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The intelligibility of speech stimuli recorded within the uterus of a pregnant sheep was determined 
perceptually using a group of untrained judges. The intrauterine sound environment of the ewe was 
intended to simulate that of a pregnant woman. Two separate lists, one of meaningful and one of 
nonmeaningfUl speech stimuli, we re delivered through a loudspeaker to the side of the ewe and were 
simultaneously recorded with an air microphone located 15 cm from the flank and with a 
hydrophone previously sutured to the neck of the fetus. Perceptual test tapes generated from these 
recordings were played to 102 ju. tges. The intelligibility of the phonemes recorded in the air was 
significantly greater than the intelligibility of phoneroes recorded from the uterus. A male talker's 
voice was more intelligible than • female talker's voice when recorded from within the uterus, but 
not so when recorded in the air. A•t analysis of the feature information transmission from recordings 
inside and outside the uterus rew.aled that voicing information is better transmitted in utero than 
place or manner information. 

PACS numbers: 43.71.Gv, 43.71.Es, 43.80.Jz 

INTRODUCTION 

The fetus is a dynamic organism which responds to and 
is influenced by the many acoustic signals generated both 
inside and outside its mother. The characterization of endog- 
enous and externally generated sounds in tae maternal abdo- 
men and the influence that these sounds have on the fetus 

have been the subjects of recent research (Armitage et al., 
1980; Ouerleu et aL, ]981; Gelman et al., [982; Vince et al., 
1982; Abrams et al., 1989; Gagnon, 198[; Granier-Deferre 
and Abrams, 1989; Gerhardt et al., 1990). For example, the 
human fetus responds to sound during th,: last trimester of 
gestation (Birnholz and Benacerraf, 198•; Querleu etal., 
1988), and may possess the ability to disrriminate prosodic 
and segmental differences in speech stimuli and develop 
memories for speech (Fifer and MOon, 1988). Moreover, it 
has been suggested that the fetus responds to changes in the 
intrauterine environment, learns by association, and retains 
prenatal experiences into postnatal life •Smotherman and 
Robinson, 1987). 

It •s clear from research on sheep and humans that the 
fetus is exposed to sounds from the external environment, 
especially low-frequency noise. Very little • eduction in sound 
pressure is provided by the tissues and fluiJs of the maternal 
abdomen and uterus as external signals pass to the fetal head 
(Querleu et al., 1981; Vince et al., 1982; Gerhardt et al., 
1990). 

The fetus receives sensory information generated from 
the maternal organism and from the mothcx's external envi- 

ronment. Ouerleu et al. (1981) reported that the auditory en- 
vironment consists of: (1) a low-level basal noise, including 
maternal and placental vascular sounds with incidental ma- 
ternal intestinal noises; (2) exterior noises which are partially 
absorbed; and (3) exterior voices and the mother's voice 
which are also partially absorbed and altered. Furthermore, 
when Querleu and his colleagues (1988) had their subjects 
reproduce what they could hear when listening to the voices 
of the pregnant woman and other male and female speakers 
recorded in utero, these subjects were able to recognize only 
30% of 3120 tokens of French phonemes. The authors re- 
ported no significant differences between the perception of 
external male and female voices, and although internal, the 
mother's voice was not significantly more intelligible. 

It is during the latter stages of fetal development, when 
the hearing mechanism is intact, that the human fetus may be 
most influenced by the sound environment inside and outside 
its mother (Spence and DeCasper, 1987). Maternal vocaliza- 
tions are easily transmitted to the amniotic fluid and repre- 
sent the most intense sound normally present in the uterus 
(Querleu et al., 1981; Vince et al., 1985; Gerhardt, 1989). 
Cues inherent in the speech of both the mother and external 
talkers may be perceived by the fetus, thus forming the basis 
for language acquisition (Kuhl, 1976; DeCasper and Filer, 
1980). Indeed, the newborn is not totally insensitive to dif- 
ferent speech sounds. Eimas et al. (1971) were the first to 
show that human infants, as young as 1 month old, demon- 
strate categorical perception of synthetic stop consonant- 
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vowel (CV) syllables differing in voice onset time. Electro- 
physiologic studies in neonates less than 24-h old have 
shown distinct patterns in the averaged bioelectric response 
which corresponded to categorical differences in consonant 
voicing (Molfese, 1977). 

Little is known about the extent to which speech sounds, 
emitted by external talkers, may be distorted as the sound is 
transmitted into the fetal environment. The purpose of this 
study was to evaluate the intelligibility of externally gener- 
ated speech utterances transmitted to and recorded at the fe- 
tal head in utero. A pregnant ewe was used to process the 
speech stimuli because the transmissibility of sound in this 
animal model (Armitage et al.• 1980; Vince et al., 1982) is 
similar to that of humans during pregnancy (Querleu et al., 
1981). 

I. METHODS 

A. Surgery 

A pregnant ewe carrying a fetus at 140 days gestational 
age was fasted for 24 h and anesthetized with halothane 
(2.5%) in oxygen (97.5%). After sterile preparation, the fetal 
head was delivered through a midline abdominal incision 
and a hysterotomy according to procedures detailed by 
Abrams et al. (1984) for long-term chronic preparation. A 
miniature hydrophone (Bruel and Kjaer model 8103, Marl- 
borough, MA), used to detect intrauterine sound-pressure 
levels (dB SPL re: 20 /zPa), was sutured to the neck just 
below the pinna on one side of the fetal head. The hydro- 
phone had previously been calibrated with a pistonphone 
(Bruel and Kjaer model 4223) and gas sterilized. 

Ampicillin, 500 mg, was introduced into both the amni- 
otic fluid and the peritoneal cavity. The fetal head was repo- 
sitioned in the intrauterine cavity and the uterus and abdomi- 
nal wall were closed. The hydrophone cable was tunneled 
subcutaneously, exited at the maternal flank, and was stored 
in a pouch sutured to the skin. The midline abdominal skin 
wound was closed with clips and the ewe was taken off 
anesthesia, extubated, placed back in her pen, and observed 
until awake. Surgery and subsequent care of animals con- 
formed to the guidelines approved by the University of 
Florida. 

After a recovery period of several days, the ewe was led 
into a cart and positioned 1.8 m from a loudspeaker (Peavey 
HDH-2). The center of the loudspeaker was adjusted to the 
same height as the center of the ewe's flank. The sides of the 
cart were open from the ventral surface of the abdomen to 
above the back, thus minimizing sound interference. The 
acoustic signal produced by an electronic artificial larynx 
applied to the ewe's abdomen was used to locate the position 
of the hydrophone: This location was determined by moni- 
toring for the maximum output of the hydrophone with an 
oscilloscope while moving the artificial larynx along the ab- 
domen (Gerhardt et al., 1988). The fetus was in a position 
such that the hydrophone was closer to one flank of the ewe, 
which was positioned toward the loudspeaker. 

A calibrated air microphone (Bruel and Kjaer type 4165) 
was positioned 15 cm from the ewe's flank and in-line with 
the center of the loudspeaker. Speech stimuli from the loud- 

speaker were recorded with both the microphone and hydro- 
phone. 

B. Speech stimuli 

The speech utterances were based on the Griffiths 
(1967) lists and nonsense items. Each stimulus item was pre- 
sented in a carrier phrase, "Say the word __ "Three lists 
of 50 consonant-vowel-consonant (CVC) words from the 
Griffiths lists and 14 vowel-consonant-vowel (VCV) non- 
sense items were spoken by either a male or a female talker. 
The mean fundamental frequencies were 136 and 186 Hz for 
the male and female talkers, respectively. Six lists of 64 
words each were recorded, three different lists by the male 
talker and three by the female talker. 

Each list (64 items per list), spoken by both male and 
female talkers, was played through the loudspeaker via a 
cassette tape recorder at three different airborne levels mea- 
sured at the maternal flank: 85, 75, and 65 dB SPL (dB re: 20 
/zPa). These levels were selected to represent loud and con- 
versational speech levels. The outputs from the hydrophone 
and the air microphone were recorded on separate channels 
of an FM tape recorder (Bruel and Kjaer type 7006). 

C. Perceptual testing 

The recordings were used to construct a perceptual test 
of speech intelligibility. The test required groups of judges to 
listen to the utterances in the carrier phrase and mark on a 
paper what they heard. The judges' responses thus provided 
the basis for determining intelligibility scores (percent cor- 
rect) associated with the CVC words and the VCV nonsense 
items. 

For the 50 CVC words, each judge selected his or her 
response from a closed set of six one-syllable words which 
differed in either the initial or final consonant (see the Ap- 
pendix). For example, one stimulus item was "Say the word 
bite" and the response list included "right, kite, bite, height, 
spite, night." To be correct, the judge would have to mark the 
word "bite." 

For the 14 VCV nonsense items, the judges filled in a 
blank in a V V frame with the vowel set to /a/. For 

example, if a judge heard, "Say the word/opo/," he or she 
would have to write a "p" in the blank to be correct. 

Four different perceptual tapes were developed. Each 
tape contained recordings from a single talker (the male or 
the female) using different transducers (microphone or hy- 
drophone) at three stimulus levels (see Table I). Each group 
of judges heard only one perceptual tape and, thus, only one 
talker speaking three lists. Each tape consisted of three dif- 
ferent sets of 64 utterances from a single talker in descending 
order of sound-pressure level (one set of 64 utterances at 85 
dB, one set at 75 dB, and one set at 65 dB). Two groups of 
judges heard tapes with a hydrophone recording first (tapes A 
and C), and two groups heard tapes with a microphone re- 
cording first (tapes B and D). For example, one group of 29 
judges heard the male talker's voice recorded with the mi- 
crophone at 85 dB, then with the hydrophone at 75 dB, and 
finally with the microphone at 65 dB (tape B). No judge ever 
heard the same stimulus more than once. 
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TABLE I. Design of perceptual tapes indicating seqaence of recording site 
and level of presentation. ]Each judge heard only om of the four perceptual 
tapes. 

No. of 

Tape Talker Sequence judges 

A male hydrophone microphone h •drophone 20 
85 dB 75 dB 6 • dB 

B male microphone hydrophone •x icrophone 29 
85 dB 75 dB 6i dB 

C female hydrophone microphone h •drophone 26 
85dB 75 dB 6;dB 

D female microphone hydrophone rr icrophone 27 
85 dB 75 dB 65 dB 

100' 

90- 

80' 

7(} - 

60' 

40 

20 - 

CVC SQmuli 

65 75 85 

Stimulus Level (dg SPL) 

Fcmalc in Ultra 

Perceptual testing was completed by 102 judges, with 
between 20 and 29 judges auditing each perceptual tape. All 
testing was conducted in a specially desig led listening labo- 
ratory which accommodated up to 30 peo[ le at one time. All 
of the iperceptual tapes were played over 1,)udspeakers in the 
free field at an output level set to be heard comfortably by all 
judges. 

In order to meet the variance assump ions for statistical 
analysis the percent intelligibility data for both the CVC and 
VCV stimuli were transformed using an arc-sine function 
prior to further analysis (Winer, 1971). Th •' transformed data 
for each syllable position (initial, medial, final) were sub- 
jected to a three-way analysis of variance (ANOVA) (SPSS, 
Inc., 1!)88) for the effects of transducer si:e (at the maternal 
flank versus in utero), talker gender, and •;timulus level (85, 
75, and 65 dB SPL at the maternal flank). Post hoc analyses 
of the significant main effects and interactions were com- 
pleted using Duncan's multiple range test. 

Finally, error matrices were developed for the VCV non- 
sense stimuli. Sequential Information Analysis (SINFAr 
Wang, 1976) was applied to the error matrices to evaluate the 
amount of feature information received. SINFA allows for 

the partitioning of the contingent informati •n transmitted and 
received for particular features of the stimuli (e.g., voicing, 
manner, place). From these results a relati,,e measure of per- 
formance may be calculated (the ratio of the bits of informa- 
tion received to the bits sent, with the effect of other features 
held constant). Although SINFA was desi• ned for the analy- 
sis of closed set data (subjects here per[ormed in a free- 
response mode), its :fpplication here doe:; yield contingent 
performance measures which can be compared across stimu- 
lus conditions. Only the data from the 85-dB stimuli (the first 
block from each perceptual tape) wer•' analyzed using 
SINFA. 

II. RESULTS 

A. Intelligibility 

The speech inteHigibility scores (pe:cent correct) de- 
rived from the judges' responses to the perceptual tapes for 
the CVC words and VCV utterances by gender and trans- 
ducer site are displayed in Figs. 1 and 2, •'espectively. Sum- 
maries of the means and standard deviatic ns for intelligibil- 
ity by transducer site, talker gender, and gtimulus level are 
presented in Tables II and III. The resul:s of the ANOVA 

FIG. 1. Mean percent intelligibility of CVC words spoken by a male and a 
female talker recorded at the flank and within the uterus of a sheep at three 
airborne stimulus levels. 

indicated significant main effects (p<0.001) for each of the 
three factors: transducer site (F=3400.01; df=l, 294), 
talker gender (F=56.34; df=l, 294), and level (F=133.8; 
dr=2, 294). Although intelligibility scores were directly re- 
lated to stimulus levels when recorded at the flank, the dif- 
ferences among the scores were slight. Moreover, there was 
no significant difference between the male and female talker, 
regardless of stimulus type when recordings were made at 
the flank. 

Similarly, intelligibility scores recorded in utero im- 
proved with stimulus level for both stimulus types and both 
talkers. As can be seen in Figs. 1 and 2, these scores were 
significantly lower than those recorded at the flank. The data 
in these figures also reveal that the male talker was more 
intelligible than the female talker at all stimulus levels for 
both types of stimulus (by 21.6% on average). Thus, the 
male voice was more intelligible than the female voice when 
recorded in utero even though the intelligibility scores for 
both talkers were equivalent when recorded at the flank. 

The mean intelligibility scores recorded in utero, aver- 
aged across the three levels and stimulus types (CVC and 
VCV) for the male and female voices, were 55.1% and 
33.5%, respectively. At the flank, scores were approximately 

100 - VCV Stimuli 

90- 

80- 

70- 

•- 3o - 

20- 

65 75 85 

Sdmulus [xv½l (rib SPL) 

FIG. 2. Mean percent intelligibility of VCV nonsense stimuli spoken by a 
male and a female talker recorded at the flank and within the uterus of a 

sheep at three airborne stimulus levels. 
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TABLE II. CVC word intelligibility scores for each talker, transducer site, 
and stimulus level. 

Male talker, CVC 85 dB 75 dB 65 dB 

Microphone at flank 
Mean intelligibility 86.0% 85.3% 73.4% 
No. correct/50 43 42.65 36.724 
Standard deviation 2.104 2.084 2.776 

No. of judges 29 20 29 

Hydrophone in utero 
Mean intelligibility 60.7% 47.2% 40.9% 
No. correct/50 30.35 23.586 20.45 
Standard deviation 3.15 3.822 4.419 

No. of judges 20 29 20 

Female talker, CVC 

Microphone at flank 
Mean intelligibility 87.9% 82.5% 79.1% 
No. correct/50 43.926 41.231 39.556 

Standard deviation 1.73 2.355 2.979 

No. judges 27 26 27 

Hydrophone in utero 
Mean intelligibility 45.6% 34.7% 34.0% 
No. correct/50 22.808 17.37 17 
Standard deviation 2.315 2.256 3.464 

No. of judges 26 27 26 

83% for both the male and female talkers. Thus the reduction 

in intelligibility of recordings made from the flank site to 
recordings made in utero was 28.5% for the male speaker 
and 49.5% for the female speaker. 

B. Effects of syllable position 

A further analysis was completed on the target conso- 
nant sounds according to their position in the syllable: initial, 

TABLE IlL VCV stimulus intelligibility scores for each talker, transducer 
site, and stimulus level. 

Male talker, VCV 85 dB 75 dB 65 dB 

Microphone at flank 
Mean intelligibility 94.3% 90.7% 71.9% 
No. correct/14 13.207 12.7 10.069 

Standard deviation 1.114 0.865 1.223 

No. of judges 29 20 29 

Hydrophone in utero 
Mean intelligibility 76.1% 56.4% 49.3% 
No. correct/14 10.65 7.897 6.9 
Standard deviation 1.496 1.372 2.222 

No. of judges 20 29 20 

Female talker, VCV 

Microphone at flank 
Mean intelligibility 90.7% 83.8% 73.8% 
No. correct/14 12.704 11.371 10.333 
Standard deviation 1.103 0.874 1.664 

No. of judges 27 26 27 

Hydrophone in utero 
Mean intelligibility 35.7% 32.5% 18.4% 
No. correct/14 4.962 4.556 2.577 
Standard deviation 1.685 1.502 0.987 

No. of judges 26 27 26 

medial, or final. Perception of all consonants in all positions 
was significantly (p<0.01) affected by stimulus level (F 
from 4.16 to 20.05; dr=2, 612) and transducer site (F from 
91.26 to 214.01; dr= 1, 612) with the 85-dB level exhibiting 
higher scores than the 75- and 65-dB levels. The overall 
intelligibility scores for the word final phonemes did not dif- 
fer significantly from those for the roedial phonemes. The 
scores for the word initial phonemes were significantly lower 
than the scores for phonemes in the other two positions (F 
=7.69; df=2, 610). This finding is consistent with the re- 
sults of Griffiths (1967) in the moderately poor signal-to- 
noise ratio conditions (-4, -8 dB S/N). Griffiths suggested 
that these differences were spurious and should be ignored. 
While the intelligibility of word initial consonants was unaf- 
fected by talker gender, final consonants were correctly per- 
ceived significantly less often for the female than the male 
talker (F=5.292; df = 1, 136). This effect was largely due to 
the poorer scores found for the in utero recordings of the 
female talker, as is demonstrated by the significant interac- 
tion between talker gender and transducer site (F= 10.756, 
dr= 1,136). 

C. VCV feature transmission 

Consonant confusion matrices derived from the intervo- 

calic (nonsense) stimuli for both talker genders and trans- 
ducer sites for each of three levels are presented in Tables 
IV-VI. The open set nature of the nonsense item portion of 
the perceptual task allowed for more potential responses than 
there were stimulus items and for the possibility of the 
judges not responding. Because responses were written in 
English orthographics, it was impossible to know whether 
judges who wrote "th" intended the voiced or unvoiced lin- 
guadental fricative. For similar reasons judges were not able 
to uniquely indicate the voiced palatal fricative, /•/, if they 
thought they perceived such a sound. 

Given these limitations, several patterns still emerge 
from the sequential information analysis (SINFA). Table VII 
contains the percentage of contingent voicing, manner, and 
place information received (bits received/bits sent) for each 
talker and transducer site for the 85-dB stimuli. 

A number of observations can be made from inspection 
of Table VII. Voicing information appeared to be well trans- 
mitted in recordings made at the flank regardless of talker 
gender. Voicing information received from in utero record- 
ings was reduced for the female talker but not for the male 
talker. The place information lost by going from the flank to 
within the uterus was marked, especially for the female 
talker. Place information appeared to be better preserved for 
the male talker in utero (only dropping to 71% vs 34% for 
the female talker). Less information regarding manner of ar- 
ticulation was received in utero than in air with a larger 
reduction for the female speaker than the male. 

III. DISCUSSION 

Previous research on the transmission of sound pressure 
into the maternal abdomen and uterus has generated a con- 
sistent set of filter characteristics for external sounds at the 

ear of the fetus (Vince et al., 1982; Gerhardt et al., 1990). 
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TABLE IV. Consonant confusion matrices for 85-dB stimuli. 

MALE SPEAKER recorded AT FLANK 

MALE SPEAKER recorded IN UTERO 

FEMALE SPEAKER recorded AT FLANK 

FEMALE SPEAKER recorded IN UTERO 

TABLE V. Consonant confusion matrices for 75-dB stimuli. 

MALE SPEAKER recorded AT FLANK 

StimuLus: p b t d k g s z I tl f v m n 
Response: 

• 17 19 12 
d 15 1 
k ZO I 
g •, ze 
s zo 

•Z ZO 19 

m ZO 

h 1 1 

Io Response: 

MALE SPEAKER recorded IN UTERO 

stimulus: p b t d k g s z I tl f v m n 
Response: 

FEMALE SPEAKER recorded AT FLANK 

Stimulus: p b t d k g s z [ tl f v m n 
•tespome: 

• 1z & 7 
d Z5 

R 1 Z6 Z 

No Response: 1 I 

FEMALE SPEAKER recorded IN UTERO 

St ieulus: p b t d k g S Z [ tl f v m n 
Respofise: 

gl 9 3 12 5 

d 1 Z T 
k 9 6 13 3 1 

R 3 5 14' 13 5 
s 4 3 s lO • 15 1Z 1 

• I Z 1 g I I Z 5 Z 

v 5 1 I 4 1 
m 1 1 I S 24 1T 
n 1 1 • 

h Z Z I 1 

NO Resoofise: •$ 1 I I 1 1 Z 1 
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TABLE VI. Consonant confusion matrices for 65-dB stimuli. 

MALE SPEAKER recorded AT FLANK 

MALE SPEAKER recorded IN UTERO 

Res•l•,d!us: p b t d k g • z I tl f v m n 
{• 14 2 Z 1 ? 20 2 4 3 6 15 
t • 8 1 8 7 
d 10 4 1 
k 9 17 9 3 

g 
$ I ] 1 1 

iZ 6 1Z Z 
tl 4 
f 1 ? 
V 
m 14 Z 
n 1 11 

h 2 Z 

No Response: 

FEMALE SPEAKER recorded AT FLANK 

FEMALE SPEAKER recorded IN UTERO 

ees•,d!us: p b t d k o s z [ tl f v ß n 

1 1 

No Response: I 1 1 1 

Sound pressures below 200 Hz pass through to the fetus 
unattenuated, and, in some cases, are enhanced. Above this 
frequency, sound is increasingly attenuated by up to 20 dB. 

Sample spectrographic displays of one stimulus item re- 
corded in four conditions (male and female talkers recorded 

in air and in utero) are shown in Fig. 3. The phrase spoken in 
each of the four spectrograms is "Say the word batch." The 
input gain of the spectrographic analysis equipment was in- 
creased for the in utero recordings; one can observe that the 
speech signal, while still detectable, is much closer in level 
to the ambient noise. The contrast between voiced and un- 

voiced portions of the phrase is apparent to some degree in 
all four spectrograms. The high-frequency noise associated 
with the release of the affricate,/6/, is undetectable in the in 
utero spectrograms for both talkers, consistent with the low- 
pass filtering of the maternal tissues and fluids. 

Miller and Nicely (1955) reported that low-pass filtering 
of speech signals resulted in a greater loss of manner and 
place information than of voicing information. The authors 
concluded that the higher frequency information in the 

TABLE VII. Conditional percentage of voicing, manner, and place informa- 
tion received (of bits sent) for both talkers and transducer sites in the 85-dB 
condition. 

Talker: Male Female 

Site: in air in utero in air in utero 

Information 

Voicing 95.5 100 95.8 79.5 
Place 92.8 70.6 95.3 34.3 

Manner 87.6 66.4 81.1 39.3 

speech signal is critical for accurate identification of manner 
and place of articulation. In the current study, SINFA results 
indicated that the judges accurately perceived the voicing 
information in utero. Manner and place information were not 
transmitted as well as voicing information in the intrauterine 
recordings. These results could be predicted from the find- 
ings of Miller and Nicely given that transmission into the 
uterus can be modeled as a low-pass filter (Gerhardt et al., 
1990; Peters et al., 1993). The poorer in utero reception of 
place and manner information associated with higher fre- 
quency sound pressures is consistent with the greater high- 
frequency attenuation. 

Voicing information from the male talker, which is car- 
ried by low frequencies, was largely preserved in utero. In 
fact, the judges perceived the male talker's voice equally 
well regardless of transducer site. Voicing information from 
the female carried less well into the uterus. The fundamental 

frequency of the female talker was approximately one half- 
octave higher than that of the male talker. Thus it is under- 
standable that voicing information from the male talker 
would carry better into the uterus than that from the female 
talker. 

Transmitted place and manner of articulation informa- 
tion from both talkers was significantly lower for the in utero 
site than at the flank. In general, for the in utero site, the 
judges made more errors on consonants that are considered 
to have greater concentrations of higher frequency energy 
(Miller and Nicely, 1955). This trend may be seen in com- 
paring the in utero error patterns for fricative sounds to those 
for the nasal sounds in Tables IV-VI. This finding also re- 
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N 

>- 

Z 2 

Ld 

o 

o.o 0.2 0.4 0.6 0.8 1 .o 

TIME (s) 
1.2 

1 
3.6 

c) 

N 

>- 
o 
z 2- 
i,i 

D) 

O' I I 0 
0,0 0.2 0.4 0.6 0.8 1.C 1.2 1.4 1.6 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 

TIME (s) TIME (s) 

FIG. 3. Spectrographic recordings of "Say the word batch" spoken by: (a) the male talker recorded in air; (b) the female talker recorded in air; (c) the male 
talker recorded in utero; and (d) the female talker recorded in utero. 

inforces the low-pass filtering of the m•ternal tissues and 
intrauterine fluids. 

The design selected for this study diJ not include ran- 
domization of stimulus levels, although it did include ran- 
domization of the speaker and recording •,ite conditions. All 
judges heard the 85-dB level first and, consequently, any 
learning effects were likely to be established at this level. 
Because the potential exists for judges to t,enefit from listen- 
ing experience with the higher level stimuli, perceptual 
scores at the lower levels might be higher lhan if the stimulqs 
levels were completely randomized. If slimulus levels h:•d 
been randomized, some judges would have heard the 85-dB 
level first and potentially learned from that, while other 
judges would have heard a more difficult istening level first 
and learning may not have occurred untl a later stimulus 
level. 

The present findings represent' betteJ intelligibility for 
speech in utero than has been previously found (Querleu 
et al., 1988). This difference occurs in sp te of the fact that 
both sets of data were obtained using a combination of 
meaningful CVCs and nonmeaningful stimuli spoken by 
male and female talkers. A potential expla •ation for this dis- 

crepancy is a difference in the location of the transducer. The 
transducer in Querleu's study was positioned at the crown of 
the fetal head, potentially closer to vascular beds and there- 
fore better able to pick up maternal heart sounds. D. J. Ri- 
chards (personal communication) found no heart sounds 
when the transducer is passed beyond the crown of the hu- 
man fetal head. The present study used a hydrophone sutured 
to the fetal neck. The absence of detectable heart sounds in 

the present recordings supports the report that this placement 
results in less vascular noise. 

The implications of prenatal auditory discrimination and 
learning have attracted the attention of language scientists 
who have hypothesized that infants upon birth are equipped 
with either general sensory or specific linguistic mechanisms 
designed for the perception of speech (Jusczyk, 1993; Eimas 
et al., 1971). Some theorists hold that human infants are born 
with a "speech module" (Liberman, 1982; Fodor, 1983), a 
mechanism designed specifically for processing the complex 
and intricate acoustic signals needed by humans to commu- 
nicate with one another. An alternative theory of the neo- 
nate's initial state suggests that infants enter the world with- 
out specialized mechanisms dedicated to speech and 
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language, but rather respond to speech using general sensory 
and cognitive abilities (Kuhl, 1987). 

While the results of this study reflect the perceptibility 
of the speech energies present in the amnion, they do not 
specify what speech energy might be present at the fetal 
inner ear. Measures of acoustic transmission to the fetal inner 

ear are quite limited at present (Gerhardt et al. 1992). Much 
work needs to be completed before conclusions can be drawn 
regarding what speech energies reach and are able to be per- 
ceived by the fetus. 

IV. SUMMARY AND CONCLUSIONS 

From the present data we conclude the relatively high 
intelligibility of externally generated speech recorded in the 
uterus of a sheep. The data further support better transmis- 
sion of speech information into the uterus for a male speaker 
than a female speaker. Finally, the intelligibility data reveal 
better preservation of voicing information inside the uterus 
than of place or manner information, with a greater loss of 
each variety of information for the female speaker than the 
male speaker. 

The present work also delineates the type of phonetic 
information that is available in the intrauterine environment. 

Consistent with the low-pass filtering by maternal tissues and 
fluids of externally generated sounds, voicing information is 
available in utero, while speech energy conveying place and 
manner information is attenuated. A potential effect of the 
present results is to call into question the assumption that the 
neonate is devoid of experience with speech. Male and fe- 
male talker intelligibility scores developed from in utero re- 
cordings averaged approximately 55% and 34%, respec- 
tively, when recorded from within the uterus. While these 
data reflect speech energies present in utero, they do not 
necessarily represent the perceptibility of speech by the fe- 
tus. A definition of both the acoustic coupling of the fetal 
skull to maternal tissues and fluids, and the transmission 
pathway to the fetal inner ear of fluid-borne acoustic energy 
is required before such predictions can be reasonably made. 
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APPENDIX: SUBJECT RESPONSE SHEET 

1 2 3 4 5 
bass loss wick duff cup 
batch laws with duth cub 

badge lodge wit dumb cud 
bat log wig duv come 
bash long witch dub cuff 
back lob will dug cut 

6 7 8 9 10 

dim dung fit leash toss 
did duv fib leave talks 

dill dug fig liege tall 
dip dud fill leach tog 
dig done fin leed tong 
din dub fizz leap taj 

11 12 13 14 15 

lag man base pan peach 
lash mat bays pass peas 
lath mad bayed pack peal 
lack mack beige path peat 
lass mass bake pad peak 
laugh math bathe pat peace 

16 17 18 19 20 

pitch pus has weave sash 
pip putt hag wean sack 
pig puff have week sad 
pick puck half weed sap 
pill pup hath we're sag 
pit pub hash weal sat 

21 22 23 24 25 

sheath sin sud tam teer 

sheave sill sup tag teeth 
sheaf sip sub tap teethe 
sheik sick sum tang teel 
sheathe sing sun tan tease 
sheen sit sung tab team 

26 27 28 29 30 

red sold wig thick tin 
wed hold rig chick kin 
dead cold gig kick fin 
led told big lick shin 
shed gold pig sick thin 
fed mold dig pick pin 

31 32 33 34 35 

mark tale feel till peal 
park gale eel kill zeal 
dark male peel hill feel 
bark bale keel mill reel 

lark pale reel will veal 
shark rail heel bill seal 

36 37 38 39 40 

same then fin chin zee 

tame ten win gin thee 
shame fen pin tin dee 
game hen din sin knee 
lame den sin shin see 

came pen tin thin lee 

41 42 43 44 45 

tent rip shop yore fie 
pent lip pop for thy 
bent chip top gore vie 
dent tip lop wore lie 
rent dip cop roar thigh 
went hip hop lore high 
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46 47 48 49 50 

dip nest rust rat may 
zip west gust mat they 
gyp best bust bat gay 
ship rest lust vat bay 
nip jest just fat nay 
lip vest dust that way 

(1) (2) (3) (4) 
a a a a a :t a a 

(5) (6) (7) (8) 
a a a a a ;t a a 

(9) (10) (11) (12) 
a a a a a a a a 

(13) 
a 
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