intelligibility. Our work has focused on evaluating the effe
tiveness of different speech intelligibility assessment to
for providing accurate estimations of speech understand
in order to test these system refinements.

Traditional speech recognition tests such as Griffi
~1967! version~GMRT! of the Modified Rhyme Test~House
et al., 1965! and the Speech Perception in Noise~SPIN! test
~Kalikow et al., 1977! have been used extensively for me
suring helium speech intelligibility in Navy divers, but hav
not proven to be sensitive enough to measure small but
ticeable intelligibility differences. Mendelet al. ~1995!
showed that GMRT and SPIN scores do not reflect dive
subjective impressions of the performance of different HS
In that investigation, the GMRT and SPIN produced alm
16098/104(3)/1609/7/$15.00 © 1998 Acoustical Society of America
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identical test scores for two types of HSU, suggesting t
neither test was more sensitive than the other, at least
dry chamber. Thus these traditional speech recognition
sessment tools proved to be ineffective methods of determ
ing accurate measures of speech understanding in a
chamber helium environment.

The Speech Intelligibility Index~SII! is a different as-
sessment tool that is based on the audibility of the spe
signal and is calculated as the sum of a number of contigu
frequency bands that are each weighted according to t
contribution to speech understanding~ANSI, 1995; Pavlovic,
1991!. The SII is an updated version of the standard for
Articulation Index~AI, ANSI, 1970! which defines a method
for computing an objective, physical measure that is clos
correlated with the intelligibility of speech when measur
by standard perceptually based speech intelligibility tests
der a variety of adverse listening conditions. This object
SII measure appeared to have significant application to
dicting speech understanding in a helium environment.

The purposes of the studies presented here were to~1!
investigate the effectiveness of the GMRT and SPIN test
assessing the intelligibility of divers’ helium speech usi
different HSUs and helmets during two in-water saturat
deep dives~Deep Dive 1995, DD 95, and Deep Dive 199
DD 96! conducted in the Ocean Simulation Facility~OSF! at
the Navy Experimental Diving Unit~NEDU! in Panama
City, FL, and ~2! determine the effectiveness of the SII
assessing speech understanding in dry and wet cham
during the same saturation deep dives.

I. SPEECH INTELLIGIBILITY INDEX MEASUREMENTS

A. Manikin testing

Initial measurements using two acoustic manikins w
taken prior to the saturation deep dives. Digital audio ta
~DAT! recordings from earlier deep dives conducted
NEDU were analyzed, and specific segments of these ta
were dubbed and edited for use during manikin and hum
subject testing. The SII measurement method we used
quired separate measurements ofspeech without noiseand
noise without speech. Therefore noise recorded on DA
from the helmet of a diver in the water at 850 FSW was u
for the noise without speech, and speech segments tak
from topside-to-diver communications of previous de
dives were used as thespeech without noise.

A spectrum analysis of each of the measures ofspeech
without noiseandnoise without speechwas obtained using a
Hewlett–Packard Dynamic Signal Analyzer~HP 35665A!.
Once the spectra and the SPLs of these segments wer
tained at the desired overall levels, the data were written
ASCII files suitable for input to the SII critical band calcu
lation program provided with the ANSI SII standard~ANSI,
1995!.

B. Human subject testing

1. Subjects

In order to validate the SII calculations obtained on t
manikins, human subject testing was conducted prior to
saturation deep dives. The goal of this testing was to de
1610 J. Acoust. Soc. Am., Vol. 104, No. 3, Pt. 1, September 1998
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mine how the SII calculations compared to typical spee
recognition performance. A group of normally hearing no
divers ~N514; ages 18–44! and two groups of normally
hearing divers~DD 95: N58; ages 24–43; DD 96:N58;
ages 26–38! participated in the studies.

2. Procedure

The GMRT and the SPIN test lists were used in th
study. A complete description of each test can be found
Mendel et al. ~1995!. Lists No. 8 of both the GMRT and
SPIN tests were edited to sound like continuous discours
they could be used as thespeech without noisestimuli for the
SII measurements.

a. Nondivers.All speech stimuli were presented at 68 d
SPL corresponding to the raised standard speech level.
noise without speechmeasurement consisted of seven diffe
ent overall noise levels of the same ‘‘helmet noise’’ used
the manikin measurements~i.e., 50, 56, 62, 68, 74, 80, an
86 dB SPL!. After a hearing screening, power spectral de
sity ~PSD! curves of the spectra of the edited~compressed!
GMRT and SPIN lists and the spectra of each noise le
were obtained for each subject and stored for later calc
tion of the SII. Each subject then listened to either thr
GMRT and SPIN lists at three different noise levels of fo
GMRT and SPIN lists at four different noise levels. To avo
learning effects, subjects were paired so that no subject h
the same randomized list pair from either test. Subjects p
vided written responses to the stimuli heard.

b. Divers.The same DAT tapes used with the nondive
were used to measure SIIs for the Navy divers participat
in DD 95 and DD 96. Two identical equipment configur
tions were used to test two divers at a time in a dry livi
chamber~Alpha Chamber! with background noise reduced a
much as possible. Each diver wore a headset on his b
ear, and the DAT recordings ofspeech without noiseand
noise without speechwere presented to that ear.

For DD 95, SIIs were measured at four different noi
levels ~i.e., 78, 84, 90, and 96 dB SPL!; the chamber noise
floor was 68 dB SPL. DAT recordings of the compress
GMRT and SPIN stimuli~speech without noise! were each
presented at 90 dB SPL, and a PSD curve for each
measured and stored. For DD 96, SIIs were measured u
noise levels at 106, 111, 116, and 121 dB SPL. Overall
noise levels were higher than those used in DD 95 beca
we were attempting to measure SII and speech intelligibi
performance in more adverse listening conditions than
been measured previously. DAT recordings of the co
pressed GMRT and SPIN stimuli were each presented a
dB SPL, instead of 90 dB SPL, and a spectrum for each
measured and stored. Once the spectra and the SPL
speech without noiseandnoise without speechwere obtained
and stored at the desired overall levels, SII calculations w
made using the procedures described earlier.

After the SII measurements were obtained on the dive
speech intelligibility testing was conducted to determine h
the SII calculations compared to typical speech recognit
performance. Each diver heard one 50-item GMRT and
50-item SPIN list at each noise level through the headse
his better ear. The lists were presented to each diver so
1610Mendel et al.: Speech intelligibility in helium. II
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no subject heard the same randomized list pair from ei
test. Subjects provided written responses to the stimuli he

For DD 96, SIIs were also measured while divers we
in the wet chamber. DAT recordings of the compress
GMRT and SPIN stimuli were presented to each diver i
mediately before he entered the water. A PSD measurem
was then taken and stored on a diskette. The helmet was
placed on the diver and he entered the water. Once the d
was quiet and in the water, a spectrum measurement
taken of the background noise level in the helmet and sto
on a diskette. This measure of actual helmet noise serve
the noise without speechmeasurement needed for the S
calculation.

C. Results

1. Nondivers

Figure 1 plots the mean GMRT and SPIN percent c
rect scores and SII values as a function of noise level for
nondivers. GMRT and SPIN percent correct scores and
remained high for the lower noise levels even though
values decreased more rapidly than percent correct sc
GMRT intelligibility scores of 90%–98% were comparab
to SII values ranging from 0.41 at 90% intelligibility to 0.9
at 98% intelligibility. SPIN intelligibility scores of 88%–
99% were comparable to SIIs ranging from 0.51 at 88%
0.85 at 99%. Both SII values decreased appropriately as
level of noise increased for both the GMRT and SPIN.

2. Divers

The average results of the SII calculations and intelli
bility performance for the divers are plotted as a function
noise level in Fig. 2~DD 95! and Fig. 3~DD 96!. As seen
with the nondivers, SII values decreased appropriately as
level of noise increased for both the GMRT and SP
stimuli; intelligibility and SII values generally were lowe
for the SPIN than for the GMRT. Overall GMRT perce
correct performance was better than SPIN performa
which may be a reflection of the open-set nature of the S
test versus the closed-set nature of the GMRT. Also, Fig

FIG. 1. Nondivers’ mean percent correct GMRT and SPIN scores
Speech Intelligibility Index~SII! values for compressed GMRT and SPI
stimuli as a function of noise level for DD 95.
1611 J. Acoust. Soc. Am., Vol. 104, No. 3, Pt. 1, September 1998
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and 3 show that SPIN performance drops more rapidly at
higher noise levels than does GMRT performance.

Figure 4 plots the dry chamber data for both nondiv
and divers collected during DD 95 and DD 96. In this figu
GMRT and SPIN percent correct intelligibility scores a
plotted as a function of the SII in three conditions:~a! non-
divers tested at one atmosphere in 1994~M/000; S/000!; ~b!
divers tested in dry chambers at 850 FSW in DD 95~M/850/
95; S/850/95!; and ~c! divers tested in dry chambers at 85
FSW in DD 96~M/850/96; S/850/96!. All GMRT points are
represented by rectangles and all SPIN points are ovals.
amination of this figure suggests that the data collected
DD 96 were quite similar to those collected in the laborato
situation and in DD 95 and that SII values decreased as
cent intelligibility decreased. Note that the two unaverag
points on the curve reflect the GMRT and SPIN scores
the one diver who was exposed to the highest noise le
Even though these points are not averaged, they do fall
propriately on the curve and line up well with the other da

Figures 5 and 6 show plots of the GMRT and SP

d
FIG. 2. Divers’ mean percent correct GMRT and SPIN scores and Spe
Intelligibility Index ~SII! values for compressed GMRT and SPIN stimuli
a function of noise level for DD 95.

FIG. 3. Divers’ mean percent correct GMRT and SPIN scores and Spe
Intelligibility Index ~SII! values for compressed GMRT and SPIN stimuli
a function of noise level in the dry chamber for DD 96.
1611Mendel et al.: Speech intelligibility in helium. II
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intelligibility performance, respectively, as a function of S
for all dry and wet chamber data taken to date. The w
chamber data are shown as large open squares or oval
are not averaged or connected because the noise levels
water could not be controlled. Thus these data are
grouped into distinct noise levels as they were in the
chamber measurements. The data points for the SPIN do
line up quite as well as they do for the GMRT, but there
still a clear pattern in the results. There was considera
more scatter in the SPIN wet chamber intelligibility data th
in the GMRT intelligibility data which is probably a reflec
tion of the open-set nature of the SPIN test. The SPIN sco
also appeared to be more affected by the adverse noisy
ditions in the water than the GMRT.

FIG. 4. GMRT and SPIN mean percent correct performance as a functio
Speech Intelligibility Index~SII! in the dry chamber for three studies:~a!
nondivers in laboratory environment,~b! divers in DD 95, and~c! divers in
DD 96. ~M /0005GMRT scores at one atmosphere;S/0005SPIN scores at
one atmosphere;M /850/955DD 95 GMRT scores at 850 FSW;S/850/95
5DD 95 SPIN scores at 850 FSW;M /850/965DD 96 GMRT scores at 850
FSW; S/850/965DD 96 SPIN scores at 850 FSW.!

FIG. 5. GMRT mean percent correct performance as a function of Sp
Intelligibility Index ~SII! in the dry and wet chambers for three studies:~a!
nondivers in laboratory environment,~b! divers in DD 95, and~c! divers in
DD 96. ~O FSW5GMRT scores at one atmosphere; DRY/955DD 95
GMRT scores at 850 FSW; DRY/965DD 96 GMRT scores at 850 FSW
WET/965DD 96 GMRT scores at 850 FSW.!
1612 J. Acoust. Soc. Am., Vol. 104, No. 3, Pt. 1, September 1998
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II. IN-WATER GMRT AND SPIN TESTING AT 850 FSW

A. Subjects

The same two groups of Navy divers from DD 95 a
DD 96 served as subjects during the in-water test phase

B. Stimuli and instrumentation

A tethered diver communications system~TDCS! was
used to enable divers to communicate with each other
support personnel in the OSF control room. Two differe
helmets were used during all dives: a standard helmet a
modified helmet which had no supply valve and was repor
to be much quieter than the standard helmet. Also, two
ferent HSUs were employed during the dives. HSU1 use
16-bit processor which performed sampling, compress
and reconstruction in the time domain using a speech sig
processing algorithm and A/D converter~Dildy, 1992!.
HSU2 used a high-speed, floating point digital signal proc
sor to provide improved synchronization over the entire d
namic range of the signal, smooth transitions in the wa
forms, and overlapping of waveforms~Hendrix, 1996!.

The same GMRT and SPIN lists used in the dry cha
ber SII measurement and validation were used in this por
of the experiment. DAT recordings and helium live-voic
presentations of eight lists each of the GMRT and SPIN te
were used. The DAT recordings of the stimuli were pr
sented via a Panasonic DAT deck~model SV-3700!.

C. Procedure

During DD 95 and DD 96, all divers were tested in pa
while in the water. Each diver heard four lists of stimuli: on
DAT-recorded SPIN and GMRT list presented from topsi
~topside–diver! and a randomization of both lists present
live-voice ~using helium speech! from the paired diver
~diver–diver!. In all cases, the diver heard the stimuli from
particular list before he read them to his paired diver to av

of

ch

FIG. 6. SPIN mean percent correct performance as a function of Sp
Intelligibility Index ~SII! in the dry and wet chambers for three studies:~a!
nondivers in laboratory environment,~b! divers in DD 95, and~c! divers in
DD 96. ~O FSW5SPIN scores at one atmosphere~laboratory environment!;
DRY/955DD 95 SPIN scores at 850 FSW; DRY/965DD 96 SPIN scores at
850; WET/965DD 96 SPIN scores at 850 FSW.!
1612Mendel et al.: Speech intelligibility in helium. II
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TABLE I. Overall mean percent intelligibility scores and standard deviations~s.d.s! for the GMRT and SPIN
in the wet chamber across condition~topside–diver versus diver–diver!. All GMRT scores were corrected to
account for the closed-set nature of the test. The formula used to correct the scores w
3@No. right2~No. wrong/4!#. Starred values~* ! indicate significant differences.

Dive Condition Helmet
GMRT
mean

GMRT
s.d.

SPIN
mean

SPIN
s.d.

DD 95 topside–diver NA 78* 12.6 66* 29.5
diver–diver NA 32 16.5 27 19.3

DD 96 topside–diver NA 84* 6.3 63* 21.6
diver–diver NA 41 16.3 36 19.7
topside–diver standard 81 4.9 47 16.4

n58
modified 87* 6.4 81* 9.0
n58

diver–diver standard
(n58) 34 11.4 27 16.3
HSU 1 (n54) 31 13.3 33 21.6
HSU 2 (n54) 38 10.1 21 7.9
Modified
(n58) 48 13.1 46 18.7
HSU 1 (n54) 50 18.1 38 12.3
HSU 2 (n54) 46 8.1 54 22.5
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learning effects within a listener. All stimuli were present
at comfortable listening levels, and all diver responses w
written on answer sheets.

D. Results

1. In-water GMRT and SPIN intelligibility scores

The overall mean percent correct scores and stan
deviations for DD 95 and DD 96 on the GMRT and SPIN f
the two listening conditions~taped, topside–diver and live
voice, diver–diver! are provided in Table I. All GMRT
scores were corrected to account for the closed-set natu
the test using the formula: 23@No. right-~No. wrong/4!#.
Analyses of variance~ANOVAs! conducted on the means o
the two intelligibility scores for each diver’s GMRT an
SPIN tests in the water revealed a significant main eff
favoring topside–diver presentation of test lists over dive
diver presentation@DD 95: F(1,7)577.29,p,0.0001; DD
96: F(1,6)555.03,p,0.0005#, and a significant main effec
of overall higher test scores for the GMRT than for the SP
in both conditions@DD 95: F(1,7)539.82,p,0.0005; DD
96: F(1,6)516.62,p,0.01#. No interaction effects were ob
served.

An item analysis of the divers’ responses to the stim
on the SPIN and GMRT showed that divers made consid
ably more errors on the SPIN than on the GMRT. Mo
SPIN errors were made on low-predictability~noncontex-
tual! items than on high-predictability items.

The data in Table I also show DD 96 pooled GMRT a
SPIN mean percent intelligibility scores and standard de
tions across both helmet types along with a breakdown of
scores as a function of helmet type. An ANOVA conduct
on the means of the two intelligibility scores for each dive
GMRT and SPIN tests in the water revealed a signific
main effect for helmet@standard versus modified,F(1,6)
58.12,p,0.05# revealing higher test scores measured in
modified helmet compared to the standard helmet. A sign
oc. Am., Vol. 104, No. 3, Pt. 1, September 1998
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cant two-way interaction between tests and helmets,F(1,6)
56.93,p,0.05, revealed that GMRT scores obtained us
the modified helmet were higher than SPIN scores in
standard helmet. The significant two-way interaction b
tween conditions and tests,F(1,6)527.96, p,0.005, indi-
cated that diver–diver scores on both tests were lower t
topside–diver SPIN scores, which, in turn, were lower th
topside–diver GMRT scores. There was also a signific
three-way interaction.

Also shown in Table I are the mean percent intelligib
ity scores and standard deviations for the GMRT and SP
as a function of the type of HSU used during the diver–div
presentations in the water during DD 96. An ANOVA co
ducted on these GMRT and SPIN test scores revealed
significant effects across HSUs for either the modified or
standard helmet.

2. Comparison of SIIs and intelligibility scores for DD
96

Correlations were computed to examine the relations
between the GMRT and SPIN percent intelligibility scor
and their corresponding SII values obtained during DD
Four general relationships were examined:~a! GMRT score
and the SII value using the GMRT stimuli~SII-GMRT!, ~b!
SPIN score and the SII value using the SPIN stimuli~SII-
SPIN!, ~c! GMRT and SPIN scores, and~d! SII-GMRT and
SII-SPIN. Each subject heard two different GMRT and SP
lists, and correlations were computed in two ways:~1! on the
overall means of the scores by test list and~2! on the indi-
vidual lists heard by divers as a function of helmet. T
correlations are shown in Table II.

The correlations measured were considerably higher
the modified helmet than for the standard helmet, which
consistent with the main effect for helmets found in t
ANOVA. This finding indicates that, except for the GMRT
SPIN percent correct correlation, intelligibility test data a
1613Mendel et al.: Speech intelligibility in helium. II
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SIIs collected from divers wearing the standard helmet
not correlate as well as might be expected. One interes
finding was that the SPIN percent score correlates fairly w
with the GMRT percent score, but does not correlate with
SII-SPIN.

III. DISCUSSION

A. SII assessments

The combined dry chamber data from our laborato
work, DD 95, and DD 96 shown in Fig. 4 reveal that S
values and percent intelligibility for the GMRT and SPI
stimuli decreased incrementally as the background n
level increased. These findings agree with earlier studies
Kryter ~1962a, b! on the original Articulation Index, which
produces calculations of speech audibility similar to those
the SII. Low SII values agreed with low GMRT and SPI
intelligibility scores, suggesting that little speech informati
was available to the listener when the background noise l
was high. Likewise, higher SII values corresponded to hig
percent correct scores when the noise levels were low, i
cating that more speech information was available, cont
uting to enhanced intelligibility. Despite differences in th
environments where we employed the SII for the nondi
and diver portions of DD 95 and DD 96, there was a ve
close match at all points along the curves. The data colle
in DD 96 contributed to the lower portion of the curve sho
ing performance in the most adverse noise conditions.
similarity of these results across the three different exp
ments and varying conditions lends support to the strengt
the SII measurement for predicting speech intelligibility.

A consistent finding observed across all studies we p
formed using both the GMRT and SPIN has shown t
SPIN scores were generally lower than the GMRT sco
This difference is possibly a result of the difference in
sponse format across the two tests. The closed-set natu
the GMRT allows for a guessing floor, while the open-s
format of the SPIN makes responses more difficult. Ho
ever, even when GMRT scores were corrected to compen
for its closed-set nature, this disparity in scores still exist

TABLE II. Correlations examining the relationship between speech inte
gibility scores and Speech Intelligibility Index~SII! values. Correlations
were computed using scores by individual test lists per subject and mea
scores for two test lists per subject.

Correlations by
test list

Overall
(df514)

Standard helmet
(df56)

Modified helmet
(df56)

GMRT3SII-GMRT 0.602b 0.373 0.668d

SPIN3SII-SPIN 0.007 20.086 0.324
GMRT3SPIN 0.708a 0.511 0.770c

SII-GMRT3SII-SPIN 0.261 0.103 0.616

Correlations by
mean scores

Overall
(df56)

Standard helmet
(df52)

Modified helmet
(df52)

GMRT3SII-GMRT 0.706c 0.474 0.833
SPIN3SII-SPIN 0.076 0.076 0.331
GMRT3SPIN 0.755c 0.529 0.906d

SII-GMRT3SII-SPIN 0.252 20.161 0.624

Significance levels:ap,0.01; bp,0.02; cp,0.05; dp,0.10.
1614 J. Acoust. Soc. Am., Vol. 104, No. 3, Pt. 1, September 1998
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Also, the majority of SPIN errors were on the low
predictability stimulus items where context could not be us
to help determine an appropriate response.

Overall, the SII data collected in DD 96 confirm ou
findings from DD 95 suggesting that it can be used a
speech intelligibility assessment tool to compare linear s
tem components in a diving environment. Ultimately, w
wanted to be able to use the SII as an objective tool
speech intelligibility assessment that could test differ
communication systems, including HSUs, without the use
Navy divers.

Unfortunately, we have recently ascertained that the
may not to be an appropriate tool for intelligibility measur
ments of speech processed through inherently nonlinear
vices, such as HSUs. Fundamentally, the SII only measu
the audibility of a signal above the background noise lev
and its calculations are based on long-term average spe
of normal, intelligible speech. The speech coming into
HSU is distorted, that is, not within the normal frequen
range of speech, and it is often unintelligible. Because of
nature of the signal processing performed by HSU techn
ogy, it is not appropriate to use the SII to compare su
devices since the SII will only provide information abo
how well noise is suppressed through the HSU, not h
intelligible the speech is. However, based on our findin
during DD 95 and DD 96, the SII remains a promising to
for testing other diver communication system componen
especially helmets, within a helium environment.

B. GMRT and SPIN assessments

The purpose of the in-water intelligibility testing usin
the SPIN and GMRT was to expand our previous findings
using these tests in a noisy, in-water environment with w
controlled variables. We wanted to determine whether eit
test was sufficiently sensitive to accurately measure sm
changes in the communication systems when in a high le
of background noise. The significant main effects obser
for test condition ~i.e., topside–diver scores higher tha
diver–diver scores! and for type of test~i.e., GMRT scores
higher than SPIN scores! were found across both studie
Interestingly, this significant difference in test scores for t
GMRT and SPIN was not found during DD 92~Mendel
et al., 1995! which measured intelligibility only in a dry
chamber. Most likely, the results obtained during DD 92
the dry chamber were ceiling effects which contributed s
nificantly to the inability of either the GMRT or SPIN tes
to be more sensitive than the other in a less adverse env
ment. Thus these findings suggest that the GMRT may
more useful under noisier conditions such as when use
the water.

In DD 96, we were able to isolate the variable of helm
type and HSU to determine if either the SPIN or GMR
could measure differences in such system components.
significant ANOVA findings suggest that when the syste
component being compared has a large measurable di
ence, such as in helmet type, the SPIN and GMRT can
used as accurate speech intelligibility assessment to
However, when the differences are more subtle, such as
differences in HSUs, neither the SPIN nor GMRT appe
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sensitive enough to make such distinctions. The two type
HSU used in this study were either too similar for differenc
to be measured, or the subtle differences in the HSUs m
not have affected intelligibility enough for the GMRT o
SPIN to assess those differences.

Stimulus context continued to enhance intelligibility
the SPIN test, as the lowest percent of error occurred am
the high-predictability items that had semantic context i
bedded in them. Also, although the GMRT scores were
nificantly higher than the SPIN scores, the overall me
scores were quite low, especially in the diver–diver con
tion. These low overall scores provide more justification
our assertion that these tests lack the sensitivity neede
measure small but noticeable intelligibility difference
Therefore the findings from the in-water testing genera
agree with our earlier work and suggest that the traditio
speech intelligibility tests we have studied~GMRT and
SPIN! are inadequate tools for determining the true effecti
ness of varied aspects of diver communication systems u
adverse listening conditions.

IV. CONCLUSION

The results from Deep Dives 1995 and 1996 along w
our laboratory work suggest that the SII holds some prom
as a speech intelligibility assessment tool in a helium en
ronment. The robust relationship between SII values
speech intelligibility performance measured here len
strong justification for the use of SIIs for some speech in
ligibility assessments. The results of the studies prese
here suggest that the GMRT may be more useful than
SPIN in assessing speech intelligibility in a noisy heliu
environment like the in-water conditions. It should be not
that the GMRT is a tool that is designed to measure
intelligibility of speech content through all the communic
tion system components whereas the SII can only mea
the noise masking effects on speech. Nonetheless, SII m
surements may be preferred for some components since
can be performed using a manikin and would alleviate
need and expense of testing divers under difficult in-wa
conditions.
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