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Do Voice Recordings Reveal whether a Person
Is Intoxicated?
A Case Study!

Keith Johnson, David B. Pisoni, Robert H. Bernacki

Speech Research Laboratory, Department of Psychology, Indiana University, Bloomington, Ind., USA

Abstract. In this report we consider the possibility that speech analysis techniques may
be used to determine whether an individual was intoxicated at the time that a voice re-
cording was made, and discuss an analysis of the speech produced by the captain of the
Exxon Valdez recorded at several points around the time of the accident at Prince William
Sound, Alaska. A review of previous research on the effects of alcohol and other effects on
speech production suggests that it may be possible to attribute a certain, unique pattern of
changes in speech to the influence of alcohol. However, the rate of occurrence of this pat-
tern or the reliability of a decision based on observations such as these is not known.
Acoustic-phonetic analysis of a small number of tokens of Captain Hazelwood’s speech
recorded before, during and after the accident revealed a number of changes in speech be-
havior which are similar to the pattern of changes observed in previous laboratory-based
research on the effects of alcohol on speech production. We conclude with a discussion of
the limitations in making inferences concerning the state of the speaker upon the basis of
phonetic data and then discuss several possible explanations of the pattern of change
found in the recordings of Captain Hazelwood.
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on speech production. We then discuss an
analysis of the speech produced by the cap-
tain of the Exxon Valdez recorded at several

In this report, we briefly summarize pre-
vious research on the effects of alcohol and

! The analyses reported in this paper were car-

ried out in connection with the National Transpor-
tation Safety Board (NTSB) investigation of the Ex-
xon Valdez accident that occurred on March 24,
1989. This is a revised version of the report which
the authors submitted to the NTSB in May 1990.
We wish to acknowledge the comments and criti-
cisms of Dr. Malcolm Brenner and our colleagues at
Indiana University.

times before, during, and after the accident
at Prince William Sound. The tapes that we
analyzed and information concerning the
communications/recording equipment and
the times of the recordings were provided to
us by the staff of the National Transporta-
tion Safety Board (NTSB).
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The Problem of Unique Specification

Before discussing Captain Hazelwood’s
speech, we wish to place the present investi-
gation within a general framework. The
question which we are attempting to ad-
dress in this report is whether it is possible
to determine if an individual was intoxi-
cated at a particular time based on acoustic
analyses of voice recordings. This question
hinges crucially on whether there are prop-
erties of speech which occur when a
speaker (any speaker) is intoxicated and
which do not occur in any other circum-
stance. We will call this the problem of
unique specification.

In the following section, we review
several studies which have found that there
are a number of acoustic-phonetic charac-
teristics of speech which occur when indi-
viduals are intoxicated. This research is an
important first step in determining whether
speech patterns may uniquely specify alco-
hol intoxication, but, to our knowledge,
there is no published research which di-
rectly addresses the problem of unique
specification. In spite of this lack of previ-
ous research, there are at least two reasons
to believe that voice recordings may contain
reliable information which uniquely indi-
cates that an individual was intoxicated at
the time of the recording. These have to do
with the physiological and pharmacological
effects of alcohol and the complexity of
speech motor control.

Berry and Pentreath [1980] review some
of the data having to do with the effects of
alcohol on neural membrane permeability
and the synthesis and release of neurotrans-
mitter. They note a variety of specific cellu-
lar effects and affected sites in the nervous
system. Thus, although the effects of alco-

hol at a cellular level in the nervous system
are not fully understood, the general func-
tional effects are clear: “The principal ef-
fects of acute dosage of ethyl alcohol are
observed in the nervous system, where there
is a progressive and simultaneous impair-
ment of function at many levels’ [Berry and
Pentreath, 1980, p.43]. Ethanol diffuses
easily through cell boundaries [Wallgren
and Barry, 1970, p. 36] and results in a bi-
phasic neural response. At low concentra-
tions, nerve cell excitability is increased,
while at high concentrations there is a pro-
gressive reduction of excitability (p.254).
This reduction in nerve cell excitability
leads to behavioral responses to alcohol
which (particularly relevant for speech) in-
clude decreased motor coordination.

In addition to the neurological effects of
alcohol when it reaches the brain through
the blood stream, it is likely that the local
contact of alcohol with the surfaces of the
oral cavity can have some effect on speech
production. It is well known that local con-
centrations of alcohol in the stomach irri-
tate the mucosa and paralyze the muscles of
the stomach wall [Wallgren and Barry,
1970, pp. 40, 61]. There is also some evi-
dence suggesting that alcohol applied to the
tongue (at least the tongues of cats) can pro-
duce a biphasic sensitivity to mechanical
stimulation [Hellekant, 1965]. These local
effects of alcohol in the mouth and throat
may result in effects on speech production
which differ from the effects produced by
other central nervous system depressants or
other factors, although we are aware of no
previous research which has attempted to
test this specific hypothesis.

Tests of motor coordination (such as
walking a straight line or standing on one
foot with eyes closed) are commonly used
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to indicate whether a person is intoxicated.
Speech production is another complex mo-
tor activity which requires a high degree of
coordination, and it is likely that it may also
be affected by alcohol consumption. Two
types of motor complexity in speech pro-
duction can be distinguished. First, speech
production requires very precise interges-
tural coordination. For example, the main
difference between /d/ and /t/ in English
is the timing of a gesture of the vocal folds
relative to a gesture performed by the tip of
the tongue. The relative timing of these two
gestures (voice onset time) is measured in
milliseconds (ms) [Lisker and Abramson,
1964]. The onset of voicing (vocal fold vi-
bration) for /d/ in word-initial position oc-
curs approximately simultaneously with the
release of oral stop closure, while the onset
of voicing for /t/ occurs 40-60 ms after the
release of oral stop closure. Mistiming the
two gestures by as little as 20 ms results in a
perceptually different consonant. Second,
speech involves fine motor control in mov-
ing the articulators to the target positions
for different speech sounds. For example,
the fricative /s/ is produced by pressing the
sides of the tongue against the upper molars
and depressing the center of the tongue,
creating a narrow groove with the tip of the
tongue. The articulatory difference between
/s/ and /[/ is very subtle even though the
acoustic difference is quite large [in Ste-
vens’, 1972, terms, a ‘quantal’ effect]. The
location of the tongue relative to the front
teeth and the length of the constriction at
the roof of the mouth (the tongue groove)
distinguish these two sounds in speech pro-
duction [Subtelny et al., 1972]. If the tongue
tip is kept close to the front teeth and the
constriction at the roof of the mouth is rela-
tively short (2.5 cm), an /s/ is produced.

However, if the constriction is slightly
longer or wider, or the tongue tip is held a
little further back in the mouth, the result-
ing sound is more like /[/. These observa-
tions suggest that small variations in speech
timing or motor control can have acousti-
cally reliable consequences for speech pro-
duction.

The effects of alcohol on the central ner-
vous system and the local effects of alcohol
on the muscles and proprioceptors of the
vocal apparatus, coupled with the inherent
complexity of speech production, suggest
that there may be aspects of speech produc-
tion which are uniquely altered by alcohol
intoxication.

Previous Findings on Alcohol-Impaired
Speech

This section is a brief review of previous
research on the effects of alcohol on speech
production. For more complete reviews of
the literature see Pisoni et al. [1986], Kling-
holz et al. [1988], and Pisoni and Martin
[1989]. The effects of alcohol on speech pro-
duction that have been observed in con-
trolled laboratory studies can be divided
into three types: gross effects, segmental ef-
fects and suprasegmental effects. Examples
of each of these effects are listed in table 1.

Gross effects involve word level altera-
tions in speech production. These effects
are very noticeable when intoxicated sub-
jects are instructed to read a passage. Sub-
jects may revise, omit or interject words [So-
bell and Sobell, 1972; Sobell et al., 1982]. It
has been assumed that this class of speech
errors reflects modifications in speech plan-
ning. As neural function is depressed by al-
cohol, the speaker’s ability to control the ar-
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Table 1. Summary of previous research on the
effects of alcohol on speech production

Gross effects word/phrase/syllable interjec-
tions'

word omissions
word revisions'

broken suffixes'

1.4

Segmental misarticulation of /r/ and /1/*3
effects /s/ becomes /[ /4
final devoicing (e.g. /iz/ —
Lis/ )3
deaffrication (e.g. ‘church’ —
‘shursh) 33
Suprasegmental  reduced speaking rate’ 233
effects decreased amplitude?

increase of unvoiced-to-voiced
ratio> > 6

decreased spectral tilt®

mean change in pitch range
(talker-dependent)*~’

increase in pitch variability> ©

I'Sobell and Sobell [1972]: 16 alcoholics, 5—10
ounces, 86 proof alcohol.

2Sobell et al. [1982]: 16 talkers, 0.05 < BAL < 0.1.

3 Lester and Skousen [1974]: Number of talkers not
mentioned, 86 proof straight bourbon, one
ounce/20 min up to 14 ounces.

4Trojan and Kryspin-Exner [1968]: 3 talkers, 1 —1.38
liters of heavy Austrian wine (13 % alcohol).

3 Pisoni et al. [1986] and Pisoni and Martin [1989]: 5
talkers, 0.1 < BAL < 0.17.

6 Klingholz et al. [1988]: 16 talkers, 0.067 < BAL <
0.16.

"Dunker and Schlosshauer [1964]: 1 talker, ‘con-
suming alcoholic beverages liberally” and shouting.

ticulators is impaired, which in turn may af-
fect the planning stage in speech produc-
tion. Thus, word level alterations occur
when the subject is required to read a pas-
sage aloud. In spontaneous speech, how-
ever, it is much harder to decide what
should count as a gross error because the

speaker’s intended utterance is not known.
Therefore, gross effects are less valuable for
the evaluation of spontaneous speech and
diagnosis of any impairment due to alcohol.

Segmental effects involve the misarticu-
lation of specific speech sounds. The seg-
mental effects which have been most often
reported are: misarticulation of /r/ and /1/,
misproduction of /s/ (more like /[/), final
devoicing of obstruents, and deaffrication.
Examples of the last two effects are given in
table 1. Obstruent devoicing involves a
problem of timing and glottal control simi-
lar to the example of /d/ and /t/ given in
the previous section. The other segmental
effects involve the control of the tip of the
tongue. Lester and Skousen [1974] found
that segmental effects such as these did not
appear until subjects had consumed about
10 ounces of 86 proof straight bourbon over
a period of about 3.5 h.

Phonetic theory makes some predictions
about the modifications of speech articula-
tion after alcohol consumption. These pre-
dictions derive from the study of articula-
tory ease [see for example Lindblom, 1983],
which suggests that not all speech sounds
are equally easy to produce. Evidence of
this comes from studies of the development
of speech in children [de Villiers and de Vil-
liers, 1978], the patterns of historical lan-
guage change [Anttila, 1972], and patterns
of language dissolution in aphasia [Jakob-
son, 1941], as well as model studies of artic-
ulation [Lindblom, 1983]. Most of the seg-
mental effects observed in speech produced
while talkers were intoxicated have analogs
in these data. For instance, it is common for
children to misarticulate /r/ and /1/ as in
the production ‘“train’ as /twen/. Also, final
devoicing and deaffrication are very com-
mon in child speech and in historical lan-
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guage development. The substitution of /f/
for /s/, however, is not typically found in
child speech, and /s/ is more common than
/[/ in the languages of the world. There-
fore, this segmental effect, rather than being
the result of a general loss of motor coordi-
nation (as is most likely the case for the
other segmental effects), seems to have a
different cause. The change of /s/ to /[/
may be related to loss of responsiveness of
the surface muscles of the tongue or a loss
of proprioceptive feedback from the tongue
after direct contact with ethanol during
consumption. If this proposed account of
the /s/-to-/[/ change is correct, the mispro-
nunciation of /s/ may be a unique phonetic
correlate of intoxication.

Suprasegmental effects are perhaps more
perceptually salient than segmental effects.
Trojan and Kryspin-Exner [1968] reported
an increase in fundamental frequency (Fy).
Pisoni and Martin [1989] found that F, de-
creased for some, but not all subjects.
Klingholz et al. [1988] also found a ten-
dency for decreased F,. F, is also more var-
iable in speech produced while intoxicated
when compared to a control condition [Pi-
soni and Martin, 1989; Klingholz et al.,
1988]. As will be noted below, there are two
possible sources for this increased variabil-
ity. First, intoxicated speech may involve
more extreme intonations than normal
speech. Second, intoxicated speech may in-
volve increased vocal jitter (period-to-pe-
riod variation). Both of these effects will
produce an increase in the variance of F,
all other things being equal. Klingholz et al.
[1988] also found that the speech harmon-
ics-to-noise ratio decreased after alcohol in-
toxication. This measure reflects a change
in the mode of vocal fold vibration indica-
tive of increased breathiness after alcohol

intoxication. They also found a change in
the long-term average spectrum in intoxi-
cated speech. There was an increase in
high-frequency energy, which may reflect,
in addition to an increase in the harmonics-
to-noise ratio, an increase in the unvoiced/
voiced ratio (the ratio of the number of
frames classified as voiceless and the num-
ber of frames classified as voiced) after al-
cohol consumption [as reported by Pisoni
and Martin, 1989]. Finally, all previous
studies which included relevant measures
have found that speaking rate decreases
(segmental durations increase) after alcohol
consumption.

The effects on speaking rate and F, can
be related to the general physiological ef-
fects of alcohol in the following ways. The
reduction in speaking rate may be the result
of an attempt to compensate for the loss of
motor coordination which accompanies in-
toxication. The effect of alcohol on F,
seems to have an origin in the interaction of
alcohol with the tissue of the vocal folds.
Klingholz et al. [1988] suggest that the effect
of alcohol on F, may be the result of irrita-
tion and swelling of the mucous membranes
of the vocal folds and desensitization of the
proprioceptors of the vocal folds. They cite
evidence from Dunker and Schlosshauer
[1964] which indicates that vocal fold vibra-
tion after alcohol consumption (like vocal
fold vibration for people with hoarse
voices) is more variable and lower in pitch.
Klingholz et al. [1988] posited a connection
between vocal fold edema due to mechani-
cal stress [shouting or speaking for an ex-
tended time] and edema due to alcohol con-
sumption. This explanation may also ac-
count for the increase in the unvoiced/
voiced ratio in intoxicated speech. The fact
that Trojan and Kryspin-Exner [1968]
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found an increase in F, while most other
studies have found a decrease in F, may re-
flect a biphasic response to alcohol (as
noted earlier for the neurological effects of
alcohol). Trojan and Kryspin-Exner [1968]
did not measure blood alcohol level and
were generally vague about their methods,
so they may have been reporting an effect
which occurred at a lower level of intoxica-
tion than the effects reported in the other
studies.

Other Effects on Speech Production

In this section, we briefly review some of
the previous research on environmental and
emotional effects on speech production and
compare these effects with the effects of al-
cohol on speech production. Table 2 is a
summary of some previous research ad-
dressing environmental and emotional ef-
fects on speech production. As indicated in
this table, most researchers who have inves-
tigated the effects of these factors on speech
production have focussed on suprasegmen-
tal phenomena. Only occasionally have seg-
mental phenomena, other than vowel for-
mant measures, been investigated. This re-
search focus reflects a practical concern for
the design of automatic speech recognition
devices for use in a variety of circum-
stances, where suprasegmental changes and
some types of segmental changes could be
detrimental to the performance of recogni-
tion systems. Therefore, the data base we
are reviewing here is not entirely compara-
ble to that collected in the study of the ef-
fects of alcohol on speech.

Hansen [1988] and Summers et al. [1988]
studied the effects of noise on speech pro-
duction (the Lombard effect). These studies

found that speech produced with a high
level of noise at the ears had increased F,
and duration, and reduced spectral tilt. The
spectral-tilt measure indicates that there
was a relative increase of high-frequency
glottal energy in the Lombard condition.
Surprisingly, Hansen [1988] found no
change in amplitude. The Summers et al.
[1988] result (increased amplitude in the
noise condition) is in better agreement with
earlier research on the Lombard effect. Fi-
nally, the studies indicate some individual
variability in the effect of noise on vowel
formant values.

Hansen [1988] measured the tilt of the glottal
spectrum (after inverse filtering) while the other au-
thors listed in table 2, who reported spectral tilt
changes, measured changes in the spectral tilt of the
unfiltered speech signal. There is general agreement
between studies using the two measures, although
note that valid tilt comparisons using the simpler
method require careful control of the phonetic con-
tent (particularly vowel qualities) of the tokens be-
ing compared.

Moore and Bond [1987] studied the ef-
fects of acceleration (speakers spun in a cen-
trifuge) and vibration (speakers seated on a
vibrating table) on speech produced by 2
subjects. The two situations resulted in
comparable effects on F,, intensity, and
vowel formants. F, increased relative to that
found for the same subjects in benign envir-
onments, vocal intensity was unchanged,
and vowels were less distinctive (more like
/a/). There was individual variability in the
effect of acceleration on segmental dura-
tion, while speaking rate increased (reduced
segmental durations) in the vibration condi-
tion. The small number of subjects in these
studies is problematic, but these are the
only available data on these environmental
effects.
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Table 2. Summary of some recent research on environmental and emotional effects on speech produc-

tion

Condition F SD F

0 [

Noise' { ] ]
Noise’ 1

Acceleration’

- -

Vibration®

Workload'
Workload*
Workload® ] 1

— -
— -

Stress"
Stress’
Stress®
Perceived stress®

Fear®
Fear'

Anger’
Anger’

- . .
- - - .-

Sorrow”
Depressed!

Intoxicated" 1 ]

Jinter

Tilt Duration  Intensity Formants
[} 1 NC F o
' 1 1 F, 1
] NC centralized
[} NC centralized
| NC 1 Foand F, t
] 1 1 NC
] 1
1 R .
1 1
1 1
NC 1 NC
] NC 1 Foand F, 1
] NC F, 1t
' 1 1 F 1
] ] NC
1 centralized
' 1 1

t = Reliable increase for all subjects: T= increase for some, but not all subjects: ¥= reliable decrease for all subjects:
1 = decrease for some, but not all subjects: § = some subjects showed a reliable increase, while some a reliable decrease:

NC = no change.

! Hansen [1988] (8 talkers).

2Summers et al. [1988], see also Pisoni et al. [1985] (2 talkers).

3Moore and Bond [1987] (2 talkers).

4 Summers et al. [1989] (5 talkers).

3 Griffin and Williams [1987] (20 talkers).
% Brenner and Shipp [1988] (17 talkers).

7 Brenner et al. [1985] (7 talkers).
8Streeter et al. [1983] (2 talkers).

?Williams and Stevens [1972], see also Williams and Stevens [1981] (3 talkers).

10gee table 1.

A large number of studies have em-
ployed workload tasks to simulate environ-
ments with high cognitive demands such as
airplane cockpits. These studies have gener-
ally found that speech produced while per-
forming a cognitively demanding task has
higher F,, decreased spectral tilt and in-

creased intensity [Hansen, 1988; Summers
et al., 1989, Griffin and Williams, 1987].
Data on the variability of F, (SD F;) are
mixed. This reflects a problem in the use of
this measure due to the fact that F; variabil-
ity can be affected in two very different
ways. Variability will be reduced if the F,



222

Johnson/Pisoni/Bernacki

contours of utterances are more monotonic
in the workload condition [as suggested by
Summers et al., 1989] or if there is less pe-
riod-to-period variation in the vibratory cy-
cle of the vocal folds [as suggested by Bren-
ner et al., 1985]. On the other hand, F; varia-
bility could be increased if utterances in the
workload task had more extreme fluctua-
tions in their F, contours even if vocal fold
jitter (period-to-period variation of F) were
reduced. Williams and Stevens [1972] pro-
vide a good example of the conceptual dis-
tinctions which need to be maintained in
this area, although they did not have digital
signal processing techniques at their dispo-
sal. They reported both changes in F, range
and (inferences about) changes in F, jitter.
In the absence of this distinction in some of
the research on the effects of cognitive
workload, it is impossible to determine
whether the reported differences in F varia-
bility in speech under workload reflect real
individual differences or merely differences
in data collection techniques. Table 2 also
indicates some differences across studies in
the effects of workload on segmental dura-
tion, although it is interesting that the study
on the effects of workload which employed
the greatest number of subjects [Griffin and
Williams, 1987] reported a consistent de-
crease in duration. Finally, there is also
some discrepancy concerning the effects of
workload on vowel formant frequencies.
The term psychological stress has been
used to describe situations ranging from ly-
ing to being in a fatal airplane crash.
Scherer [1981] outlined some predictions
for speech production in stressful situations
based on the general physiological response
to stress (similar to the discussion above of
physiological predictions for the effects of
alcohol) and then concluded that ‘virtually

all of the studies in this field have found
very strong individual differences in terms
of the number and kind of vocal parameters
that seem to accompany stress” (p. 179). He
focussed on two problems in the literature,
(1) the likelihood that subjects in laboratory
studies of stress were differentially stressed,
and (2) the fact that ‘subjects may differ in
terms of the degree of control they can ex-
ert as far as their vocal production under
emotional arousal is concerned’ (p. 180).
(Both of these problems have analogs in
studies of the effects of alcohol on speech.
Although, it is possible to objectively mea-
sure the subjects’ blood alcohol level
(BAL), not all previous research on the ef-
fects of alcohol on speech production have
reported BALs. Also, subjects may differ in
the degree of articulatory control they can
exert while intoxicated.) In spite of these
problems, some general trends emerge from
studies of stress in laboratory and real-life
emergency situations. These are indicated
in table 2 and include an increase in Fy, an
increase in intensity, and a decrease in F;
jitter. Brenner et al. [1985] examined F, jitter
in situations of high stress by analyzing
voice recordings of pilots involved in air-
craft crashes. They found that speech in
stressful situations had increased F,, and
decreased F, jitter. In a related laboratory
study, Brenner et al. [1985] also found that
the activity of the cricothyroid muscle,
which is the primary muscle of the larynx
involved in controlling F; increased as
stress increased. This provides an explana-
tion of both the increased F, and decreased
F, jitter found in the other studies if we as-
sume that increased muscular tension in the
glottis allows for less variability in the pat-
tern of vocal fold vibration while causing a
higher rate of vibration.
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Streeter et al. [1983] reported a case of
individual variability in the vocal effects of
stress. They examined a recorded telephone
conversation between a system operator
and chief system operator for Consolidated
Edison during the New York City blackout,
July 1977. One talker had increased F,, du-
ration, and amplitude as the situation devel-
oped (and presumably stress increased),
while the other showed a different pattern
(decreased F, and duration, and no change
in amplitude). This study supports Scherer’s
[1981] point about individual differences in
response to stressful situations and suggests
that there may be no consistent phonetic
pattern across subjects for any but the most
extremely stressful, life-threatening situa-
tions. Interestingly, though, Streeter et al.
[1983] found that naive listeners used pho-
netic cues consistently in making judge-
ments about the degree of stress being expe-
rienced by the talker. Listeners judged ut-
terances with higher F,, higher amplitude
and longer segment durations as more
stressed even though, for 1 speaker, these
judgements were not correlated with the de-
gree of experienced stress. The speech pa-
rameters which were found in this study to
be correlated with perceived stress are listed
in table 2. Streeter et al. [1983] concluded
that listeners have stereotyped expectations
for vocal responses to stress, which evi-
dently are accurate for the most extreme
levels of stress, but speakers who are actu-
ally experiencing some less than maximal
degree of stress do not always fit the per-
ceptual stereotype.

Table 2 also presents a summary of
several studies on the effects of emotional
state (fear, anger, and sorrow) on speech
production. The study of the effects of emo-
tion on speech production involves method-

ological problems that are not involved in
the study of environmental effects on
speech, where it is possible for the experi-
menter to create conditions which can be
carefully controlled and described. In order
to study the effects of emotion on speech
production, however, it is necessary to rely
on subjective measures of the emotional
(mental) state of the speaker or have speak-
ers simulate various emotions. In spite of
these methodological difficulties, we are in-
cluding this summary of previous research
in an attempt to present a complete review
of the factors that may affect speech pro-
duction.

Williams and Stevens [1972, 1981] hired
3 actors to perform short plays in which the
characters displayed various emotions.
Their data are summarized in table 2 and
compared with some recent data from Han-
sen [1988], who studied the effect of fear by
having his subjects read a prepared wordlist
as they were descending steep drops on a
roller coaster. There is good agreement be-
tween these two studies concerning the ef-
fects of fear on F,. Both found that F, in-
creased and that F; variability increased.
Williams and Stevens also suggested that, in
addition to increased F, range, F, jitter in-
creased. Whereas Williams and Stevens re-
ported no change in spectral tilt, Hansen
found that the glottal spectrum was flatter
in the fear condition. The more sophisti-
cated signal-processing techniques em-
ployed by Hansen may have allowed him to
detect a small change not seen by Williams
and Stevens. The two studies also found
different effects on segmental duration.
Hansen found no change, while Williams
and Stevens found an increase in word du-
ration of about 30 ms. This seems to reflect
a real difference, and again may be a result
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of methodological differences. Hansen re-
ported that intensity increased in the fear
condition. This effect is consistent with
findings for psychological stress and in-
creased workload and seems to reflect a
change in arousal [Scherer, 1981]. Finally,
Hansen found changes in the first two
vowel formants which were not found by
Williams and Stevens.

Hansen [1988] and Williams and Stevens
[1972] also studied the effects of anger on
speech production. Here the two studies
had similar methodologies and very similar
results. They both found that F;, F; variabil-
ity and F1 increased, and that spectral tilt
decreased. Williams and Stevens found no
changes in F, jitter, although they were
using a somewhat crude measure (fluctu-
ation in narrow-band spectrograms). Han-
sen found an increase in intensity. The only
discrepancy between the two studies has to
do with the effect of anger on speaking rate.
Where Williams and Stevens found no re-
liable change, Hansen found that speaking
rate decreased (increased segmental dura-
tions) in the anger condition. Notice the
similarities between the effects of anger and
the effects of workload and fear.

The final emotion listed in table 2 is sor-
row. Again, the data listed in the table are
from William and Stevens [1972] and Han-
sen [1988]. The data reported by Hansen are
based on a small number of observations.
These data are included in the table be-
cause they come from a real-life situation
(recordings made during counselling ses-
sions in a psychiatrist’s office) and as such
offer some degree of validation of the ob-
servations of Williams and Stevens [1972].
Speech produced by actors portraying sor-
row was characterized by decreasd F,, de-
creased F; range, but increased F, jitter.

Williams and Stevens also found that spec-
tral tilt increased in the sorrow condition
(i.e. that there was a reduction of high-fre-
quency energy). Both Hansen and Williams
and Stevens found an increase in segmental
durations, but they found different effects
on vowel formants. Williams and Stevens
found no change in vowel formants while
Hansen suggested (based on very few mea-
surements) that vowels were more central-
ized in the depressed condition.

We have also included in table 2 a sum-
mary of the suprasegmental effects found in
the studies of alcohol and speech which
were listed in table 1. There are no situa-
tions or emotions listed in table 2 which
have exactly the same pattern of effects
found in the studies of alcohol and speech,
and so, given adequate measures of these
acoustic correlates, it is in principle possi-
ble to classify the changes observed across
two or more samples of speech as more like
the pattern found for intoxicated speech
than, for instance, speech produced in
noise. It is not possible, however, to give
any kind of confidence rating to such a
classification, because there is not enough
published data on individual differences
which would allow the calculation of hit
rates and false alarm rates for classifica-
tions based on these measures (this is true
of the other effects shown in table 1 also).

Another problem with classifying speech
samples is that there are some possible
physiological effects on speech production
which have not been previously studied.
The effect of fatigue on speech production
has not been examined in any controlled
study. Also, we lack any data on speech
production just after the speaker has been
awakened. Our subjective impression is that
speech produced in these circumstances
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may involve changes in vocal fold activity
(extremely low F, or pulse register phona-
tion), decreased speaking rate, and perhaps
some effects related to dehydration of the
mucous membranes in the mouth (e.g. the
pronunciation of/s/), which may be similar
to the effects seen after alcohol consump-
tion. However, the relevant controlled labo-
ratory studies have not been done, also
there are no data on more complex situa-
tions involving combinations of effects. For
instance, no one has studied the combined
effects of fatigue and stress on speech pro-
duction.

The Speech of Captain Hazelwood

We analyzed five different samples of
speech provided to us by NTSB. Also, we
examined a small number of utterances
from Captain Hazelwood’s televised inter-
view with Connie Chung which was broad-
cast on March 31, 1990. We will refer to the
speech samples according to the times at
which they were recorded: 33 h before the
accident (—33), 1 h before the accident
(—1), immediately after the accident (0), | h
after the accident (+1), 9 h after the acci-
dent (+9), and televised interview (CC). We
will discuss gross errors, segmental chan-
ges, and suprasegmental changes.

It is important to note here that the recording
made 33 h before the accident has a different his-
tory than the other recordings. All of the NTSB re-
cordings were initially recorded using the same
Coast Guard equipment, but this sample was then
rerecorded onto a handheld cassette recorder before
the original tape was mistakenly erased. The record-
ing which we analyzed was produced by playing
back the cassette tape using the same cassette re-
corder which had been used to record the sample.
We investigated the possibility that the recording

Table 3. Summary of phenomena found in the
analysis of the NTSB tape (numbers in parentheses
indicate the time of recording)

revisions

(=1) Exxon Ba, uh Exxon Valdez
(=1) departed disembarked

(=1) I, we'll

(=1) columbia gla, columbia bay

Gross effects

Segmental misarticulation of /r/ and /1/
effects (0) northerly, little, drizzle,
visibility
(/s/ becomes /[/ (fig. 3)
final devoicing (e.g. /z/ — /s/)
(-1,0,41) Valdez — Valdes
Suprasegmental reduced speaking rate (fig. 4, 5)
effects mean change in pitch range

(talker-dependent, fig. 6)
increased Fj jitter (fig. 6)

was corrupted by analyzing an unidentified back-
ground sound which seemed to be present in both
the —33 sample and in the —1 sample. In the —33
recording, the sound had a higher average Fy (480
Hz, n=4 versus 472 Hz, n=10) and a greater Fy
range (438-588 Hz versus 456-481 Hz) as compared
with the —1 recording. The variability of the Fj in
the —I recording suggests that the sound was not
constant in frequency and, thus, is not an adequate
benchmark for determining the validity of the —33
recording. However, even if the —33 recording is
corrupted by tape speed fluctuations of the magni-
tude indicated by these measurements (-9 to
+2209%), this degree of difference is not enough to
account for the changes in speech production we re-
port below.

Gross Errors

Several of the speech errors in the NTSB
tapes may be classified as gross phonetic or
lexical errors. These are listed in table 3.
Note, however, that such phenomena are
not uncommon in spontaneous speech re-
gardless of alcohol consumption. What is
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Fig. 1. Power spectra of /s/ (a) and /[/ (b) pro-
duced by K. J. in a quiet recording booth with re-
cording equipment responsive up to 5,000 Hz.

needed in order to evaluate the condition of
the speaker is a large amount of speech in
which it is possible to compare the rate of
occurrence of such errors across speech
samples. Also, since the talker was not read-
ing a prepared text, it is a matter of subjec-
tive judgement to say that something is or is
not an error. To attempt to control for this

problem, we are only reporting cases in
which the speaker corrected himself. As in-
dicated in table 3, the only examples of
gross speech effects that we found in the
NTSB tapes occurred in the recording
made | h before the accident.

Segmental Phenomena

Also in table 3, we have listed some ex-
amples of segmental errors. The problem
with these data is that the recordings are
noisy. Identifying most of the examples
listed in the table required repeated listen-
ing and phonetic transcription (the excep-
tion is the /s/-/[/ example). The amount of
noise on the tape increases the probability
that the transcriptions are inaccurate.
Therefore, we performend acoustic analyses
of several productions of /s/.

Figure |1 shows power spectra of /s/ and
/[/ produced by the first author (K.J.). As
illustrated, /s/ is characterized by a peak of
energy in the range from 4,000 to 5,000 Hz,
while /[/ has a lower frequency peak (in
the range from 3,000 to 4,000 Hz) and a
lower amplitude peak of energy in the
range from 2,000 to 3,000 Hz. The spectra
in figure 1 illustrate what the power spectra
of /s/ and /[/ look like in recordings
which have a high signal-to-noise ratio and
frequency information up to 5,000 Hz [Bor-
den and Harris, 1984, p. 189].

Figure 2 shows power spectra of the /[/
productions of shout and she’s (and spectra
of background noise near the fricative) as
spoken by Captain Hazelwood in the re-
cording made 33 h before the accident. The
lower amplitude peak between 2,000 and
3,000 Hz, illustrated in figure 1, is present
in the spectra in figure 2, but the higher fre-
quency information which would normally
serve as the most reliable information dis-
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Fig. 2. Power spectra of /[/ produced by Captain Hazelwood in the words she’s and shout recorded 33 h
before the accident. Each spectrum is paired with a spectrum of the background noise from a nearby open-

mike pause.

tinguishing /s/ and /[/ is not present in
these spectra because the radio transmis-
sion equipment was band-limited at 3,000
Hz. (Energy above 3,000 Hz was attenuated
at approximately 50 dB per octave with a
noise floor 50 dB below maximum signal
level.) In making these comparisons, we
had to be concerned also about the spectral
shape of the background noise in the NTSB
recordings. The spectra in figure 1 were cal-
culated from recordings made in a quiet
recording booth, while the NTSB record-

ings have background noise which may be
confused with fricative noise. Therefore,
paired with each fricative spectrum from
the recordings, we also show a spectrum of
nearby background noise as a baseline
against which the fricative spectrum can be
compared.

Figure 3 shows power spectra of the /s/
of sea (or see) from the five different re-
cordings paired with spectra of background
noise from the same recording. The noise
spectra were taken from nearby, open-mike
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background noise. On average the noise
segments were 1.3 s from the /s/ segments.

We estimate that the signal-to-noise ratio in
these samples ranges from 5 to 10 dB. This estimate
of signal-to-noise ratio was taken from measure-
ments of background noise during stop closures be-
cause the transmission equipment had an automatic
gain control making amplitude measures from
pauses inappropriate. Note also that this means that
the amplitudes of the background noise spectra in
figures 2 and 3 do not accurately reflect the ampli-
tude of background noise in the fricative spectra.

The /s/ spectrum from the earliest
recording (33 h before the accident) has the
same basic shape that the background noise
has, suggesting that the /s/ is buried be-
neath the noise, or more accurately, that the
main spectral energy for /s/ is not within
the frequency range of the transmission sys-
tem. The same is true for the /s/ of sea re-
corded | h before the accident. The spectra
of /s/ from the recordings made immedi-
ately after the accident and | h after the ac-
cident have peaks of energy (relative to the
background noise) in the region from 2,000
to 3,000 Hz. Finally, the spectrum of /s/
recorded 9 h after the accident does not
have a peak of energy in the region from
2,000 to 3,000 Hz. We interpret the peaks in
the /s/ spectra from samples recorded im-
mediately after the accident and | h after
the accident as evidence for a segmental
change from /s/ to /[/. There is no evi-
dence in these spectra, nor in the other /s/
spectra which we examined, for this seg-
mental change between the earliest record-
ing and the one made 1 h before the acci-
dent. These spectral changes reflect a
change in the articulation of /s/ similar to
that which has been observed in earlier
studies of the effects of alcohol on speech
production [Lester and Skousen, 1974; Tro-
jan and Kryspin-Exner, 1968]. There is no

data in the literature to indicate whether a
change of this sort is to be expected as a re-
sult of other factors.

Suprasegmental Properties

Finally, we examined the suprasegmen-
tal properties of the speech samples. Be-
cause the communication equipment had
an automatic gain control and the distance
between the microphone and the speaker’s
lips was (presumably) variable, it is inap-
propriate to compare measurements of
speech amplitude or long-term average
spectra. Therefore, we focussed our atten-
tion on speaking rate and voice F,. We took
care to control for discourse position and
the position of words within sentences be-
cause these factors can affect the supraseg-
mental properties of speech [Lehiste, 1970;
Klatt, 1976]. We analyzed two phrases, Ex-
xon Valdez and thirteen and sixteen, be-
cause these phrases were repeated several
times during the recordings and occupied
comparable positions in discourse and sen-
tence contexts across the different record-
ings. Thus, these phrases provide a measure
of experimental control which is needed in
making valid suprasegmental comparisons
across speech samples.

Figure 4 shows durations of the seg-
ments in Exxon Valdez from each of the re-
cordings. Each bar in this figure is the aver-
age of two occurrences of the phrase. As in-
dicated in figure 4a, it took longer to say the
phrase in the samples recorded near the
time of the accident. Figure 4b (which is an-
other plot of the same data) shows that this
effect was more pronounced for the vowels
and the /v/ of Valdez. If we take this as an
index of speaking rate, it is reasonable to
conclude from these measurements that the
captain was speaking more slowly in the
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samples recorded around the time of the ac-
cident than in the other samples on the
NTSB tape.

One occurrence of the word Valdez oc-
curred in the televised interview. This word
was spoken in a discourse position which
was comparable to that of Exxon Valdez in
the NTSB recordings (utterance-initial posi-
tion in a short sentence). Figure 5a com-
pares the duration of Valdez in the inter-

Fig. 4. Durations of speech seg-
ments in the phrase Exxon Valdez at
the different times of recording. a Cu-
mulative durations indicating the
overall increase in duration. b Dura-
tions grouped by segments showing
which segments had increased dura-
tion around the time of the accident.

view with the occurrences of this word in
the NTSB recordings. This comparison sug-
gests that the captain was speaking at his
normal rate in the recording made 33 h be-
fore the accident, but more slowly in the
recordings made around the time of the ac-
cident.

We also measured the duration of the
phrase thirteen and sixteen which occurred
in discourse-final position in three of the
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a Duration of "Valdez"

33 Hrs before
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9 Hrs after |

Interview

33 Hrs before

Fig. 5. a Duration of the word Valdez
from the NTSB tapes (data is the same as
that in fig. 4) compared with the same
word produced in a similar discourse po-
sition in the televised interview. b Dura-
tion of the phrase thirteen and sixteen
from recordings made at three times
around the time of the accident.

recordings (33 h before the accident, | h be-
fore the accident, and | h after the acci-
dent). These measurements are shown in
figure Sb. As with the durations of the
phrase Exxon Valdez, these analyses indi-
cate that Captain Hazelwood was speaking
more slowly in the recordings made around
the time of the accident than in the recor-
ding made 33 h before the accident.
Durational changes are perhaps the most
reliable effects we have found in the NTSB
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200 400 600 800

Duration (ms)

b Duration of "thirteen and sixteen"
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400 500 600 700 800 900 1000 1100

Duration (ms)

recordings, and they suggest that Captain
Hazelwood was speaking more slowly than
normal around the time of the accident.
These changes in duration are consistent
with the laboratory findings reported for
speech produced while intoxicated, in noisy
environments, under stress (for some sub-
jects), and in simulations of the emotions
fear, anger, and sorrow (table 2).

Figure 6a shows voice F;, averaged across
the phrase Exxon Valdez in each of the



232

Johnson/Pisoni/Bernacki

Fy Measurements

90
s()-
704
=
A
T w0
[=]
= { ® Exxon Valdez
501 A 13-16
® B nterview
401
30 T T T T T -
-33 -1 0 +1 +9 cC
Time of Recording
b Fo Jitter Measurements
0.25 [
® Exxon Valdez
0.20 A 1316
B Interview
0.159
I
o
= Fig. 6. a Average Fy in Exxon Val-
0.104 y i &
dez, thirteen and sixteen and from one
sentence in the televised interview as
0.05 a function of time of recording. b Fy
jitter measurements from the same
0.00 ™ r T - . Y speech samples.
-33 -1 ] +1 +9 CcC

Time of Recording

speech samples, the phrase thirteen and six-
teen from three of the NTSB recordings,
and one sentence from the televised inter-
view. We took F, measurements from each
of the four vowels in Exxon Valdez (which
occurred at least twice in each of the NTSB
recordings). We were not able to measure
F, in all of the vowels in thirteen and sixteen
because this phrase occurred in utterance-
final position in the recordings and was

produced, in some cases, with quite low am-
plitude. Each point in figure 6 for thirteen
and sixteen is based on measurements from
at least two vowels. The last point in each
panel shows data averaged across a sen-
tence in the televised interview.

(The sentence was, ‘I would say the same
for the state of Alaska, they came after me,
hammer and tong.)

The normal pitch detection algorithms
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were unable to operate on the NTSB speech
samples because of the amount of back-
ground noise; therefore, we modified an
existing vocal jitter algorithm [see Pinto and
Titze, 1990, for a recent review]. We adapt-
ed the existing technique by rectifying and
low-pass filtering the signal (to remove
high-frequency noise) before attempting to
find successive pitch periods. The results of
the algorithm were visually confirmed and
then F, and jitter measures calculated. We
calculated Davis’s [1976] pitch perturbation
quotient, which is the ratio of the ‘average
perturbation measured from the pitch
period’ and the average pitch period (pp.
51, 123).

As figure 6a shows, voice F; was dra-
matically lower in the samples recorded
around the time of the accident. (F; as low
as that seen here normally occurs only in a
mode of vocal fold vibration called creak,
or pulse register phonation. In English, this
mode of vocal fold vibration is usually seen
only at the ends of declarative sentences, al-
though this varies somewhat from speaker
to speaker.) This finding is consistent with
previous studies of the effects of intoxica-
tion (for most subjects), stress (some sub-
jects), and (portrayals of) sorrow. Also, this
panel shows the average F, range in each
speech sample. The different samples can-
not be distinguished by their F, range (ex-
cept perhaps the items from the recording
made 9 h after the accident), but there was a
trend for items near the time of the accident
to have more F jitter (fig. 6b). This finding
is consistent with the studies listed in table
2, which found increases in jitter or stan-
dard deviation of F;, given the assumption
above that increased jitter may produce an
increase in SD F, (noise, workload, fear,
anger, and intoxication).

In summary, the overall pattern of
acoustic-phonetic changes which we have
observed here is consistent (to varying de-
grees) with the findings of previous con-
trolled laboratory studies of three effects on
speech production: intoxication, stress, and
sorrow. We will review here the ways in
which these data are consistent with the ef-
fects of intoxication and will return to stress
and sorrow in the conclusion. In listening
to the recordings, we observed a number of
gross misarticulations and segmental misar-
ticulations around the time of the accident.
We also found acoustic evidence in two of
the recordings made near the time of the ac-
cident (0, +1) for a misarticulation of /s/.
Finally, we found that Captain Hazelwood
was speaking more slowly, and used a
lower Fy with more Fj jitter around the time
of the accident as compared with his speech
33 h before the accident and his speech in
the televised interview.

Conclusions

We have presented a priori arguments
which suggest that the effects of alcohol on
speech production are, in principle, unique
due to the local and global physiological ef-
fects of alcohol and the complexity of
speech motor control. In a review of pre-
vious research on environmental and emo-
tional effects of alcohol we found that this
expectation was borne out within limits. Be-
fore discussing the possible explanations of
the data reported here we will discuss three
limitations on our ability to determine upon
the basis of voice recordings whether Cap-
tain Hazelwood was intoxicated at the time
of the accident.

First, there are gaps in the previous re-
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search literature; both in research concern-
ing the effects of alcohol on speech produc-
tion and in research on other effects on
speech production. For instance, we have
reported here measurements of vocal jitter.
This is the first time that vocal jitter mea-
surements have been made in any study of
the effects of alcohol on speech. We also
noted several gaps in previous research on
environmental and emotional effects on
speech. For instance, we are not aware of
any research which has attempted to ex-
plore the effects of fatigue on speech, or
any research which explores the ways in
which various environmental and/or emo-
tional factors may interact in speech pro-
duction. In the absence of these types of ad-
ditional data, we cannot rule out a number
of possible causes for the changes we have
observed in Captain Hazelwood’s speech.

Second, in addition to a lack of breadth
in the existing knowledge, there is a lack of
depth. There are no normative data on the
effects of alcohol on speech production in
the published literature. We do not know
how general the effects summarized in table
| are. Normative data are also unavailable
for the effects summarized in table 2. This
lack of data makes it difficult for us to offer
reliable probabilistic statements such as,
‘Captain Hazelwood had this pattern of
changes and 95%0 of the people who exhib-
ited this pattern were intoxicated while only
10% of fatigued speakers show this pat-
tern.” Currently, statements of this type are
based on studies which employed relatively
small numbers of talkers.

Third, the recordings which we analyzed
in the present case limited the type and
quality of the acoustic measurements we
could make. For instance, it would have
been very informative to know whether the

captain was speaking more loudly or softly
in the recordings near the time of the acci-
dent. This measure was not possible with
the NTSB recordings because automatic
gain control was used in the transmission
equipment and the placement of the micro-
phone in relation to the speaker’s lips was
(presumably) variable. Furthermore, the
variability of the background noise made
the calculation of long-term average spectra
invalid, though Klingholz et al. [1988]
found reliable changes in long-term average
spectra when speakers were intoxicated.
Our analysis of fricative spectra was also
hampered by the presence of background
noise and the frequency response charac-
teristics of the transmission equipment. Fi-
nally, the complicated history of the record-
ing made 33 h before the accident casts
some doubt on the measurements taken
from that recording. We have outlined the
magnitude of error which may have result-
ed from this situation and have taken mea-
surements from a televised interview to
serve as another ‘control’ condition. Still,
this extra link in the history of the record-
ing introduces an additional source of error
that would not have existed if the original
Coast Guard recording had not been
erased.

With these limitations in mind, we now
turn to several possible explanations of the
pattern of changes found in Captain Hazel-
wood’s speech. Considering only the supra-
segmental effects listed in table 2, there are
three effects which are consistent with the
pattern of changes observed in Captain Ha-
zelwood’s speech. Only stress, sorrow, and
intoxication have been found to involve
both increased duration and decreased F,.

One could easily suppose that the acci-
dent was a stress-inducing factor and thus
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possibly that the pattern of changes ob-
served here are the result of psychological
stress. There are three problems with this
hypothesis. First, there are no reports in the
literature of an individual displaying both
F, decrease and duration increase in a
stressful situation. For the speakers studied
by Streeter et al. [1983] F; and duration were
positively correlated, for one speaker F; and
duration increased while for the other F,
and duration decreased. Captain Hazel-
wood showed a negative correlation, F; de-
creased and duration increased. Other stud-
ies of stress have also found a negative cor-
relation, but in the opposite direction (F, in-
crease and duration decrease). Second, in
all studies of stress which have included
measurements of F jitter, jitter decreased in
the stress condition. This may not be a very
important consideration because these stud-
ies also found an increase in F;, and there
appears to be a correlation between mea-
sured jitter and F,. Third, the pattern of
changes which we observed in the captain’s
speech were present in the recordings made
| h before the accident. Therefore, if we as-
sume that the observed changes were due to
increased stress, we also must assume that
this stress was not a result of the accident
because the phonetic changes appeared be-
fore the accident.

We could also suppose the captain re-
sponded to the accident with sorrow or de-
pression, but again this does not account
for the pattern of changes observed here be-
cause the changes in duration and F, ap-
peared before the accident occurred. There-
fore, if we wish to explain the pattern of re-
sults in terms of increased stress or sorrow
we must assume that the event(s) which pre-
cipitated these conditions occurred prior to
the accident.

There are two other effects that have not
been previously studied which nonetheless
are possible explanations of the phenomena
observed in the captain’s speech. We have
no acoustic data on the changes in speech
which could be expected when the speaker
has recently been awakened. As mentioned
earlier, our subjective impression is that
there may be some similarities between
speech produced in this situation and
speech produced while intoxicated. One
problem with this explanation of the pat-
tern of changes found in the captains’s
speech is that the pattern persisted over a
period of a least 10 h. It seems unlikely that
the effects of being recently awakened
would extend over such a long time, espe-
cially in these circumstances.

(Note that this argument about the per-
sistence of the effects does not apply to the
intoxication explanation. At an absorption
rate of 0.015%/h [Wallgren and Barry,
1970] it takes over 10 h for blood alcohol
level to go from 0.2% [well below the level
for a fatal dose, which is about 0.49%0] to
0.059%0.)

We pointed out earlier that there are also
some subjective similarities between the ef-
fects of fatigue and intoxication on speech
production (we are not talking here about
vocal fatigue, but rather general fatigue).
So, it might be possible to consider the pat-
tern of changes found here to be the results
of fatigue. There is one aspect of the data
presented above on Captain Hazelwood's
speech which does not fit this explanation
of the changes. The duration and F, mea-
surements from the recording made 9 h af-
ter the accident (when we would expect the
greatest amount of fatigue) are more similar
to the values seen in the ‘control’ recordings
(=33, CC) than are the measurements made
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from the recordings made within 1 h of the
accident. If we assume that the changes ob-
served here were caused by fatigue, we
must also assume that the effects of this fa-
tigue diminished over time.

The only inconsistency in considering in-
toxication as an explanation of the changes
observed in Captain Hazelwood’s speech
has to do with the data on his pronuncia-
tion of /s/. Why was there no evidence of
an /s/-to-/[/ change in the recording made
1 h before the accident?

There is evidently no simple explanation
of the pattern of changes observed in these
recordings. Considering the data as a
whole, intoxication seems to be the simplest
explanation, but these data are, in the final
analysis, inconclusive. The evidence is
necessarily inconclusive because one can
imagine a number of complicated scenarios
involving combinations of factors (some of
which have unknown consequences for
speech production) which might account
for the observed changes. For this reason, it
is not currently possible to arrive at a de-
finitive conclusion concerning the physical
state of the speaker upon the basis of voice
recordings. Laboratory studies specifically
attempt to eliminate complex interactions
between factors by holding all conditions
constant except the independent variable,
and while results from controlled studies
have some utility in evaluating speech pat-
terns in real-life situations, it is important to
keep in mind the limitations which neces-
sarily exist in making inferences from con-
trolled studies to situations in real life
which involve a wide variety of unknown
conditions. However, with additional re-
search it may be possible to determine
the limits and utility of this application
of acoustic-phonetic analysis.
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