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ABSTRACT

A case is made for global perceptual
strategies. In poor listening conditions subjects
appear to be able to perceive and comprehend
elliptic speech, albeit with some difficulty. If
‘sufficient semantic information is available, they
seem capable of basing themselves on global
characteristics in speech sounds, particularly on
information related to place of articulation. The
study pleads for the formulation of perceptual
features to obtain a better insight into the
processes operative in speech perception.

1. INTRODUCTION

When Zue (1) showed that a trained spectrogram
reader can recognize a substantial number of words
from spectral information, the discussion on
invariant features in speech perception gained new
ground. In the seventies many linguists did not
take invariance very seriously, although some
invariant features were generally accepted (see
e.g. 2 and 3). Naturally, Zue’s success in reading
spectrograms was partly caused by extensive use of
linguistic expectancy to solve ambiguities, but it
made clear that some sort of invariance must be

present in speech, although perhaps of a different

nature than had traditionally been accepted in
terms of linguistic features.

Carlson, Elenius, Granstrom and Hunnicut (4)
and more recently Veenhof and Bloothooft (5) have
shown that it may theoretically be possible in many
cases to come a long way in arriving at word
identification by specifying the acoustic
information on the basis of broad phonetic
categories. They showed that a classification of
phonemes into global categories such as plosives,
nasals, fricatives, remaining sonorant or vowel,
often provides sufficient information to limit the
number of words in a cohort for recognition to take
place. This insight that word recognition may be
feasible on the ©basis of a broad phonetic
classification has proved helpful in automatic
speech recognition (6,7).
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However, it is by no means certain if human
perception can adequately use a broad phonetic
classification in the process of listening to
connected speech, and if so, it remains
questionable whether listeners base themselves on
the same phonetic categories as are frequently
adopted in theoretical studies. If we wish to find
out what phonetic underlying features can be used
in  human ‘perception, it is imperative that
listening tasks are constructed which vary the
amount of acoustic information along global
phonetic parameters. An attempt at such a task was
an informal study by Ringeling (8), who
demonstrated that Dutch listeners could fairly
successfully identify sentences in which all
consonants had been replaced for consonants that
were similar with regard to place of articulation,
in such a way that the phonotactic constraints of
Dutch were not violated. The use of elliptic speech
(see e.g. 9) thus served to manipulate the amount
of acoustic information in the speech signal. An
English example in ordinary orthography would be
the conversion of the saying: “no place like home”
to ‘mow crafe wipone’. The resulting sentences
sounded Dutch, but could not readily be understood.
However, when redundancy of the acoustic signal was
reduced by adding noise to the sentences, it turned
out that listeners produced much better recognition
scores on the same material. One of the most
interesting findings of this study was that
subjects were rarely aware of the manipulations
that had been carried out. This suggests that a
global phonetic analysis had taken place on the
basis of similarity of place of articulation. In
view of the task at hand, which drew heavily on an
intensive use of linguistic expectancy, sentences
with constraining ‘tontext were understood much
better than those with relatively neutral content.

Van der Woude (10) based a study on this idea.
He investigated the theoretical possibility of
arriving at unique identifiability of words by
grouping consonants together, either on the basis
of manner of articulation, or on the basis of place
of articulation. On the basis of a random sample of
100 words from 68,000 word tokens (12,000 word
types), he found that specification of Dutch words
in terms of broad phonetic classes thus defined,
did not yield a clear theoretical advantage to
either classification. In his definition of
patterns, leaving vowel-quality intact, he found
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72 % unique identifiability’forlgr:uzzngriggiTzi?E:
asis of changes in plac a
gﬁd §§ez ?or grouping then toge?her on the bas1sf2£
changes in manner of articulatlon.' Moreover,t or
those words that could theQrgtxcally n? o
identified uniquely, the remaining cohgrt o ord
candidates from a 12,000 wordtype !exxco; N he
exceeded four and was only two in 80 % o
1nSta¥::f even if theoretically both typesti:{
classification would seem to qua%xfy ?5 'POte?dent
approaches for listening strategies, 3t 1§1eYtse1f
that actual speech perception nee§ not avail 1 it
of these theoretical possibilities. In fa§t, by
would seem highly unlikely that both strategies ?he
equally effective, since it is wgll-known fro;aSis
literature that perceptual confu519ns on the asts
of changes in place of articulaglon are muc noof
frequent than those on the basis of lannerf of
articulation (see e.g. 1l). It was there oh
decided to undertake a preliminary study 1§to the
perceptual relevance of global phonetic lls;enxgg
strategies on the basis of place-changed a
~changed consonants.
lanne;ii?e?gand Isard as early as 1963'(12), showed
that listeners can extract the linguistic conteni
of a message if they have access to norma
syntactic and semantic information yhen speechh}s
presented under high 1evel§ of noise. If tt;s
linguistic information is also deterlorated! 1 e
listeners identification will suffer‘ accordingly.
We therefore expect that in the experment repm"ted
on here, sentences with high semantic constraints
will be identified correctly more often than
neutrally constrained sentences. More9ver, on the
basis of what was stated above, we will expect to
find a discrepancy in recognition scores based on
the amount of phonetic information. If the
place-changed and manner-changed co?s?nants lead to
unique word patterns, better recognition scores are
expected than if the resulting word patterns leave
roon for ambiguities.

2. METHOD
2.1 Stimuli

21  Sentences were synthesized using the
diphone synthesis systenm, develope§ by Elsendoorn
(13). By using diphones it was possible to preserve
a natural flow of speech while changing the
consonants at will. Each sentence was synthesized
in three conditions: )
place-changes: all consonants were sysgenat1cally
replaced for other consonants differing in place 9f
articulation, in conformity with the phonotactic
rules of Dutch. The feature voiced/unvoiced
in these elliptic sentences remained unaffected.
manner-changes: idem, but differing in manner of
articulation. ‘
control: these were stimuli syntesized without
manipulation of consonant features.

Three types of sentences were constructed:

consisting of short words (mm.unique
Szzt:&:egn terms of global perceptual Categorieg
gnd neutrally constrained, .
entences consisting of long words (unqu? pattery
jn teres of global perceptual categories) g4
ly constrained, ) . .
giztziés7sayings, semantically highly constraineq,

In corresponding sentences ip the' three
onditions, overall intensity and intonation wer
X t identical. All sentences were masked wity
kegse at an S/N-ratio of -6 dB, which had resulteq
noi a 90 % correct recognition score of tp,
}:ontrol' sentences in a pilot experiment. Nojge
was turned on 1 second before the signal starteg
and turned off .5 s after the speech signal hyq

ended.

2.2 Subjects

21 native speakers of Dutch, aged 20 to 30,
served as unpaid participants. No subject reported
hearing defects. They were neybers of staff or
students at Utrecht University. §o?e vere
phonetically trained, but none wer? familiar with
the stimuli or the aims of the experiment.

2.3 Procedure

In a sound treated room, subjects listened to
3 trial sentences and 18 target sentences. The
stimuli were presented binaurally over -headphmms
at a comfortable listening level, wusing a Revox
tape recorder. Each sentence was repeated after s
1 second interval. Items were preceded by a short
200 Hz tone. After each pair of senten;es thergum
an interval of circa 13 seconds to give subjects
time to write down their responses. Subjects were
encouraged to write down partial responses as well,
even if those consisted of separate sounds,
fragments of sentences that seemed anomaloug ete,
Each subject heard each sentence only in one
condition to prevent learning effects.

3. RESULIS

Reactions from the subjects and the amount of
missing data (63 % of the sentences, 35 % of the
content words) indicated that the task was
considered quite difficult. In some instances
subjects were aware that the material had been

nipulated. e
" pIn table I the number of correctly ident{f}ed
content words is presented. The condition
MANNER-CHANGED was by far the most unintelllglbhé
On average only 3 % of the words were rePOIQH
correctly. For neutrally constrained sentences ;
the PLACE-CHANGED condition circa 10 % of the e
were identified correctly. It 1s in this ?ondﬂ:;
that the powerful influence of llngthU
constraints can most clearly be observed. In hig
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constrained sentences over 50 % of the words were
recognized. No differences are found within
conditions with respect to the type of words
presented.  Apparently greater word-length, and
consequently a higher degree of uniqueness of the
word pattern, did not facilitate recognition,

Table I: Number of word responses, subdivided into
words reported correctly, incorrectly and failure
to respond, for neutrally and highly constrained
sentences, in the experimental conditions CONTROL,
PLACE~CHANGED and MANNER-CHANGED

HIGHLY CONSTRAINED

CONTROL PLACE MANNER
CHANGED CHANGED
N 141 152 141
Correct 127 (90%) 79 (52%) 5 (32)

Incorrect 3 (22) 28 (18%1) 64 (451)
Missing 11 (8%) 45 (303) 72 (527)

NEUTRALLY CONSTRAINED
UNIQUE WORD-PATTERN

CONTROL PLACE MANNER
CHANGED CHANGED
N 160 146 148
Correct 119 (74%) 12 ( 82) 4 (23)

Incorrect 14 ( 9%) 35 (24%) 27 (192)
Missing 27 (173) 99 (687) 117 (79%)

NON-UNIQUE WORD-PATTERN

CONTROL PLACE MANNER
CHANGED CHANGED
N 121 120 119
Correct 90 (742) 12 (102) 5 ( 4%)
Incorrect 17 (14%) 43 (3512) 43 (35%)
Missing 14 (122) 65 (55%) 71 (61%)

From the data it appeared that correct
sentence recognition in the PLACE-CHANGED and
MANNER-CHANGED conditions was rare. 90 % of the
control sentences were reported correctly when the
context was highly constrained. In  neutrally
constrained sentences this percentage was circa
50 %. For the Banipulated versions correct sentence
recognition was always below 5 %, except for highly
constrained sentences in  the  PLACE-CHANGED

condition, which obtained a 34 % correct
recognition score.

4. DISCUSSION AND CONCLUSIONS

In this experiment we hoped to learn something
about the type of acoustic and non-sensory
information listeners may  employ when poor
listening circumstances force them to use a global
perceptual analysis. Because of the preliminary
nature of the experiment, our conclusions can only
establish promising areas for further research:

a. Changing manner of articulation does not
appear to be a salient characteristic in
the identification of spoken sentences.

b. Changing place of articulation appeared to
yield satisfactory results in  case
sufficient linguistic constraints were
available. Subjects® comments indicated
that the message can be reconstructed

properly and phonetic distortions mostly go
unnot iced.

¢. Word structure did not turn out to help the
listeners in  identifying the words
correctly, although subjects did attempt to
respond to uniquely patterned words mOre
frequently than to non-uniquely patterned
words, as can be seen from the percentages
of incorrectly identified words. It may
well be that uniqueness of word-pattern
plays a more salient part if stimulus
material is  presented in which word

boundaries are better available to the
listener,

Although the outcome of the experiment clearly
shows that PLACE-CHANGED manipulation plays a more
important part than MANNER-CHANGED manipulation,
the actual recognition scores remain dis-
appointingly low if linguistic constraints are
weak. It should be kept in mind, however, that our
quest for global perceptual features was hampered
by the choice of synthesized material. We did not
synthesize plosive-like sounds or nasal-like
sounds, but used substitutions of existing
phonenmes. This means that the listeners were
purposely deluded. 1In view of this, the outcome of
the experiment is quite promising . It may well be
possible to arrive at core-features underlying
perception in the future.

These features may be rather different from
what we have traditionally used in articulatory or °
linguistic terminology. It is, for instance,
noteworthy that in  multidimensional scaling
techniques, when applied to perceptual studies, the
dimensions often do not correspond. to traditional
feature classifications. Similarly, in studies on
broad phonetic classifications (such as 4 and 5)
non-traditional as well as traditional “features
are used.

We find it important that research should be
carried out into the perceptually salient features
S0 as to arrive at a set of variables that are of
primary  importance to speech perception. The
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variables in use now, are somet imes haphagard and
only used ’because they appear to work’. If we
obtain a better understanding of the fun@amentally
important variables in speech perce?tlop, many
issues may become more accessible. Notice 1n Fhls
respect that Van der Woude (6) found no theoretical
reason to prefer a classification based on
PLACE-CHANGED consonants to one that was based on
MANNER-CHANGED consonants. But actual perceptual
strategies evidently favour a PLACE-CHANGED
approach. Nevertheless, we are by no means certain
yet, if a PLACE-CHANGED categorization is the §est
possible approach in global listening s?rateg1es.
It would be highly counterintuitive if this was not
the case, but we will need to lay bgre the
fundamental features of speech perception first.
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