Speech intelligibility assessment in a helium environment. II.
The speech intelligibility index
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The Speech Intelligibility IndexSIl) 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 SlIs were validated using the Speech Perception in(8BIsk test and the
Griffiths version of the Modified Rhyme Te€EMRT). 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 unscrarflégs Results
indicated that SlI values and percent intelligibility decreased incrementally as background noise
level increased. Slis were very reliable across the different groups of subjects indicating that the SlI
was a strong measurement for predicting speech intelligibility to compare linear system components
such as helmets. The Sl 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 Amerid&0001-49668)03109-9

PACS numbers: 43.72.Kb, 43.72.Ew, 43.71.Gv, 43.70.0uH]

INTRODUCTION vices provide significant improvement to intelligibility, the
effects of noise, pressure, and helium still contribute signifi-
Accurate assessment of speech intelligibility is impor-cantly to poor speech understanding among divers. Thus re-
tant for determining the effectiveness of different communi-finements continue to be made in diver communication sys-
cation systems used with Navy divers who are exposed t@ems by using state-of-the-art technology to improve speech
high noise levels in their work environments. Further, thesentelligibility. Our work has focused on evaluating the effec-
divers work under hyperbaric conditions at depths of severafiveness of different speech intelligibility assessment tools
hundred feet of seawatéFSW) in a helium—oxygerthelioX)  for providing accurate estimations of speech understanding
environment. These conditions affect the acoustical propefin order to test these system refinements.
ties of the speech they produce making it significantly dif-  Traditional speech recognition tests such as Griffiths
ferent from typical discourse and difficult to understand. (1967 version(GMRT) of the Modified Rhyme TesHouse
Helium speech unscramblefidSUS attempt to convert ot 51, 1965 and the Speech Perception in Noi&PIN) test
the frequency spectra of helium speech into a frequencykalikow et al, 1977 have been used extensively for mea-
range that is closer to average conversational speech, makiggring helium speech intelligibility in Navy divers, but have
it.mo.re intelligiblg to listeners and thus improving commu- ¢ proven to be sensitive enough to measure small but no-
nication among divergBelcher and Andersen, 1983; Copel, ticeable intelligibility differences. Mendelet al. (1995
1966; Giordancet al, 1973; Stover, 1967 While such de-  ghgwed that GMRT and SPIN scores do not reflect divers’
subjective impressions of the performance of different HSUs.
dElectronic mail: cdmendel@olemiss.edu In that investigation, the GMRT and SPIN produced almost
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identical test scores for two types of HSU, suggesting thamine how the Sl calculations compared to typical speech
neither test was more sensitive than the other, at least in il@cognition performance. A group of normally hearing non-
dry chamber. Thus these traditional speech recognition aglivers (N=14; ages 18—-44and two groups of normally
sessment tools proved to be ineffective methods of determirhearing diversDD 95: N=8; ages 24—43; DD 9a\=8;
ing accurate measures of speech understanding in a dages 26—3Bparticipated in the studies.
chamber helium environment.

The Speech Intelligibility IndexXSll) is a different as- 2. Procedure
sessment tool that is based on the audibility of the speech The GMRT and the SPIN test lists were used in this

signal and is calculated as the sum of a number of contiguou&udy_ A complete description of each test can be found in
frequency bands that are each weighted according to thewIendel etal. (1995. Lists No. 8 of both the GMRT and
contribution to speech understandi@@NSI, 1995; Pavlovic, ' ' '

}Art|culat|o?_ Index(Atl2 AI;ISI, 1?170)_ w|h|ch deflnefhatmetr;od |S” measurements.
or computing an objective, pnysical measure that IS Closely 5 nongiversAll speech stimuli were presented at 68 dB

gorr(;,\latgd (\jN'th the tmtﬁ”'%'bm%/ of sper]epr; \Il:l'h(_ebr?l_[m?[asturedspl_ corresponding to the raised standard speech level. The
y standard perceptually based Speech Intelligibiity testS Ung qice \yithout speecmeasurement consisted of seven differ-

der a variety of adverse listening conditions. This objectlveent overall noise levels of the same “helmet noise” used in

Sl measure appeared to have significant application to Pr&he manikin measurementse., 50, 56, 62, 68, 74, 80, and
dicting speech understanding_in a helium environment. g2 in SPL). After a hearing s'cree’ning’), pc,)we; sp(’ectrél den-
. The purposes of_the studies presented here wergo: _sity (PSD curves of the spectra of the editécbmpressexd
investigate the effectiveness of the GMRT and SPIN tests IBMRT and SPIN lists and the spectra of each noise level
a;sessing the intelligibility of diyers’ heI_ium speech USi_ngwere obtained for each subject and stored for later calcula-
glfferec?t HSDUS arll:;:i_ hellrgggs glglg% two dlrgwateélsatulrgggntion of the SIl. Each subject then listened to either three
D%ESG |ves(d eepd .|veh o ' Si ! Ian. Eep I\ée " GMRT and SPIN lists at three different noise levels of four
) conducted in the Ocean Simulation Faci@SP at GMRT and SPIN lists at four different noise levels. To avoid

E?,? N;tly E;(pzen;netntal . D'Vt';:g l':fn'(![\,lEDU) n fF;ﬁnag:lal learning effects, subjects were paired so that no subject heard
'y, -, an (2) determine € etiectiveness ot the N the same randomized list pair from either test. Subjects pro-
assessing speech understanding in dry and wet chambq;i%ed written responses to the stimuli heard
during the same saturation deep dives. b. Divers.The same DAT tapes used with the nondivers
were used to measure Slis for the Navy divers participating
in DD 95 and DD 96. Two identical equipment configura-
A. Manikin testing tions were used to test two divers at a time in a dry living
Initial measurements using two acoustic manikins Werechamber(Alpha Chamberwith background noise reduced as

taken prior to the saturation deep dives. Digital audio tapénUCh as possible. Each diver wore a headset on his better

(DAT) recordings from earlier deep dives conducted atah an(_j the DAT recordings afpeech without noisand
ise without speectvere presented to that ear.

NEDU were analyzed, and specific segments of these tapé]so _ .
were dubbed and edited for use during manikin and huma;w For DD 95, Slis were measured at four different noise
I

|. SPEECH INTELLIGIBILITY INDEX MEASUREMENTS

subject testing. The SII measurement method we used r evels(i.e., 78, 84, 90, and 96 dB Sklihe chamber noise

quired separate measurementsspeech without noisand oor was 68 dB SPL. DAT recordings of the compressed
noise without speechTherefore noise recorded on DAT

GMRT and SPIN stimuliispeech without noigavere each
from the helmet of a diver in the water at 850 FSW was use

(Presented at 90 dB SPL, and a PSD curve for each was
for the noise without speeghand speech segments taken measured and stored. For DD 96, Slls were measured using
from topside-to-diver communications of previous deep

noise levels at 106, 111, 116, and 121 dB SPL. Overall the
dives were used as theeech without noise noise levels were higher than those used in DD 95 because
A spectrum analysis of each of the measuresp#ech

we were attempting to measure SlI and speech intelligibility
without noiseandnoise without speecivas obtained using a performance in more .adverse listening cc_)nditions than had
Hewlett—Packard Dynamic Signal Analyz&dP 35665A. been measured prewously.. DAT recordings of the com-
Once the spectra and the SPLs of these segments were (gi%essed GMRT and SPIN stimuli were each presented at 65
tained at the desired overall levels, the data were written t SPL, instead of 90 dB SPL, and a spectrum for each was
ASCII files suitable for input to the SlI critical band calcu- measureq and stpred. O'nce 'the spectra and the .SPLS of
lation program provided with the ANSI SlI standa&iNSI, speech without nmmdnmse without speeclvere obt_alned
1995. and store_d at the desired overall Igvels, SII_caIcuIatlons were
made using the procedures described earlier.
After the SIl measurements were obtained on the divers,
) speech intelligibility testing was conducted to determine how
1. Subjects the SlI calculations compared to typical speech recognition
In order to validate the SlI calculations obtained on theperformance. Each diver heard one 50-item GMRT and one
manikins, human subject testing was conducted prior to th&0-item SPIN list at each noise level through the headset on
saturation deep dives. The goal of this testing was to detehis better ear. The lists were presented to each diver so that

B. Human subject testing
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IG. 2. Divers’ mean percent correct GMRT and SPIN scores and Speech
ntelligibility Index (Sll) values for compressed GMRT and SPIN stimuli as
a function of noise level for DD 95.

FIG. 1. Nondivers’ mean percent correct GMRT and SPIN scores an
Speech Intelligibility Index(Sll) values for compressed GMRT and SPIN
stimuli as a function of noise level for DD 95.

no subject heard the same randomized list pair from eitheand 3 show that SPIN performance drops more rapidly at the
test. Subjects provided written responses to the stimuli heardnigher noise levels than does GMRT performance.

For DD 96, Slis were also measured while divers were Figure 4 plots the dry chamber data for both nondivers
in the wet chamber. DAT recordings of the compressedand divers collected during DD 95 and DD 96. In this figure,
GMRT and SPIN stimuli were presented to each diver im-GMRT and SPIN percent correct intelligibility scores are
mediately before he entered the water. A PSD measuremenptotted as a function of the SlI in three conditioria) non-
was then taken and stored on a diskette. The helmet was thélivers tested at one atmosphere in 1994000; S/000; (b)
placed on the diver and he entered the water. Once the divélivers tested in dry chambers at 850 FSW in DD(BB850/
was quiet and in the water, a spectrum measurement w&5; S/850/9% and (c) divers tested in dry chambers at 850
taken of the background noise level in the helmet and storeBSW in DD 96(M/850/96; S/850/96 All GMRT points are
on a diskette. This measure of actual helmet noise served &gpresented by rectangles and all SPIN points are ovals. Ex-
the noise without speecmeasurement needed for the SII amination of this figure suggests that the data collected in

calculation. DD 96 were quite similar to those collected in the laboratory
situation and in DD 95 and that SlI values decreased as per-
C. Results cent intelligibility decreased. Note that the two unaveraged

points on the curve reflect the GMRT and SPIN scores for
) the one diver who was exposed to the highest noise level.
Figure 1 plots the mean GMRT and SPIN percent Corgyen though these points are not averaged, they do fall ap-

rect scores and Sl values as a function of noise level for th‘f)ropriately on the curve and line up well with the other data.
nondivers. GMRT and SPIN percent correct scores and Slls Figures 5 and 6 show plots of the GMRT and SPIN

remained high for the lower noise levels even though SlI

values decreased more rapidly than percent correct scores.
GMRT intelligibility scores of 90%—98% were comparable T
to Sll values ranging from 0.41 at 90% intelligibility to 0.92 90 T - T
at 98% intelligibility. SPIN intelligibility scores of 88%— & 80T o
99% were comparable to Slis ranging from 0.51 at 88% to3 70 T
0.85 at 99%. Both SlI values decreased appropriately as th& 60 T

\“0.7

. ——os
level of noise increased for both the GMRT and SPIN. et T - 108
40

1. Nondivers

7aal);

GMRT an

2. Divers 30 1 \
. Lo O 20
The average results of the Sll calculations and intelligi- 1 v

- . . 0
bility performance for the divers are plotted as a function of ol

—0.1

noise level in Fig. 2ADD 95) and Fig. 3(DD 96). As seen 80 ‘ 85 90 95 100 ‘105 '11'0 ‘11‘5 ‘120
with the nondivers, Sl values decreased appropriately as the Overall Noise Level (dB SPL)

level of noise increased for both the GMRT and SPIN

stimuli; intelligibility and Sl values generally were lower —m- % GMRT —= SI-GMRT s % SPIN —= SII-SPIN
for the SPIN than for the GMRT. Overall GMRT percent

cor.rect performance Was better than SPIN p(_:‘rformanCEIG. 3. Divers’ mean percent correct GMRT and SPIN scores and Speech
which may be a reflection of the open-set nature of the .SP”\lntelligibiIity Index (SlI) values for compressed GMRT and SPIN stimuli as
test versus the closed-set nature of the GMRT. Also, Figs. 2 function of noise level in the dry chamber for DD 96.
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FIG. 4. GMRT and SPIN mean percent correct performance as a function of

Speech Intelligibility Index(Sll) in the dry chamber for three studie) FIG. 6. SPIN mean percent correct performance as a function of Speech
nondivers in laboratory environmertt) divers in DD 95, andc) divers in  Intelligibility Index (SlI) in the dry and wet chambers for three studies:

DD 96. (M/000=GMRT scores at one atmosphe®000=SPIN scores at nondivers in laboratory environmerth) divers in DD 95, andc) divers in

one atmospherey/850/95=DD 95 GMRT scores at 850 FSW§/850/95 DD 96.(0 FSW=SPIN scores at one atmosphéiaboratory environmeit

=DD 95 SPIN scores at 850 FSW}/850/96=DD 96 GMRT scores at 850 DRY/95=DD 95 SPIN scores at 850 FSW; DRY/S®D 96 SPIN scores at
FSW; S/850/96=DD 96 SPIN scores at 850 FSW. 850; WET/96=DD 96 SPIN scores at 850 FSW.

S . _ Il. IN-WATER GMRT AND SPIN TESTING AT 850 FSW
intelligibility performance, respectively, as a function of Sll .
A. Subjects

for all dry and wet chamber data taken to date. The we

chamber data are shown as large open squares or ovals and The same two groups of Navy divers from DD 95 and

are not averaged or connected because the noise levels in th® 96 served as subjects during the in-water test phase.

water could not be controlled. Thus these data are not

grouped into distinct noise levels as they were in the dry o ) )

chamber measurements. The data points for the SPIN do nbt Stimuli and instrumentation

line up quite as well as they do for the GMRT, but there is A tethered diver communications systgffiDCS) was

still a clear pattern in the results. There was considerablyjsed to enable divers to communicate with each other and

more scatter in the SPIN wet chamber intelligibility data thansupport personnel in the OSF control room. Two different

in the GMRT intelligibility data which is probably a reflec- helmets were used during all dives: a standard helmet and a

tion of the open-set nature of the SPIN test. The SPIN scores;odified helmet which had no supply valve and was reported

also appeared to be more affected by the adverse noisy cofy be much quieter than the standard helmet. Also, two dif-

ditions in the water than the GMRT. ferent HSUs were employed during the dives. HSU1 used a
16-bit processor which performed sampling, compression,
and reconstruction in the time domain using a speech signal

100 ——— processing algorithm and A/D convertébildy, 1992.
90 + ﬁ%/‘ﬁ—_ HSU2 used a high-speed, floating point digital signal proces-
80 == sor to provide improved synchronization over the entire dy-
70 & % namic range of the signal, smooth transitions in the wave-
§ 60 1 s A forms, and overlapping of waveforntislendrix, 1996.
B 50 L _/ _ The same GMRT and SPIN lists used in the dry cham-
'u;: w0l | wet chamber points not averaged ber Sl measurement and validation were used in this portion
o 30 1 of the experiment. DAT recordings and helium live-voice
01 presentations of eight lists each of the GMRT and SPIN tests
+ were used. The DAT recordings of the stimuli were pre-
12 T : . | . sented via a Panasonic DAT de@kodel SV-3700.
00 01 02 03 04 05 06 07 08 09 10
Sl C. Procedure
M- OFSW e~ DRY/SS —=— DRY/S6 [J WET/6 During DD 95 and DD 96, all divers were tested in pairs

while in the water. Each diver heard four lists of stimuli: one
FIG. 5. GMRT mean percent correct performance as a function of SpeecDAT-recorded SPIN and GMRT list presented from topside
Intelligibility Index (Sll) in the dry and wet chambers for three studi@s: (topside—dive)r and a randomization of both lists presented

nondivers in laboratory environmergh) divers in DD 95, andc) divers in - . . . . .
DD 96. (O FSW=GMRT scores at one atmosphere; DRY/BD 95  IVe-voice (using helium speeghfrom the paired diver

GMRT scores at 850 FSW; DRY/9DD 96 GMRT scores at 850 FSW; (diver—diveb. In all cases, the diver heard the stimuli from a
WET/96=DD 96 GMRT scores at 850 FSW. particular list before he read them to his paired diver to avoid
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TABLE I. Overall mean percent intelligibility scores and standard deviatisrsg for the GMRT and SPIN

in the wet chamber across conditiG@pside—diver versus diver—diyelAll GMRT scores were corrected to
account for the closed-set nature of the test. The formula used to correct the scores was 2
X[No. right—(No. wrong/4]. Starred value$*) indicate significant differences.

GMRT GMRT SPIN SPIN

Dive Condition Helmet mean s.d. mean s.d.
DD 95 topside—diver NA 8 12.6 66 29.5
diver—diver NA 32 16.5 27 19.3
DD 96 topside—diver NA 8% 6.3 63 21.6
diver—diver NA 41 16.3 36 19.7
topside—diver standard 81 4.9 47 16.4
n=8
modified 87 6.4 8T 9.0
n=8
diver—diver standard
(n=8) 34 114 27 16.3
HSU 1 (n=4) 31 13.3 33 21.6
HSU 2 (n=4) 38 10.1 21 7.9
Modified
(n=8) 48 131 46 18.7
HSU 1 (n=4) 50 18.1 38 12.3
HSU 2 (n=4) 46 8.1 54 22.5

learning effects within a listener. All stimuli were presentedcant two-way interaction between tests and helnte(4,,6)
at comfortable listening levels, and all diver responses were=6.93,p<0.05, revealed that GMRT scores obtained using

written on answer sheets. the modified helmet were higher than SPIN scores in the
standard helmet. The significant two-way interaction be-

D. Results tween conditions and testk,(1,6)=27.96, p<<0.005, indi-
cated that diver—diver scores on both tests were lower than

1. In-water GMRT and SPIN intelligibility scores topside—diver SPIN scores, which, in turn, were lower than

The overall mean percent correct scores and standai@pside—diver GMRT scores. There was also a significant
deviations for DD 95 and DD 96 on the GMRT and SPIN for three-way interaction.
the two listening conditiongtaped, topside—diver and live- Also shown in Table I are the mean percent intelligibil-
voice, diver—diver are provided in Table I. All GMRT ity scores and standard deviations for the GMRT and SPIN
scores were corrected to account for the closed-set nature 8 a function of the type of HSU used during the diver—diver
the test using the formula: 2[ No. right{No. wrong/4]. presentations in the water during DD 96. An ANOVA con-
Analyses of variancéANOVAs) conducted on the means of ducted on these GMRT and SPIN test scores revealed no
the two intelligibility scores for each divers GMRT and significant effects across HSUs for either the modified or the
SPIN tests in the water revealed a significant main effecétandard helmet.
favoring topside—diver presentation of test lists over diver—
diver presentatiofDD 95: F(1,7)=77.29,p<0.0001; DD ) ] o
96: F(1,6)=55.03,p<0.0005, and a significant main effect 2. Compatrison of Slis and intelligibility scores for DD
of overall higher test scores for the GMRT than for the SPIN%

in both conditiond DD 95: F(1,7)=39.82,p<0.0005; DD Correlations were computed to examine the relationship
96: F(1,6)=16.62,p<0.01]. No interaction effects were ob- between the GMRT and SPIN percent intelligibility scores
served. and their corresponding Sll values obtained during DD 96.

An item analysis of the divers’ responses to the stimuliFour general relationships were examiné: GMRT score
on the SPIN and GMRT showed that divers made considerand the Sll value using the GMRT stimysII-GMRT), (b)
ably more errors on the SPIN than on the GMRT. MoreSPIN score and the Sll value using the SPIN stin{8lil-
SPIN errors were made on low-predictabiliigoncontex-  SPIN), (c) GMRT and SPIN scores, anld) SII-GMRT and
tual) items than on high-predictability items. SII-SPIN. Each subject heard two different GMRT and SPIN

The data in Table | also show DD 96 pooled GMRT andlists, and correlations were computed in two wals:on the
SPIN mean percent intelligibility scores and standard deviaeverall means of the scores by test list d@¢l on the indi-
tions across both helmet types along with a breakdown of theidual lists heard by divers as a function of helmet. The
scores as a function of helmet type. An ANOVA conductedcorrelations are shown in Table Il
on the means of the two intelligibility scores for each diver's The correlations measured were considerably higher for
GMRT and SPIN tests in the water revealed a significanthe modified helmet than for the standard helmet, which is
main effect for helmefstandard versus modified;(1,6) consistent with the main effect for helmets found in the
=8.12,p<0.05] revealing higher test scores measured in theANOVA. This finding indicates that, except for the GMRT-
modified helmet compared to the standard helmet. A signifiSPIN percent correct correlation, intelligibility test data and
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TABLE Il. Correlations examining the relationship between speech intelli- Also, the majority of SPIN errors were on the low-
gibility scores and Speech Intelligibility IndefSll) values. Correlations redictability stimulus items where context could not be used
were computed using scores by individual test lists per subject and means Ff helo det . iat
scores for two test lists per subject. 0 help determine an appropriaté response.

Overall, the SlI data collected in DD 96 confirm our

Correlations by Overall ~ Standard helmet Modified helmet  findings from DD 95 suggesting that it can be used as a
test list (df=14) (df=6) (df=6) speech intelligibility assessment tool to compare linear sys-
GMRTXSI-GMRT 0.602 0.373 0.668 tem components in a diving environment. Ultimately, we
SPINXSII-SPIN 0.007 —0.086 0.324 wanted to be able to use the Sll as an objective tool for
GMRTXSPIN 0.708 0.511 0.776 speech intelligibility assessment that could test different
SII-GMRTXSII-SPIN - 0.261 0.103 0.616 communication systems, including HSUs, without the use of
Correlations by Overall  Standard helmet Modified helmet ~ Navy divers.
mean scores (df=6) (df=2) (df=2) Unfortunately, we have recently ascertained that the SlI
GMRTXSI-GMRT 0.706 0.474 0.633 may not to be an appropriate tool for _inteIIigibiIity measure-
SPINXSII-SPIN 0.076 0.076 0.331 ments of speech processed through inherently nonlinear de-
GMRTXSPIN 0.755 0.529 0.908 vices, such as HSUs. Fundamentally, the Sll only measures
SI-GMRTXSII-SPIN ~ 0.252 -0.161 0.624 the audibility of a signal above the background noise level,

and its calculations are based on long-term average spectra
of normal, intelligible speech. The speech coming into an
HSU is distorted, that is, not within the normal frequency
Slis collected from divers wearing the standard helmet dgange of speech, and it is often unintelligible. Because of the
not correlate as well as might be expected. One interestingature of the signal processing performed by HSU technol-
finding was that the SPIN percent score correlates fairly welbgy, it is not appropriate to use the Sll to compare such
with the GMRT percent score, but does not correlate with thejevices since the SII will only provide information about
SII-SPIN. how well noise is suppressed through the HSU, not how
intelligible the speech is. However, based on our findings
during DD 95 and DD 96, the SlI remains a promising tool
for testing other diver communication system components,
A. Sll assessments especially helmets, within a helium environment.

Significance levels3p<0.01; °p<0.02; ®p<0.05; 9p<0.10.

Ill. DISCUSSION

The combined dry chamber data from our laboratory
work, DD 95, and DD 96 shown in Fig. 4 reveal that SlI
values and percent intelligibility for the GMRT and SPIN The purpose of the in-water intelligibility testing using
stimuli decreased incrementally as the background noisthe SPIN and GMRT was to expand our previous findings by
level increased. These findings agree with earlier studies bysing these tests in a noisy, in-water environment with well
Kryter (1962a, b on the original Articulation Index, which controlled variables. We wanted to determine whether either
produces calculations of speech audibility similar to those otest was sufficiently sensitive to accurately measure small
the Sll. Low SlI values agreed with low GMRT and SPIN changes in the communication systems when in a high level
intelligibility scores, suggesting that little speech informationof background noise. The significant main effects observed
was available to the listener when the background noise levdbr test condition(i.e., topside—diver scores higher than
was high. Likewise, higher Sl values corresponded to highediver—diver scoresand for type of testi.e., GMRT scores
percent correct scores when the noise levels were low, indhigher than SPIN scorgsvere found across both studies.
cating that more speech information was available, contribinterestingly, this significant difference in test scores for the
uting to enhanced intelligibility. Despite differences in the GMRT and SPIN was not found during DD 93endel
environments where we employed the SlI for the nondiveret al, 19995 which measured intelligibility only in a dry
and diver portions of DD 95 and DD 96, there was a verychamber. Most likely, the results obtained during DD 92 in
close match at all points along the curves. The data collectethe dry chamber were ceiling effects which contributed sig-
in DD 96 contributed to the lower portion of the curve show- nificantly to the inability of either the GMRT or SPIN tests
ing performance in the most adverse noise conditions. Th& be more sensitive than the other in a less adverse environ-
similarity of these results across the three different experiment. Thus these findings suggest that the GMRT may be
ments and varying conditions lends support to the strength ahore useful under noisier conditions such as when used in
the SII measurement for predicting speech intelligibility.  the water.

A consistent finding observed across all studies we per-  In DD 96, we were able to isolate the variable of helmet
formed using both the GMRT and SPIN has shown thatype and HSU to determine if either the SPIN or GMRT
SPIN scores were generally lower than the GMRT scorescould measure differences in such system components. The
This difference is possibly a result of the difference in re-significant ANOVA findings suggest that when the system
sponse format across the two tests. The closed-set nature @dmponent being compared has a large measurable differ-
the GMRT allows for a guessing floor, while the open-setence, such as in helmet type, the SPIN and GMRT can be
format of the SPIN makes responses more difficult. How-used as accurate speech intelligibility assessment tools.
ever, even when GMRT scores were corrected to compensakéowever, when the differences are more subtle, such as with
for its closed-set nature, this disparity in scores still existeddifferences in HSUs, neither the SPIN nor GMRT appears

B. GMRT and SPIN assessments
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