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University of Stockholm (PERILUS) 
No. XII, 1991, pp 1-24 

On the communicative process: 
Speaker-listener interaction and the 

development of speech 1 
Bjorn Lindblom 

Abstract 
The reason why human communication is so powerful is tied not only to 
language but also to the phenomenon of communicative empathy. When 
communication breaks down, the causes may be found in the signal, or the 
transmission channel linking sender and receiver. But it is important to 
recognize that they may also derive from the sender's failure to "take the 
receiver's point of view" and to adapt to it constructively and in accordance 
with his communicative goals. This paper reviews current research in 
several research areas: The development of more natural voice quality in 
speech synthesizers for the vocally handicapped as well as experimental 
work on the production, perception and development of normal speech. On 
the basis of the evidence reviewed a model is presented that makes 
sender-receiver empathy and mutuality the key element of successful 
nondisabled as well as augmentative and alternative communication. 

1. The multiple modes of human communication 
Communication, the overarching theme of the present conference, is a tremendously 
rich topic (Figure 1). 

It includes forms of verbal communication such as speech, written language and 
sign language. It comprises non-verbal modes that do not invoke language proper, 
but that nevertheless constitute extremely important aspects of how we communi
cate (Vanderheiden and Lloyd 1986): As we interact, we make various gestures
some vocal and audible, others non-vocal like patterns of eye contact and move
ments of the face and the body. Whether intentional or not, these behaviors carry a 
great deal of communicative significance. Like other primates and mammals, 
human beings use all senses to some extent in communicating (Tanner and Zihlman 
1976). My focus will be on speech but my main point will be more general. 

This text is based on a Keynote Address presented at The Fourth Biennial International 
ISAAC Conference on Augmentative and Alternative Communication held in Stock
holm, August 1990. 



2 Lindblom 

1.1 A standard model of communication 

To start our discussion, we need a simple framework. I have chosen a situation 
involving the game of chess. Imagine a rainy Swedish summer day and two players 
commmunicating their moves over the telephone. 

This hypothetical game illustrates some general aspects of any communicative 
process (Figure 2). There is a sender and there is a receiver. There is a signal which 

is transmitted over a channel. This is the traditional way of drawing a diagram of 
communication (Campbell 1982), but to capture aspects unique to humans, it needs 
elaboration. 

It is important to note that, for communication to be successful, the sender and 
the receiver must have several things in common. They should have a common 
frame of reference. In the case of the chess game, that means that they should both 
know the grammar of chess, the rules of the game. And second, they should both 
know how to describe their moves in some way, say in terms of letters and numbers, 
e g "Black moves bishop from A5 to C7". In other words, they should have the 
same convention for encoding and decoding signals. 

VOCAL NON-VOCAL 

SIGN, 

VERBAL SPEECH 
WRITTEN 

LANGUAGE 

CRYING, FACIAL 

EXPRESSION, 
LAUGHTER, 

BODY 
NON-VERBAL 

ETC LANGUAGE 

Figure 1. The multiple modes of human communication. For a similar model see Vander
heiden and Lloyd (1986). 

PERILUS XII, 1991 



The communicative process 3 

This shared knowledge, or mutuality, is the key to successful communication. 
As we shall see, in the case of a uniquely human process like speech, it takes on a 
highly complex and elaborate form. 

To illustrate my thesis, I fIrst turn to two subtopics, the organization of adult 
speech communication and the development of speech. I will then return to the 
question of how the simple sender-receiver model should be elaborated. 

A MODEL OF 
COMMUNICATION 

c::J MESSAGE SET 

SELECTION� SENDER 
SIGNAL 
ENCODING 

SIGNAL 
DECODING 

TRANSMISSION 

RECOGNJTJO� RECEIVER c:; MESSAGE SET 

Figure 2. A standard model of communication 

Linguistics, Stockholm 
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2. Mutuality of adult speaker-listener interactions 

2.1 Visible speech 

After the second world war it became technically possible to display the acoustic 
signals of speech in the fonn of so-called Visible Speech patterns or spectrograms 
(Potter, Kopp and Green 1947). This technique raised hopes of finding new ways 
of facilitating communication with the deaf and hard of hearing. However, Visible 
Speech proved very hard to read. Today, more than 40 years later, even those with 
considerable expertise in acoustic phonetics, do not read spectrograms fluently 
(Fant 1984). As a result we are unable to offer those with speech perception 
handicaps, significant technological help in the fonn of automatic speech recogni
tion. 

To see how nonnal speaker-listener interaction works let us spend a few 
minutes explaining why it is so hard to teach computers to use speech like we do. 

2.2 Signal variability 

The overriding problem for speech-related handicap technology is the tremendous 
variability of the speech wave. There are basically three aspects to this problem: 
First, the speech we hear under most natural conditions is noisy. Second, it varies 
a great deal because different voices have individual physical characteristics. Third, 
the pronunciation of a certain word by a given speaker is not fixed but undergoes 
drastic changes depending upon the circumstances under which it is spoken. 

2.3 Speech in noise 

Take speech in noise which creates severe problems for the hard of hearing but 
remains surprisingly intelligible for nonnal listeners (Hawley 1977). 

The top of Figure 3 shows a spectrogram of a signal recorded in a lecture room 
very close to the talker's lips. The spectrogram below shows the same utterance 
simultaneously recorded some distance away from the speaker. The effects of noise 
and room acoustics are clearly seen. Both signals are intelligible but they produce 

visible speech patterns that can hardly be said to resemble each other (Lundin 1982). 
Apparently the "spectrograph" of human hearing works differently from the stan
dard instrument used here and in many other laboratories.

2 

2.4 Auditory mechanisms 

But investigators are beginning to understand better how biological mechanisms 
process sound. 

2 The author is indebted to Inger Karlsson and Erik Jansson of RIT, Stockholm, for 
making these spectrograms available. 

PERILUS XII, 1991 



The communicative process 5 

In Figure 4 are some spectrograms of a different sort. They were derived from 
computer simulations based on physiological measurements of auditory nerve 
activity in the cat (Deng, Geisler and Greenberg 1988). The four cells of the matrix 
all pertain to the same syllable [mu]. The columns compare analyses with and 
without noise. The rows show two different models. In the top row, a model that 
resembles the visible speech spectrograph in certain respects. The bottom panels 
are from a model with more realistic physiological features. What is noteworthy 

here is brought out by comparing the perfonnance of the models on the noisy and 
the noise-free stimuli. We do so by making a pairwise comparison in each row. We 
see that the more sophisticated physiological model of the bottom right panel 
manages to preserve aspects of the noise-free pattern much better than the model 
on the top line. 

1 Close-talk microphone 

Lecture room microphone 
11,11.111 .1, ,!. 'I 

!ji'l' 
, ,i \i� . .'1 ; iii 

. 
. I", /,1 

1!1:�llI!I'\h ii' III 

Figure 3. Spectrograms of the same Swedish utterance "Nu iir det stjiilk" (8G) recorded 
close to the speaker's lips and away from the speaker somewhere in the reverberant room. 

Linguistics, Stockholm 
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We are justified in concluding that here is the beginning of a physiological 
explanation for the tendency of speech to remain intelligible also under noisy 
conditions. 

2.5 Speech perception: The signal is not everything 

But we should hasten to add that auditory mechanisms cannot provide the whole 
explanation. Consider the following two sentences: 

Q: How much is two plus three? 
A: Two plus three should equal five. 

(At this point during the lecture a tape illustration of speech embedded in noise was 
presented. The author remarked: "By embedding the taped answer to the question 
in noise and by showing you a slide with the answer in written form, I intentionally 
made it very difficult for you to hear what was actually said. What you heard was 
a deliberate mispronunciation, namely the following phrase plus noise": 

A: Poo klusfree sould epwal thive. 
Those remarks were followed by a tape recording of the same utterance this time 
without the noise). 

The point made here is that speech perception is not driven exclusively by the 
signal. Linguistic and other knowledge influences what we hear. It was difficult to 

identify every detail of what was actually said in the noise, because, as native and 
non-native speakers of English, we subconsciously could not help wanting to hear 
the signal as a meaningful English phrase. Knowledge stored in our brains was 
imposed on the signal. My claim is that that is the way that speech perception works 
normally and in general. It is easy to see that, with an organization like that, speech 
perception can remain highly robust also under poor signal conditions. 

Summarizing, let me say that evolution has built our ears to be efficient 
processors of noisy signals. It has also introduced redundancy into language 
structure which increases the ability of listeners to decode messages carried by often 
incomplete and partial signals. 

2.6 Voice quality and individual speaker characteristics 

Synthetic speech has greatly enhanced the communicative abilities of those with 
speech production handicaps (Galyas 1990, Klatt 1987, Carlson, Granstrom and 
Hunnicutt 1990). However, the possibilities to adapt the sound of the synthesizer 
to a voice quality that meets the user's individual needs and satisfies her and his 
personal preferences, have so far been limited. Here is a summary of some recent 
progress that bears on that problem. 

Our first example comes from research by Carlson, Granstrom and Karlsson 
( 1990) at RIT in Stockholm. They recently developed a method which removes 
many of the previous difficulties with synthesizing female speech and which now 
seems capable of producing a whole range of voice types with high qUality. 

PERILUS XII, 1991 
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8 Lindblom 

(A tape with four versions of the Swedish phrase Pia odlar bid violer was played 
at this point: First the original recording. Then a synthetic version produced 
according to the old RIT technique. Third a sample of the improved synthesis 
procedure and, fmally, the original once more).

3 

The improvements are due to several factors. For one thing, it is important to 
realize that behind these results lie many years of basic research - notably by the 
RIT group (Carlson et al 1989, Fant, Liljencrants and Lin 1985, Gobi 1988, Karlsson 

1989) but also by others (Gauffin and Hammarberg in preparation, Rothenberg et 
a1 1975, Klatt and Klatt 1990) - research that has been directed towards improving 
our theoretical understanding of how human voice production works. Here the fruits 
of those efforts are beginning to emerge. 

A second example comes from research by Hartmut Traunmiiller at Stockholm 
University (Traunmiiller 1988, Traunmiiller, Branderud and Bigestans 1989). He 
has proposed a method that can be used to change a recorded voice into the voice 
of another person. This is done by manipulating utterances by means of a computer 
program. The results produce highly realistic transformations of the original voice. 
Speakers of both sexes and of widely differing ages can easily be generated. And 

in principle Traunmiiller's method has the advantage that age variations can be 
introduced in a continuous manner. 

(Tape illustration: Four question-answer pairs all derived from a single record
ing of a female speaker (age 30) saying: Hur mycket iir klockan? (What is the time?) 
followed by K vart over Atta (A quarter past eight). The parameters of the synthesis 
were set to produce a male speaker about 30 years old, a four-year old and a 
twelve-year-old child). 

The implication of these results for handicap technology is that it is now possible 
to give a synthesizer some of the individuality and naturalness that are psychologi
cally so essential for its user. 

Next let us consider contextual and situational factors. 

2.7 Coarticulation and reduction processes 

One lesson taught by several decades of acoustic phonetic research is that vowels 

and consonants do not arrange themselves along the time axis as clearly separated 
discrete events. Their acoustic correlates do not resemble beads on a necklace. 
According to one much quoted description, they are more like fresh eggs passed 
through the rollers of a wringer onto a moving belt (Hockett 1955). 

Strings of phonemes are coarticulated, that is they are produced by articulatory 
gestures that overlap in time and whose acoustic consequences are distributed in 

3 The author is indebted to Rolf Carlson and BjOrn GranstrOm of RIT, Stockholm, and 
to Hartmut TraunmOlier of Stockholm University, for providing the illustrative synthetic 
speech samples of the present paper. 
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The communicative process 9 

intervals that also overlap temporally and that interact with each other in subtle and 
complex ways. 

As a result of coarticulation speech sounds never occur in completely "pure 
form" in the speech wave. A syllable, vowel or consonant is always colored by the 
properties of the sounds that precede and follow it. 

Another complication arises from variations in speaking style. Consider for a 
moment the drastic modifications presented by the German examples of Figure 5 
taken from work by Kohler (Kohler 1990). Attempts have been made to incorporate 
such transforms into systems for text-to-speech generation to produce more natural 
sounding synthetic speech (Bladon et alI987). Note the continuity and the radical 
nature of the changes as we go from the elaborate forms for clear speech at the top 
to the highly "eroded" pronunciation on the bottom line of Figure 5. 

2.8 Intelligibility of casual speech 

We should stress that variations of this kind are typical of how we speak (Lindblom 
1990). They are not specific to German, nor are they curiosities that phoneticians 

REDUCTION (GERMAN) 

CLEAR SPEECH 

rnL th de:rn v'a:gan 
rnt th ge:rn v'a:gan 
rnt th gam v'a:gan 
mt th gm v'a:gn 
mt t gm v'a:gn 
mLp 1Jm v'a:gn 
mtp l}rn v'a:gl) 
mt 1Jrn v'a:gI) 
rnL bm v'a:gI) 
roL mm v'a:I)I) 
rot m v'a:l) 1 

CASUAL SPEECH 

Figure 5. A continuum of pronunciations of the German phrase "mit dem Wagen" ranging 
from clear "hyper-forms" (top line) to casual more reduced "hypo-forms" (bottom line). 
Source of data: Kohler (1990). 
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collect like rare stamps. It can be shown experimentally that casual speech tends to 
remain intelligible despite far-reaching reductions. 

(Author: "To convince you that that is in fact true, we shall need another tape 
illustration. " 

Q (author): How many came to the lecture? 
TAPE: Less thanfive. 

Q (author): What was your homework? 
TAPE: Lesson five. 
I assume that you had no trouble understanding the utterances on the tape. In 

terms of semantics we heard two different utterances, but in terms of physical 

phonetics the same recording was simply played twice identically. Nevertheless, in 
a certain sense, I can say that I "understood", I "perceived" or I "heard" the word 
than in the first case although it was not spoken very clearly at all. Such reductions 
often go unnoticed even by the trained ear of the phonetician.) 

Our point is once again: Speech perception depends not only on the signal but 
also on information stored in the listener's brain. Linguistic and other knowledge 
influences what we perceive. Also we realize that looking for invariant physical 
cues that uniquely define linguistic units in a manner independent of context, will 
not be a possible research strategy in the long run (Perkell and Klatt 1986). A 
different model is needed (Lindblom 1990). 

2.9 Speech production - an adaptive process 

The preceding account should give you some indication why it is difficult to teach 
people to read Visible Speech fluently and at the speed that normal speaker

listener interactions occur. But if it is a correct picture of speech signals, how come 
speech communication nevertheless works so well? 

First we note that, like many other biological processes, speech production is 
adaptive (MacNeilage 1970). Speakers typically tune their performance to the needs 
of the situation. For instance, we can speak louder and more clearly when com
munication is disturbed by interfering noise or is made more difficult by a hearing 
loss or some other perception handicap. We adjust our speech according to social 
demands - talking casually and informally among friends and relatives and more 

formally in more public and official situations. Or we mumble and speak to 
ourselves when the message is known and predictable. There is an interplay of 
communicative, social, cognitive and emotional factors which makes signals physi
cally poor or rich depending on the tug-of-war between listener demands and 
speaker demands. As a result of such interaction, spoken forms tend to exhibit 
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massive physical variation. Nevertheless, across these ranges of variation speech 
remains intelligible. 

To pursue our explanation further, we should at this point recall the notion of 
mutuality which we mentioned initially. 

The variations in the speech signal arise because speakers continually take the 
point of view of the listener. We may not be consciously aware that we do, but we 
are in fact very good at it. This adaptive behavior gives rise to an ebb and flow of 

information that reflects the speaker's tacit awareness of the communicative needs 
of the listener. When the speaker judges those needs correctly, on some occasions 
he gets away with slurred, drastically reduced pronunciations. In other instances he 
is forced to produce a signal that is richer in information. 

As suggested by the schematic diagram of Figure 6, successful speech com
munication presupposes complementary roles between what is in the signal -
plotted along the y-axis - and what is in the listener's brain - shown along the 
x-axis. Mutuality is the key. 
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0::: 
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INTELLIGIBILITY 
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POOR RICH 

SIGNAL-INDEPENDENT 

INFORMATION 

Figure 6. Mutuality of speaker-listener interaction 
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3. Speech development 

3.1 Mother�nfant communication 

Apparently the phenomenon that we have called mutuality emerges early in life. 
According to Trevarthen and Marwick ( 1986) infants begin to communicate as 

early as the second month. They then engage in so-called protoconversations and 
are able to produce facial expressions reminiscent of emotions displayed by adults. 
Imitation of facial gestures has been claimed for children as young as 12 to 2 1  days 
by Meltzoff and his associates (Meltzoff and Moore 1977, 1983, Meltzoff 1986). 

Not only do imitation and communication in the infant imply an ability to 
vocalize and to make certain facial movements. It rests on the recognition that one's 
own vocal and facial gestures correspond to those of another person. 

Trevarthen uses the term intersubjectivity to describe this form of mother-in
fant mutuality. Intersubjectivity changes with experience but, according to Trevar
then, its origin is innate. 

Let us now turn from innate mechanisms to evidence showing how experience 
guides development. 

3.2 Affective aspects of Baby-Talk prosody 

First a few words about Baby-Talk, the "simplified register" we use in speaking to 
infants (Ferguson 1977). The following remarks are based on Anne Fernald's work 
on Baby-Talk pitch contours (Fernald 1984). 

One of her typical fmdings is that mothers use much larger, exaggerated 
contours in Baby-Talk. Fernald notes that such prosodic features serve to engage 
and maintain the infant's attention. Furthermore, such patterns may constitute a 
universal of human caretaking behavior adaptively tailored to fit the perceptual 
capabilities and limitations of the young. And, importantly, these prosodic exag
gerations convey significant affective and pragmatic information for the child and 
may therefore provide a beginning for learning the meanings of adult speech. 

Next let us look more closely at some evidence showing how experience guides 
development. First speech perception. 

3.3 Speech sound discrimination by infants 

Since 197 1 several research groups have found that, during the first six months, 

infants can discriminate almost any phonetic contrasts that they are exposed to. That 
includes non-native speech sounds. 

Subsequent studies have then shown that somewhat older infants remain equally 
good at discriminating the contrasts of their native language but that their perform
ance on foreign phonetic categories tends to deteriorate within the first year. 

The data of Figure 7 come from Janet Werker and her associates (Werker and 
Tees 1984). Results are shown for English infants who were conditioned to make 
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discriminations by turning their heads away from the experimenter toward a toy 
animal whenever a change occurred in the speech stimulus. The experiment 
presented a consonantal contrast which is used to distinguish the meaning of words 

in Hindi but which is non-phonemic in English: the distinction between retroflex 
and dental stops as in Ita! and Ita!. We see that at 6-8 months discrimination is 
perfect. Then it falls approaching zero at 10- 12 months. Note that Hindi infants 
maintain high discrimination at 1 1- 12 months. 

Werker's current interpretation (Werker and Pegg in press) is that discrimination 
ability is not lost towards the end of the ftrst year but that perceptual experience of 
the mother-tongue has provided the child with a frame of reference which influences 
perception. 

3.4 Production milestones during the first year 

An early effect of experience has been more difftcult to identify in studies of 
children's production. The reason for this is that babbling and vocalization mile-
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Figure 7. Results of experiments testing the ability of English and Hindi infants to 
discriminate the Hindi contrast beween dental and retroflex stops (adapted from Werker 
and Tees 1984). 
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stones appear to be phonetically very similar across language learning environments 
(Locke 1983). 

Roug, Landberg and Lundberg ( 1989) traced the phonetic development of four 
Swedish children during their ftrst eighteen months. They found five stages that do 
not differ markedly from the milestones derived for other language backgrounds 
such as English (Oller 1980, Stark 1980, 1986) and Dutch (Koopmans van Beinum 
and van der Stelt 1986). 

As Figure 8 indicates, before the age of six months children produce reflexive 
vocalizations, cooing and gooing comfort sounds and a lot of vocal play. Then 
around seven to eight months they show a surge of productions that typically contain 
syllable-like elements - often reduplicated as in [dadada], [bababa] etc (Oller 
1986). 
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Figure 8. Data from four Swedish children followed during their first eighteen months 
(adapted from Roug, Landberg and Lundberg 1989). 
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In view of the similarities observed across language groups, it has been sug
gested that babbling follows a universal course of development. And influential 
students of phonological development and language acquisition have described 
babbling as a basically non-linguistic (Jakob son 194 1/68, Jakobson and Waugh 
1979) and a largely maturation ally determined process (Lenneberg 1967). 

3.5 Babbling in deaf children 

However, that picture is currently undergoing revision. By now it has been fmnly 
established, by several research groups (Oller, Eilers, Bull and Carney 1985, 
Stoel-Gammon 1988), that deaf infants do not babble normally. They do not show 
the rapid increase in syllable-like vocalizations, the rapid onset of canonical babble, 
typical of hearing children. Such findings suggest that the child needs to hear both 
itself and others adequately in order to babble normally. 

And what about the absence of clear language-specific effects? Well, the reason 
why babbling repertoires turn out to be so similar for hearing children learning 
different languages, seems to be that all languages share a core set of relatively 
simple consonant and vowel articulations (Lindblom and Maddieson 1988) and that 
children learn to produce that set first. 

We are thus led to an account of babbling that differs from that given by 
Jakobson and Lenneberg. We should conclude that babbling is not simply matu
rationally triggered. It too is shaped by experience (de Boysson-Bardies, Halle, 
Sagart and Durand 1989, Vihman 1990). What comes out as babbling, is the normal 
child trying to sound like the speakers around her. 

3.6 Comprehension leads production 

We mentioned imitation in young infants. We should not overstate children's 

abilities. For, as is well known, learning to imitate and make speech sounds correctly 
and automatically without effort, is not instantaneous. It takes also first language 
learners a great deal of practice. In that process receptive skills are seen to lead 
production capabilities. 

Figure 9 shows the development of eight American English children from nine 
through 22 months (Benedict 1979). Number of words along the y-axis. Solid dots 
represents words comprehended. Unfilled circles production. Note that comprehen
sion leads production by a substantial margin in all cases. 

3.7 Vocabulary growth 

Also note the slope of the curves. We see values of up to 30 words per month, or 
more. In other words, about one new word every day. 

Let us extrapolate. If children continue at that pace, how many words would 
they have acquired by the time they are six years old? Beginning our count at one 
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year, we obtain an estimate of approximately 1800 words. How many words do 
six-year-olds actually know? 

The answer is given in Figure 10 which diagrams numbers from Miller's 
Spontaneous apprentices ( 1977). He quotes figures (Templin 1957) indicating that 
the median six-year-old knows about 13.000 words, in other words seven times as 
many as our extrapolated estimate. Moreover, this young person continues to learn 
reaching close to 30.000 words at eight years. 

Since we know that the average college student's recognition vocabulary 
approaches, or even exceeds, 150.000 (Miller 1977, Studdert-Kennedy 1983), these 
results seem perfectly reasonable. 

But look at the implied rates of vocabulary growth: 2 1  words a day! Or more 
conservatively: 14.5 root forms per day! How does the child get from the stage 

described by Benedict ( 1979) to the performance of the 6- to 8-year olds and from 
there to adult competence? How do they manage to learn much more than they are 
taught? 

3.8 Signal repertoires of animals 

What we see here is an astonishing phenomenon but nevertheless a real one. It is 
the so-called vocabulary spurt of human speech development. To put it into its 
biological perspective let us briefly consider how animals communicate. 

Investigators like Cheney, Marler, Seyfarth and Strusaker have studied the 
signals used by the vervet monkey (Zihlman 1982) - an animal that lives in South 
Africa and that in the old days could be seen on the shoulders of organ-grinders. 
Short tonal chirps mean leopard, a high-pitched chutter means python and a 
low-pitched staccato grunt stands for eagle. The behaviors elicited by these calls 
are all different. The code obeys the principle that distinct meanings must sound 
different. There is no doubt that vervets and other animals use signals that carry 
meanings. In this sense they do what we do. They use lexicons with items linking 
sound to meaning. 

However, there is a big difference. Whereas the vocabulary of a normal human 
speaker may, as we mentioned, reach a size of 150.000 words or more, communica
tion systems in animals have never been found to contain more than 10-40 elements 
(Wilson 1975). 

3.9 Duality 

A partial explanation of this difference is that human languages make combinatorial 

use of discrete units at two levels of structure. At the phonological level they 

Figure 9 (opposite page). Development of eight American English children from nine 
through 22 months (adapted from Benedict 1979). Number of words along the y-axis. Solid 
dots represents words comprehended. Unfilled circles words produced. 
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combine vowels and consonants to form words and other forms. And at the level 

of syntax they use rules for combining words into phrases and sentences. This 
combinatorial methoo is so powerful that, for practical purposes, it sets no upper 
limit on the number of messages that languages can convey. It is the key to their 
expressive power. Since it operates both on the units of phonology and on the units 
of syntax, it has dual structure. In the terminology of the linguist, human languages 
are said to exhibit duality (Hockett 1958:574). 

3.10 Holistic coding 

Animal communication systems do not have this dual structure. Their signals are 
Gestalts. They do not make combinatorial use of signal elements. They communi
cate by means of holistic patterns like the three vervet calls. As a result, the number 
of messages that they can transmit must necessarily be limited. 

4. Conclusions and summary 

4.1 Communicative empathy- a  milestone o/human evolution 

I began my presentation with the sender-receiver diagram which has been tradi
tionally used to describe communication. 
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Figure 10. Estimates of vocabulary size for six-, seven- and eight-year olds (Miller 1977, 
Templin 1957). 
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Then we looked at signal variability which is a key problem for speech-related 
handicap technology. I proposed an explanation for this variability saying that we 
must not treat it as unwanted noise, but as a tremendous asset. It is the natural 
consequence of the fact that speech is shaped by general biological processes. Signal 
variability is part of the enormous expressive power of spoken language. It reflects 
the plasticity and economy of a mechanism which evolution built to be intrinsically 
adaptive. We saw examples of adaptation in the Baby-Talk we direct to children. 

We also saw adaptation in children. As they become fluent adult speakers of their 
native languages, they spontaneously learn to tune their speech performance to 
various communicative and situational needs. 

But adaptation means adaptation to something. What do we adapt to? We found 
that the sender-receiver model needs to be augmented by crediting the receiver 
with a mind of her own, with knowledge. Our perception of speech and other 
communicative events is not determined by the signal alone. It is shaped by an 
interaction between the signal on the one hand and information stored in our brains 
on the other. In fact, in communication the signal is only the tip of the iceberg. 

What about the sender? We have claimed that, when a person communicates, 
she adapts her behavior to the receiver and the situation. Are we not saying then 
that senders have access to what receivers know, believe and feel? Are we not saying 

COMMUNICATIVE EMPATHY: 

TAKING THE ROLE OF THE PERSON YOU 

ARE COMMUNICATING WITH 

PREDICTION 
AND 

Figure 11. Revised model of communication . 

( 
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tout court that senders are mind readers? Although no behavioral scientist can give 
us a comprehensive scientific account of how human beings go about accomplishing 
that communicative feat, that is indeed the conclusion that we must draw. Instead 
of Figure 2 we now offer Figure 1 1. 

Accordingly we come back to observing that communication is built around 
shared knowledge. It is based on mutuality. So was the telephone chess game that 
we spoke of initially. But notice a further parallel and a significant difference. 

When we play chess over the phone we do not have to make guesses about the 
position of the pieces on the opponent's board. We know exactly where they are. 

However, when we speak, write or use signs, our knowledge about the receiver 
is not at all that exact. Our thoughts and feelings and our means of linguistic 
expression are far too immense for that to be possible. Nevertheless, in spite of that 

immensity, our evolutionary development makes it almost possible since human 
beings have the remarkable ability to empathize, to imagine the world from another 
person's point of view. 

In the animal kingdom this ability is apparently unique to man, as unique as 
language. The British psychologist Humphrey regards empathy as one of the major 
milestones of human evolution. According to his account modern man should be 
characterized as Homo psychologicus (Humphrey 1986, see pp 40, 50 and 100 
especially). 

I would like to argue that the reason why human communication is so powerful 
is linked - not only to language - but also to the phenomenon of communicative 
empathy. Occasionally, when our communication does break down, the causes can 
be found in the signal and the transmission channel linking sender and receiver. But 
equally likely and very importantly, they may derive from our failure to correctly 
predict the receiver's viewpoint and to adapt to it contructively and in accordance 
with our communicative goals. 

The notion of communicative empathy is a necessary supplement to the 
sender-receiver model that we began with. That is the revision that I would like 
to propose. That is the revision that should apply with equal force whether we study 

normal processes or augmentative and alternative communication. I hope that, 
whatever your own model of communication is, you will be successful in communi
cating your message at this conference. I wish you all a productive one. Thank you. 
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Conversational maxims and principles 
of language planning 1 

Hartmut TraunmOller 

Abstract 

Striking similarities can be observed between Grice's (1975) conversational 
maxims and Tau/i's (1968) principles of language planning: In order to 
function well, a language must be such that it makes a well behaved 
conversation possible. Nevertheless, many ethnic languages as well as 
constructed inter/anguages possess features which are incompatible with 
those principles. The paper contains an analysis of such cases: The 
compulsory expression of number and gender, which is in conflict with the 
principle of facultative precision; ambiguity and lack of distinctiveness in the 
names of the Latin letters; excessive length of certain morphemes; and 
restricted freedom to place sentence constituents in a pragmatically ade
quate order. The compulsory nature of certain distinctions, which cannot be 
understood on functional grounds, is ascribed to an excessive activity of 
"universal grammar", which is seen as one of the instincts of human beings. 
It is further shown that some constructed inter/anguages (VolapOk and 
Inter lingua) clash with some of Greenberg's (1963) universals concerning 
the order of meaningful elements. While Esperanto is free from that type of 
deficiency, it is in conflict with the principle of facultative precision in the 
same way as most ethnic languages of Europe, as distinct from those of 
East Asia. 

1 Introduction 
Schleyer' s VolapUk of 1879 and Zamenhof' s Lingvo Internacia of 1887, known as 
Esperanto, were the fIrst artifIcial interlanguages that succeeded in attracting a 
considerable number of users. When these languages were constructed, the question 
how a language should be constituted in order to serve as an effIcient means of 
communication can hardly be said to have been treated satisfactorily by linguists. 
In the 17th century, several philosophers such as Descartes, Leibniz, and Komen
sky, had been concerned with the deliberate construction of a "perfected" language. 
These attempts resulted in the creation of several artiflcial languages, among which 
the philosophical language of bishop Wilkins (1661) is the most elaborated ex-
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ample. The concern of those scholars was, however, not so much the ordinary 
communicative function of language, but rather its pedagogical use. 

Discussions of the above-mentioned question, at length and/or in depth, started 
only subsequently to the spread of VolapUk and Esperanto. Among the participants 
in these discussions philosophers, e.g. , L. Couturat, who had studied the works of 
Leibniz, were not absent, but there were also professional linguists, such as O. 
Jespersen. In 1908, a reformed version of Esperanto, known as Ido, was launched 

by L. de Beaufront and L. Couturat. Although some of the changes that had been 
made improved the communicative function of the language, some other essential 
changes had been motivated on philosophical rather than on practical grounds. This 
applies mainly to the rules that govern word formation. In Ido, derivation has been 
made to follow more "logical" rules. Subsequently, R. de Saussure (1915) investi
gated how it comes about that word formation in Esperanto works satisfactorily 
despite its alleged lack of logicalness and he formulated his principles of necessity 
and sufficiency, which say that what is clear anyway does not need to be expressed. 
This appears to have been the ftrst explicit recognition of a difference between 
formal logic and the kind of logic that governs language use. A deeper under
standing of the logic in human communication has been arrived at more recently 
by H. P. Grice (1975) in his by now classical paper on "Logic and Conversation". 

Grice observed that conversations, like other human interactions, are governed 
by a cooperative principle, telling that you should "make your conversational 
contribution such as is required, at the stage at which it occurs, by the accepted 
purpose or direction of the talk exchange in which you are engaged". This implies, 
La. , that you need not and should not supply information which you can assume 
that your audience already has - just as suggested by the principles of necessity 
and sufftciency. 

From his cooperative principle, Grice derived a set of maxims concerning what 
should be said in a conversation and how it should be said. Those maxims are not 
always fulftlled. A speaker may quietly violate a maxim (and mislead his audience), 
he may explicitly opt out, he may be faced with a clash between different maxims, 
or he may flout a maxim in such a way that the listener can be assumed to understand 
that this is being done. The latter case is especially interesting since it gives rise to 
a "conversational implicature" that is at variance with the literal meaning of the 
utterance. In such a case, the speaker is said to "exploit" a maxim. For a discussion 
of examples, the reader is referred to Grice' s  (1975) paper. 

It would appear necessary to possess an understanding of the points exposed by 
Grice, before one can treat the question of how a language should be constituted in 
order to serve as an efftcient means of communication. The most erudite general 
treatments of this topic are those by the terminologist Eugen Wtister (1931) and by 
the fenno-ugrist Valter Tauli (1968). 
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In the present context, we are not directly concerned with the question of what 
a constructed language should be like in order to make it easy to learn. That topic 
is only marginally related to Grice's conversational principles. It is , however, an 
important and fundamental question, which cannot be neglected totally even in the 
present context . It is generally agreed that in order to make a constructed language 
easy to learn, it has to be simple and regular in its grammatical structure and its 
lexical items should have a high mnemonic support value (Wiister's "Merkwert") 
for the prospective learners.

2 

Tauli summarized the principles that should be obeyed when introducing 
linguistic innovations into ethnic languages as well as when constructing a language 
from scratch. Those of Tauli' s principles which are relevant in the present context 
are arranged in Table I ,  where they are set out alongside Grice's conversational 
principles . 

As can be seen in Table I, Tauli' s principles correspond in quite a striking way 
with Grice's. Although the two sets of principles have been arrived at from quite 
different starting points , we should expect them to agree: In order to function well, 
a language must be such that it makes a well behaved conversation possible. 
Therefore, Grice's way of reasoning can be said to confmn the correctness of 
Tauli's. As for "how it should be said", Tauli's formulations can even be seen as 
elaborations of Grice's. 

Some of Grice's principles lack a counterpart among Tauli's principles of 

language planning. As for the maxim to be orderly, this appears to have been missed 
by Tauli . This point will be taken up in section 3.3, at the end of this paper. 

As for the maxims concerning the truth value and the relevance of what is said, 
corresponding principles of language planning appear to be unnecessary since in 
these matters the responsibility would seem to rest entirely on the speaker rather 
than on the language used. This is , however, an erroneous belief. Some languages 
compel their speakers quite frequently to express something irrelevant or something 
for which they lack adequate evidence. Occasionally, languages even induce their 
speakers to say something which they know is not true - if taken literally. In such 
cases, there is a clash between the pragmatic rules of conversation and certain rules 
of grammar. In some languages, such clashes are much more frequent than in others . 
In a consciously planned interlanguage, it should be possible to minimize their 

2 As for that requirement, all the better known constructed interlanguages, like Esper
anto, Ido, Novial, Occidental, Interlingua, and Neo appear to be distinctly biased if 
proposed for global use. The western cultural sphere, whose common international 
vocabulary these constructed languages utilize, embraces only about one quarter of 
humanity. There are, in addition, three other large cultural spheres with their respective 
common international vocabularies (TraunmOller, 1980) which should not be neg
lected. 
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occurrence. This problem has not been overlooked by Tauli, but he considered it 
covered by his principle E5. In all those cases, the expression contains more 
meaning than is necessary, i .e . ,  some excessive, irrelevant meaning that may even 
be at variance with truth. 

Table I: Some of Tauli's principles of language planning and Grice's conversational 
maxims. Tauli's abbreviations: C clarity, E economy. Analogous abbreviations have been 
added to Grice's principles: N quantity, 0 quality, R relation, M manner. 

WHAT SHOULD BE SAID 

Tauli: C1. The expression must convey to the listener all the meanings intended by the 
speaker. 
E5. The expression must not convey more meaning than necessary. 

Grice: N 1. Make your contribution as informative as is required (for the current 
purposes of the exchange). 
N2. Do not make your contribution more informative than is required. 

01. Do not say what you believe to be false. 
02. Do not say that for which you lack adequate evidence. 

R 1 . Be relevant 

HOW IT SHOULD BE SAID 

Tauli: C3. The expression must contain redundancy. 
C4. The greater the possibility for semantic confusion the greater must be the 
difference in expression. 

E2. The expression must be the shortest possible. 
E3. The more frequent the expression the shorter it must be. 

Grice: M1. Avoid obscurity of expression. 
M2. Avoid ambiguity. 
M3. Be brief (avoid unnecessary prolixity). 

M4. Be orderly. 
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We are going to take a look at cases in which the grammars of some ethnic 
languages and some constructed interlanguages interfere with the conversational 
maxims. Among such cases , one can distinguish degrees of severity. In the less 
severe cases , the process of communication is merely slowed down. In the more 
severe cases, the meaning to be communicated risks distortion when the message 
is produced or the message risks misperception. 

2 What should be said 

2.1 No less and no more than required 

If , in a conversation, you want to fulfill the maxims of appropriate quantity, quality, 
and relation, you have to say no less and no more than what is required. In order 
for this to be fulfilled, the language must give you the freedom to choose a more or 
a less specific expression, according to the circumstances . The corresponding 
principle of language planning is known as the principle offacultative precision. 

There is a basic restriction in the freedom of expression. Language operates with 
a fmite set of lexical items, each of which has a meaning that covers a certain 
delimited part of reality. In most instances, the limits of the meaning of lexical items 
agree with what is felt by the users of the language to be a "natural" subdivision of 
reality. 

In most instances , we can elaborate our utterances in such a way as to narrow 
down the meaning of sufficiently general lexical items as much as is required for 
the situation at hand. Thus, e .g. , instead of just a noun, we may use a noun phrase 
with an appropriate adjective or demonstrative . When the intended meaning tran
scends a "natural" subdivision of reality but is more narrow than what can be 
expressed by a more general lexeme that covers all of the intended meaning, we 
need to coordinate several expressions. The need for increased elaboration in those 
cases is basically in agreement with Grice's maxims. We have to be more elaborate 
if we want to express an unusual idea. However, in some cases the grammar of a 
language -or its semantic structure -compels the user to express certain semantic 
distinctions in concepts that appear to form a natural unit . In many such cases , the 
distinction cannot be avoided by choosing a lower level of precision. 

Strictly speaking, the existence of any compulsory (grammaticalized) semantic 
distinctions in languages is in opposition to the principle of facultative precision. 
In some cases, the compulsory distinctions would have to be made explicit anyway. 
In other cases, their grammaticalized expression is redundant, producing a less 
severe, "superficial" conflict (with E2, M3). In such cases , the quantity of meaning 
(E5, N2) is not affected but only the quantity of expression. In still other cases, 
grammar compels the user of the language to communicate some information that 
would not have been communicated otherwise. This produces "fundamental" 
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conflicts. Even such fundamental conflicts are not particularly severe given that the 
additional information is accessible to the speaker and that its communication is not 
counter to his intentions. A severe conflict arises, if the language compels the 
speaker to express something for which he lacks adequate evidence, or which he 
does not want to communicate. 

Most of the various grammaticalized distinctions in languages lead only rarely 
or never to a severe conflict with the rules of conversation. This appears to hold for 
the grammatic ali zed distinctions serving the expression of tense and aspect. As for 
tense, nearly all languages have a default category (Dahl, 1985) that is used in a 
time-indifferent sense, like the "present tense" in English. As for aspect, there is 
usually one alternative which is "true" in all cases in which the other one is "true" 
(but not vice versa). With these categories,  severe conflicts arise only in the process 
of translation between languages that express different categorical distinctions. 
Translation, however, typically involves some amount of "severe conflicts" in any 
case. 

The clearest and most widespread case to exemplify a compulsory semantic 
distinction that occasionally leads to a severe conflict with the rules of conversation 
is the number distinction made in many languages. This distinction affects unitary 
concepts and it cannot be avoided since it cuts across  all levels of precision in 
expression. About 62% of humanity is compelled to be explicit about plural vs. 
singular. 

While all languages offer some ways of undoing the number distinction expli
citly, this does not really resolve the conflict. In English, e.g., it is possible to speak 
about an X or several Xes or at least one X. Such solutions are sometimes used in 
texts with legal force, such as patent specifications. However, when number is 
irrelevant, it should not be expressed at all. Using a paraphrase like those above, 
you avoid a commitment as to number only by being even more explicit about that 
irrelevant piece of information. In informal conversations, such paraphrases can 
only be used appropriately in cases in which the irrelevancy of number is assumed 
to be counter to the default assumption of the audience. 

In languages with compulsory number expression, the plural is sometimes used 
as a default choice in cases in which neither a plural nor a singular interpretation 
should be excluded. Thus, we ask Do you have any children? rather than Do you 
have a child? There are, however, other cases in which the singular is preferred, 
as in Do you have a car?, rather than Do you have any cars? or the like. The choice 
appears to depend on quite subtle pragmatic factors, e.g., the consideration that even 
if you own several cars, you are not likely to operate more than one at a time, unless 
you direct some enterprise in transportation. Only in the latter case the plural would 
be the default choice in a question directed to you. These kinds of solution can be 
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said to reflect attempts to choose the form that is most likely to be correct or else 
least adverse if incorrect. 

While it is clear that the singular/plural distinction is often relevant in utterances, 
it is a disadvantage having to express this even where it happens to be irrelevant or 
unknown. The system of Turkish, with a facultative affix used to express plurality 
in nouns when number is relevant and not indicated by a numeral or by any other 
means, appears to be functionally much more adequate. 

Another case of a compulsory semantic distinction that affects unitary concepts 
across several levels of precision concerns natural gender. Its compulsory expres
sion is somewhat less widespread than that of number. In Table n, the most populous 
language families are listed. These represent more than 90% of humanity. Among 
the languages in that table it is true that all those which have compulsory gender 
distinction also have compulsory number distinction, in agreement with 
Greenberg's  ( 1963) universal no. 36. The compulsion to express gender is not 
completely general in scope. Probably all languages do have some expressions that 
are indifferent in gender for meanings in which gender might be distinguished. 

The compulsory expression of gender is, La. ,  reflected in the pronoun systems 
of many languages. It is most commonly found among third person pronouns (38%) 
and much less often in second person (6%). If expressed in first person (3%), it has 
a function similar to that of politeness distinctions. The given percentages refer to 
the corresponding share of humanity. There are no common third person pronouns 
in Korean and in Hindi-Urdu and Punjabi, where demonstratives are used. 

In some languages, the distinction of gender among animate nouns, usually 
signaled in their ending, has evolved into a distinction of "grammatical gender" 
even in inanimate nouns. In the present context, we need not occupy ourselves with 
that phenomenon. Since it does not express any semantic content at all, it cannot be 
in conflict with pragmatics .  However, when there is a female/male distinction in 
grammatical gender, this is usually employed to communicate the distinction in sex. 
In languages with grammatical gender, that distinction affects in general also some 
word classes in addition to nouns ,  such as articles, adjectives, and verbs. Grammati
cal gender is known by 43% of humanity. Among the Indo-European languages, it 
exists in all, except Eastern Iodoaryan (Oriya, Bengali, Assamese), Iranian, extra
continental Western Germanic (English, Afrikaans), and the Pidgins and Creoles. 
Either in pronouns or via grammatical gender, the distinction is imposed on 48% 
of humanity. 

Most but perhaps not all of the languages that compel their speakers to be explicit 
about gender can be characterized as patriarchal. A patriarchal language presup
poses male gender unless otherwise marked. It has at least one affix or other 
morphological means to mark animate nouns as female. Typically, there is no such 
means to indicate male gender unambiguously, and if gender is distinguished in the 

Linguistics. Stockholm 



32 TraunmOlier 

plural, it is marked for groups containing only female individuals as distinct from 
groups containing at least one male individual. It has been claimed that a patriarchal 
way of thinking is part of human nature and that this is reflected in these languages. 
It is interesting, however, that new languages that have been created spontaneously, 
viz., Creoles and stabilized Pidgins, like Haitian Creole and Melanesian Tok Pisin, 
do not reflect that patriarchal structure. 

In languages without compulsory gender distinction (see Table II) , there is 
usually one form that contains no information about gender, and there are morpho
logical markers as well for male as for female gender. In plural sense, these affixes 
may be used for pure groups. While traces of patriarchism can be attested even in 
those languages, these are isolated cases rather than a basic trait of their grammar. 

In some European languages, such as Swedish, there has been a development 
away from expressing gender in nouns designating professions and performers of 
activities. In Swedish, the meaning of previously established lexical items has been 
reformed by disregarding any gender information that may be present in the 
constituent morphemes. Thus,  idrottsman (idrott ' sport' ,  man ' adult male human 
being' )  can be applied to female activists, and sjukskoterska, lit.:  ' a  female who 
takes care of the sick' ,  is the term for 'nurse' ,  including male professionals. The 
Nordic languages appear here to make a probabilistic choice rather than a patriarchal 
one. 

During the past decades, the patriarchal structure of various European languages 
has been subjected to criticism by activists opposing "sexism". In most of the 
industrialized countries within the western cultural sphere, the traditional, overtly 
patriarchal structure of society has been largely transformed into a more egalitarian 
one. As a consequence, the patriarchal structure of language seems no longer to be 

Table 2: Major language families and languages grouped according to their expression of 
number in nouns, and gender in pronouns or via grammatical gender. 

Compulsory expression of both number and gender. Indo-European (except Iranian and 
Eastern Indoarian), Drawida, Semitic, Haussa. 

Compulsory expression of number but not of gender. Eastern Indoarian, Iranian, Fenno
Ugric, Bantu. 

No compulsory expression of number and gender. Sino-Tibetan, Vietnamese, Khmer, 
Malayo-Polynesian, Japanese, Korean, Turkic, Yoruba. 
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adequate. In English, this has had the effect that for professions and perfonners new 
expressions are created that are neutral in gender. Thus, to admit ladies as well as 
gentlemen, chairman is now quite often replaced by chairperson. It is interesting 
to note that with their semantic reinterpretations, the Nordic languages have settled 
on an alternative means to achieve the same goal. Reinterpretation is not unfamiliar 
in English either. The American English use of guys, in referring to a group of 
women is an example. 

In English, graphic strings like slhe and Ms., are sometimes used to avoid the 
specification of sex and marital status, the latter being another example of a 
compulsory distinction found in several languages. These solutions are, however, 
markedly expedient and exceptional in character. Being unspeakable, these symbol 
strings remain outside the natural language. Conversely, this is not the case with 
that written fonn of the Chinese third person pronoun tli, that is marked as female 
and has been created to mimic patriarchal pronoun systems. Although that form 
cannot be distinguished from the ordinary to in speech, it can at least be spoken. 

It needs hardly to be stressed that languages which do not compel their speakers 
to be specific about gender, are much more in line with the needs that exist in 
contemporary industrialized societies. Moreover, it is unlikely that a patriarchal 
language structure would really offer any overall advantage even in a stable 
patriarchal society. 

2.2 Number and gender in constructed interlanguages 

The singular/plural distinction is compulsory in a vast region including nearly all 
of Europe, most of Africa, as well as Arabia, Persia, and India. Therefore, the 
possibility of making this distinction facultative has apparently never been con
sidered by the creators of VolapUk, Esperanto, Ido, Occidental, Interlingua, and 
nearly all the "naturalist" interlanguages, which use a predominantly Romance 
vocabulary. An exception is Peano, who skipped it in his radical Latino sine 
flexione. 

Jespersen was made aware of the inconvenience of compulsory expression of 
number by a Japanese Idist (Jespersen, 1928, p. 63). Therefore he provided for the 
possibility of being neutral as to number in his Novial. In Novial, nearly all concrete 
nouns end in -e in the singular, but in animate nouns that ending may be replaced 
by - 0 and -a for the facultative expression of male and female gender. In the plural, 
an -s is added. The fonns which are neutral in number as well as in gender are 
obtained by dropping those endings.  In some cases, however, this results in final 
consonant clusters that do not fit into the phonotactic system of the rest of the 
language. The neutral noun fonns are, thus, clearly exceptional in character. They 
are not likely to be chosen by default. Although Novial does not compel you to 
express number and gender, it still does suggest that you should. 
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As for the expression of gender in pronouns, N ovial is similar to Ido. These 
languages have gender neutral third person pronouns alongside gender specific 
ones. For second and first person they have no gender specific fonns. 

In the construction of Interlingua (Gode, 195 1), the objective was to deviate as 
little as possible from common Romance. This was given much higher weight than 
any considerations of functional adequacy. As in all the major Romance languages, 
in the pronoun system of Interlingua there is a compulsory gender distinction in the 
plural as well as in the singular and the usage is patriarchal. The grammar of 
Interlingua deviates from common Romance in one important detail: The pheno
menon of agreement between adjective and noun has been banned. Plural is marked 
with an -s or -es appended to the noun. Attributive adjectives are ordinarily placed 
after the nouns they qualify, and they remain unmarked for gender and number. 
This, however, is not only different from Romance, but it is also incompatible with 
one of Greenberg's  ( 1963) universals (no. 40) which says that "When the adjective 
follows the noun, the adjective expresses all the inflectional categories of the noun. 
In such cases the noun may lack overt expression of one or all of these categories" 
(my italics). The same incompatiblility is also present in some of the other naturalist 
interlanguages as well as in Volapiik, but it is absent in those constructed languages 
that have agreement anellor adjectives preceding nouns, like Esperanto, Ido, and 
Novial. 

Esperanto and Occidental are representatives of patriarchal languages of the 
same type as English. Their systems of pronouns are semantic all y similar to that of 
English, deviating from the Romance type in that there is no distinction of gender 
in the plural. 

As for the fonnation of male and female nouns, Volapiik was symmetric. It used 
the prefixes hi- [hi] andji- [3i] (from the English pronouns) to supplement neutral 
animate nouns with gender information. In Esperanto, however, the morpheme -in
is suffixed to derive nouns with female gender from unmarked nouns that are 
interpreted as male. There are (practically) no basic nouns that are interpreted as 
female by default, thus all female animate nouns have the suffix -in-. This includes 
even such words as patrino 'mother' ,  derived from patro 'father' . The generality 
of this process makes Esperanto a very strictly patriarchal language. Criticism of 
the inconvenience of this asymmetric system is by no means recent (cf. Baudoin de 
Courtenay, 1907). 

Esperanto has two additional affixes for the expression of gender. Quite in line 
with the patriarchal nature of the language, these are only used when sex is 
particularly relevant. In such cases, the prefix ge- is used in the sense of 'group 
including representatives of both sexes ' , as in gepatroj 'parents ' ,  and the morpheme 
vir- originally and properly: 'adult male human being' is prefixed when the 
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maleness of an individual needs to be stressed, as in virbovo 'bull' . A mere bovo 
might be an ox. 

While in number and gender none of the mentioned interlanguages satisfies the 
principle of facultative precision, C. C. Brown's ( 1975) Loglan, which can be said 
to represent a contemporary philosophical language, does. This creation, however, 
has a variety of properties which place it distinctly outside the range of natural 
human languages, as it was meant to be an atypical language. 

2.3 Why are some languages so tyrannical? 

The compulsory specification of number and gender belongs to those features of 
grammar for which no satisfactory functional explanation can be given. Although 
information about number and gender is often important, communication does not 
benefit from its compulsory specification, which entails a severe handicap whenever 
those distinctions are not wanted to be made. How, then, can it come about that 
many languages do compel their speakers to be explicit about them? If the evolution 
of language was controlled by functional factors, such tyrannical traits should only 
rarely come into existence and they should disappear in the long run. Otherwise, 
this must be driven by a powerful process that overrules the demand of pragmatic 
adequacy. 

If there are traits in language which run counter to what would be optimal from 
a pragmatic point of view, these traits may tell us something about human pre
disposition to language as distinct from general rational capacity. The question why 
languages are the way they are has been treated extensively from a genealogical 
point of view. Those studies explain the relations between earlier and later forms 
of a language or, in general , the relations between languages . The question has been 
treated by far less extensively from the point of view of our pragmatic needs in 
communication and our physical and mental predispositions (faculte de langue). 
Within phonetics , however, one or the other aspect of this question has been touched 
upon quite frequently, and there are also studies focusing directly on it (Lindblom, 
1990). 

As for the distinctions we are discussing here, there is a paper by L.  Hyman 
( 1984) treating the conflict between the interests of pragmatics and those of 
Grammar. Hyman ascribes certain autonomous "interests" to universal grammar, 
referred to as Grammar with capital G. In some cases such as those discussed above, 
the interests of Grammar are in conflict with those of pragmatics and they overrule 
the latter . 

Essentially, Grammar wants expressions to obey syntactical, morphological and 
phonological rules irrespective of pragmatic considerations. While, historically, 
those rules arise as a result of frequent pragmatic coincidences, they become 
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detached from pragmatics in the process of grammaticalization (Hyman, 1984; 
Heine et. aI. ,  1990). 

A closer look at the cases of number and gender shows us, however, that the 

roots of the phenomenon sit deeper than at the level of linguistic form. In many 
languages there are a variety of morphological means of expressing plurality and/or 
gender. While the grammar prescribes one of those means in most of the particular 
cases, fundamentally, it compels us to make a semantic distinction, whatever the 
means of expressing it. Apparently it does so even in those exceptional cases in 
which there is no difference in form. Thus, in the mind of a native speaker of English, 
even a form like sheep is interpreted as either singular or plural in sense or it raises 
the question whether one or several are meant. The form trees does not as 
automatically evoke the question whether two or more than two are meant. 

In order to understand how it comes about that some languages structure reality 
in more detail than what is optimal from a functional point of view, we must ftrst 
realize that as representatives of the speaking animal we are born with an instinctive 
urge to acquire language, i.e., to construct a language for ourselves. While an 
instinct to acquire complex vocalizations is present also in various other species, 
such as song birds , the instinct to structure experiences semantically and to associate 
the resulting minimal meanings with vocalizations and, further, to recombine such 
elements (morphemes, lexemes) into complex utterances with complex meanings 
is unique to our species. "Universal grammar" is nothing else but the linguist's 
conception of that instinct of ours. 

While "grammar" describes how utterances are associated with meaning in a 
particular language, "universal grammar" describes how grammars are constituted 
in a particular species. A complete generative grammar of a particular language 
would have to generate all the utterances, with their associated meanings , that are 
possible within the language in question. A generative universal grammar would 
have to generate all the grammars that are possible within the species in question. 
I am not aware of any attempt to strictly formulate universal grammar as a whole, 
but since Greenberg ( 1963) many of its features have been described in the form of 
implicational rules . 

Like most other instincts, the human urge to acquire the grammar of a language 
is strong enough to guarantee the achievement of that goal in almost all the members 
of the species , even in situations with impoverished input, but in a favorable 
environment, instincts tend to produce some excessive activity, such as overeating. 
Cases in which languages compel their speakers to structure their expressions in 
more detail than what is functionally useful appear to be the result of an excessive 
activity of Grammar, in a historical perspective. As we know, this can go to such 
extremes as assigning gender to inanimate nouns . Excessive categorization would 
probably not have arisen if Grammar had not been so strong, but this might also 
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have resulted in a suboptimal degree of structuring in some areas of grammar and 
in deficient language acquisition in some members of our species . Considering the 
severity of these disadvantages, we have reason to believe that evolution has led to 
a grossly optimal strength of Grammar. 

3 How It should be said 

3.1 With optimal distinctiveness 

Even if we choose our words in the most economic way, most of our utterances still 
contain a lot of redundancy. Some of it originates in our speech organs due to 
physical restrictions (coarticulation) and some of it is due to conventional phono
tactic restrictions or to empty slots in the lexicon, to syntactic restrictions, and to 
semantic and pragmatic improbabilities in the given context. A certain amount of 
redundancy is necessary in order to communicate successfully in various non-op
timal situations, such as in a noisy environment, or when the listener cannot see the 
speaker, when he is at a large distance from him, when he has a hearing loss , etc. 
Redundancy is also required in order for language to be learnt without formal 
instruction. Thus, some amount of redundancy is quite useful and it is often 
necessary to avoid obscurity of expression. Of course, even more fundamental for 
perspicuity is the requirement to avoid sheer ambiguity. 

In a simplistic approach, the distinctive difference between two utterances with 
different meanings can be expressed in terms of the number of speech sounds (dn) 
by which they differ. For ambiguous utterances, dn = O. If dn > 1 ,  there is 
redundancy. In many cases, a semantic difference signaled by just one phoneme 
(dn = 1) is distinctive enough, but certain pairs of speech sounds, such as [m] and 
[n] or [d] and [t] are much more likely to be confused than others , say, [m] and [t] . 
Thus, in a more elaborated approach, it is necessary to quantify the distinctiveness 
of each pair of speech sounds. In certain cases even two or more phonemes may be 
insufficient to signal a semantic distinction with the necessary clarity. Consider, 
e .g., the German numerals [tsvaI] and [draI]. For the former, there is an alternative 
[tsvo] that is used when distinctiveness needs to be improved. This is the only 
motive for its use in the standard language. 

There is an antagonism between the maxims of clarity and of brevity. Grice's 
maxim "Be brief' corresponds to two of Tauli' s four principles of economy telling 
us that an expression should be as short as possible and, especially, that "The more 
frequent the expression the shorter it must be". Ideally, expressions should be no 
longer than they need to be in order to satisfy the requirement to be sufficiently 
distinctive. 

The application of this principle in language planning is somewhat problematic 
since the necessary distinctiveness of an expression depends to a large extent on the 
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context in which it is uttered. If the principle is applied to sentences in context, it 
will be found that most of them contain a large amount of excessive redundancy 
distributed erratically over their constituents . In isolated one word utterances, the 
amount of redundancy is usually much smaller . Redundancy can be reduced by 
shortening the lexical forms, but if this were done in a way that was optimal in a 
given context, the distinctiveness would be deficient if the same forms were used 
in a less informative context. 

As for the distinctiveness between lexical items as such, there are very large 
differences between languages . In the lexicon of some languages with predomi
nantly monosyllabic morphemes, such as Chinese and other members of the 
Sino-Tibetan group, nearly all entries have several homonyms and for each, there 
is a large number of entries from which they differ by just one distinctive feature. 
The degree of ambiguity in the lexicon is much lower in all the major languages 
spoken outside East Asia. While in a given context, most Chinese utterances have 
just one plausible meaning, the maxim "Avoid ambiguity" has to be taken into 
consideration quite frequently. Often, ambiguity is resolved by using a compound 
instead of a monosyllabic morpheme. 

In sharp contrast with spoken Chinese, written Chinese lacks lexical ambiguity 
almost totally. Since for some purposes , the degree of distinctiveness in spoken 
Chinese is felt to be suboptimal, the lack of lexical ambiguity in the logographic 
writing system is highly appreciated. Among European languages , a similar al
though much less drastic discrepancy between homophony and homography exists 
in French. 

From a rational point of view, any unintentional ambiguity of utterances is 
unwanted, and it appears quite reasonable to require this from a planned interlan
guage. However, this can only be achieved at a certain cost. Lexical ambiguity can, 
in general, only be avoided at the cost of a loss in Merkwert, while avoidance of 
syntactical ambiguity is likely to increase the length of utterances. 

3.2 Cases of suboptimal distinctiveness 

As for ambiguity, the interlanguages Esperanto and Interlingua differ quite radi
cally. In Esperanto, the morpheme is the basic invariant unit of grammar, and, 
allowing for a moderate range of polysemy and all-European metaphoric usage, 
there is, essentially, no ambiguity at the level of morphemes. Users of Esperanto 
are quite sensitive about this and they will, typically, not allow you to attach an 
additional meaning to a pre-existing morpheme. 

The verb komputi is a case in point (Golden, 1987). It used to have the meaning 
'to measure by integration ' (e. g., in measuring electric energy or water consumption 
etc.) . When electronic computers began to become more widespread, the English 
noun computer was borrowed into many languages. If the verb komputi had not 
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existed previously, it would probably have been adopted at that stage and given the 
meaning 'to process data' (as by computer) , with the regular derivatives komputa 
'computational', komputo 'computation', komputado 'process or activity of com
putation', komputilo 'computer' , komputisto 'computation specialist' , etc. Due to 
the previous defmition, however, it took thirty years of struggle for that new 
meaning to be accepted, replacing the old one , by what at present appears to be a 
majority of members of the Esperanto community. 

The meaning of the lexical units of Interlingua, on the other hand, is much less 
restrained. The words oflnterlingua are allowed to have as wide a range of polysemy 
as in its source languages, and no attempt is made to eliminate accidental ambiguity 
from the vocabulary. While in Esperanto polysemy is kept within limits set by other 
existing lexemes, Interlingua is characterized by overlapping meanings . Synony
mous morphemes exist in both languages, but they are more numerous in Interlin
gua . 

If a language were to be planned from scratch, or constructed on the basis of a 
wider sample of ethnic source languages, it would be inadequate to allow as much 
homonymy and synonymy as in Interlingua . In Interlingua, planning has been 
restricted to a minimum, as its aim was to achieve word forms which can be 
recognized easily by speakers oflanguages with a Romance vocabulary. 

In his avoidance of ambiguity, Zamenhof focused mainly on morphemes, and 
it is fine that these are unambiguous, but what really matters is the meaning of 
utterances - of one-word utterances and of any longer utterances . Considering 
one-word utterances out of context, even Esperanto has a considerable amount of 
ambiguity. This is due to the freedom to compound morphemes without asking 
whether the word so coined has been used previously. Quite frequently, such 
compounds agree in form with primitive morphemes, e.g., kat+aro 'a pack of cats' 
and kataro 'catarrh'. Zamenhof accepted a considerable amount of loss in recogni
zability in his attempts to avoid this happening too often. 

A radical elimination of ambiguity has been attempted, successfully as it 
appears, by Brown (1975) in his Loglan. The costs , however, appear to have been 
very high. Loglan imposes on its vocabulary severe morpho-phonotactic restrictions 
such as are not found in any ethnic language. It has, however, not been shown that 
such restrictions are necessary in order to achieve that goal. Brown had deliberately 
chosen to distinguish the parts of speech and signal their boundaries on a phonotactic 
basis, to the exclusion of all distinctive prosody. 

The ambiguity of utterances is nearly always resolved by context and passes 
without notice by the partners in a conversation. On the other hand, there are cases 
in which distinctiveness is crucial in most contexts and it is not sufficient just to 
avoid ambiguity. Violations of Tauli 's principle C4: "The greater the possibility for 
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semantic confusion the greater must be the difference in expression" are more often 
a problem than plain ambiguity. 

The philosophical languages created in the 17th century failed to satisfy Tauli' s 
principle C4. Their deficiency in distinctiveness could not have gone unnoticed if 
these languages had come into use in practical life. The vocabulary of those 
languages was structured in a way directly opposite to C4, such that there is only a 
minimal difference between expressions for which the risk of semantic confusion 
can be expected to be largest. In Wilkins' proposal, e.g. ,  [til means 'sensible 
quality'. Different kinds of sensible quality are distinguished by appending one 
consonant, e .g . ,  [tid] 'colour', [tib] 'other visible quality', [tig] 'sound'. Colours, 
in tum, are distinguished by an appended vowel, such as [tidre] 'redness', [tide] 
'greenness', etc. The latter distinctions might work very well if stress were to be 

placed on the last vowel, but this is not the rule prescribed by Wilkins. The 
confusions most likely to occur are those between words with different final 
consonants . The system is characterized by a complete lack of lexical redundancy, 
and it guarantees that serious misunderstandings will arise, if it were to be used. 

The philosophical languages illustrate what is likely to happen when Grammar 
is allowed to work without being checked by pragmatics . Some deficiencies of this 
kind can also be found in Esperanto. The personal pronouns mi 'I' , ni 'we', vi 'you' , 
Ii 'he' are acoustically not distinct enough from each other. Quite a low level of 
environmental noise makes them indistinguishable and there are no additional 
syntactic cues. On many more occasions than the speakers of the language realize, 
the successful comprehension of these pronouns is likely to rest entirely on 
contextual information or on the distinctiveness in their visual reflections . When 
the participants in a conversation can see each other's faces , lip-reading is known 
to contribute considerably to comprehension, even for listeners with normal hear
mg. 

In all ethnic languages, the phonetic differences between the pronouns are larger 
than in Esperanto. While some pronoun systems include a subset whose members 
share a common ending and which are distinguished only by one initial consonant, 
as in Spanish me - te - se - Ie, or German mein - dein - sein, the consonants that 
appear in these forms represent an acoustically more adequate choice than those in 
the Esperanto pronouns. Although a lack of distinctiveness similar to that in 
Esperanto characterizes first vs. second person plural pronouns in most Slavic and 
Romance languages, e.g . ,  my - vy in Russian and nous - vous in French, in those 
languages the distinction is often supported by verbal inflexion. 

In Esperanto, the pronouns have been provided with a unique ending in analogy 
with the larger classes of words. However, unlike -0, -a, and -e, the endings of 
nouns, adjectives, and derived adverbs, the pronominal ending -i is not used for 
derivation. It does not constitute a morpheme. The endings serve also the purpose 
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of facilitating the syntactic analysis of what is said. For pronouns, however, such a 
measure is unnecessary. Due to their small number and high frequency of use, the 
pronouns are recognized easily and quickly, whatever their form. 

Criticism of this kind was raised at an early stage and corresponding changes 
were already included, by Zamenhof, in a proposal of modifications subjected to a 
poll by the readers of the newspaper La Esperantisto in 1894. The proposal was, 
however, rejected. While each of the constructed languages that have been publish
ed by well informed authors in this century (ldo, Novial, Occidental, Interlingua, 
Neo, etc.) has more distinctive pronouns than Esperanto, the marginal distinctive
ness between first and second person plural in the Romance languages has remained 
in Ido, Novial and Interlingua, where there is no support by verbal inflection. Only 
Occidental and Neo pass without any critical comment. 

Although insufficient distinctiveness within classes of semantically related and 
syntactically equivalent lexical items is a typical trait of the early artificial lan
guages, similarly drastic deficiencies can also be attested in ethnic languages. Letter 
names constitute the clearest case in point. 

The names used in most European languages for the letters of the Latin alphabet 
are considered to have originated in Etruscan (Hammarstrom, 1930) .  From that 
language they were borrowed into Latin, through which they later spread to most 
of the various languages whose speakers adopted that alphabet. It appears likely 
that the Etruscans created their letter names by attempting to sound the phones they 
represent without adding anything else. This is, of course, in no way problematic 
for the vowels. At the point in time when the Etruscan letter names were introduced, 
the consonants m n I r s  appear also to have been pronounced syllabically. The initial 
[e] in the Latin names for these consonants is due to a later development that 
occurred probably already in Etruscan. For the stop consonants, a schwa vowel 
intrudes itself automatically. This schwa was subsequently interpreted as an [e] , 
except after velar consonants, where it sounds more like an [a] , unless the consonant 
is produced with lip-rounding, when it sounds like [u] . 

While the Latin letter names appear to be the result of a spontaneous develop
ment, there are also some examples of more "Grammar driven" inception, where 
the names of the consonants and the letters representing them are formed invariably 
by appending the same, more or less arbitrarily chosen vowel. Such cases are at 
hand in Bulgarian (Cyrillic) and Turkish (Latin), both appending an [e] , and in 
Pilipino (Tagalog), where an [a] is appended. In Esperanto, they are formed by 
appending an [0] . 

The consonant letter names used in Bulgarian, Turkish, Pilipino and Esperanto 
are, of course, patently inadequate in any acoustically non-ideal situation. The letter 
names of Russian and the Latin-based letter names used in most European languages 
such as English are only slightly less inadequate, just consider the lack of distinc-
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veness within the groups b d p t v and n m. The insufficiency of these letter names 
is attested by the existence of various more or less standardized improvisations, 
called "spelling alphabets", which are used in situations when the ordinary letter 
names are likely to fail their purpose. The letter names which spread together with 
the art of alphabetic writing from its Semitic origin, and which are used in Arabic, 
Persian, Hebrew, Armenian and Greek, are much more adequate for communica
tion. In those languages, there is no need for any auxiliary spelling alphabets. 

At the time of their creation, the ending -0 of the Esperanto letter names was 
apparently thought of as being identical with the morpheme -0 that is appended to 
all nouns. Ordinary nouns add a -j [j] for plural and an -n for object case. In 

derivatives, the -0 is dropped unless there is some particular reason for not doing 
so and an -a can be substituted for -0 to create an adjective. In actual use, none of 
this is valid for letter names. In these, the -0 is treated as part of the morpheme 
designating the letter in question. Thus, instead of *boj *bon *bojn the forms used 
are booj boon boojn, and the adjective is boa and not *ba. In this case, Grammar 
has overruled Zamenhof and nullified the motive for having the same vowel in all 
consonant names. Universal grammar assigns the vowel in the letter names to the 
root morphemes, since all other roots have at least one vowel. 

A more satisfactory set of letter names is obtained by placing a vowel in front 
of the consonant if it is a sonorant or an unvoiced fricative, just as in the Latin 
system, and by choosing a different vowel for each place of articulation, [0] for 
labials, [e] for alveolars, [i] for palatals, and [a] for velars. These are the vowels that 
would be obtained by excessive coarticulation if a hypothetical [ y] were taken as 
the origin. The consonants n 1 r can be dissimilated as [en] [ul] [arl o 

While cases of insufficient distinctiveness must be seen as a severe deficiency, 
its opposite, too long word forms are also inconvenient. Ideally, the length of 
morphemes should be inversely related to their frequency of use. Thus, morphemes 
whose function is mainly grammatical should be short. This is also required of 
pronouns, whose essential function is to serve as abbreviations for proper names 
and noun phrases.  If too long, such pronouns are avoided by speakers. 

Clear cases of too long pronoun forms are at hand in Japanese. The pronouns 
for first and second person singular are watashi ' I '  and anata 'you ' .  They have to 
be followed by a case postposition. The length of these forms contrasts sharply with 
that of the many monosyllabic Chinese words which have been borrowed into the 
language. These pronouns are not shorter, but longer than an average noun. No 
wonder, then, that they are hardly ever used in spontaneous speech. This holds also 
for the Swedish third person pronoun vederborande, which would otherwise be very 
convenient since it is indifferent for number and gender. 

PERILUS XII, 1 99 1  



Conversational maxims and principles of language planning 43 

Some of the derivational suffixes that have spread from Latin into the modern 
European languages are also excessive in length. Consider the following causative 
suffixes: 

Interlingua -ificare -ification 
French -ificier -ification 
German -ifizieren -ification 

Russian -ifitsirovat' -ifikatsia 
English -ify -ification 

German -igen -igung 
Esperanto -igi -lgO 

Although the Latin suffix was excessive in length from the beginning, it has 
absorbed further redundant material on its way through French and German into 
Russian. The short verbal form used in contemporary English is adequate in length. 
In Esperanto, neither the verb nor the noun is too long. It might have been more 
appropriate, however, to shorten the general European (Interlingua) -ifica-, to -if- , 
as in Ido, instead of using the exclusively German -ig-, whose use together with 
morphemes of Latin origin is unfamiliar even in German. 

Esperanto does not possess any morphemes that are felt as clearly too long. The 
copula esti ' to be ' ,  estas ' is ' ,  estis 'was ' may be a marginal case in question. The 
copula is treated like a regular verb, while in most Indo-European languages it is 
irregular, and this is partly due to its high frequency of use and its usually being 
unstressed. In contemporary usage, many speakers of Esperanto tend to avoid the 
copula in front of verbal participles by just appending the verbal mode- and 
tense-suffixes to the participle, thus treating it as a verb. They say Ii jam skribintus 
gin, instead of /ijam estus skribinta gin 'he would already have written it' ;  mijieras 

mencioti, instead ofmijieras esti menciota ' I  am proud I shall be mentioned' .  This 
has become usual for predication of any "vivid" qualities including those which 
would otherwise be expressed by an adjective preceded by the copula, as in cu vi 
pretas? instead of cu vi estas preta? 'are you ready?' ;  rugas la oriento instead of 
fa oriento estas ruga 'The East is red, viz. ,  communist' . The spread of this usage is 
due to its attractive shortness. For purely static predications, it is not accepted. 

3.3 In pragmatic order 

The last one of Grice 's  maxims, "Be orderly", shall probably be understood to mean 
that one should present the information in an order that is pragmatically adequate 
for the conversation. This concerns mainly the larger constituents of speech. Within 
constituents such as simple noun phrases which do not contain complicated at-
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tributes (relative phrases), word order is in most instances given by the grammatical 
rules of a language. These have, however, also arisen on the basis of pragmatics, 
which is reflected in the universals of word order, described by Greenberg ( 1963). 

At the sentence level, the basic requirement of order is that the speaker should 
ftrst announce his topic (thema) and then make his comment (rhema). This require
ment might be in conflict with the syntactic rules of those languages which prescribe 
a certain order of sentence constituents on the basis of the formal grammatical 
relations between verbs and their arguments (subject, object, instrument, etc.) .  
However, most languages allow a topic to be placed at the beginning of a sentence, 
whatever its grammatical relation to the main verb. As in other languages that lack 
case markers for both S and 0, in English there are some restrictions in this freedom, 
and a ftnite main verb can never be placed in topical position. Beyond the basic 
requirement, the possibilities of observing a pragmatic order of constituents are 

quite restricted in most languages. 
In most languages, the various relations between a verb and its arguments are 

indicated with preposed or postposed case markers (appositions or inflexional 
affIxes). For indefinite objects, the verb itself often has the function of a case marker. 
In such cases, the object has to be placed in immediate proximity to the verb (V 0 
in prepositional languages and 0 V in postpositional ones). One case is often 
unmarked. This is usually the one that includes among its functions indicating the 
subject of an intransitive verb. In English statements, however, the subject of a 
sentence is consistently marked by its position immediately in front of the verb, 
while the object, with its default place after the verb (S V 0) or after an intervening 
indirect object (S V D 0) can also be moved to the beginning of a sentence (0, S 
V) without being marked as an object. 

The role of position in marking the grammatical function of sentence constitu
ents should not be overstated. Although in most languages there is a standard order 
in which these constituents are placed, that order is often not compulsory. Thus, the 
position of the object tends to follow the conversational rules whenever there is a 
case marker at disposal. This may be inflexional endings, as in Russian, or a 
preposition such as ba used in Chinese for anaphoric objects, or a, used in Spanish 
for animate objects. Occasionally, the functions of subject and object are not marked 
at all. This is, e .g. , the case in German, where those functions are marked only for 
nouns that are male in grammatical gender. If neither S nor 0 is male, the distinction 
of their functions rests entirely on semantic probability within the given context, 
the word order being given by a T v R rule, where T stands for topic, v auxiliary or 
verb, and R for 'rest of sentence in S D 0 V order (if the constituent in question is 
left over)

,
. 

In Loglan, all case relations are expressed by position only. This is one of the 
features which distinguish that language from natural languages, and which make 
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it difficult to handle for humans.
3 

Although to a much lesser degree, the same 
inadequacy is characteristic of most codes designed for restricted man-machine 
communication, such as, e.g., computer operating systems. These rely, e.g., on 
position for specifying source and target of a transaction. While this poses no 
problem for the machine, for its human partner it would be much more natural to 
mark the target with an apposed particle. In English-based codes, the preposition 
to would be well suited for this purpose. 

The positional grammars have not been constructed in analogy with natural 
language. They are, instead, analogous to the way of using numeric signs in the 
Indo-Arabic system of writing numbers. Although in this particular semantic field 
a positional grammar appears to have certain advantages, in spoken language, 
position is not relied upon even for numbers. The grammar for numbers is analogous 
to that for sentences in that the function of each figure, except at most one, is marked 
by appositions (like n-hundred, n-thousand), sometimes with inflexion (like n-ty).  
While in all languages, there is a standard order in which the figures are told, it is  
not that order, but the function markers which are decisive for how a figure has to 
be interpreted. Occasionally, two standard orders coexist, as in Norwegian, where 
fem og seksti, lit. : 'five and sixty ' = sekstifem, lit. : ' sixty five ' .  The markers may be 
skipped only when the digits merely serve the purpose of identification rather than 
that of telling a natural number. 

It is a reasonable demand on a planned language intended primarily for human 
communication that it should allow sentence constituents to be placed in a pragmati
cally adequate order, while their function should also be made clear. As for the 
distinction between subject and object, in Interlingua this requirement is only 
fulfilled when pronouns serve the function of an object. It was fulfilled in Volapiik: 
and it is with some exceptions (numerals, non-assimilated proper names) in Esper
anto and Ido, which mark the object with a suffix -no That suffix is, however, an 
exceptional feature in those languages, since all the other case relations are indicated 
only by means of prepositions. It appears as even more exceptional in Ido, in which 
it is used only for objects in preverbal position. The structure of these languages 
would have been simplified in an essential point if even object case had been 
indicated with a preposition. In contrast with the consonantal suffix, a preposition 
would not pose any problem with proper names. 

As for the order of meaningful elements in sentences, agreement with the 
universals of human language is the minimum one should require of any language 
that is proposed to serve as an interlanguage on a global scale. This is, of course, 

3 Even in Loglan any one argument of a verb can be brought into topical position, but 
this is done by a readjustment of the positional code. The feeling one gets when trying 
to use such a system is perhaps akin to that a chimpanzee gets when trying to use 
human language. 
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not a sufficient selection criterion, since it is satisfied by almost any ethnic language. 
It is , therefore, quite embarrassing to find that some of those constructed interlan
guages that have found a number of adherents contain features which are incom
patible with universals ,  as mentioned in section 2.2 for the expression of plural in 
Volapiik and Interlingua. 

The grammar of Volapiik contains one additional incompatibility with a univer
sal. It concerns the order of the suffixes indicating case and plural. Greenberg' s  
universal no. 39  says that "Where morphemes of both number and case are present 
and both follow or both precede the noun base, the expression of number almost 
always comes between the noun base and the expression of case." In Volapiik, on 
the contrary, the plural morpheme is placed in final position. 

The grammar of Esperanto appears to be free from incompatibilities with 
universals. However, the actual usage of Esperanto, as distinct from any prescriptive 
grammar, contradicts Greenberg's  universal no. 19, which says that "When the 
general rule is that the descriptive adjective follows [the noun] , there may be a 
minority of adjectives which usually precede, but when the general rule is that 
descriptive adjectives precede, there are no exceptions." The English expressions 
in which the order noun - adjective can be attested, as in secretary general, Charles 
the great, appear to remain outside the scope of Greenberg's  formulation, since they 
are either compounds or they contain an epithetical, not merely descriptive adjec
tive. In Esperanto, the general rule is that the adjective precedes the noun, but it is 
also permissible to place any adjective after the noun. The latter alternative is 
commonly chosen, in humble conversations as well as in poetry, when there is 
emphasis on the adjective, especially in contrastive contexts, as in Ili havas la 
rimedojn HOMAJN, sed ne la MATERlAJN 'They have got the HUMAN resources, 
but not the MATERIAL ones ' .  Since this occurs although it has not been explicitly 
prescribed, it shows us that Greenberg' s  formulation of that universal is exaggerated 
rather than that there would be anything wrong with the few prescriptive rules of 
Esperanto grammar. 
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Quantity perception in Swedish 
[Vel-sequences: word length 

and speech rate 

Hartmut TraunmOller and Aina Bigestans 

1. Introduction 
We report about a continuation of a study of the perception of segmental durations, 
as reflected in the quantity distinction in Swedish [VC]-sequences (Traunmiiller & 
Bigestans, 1988). In that study, the segmental durations varied as a function of 
speech rate. In the present study, they vary as a function of position within a test 
word (cf. Lindblom et al, 1981). In order to obtain large variations, we have chosen 
to place the test word in utterance final position. We want to see whether shifts in 
position evoke changes in perceived quantity in accordance with laws similar to 
those which allowed quite a precise description of the effects of speech rate. 

2. Method 
A female speaker of standard Swedish - the same one as in the previous inves
tigation - produced each of the words 

*[cc:n] - [cEn:], 
*[dE:s] - [des:], 

[mE:t] - [mEt], 
[sE:d] - [sEd:], 

[cE:na] - [cEn:a], 
[dE:sa] - [dEs: a] , 
[mE:ta] - [mEt:a], 

*[sE:da] - [soo:a] , 

[cE:nare] - [cEn:are] 
*[dE:sare] - *[dEs:are] 

[mE: tarE] - [mEt:arE] 
[sE:dare] - *[sEd:are] 

in the carrier phrase [0 nu sEj ja _] at a normal rate of speech. From each of these 
utterances, five versions with complementarily changed durations of the vowel (dv) 
and the consonant (de) were obtained as described in Traunmiiller and Bigestans 
( 1988). The stimuli were presented twice, in a quasi-random order, to 25 adult 
natives of Central Sweden, using a computerized system of response collection 
(Dufberg & Stark, 1987). The subjects identified the crucial words. 

3. Results 
The identification results are summarized in Fig. 1, where dV and de at the 
N:C/-NC:/-boundary are shown. The previous results, showing the effects of 
speech rate, can be described quite accurately by linear regression lines if the 
segment durations are scaled logarithmically, as in Fig. 2. In Fig. 3, the present 
results are plotted in the same way. These cannot be described satisfactorily with 
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linear regression lines. dv is almost the same in the bi- and tri-syllabic words, while 
de is different (dv/dc is not the same). Both segments are, however, longest in fmal 
position (monosyllables), except for [n], which shows an unexplained anomaly. The 
value for [d] in final position is not very reliable because of difficulties to define an 
endpoint for it. 

While the hypothesis that the quantity distinction in Swedish is based on the 
ratio dv/de (Elert, 1964) was not either supported directly by our previous results, 
these were still compatible with it after correction for the different "compliance" of 
vowels and consonants. It remained, however, to account for the substantial 
differences in de - [t] being about twice as long as [d] - and the small 
complementary differences in dv conditioned by the manner of articulation of the 
consonant. 

In the present results, as compared with position before [n], dv was, on average, 
longer by 1 % before [d], shorter by 4% before [s], and shorter by 8% before [t]. In 
the previous investigation it was shorter by 5% before [s] and by 15% before [t]. 
We have no good explanation for the discrepancy in case [t]. Appart from this, the 
variation in dV is in the direction expected on the basis of a psychoacoustic model 
of the perception of segmental durations (Fastl, 1975) if the perceived duration of 
the vocalic segment is to be the same. However, the model gives us an excessive 
compenstion for the effects of consonant manner. Apparently, the boundaries 
between phonetic segments are different from those between non-linguistic seg
ments. 
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Fig. 1: dv plotted against de for vowel If.! and consonants In/, Idl, lsI, It/, at the N:C/-NC:/
boundary in three different positions. 
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Our results can be understood if we assume that the consonant does not 
contribute to the quantity distinction any more than the segments preceding the 
vowel. Vowel quantity appears to be perceived on the basis of dv, normalized with 
respect to the "local" speech rate. We must not, however, neglect de totally. Fant 
& Kruckenberg ( 1989) observed (in their only subject) a substantially larger 
durational ratio between stressed and unstressed syllables than reported by Carlson 
& Granstrom ( 1986). These differences cannot be removed by normalization with 
respect to the local speech rate unless de is assumed to contribute essentially to its 
perception. Most of the manner conditioned differences in de can be normalized if, 
for voiced consonants, a transitional segment is included in both dv and de. In this 
way, these durations as well as the sum of dv + de can be made about the same as 
in unvoiced consonants. 

4. A model of speech elasticity 
An utterance can be seen as an elastic string of segments, each with a certain length 
and compliance. If a force f is applied at the ends of such a string, the length d 
(duration) of a segment will vary in proportion with its unaffected length do and in 
proportion with its compliance c. We express c in relation to that of an average 
uninterrupted utterance, for which c = 1. This gives us 
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Fig. 2 (left): dv plotted against dc, both logarithmically scaled, for vowel lei and consonants 
Int, lsI, It! at six different rates of speech. 

Fig. 3 (right): Same data as in Fig. 1, here scaled as in Fig. 2. 
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where a positive (negative) value of f represents a compression (expansion) of the 
string. The force f is a logarithmic measure of speech rate deviation from a normal 
value. It can be calculated for each identified segment as 

f = [In(do) - In(d)]/c. (2) 

The force f affecting a segment, e.g., the vowel we are interested in, can be predicted 
on the basis of Eq. (2) applied to preceding segments. "Postdiction" on the basis of 
de is also possible. The unaffected duration of the vowel, dvO, can then be obtained 
as 

dvO = dv/[exp(f c)]. (3) 

Since, according to Steven's power law, perceptual measures of speech rate are 

related to a physical measure by power functions, the following relation holds for 
any of those measures: 

R = RO exp(f p), (4) 

where RO is the physical rate, e.g., in average segments per minute, and p is the 
exponent in Steven's power law, for which a value of about 2.0 has been obtained 
for extraphonic rate and about 2.5 for autophonic rate (Grosjean & Lane, 1981). 

While the effects of segment position cannot be simulated with an elastic string 
on which a force is imposed terminally, Eq. (2) allows for continuous changes in f, 
reflecting the local speech rate. Final lengthening appears to be the result of an 
intentional deceleration in speech rate, with a gradual onset several segments ahead 
of the grammatical boundary that conditions the phenomenon. 

The model is intended to describe the effects of variations in R as long as no 
variation in phonetic quality is involved. Phonostylistic variations such as the 
complete deletion of unstressed vowels and of pauses in allegro speech remain 
outside its frame. 

In order to obtain reliable values of c experimentally, it is necessary to vary R 
over a large range. The positional variation appears not to be sufficient for the 
purpose. The values that can be infered from the previous investigation for [VC]
sequences with grave accent in focus position are c = 0.76 for [e], 1.04 for [n], 0.90 
for [s], and 0.93 for [t]. 

Our results showing cv < cc in stressed [VC]-sequences confIrm a previous 
observation by Elert (1964). There is a clear discrepancy between these results and 
those of Kozhevnikov & Chistovich (1965) who reported (translated into terms of 
our model) cv to be distinctly higher than cc in Russian. We believe that low 
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compliance of stressed vowels may be a feature in common to the "stress-timed" 
type of languages. In another stress-timed language, American English, (Gopal & 
Syrdal, 1988) cv in [hVd]-syllables can also be seen to be (slightly) below unity. 
The even lower value obtained in our Swedish utterances may have to do with the 
high-to-Iow Fo-contour that has to be realized within the vowel. A check of the 
interval between the beginning of the vowel and the point where FO has fallen 
halfway in the original utterances showed the compliance of that interval to be even 
lower than that of the vowel as a whole. 
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Perceptual foreign accent: 
L2 user's com prehension abi I ity 1 

Robert McAllister 

1. Introduction and background 
This paper is a report on ongoing research which focuses on various aspects of the 
acquisition of second language (L2) comprehension. Specifically, it adresses L2 
users' global ability to understand an L2 and compares this communicative ability 
to that of native speakers. The important and probably related question of how L2 
speakers' speech is understood by native listeners is not considered here, though it 
has received considerable attention both in research on L2 acquisition and in the 
practical pedagogical context of what is usually called "foreign accent". (For a 
review see Hammarberg, 1989). Our point of departure is that the reduced 
phonetic/phonological capacity of an L2 learner is characterized not only by deviant 
production, but also by perceptual difficulties or "perceptual foreign accents" which 
are at least as problematic in everyday communication situations. Although it is 
clearly a basic component of L2 acquisition, the development of a learner's ability 
to understand the L2 in terms of global comprehension has not been thoroughly 
dealt with in L2 acquisition research. There has been, however, recent work on the 
acquisition of an L2 phonology which focuses on the roll of perception in the 
structuring of such a phonology (Ioup and Weinberger, 1987, James and Leather, 
1987, James, 1988). Some of this work and its relevance to our findings will be 
discussed later. 

Clearly, the difference in comprehension abilities between an L2 user and a 
native speaker varies greatly as a function of the L2 user's experience with the 
language, i.e. the range of degree of "perceptual foreign accent" is quite large. In 
order to compare these two groups of listeners (L2 vs. native), a subset of the L2 
user population should be targeted. The focus of this research is to study a reduced 

perceptual capacity in L2 learners who display near native comprehension. This 
more or less "hidden" inability becomes obvious only in perturbed listening 
environments and could be the result of less effective use of linguistic and extra 
linguistic redundancy on the part of the L2 user. The question is whether or not it 
is actually the case that the comprehension ofL2 users who appear to be competent 
is more adversly effected than native language users in situations which involve 
reduced redundancy, i.e. various noisy environments or otherwise perturbed, im-

Paper presented at New Sounds 90, a symposium on the acquisition of second
language speech, at University of Amsterdam, 9-12 April 1990. 
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perfect signals. Our hypothesis as to the answer to this question is illustrated in the 
figure presented below as fig 1. 

A successful demonstration of such a "perceptual foreign accent" and the 

establishment of this aspect of L2 acquistion could have important implications for 
goal specification in L2 teaching programs and for a general theory of L2 acquisi
tion. 

1.1 Theoretical backgroud: the measurement of speech comprehension 

The ideas presented above arose originally from the personal experience of the 
author and have been corroborated by many other L2 users. These observations 
suggest that perturbed signals, regardless of the source of perturbation (unfamiliar 
dialects, dysarthric speech, various environmental masking noises), have a strong 

negative effect on the L2 users ability to understand the language. The question is, 
are the negative effects of perturbed signals on speech comprehension more severe 
for competent L2 users than for native speakers when the type and level of 
perturbation is controlled across the two groups? Can "perceptual foreign accent" 

be measured empirically? Spolsky et al (1968) presented this same idea. They stated 
that perturbed signals (in this case masking noises) have a negative effect on L2 

100% \ 
,! No. t i ve 

z \ I L2 user 
0 '\ 
� \ 
(f) \ Z 
W \ 
I '\ 
W \ Q:: 
CL \ 
2: \ 
0 \ U 

\ 
\ 

0% 

> 
INCREASING NOISE 

Figure 1. Hypothesized degradation of comprehension due to "perceptual foreign accent" 
corresponds to the lined area in the figure. The size of this area, i.e. the slope of the lines, 
is unknown. 
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users understanding of the language. Although no attempt was made to comfmn 
this statement, it was used as a point of departure for the development of tests 
intended to measure overall L2 proficiency. 

The foremost scientific problem in demonstrating an L2 user's reduced percep
tual capacity or "perceptual foreign accent" has been the question of how to measure 
comprehension in the first place. How is comprehension to be defined? What tests 
should be used? As it has turned out, this question has come to the forefront of the 
research and the question of L2 users' comprehension has become part of a larger 
project primarily concerned with the measurement of speech comprehension and 
the elaboration of a framework through which to view speech and language 
comprehension. 

The basis of this framework is a current view of speech perception or, more 
accurately, spoken language comprehension. According to this view,there are at 
least two sources of information used by the listener to interpret a spoken utterance. 
One of these is the information contained in the speech signal, represented in figure 
2 (Lindblom, 1987) as "signal dependent information". Often referred to as "acous

tic cues", this information is the raw material on which a host of perceptual 
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Figure 2. Model of the relationship between signal dependent and signal independent 
information for speech comprehension (after Lindblom, 1987). The less signal dependent 
information that is available the more signal independent information is needed for com
prehension, and vice versa. 

Linguistics, Stockholm 



58 McAllister 

mechanisms work. The other source of information represented in the figure is 
called "signal independent information" and refers to knowledge of the language 
spoken, knowledge of the world, the current communication situation etc .. This 
information creates expectations on the part of the listener as to the possible set of 
meanings that could be communicated and thus greatly facilitates understanding of 
the message. The figure emphasizes the balance between the stimulus controlled 
processes, in which the signal dependent information is employed, and hypothesis 
controlled processes where the signal independent information is all important (note 
that these two process types correspond roughly to the processes referred to as 
"bottom up" and "top down" in recent perception research (Lindsay and Norman, 
1977)). 

1.2 Comprehension testing inL2 research and teaching. 

Returning to the issue of L2 users and employing the above framework for 
describing spoken language comprehension, it is evident that the L2 users are at a 
disadvantage in terms of the signal independent information to which they have 
access; their repetoire of "top down" strategies is reduced as compared to native 
listeners. In terms of signal dependent information, L2 users and native listeners 
would appear to be on equal ground, provided that they have similar hearing acuity. 
Clearly, development of a tool that can explicitly measure language comprehension 
in L2 acquisition should prove useful for research in this area, as well as for 
facilitating the teaching/learning of L2, both in terms of production and compre
hension. A demonstration of this "perceptual foreign accent" and its explicit 
description should be relevant to what Leather and James (1987) considered to be 
the "most general question that studies of L2 phonological acquisition must 

address" that is "how, when a new sound system is learned, shortcomings and 
deviations from L2 patterns originate ... ?". Investigations along these lines could 
illuminate whether this perceptual phenomenon is due to universal constraints in 
the development of sound systems or to previous knowledge of an Ll. 

2. Methods 
The data reported here was collected in a series of experiments focused on 
metodological issues regarding the design and utility of a specific type of compre
hension test. Preliminary investigations included an inventory of comprehension 
tests and an assessment of their validity (McAllister and Dufberg, 1989). The results 
of these investigations led to the choice of the Speech Reception Threshold (SRT) 
test designed by Walker and Byrne (1985) for use in the present set of experiments. 

The guiding factor in this choice of methodology was test validity. Briefly, the 
validity of a test refers to the degree to which that test actually measures what it 
claims to measure (for a classical discussion of validity see Cronbach, 1961). Based 
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on what was learned about the validity of existing comprehension tests in the 
aforementioned inventory it was decided to give this test characteristic special 
attention. The general experimental configuration for the experiments using the 
SRT method are shown in figure 3. 

Both the masking noise and the recorded speech were played simultaneously on 
two Revox PR99 tape recorders. The two signals were directed through a Fonema 
mixer to the subjects' headphones (Onkyo DP-G4). Subjects were seated in a sound 
treated booth. The experimenter had both visual and audio contact with the subject 
during the experiments. 

Note that the level of the speech signal was calibrated prior to the experiments 
and that the noise level was varied on-line and measured (Briiel & Kjaer Measuring 

Amplifier type 2607) so that the test result was a signaVnoise ratio representing a 
subject's comprehension threshold. A similar test method has been used in the 
context ofL2 proficiency testing. Basing their arguments on the roll of redundancy 
in language comprehension, Spolsky et al (1968) and Gradman and Spolsky (1975) 
proposed that a test such as the SRT would be a good instrument to measure overall 
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Figure 3. The noise level is set with the adjustable attenuator and is measured with the 
dB-meter. Since the level of the noise and the speech material are calibrated the SIN ratio 
in the mixed signal can easily be computed. The mixed Signal is listened to at a comfortable 
level. 
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language proficiency. Johansson (1975), however, concluded that this test type was 
inadequate as a measure of overall proficiency in L2. 

2.1 Variables 

A number of the methodological details of these experiments will be summarily 
dealt with in this section as they are only indirectly relevant to the problem of L2 
comprehension. 

2.1.1 Listener response 

Two variants of listener responses were employed in these experiments. One was 
in strict compliance with the original SRT design in which the listener/subject is 
asked to report when he or she can "just barely" follow the content of the recorded 
linguistic material being monitered. This "just barely" point is difined as the 
listener's threshold. In the other, the comprehension threshold was found by the 
subject responding orally to simple questions. As a control, 10 of the simple 
questions were presented in quiet. This was done in order to ensure that the L2 
subjects undertstood the task and could answer the questions as well as the natives. 
Then the subjects was required to answer the questions in the presence of masking 
noise. When a question was answered correctly the noise level was increased 1 dB; 
when a wrong answer is given or when the subject indicates that the question was 
not heard or understood, the noise level was decreased by 1 dB. A SIN ratio 
representing a comprehension threshold was then derived by averaging ratios 
measured for correct answers that preceded wrong answer and right answers for 
correct answers that follow a wrong answer. A a maximum of 30 questions was 
asked. The procedure was completed when the experimenter judged that a reliable 
threshold had been obtained. 

2.1.2 Linguistic material 

Two different types of linguistic material were used in these experiments. Strict 
adhereance to the SRT test paradigm dictated that continuous speech be used. The 
speech material consisted of two childrens stories read by a male Swede with a 
central standard accent. The second type of material consisted of simple questions 
based on the Helen test (Ludvigsen, 1975). These are questions which any speaker 
of Swedish, native or not, would know the answer to, i.e. "What color is a lemon?" 

or "What number comes after three?"; they were read by the same speaker. All 
speech material was recorded in an anechoic chamber with a Briiel & Kjaer 
prepolarized condenser microphone, type 4155 on to a Studer B67 reel to reel tape 
recorder. 
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Two different noise sources were used. The fIrst, called "Hagennan noise", is a low 
frequency modulated noise with approximately the same long time average spec
trum as male speech (Hagennan, 1984). The other masking noise was produced by 
re-recording and mixing the continuous speech used for the SRT 24 times with a 

Fonema 3 channel mixer on the same tape track of a Revox PR99 reel to reel tape 
recorder and playing it backwards. The result was a "cocktail party noise" in which 
the last remnants of understandable speech had been eliminated. 

2.1.4 Subjects 

Several groups of subjects were used in these experiments. Two of the main groups, 
consisting of hearing impaired subjects, will not be dealt with here. 9 competent L2 
users and 8 nonnal native listeners provide the basis for the results presented in the 
next section. Subjects were divided into two groups. In Study 1 four L2 listeners 
and four native listeners participated. In study 2 five L2 listeners and 4 natives were 
used (with the exception of the modified SRT test where one additional 2 and native 
were added. 

2.2 The two studies 

This paper is a summary of several studies, each of which consisted of multiple 
experiments. For the purpose of this report the work is divided into two main studies. 
The methods described above apply to the fIrst study; in this study the SRT method 
was employed and both subject response and noise type were varied. The results of 
these experiments prompted the second study in which a modified Helen test 
response method and the "cocktail noise" (henceforth referred to as "babbling") 
were used. Also, some additional comprehension tests were administered to the 
subjects in the second study, they will be described briefly in the next section. 

2.2.1 "Speech audiometry" test battery 

The additional tests administered in study 2 to both the L2 users and the normal 
native subjects are standard measures used in Swedish audiology clinics. First, two 
pure tone tests were given. Both are standard hearing tests which asses bone 
conductivity and transmission in air. On the same occasion two tests, known as 
"speech audiometry" tests (all translations are the author's own) were administered 
to all subjects. These are the instruments used in Swedish clinics to determine 
"speech communication ability" (Liden and Fant, 1954). They are strongly in
fluenced by the so called "articulation testing methods" (Egan, 1948) and consist 
of phonetically balanced word material as well as some phrases and sentences. In 
the "Hearing Threshold for Speech" test the material is presented without masking 
noise and a "comprehension threshold" is established by the subject repeating the 
prerecorded linguistic material. The "Discrimination" test result gives the percent-
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age of the material the subject could mimic from a recorded model at a given signal 
level. Yet another test administered to the subjects in this study was the Hagerman 
test. This test is similar to the SRT test in some important ways. Words are presented 
in a sentence-like context and masked by the "Hagerman noise" which was used in 
Study 1 .  A signal to noise ratio at which 50% correct repetitions of the words is 
attained is the test result. This is a modified version of a widely used test originally 
developed by Plomp and Mimpen ( 1979). While these comprehension tests are 
normally administered to hearing impaired patients a comparison with results from 
experimental testing on L2 users and natives could be of interest. 

3. Results 

3.1 Study 1 
A summary of the results of the first study is presented in figure 4.In the context of 
comprehension test methodology the purpose of study 1 was to compare variations 
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Figure 4_ Results of Study 1_ The mean SIN ratio of the two groups of subjects for each of 
the two methods and two noise sources is represented in the figure. The data spread within 
each subject group is represented in the fiugre by the vertical line. The lower the SIN, the 
more noise is tolerated. 
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on the SRT test paradigm. These methodological comparisons will not be dealt with 
here as they are of peripheral interest in this report. Instead, our attention will be 

focused on a the comparison of comprehension thresholds in noise of the L2 and 
native speakers. It can be seen that in all experimental conditions the mean threshold 
of comprehension as expressed in a signal/noise ratio was higher for the L2 listeners 

than for the natives. That is to say, the natives could tolerate more noise than the 
L2 listeners before losing the content of the message. The order of magnitude of 
this difference in the threshold means was between 3 and 4 dB. A closer look at the 
individual conditions reveals that when the Helen testwas used with the Hagerman 
noise as the interfering signal the distribution of results for the two groups overlaps 
significantly, making the difference in average threshold less compelling In the 
other three conditions, however, there is no data overlap; all the native subjects 
were more tolerant of the noise than all the L2 listeners. 
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Figure 5 presents the resuhs of the modified version of the SRT test used in study 2 together 
with the so called Hagerman test described in section 2.2.1. The filled symbols are the 
individual data pOints and the unfilled are the means. The number of subjects is seen at 
the top of the figure above the corresponding data. 
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3.2 Study 2 
Figure 5 presents the results of the modified version of the SRT test used in study 
2 together with the so called Hagerman test described in section 2.2.1. 

In terms of the comparison of noise tolerance between the native listeners and 
the L2 users it can be observed for both tests that the relationship between the two 
groups is similar to that found in study 1. The difference between the group means 
is somewhat larger for the Hagerman test than for the modified SR T and for the 
SRT variants used in study 1. For the SRT test this difference is on the order of 
between 3 and 4 dB whereas the Hagerman test shows a difference in group means 
of over 6dB .  Another observation is that the SIN ratios are generally lower for the 
Hagerman test than for the modified SRT method, the difference in the means for 
the same subject groups being on the order of 5 to 7 dB. 

Presented in figure 6 and table I are the results from the tests included in the 
so called "speech audiometry" battery that was administered to all the subjects in 

study 2. Figure 6 shows the results of the "Hearing Threshold for Speech" test for 
the native listeners and the L2 users. 
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Figure 6. The results of the Hearing Threshold for Speech test (HIT). This figure compares 
the two subject groups in terms of the level at which they are able to mimic a recorded 
speech sample with 50% accuracy when the speech sample is presented in quiet. 
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This figure compares the two subject groups in tenns of the level at which they 
are able to mimic a recorded speech sample with 50% accuracy when the speech 
sample is presented in quiet. The results of this test show some similarity to the 

other comprehension tests run in this study and to the SRT test variants used in 

study 1. The natives again have a lower threshold, the mean difference here being 
in the neighborhood of 10 dB. There also appears to be a much greater spread of 
the data in the L2 user group than in the native group. 

Table 1 summarizes the results of the tone audiometric tests and the Discrimi
nation test. 

Table 1 shows results that indicate that all the subjects had nonnal hearing and 
that their discrimination ability as defined by this particualr task was very similar. 
While all the natives scored 100% on the discrimination test, the L2 subjects were 
not far behind with the worst perfonner only missing 3 out of 50 words and with 2 
of the 5 scoring 100%. 

4. Discussion and conclusions 
The purpose of this study was to investigate the existence of reduced comprehension 
capacity or "perceptual foreign accent" in competent L2 users. The specific question 
was whether or not evidence for this phonomenon could be obtained by comparing 
the comprehension abilities ofL2 users and native listeners in perturbed or "noisy" 
listening situations. L2 users and natives were tested in a number of paradigms, all 
of which showed that L2 users perfonnance was more negatively impacted than 
that of native listeners. These results demonstrated perceptual differences between 
the two groups. Moreover, the magnitude of the group thresholdd differences across 

the various paradigms was quite similar and on the order of 4-6 dB. Though it could 

Table 1: ML represents the mean level of tone discrimination. A level of 10 is considered 
to be normal. The so called "discrimination score" indicates the percentage of words (total 
SO words) repeated correctly at a level of SO dB. 

NATIVES L2 

ML DISCRIMINATION ML DISCRIMINATION 

LH 10 100%/SOdB AP 10 94%1 SOdB 
CK 10 100%/SOdB LT 10 100%1 SOdB 
H 10 100%/SOdB MY 10 98%1 SOdB 
AT 10 100%/SOdB KR 10 100%1 SOdB 

MR 10 96% 1 SOdB 
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be argued that this magnitude of difference is small given the dynamic range of 
human hearing and fluctuations of sound level in speech, what constitutes a "small" 
vs. "large" difference in terms of comprehension is unknown at this point. 

Clearly, the question of whether or not these results provide direct evidence of 
reduced comprehension abilities or "perceptual foreign accent" in L2 users remains 
open. Although the data are encouraging, they ar based on a small number of 
subjects and have not been tested statistically. Even more critical is the issue of test 
validity. To what extent did the test paradigms used really measure language 
comprehension? As has been noted, this question has become the pivotal issue 
around which the research program will continue to revolve. 

Assuming, for the moment, that "perceptual foreign accent" exists and is 
demonstrable, theories as to its basis and form will need to be formulated. Some 
specUlation with regard to the role of an L2 users reduced access to signal 
independent or "top down" information has already been presented here. Recent 
research concerning the perception of L2 users has focused on the phonological 
processing of the L2 acoustic signal and the influence of the L1 on the nature of 
this processing. Lehtonen and Sajavaara (1984) and Flege (1987) have considered 
the roll of an L2 user's perception of phonetic features in establishing phonological 
categories in the L2. Thus, one possibility is that it is at the level of mapping phonetic 
features to phoneme categories that L2 users fall behind native listeners. Of course, 
there are many levels in the hierarchy of speech/language comprehension processes 
at which L2 users might be at a disadvantage; any or all of these could be the site 
of "perceptual foreign accent" 

Future work in this area has implications for research in L2 acquisition and 
phonology. Development of measures of speech/language comprehension could 
prove useful for L2 education as well as for the clinical assessment of hearing. It is 
also conceivable that this research on a perceptual aspect of L2 acquisition could 
be relevant to the study of child language development. The question as to what 
extent the processes of L2 acquisition, both in terms of production and comprehen
sion, recapitulate those of the development of L 1 in young children is a well known 

theme in this field and the study of "perceptual foreign accent" may have something 
to contribute to the tractability of this problem. It is hoped that the results and ideas 
presented here will provoke interest in this area of research and help to motivate 
future work. 
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Sociolectal sensitivity in native, 
non-native and non speakers of Swedish 

- a pilot study 1 

1. Introduction 

Una Cunningham-Andersson 

Popular awareness of sociolectal variation is much less in Sweden than that 
described in England by, for example Honey (1989). Socioeconomic differences 
are less pronounced in Sweden than in England, and the differences that do exist in 
Sweden tend to be denied or played down. It is therefore un surprising that many 
native speakers are unaware of any ability they may have to detect socially 
significant cues in the speech of their fellow countrymen. 

The work presented in this paper is part of a three year research project based 
in the phonetics section of the Dept. of Linguistics in Stockholm called "Non-native 
sociodialectal perception". The project's aim is to examine the ability of native and 
non-native speakers of Swedish to "place" native speakers of Swedish geograph
ically and socially. Does an immigrant's ability to speak Swedish fluently with 
minimal foreign accent and perfect comprehension imply that he also has native-like 
abilities in this sociodialectal respect? 

In order to test the feasibility of some parts of the experiments we have planned, 
a pilot investigation of perception of socially significant phonetic variation in 
Uppsala speech was arranged. The hypothesis being tested here is that native 
speakers of Swedish will be significantly better than non-native speakers of Swedish 
at placing native speakers in appropriate socioeconomic categories, and that non
native speakers with very good command of the Swedish language and many years 
experience of Swedish society will be better at the task than those who have less 
experience and somewhat less command of the language, who, in turn, will be better 
at the task than those with no knowledge at all of Swedish. 

2. Material 
After consultation with the Swedish Central Bureau of Statistics' publication 
"Socioekonomisk indelning (SEI)" (1982), we have arrived at a method for the 
socioeconomic placement of our informants into three groups. This placement is 
based on a measurement process for social status described by Shuy, Wolfram and 
Riley (1968). The method used for the purposes of this study takes into account the 
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educational level of the speaker and his occupation. Seven levels of education and 
seven levels of occupation are allowed for (listed below). The scores obtained are 

then weighted so that the education score is multiplied by 5 and the occupation score 
by 9, and the resulting products are added together to give an overall status score. 
Possible scores are between 14 and 98 with lower scores representing higher social 
status. This range was then divided into three socioeconomic groups, high (H): 
14-41, mid (M): 42-69, low (L): 70-98. 

The following seven levels of education and seven occupational levels were 
used to calculate the overall status scores for each speaker: 

Education (scaled by a factor of 5) 
1 Any graduate degree (MA, PhD etc) 
2 College graduates 
3 One year or more of college 
4 3-year (theoretical) course at upper secondary school 
5 2 year (practical) course at upper secondary school 
6 Compulsory education (9 years elementary school) 
7 Less than 9 years education 

Occupation (scaled by a factor of 9) 
1 Major professionals, executives of large concerns 
2 Lesser professionals, executives of medium concerns 
3 Semi-professionals, administrators of small business 
4 Technicians, owners of petty business 
5 Skilled workmen 
6 Semi-skilled workmen 
7 Unskilled workmen 

Six male speakers from our Uppsala material, recorded individually in their own 
homes were used for this pilot test. The speakers fell into the three social status 
groups of our study as follows: 
Speaker HE -Education:2x5; Occupation: 2x9= 28 (Category H) 
Speaker AN - Education: lx5; Occupation: 2x9= 23 (Category H) 
SpeakerGU -Education:3x5; Occupation: 4x9= 51 (Category M) 
Speaker BO -Education:4x5; Occupation: 3x9= 47 (Category M) 
Speaker H A  -Education:3x5; Occupation: 7x9= 78 (Category L) 
Speaker BE -Education:7x5; Occupation: 5x9= 80 (Category L) 

The speech material for the present experiment consisted of a text reading (taken 
from the beginning of an interview made with each speaker). This text was designed 
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to include many instances of the two phonologically distinct but phonetically similar 
fricatives / 5 / and / � /; the reason was that, judging from informal listening 
experience, the various phonetic fonns of these fricatives can be assumed to reflect 
socioeconomic status. The readings by each of the six speakers were arranged on a 
tape in random order. 

3. Listeners and test procedures 
Four groups of listeners were involved in this pilot experiment. The fIrst group (N) 
was comprised of 7 native speakers of Swedish who work at the Department of 
Linguistics at Stockholm University. The second listener group (NNO) were 12 
native speakers of English resident in Binningham, Alabama. None of the listeners 
in this group had any knowledge of Swedish. The third group (NN1) consisted of 
12 non-native speakers of Swedish enroled in a university level "Swedish for 
foreign students" course. All these students had attained the level of competence in 
the Swedish language required for university admittance. The fourth listener group 
(NN2) was composed of 5 non-native speakers of Swedish who had been in Sweden 
for a considerable length of time, and who work at the Department of Linguistics 
in Stockholm. The NNl listener group were paid 20 Swedish kronor each for their 
contribution, all other listeners were unpaid. 

The listening test was conducted as a three-alternative forced choice, the 
listeners being required to indicate on an answer sheet which of three occupational 
categories they deemed the speaker most likely to belong to. The occupational 
categories were labelled doctor, lab technician, manual labourer. It was explained 
to the listeners that these labels were intended to represent high, mid and low status 
occupational categories rather than specifIc occupations. 

The stimulus tape was then presented to the listeners. They heard the tape twice, 
and were instructed just to listen the fIrst time and to mark their judgements on the 
answer sheet the second time. 

4. Results 
Tables I-IV show confusion matrices for the four listener groups N, NNO, NNI 
and NN2. 

Table I shows that the native (N) listeners were clearly able to identify the 
highest and the lowest socioeducational groups without confusing them with each 
other. The speakers belonging to the mid group were in fact perceived as belonging 
to all three groups. A Mann-Whitney U-test comparing the listeners' results with 
those which would be obtained from a random guessing shows that U=6 P=O.032, 
i.e. the native listeners perfonned signifIcantly better than chance. 

Table II shows that the NNO group were able to correctly identify one of the 
highest status speakers and one of the lowest status speakers. It seems probable that 
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they were basing these judgements on reading fluency. A Mann-Whitney U-test 
comparing the listeners' results with those which would be obtained from a random 
guessing shows that U=12 P=NS, i.e. the Birmingham listeners did not perform 
significantly better than chance. 

The NNl listener group did less well at identifying the occupational categories 
of the speakers as can be seen in table ITI. The only group they could confidently 
identify were the lowest status group. A Mann-Whitney U-test comparing the 
listeners' results with those which would be obtained from a random guessing shows 
that U=12 P=NS, i.e. the relatively inexperienced immigrant listeners did not 
perform significantly better than chance. 

The NN2 listener group was intermediate in the sense that they did not often 
confuse the highest and lowest status speakers with each other, and they were not 

Table I. Confusion matrix showing the percentage of the listeners in the N (native) listener 
group who placed each speaker on each of the socioeducational levels 

Guessed 
Intended H M L 
UHE 57 43 0 
UAN 86 14 0 
MGU 29 29 42 
MBO 57 43 0 
LHA 0 14 86 
LBE 0 57 43 
Total 229 200 171 

Table II. Confusion matrix showing the percentage of the listeners in the NNO (non-native 
with no knowledge of Swedish) listener group who placed each speaker on each of the 
socioeducational levels. 

Guessed 
Intended H M L 
UHE 50 40 10 
UAN 80 20 0 
MGU 60 20 20 
MBO 60 40 0 
LHA 20 60 20 
LBE 0 10 90 
Total 270 190 140 

PERILUS XII, 1991 



Sociolectal sensitivity 73 

very good at distinguishing between the mid occupational category and the other 
two categories, just like the native listeners as can be ssen in table IV. They were, 
however, not as likely to guess the highest and lowest groups correctly as were the 
native listeners. A Mann-Whitney V-test comparing the listeners' results with those 
which would be obtained from a random guessing shows that U=O P=O.OOI, i.e. 
the experienced immigrant listeners performed significantly better than chance. 

5. Discussion 
The four listener groups did not seem to be making their judgements according to 
the same criteria. The native speakers (N) and those with no knowledge of Swedish 
(NNO) were each able to identify one of the two lowest status speakers with no 

Table III. Confusion matrix showing the percentage of the listeners in the NN1 (non-native 
with reasonable knowledge of Swedish) listener group who placed each speaker on each 
of the socioeducationallevels. 

Guessed 
Intended H M L 
UHE 33 59 8 
UAN 17 50 33 
MGU 42 33 25 
MBO 75 25 0 
LHA 17 17 66 
LBE 0 8 92 
Total 184 192 224 

Table IV. Confusion matrix showing the percentage of the listeners in the NN2 (non-native 
with considerable experience of Swedish) listener group who placed each speaker on each 
of the socioeducationallevels. 

Guessed 
Intended H M L 
UHE 60 20 20 
UAN 60 40 0 
MGU 60 40 0 
MBO 60 40 0 
LHA 0 60 40 
LBE 0 40 60 
Total 240 240 120 
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difficulty, but not the same speaker. The NNI group, with some experience of 
Swedish, behaved in this respect similarly to the NNO group. The NNO group, 
however, did better at identifying the highest status group of speakers than the NNI 
group and, in the case of one of these speakers, better than the NN2 listeners (with 
considerable experience of Swedish). All listener groups had problems identifying 
the mid-status speakers. The Mann-Whitney tests, however, showed that while the 
Birmingham and inexperienced immigrant listener groups (NNO and NNl) did not 
perform better than chance, the experienced immigrant and native listener groups 
(NN2 and N) did. This pilot experiment partially corroborates our hypothesis, 
showing that experienced listeners do better than in experienced listeners, but it 
failed to distinguish between the native and experienced non-native listeners or 
between the inexperienced non-native and the Birmingham listeners. 

The results of this pilot study call attention to several methodological problems. 
Firstly, the use of a reading of a text in this kind of study may lead to speakers being 
assigned to the various occupational categories on the basis of their reading abilities 
rather than on the phonetic features of their speech. On the other hand, if running 
speech is used, the syntax and vocabulary will provide cues to the speakers' 
socioeducational status. It is however possible to choose passages from the inter
views with the speakers which are free from contextual, lexical and syntactical cues. 
Further studies need to be conducted using free speech from the same speakers. 

Another factor which may make intetpretation of the results difficult is that 
while all the speakers have spent their lives in Uppsala, only the NNllistener group 
is resident in Uppsala. The remaining listener groups (N and NN2) work in the 
phonetics lab at Stockholm University as staff, researchers or graduate students. 
They are from widely diverse parts of Sweden, but all lived in the Stockholm area 
at the time of the study. It may be that the N and NN2 groups are at an unfair 
disadvantage and that the phonetic cues to socioeducational status are very local in 
nature, such that different phonetic variables may be socially significant in Stock
holm and Uppsala (which are about 75 km apart), or even that the same phonetic 
variable may be significant in a different way. This would not be surprising since 
native speakers report being able to distinguish between Stockholm and Uppsala 
accents. Further work on the ability of native and non-native speakers to intetpret 
socially conditioned phonetic variation is planned. 

The small number of speakers and listeners in this pilot study precludes the 
drawing of any firm conclusions here. It is however interesting to note that the only 
listener to judge all six speakers accurately was one of the three out of the 
twenty-four listeners who claimed that the task was not possible to perform except 
by judging the reading abilities of the speaker. 
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Perceptual evaluation of speech following 
subtotal and partial glossectomy 
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Abstract 
The purpose of this study was to evaluate the speech of glossectomees and 
non-glossectomees. The severity of speech disturbance was judged by 30 
listeners on eleven variables chosen to reflect listeners' acceptability of 
speech fol/owing glossectomy. The results indicated that listeners were not 
always able to distinguish a glossectomized speaker from a normal speaker. 
The glossectomees were regarded as non-glossectomees 15% of the time 
and the control subjects 84% of the time. Some overlapping between the 
group existed in all variable ; however, for aI/ variab! .is but one there were 
significant differences between the groups (p < 0.001). Small but consistent 
differences were also noted between preoperative patients and control 
subjects. Glo sectomees were judged to be significantly older than non
glossectomees although the difference i real age between the groups was 
negligible. Correlational analyses indi�ted that the extent of the surgical 
procedure involved in subtotal and partial glossectomy was reflected in the 
listeners 'judgment of speech quality, e.g. 'Bizarreness' (rs = 0.78), 'Unclear 
speech' (rs =: 0.77), and 'Need of speech th rapy' (rs := J.T;'). In other wort!s, 
the larger the amount of tongue tis ue resected, the more severe the speech 
distortion was judged to be. However, it i. important to take into account not 
only the extent of resection but a1s the specific structure or structures 
involved. 

1 Introduction 
In two recent stud·es of speech after glossectomy, Alme and Engstrand (1989), 
Alme, Oberg, and Engstrand (1990), we analyzed acoustic features and intelligi
bility of vowels and consonants in the speech of two glossectomees. In the present 
study we wanted to find (Jut how distorted the speech of a glossectomized speaker 
sounds to a listener. Thus, the focus will b , on listeners' perceptual judgments of 
various speech characteristics in a larger group of glossectomees. 

The specific purposes of the current s Jdy were to determine (a) if a difference 
exists between speech quality ratings of glossectomees and non-glossectomees 
(preoperative patients and nonnal control subjects), ( ) if overlapping exists be
tween speaker groups (i.e. if a glossectomee could be identified as a nonnal speaker 
and vice versa), and (c) if there is a correlation between listeners' auditory impres-
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sion of speech characteristics and the extent of surgical resection of the tongue and 
adjacent structures. A listening test was carried out to assess the quality of speech 
and voice. The listeners' task was to judge each speech sample by rating it according 
to a 5-point scale applied to the following eleven variables: 

1) Degree of glossectomy 
2) Comprehensibility 
3) Clarity 
4) Bizarreness 
5) Annoyance 
6) Need of speech therapy 
7) Need of voice therapy 
8) Friendliness 
9) Pleasantness of voice 

10) Age 
11) Social status 

For the ftrst seven variables, a 5-point scale from '0' to '4' was used. On this scale 
a rating of '4' represented a high degree of deviance from 'nonnality' and '0' 
represented 'no deviance'. Thus, for the ftrst variable a score of '0' implied 'no 
glossectomy' and '1', '2', '3', and '4' implied increasing degree of glossectomy. 
The second variable, 'Comprehensibility', had to be described as an estimation of 
prospective unintelligibility and not as a measurement of true unintelligibility since 
the same speech material was used for all speakers. 

For the remaining variables, 'Friendliness', 'Pleasantness', 'Age', and 'Social 
status', the scale was from '1' to '5' and the listeners were guided by deftnitions. 
'Friendliness' was described as: very friendly (1), friendly (2), neutral (3), un
friendly (4), and very unfriendly (5). 'Pleasantness of voice' was described as: very 
pleasant (1), pleasant (2), neutral (3), unpleasant (4), and very unpleasant (5). The 
speaker's age had to be estimated within rather broad intervals: younger than 40 
(1), 40 - 50 (2), 50 - 60 (3), 60 - 70 (4), and older than 70 (5). These particular age 
groups were chosen since glossectomy in very young ages is unusual. 'Social status' 
was estimated in terms of very high (1), high (2), average (3), low (4), and very low 
(5). 

2 Methods 

2.1 Subjects 

In the group of glossectomized speakers (GLS-group), 18 patients (12 males, 6 
females) representing different type and extent of tongue resection were included. 
They ranged in age from 42 - 76 years with a median of 59.5 years. The non-glos-
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sectomized speakers (NONGLS-group) included 12 control subjects without any 
known history of speech or hearing problems (5 females and 7 males) and 6 patients 
recorded preoperatively. The age range was 39 - 76 years, with a median age of 53 
years. The glossectomees were recorded between 4 - 76 months after surgery with 
a median time lapse of 11 months. The variation in time depends on several factors 
such as the patient's postoperative condition, general health, and availability. 
Furthermore, several of the patients underwent glossectomy before the start of the 
present research project and it was judged important to include also these patients 
in the study. The preoperative patients were recorded 5 - 7 days before surgery 
(after termination of radiotherapy). For all of the individual subjects the following 
data are provided in Appendix I: subject number, age, sex, rank number (see below), 
and time lapse of postoperative recording. Subjects 13 -18 in both groups are the 
same speakers recorded pre- and postoperatively. 

All patients had had biopsy-proved squamous cell carcinoma and had under
gone radiotherapy preoperatively. Unilateral (in subject G9 bilateral) neck dissec
tion in combination with the tongue surgery was carried out in all patients. Site of 
lesions were in the anterior two-thirds of the tongue or the floor of the mouth in 4 
patients, in the posterior part of the tongue in 9 patients, and in 4 patients the tumour 
was widespread. The anterior two-thirds of the tongue lies within the oral cavity, 
the posterior area lies within the oropharynx. The defects incurred after subtotal or 
partial tongue resection were reconstructed with flaps in 16 patients. Only one 
patient received speech- or voice therapy postoperatively. One patient (NG 15/G 15) 
was slightly dysarthric. 

In order to correlate, as objectively as possible, degree of glossectomy and 
listener ratings of speech, all patients were ranked by the author according to size 
and site of tumour and the extent of the surgical procedure involved. This ranking 
was partly based on the extent of the surgery, and partly on the physician's TNM 
pre-treatment clinical classification of oral tumours (size and site of tumour). In 
this terminology, T concerns extent of the primary tumour, N the involvement of 
regional lymph nodes, and M presence or absence of distant metastasis (Spiessl et 
aI, 1985). For one patient (G5) we only had access to selfreported information on 
extent of glossectomy. 

2.2 Procedure 

The recordings were made in a sound screened studio using a Revox PR 99 tape 
recorder, set to run at a tape speed of 19 cm/sec. A free-standing dynamic 
microphone (Sennheiser MD 211 U) was placed approximately 25 cm in front of 
the subject's mouth. All 30 subjects (out of which 6 patients were recorded pre- and 
postoperatively) read at their normal rate and intensity the Swedish version of 'The 
North wind and the Sun'. From the 36 recordings, a listening tape was prepared 
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with the randomized speech samples. Between each speech sample there was a silent 
interval of 5-10 seconds. Between each block of 12 speech samples there was a 
short break where the answer sheets were collected. The speech samples were 
presented to the listeners from a Digital Audio Tape Deck (JVC XD-Zll(0) via 
loudspeakers in a sound treated room. 

A panel of 30 listeners, essentially inexperienced in making clinical judgments 
of speech and voice quality, listened to the stimulus tape. 20 listeners were 
undergraduate students in speech and language pathology (beginners) and 10 were 
graduated engineers. None of them was told of the purpose of the experiment. The 
judges were informed that some speakers were glossectomized and some were not, 
and that both sexes and all ages were represented. Written and oral instructions were 
given, with detailed explanations of the meaning of each variable. Furthermore, the 
judges were accustomed to the task by judging the speech of a glossectomee with 
moderate speech problems prior to the formal test. The 36 randomized speech 
samples were evaluated according to a 5-point scale (cf. Introduction). The listeners 
were provided with one response sheet for each speech sample and were asked to 
circle the number which best corresponded to their judgment on all variables (Le. 
questions). The wording of the following questions are close to the Swedish version 
of the response sheet: 

1. Is any part of the tongue removed? If yes, to what extent? 
2. Would people have any problem to understand the speaker? 
3. Is the speech unclear? 
4. Is the speech deviant from normal speech? 
5. Is the speech annoying to listen to? 
6. Is speech therapy needed? 
7. Is voice therapy needed? 
8. Is the speech friendly or unfriendly 
9. Is the voice pleasant or unpleasant? 

10. How old is the speaker? 
11. What social status does the speaker have? 

3 Results 
Results of listeners' perceptual evaluation of glossectomized and nonglossec
tomized speakers, on eleven variables, are presented in Figure 1. Unfilled bars 
represents the group of glossectomees and filled bars the non-glossectomees. As 
can be seen, mean values for the glossectomees are higher for all variables. It should 
be borne in mind that the lower the value the more favourable has the speaker been 
judged. Results of Mann-Whitney U analysis indicated significant between-group 
differences for ten of the variables (p < 0.001, two-tailed). However, there was no 
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significant difference between the two groups regarding the variable 'Friendliness' . 
The difference between the speaker groups is further illustrated in Figure 2, which 
displays the mean values for three groups on the same variables. However, for the 
nonglossectomized group, data from control subjects (squares) and preoperative 
patients (diamonds) have been separated and plotted in the same figure to illustrate 
the difference between those speakers and the glossectomees (x' s). Although higher 
scores were generally given to the preoperative patients in relation to control 
subjects, the difference between the groups was not significant. However, if only 
the first seven variables were taken into account, there was a significant difference 
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Figure 1. Mean values for eleven variables for the glossectomees (unfilled bars) and the 
non-glossectomees (filled bars). The variables are: Glossectomy (1 ), Comprehensibility (2), 
Clarity (3), Bizarreness (4), Annoyance (5), Need of speech therapy (6) , Need of voice 
therapy (7), Friendliness (8), Pleasantness (9), Age group (1 0), and Social status (1 1 ) .  
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(p < 0.01, two-tailed t-test) even if the slightly dysarthric subject NG15 was 
excluded. 

Table I shows the range of mean values for 18 glossectomees, 6 preoperative 
patients, and 12 control subjects for all variables. For the fIrst seven variables, we 
see that the control subjects had a rather narrow range (0 - 1.53), while the 
GLS-group had a much broader range (0.03 - 4) and the preoperative patients 
somewhere in between (0.03 - 2.33). Looking at individual data, there was some 
overlapping between groups. Appendix II provides a summary of the data obtained 
from the two speaker groups (glossectomees and non-glossectomees) for all 
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Figure 2. The figure shows mean values for eleven variables for glossectomees (x's), 
preoperative patients (diamonds), and control subjects (squares). The variables are: 
Glossectomy (1 ),  Comprehensibility (2), Clarity (3), Bizarreness (4), Annoyance (5),  Need 
of speech therapy (6), Need of voice therapy (7), Friendliness (8), Pleasantness (9), Age 
group (1 0), and Social status (1 1 ). 
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variables, including median, mean, standard deviation (SD), and standard errors of 
the mean (SEM). 

Listener responses for all variables in the respective score category are sum
marized in Table Il(a) for glossectomees and control subjects, and in Table Il(b) for 
postoperative and preoperative patients. The figures are expressed in percent of the 
total number of listener responses for each variable. For the first seven variables the 
O-responses are calculated separately, however, scores of 1 and 2 are summed, as 
well as 3 and 4. Responses for the last four variables are calculated in a slightly 
different way; i.e. scores of 1 and 2 are summed, as well as 4 and 5, but since scores 
of 3 have 'average or neutral' characteristics they are calculated separately. As 
pointed out above, there are large differences in speech quality between glossec
tomees and control subjects, especially regarding bizarreness and clarity of speech. 
It is an interesting observation, for example, that the need of voice therapy is judged 
to be relatively high in both groups. 

3.1 Correlations between variables 

Glossectomy (1 ). Table III shows Spearman's correlation coefficients for (a) corre
lation between the author's ranking of patients (RANK) and mean value of listeners' 
scores for eleven variables and (b) correlation between listeners' rating of degree 
of glossectomy (GLS) and the average scores for the remaining ten variables. 

The correlation between the author's ranking of patients and the listeners' rating 
of the same patients on the 'Glossectomy'variable, (a), was found to be rather high 

Table I. Range of mean values obtained for eleven variables from a group of 30 listeners 
for 1 8  glossectomees (GLS). 6 preoperative patients (Preop). and 1 2  control subjects 
(Control). 

GLS Preop Control 

1 .  Glossectomy 0.03 - 3.97 0.03 - 1 .57 0 .00 -0 .57 
2. Comprehensibility 0.07 - 4.00 0.00 - 1 .57 0.00 - 0 .23 
3. Clarity 0 .23 - 4.00 0.07 - 2.1 3 0.00 - 0 .87 
4. Bizarreness 0 .70 - 4.00 0.30 -2.20 0.00 - 0.97 
5. Annoyance 0.77 - 4.00 0 .70 - 2.03 0.00 -1 .20 
6. Speech therapy 0.21 - 3.97 0.1 7 - 2.33 0.00 -1 .1 7 
7. Voice therapy 0.40 - 3.50 0.80 - 1 .47 0.00 - 1 .53 

8. Friendliness 1 .93 - 3.37 2.43 - 2.93 1 .43 - 3.70 
9. Pleasantness 2.1 0 - 4.37 2.50 - 2.97 1 .47 - 3.1 3 

1 o. Age group 1 .90 - 4.43 1 .97 - 3.33 1 .20 -3.60 
1 1 .  Social status 2.53 - 3 .67 2.57 - 3 .70 1 .77 - 3.37 
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(rs = 0.73, P < 0.001). This patient ranking was also correlated with the listener' 
scores for each other variable. The highest correlation was found for 'Bizarreness' 
(rs = 0.78, P < 0.001), 'Clarity' and 'Speech therapy' (rs = 0.77, P < 0.001). Corre
lation between patient ranking and 'Age group' was very low, rs = 0.32 (non 
significant). 

Table II. Listener responses (in %) for eleven variables for (a) glossectomees and control 
subjects and (b) pre- and postoperative patients. For the variables 1 - 7, scores of '1-2', 
and '3--4' are summed; for the variables 8 - 1 1 ,  scores of '1-2', and '4-5' are summed. 

(a) Glossectomees 

'0' 

1 .  Glossectomy 1 4.81 
2. Comprehensibility 1 7.84 
3. Clarity 9.07 
4. Bizarreness 6.67 
5. Annoyance 6.30 
6. Speech therapy 1 0.76 
7. Voice therapy 20.74 

'1 -2' 

8. Friendliness 39.89 
9. Pleasantness 22.78 

1 0. Age 1 9.44 
1 1 . Social status 1 2.06 

'1 -2' 

40.00 
33.83 
32.04 
34.07 
35.93 
26.90 
43.70 

'3' 

43.78 
25.37 
29.07 
54.36 

(b) Patients postop 

'0' 

1. Glossectomy 21 .67 
2. Comprehensibility 1 6.20 
3. Clarity 1 2.78 
4. Bizarreness 8.89 
5. Annoyance 5.00 
6. Speech therapy 1 5.64 
7. Voice therapy 1 2.22 

'1 -2' 

8. Friendliness 33.33 
9. Pleasantness 1 5.56 

1 0. Age 1 5.00 
1 1 .  Social status 8.94 

'1 -2' 

22.78 
1 8.99 
1 3.89 
1 8.89 
23.33 
1 3.41 
39.44 

'3' 

46.56 
22.22 
23.33 
54.1 9 

'3-4 ' 

45.1 9 
48.33 
58.89 
59.26 
57.78 
62.34 
35.56 

'�5' 

16.33 
51 .85 
51 .48 
33.58 

'3--4' 

55.56 
64.80 
72.78 
72.22 
71 .67 
70.95 
48.33 

'�5' 

21 .1 1 
62.22 
61 .67 
36.87 
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Control subjects 

'0' '1 -2' '3-4' 

84.1 7 1 5.83 0 
94.1 5 6.1 3 0 
80.28 1 9.44 <1 
76.39 23.61 0 
66.39 40.56 1 .39 
76.1 1 22.22 1 .67 
62.22 32.50 5.28 

'1 -2' '3' '�5' 

57.78 29.72 1 2.50 
55.56 30.00 1 4.44 

72.78 20.28 6.94 
46.67 44.72 8.61 

Patients preop 

'0' '1 -2' '3--4' 

57.22 41 .1 1 1 .67 
62.22 35.00 2.78 
38.89 53.33 7.78 
41 .67 50.00 8.33 
32.22 58.89 8.89 
46.1 1 37.22 1 5.56 
36.1 1 55.56 8.33 

'1 -2' '3' '4-5' 

37.78 41 .67 20.56 
38.89 35.56 25.56 
48.89 35.56 1 5.56 
23.33 42.22 34.44 
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Comparing listeners rating of speakers on the variable Glossectomy, (b), we 
found the lowest correlation between 'Glossectomy' and 'Voice therapy' (rs = 0.45, 
p < 0.05). As expected, the correlation between 'Glossectomy' and 'Speech ther
apy' was high (rs = 0.97, P < 0.001). Eight of the glossectomees were never 
regarded as normal speakers by any listener (G2, G5, G6, G8, GlO, Gll, G15, and 
G 17). On the other hand, only three speakers were correctly identified as normal 
speakers 100% percent ofthe time (NG8, NG9, and NG 10). The dysarthric speaker 
NG15, was preoperatively erroneously judged as glossectomized in 93% of the 
cases. 

Comprehensibility (2). In terms of estimated comprehensibility, the control 
subjects received very low scores, i.e. they were judged to have no or only minor 

Table III. Spearman's rank correlation coefficients (fs) and corresponding t-values (� for (a) 
authors' ranking of 1 8  patients (RANK) vs. 30 listeners' rating of the same speakers on 
eleven variables and (b) listener rated degree of 'Glossectomy' in 1 8  patients (GLS) vs. the 
other variables. Level of significance is indicated by asterisks: p < 0.001 ••• , P < 0.01 •• , 

and p < 0.05·; non significant = ns. 

(a) Patient ranking vs. listener rating 
RANK vs. Glossectomy 
RANK vs. Comprehensibility 
RANK vs. Clarity 
RANK vs. Bizarreness 
RANK vs. Annoyance 
RANK vs. Need of speech therapy 
RANK vs. Need of voice therapy 
RANK vs. Friendliness 
RANK vs. Pleasantness 
RANK vs. Age group 
RANK vs. Social status 

(b) 'Glossectomy' vs. others 
GLS vs. Comprehensibility 
GLS vs. Clarity 
GLS vs. Bizarreness 
GLS vs. Annoyance 
GLS vs. Need of speech therapy 
GLS vs. Need of voice therapy 
GLS vs. Friendliness 
GLS VS. Pleasantness 
GLS vs. Age group 
GLS VS. Social status 

fs=0.73··· 
fs = 0.75 ••• 

fs=0.77··· 
fs=0.78··· 
fs = 0.74··· 
fs=0.77··· 
fs = 0.44· 
fs = 0.53 * 

fs = 0.59·· 
fs = 0.32 ns 
fs = 0.38 ns 

fs = 0.96··· 
fs = 0.95··· 
fs = 0.95··· 
fs = 0.93··· 
fs = 0.97··· 
fs = 0.45· 
fs = 0.63·· 
fs = 0.64·· 
fs = 0.57·· 
fs = 0.51 • 

Linguistics, Stockholm 

t= 4.272 
t= 4.502 
t= 4.886 
t= 4.91 9 
t= 4.383 
t= 4.870 
t= 1 .971 
t= 2.490 
t= 2.946 
t= 1 .368 
t= 1 .642 

t= 1 4.468 
t= 1 2.1 53 
t= 1 2.729 
t= 9.936 
t = 1 6.737 
t= 1 .998 
t= 3.237 
t= 3.348 
t= 2.740 
t= 2.356 
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problems concerning intelligibility of speech. The number of '0' responses was 
94.15%, as compared to the glossectomized speakers who received only 17.84%. 

Clarity (3). 'Glossectomy' and 'Clarity' were found to be closely related. The 
correlation coefficients were high, 0.95 and 0.89 for glossectomees and control 
subjects, respectively. All postoperative patients but one displayed median values 
of ' 1 ' or higher. Eleven patients scored '3' or '4'. One control subject and four of 
the preoperative patients had median values of '1' or more. Control subjects 
received 80.28% '0' responses and glossectomees 9.07%. 

Bizarreness (4) and Annoyance (5). The glossectomees received remarkably 
few '0' -responses for those variables, 6.67% and 6.30%, respectively. The percent
age of '0' -responses was rather low also for control subjects, 76.39% and 66.39%, 
respectively. Correlation between 'Glossectomy' and 'Bizarreness' was high, 
rs = 0.95 for the glossectomized speakers and rs = 0.84 for control subjects. Corre
lation between 'Glossectomy' and 'Annoyance' was high for glossectomees 
(rs = 0.93), but considerably lower for the normal speakers (rs = 0.61). 

Speech therapy (6) and Voice therapy (7). For the GLS-group the correlation 
between 'Glossectomy' and 'Speech therapy' was, as expected, very high 
(rs = 0.97, P < 0.001). Between 'Glossectomy' and 'Voice therapy' the correlation 
was remarkably lower (rs = 0.45, p < 0.05). The difference between patients and 
control subjects was also less pronounced for the latter variable. The median value 
obtained for 'Voice therapy' was 1.70 for the glossectomees as a group and 0.47 
for the control subjects. For 'Speech therapy', on the other hand, the median values 
were 3.15 and 0.30, respectively. In control subjects, the three variables 'Voice 
therapy', 'Annoyance', and 'Pleasantness' were closely related, as indicated by the 
high correlations: Voice therapy vs. Annoyance rs = 0.79 (p < 0.001), Voice ther
apy vs. Pleasantness rs = 0.72 (p < 0.01), and Annoyance vs. Pleasantness rs = 0.74 
(p < 0.01). 

Friendliness (8). In general, glossectomees received higher scores than non
glossectomees, i.e. they were regarded as neutral or less friendly. The correlation 
between 'Glossectomy' and 'Friendliness' was not high (rs = 0.63; p < 0.01). The 
range of mean values was generally larger for the glossectomized speakers as 
demonstrated in Table I. However, for this variable, normal speakers had the larger 
range due to a female speaker with the highest mean value (3.70). Her median value 
was '4', which means that most listeners judged her as unfriendly. Thirteen of the 
glossectomees and four of the control speakers were regarded as fairly neutral as 
their median values were '3'. As mentioned above, this variable was the only one 
where no significant difference was found between glossectomized and nonglos
sectomized speakers. 
Pleasantness (9). When 'Glossectomy' and 'Pleasantness' were correlated, the 
following correlation coefficients were obtained: rs = 0.64 (p < 0.01) for glossec-
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tomees and rs = 0.25 for control subjects (non significant). Eight of the glossec
tomees were regarded to have unpleasant voices with median values of '4' or '5', 
in contrast to control subjects who displayed median values of ' l' or '2' (pleasant) 
or '3' (neutral). Only one glossectomee (G7) was judged to have a pleasant voice. 

Age (10). 'Glossectomy' and 'Age' correlated to some extent with a correlation 
coefficient of rs = 0.57 (p < 0.01) for glossectomees and rs = 0.62 (p < 0.05) for 
control subjects. The listeners judged the glossectomees as a group to be markedly 
older than non-glossectomees and consequently scored them significantly higher 
(p < 0.001). Median value was 3.64 for the GLS-group and 1.97 for the NONGLS
group. This discrepancy in estimated age is interesting since there is no major 
difference in real age between the groups. The main difference in the listeners' 
judgments seemed to be due to the fact that the non-glossectomees were judged to 
be considerably younger than their real age. 

Social status (11). Generally, none of the control subjects was judged to have 
low or very low social status, which was the case with several postoperative and/or 
preoperative patients. Correlation coefficient obtained for 'Glossectomy' vs. 'So
cial status' was rs = 0.51 (p < 0.05) for glossectomees and rs = 0.35 (non signifi
cant) for control subjects. High social status, i.e. scores of ' l' and '2', constituted 
12.06% of the total responses for the glossectomees in contrast to 46.67% for the 
control subjects. According to the listeners' personal comments, this variable was 
the most difficult one to rate. 

3.2 Pre- and postoperative comparison 

A comparison of the differences between scores obtained pre- and postoperatively 
across the variables for a group of six speakers revealed significant differences 
(p < 0.001, Wilcoxon signed-ranks test). Table N shows the mean values obtained 
pre- and postoperatively for each speaker (G13 - G18) and variable. The female 
subject, G 13, showed very little speech impairment after surgery. The highest scores 
were associated with her voice problems. Significant differences were found for 
only four of the variables, namely, 'Need of voice therapy' (p < 0.001), 'Bizarre
ness' and 'Social status' (p < 0.01), and 'Annoyance' (p < 0.05). 

Subject GIS, the dysarthric speaker, was naturally judged to have deviant speech 
also before the glossectomy. After surgery to the base of tongue his speech and 
voice became even more impaired. Significant differences were found for all 
variables except 'Friendliness' and 'Social status'. 

Four of the speakers were judged to be markedly older after the glossectomy; 
e.g. subject G16 whose mean scores were 2.37 preoperatively and 4.43 postopera
tively. The listeners tended to attribute lower status to four speakers postoperatively. 
For two of them this difference was significant at the 1 % level of significance. 
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4 Discussion 
In general, we found that glossectomized speakers as a group were rated as being 
inferior to normal speakers in most aspects. We found a wide range of severity levels 
for the 18 glossectomized subjects. Looking at group data, the results showed 
clearly that extent of glossectomy was mirrored in listener judgments of articulatory 

Table IV. The table shows pre- and postoperative mean values for six patients scored by 
thirty listeners on eleven variables. Significant difference between pre- and postoperative 
rating is indicated by asterisks: p < 0.001 ***, P < 0.01 **, P < 0.05 *; (Wilcoxon signed-ranks 
test, two-tailed). 

NGlG1 3 NGlG1 4 NGlG1 5 NGlG1 6 NGlG1 7 NG1 8 

Glossectomy pre 0.0 0.7 1.6 0.4 0.6 0.2 
Glossectomy post O.Ons 2.1 *** 3.3*** 3.1 *** 2.8*** 2.5*** 

Comprehensbility 
�re 0.0 0.7 1 .6 0 .1 0.5 0.3 
Comprehensibility 
post 0.1 ns 3.3*** 3.5*** 3.4*** 2.7*** 2.6*** 

Unclear speech pre 0.1 1 .2 2.1 0.4 1 .1 1 .0 
Unclear speech post 0.2ns 3.3*** 3.5*** 3.7*** 3.3*** 3.3*** 

Bizarreness pre 0.3 1 .0 2.2 0.6 0.8 0.5 
Bizarreness post 0.7** 3.4*** 3.6*** 3.7*** 3.4*** 3.3*** 

Annoyance pre 0.8 1 .2 2 0.9 0.9 0.7 
Annoyance post 1 .1 * 3.5*** 3.5*** 3.5*** 3.1 *** 2.9*** 

Speech therapy pre 0.2 1 .4 2.3 0.5 1 .0 0.8 
Speech therapy post 0.2ns 3.2*** 3.5*** 3.6*** 3.2*** 3.1 *** 

Voice therapy pre 1 .5 0.8 1.0 0.6 1 .4 0.8 
Voice therapy post 2.2*** 3.5*** 2.5*** 3.0*** 1 .0ns 1 .3** 

Friendliness pre 2.4 2.9 2.7 2.9 2.7 2.6 
Friendliness post 2.6ns 3.4* 2.7ns 3.2ns 2.5ns 2.5ns 

Pleasantness pre 3 2.7 3.0 2.5 2.8 2.5 
Pleasantness post 3.2ns 4.4*** 4.0*** 4.1 *** 3.3* 3.3*** 

Age group pre 2.1 2.8 3.0 2.4 3.3 2.0 
Age group post 2.3ns 4.0*** 4.3*** 4.4*** 3.3ns 3.7*** 

Social status pre 2.6 3.0 3.7 2.9 2.8 3.6 
Social status post 3.1 ** 3.7** 3.6ns 3.4* 2.9ns 3.3* 
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impainnent. This is in agreement with a study by Massengill, Maxwell and Pickrell 
(1970), who reported that "the speech became increasingly distorted as larger 
percentages of the tongue were removed". 
The most important variables, as indicated by high correlation coefficients, were 

exactly those where the listeners had to judge clarity of speech, distortion and 
consequently, need of speech therapy. Correlation was not perfect between ranking 
of patients and listeners ratings of glossectomy which could partly be explained by 
the fact that some patients with a relatively large portion of the tongue resected 
nevertheless had a fairly good articulatory ability. A further factor is that TNM 
dimensions are not precise, as the sizes of tumours are often estimates rather than 
accurate measurements. 

However, it is important to take into account not only the extent of resection but 
also the specific structure or structures involved. A left or right hemiglossectomy 
would probably create fewer speech problems than resection of the front or back 
part of the tongue. In the case of an anterior hemiglossectomy, it is possible to make 
the necessary adjustments and constrictions in the oral cavity with the flexible 
remaining half of the tongue. On the other hand, a partial glossectomy in the front 
part of the tongue and accompanying scar tissue in the floor of the mouth might 
lead to a more severe speech impairment due to less flexibility of the tongue tip. 
Partial or hemiglossectomy in the posterior third of the tongue (tongue base) 
interferes with both swallowing and speech production, especially velar stops and 
closed or half-closed back vowels might be difficult to produce. In severe cases, 
large glossectomies are sometimes further complicated by partial or hemiman
dibulectomy and/or laryngectomy. 

In the present study, for instance, it is obvious that subject G7 with a right 
hemiglossectomy had only minor speech problems and sounded 'nearly normal'. 
The remaining tongue together with the flap had very good flexibility. On the other 
hand, subject G9, who had a tumour of the same size as the former speaker, but 
located in the floor of the mouth became more speech impaired than G7. Subject 
G9 underwent resection of the floor of the mouth and the hypoglossal nerve was 
cut bilaterally, in consequence, this resulted in restricted sensibility and mobility of 
the tongue. The importance of flexibility of the residual tongue as well as the amount 
of resected tongue has been pointed out in other studies (e.g. Skelly et aI, 1971; 
Pruszewicz and Kruk-Zagajewska, 1984; Barry and Timmermann, 1985). 

To make a decision concerning speech normality vs. deviancy in a given speaker 
is naturally a very difficult task for the listener. Amerman and Parnell (1990) 
remark, that 'The task of differentiating speech production normality from 
pathology appears to be much more difficult for clinicians if the subject happens to 
be an older adult. ' They found that the elderly population differed mostly from the 
younger in laryngeal parameters and in precision of consonant production. In our 
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study identification of relative speaker age also seemed to be difficult for the 
listeners. The listener might think that if a speaker is glossectomized, he or she must 
be rather old because oral cavity cancer and glossectomy is something that usually 
strikes the elderly population. Judgment of age must be one of several important 
factors concerning the changes of speech and voice after the glossectomy. The voice 
characterizes a speaker's age, personality, mood, etc. Patients we meet, very often 
complain about their lowered fundamental frequency (mostly a side-effect of 
irradiation), the altered personal speech characteristics, and the physical effort to 
speak. It is not easy to become reconciled with a new identity as a speaker. From 
the patient's point of view, two things seems to be of importance, namely, to be 
understood and to sound as before the operation. 

It was interesting to note that one speaker, G 17, tended to be heard as more 
friendly and in less need of voice therapy after surgery than before. In contrast to 
the other preoperative patients he was not judged to be older after operation. He 
was also the only patient who received postoperative therapy and several therapy 
sessions remained at the time of the recording. Speech- and voice therapy is surely 
important, especially for the younger patient who returns to his/her work. It might 
be the case that the speech is understandable, but it is not sure that a spontaneous 
recovery of functional speech capability is optimal. 

We found a large intersubject variability among speakers and listeners. Firstly, 
there were various severity levels of speech impairment in patients. Secondly, there 
was variability between listener judgments. However, the listeners seemed to be 
consistent in their judgments. Some of them always had a tendency to rate a speaker 
rather low and some of them to rate a speaker rather high. Thus, some listeners did 
not utilize the full scale except for the more extreme speakers. The reason for not 
using experienced listeners, was that we wanted to get spontaneous judgments and 
reactions to the speech. Clinicians, experienced in listening to deviant speech, would 
probably be more apt to judge the speaker as less deviant than naive listeners would 
do. 

Summing up, the findings indicated that as a group, the eighteen glossectomized 
speakers differed significantly from normal speakers in all variables except 'Friend
liness'. The most revealing variables were 'Bizarreness', 'Clarity' and 'Speech 
therapy'. Non-glossectomees were judged to be considerably younger than glos
sectomees. However, there were overlapping data for individual speakers in all 
variables. 

o Extent of surgery was reflected in listener judgments of speech impairment. 
Individual differences existed, therefore, among other things, rating of severity of 
speech deviation is dependent on the specific structure involved and what part of 
that structure is affected. 
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o All preoperative patients, except one female speaker, were found to be 
perceptually quite different from normal speakers as they were judged to have a 
higher degree of speech impairment. Apparently the speech was affected by 
radiation and/or the tumour itself. pryness of the mouth and mucosal soreness are 

common effects of radiation therapy. In consequence, the speakers could be said to 
form three separate groups: normal speakers, preoperative speakers and glossec
tomized speakers. 

For some of the patients the time lapse between surgery and recording was rather 
long. One might speculate that this would effect the rating of degree of glossectomy 
in such a way that these patients would be rated superior to the other glossectomees 
due to improved speaking skills. However, this did not seem to be corroborated by 
the data. Further studies of interactive effects of extent of surgery, time lapsed after 
glossectomy, and age would be of interest for future research. It is also clear that 
postoperative conditions varies strongly in each specific case and that the possibili
ties of optimal functional recovery depends not only on the extent and type of 
surgery but also on a variety of secondary factors such as impaired ability of rapidly 
moving the remaining tongue tissue, jaw and lips due to stiffness and scar forma
tions, impaired production of saliva, damage to the hypoglossal nerve, unfavourable 
dentition, etc. Preoperative style of speaking might have some impact on postopera
tive speech as well, i.e. a speaker who habitually tends to hypoarticulate will 
probably have more severe problems than a speaker with a more careful and clear 
pronunciation. 
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Appendix I 

For glossectomized speakers (G) and non-glossectomized speakers (NG) the following 
data are provided: subject number, age, sex, patient's rank number (RANK), and time lapse 
(in months) of postoperative recording (POSTOP). Subjects 1 3  -1 8 in both groups are the 
same speakers recorded pre-and postoperatively. 

Glossectomized speakers Non-glossectomized speakers 

Sbj Age Sex RANK POSTOP Sbj Age Sex 

G1 58 M 5 1 0  NG1 54 M 
G2 62 M 1 7  76 NG2 59 M 
G3 73 M 1 3  59 NG3 46 M 
G4 65 F 1 1 0  NG4 71 M 
G5 66 M 4 1 2  NG5 46 M 
G6 67 M 1 2  4 NG6 62 F 
G7 42 M 6 9 NG7 39 M 
G8 64 F 1 1  25 NG8 63 F 
G9 46 M 2 4 NG9 60 F 
G1 0 57 F 1 8  1 2  NG1 46 F 
G1 1 44 F 1 6  58 NG1 50 F 
G1 2 61 F 3 50 NG1 2 65 M 
G1 3 50 F 7 5 NG1 3 50 F 
G1 4 76 M 9 1 1  NG1 4 76 M 
G1 5 45 M 1 0  7 NG1 5 45 M 
G1 6 64 M 15 1 1  NG1 6 64 M 
G1 7 52 M 8 7 NG1 7 52 M 
G1 8 45 M 1 4  5 NG1 8 45 M 
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Appendix I I  
Summary of the data obtained from 30 listeners for glossectomees (G) and non--glossec-
tomees (NG) for all variables. Med = median value, Mean = mean value, SO = standard 
deviation, and SEM = standard error of the mean. 

Degree of glossectomy (scale 0 - 4) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 1 1 .1 7  0.87 0.1 6 NG1 0 0.1 0 0.31 0.06 
G2 3 3.03 0.81 0.1 5 NG2 0 0.37 0.49 0.08 
G3 1 .5 1 .43 0.90 0.1 6 NG3 0 0.20 0.41 0.07 
G4 1 1 .23 0.73 0.1 3 NG4 0 0.57 0.68 0.1 2 
G5 2 2.27 0.79 0.1 4 NG5 0 0.30 0.47 0.09 
G6 3.5 3.33 0.80 0.1 5 NG6 0 0.03 0.1 8 0.03 
G7 1 0.63 0.49 0.09 NG7 0 0.1 7 0.46 0.09 
G8 3 2.67 0.99 0.1 8 NG8 0 0.00 0.00 0.00 
G9 2 1 .67 0.80 0.1 5 NG9 0 0.00 0.00 0.00 
G1 0 4 3.97 0.1 8 0.03 NG1 0 0 0.00 0.00 0.00 
G1 1 4 3.57 0.86 0.1 6 NG1 1 0 0.07 0.25 0.05 
G1 2 1 0.90 0.71 0.1 3 NG1 2 0 0.23 0.43 0.08 
G1 3 0 0.03 0.1 8 0.03 NG1 3 0 0.03 0.1 8 0.03 
G1 4 3 2.1 0 1 .42 0.26 NG1 4 1 0.73 0.69 0.1 3 
G1 5 3 3.33 0.71 0.1 3 NG1 5 2 1 .57 0.86 0.1 6 
G1 6 3 3.07 0.94 0.1 7 NG1 6 0 0.37 0.56 0.1 0 
G1 7 3 2.80 0.81 0.1 5 NG1 7 0.5 0.57 0.63 0.1 1 
G1 8 3 2.47 0.97 0.1 8 NG1 8 0 0.23 0.50 0.09 

Comprehensibility (scale 0 - 4) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 1 1 .00 0.70 0.1 3 NG1 0 0.00 0.00 0.00 
G2 3 3.23 0.82 0.1 5 NG2 0 0.07 0.37 0.07 
G3 1 1 .43 0.94 0.1 7 NG3 0 0.07 0.25 0.05 
G4 1 0.73 0.64 0.1 2 NG4 0 0.23 0.51 0.09 
G5 2 2.00 0.79 0.1 4 NG5 0 0.1 0 0.31 0.06 
G6 4 3.57 0.63 0.1 1 NG6 0 0.1 0 0.31 0.06 
G7 0 0.23 0.50 0.09 NG7 0 0.07 0.25 0.05 
G8 3 2.73 0.91 0.1 7 NG8 0 0.00 0.00 0.00 
G9 1 1 .23 0.86 0.1 6 NG9 0 0.03 0.1 8 0.03 
G1 0 4 4.00 0.00 0.00 NG1 0 0 0.00 0.00 0.00 
G1 1 4 3.60 0.68 0.1 2 NG1 1 0 0.03 0.1 8 0.03 
G1 2 0.5 0.60 0.68 0.1 2 NG1 2 0 0.1 0 0.31 0.06 
G1 3 0 0.07 0.25 0.05 NG1 3 0 0.00 0.00 0.00 
G1 4 4 3.33 0.88 0.1 6 NG1 4 1 0.70 0.75 0.1 4 
G1 5 4 3.53 0.63 0.12 NG1 5 1 1 .57 0.86 0.1 6 
G1 6 4 3.38 0.82 0.15 NG1 6 0 0.1 3 0.43 0.08 
G1 7 3 2.73 0.83 0.15 NG1 7 0 0.53 0.68 0.1 2 
G1 8 3 2.60 1 .00 0.18 NG1 8 0 0.33 0.61 0.1 1 
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Clarity (scale 0 - 4) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 1 1 .1 7  0.95 0.1 7 NG1 0 0.07 0.25 0.05 
G2 4 3.67 0.55 0.1 0 NG2 0 0.37 0.56 0.1 0 
G3 3 2.53 0.94 0.1 7 NG3 0 0.23 0.50 0.09 
G4 1 1 .50 0.68 0.1 3 NG4 1 0.87 0.73 0.1 3 
G5 2 2.53 0.82 0.1 5 NG5 0 0.50 0.63 0.1 2 
G6 4 3.83 0.38 0.07 NG6 0 0.1 7 0.46 0.08 
G7 1 0.93 0.58 0.1 1 NG7 0 0.30 0.65 0.1 2 
G8 3 3.27 0.79 0.1 4 NG8 0 0.00 0.00 0.00 
G9 2 1 .87 0.86 0.1 6 NG9 0 0.03 0.1 8 0.03 
G1 0 4 4.00 0.00 0.00 NG1 0 0 0.03 0.1 8 0.03 
G1 1 4 3.47 0.82 0.1 5 NG1 1 0 0.00 0.00 0.00 
G1 2 1 1 .07 0.98 0.1 8 NG1 2 0 0.23 0.43 0.08 
G1 3 0 0.23 0.43 0.08 NG1 3 0 0.07 0.37 0.07 
G1 4 4 3.30 0.99 0.1 8 NG1 4 1 1 .23 0.73 0.1 3 
G1 5 4 3.50 0.68 0.1 3 NG1 5 2 2.1 3 0.90 0.1 6 
G1 6 4 3.73 0.52 0.1 0 NG1 6 0 0.37 0.67 0.1 2 
G1 7 3 3.33 0.71 0.1 3 NG1 7 1 1 .1 0  0.80 0.1 5 
G1 8 3 3.30 0.75 0.1 4 NG1 8 1 0.97 0.81 0.1 5 

Bizarreness (scale 0 - 4) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 1 1 .33 0.84 0.1 5 NG1 0 0.1 3 0.35 0.06 
G2 4 3.63 0.62 0.1 1 NG2 0 0.47 0.68 0.1 2 
G3 2 2.43 1 .07 0.20 NG3 0 0.23 0.57 0.1 0 
G4 1 1 .47 0.90 0.1 6 NG4 1 0.97 0.72 0.1 3 
G5 3 2.63 0.81 0.1 5 NG5 0 0.50 0.73 0.1 3 
G6 4 3.70 0.54 0.1 0 NG6 0 0.1 7 0.46 0.08 
G7 1 0.93 0.69 0.1 3 NG7 1 0.80 0.76 0.1 4 
G8 4 3.33 1 .03 0.1 9 NG8 0 0.00 0.00 0.00 
G9 2 1 .87 0.78 0.1 4 NG9 0 0.03 0.1 8 0.03 
G1 0 4 4.00 0.00 0.00 NG1 0 0 0.07 0.25 0.05 
G1 1 4 3.67 0.61 0.1 1 NG1 1 0 0.00 0.00 0.00 
G1 2 1 1 .57 0.90 0.1 6 NG1 2 0 0.27 0.45 0.08 
G1 3 0 0.70 0.88 0.1 6 NG1 3 0 0.30 0.60 0.1 1 
G1 4 4 3.37 0.96 0.1 8 NG1 4 1 1 .03 0.81 0.1 5 
G1 5 4 3.60 0.68 0.1 2 NG1 5 2 2.20 0.93 0.1 7 
G1 6 4 3.73 0.52 0.1 0 NG1 6 0 0.57 0.68 0.1 2 
G1 7 4 3.37 0.85 0.1 6 NG1 7 1 0.83 0.79 0.1 5 
G1 8 4 3.33 0.80 0.1 5 NG1 8 0 0.47 0.63 0.1 2 
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Annoyance (scale 0 - 4) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 2 1 .60 0.93 0.1 7 NG1 0 0.57 0 .77 0.1 4 

G2 3 3.23 0.77 0.14 NG2 0 0.50 0.68 0 .1 3  

G3 2 2.33 0.99 0.18 NG3 0 0.23 0.50 0 .09 

G4 1 1 .40 0.93 0.17 NG4 1 0.73 0 .79 0.1 4 

G5 2 2.47 0.97 0.18 NG5 0 0.60 0 .72 0.1 3 

G6 4 3.57 0.63 0.11 NG6 0 0.43 0 .63 0.1 1 
G7 1 0.77 0 .77 0.1 4 NG7 1 1.20 0 .85 0.1 6 

G8 3 2.87 1 .04 0.19 NG8 0 0 .00 0 .00 0.00 
G9 2 1 .70 0.99 0.18 NG9 0 0.20 0 .48 0.09 
G1 0 4 4.00 0.00 0.00 NG1 0 0 0.1 7 0.46 0.08 
G1 1 4 3.60 0.62 0.1 1 NG1 1 0 0.33 0.55 0.1 0 
G1 2 2 1 .83 0.79 0.1 5 NG1 2 0 0.1 7 0 .38 0.07 
G1 3 1 1 .1 0  0.92 0.1 7 NG1 3 1 0.77 0.86 0.1 6 
G1 4 4 3.50 0.73 0.1 3 NG1 4 1 1 .23 0 .94 0.1 7 
G1 5 4 3.50 0.68 0.1 3 NG1 5 2 2.03 0 .93 0.1 7 
G1 6 4 3.47 0.63 0.1 2 NG1 6 1 0.87 0.94 0.1 7 
G1 7 3 3.07 0.79 0.1 4 NG1 7 1 0.93 0.79 0.1 4 
G1 8 3 2.87 0.86 0.16 NG1 8 1 0.70 0.75 0.1 4 

Need of speech therapy (scale 0 - 4) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 1 1 .50 1.1 1 0.20 NG1 0 0.27 0 .58 0.1 1 
G2 4 3.53 0.94 0.1 7 NG2 0 0.47 0.82 0.1 5 
G3 2 2.30 1.21 0.22 NG3 0 0.33 0.76 0.1 4 
G4 2 1 .73 1.02 0.1 9 NG4 1 1 .1 7  0.98 0.1 8 
G5 3 2.67 1.03 0.1 9 NG5 0 0.63 0.77 0.1 4 
G6 4 3.67 0.66 0.1 2 NG6 0 0.1 0 0.31 0.06 
G7 1 1 .1 7  0.91 0.17 NG7 0 0.70 0.95 0.1 7 
G8 3.5 3.23 0.97 0.1 8 NG8 0 0.00 0.00 0.00 
G9 2 2.1 3 1.07 0.20 NG9 0 0.1 3 0.51 0.09 
G1 0 4 3.97 0.1 8 0.03 NG1 0 0 0.00 0.00 0.00 
G1 1 4 3.67 0.71 0.1 3 NG1 1 0 0.07 0.25 0.05 
G1 2 1 .5 1 .67 1.09 0.20 NG1 2 0 0.43 0.63 0.1 1 
G1 3 0 0.21 0.62 0.12 NG1 3 0 0.1 7 0.53 0.1 0 
G1 4 4 3.20 1.1 3 0.21 NG1 4 1 1 .40 1 .1 6  0.21 
G1 5 4 3.53 0.90 0.1 6 NG1 5 2.5 2.33 1 .18 0.22 
G1 6 4 3.60 0.72 0.1 3 NG1 6 0 0.50 0.94 0.1 7 
G1 7 3 3.1 7 0.75 0.14 NG1 7 1 1 .03 0.89 0.1 6 
G1 8 3 3.1 3 0.94 0.1 7 NG1 8 0.5 0.77 0.90 0.1 6 
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Need of voice therapy (scale 0 - 4) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 2 1 .70 1.1 2 0.20 NG1 1 1.1 0 1 .1 3  0.21 

G2 1 1 .23 1.1 7 0.21 NG2 0 0.43 0 .68 0.1 2 

G3 3 2.30 1.24 0.23 NG3 0 0.20 0 .48 0.09 

G4 2 1 .43 0.94 0.17 NG4 0 0.47 0 .73 0.1 3 

G5 3 2.57 1.28 0.23 NG5 1 1.30 1.02 0.1 9 

G6 2 1 .70 1.1 8 0.22 NG6 0 0.60 0.89 0.1 6 

G7 0 0.40 0.62 0.11 NG7 1 .5 1 .53 1 .1 1  0.20 

G8 1 1 .20 1.10 0.20 NGB 0 0.00 0 .00 0.00 

G9 1 0.93 0.91 0.17 NG9 0 0.20 0.55 0.1 0 

G1 0 3 2.80 1 .1 0  0.20 NG1 0 0 0.47 0.68 0.1 2 
G1 1 3 2.63 1.07 0.20 NG1 1 0 0.87 1 .1 4  0.21 

G1 2 0 0.83 1.1 8 0.22 NG1 2 0 0.13 0.43 0.08 
G1 3 3 2.20 1.1 9 0.22 NG1 3 1 1 .47 0.97 0.1 8 

G1 4 4 3.50 0.82 0.1 5 NG1 4 1 0.83 0.87 0.1 6 
G1 5 3 2.47 1 .25 0.23 NG1 5 1 0.93 0.94 0.1 7 

G1 6 3 3.03 . 0.90 0.1 8 NG1 6 0.5 0.57 0.63 0.1 1 
G1 7 1 1 .00 0.95 0.1 7 NG1 7 1 1 .37 1 .1 3  0.21 
G1 8 1 1 .37 0.99 0.1 8 NG1 8 1 0.80 0.85 0.1 6 

Friendliness (scale 1 - 5) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 2 2.37 0.93 0.1 7 NG1 2 2.37 1 .1 0  0.20 
G2 3 2.63 1.03 0.1 9 NG2 3 2.57 1 .04 0.1 9 
G3 3 2.57 0.82 0.1 5 NG3 2 2.1 0 0.85 0.1 5 
G4 3 2.53 1.04 0.1 9 NG4 2 2.1 0 0.92 0.1 7 
G5 3 2.62 1.08 0.20 NG5 2 2.07 0.91 0.1 7 
G6 3 2.77 0.86 0.1 6 NG6 3 2.23 1 .04 0.1 9 
G7 2 1 .93 0.79 0.1 4 NG7 3 2.77 0.94 0.1 7 
G8 2 2.07 0.83 0.1 5 NG8 1 1 .63 0.93 0.1 7 
G9 3 2.53 1.20 0.22 NG9 4 3.70 1 .1 2  0.20 
G1 0 3 2.90 0.92 0.1 7 NG1 0 1 1 .43 0.57 0.1 0 
G1 1 3 3.1 0 1.00 0.1 8 NG1 1 3 2.63 1 .00 0.1 8 
G1 2 2.5 2.33 0.92 0.1 7 NG1 2 2 1 .83 0.83 0.1 5 
G1 3 3 2.60 0.98 0.1 7 NG1 3 3 2.43 0.97 0.1 8 
G1 4 3 3.37 0.99 0.18 NG1 4 3 2.90 0.96 0.1 8 
G1 5 3 2.73 0.87 0.1 6 NG1 5 3 2.67 0.96 0.1 8 
G1 6 3 3.1 7 0.99 0.1 8 NG1 6 3 2.93 0.98 0.1 8 
G1 7 3 2.53 1.01 0.1 8 NG1 7 3 2.67 1.06 0.1 9 
G1 8 2.5 2.50 0.94 0.1 7 NG1 8 3 2.57 1 .04 0.1 9 
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Pleasantness (scale 1 - 5) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 3 3.1 7 1.09 0.20 NG1 2 2.43 0 .94 0 .1 7  

G2 3 3.1 3 1.22 0.22 NG2 2 2.27 0 .94 0.1 7 

G3 4 3.67 1 .06 0.19 NG3 2 2.00 0 .83 0.1 5 

G4 3 2.90 1.00 0.1 8 NG4 2.5 2.37 0 .96 0.1 8 

G5 4 3.60 1.1 0 0.20 NG5 3 2.83 1 .09 0.20 

G6 4 3.50 1.20 0.22 NG6 2 2.1 7 0 .83 0 .1 5 

G7 2 2.1 0 0.85 0.1 5 NG7 3 3.1 3 1 .14 0.21 

G8 3 3.03 1.1 6 0.21 NG8 1 1 .47 0 .78 0 .1 4  

G9 3 2.90 1.21 0.22 NG9 3 2.77 1 .07 0.20 

G1 0 4 4.1 0 0.92 0 .1 7 NG1 0 1 1 .60 0.81 0.1 5 

G1 1 4 4.1 3 0.94 1 .1 7  NG1 1 3 2.67 1 .1 8  0.22 

G1 2 3 2.70 0.95 0 .1 7 NG1 2 2 2.00 0 .79 0.1 4 

G1 3 3 3.1 7 1.05 0.1 9 NG1 3 3 2.97 0.85 0.1 6 

G1 4 5 4.37 0.76 0.1 4 NG1 4 3 2.70 1 .02 0.1 9 

G1 5 4 4.00 1 .23 0.23 NG1 5 3 2.97 0.96 0.1 8 
G1 6 4 4.07 1 .1 1  0.20 NG1 6 3 2.50 1 .1 7  0.21 

G1 7 3.5 3.30 1 .1 8  0.22 NG1 7 3 2.80 1 .00 0.1 9 
G1 8 3 3.27 0.98 0.1 8 NG1 8 3 2.53 0.90 0.1 6 

Age group (scale 1 - 5) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 3 3.1 0 0.61 0.1 1 NG1 2 1 .93 0.64 0.1 2 
G2 3 2.93 0.94 0.1 7 NG2 2 2.50 0 .73 0.1 3 
G3 4 3.57 0.68 0.1 2 NG3 2 1 .80 0.71 0.1 3 
G4 4 3.80 0.71 0.1 3 NG4 4 3.60 0.68 0.1 2 
G5 4 3.87 0.82 0.1 5 NG5 2 1 .93 0.69 0.1 3 
G6 4 3.70 0.92 0.1 7 NG6 2 2.00 0.59 0.1 1 
G7 2 1 .90 0.66 0.1 2 NG7 2 2.40 0 .77 0.1 4 
G8 4 4.00 0 .79 0.1 4 NGB 2 1 .63 0.56 0.1 0 
G9 3 2.67 0.88 0.1 6 NG9 2 2.27 0.45 0.08 
G1 0 4 3.93 0.87 0.1 6 NG1 0 2 1 .57 0.57 0.1 0 
G1 1 4 3.30 1 .24 0.23 NG1 1 1 1 .20 0 .41 0.07 
G1 2 3 2.93 0.83 0.1 5 NG1 2 2 2.37 0.62 0.1 1 
G1 3 2 2.27 0.87 0.1 6 NG1 3 2 2.07 0.58 0.1 1 
G1 4 4 4.03 0.85 0.1 6 NG1 4 3 2.83 0.95 0.1 7 
G1 5 4 4.33 0.71 0.1 3 NG1 5 3 2.93 0.91 0.1 7 
G1 6 4 4.43 0.63 0.1 1 NG1 6 2 2.37 0.72 0.1 3 
G1 7 3 3.30 0.79 0.1 5 NG1 7 3 3.33 0.76 0.1 4 
G1 8 4 3.70 0.70 0.1 3 NG1 8 2 1 .97 0.85 0.1 6 
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Social status (scale 1 - 5) 

Sbj Med Mean SO SEM Sbj Med Mean SO SEM 

G1 3 2 .80 0 .76 0 .14 NG1 2 2 .40 0 .68 0 .1 2 
G2 3 3 .20 0 .48 0 .09 NG2 3 3 .13 0 .68 0 .1 2 
G3 3 3.30 0 .47 0 .09 NG3 3 2 .97 0 .62 0 .11 
G4 3 2 .53 0 .63 0 .12 NG4 2 1.n 0 .68 0 .12 
G5 3.5 3 .50 0 .63 0 .12 NGS 2 2 .53 0 .68 0 .12 
G6 4 3.57 0 .63 0.1 1 NG6 3 2 .60 0 .72 0 .13 
G7 3 2 .90 0 .76 0 .1 4 NG7 3 3 .37 0 .72 0 .1 3  
G8 3 3.1 0 0 .71 0 .13 NGa 2 2 .20 0 .66 0 .12 
G9 3 3.20 0 .66 0 .1 2 NG9 2 2.1 3 0 .73 0 .1 3  
G1 0 3 3.30 0 .65 0.1 2 NG1 0 2 2 .40 0 .68 0 .1 2 
G1 1 4 3.57 0 .97 0.1 8 NG1 1 2 2.43 0 .57 0 .1 0 
G1 2 3 3.40 0 .50 0 .09 NG1 2 3 2.73 0 .64 0 .1 2 
G1 3 3 3.1 0 0.66 0.1 2 NG1 3 2 .5 2 .57 0 .82 0 .1 5 
G1 4 4 3.67 0 .61 0 .1 1 NG1 4 3 3 .03 0 .72 0 .1 3 
G1 5 3 3.57 0.68 0 .1 2 NG1 5 4 3 .70 0 .70 0 .1 3  
G1 6 3 3.41 0 .68 0.1 3 NG1 6 3 2 .90 0 .80 0 .1 5 
G1 7 3 2 .87 0.63 0 .1 2 NG1 7 3 2 .83 0 .75 0 .1 4 
G1 8 3 3.30 0 .60 0.1 1 NG1 8 4 3.63 0 .62 0 .1 1  
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VOT in spontaneous speech 
and in citation form words 

Diana Krull 

Abstract 
Voice onset time (VaT) in voiceless stops was measured in the spontane
ous speech of two Swedish subjects and compared to VaT in the same 
words read in citation form. The results showed no significant change in 
VaT with speaking style although both the silent interval preceding the stop 
burst and the following vowel were considerably longer in citation form. 

1 Introduction 
In stop consonants followed by sonorants, there is usually a time gap between the 
consonant release and the onset of vocal cord vibration. Lisker and Abramson 
(1964) studied the phenomenon in several languages and showed that the duration 
of the time gap, or the voice onset time (VOT), can serve as a distinguishing factor 
between the features voiced and voiceless. For a given place of articulation, VOT 
in their material was shorter for voiced than for voiceless stops, with no overlap 
between categories. A few years later, the same authors (Lisker and Abramson, 
1967) compared VOT in isolated English words and in read sentences. Here, as in 
the previous paper (op. cit.), only word initial prevocalic stops were studied. The 
comparison showed that VOT was considerably shorter in sentences than in isolated 
words, and that there was an overlap in VOT between the categories voiced and 
voiceless. Several contextual features in running speech were studied, three of these 
were shown to have no effect on VOT: initial vs. non-initial position, utterance 
tempo, and vocalic environment. Stress, on the other hand, had a strong effect (Table 
I). In both studies, VOT was longest for the velar consonant and shortest for the 
labial. 

Also in nonsense words read by Swedish speakers, VOT has been shown to 
increase with stress (Fant, 1973; LOfqvist, 1976). Moreover, Engstrand (1983), 
using real words in sentences, has shown that putting emphasis on a word can 
approximately double the VOT (aspirative period) of Ipl when compared to the 
word read with a non-emphatic sentence stress. Engstrand's interpretation of his 
own and of LOfqvist's data is that VOT in Swedish is used to signal stress rather 
than the categories voiced-voiceless, VOT in voiceless stops being often too short 
to distinguish them from voiced ones. The Swedish place of articulartion data are 

less clear. In Fant's data VOT is as in Lisker and Abramson (1964, 1967): k>t>p. 
In LOfqvist's data, however, the order between the dental and labial is reversed. 
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VOT has not been studied in Swedish spontaneous speech. The aim of this 
investigation is, therefore, to study VOT in CV sequences in lexical words occurring 
both in spontaneous speech and in the same words words read in citation form. Are 

there differences between the two speaking styles? How do different contextual 
features influence VOT? 

2 Procedures 
Two male speakers of Standard Central Swedish served as subjects. The recordings 
were performed in a sound isolated room, each speaker in a separate session. One 
of the investigators of the project

l 
sat together with the subject in the recording 

room. The investigator's role was to keep the conversation flowing by putting 
questions and making comments. The results were near monologues of about 30-40 
min duration on themes interesting to each subject. Transcriptions of the talks were 
prepared using conventional orthography, and CV sequences where C was a 
voiceless stop were marked. The recorded speech material was transferred to a 
computer (Apollo DN 3500, sampling frequency 10 kHz). The program MIX 
(written by R. Carlson, Royal Institute of Technology, Stockholm) was used to 

segment and label four points for each CV sequences: (1) the beginning of the silent 
interval (stop gap), (2) the moment of release, (3) the beginning of the vocal pulses 
and the formant pattern, and (4) the disappearence (or sudden weakening) of the 
formant pattern at the end of the vowel. Final aspiration occurring in utterance fmal 
vowels was not included. The location of each point was determined with the help 
of the spectrogram and the oscillogram of the material, both visible on the screen. 
The program was used for creating files with the labels and the points in time 
belonging to them. From these the duration of the stop gap, VOT, and the duration 
of the vowel could be calculated. Next, a list was prepared for each speaker 
containing of all the lexical words in which measurements had been performed. 
Function words are not included in in the present paper. The speakers read the lists 

Table 1.(From Lisker and Abramson, 1967) Mean VOT (ms) for English /p t kI of three 
speakers. 

Words 
Sentences 

Stressed 
70 
41 

Unstressed 
46 
35 

"Speech transforms - an acoustic database and phonetic and phonological compu
tational rules for Swedish", O. Engstrand, D. Krull, B. Lindblom, and R. Lindgren, 
supported by the Swedish Board of Technical Development. 
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where each word occured the same number of times as in the spontaneous samples. 
The CV data from the list were measured as described above. A data file was then 
created with a number of factors which could be thought to influence VOT. The 
effect of four of these factors are reported in this paper: 

(1) Stress (main and secondary); (2) place of articulation; (3) phonological 
length and physical duration of the silent interval (stop gap); (4) phonological length 
and physical duration of the vowel. 

3 Results 

3.1 Comparison o/the three measured durations between speaking styles 

In citation form words, the beginning of the stop gap could usually not be establised 
for word initial stops. Therefore, comparisons including the duration of the stop gap 
were performed using only non-initial CV sequences. (Within spontaneous speech, 
position in the word in itself was shown to have no significant influence on VOT). 
The results of the comparison revealed no significant difference between VOT in 

spontaneous speech and in citation form, although VOT tended to be slightly shorter 
in the isolated words (Table II). There was, however, a large difference in both in 

the duration of the stop gap and that of the vowel. The vowel was much longer in 

citation form, especially in unstressed position. This may, in part, be due to the fact 

Table II. The duration of the stop gap, VOT, and the following vowel (in ms) in spontaneous 
speech and in citation form words. CV sequences in word-initial position are not included. 

Closure SO VOT SO Vowel SO N 
SpeakerJS 

Unstressed CV 
spo 77 26 36 13 56 28 124 
cit 163 47 34 12 135 41 

Stressed CV 
spo 63 17 46 13 79 37 28 
cit 121 44 47 15 149 38 

Speaker PT 
Unstressed CV 

spont 90 34 35 12 56 30 101 
cit 137 40 32 15 109 33 

Stressed CV 
spont 67 13 59 24 83 27 16 
cit 72 15 56 9 129 34 
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that such syllables occur more often in word final position which becomes utterence 
final in isolated words. According to t-tests, the difference in vowel duration was 
significant (p<.OOOI) for both speakers in stressed and unstressed, long and short 
vowels. The duration of the stop gap of speaker PI signifcantly longer (p<.O I) only 
in unstressed syllables. For JS, on the other hand, the duration of the stop gap was 
more than doubled in unstressed syllables, and almost doubled when the syllable 
was stressed. 

3.1 Effects of different factors on VOT 

3.1.1 Stress 

The effect of stress on VOT in both spontaneous speech and in citation form was 
clear (Table III): mean VOT was between 30% and 100% longer in stressed CVs 
than in corresponding unstressed syllables. However, although the differences 
between means were significant (p<.01) there was a considerable overlap between 
stressed and unstressed CV. There was no significant difference in VOT between 
syllables carrying main stress and those carrying a strong secondary stress (such as 
appears in the second word of a compound). 

Table III. VOT (in ms) for CV sequences with different place of articulation, stress, and 
phonological segment length in spontaneous speech (spo) and in citation form (cit). 

Unstressed Stressed 
CV CV CV: 
VOT SO N VOT SO N VOT SO N 

SpeakerJS 
Ipl spo 21 7 25 30 11 24 27 11 15 

cit 23 14 32 11 39 14 
It! spo 35 11 65 49 13 33 45 14 63 

cit 33 10 49 12 48 12 
Ik/ spo 43 13 60 52 16 35 66 24 5 

cit 42 12 61 11 56 21 

Speaker PT 
Ipl spont 28 13 20 56 21 8 53 9 3 

cit 25 12 46 16 36 6 
It! spont 35 12 60 48 10 23 59 11 35 

cit 32 19 50 12 56 10 
Ik/ spont 40 15 55 62 15 16 64 12 8 

cit 39 11 58 10 64 11 
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3.12 Place of articulation 

In unstressed CV and in CV: sequences of both speakers, VOT followed the order 
p<t<k shown by Lisker and Abramson (1964, 1967), Fant (1973) and others. In 

stressed CV sequences of spontaneous speech, however, VOT of PT was longer for 
Ipl than for It! (Table ill). The data in LOfqvist (1976) showed a similar difference 
between the VOTs for these stops for stressed CV: in initial position, VOT of Ipl 
being longer than that of /tI. In the present investigation, the order p<t<k for speaker 
PT was restored in citation form words. For speaker JS, VOT of Ipl was always 
shorter than that of the other places of articulation. However, the difference between 
the VOT of /tI and /k/ in stressed CV sequences was very small. For both speakers, 
there was a considerable overlap in VOT between places of articulation. 

3.1.3 Phonological length and duration of the vowel 

Comparing VOT before a phonologically short and long vowel in stressed syllables 
(Table III) showed no regular differences. In particular, there was no significant 
correlation between the physical duration of the vowel and VOT either for the whole 
material pooled or within short (stressed or unstressed) and long vowel categories 
of either of the speakers. 

3.1.4 Phonological length of the consonant and the duration of the stop gap 

A comparison of CV and C:V where V is in both cases unstressed was carried out 
only with /tI, for the other consonants the number of occurrences of C: V was too 
small. The results showed that the phonological length of the preceding consonant 
alone does not seem to affect VOT. 

In spontaneous speech, the duration of the stop gap was longest for /pI, shorter 
for /tI and shortest for /k/. The proportion of the duration of the stop gap for the 
three places of articulation was approximately 1/.8/.7 for both speakers. Moreover, 
the stop gap was significantly shorter in stressed CV where VOT was longer (p<.OO1 
for both speakers). For all places of articulation and stress conditions together 
(consonants with preceding lsI not included), there was a weak but significant 
(p<.05) negative correlation between the duration of the stop gap and VOT: 
spontaneous speech, r=-.24 (1S), r=-.25 (PT); citation form, r=-.39 (1S), r=-.63 (PT). 
An inverse relation between the duration of the consonantal closure and VOT was 
found also in LOfqvists data (p. 25 f). 

4 Discussion and conclusions 
The effect of place of articulation and stress on VOT shown in the present data is, 
generally, in accordance with earlier data from the so called "laboratory speech". 
A comparison of VOT in spontaneous speech and in citation form words showed 
that there was no significant difference in VOT. This was surprising, because the 
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data in Lisker and Abramson (1967) showed considerably longer VOT for words 
read in isolation than for words read in sentences (Table n. In the present material, 
on the contrary, VOT in the isolated words tended to be slightly shorter than in 
spontaneous speech. Also the standard deviations for VOT were approximately the 
same in both speaking styles, showing that the variation in VOT was not larger in 
spontaneous speech. The duration of the stop gap and that of the vowel, on the other 
hand, were both much longer in citation form words. 

The inverse relation between the duration of the consonantal closure and VOT 
in unstressed and stressed CV led LOfqvist to speculate whether VOT might be 
related to the time required for the glottis to open and then close again for the vowel. 
If the closure period is too short, the glottis will not be able to return in time to the 
voiced position and the result will be an aspirated stop, i.e. the VOT will be relatively 
long. This may, in part, explain why VOT in the present material is not shorter in 
spontaneous speech. An inverse relation between the stop gap and VOT was found 
also in normal speaking children but not in children who stuttered (Zebrawsky and 
Conture, 1985). On the other hand, there were cases in LOfquist'S data (op cit) where 
both the closure and VOT were very short, possibly due to a smaller glottis opening. 

Part of the explanation of the difference between the present results and those 
of Lisker and Abramson (1967) may be due either to language differences or to the 
fact that the connected speech in the American material was read text, while the 
Swedish material consisted of spontaneous speech. Possible differences in VOT 
between these two speaking styles have not been investigated. 
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Abstract 
F2 locus-nucleus patterns were analyzed in CV sequences in spon
taneous speech in French. It is shown that there is more contextual 
assimilation in spontaneous than in reference words, and in non-prominent 
sequences than in prominent sequences, confirming previous results from 
Swedish, Dutch, and English. A centralizing effect for spontaneously pro
duced vowels as compared to vowels in read words was observed. We have 
found that there seems to be more contextual assimilation in CV sequences 
in French than in Swedish. 

1 Introduction 
Recent observations on the phonetics of spontaneous speech include the following: 
Shockey (1973) showed that vowels taken from connected speech in American 
English were centralized compared to the same carefully articulated vowels. Krull 
(1987, 1989a, b) measured formant frequency relationships in words sampled from 
spontaneous speech in Swedish and in the same words read in isolation. She found 
that the F2 differences between locus and nucleus were smaller in spontaneous 
speech than in reference words, which she interpreted as a difference in anticipatory 
coarticulation with the following vowel, and/or a difference in vowel undershoot 
as defined by Lindblom (1963). Krull also observed that there was a considerable 
variation between subjects and that, in spontaneous speech, syllables carrying 
lexical stress showed a larger formant excursion from the CV boundary to the 
maximum/minimum than unstressed syllables, while there was little difference due 
to phonological length. Another study on spontaneous speech in Swedish (Eng
strand and Krull, 1989) showed that semantic-pragmatic factors are also a source 
of spectral variation in vowels, in that formant frequencies appeared to depend on 
both duration and the subjects' attitude to the message and the listener. 

Vowel reduction in spontaneous speech in Dutch was also examined in terms 
of speaker-listener interaction. van Bergem and Koopmans-van Beinum (1989) 

Universite de Provence, Centre d'Aix, 29, avenue Robert Schuman, 1362 1 Aix-en
Provence Cedex 1, France. 
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investigated the role of style and word class with respect to vowel reduction and 
showed that vowels are less reduced in a more formal speech style as compared to 
a more casual speech style, and in content words as compared to function words. 
Similarly, Koopmans-van Beinem and van Bergem (1989) analysed vowel charac
teristics in ftrst (new) and second (given) productions of words in various speech 
conditions (including conversation) and found signiftcant differences in distances 
to the centroid between given and new words. 

In an earlier study (Duez, 1989), CV sequences in the spontaneous speech of 
two French subjects were compared with reference words read in citation form. The 
results showed an effect of style on F2 patterns. The present paper is an expansion 
and a continuation of this analysis. F2 locus-nucleus patterns were measured in CV 
sequences in the spontaneous speech of three other subjects. Three main aspects 
were investigated: the effect of style and syntactic prominence was examined, the 
change in F2 locus and nucleus with style was analysed. Our objective was to 
emphasize both the similarity and the differences between French and other 
languages. F2 patterns reflect universal articulatory constraints, but they may also 
be influenced by the phonetic, rhythmic and semantic patterns of languages. 

2 Method 

2.1 Subjects 

Five male speakers of standard French, 20-25 years old, served as subjects: CD, 
OD, CL, AR, and FV . They had similar educational backgrounds. They had been 
living in Stockholm for only a few months. All the speakers had normal speech and 
hearing. 

2.2 Corpus 

The corpus consisted of ftve hours of spontaneous speech. Each subject was 
recorded for approximately one hour in an informal interview, where he was asked 
by the experimenter (or by one of the other subjects) about his arrival to Stockholm, 
his impressions of Sweden, and his studies and projects. He was also required to 
describe and analyse a ftlm which he had seen recently. All the subjects were known 
to each other and to the experimenter, so that they were totally at ease. 

2.3 Procedure 

Subjects were recorded individually in a sound-prooof recording room with a Revox 
PR/99 tape recorder at a speed of 19cm/s at the Phonetics lab at the Dept of 
Linguistics, Stockholm University. The microphone (Sennheiser 211N) was ap
proximately 25cm from the subject's mouth. Subjects sat facing the experimenter 
(or one of the other subjects) as in a normal conversational situation. 

PER ILUS X II, 1991 



2.4 Analysis 

Duez 1 11 

A transcription was made for each subject's speech. Words presenting CV combi
nations where C was /hI, 1m!, /1/, Idl and In!, and V was any oral vowel were located 
in the material. The measurements were performed with the Kay Real Time 
Sona-Graph Model 5500 for the first four subjects (OD, FV, AR, and CL), and, for 
the last subject (CD), with a program implemented on a Mascomp by Espesser at 
the Institute of Phonetics of Aix en Provence . 

The spectrograms were measured for the locus and nucleus frequencies. We use 
the term locus here in a concrete sense, as in Lindblom (1963), and Lindblom and 
Lacerda (1985). It is defined as a measurable formant frequency at the CV boundary. 
The F2 nucleus was taken to be the minimum or maximum (turning point) of the 
formant frequency within the vowel, or, when there was no turning point, the 
formant frequency half way through the duration of the vocalic segment. The 
sequences where the consonant was deleted or changed to another consonant were 
excluded from the study, they will be treated separately (example: "qui dit lourd" 

: lkidiluR/ /kidijuRl). 
The words containing the CV sequences used for measurements were assembled 

in lists. Each speaker read his word list twice, at a slow rate. He was required to 
make a brief pause between each word. Each word was measured once. The 
measurements of the F2 locus and nucleus were performed as for spontaneous 
speech. Reference words constitute an extreme case of careful speech. Thus, the 
comparison of CV sequences in spontaneous speech and in reference words allows 
us to focus on the characteristics of spontaneous speech. 

The degree of consonant-vowel contextual assimilation was calculated using 
the "locus equation" 

F2i=k*F2n+c 

where F2i is the locus, F2n is the nucleus, and k and c are constants. 
This method of quantifying the formant trajectory from the locus to the nucleus was 
defined by Lindblom (1963) who demonstrated that the slope of the regression line 
varies with the consonant place of articulation. The slope of regression also 
expresses the amount of consonant-vowel coarticulation. The locus equation was 
calculated for both types of consonants, both styles and all five subjects. 

The effect of syntactic prominence was also analysed. We believe with Vaissiere 
(1983) that there is no stress in French, but only final lengthening, sometimes at 
the end of words and always at the end of syntactic groups. Thus, a rhythmic group 
consists of a succession of non-prominent syllables followed by a prominent 
syllable which corresponds to the end of a syntactic group. The slope of the 
regression line was calculated separately for prominent and non-prominent 
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1 12 Second formant locus-nucleus patterns in French 

sequences in spontaneous speech. Only CY sequences where C was a dental were 
examined. The effect of prominence was also investigated in a series of sentences 
read by three subjects (OD, CL and FY). In these sentences, the effect of syntactic 
prominence could be isolated. Each of these sentences was read seven times by each 
speaker; each of them contained a prominent and a non-prominent sequence (the 
final and the initial syllable of a proper noun respectively), both constituted of the 
same dental /d, n/ or N and the same oral vowel Ii, e, a, 0/ or /uI; the context (vowel 
and consonant) was similar. 

Example "Et Noneno n'etait pas Hi 
/e!1Qne!1QnetEpala/ 

Table I. y-intercept and slope for the regression lines of initial locus vs. nucleus of F2 in CV 
sequences. Vowel duration in ms. 

Speaker C D  00 C L  AR FV 
C=/d,n,V 

n=180 n=426 n=286 n=202 n=3 11 
Reference 
y-intercept 816 729 846 921 950 
slope 0.52 0.56 0.52 0.46 0.47 
duration 133ms 101ms 134ms 128ms 173ms 

Spontaneous 
y-intercept 53 1 584 474 534 640 
slope 0.68 0.65 0.72 0.67 0.63 
duration 74ms 80ms 74ms 69ms 79ms 

C=Ib,rn1 
n=137 n= 160 n=128 n= 114 n=130 

Reference 
y-intercept 320 189 139 287 211 
slope 0.65 0.78 0.8 1 0.72 0.77 
duration 130ms 102ms 121ms 122ms 137ms 

Spontaneous 
y-intercept 2 17 134 29 257 194 
slope 0.75 0.84 0.9 1 0.75 0.78 
duration 79ms 83ms 77ms 78ms 90ms 
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3.1 Effects of style on F2 locus-nucleus patterns 

113 

The locus of the second formant was plotted as a function of its frequency at the 
nucleus. Some examples of the plots are given in figure 1. The slope and y-intercept 
for the plots for each style, each speaker and each place of articulation are reported 
in table I. The slope of the regression line for all the subjects is always steeper for 
spontaneous speech (0.68, 0.65, 0.72, 0.67 and 0.63 for dentals, and 0.75, 0.84, 
0.91, 0.75 and 0.78 for labials) than for reference words «0.52, 0.56, 0.52, 0.46, 
and 0.47 for dentals, and 0.65, 0.78, 0.81, 0.72, and 0.77 for labials), which is 
interpreted as indicating a stronger amount of contextual assimilation or reduction 
in the spontaneous speech as compared to the reference word data. A comparison 
of the results obtained for the two places of articulation shows that the slope of the 
regression line is steeper for labials in spontaneous speech and reference words than 
for dentals. This may be due to the fact that the tongue is not involved in the 
articulation of labial stops. The average duration of vowels is shorter in spontaneous 
speech than in reference words; the differences found for each speaker are signifi
cant (dentals, CD, f(I,358)=138, p=O.OOOI; 00, f(I,850)=69, p=O.OOOI; CL, 
f(1,570)=223, p=O.OOOI; AR, f(I,402)=286, p=O.OOOI; FY, f(1,620)=131, 
p=O.OOOI; labials, CD, f(1,272)=89, p=O.OOOI); 00, f(I,317)=18,3, p=O.OOOI; CL, 
f(1,230)=42, p=O.OOOI; AR, f(1,226)=57, p=0.OOOI; FY, f(l, 258)=13.5, p=0.OOO3. 

Differences between subjects can also be observed: the slope of the regression 
line is steeper in the spontaneous speech of speaker CL than in the spontaneous 
speech of speakers FY and 00, the differences between styles are less for speaker 
00 than the others. These differences can partly be related to differences in vowel 
duration. For speaker 00, vowels in reference words are only 20% longer than in 
spontaneous speech, while they are almost twice as long in the speech of other 
speakers. 

The general pattern reported above is in agreement with data previously obtained 
for Swedish (Krull, 1987, 1989a, b). However, the excursion between the locus and 
the nucleus in spontaneous speech and reference words seems to be larger in 
Swedish than in French. The speaker who exhibits the most contextual assimilation 
in Swedish dentals (A Y, spontaneous speech : 0.5 1, reference words : 0.45) has still 
less than the speaker who exhibits the least contextual assimilation in French (FV: 
spontaneous speech: 0.63, reference words: 0.47). The results obtained for labials 
tend to be similar, but they are less significant, contextual assimilation being great 
with labials. There may be several reasons for these differences, including the 
following: 1) different degrees of voicing in French and Swedish stops, 2) the 
prominence pattern of these two languages and 3) the large anticipatory movements 
during the consonant preceding Y in French CY sequences (Delattre, 1965). 
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1 14 Second formant locus-nucleus patterns in French 
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Figure 1 (this page and facing page). F2 initial locus as a function of the nucleus in CV 
combinations in spontaneous speech and reference words (speaker 00). 
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1 16 Second formant locus-nucleus patterns in French 

In French, the prominence pattern is governed by the syntactic structure of the 
message and by prosodic factors such as speech rate. In spontaneous speech, where 
speech rate is usually fast, prominences tend to appear less frequently. This fact 
may lead to more contextual assimilation and/or reduction than in Swedish, which 
has two levels of lexical stress. However, this hypothesis remains speculative and 
should be tested in similar sequences in both languages. 

3.2 The role of syntactic prominence 

Syllables showing syntactic prominence were plotted separately from non-promi
nent ones. The slope and y-intercept for the plots for each syllable type, and each 
speaker are given in table II; those obtained for the read sentences can be seen in 
figure 2. The slope of the regression line is always steeper for non prominent 
syllables (CD: 0.71, OD :0.65, CL : 0.80, AR : 0.74, FV : 0.65) than for prominent 
syllables (CD : 0.63, OD : 0.56, CL : 0.63, AR : 0.63, FV : 0.50). This tendency is 
also observed for the sentences where the effect of syntactic prominence was 
isolated. In these sentences, the slope of the regression line for the non-prominent 
sequences is 0.61 while the slope of the regression line for the prominent sequences 
is 0.50. The durations of prominent and non-prominent vowels in these sentences 
are significantly different (prominent : 116ms, non-prominent: 84ms, f(1 ,628)=371, 
p=O.OOOI). 

Differences between subjects can be noted : the slopes of the regression lines 
obtained for prominent syllables and non-prominent syllables are steeper for 
subjects AR and CL. Subject FV shows the lowest degree of contextual assimilation 

Table II. y-intercepts, slopes for the regression lines of initial F2 locus vs nucleus in 
prominent and non-prominent CV sequences, and durations of prominent and non-promi-
nent vowels in ms. 

Speaker C D  O D  C L  AR FV 

prominent 
n=61 n= 131 n=94 n=78 n=90 

y-intercept 630 726 604 621 841 
slope 0.63 0.56 0.63 0.63 0.50 
duration 100ms 115ms 109ms 88ms 105ms 

non prominent 
n= 17 1  n=29 1 n= 193 n=124 n=221 

y-intercept 449 472 337 408 609 
slope 0.7 1 0.7 1 0.80 0.74 0.65 
duration 64ms 65ms 57ms 57ms 68ms 
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Figure 2. F2 initial locus as a function of the nucleus in prominent and non-prominent IdV, 
IV, and nVI syllables. 
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1 18 Second formant locus-nucleus patterns in French 

and/or reduction in both styles. The slopes of the regression lines obtained for 
non-prominent syllables can be partly related to those of spontaneous speech, which 
is in agreement with the hypothesis suggested above: CL has steep slopes in 
non-prominent syllables and spontaneous speech (0.80 and 0.72, respectively) 
while FV has rather flat slopes (0.65 and 0.63). The general pattern described above 
is similar to that described in other languages. Prominent syllables in spontaneous 
speech in French show less contextual assimilation (or reduction) than do stressed 
syllables in English, German and Spanish (Delattre, 1969), Dutch, (van Bergem 
and Koopmans-van Beinum, 1989) and Swedish (Krull, 1987, 1989b). However, 
some differences between French and Swedish can be observed : the difference 
between the slope of the regression line of prominent vowels and non-prominent 
vowels is less in French than in Swedish. The values obtained for unstressed 
syllables in Swedish (Krull, 1987, 1989) are 0.51, 0.87 and 0.82 for OE, JS, and 
AV respectively; the corresponding values for short stressed and long stressed 
vowels are OE : 0.28 and 0.28; JS : 0.52 and 0.43; A V : 0.54, 0.53 respectively. 
Unstressed syllables in Swedish seem to show more contextual assimilation and/or 
reduction than non-prominent syllables in French : in Swedish, unstressed syllables 
are reduced, while non-prominent syllables in French maintain their identity. The 
slopes of the regression lines for prominent syllables in French are the same or 
slightly steeper than the slopes of regression obtained for stressed syllables in 
Swedish. 

Vowels are not reduced by the same amount and the same manner in all 
languages. Reduction due to non-prominence is much greater in American English 
than in French, Spanish and German , somewhat less in Spanish than in French and 
German (Delattre, 1969), and greater in Swedish than in French. There are several 
reasons for these differences. In spontaneous speech in French, prominence relies 
mainly on final lenghtening, and the duration of prominent and non-prominent 
vowels is significantly different. Thus, duration may be one of the major causes of 
contextual assimilation and/or reduction in this language. 

3.3 Locus and nucleus frequencies in both styles 

The mean values obtained for loci and nuclei were calculated for each vowel in both 
styles, for each type of articulation and each speaker. The results reported for all 
speakers, vowels and consonants in the Appendix (tables III and IV) show a 
centralized effect for spontaneously produced vowels compared to vowels from 
read words. The loci and the nuclei of the front vowels were lowered while those 
of the back vowels were raised. The acoustic pole of attraction of these vowels 
appears to be the locus and the nucleus of the neutral vowel /f!J/. (An illustration of 
this tendency can be seen in figure 3). 
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Figure 3. F-difference between reference words (broken lines) and spontaneous speech 
(solid lines) for the speaker C L. Initial loci and vowel nuclei (from left to right of each line). 
Mean values were used for each sequence where the dental consonants were Id, n, 1/ and 
the labials Ib, mi. 
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120 Second formant locus-nucleus patterns in French 

Centralization appears to be more effective for CV sequences with a dental. 
Variation between subjects and speakers can also be observed. The F2 nuclei of the 
vowels Ii, y, and E/ are lowered in the spontaneous speech of CD, OD, CL and FV 
while they tend to remain stable in the spontaneous speech of AR. The frequency 
change between spontaneous speech and reference words appears higher for nuclei 
than for loci. The case of the vowel lei is an illustration of this tendency since the 
nucleus is lowered in the spontaneous speech of CD, OD, AR and FV while the 
locus value does not change. The F2 nuclei of the vowels lu, 0 and:) I present a 
greater amount of centralization than the vowels Ii, e, yl in the spontaneous speech 
of CD, CL, AR and FV, while for the speaker OD, the F2 loci of these vowels are 
only slightly lowered or raised. The nucleus and the locus of the neutral vowel Ipi 
are different in spontaneous speech and reference words. The nucleus is slightly 
raised in the spontaneous speech of the five speakers, while the locus is slightly 
raised in the speech of the speaker OD, and slightly lowered in the speech of the 
others. 

The centralization pattern observed for the vowels in CV sequences where C is 
a labial is similar. The nuclei and the loci of the front vowels are lowered while 
there is an opposite tendency for the back vowels. The pole of attraction is again 
located in the mid-front region. However, the frequency change between reference 
and spontaneous versions is lower, especially for back vowels. 

A labial followed by a front vowel involves a jaw movement associated with 
lip closure so that the front vowel constriction can begin earlier. The nucleus of 
these vowels is not as stable as the nucleus of back vowels where we have no such 
tendency. In dentals, tongue movement has an effect on the stability of the 
constriction for back vowels so that back vowels are more centralized. This is not 
the case for front vowels where vowel constriction can occur before (or at the same 
time as) the tongue tip closure. In spontaneous speech, where movements are faster, 
these tendencies are arrested, and there is more centralization. 

4 Conclusions 
Speech style and syntactic prominence appear to be some of the major causes of 
contextual assimilation and vowel reduction in French. For the five speakers in the 
experiment, the slopes of the regression lines were steeper in spontaneous speech 
than in reference words, and steeper for non-prominent sequences than for the 
prominent ones. High vowels and back vowels were centralized, the pole of 
attraction of the locus and the nucleus of these vowels appeared to be the locus and 
the nucleus of the neutral vowel Ip/. 

Duration may be one of the major factors of contextual assimilation and vowel 
centralization. Vowel duration was significantly greater in reference word data than 
in spontaneous speech data and significantly greater in prominent vowels than in 

PER ILUS X II, 1991 



Duez 121 

non-prominent vowels. Moreover, the speakers who had the longest vowels in 
spontaneous speech showed less contextual assimilation and reduction. 

The relationship between duration and the spectral structure of speech sounds 
is of crucial importance and has been debated in the literature. Lindblom (1963)'s 
undershoot model stated a clear dependency of formants on vowel duration. 
However, the validity of this model could not be entirely proved in subsequent 
research. In fast speech, articulatory and acoustic goals can be attained despite short 
segment durations (Kuehn and Moll, 1976, Gay, 1978, Engstrand, 1988, Van Son 
and Pols, 1989); on the other hand, reduction can occur despite adequate duration 
(Nord, 1986). 

Recent studies (Lindblom and Moon, 1988, Engstrand and Krull, 1989) sug
gested that speakers adapt phonetic gestures to perceptual goals and that the various 
degrees of phonetic reduction and elaboration in vowels may be understood in terms 
of communicative requirements. Therefore, further studies of spontaneous speech 
are required; the structure of speech sounds should be examined in terms of 
speaker/listener interaction. These would lead to better knowledge of production 
and perception processes. 

This study has shown that there is less contextual assimilation in reference words 
than in spontaneous speech, and less contextual assimilation in prominent 
sequences than in non-prominent sequences, conftrming results from Swedish, 
Dutch, and English. Large anticipatory movements were found during the con
sonant preceding V in CV sequences (c.f. Delattre, 1965). We have found that there 
seems to be more contextual assimilation in CV sequences in French than in 
Swedish. 
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Appendix 

Table III. Mean F2 measured at the CV boundary (onset) and at the nucleus in CV 

sequences where C is a dental Id,n,V. Ref=reference words, spo=spontaneous speech, 

n=number of items sampled in the spontaneous speech. 

Speaker C D  00 C L  AR FV 

i n=35 n=63 n=34 n=27 n=38 

locus ref 2 140 1956 2048 1977 2077 

spo 2029 1908 1985 2006 1960 

nucleus ref 2215 2033 2 144 2 128 2 117 

spo 2 100 1919 2026 2093 2008 

Y n= 10 n=21 n=12 n=8 n=12 

locus ref 1885 1740 1803 19 10 1896 

spo 1896 1805 1840 1902 1827 

nucleus ref 1942 1783 1790 1920 1788 

spo 1830 1829 1850 1920 1834 

e n=58 n=9 1 n=66 n=35 n=56 

locus ref 1825 1784 1873 1826 1856 

spo 1825 1773 1830 18 19 1840 

nucleus ref 2058 1946 2023 2033 2022 

spo 1954 1862 1907 1945 1909 

£ n= 12 n=37 n=30 n=26 n=26 

locus ref 1670 1684 1729 1732 1780 

spo 1763 1665 1738 1774 1732 

nucleus ref 1948 1813 1882 1903 1867 

spo 1950 1725 1820 1881 1827 

0 n=37 n=40 n= 18 n=24 n=42 

locus ref 1556 1466 1587 16 10 1587 

spo 150 1 1515 1524 1605 1567 

nucleus ref 1397 14 15 1460 1393 1470 

spo 1446 1482 1497 1554 15 15 

rer n=6 n=14 n=10 n=4 n=9 

locus ref 1586 1494 1528 1540 1604 

spo 1426 1451 1432 1470 1606 

nucleus ref 1453 147 1 1420 1470 15 11 

spo 1330 1378 1404 1400 1422 

(Continues on next page) 
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(Table "'; see previous page.) 

a n=38 n=96 n=54 n=50 n=76 

locus ref 1507 1526 1576 1526 1600 

spo 1515 1503 157 1 1517 1594 

nucleus ref 144 1 1441 143 1 1422 1441 

spo 1512 1484 1557 1555 1600 

::> n=9 n=20 n=40 n=6 n=21 

locus ref 1263 1420 1438 1483 1540 

spo 1277 1402 1376 1396 1496 

nucleus ref 1003 1 188 1092 1 153 1197 

spo 1 108 1255 1225 1253 1329 

0 n=10 n=27 n= 16 n=20 n=3 

locus ref 13 12 139 1 1415 1436 1560 

spo 1258 1350 1397 1354 1566 

nucleus ref 987 1 127 1 127 1096 1040 

spo 1170 1 120 1275 1 172 1373 

u n= 15 n= 17 n=6 n=2 n=9 

locus ref 1432 13 15 1393 1400 1542 

spo 1340 1369 1 180 1420 1514 

nucleus ref 885 1 188 866 930 83 1 

spo 1085 982 1020 1200 1116 
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Table IV. Mean F2 measured at the CV boundary and at the nucleus in CV sequences 

where C is a labial /b. mt. ref=reference words. spo=spontaneous speech. n=number of 

items sampled in the spontaneous speech. 

Speaker CO 00 C L  AR FV 

i n= 13 n= 14 n= 16 n=7 n= 17 

locus ref 1776 1978 2096 1955 1920 

spo 1862 1890 2029 2038 1765 

nucleus ref 2116 2073 2 175 2131 2 132 

spo 2083 2000 2066 2150 2002 

Y n=2 n=4 n=5 n=2 n=5 

locus ref 1850 1695 1768 1600 1672 

spo 1760 1755 1752 1600 17 12 

nucleus ref 1850 1840 1888 1680 1808 

spo 1880 18 15 17 12 1690 18 16 

e n=8 n=3 1 n=9 n= 10 n=16 

locus ref 1863 17 10 1737 1742 1726 

spo 1768 1646 1680 1680 1727 

nucleus ref 2032 1896 2066 20 16 1979 

spo 1895 1846 1897 1908 1895 

e n=51 n=32 n=26 n=30 n=26 

locus ref 1474 1466 1563 1644 1610 

spo 1558 1600 1515 1568 1516 

nucleus ref 1844 1743 1926 1884 1889 

spo 1824 1730 1720 1776 1720 

" n=2 n=4 n=2 n=3 n=2 

locus ref 1395 1265 1360 1360 1300 

spo 1400 1320 1340 14 13 1420 

nucleus ref 1470 1345 1380 1520 1460 

spo 1560 14 15 1420 1533 1400 

cer n= 1 n=6 n=1 n=2 n= 1 

locus ref 1300 13 13 1440 1300 1380 

spo 1240 1366 1320 1290 1560 

nucleus ref 1356 1540 1500 1440 1560 

spo 1380 1360 1420 1320 1360 

(Continues on next page) 
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(Table IV; see previous page.) 

a n=34 n=35 n=40 n=27 n=25 

locus ref 1 190 1260 1270 1267 1308 

spo 1 189 1291 1255 1320 1356 

nucleus ref 1420 1412 1395 1445 1475 

spo 1362 1405 1362 1442 1512 

:) n=13 n=5 n=15 n=10 n=18 
locus ref 976 1074 1032 1036 1120 

spo 990 1060 1056 1092 1060 
nucleus ref 943 1 136 1050 1016 1074 

spo 1036 1 148 1 144 1 100 1060 

0 n=6 n=18 n= 13 n=20 n=9 
locus ref 835 923 901 954 835 

spo 855 890 1003 968 891 
nucleus ref 8 10 907 984 888 923 

spo 853 955 1073 964 964 

u n=7 n=10 n= 1 n=3 n= 11 
locus ref 972 860 880 893 770 

spo 954 980 680 880 800 
nucleus ref 792 892 880 906 767 

spo 9 17 992 680 893 992 
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Abstract 

Vowel production in isolated 
words and in connected speech: 

an investigation of the 
linguo-mandibular subsystem 

Edda Farnetani1 and Alice Fabef-

This study investigates the positions of tongue dorsum and jaw in the production 
of Italian vowels Ii! and la!, in different phonetic contexts and utterance types, with 
the aim of assessing the patterns of coordination of the two articulators in the 
processes of coarticulation, reduction and compensation. The data indicate that 
reduction is manifested as a decreased displacement of jaw and tongue from their 
rest position along the higMow dimension, while C-to-V and V -to-V coarticulation 
is mainly induced by tongue displacements along both axes. Extensive compen
satory tongue horizontal displacements in the production of reduced Ia! vowels are 

crucial in preserving the articulatory distance between the two vowel categories in 
symmetric sequences, thus counteracting the effects of reduction, whilst in asym
metric sequences, the V -to-V effects seem to overrule the compensatory move
ments, and, adding to reduction effects, cause a further decrease in the articulatory 
distance between the two vowels. 

1. Introduction 
The relationship between the dynamics of tongue dorsum and jaw in vowel 
production is an area still largely unexplored. The assessment of the role of, and the 
interplay between these two articulators is important both for descriptive purposes 
and for a better understanding of the processes of coarticulation, reduction/elabora
tion, compensation. 

There is a vast literature on coarticulation: theories and experimental data have 
been recently reviewed by Fowler (1985), Fametani (1990). 

As for the relationship between coarticulation and reduction, the Hyper-Hy
pospeech (H&H) theory (Lindblom, 1990) views the two processes as strategies 
used by speakers to decrease articulatory effort in speaking, in relation to the 
speaking situation; hence coarticulatory effects should increase as style changes 
from hyper- to hypospeech. The acoustic data by Krull (1989) show a larger amount 

1 Centro di Fonetica del CNR, Padova, Italy 
2 Haskins Laboratories, New Haven, Conneticut, USA 
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of coarticulation in spontaneous speech than in reference words and support the 
idea of a close relationship between coarticulation and reduction. On the other hand, 
speakers are also able to attain constant acousticlphonetic goals, and to this end, 
they can reorganize articulatory gestures by means of compensatory actions that 
reduce coarticulatory effects and enhance the contrasts among sound categories. 

The gestural theory also predicts an increase in coarticulation (gestural overlap) 
and a decrease in magnitude of gestures in casual speech ( Browman and Goldstein, 
1987). Compensation, which stems automatically from the organization of articu
latory movements into coordinative structures appears to be the norm in speech 
production, and has the scope of maintaining gestural goals as invariant as possible 
(Fowler, 1985). 

Data on how compensation is instantiated in natural speech are scarce: there is 
an important early study by Lindblom (1967), showing that mandible and lip 
movements are independently controlled and that lip movements can actively 
compensate for coarticulatory effects exerted by the jaw; Edwards (1985) observed 
compensatory jaw movements counteracting coarticulatory tongue body V-to-C 
effects. These data indicate that coarticulatory effects may be reduced or neutralized 
by compensatory movements: there are no studies, however, exploring the relation
ship between compensation and speech style. 

This pilot study explores the patterns of tongueljaw coordination in the produc
tion of vowels Ia! and Ii/, and their variations as a function of phonetic context, stress 
and utterance type. Although the present phonetic material does not contain 
spontaneous speech, we believe that the comparison between typical lab sequences, 
word lists, and fluent reading can be an adequate starting point for an analysis of 
the articulatory instantiations of coarticulation, reduction and compensation and of 
their interrelations. 

2. Method 
Data were collected at the Phonetics Laboratory of Stockholm University by 
simultaneous use of the Movetrack magnetometer system and electropalatography. 
Tongue dorsum displacements were monitored by a receiver coil attached at the 
midline on the tongue dorsum, roughly in correspondence with the sixth row of the 
artificial palate; the receiver coil for tracking jaw displacements was attached at the 
midline on the lower incisors. Objects of the study were vowels Ia! and Ii/ in VCV 
nonsense words, (C)VCV meaningful words produced in isolation, and the same 
words in phrase-non-fmal position of complex sentences. All items had lexical 
stress on VI. Symmetric sequences had It!, Id!, Iz/, If I, N as intervocalic consonants; 
asymmetric sequences had It!, Iz/, If I N. A speaker of Standard Northern Italian 
read the speech material three times. 
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Data for each vowel were taken at the point of maximum displacement from 
the rest position (clenched teeth) for both jaw and tongue and for both horizontal 
(x axis) and vertical displacement (y axis). The data for each articulator and each 
dimension were analysed by means of series of ANOV As. Regression analyses were 
used on jaw-x to distinguish between rotational and translational movements and 
on tongue-x and tongue-y to establish the proportions of independent tongue 
movements along both dimensions. A set of ANOV As was conducted on the 
residuals of regressions. In the description of results, we shall refer to differences 
with a significance level no less than 99%. 

3. Results 

3.1 Reduction 

JAW-Y. Fig. 1 shows the mean values of the two vowels in first and second position 
(stressed vs unstressed) in the three utterance types. 

Interaction Plot 
Effect: stre .. level' WType • V1 
Dependent: Jaw-y 
With Standard Error error bars. 
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Figure 1. Position of jaw (distance in mm from the rest position) for vowels Ial and Iii as a 
function of stress and utterance type in symmetric sequences (utterance type: non = non
sense words; real = meaningful isolated words; conn = connected speech. 
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It can be seen that jaw height for Ia! increases from nonsense to real words to 
connected speech and from stressed to unstressed vowels. The reduction of jaw 
displacement due to utterance type are as large as those related to stress, but the 
interesting fact is that they sum up so that unstressed Ia! in connected speech is as 
high as Iii. For Iii only stress has an effect, and only in isolated items: the jaw during 
unstressed Iii appears to be slightly less displaced from the rest position than during 
stressed Iii. 

Examination of the dynamic traces indicates that the strong reduction observed 
in stressed Ia! of real words respect to logotomes is due in great part to the presence 
of an initial consonant, which requires a high jaw position: it can thus be interpreted 
as a result of a coarticulatory effect of consonant on the jaw displacement for the 
vowel. 

JAW-X. The regression analysis indicates that jaw rotation accounts for 66 . 7% 

of the variance on the horizontal axis. The independent jaw translation movement 
appears to be related to consonants, and has coarticulatory effects on vowels (see 
below). 

TONGUE-Y. The tongue vertical displacement is involved in the shaping of 
vowels, as expected, and also actively contributes to their reduction. Figure 2 refers 
to V I (stressed) and V2 (unstressed) and shows the (resultant) tongue body positions 
along the higMow axis. It can be seen that the tongue body position is higher for 
Iii and lower for Ia!; what is new, with respect to the jaw pattern, is the lower position 
of Iii in connected speech than in isolated words. This indicates that in connected 
speech Iii gets reduced, and that such reduction results almost exclusively from a 
decreased amplitude of the tongue rising movement. Instead, for vowel Ia! in 
connected speech, a reduced tongue displacement adds to the reduction of the jaw 
movement. The comparison between the two plots (VI vs V2) illustrates the effects 
of stress: for vowel Ia! the stress contrast is very strong in isolated words, but is 
practically neutralized in connected speech, where stressed and unstressed Ia! are 

both highly reduced; for Iii there are only very slight differences between VI and 
V2 , indicating that utterance type is a much more important factor than stress in 
the reduction of Iii along this dimension. 

The results of the regression analysis indicate that jaw-y, the only variable 
entering in the equation, accounts only for 19. 7% of the variance. The residuals 
patterns are very similar to the actual data: tongue dorsum actively raises for Iii and 
lowers for la!, and in connected speech both the lowering and the rising movements 
are reduced in amplitude. 

TONGUE-X. The position of tongue dorsum along this dimension varies as a 
function of vowel and utterance type. Vowel Iii has a more fronted tongue position 
than la!, and, in connected speech, the tongue position is further back, especially 
for Ia!. 
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Figure 2. Tongue dorsum position along the high/low dimension for vowels iiI and Ia! in 
the first syllable (V1 )  and in the second syllable of the word (V2). Each plot compares the 
tongue dorsum position for isolated meaningful words (real) vs connected speech (conn). 
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The results of the regression analysis indicate that jaw-x, tongue-y and jaw-y 
account in total for 44. 8% of the variance of tongue-x. The analysis of residuals for 
symmetric utterances indicates that independent tongue dorsum movements along 
this dimension contribute to differentiate the two vowels only when they are 

unstressed or produced in connected speech. This is achieved by a substantial back 
displacement for unstressed Ia! and for stressed Ia! in connected speech, precisely 
those vowels produced with a reduction of jaw displacement. 

Figure 3, relative to the regression residuals shows the effect of such inde
pendent tongue dorsum displacement. It is therefore reasonable to interpret this 
tongue movement as an active compensation for the reduction exerted by both 
tongue and jaw along the higMow dimension. In asymmetric sequences, instead, 
unstressed vowel /a! undergoes strong coarticulatory effects from preceding Ii!, 
which appear to overrule the compensatory effects. 

3.2 Coarticulation 
We shall deal in some detail with the V-to-V effects, while the C-to-V effects will 
be illustrated more exhaustively in Faber and Farnetani (1991). 

JAw-Y. Jaw position along this dimension for vowels is not affected by the kind 
of intervocalic consonant, nor by the transconsonantal vowel, but is largely affected 
by presence vs absence of an initial consonant, as mentioned above. 

JAW-X. The position of jaw along this dimension is instead affected by consonant 
type: in the context of fricatives (lzllII) the jaw position is more fronted than in 
other consonantal contexts. The regression analysis indicates that indeed the 
protrusion and the retraction of jaw, when it is high, are independent translation 
movements presumably necessary for favouring the achievement of the proper 
constrictions, and the coarticulatory effects on the adjacent vowels suggest that 
such movements start during V 1 and are concluded during V2. 

TONGUE-Y and TONGUE-X. The most relevant C-to-V effects appear to be 
exerted by fricatives. These consonants, with respect to the others, reduce the 
articulatory distance between Ii! and la!, by lowering the position of Ii! and somehow 
raising Ia!. On the horizontal axis the alveolopalatal fricative III has a fronting effect 
on Ia!. Such effects are stronger on V2 than on VI, and do not seem to vary as a 
funtion of utterance type. Fig. 4 shows such effects on tongue dorsum height of V2 
(symmetric sequences). 

The data on V-to-V coarticulation indicate that the anticipatory effects involve 
vertical displacements, while carryover effects involve horizontal displacements. It 
is not possible to tell whether this unexpected behaviour is idiosyncratic: only 
cross-individual experiments will provide an answer to this question. The V -to-V 
effects were quantified by means of a coarticulation index that takes into account 
both the paradigmatic and the syntagmatic relationship between the vowels. The 
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Figure 3. Tongue articulator contribution to tongue dorsum position of V1 and V2 along the 
frontlback dimension in the three utterance types, nonsense words, meaningful isolated 
words and connected speech, for symmetric sequences. 
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coarticulation index (Cn was expressed as the ratio of the changes occurring in the 
influenced vowel to the difference in position of the influencing vowels. The data 
indicate that anticipatory effects are exerted only on vowel Ia/, and occur system
atically, in both isolated words and connected speech, only in non-fricative con
sonantal context The value of the CIs indicate that the degree of coarticulation is 
higher in connected speech than in isolated words. Thus, stressed Ia/ in isolated 
words is higher in la-i/ than in la-a/ sequences; in connected speech it is already 
high in la-a/, and further increases in la-i/. Hence coarticulatory effects add to the 
reduction effects (the total displacement of Ia/ in the context of /l/ amounts to 11. 76 

mm). Unlike anticipatory effects, carryover effects are not blocked by any interven
ing consonants, are exerted on both vowels; like anticipatory effects they are larger 
in connected speech than in isolated words. The strongest effects occur when the 
intervocalic consonants are III and hi. Fig. 5 shows such effects, i.e the different 
position of V2 as as a function of VI: it can be seen that the Ia/ in N za/ and NIa/, 
when VI is Ii/, can become almost as fronted as vowel /i/. The fact that fricatives 
exert by themselves a relevant C-to-V fronting effect on vowel Ia/, indicates that 
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Figure 4_ Effects of preceding consonants on tongue articulator during V2 along the 
high/low dimension (symmetric sequences). 
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the observed carryover effects could be the outcome of both {t/ and consonant 
effects. 

4. Comments and conclusion 
Although the present analysis will have to be completed with temporal and dynamic 
data, some hypotheses on lin guo-mandibular coordination and on the relationship 
between coarticulation, reduction and compensation can be proposed on the basis 
of the present results. 

As for the contribution of of tongue and jaw to the shaping of the oral tract for 
the two vowel categories, the global picture offered by the present data conforms 
the phonetic descriptions and the experimental data available in the literature. The 
present data indicate, as expected, that the two articulators are largely independent 
of each other, and, moreover, that each of them can act along one dimension largely 
independently of the other dimension. This allows the articulators to perform 
different functions at the same time and execute both synergistic and compensatory 
movements in either direction. 

Interaction Plot 

E1foct: V1 • C • V2 
Oepend.nt: Tx ul r.lld 
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Reduction is manifested in both articulators, as a decrease in high/low displace
ment from the rest position, and is (partially) compensated for by tongue frontlback 
displacements. Thus, compensation does not seem to aim at maintaining the 
configuration of the two vowels as invariant as possible, but at preserving, as much 
as possible, the articulatory distance between them. On the other hand, the obser
vation of systematic compensatory patterns in connected speech suggests that 
compensatory actions may be the nonn, rather than the exception, and indicates that 
gestures simultaneously respond to functional requirements and to economy. Such 
vowels, though reduced, are not less elaborated than their unreduced counterparts. 

Both tongue and jaw are involved in C-to-V coarticulation, but tongue dorsum 
is the only articulator engaged in V-to-V coarticulation. In the production of fa! in 
the asymmetric utterances of connected speech, coarticulatory movements seem to 
overrule in strength the compensatory movements and lead to an increase in 
reduction and hence to a further decrease in the articulatory distance between fa! 
and fi!. Thus we can distinguish two kinds of reduced vowels: Those which are 

reduced, but compensated for, and those which are reduced and non-compensated 
for: only the latter can be described as simplified articulations since they are 

characterized by reduced displacements of jaw, and practically no displacements of 
tongue. 
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Jaw position in English and Swedish VCVs 1 

Patricia A. Keating,2 Bjorn Lindblom, 
James Lubker, and Jody Kreimarf3 

O. Introduction 
Lindblom (1983) proposed that consonant segments differ in their propensity to 
coarticulate jaw heights with neighboring segments: some consonants adopt the jaw 
height of their vowel nucleus, while other consonants do not. The latter consonants, 
he proposed, are those that tend to occupy syllabic positions that are further from 
vowels, with other consonants intervening between the incompatible consonants 
and vowels. Lindblom presented experimental data on the height of the jaw for 
different consonants before Ia!. These data were taken to indicate the consonants' 
degree of coarticulation with the vowel. Keating (1983) took issue with this 
interpretation. She noted that different observed heights directly reflect degree of 
coarticulation only if all consonants have some identical inherent height very 
different from vowels' heights. She also pointed out that the position for the vowel 
was not reported, and could possibly be varying even more than the consonant 
positions. Keating cited data of Condax (1980) on Fijian, in which vowels appear 
to vary more than consonants, with overall variability of a segment seemingly 
correlated with its overall openness. She also presented new data on English 
consonant clusters suggesting that vowels and some consonants adopt jaw heights 
to accommodate other consonants such as lsi. Keating (1988) introduced the tenn 
anchor to refer to a segment which determines aspects of articulation over a segment 
span, to which neighboring segments accommodate themselves. Anchor segments 
by definition are less variable than non-anchors. 

Lindblom viewed vowels as anchoring jaw height in a syllable, with consonants 
accommodating the vowels, while Keating viewed some consonants as anchoring 
jaw height, with vowels and other consonants accommodating. The issue then can 
be framed as one of relative variability: do consonants vary contextually more than 
vowels, or the reverse? The present experiment addresses this question. Data on 
jaw height were collected for combinations of consonants and vowels, and segments 
compared across contexts. The experiment also addresses another possibility: 

This report presents an analysis of data collected by the first three authors in May 
1984 at Stockholm University . We gratefully acknowledge the assistance of Peter 
Branderud, the designer of the Movetrack system, who helped us gather the present 
data. 

2 University of California, Los Angeles, California, USA 
3 Veterans' Administration Medical Center, West Los Angeles, California, USA 
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Lindblom and Keating studied different languages, which perhaps behave differ
ently in the relevant respects. Therefore Swedish and English are both examined 
here. 

1. Method 

1.1. Speakers 

The speakers were all visiting or working at Stockholm University. They included 
two of the authors and some others familiar with the purposes of the experiment. 
The Swedes were three men and two women, while the Americans were two men 
and three women. All speakers served as subjects only for their native language, 
but all of the Swedes knew English as well, and four of the Americans knew 
Swedish. 

1.2. Speech materials 

Most of the items used in the experiment were V CV s, uttered in isolation. The first 
vowel received weak stress and the second strong stress; the resulting pattern was 
like the usual pronunciation of English "Aha!". Broadly speaking, the vowels were 
Iii, leI (English) or IE! (Swedish), and lal, and the consonants were 
If, b, t, d, s, n, 1, r, k, hi in both languages. However, speakers in each language used 
their own appropriate qualities of these phonemes for each context, resulting in 
phonetic differences across the languages, the phonetic contexts, and the individual 
speakers.

4 
The most obvious differences in the consonants involved lrl and III across 

the languages. The American Irl is an approximant, while the Swedish Irl is most 
often an apical trill. The American III is most often strongly velarized, while the 
Swedish III is not. The vowels also differed somewhat across the two languages.5 

With front mid vowels it is difficult to match the phonetic qualities across the two 
languages without phonotactic violations. The Swedish high vowel used was [I] in 
the unstressed initial syllable but [i:] in the final stressed syllable. The English mid 
vowel phoneme used was leI, typically diphthongized to [el] in both syllables. The 
Swedish mid vowel phoneme used was IE:I in the final stressed syllable, which 
occurs only as short [E] (occasionally [e]-like) in the unstressed initial syllable. 
Throughout this report the mid front vowel of both languages will be represented 
simply as leI. Since Swedish long vowels occur only in stressed syllables, there is 
noticeable variation in length, as well as quality, between the two vowel allophones 
in the Swedish VCVs. Particularly noticeable to Americans is the difference 
between initial [a] and final [J :], ['0:], or [a:]. Throughout this report the low vowel 
of both languages will be represented simply as Ia!. The American vowels did not 

4 One American did, on request, substitute an [a) quality for his more natural final [J). 
s In Lindblom's notation, the Swedish vowels were [I) and [i:), [E) and [E:), [a) and [a:). 
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differ as much auditorily in initial compared to final position; the initial vowels, 
with weaker stress, were not audibly reduced or centralized. 

A subset of these VCVs, the ones with vowel la/, was also produced by a few 
speakers in a loud-voice condition, intended to induce more extreme jaw excursions 
and thus magnify any contextual variation for Ia/. 

Also included was a set of six VCCV utterances in which the two consonants 
formed a cluster: listi, isli, ibli, asta, asIa, abla/. These items allow the jaw positions 
for sequences of consonants to be compared with their component singleton 
consonants, both in terms of extreme positions and in terms of the time courses of 
segment interactions. 

Finally, each subject (except for one American) also produced the three vowels 
in isolation, in long and short versions. For Swedish, it was necessary to get both 
phonemic lengths in isolation to compare with the two positional allophones in each 
VCV. For English, parallel durational differences were elicited, with shorter vowels 
checked by glottal stops, and longer vowels with a more typical citation pronuncia
tion. 

Each test condition except the isolated vowels included 6 repetitions of each 
item in a random order which was the same for all speakers. For the isolated vowels, 
the Swedes produced 4 repetitions and the Americans produced only 3. 

1.3. Equipment 

Data were collected using the Movetrack magnetometer system designed and built 
at the Phonetics Laboratory of Stockholm University (Branderud 1985). This 
system sets up a magnetic field around the subject's head and then tracks the position 
of a small magnetic coil within that field. The subject wears a helmet that holds in 
position two large parallel coils, one in front of the head and one behind, that set 
up the field. In this experiment the small coil was attached with soft wax at the 
midline on the gum ridge at the lower teeth. For most subjects, simultaneous audio 
and movement signals were recorded on FM tape. For all subjects these signals were 
also printed by an oscillomink. 

104. Procedure 

Each subject served during one experimental session. At the beginning of a session, 
the procedure was described, the speech materials gone over, and a reference 
position for the jaw found and practiced. This was described to subjects as "starting 
to swallow, letting your teeth touch, and holding the teeth in that position without 
completing the swallow", and all subjects seemed able to use this kind of description 
to find a repeatable reference position. Next, still outside the experimental room, 
the magnetic coil was attached in the mouth and the helmet put on. The subject then 
entered the room with the experimenters, sat in the chair and was hooked up to the 
apparatus. After the connections etc. had been tested, the experimental recording 
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began. One experimenter remained in the room with the subject (either Lindblom 
or Keating, depending on the native language) and ftrst triggered an automatic 
calibration device, whose output was recorded. Then the experimenter asked the 
subject to assume the clench reference position. Next, the experimenter read the 
speech items one at a time, and the subject repeated each one. The original 
motivation for this modeling technique was that the helmet worn by the subjects 
made reading from a list awkward; however, it soon became apparent that modeling 
offered the additional advantages of standardizing the prosody used by the speakers, 
and eliminating confusions about the phonetic transcription of the nonsense items. 
These advantages seem to outweigh the potential danger of artiftcial homogeneity 
in the data. The two models themselves also served as subjects, reading the by-then 
familiar test materials. Usually after every 10 items, the experimenter asked the 
subject to repeat the clench position. 

After the 180 VCV items, the order of conditions was clusters (6 items, 6 
repetitions each), isolated vowels (3 or 4 repetitions each of long and short vowels), 
and for 4 subjects, the loud condition. At the end of the session, the calibration was 
repeated. 

For 7 of the 10 speakers, the jaw movement signal was printed out in two forms. 
One was taken directly from the output of the tape recorder, and the other was 
filtered. These are virtually identical except for a slight difference in gain. For two 
subjects only unfIltered data taken at the input to the tape recorder was printed., 
while for the remaining subject only the filtered data was printed. For the 7 speakers, 
a rectifted and integrated audio signal was also printed, but for the other three, only 
the direct audio signal was printed. However, the printed audio signal was not used 
in the data analysis reported here. 

1.5. Analysis 

Figure 1 reproduces a sample token of a V CV item taken from the paper oscillomink 
print-outs made during each experimental session. From such tokens, the most 
extreme jaw position for each V and C was measured by the ftrst author. Where two 
jaw movement signals were available (as in Figure 1), the fIltered (lower) one was 
used. Measurements were made to the nearest half millimeter of paper, which after 
calibration usually corresponded to about a quarter millimeter of spatial position. 
For each of the two vowels in each token, the most open position was measured. 
For the consonant in each token, the most closed position was measured. That is, 
the measurement for vowels is a maximum opening, while the measurement for 
consonants is a minimum opening, each often corresponding to a turning point in 
the jaw movement trace. No special effort was made to locate the measurement 
point for each segment within the acoustic signal corresponding to that segment, 
and thus there may be errors of mistaking vowel high points for consonant positions. 
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The actual measurements made from the printout were distances from the jaw 
tracing to a reference line printed by the oscillomink (see Figure 1). The clench 
positions were also measured with respect to this line, in between every block of 
repetitions. Because of variations in the reference line andlor the clench position, 
this measure varied by up to 3-4 mm (more typically 1 mm) across a subject 
session. Therefore the average value of the clenches before and after each block 
was subtracted from the jaw measurements in that block, giving jaw positions with 
reference to this averaged clench. Finally, all measurements for a given subject were 
multiplied by the calibration factor for that subject, to convert millimeters paper to 
millimeters vertical jaw position. Thus all the jaw positions reported here are 
distances from a clench position (i.e. opening, not height), such that larger numbers 
represent lower jaw positions. We note that some other studies have not measured 
jaw position relative to an arbitrary reference position, as we have, but instead have 
measured the displacement from each segment to the next, so that each segment in 
effect serves as the reference for the next. Such a method makes it very difficult to 
say how adjacent segments influence each other's positions. 

" 
" 
, , 

,./ 
. '  \ 

,. '� �"" �I 
: . ,"..- '..!A � Rectified and Filtered Audio 

--____ ..... � Movement 

Filtered Movement 

------------ Reference Une 

Figure 1. Example of printed raw data and measurements for VCV token. See text for 
further description. 
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Measurements were entered into computer files so that statistical tests could be 
performed. Normalization of the data is described below. Analysis of variance was 
used to determine which of the experimental conditions (language, segments, 
contexts) significantly affected measured jaw positions. Other statistical measures 
are described below. 

2. Results 

2.1. Isolated Vowels 

Table 1 gives the mean maximum opening for each vowel for each speaker, and 
averaged for each language. E 1 through E4 are four English speakers, E is the mean 
for English, S I through S5 are the five Swedish speakers, and S is the mean for 
Swedish. Long and short vowels are distinguished. Most striking are the differences 
across the individual speakers, which are surely in part due to anatomical differ
ences, including sex-related differences. For English, the shorter vowels tend to be 
less open than the long vowels, and the height difference between lei and Ia! is 
obscured when they are short. In Swedish, the long vowels tend to be more 
peripheral than the short ones. These data can also be compared with all the results 
below for vowels in context. The isolated vowels are generally slightly more open 
than normal-volume vowels in context, and somewhat less open than the loud 
vowels in context. 

Table 1. Mean jaw openings in mm (raw measures) for isolated vowels. 

1:11 e:/e 
E1 5.6 9.0 
E2 3.9/3.8 6.717.9 
E3 4.7/4.8 13.8110.0 
E4 9.7 20.8 
E 6.0/4.3 12.6/9.0 

S1 
S2 
S3 
S4 
S5 
S 

7.1/6.7 
7.6/8.3 
7.6/8.6 
4.2/4.3 
5.2/5.6 
6.3/6.7 

9.6/10.1 
14.2/13.6 
12.319.5 

5.8/5.2 
8.717.3 

10.1/9.1 
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2.2. VCV Utterances 

2.2.1. Normalization procedure 

145 

A repeated-measures ANOY A on the raw measurements (in mm) revealed a 
significant effect of subject on jaw opening (F (4,40) = 647.99, p < 0.001); addi
tionally, all interaction terms involving subjects were significant. We therefore 
transformed the data by dividing each measurement for each subject by that 
subject's maximum observed jaw opening; i.e., all measurements were converted 
to a percentage of the maximum observed opening for a given subject. All meas
urements reported below are therefore percentages, not mm: for example, a meas
urement of .21 refers to a jaw opening that is 21 % of the maximum opening for that 
subject. This normalization was intended to correct for confounding of subject size 
differences with the other factors in the experiment. Specifically, 1) the two 
language groups had different numbers of males, so group effects could be con
founded with size differences among subjects; 2) since all measurements were made 
relative to a clench position, any size differences among subjects would not evenly 
affect all segments; i.e., higher segments (nearer the clench position) would vary 
less across subjects, regardless of size, while lower segments would vary more. 

It should be noted that earlier work such as Lindblom (1983) and Keating (1983) 
did not use any normalizing procedure. Single-subject experiments, and analyses 
of position rather than of variability, do not require such normalization. 

2.2.2. Analyses o/variance 

(Normalized) jaw positions for the test syllables, averaged across subjects within a 
group, are shown in Table 2. Two analyses of variance were undertaken. The first 
included only (normalized) measurements on vowel segments, with repeated meas
ures on subject, vowel identity (i, e, a), vowel position/stress (initial weak stress, 
final main stress), and consonant context (10 consonants); language (Swedish/Eng
lish) was treated as a grouping factor. The second ANOY A included only measure
ments made during consonants, with repeated measures on subject, vowel context, 
and consonant identity, and a language grouping factor. (The position/stress factor 
did not apply to consonant measurements.) 

2.2.2.1. Vowel height measurements 

Figure 2 displays jaw positions for the vowels of English and Swedish. Analysis of 
variance results are given in Table 3. On the average, English and Swedish speakers 
did not differ significantly in jaw position during vowels, although a significant 
position/stress x language interaction was observed: overall, Swedish vowels are 
more open finally, and English vowels are more open initially. When individual 
vowels are examined, we find the difference is largely due to differences in position 
during leI (Figure 2). The differences for leI may be linked to that vowel's 
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allophones in Swedish: the large difference between initial (higher) [e] and final 
(lower) [e:] is clearly audible. The two languages differ from each other very little 
in jaw position during Iii and Ia!. English and Swedish differ in how much variation 
in jaw position during vowels is contributed by each position: in English, initial 
vowels vary significantly more than final vowels (F (899, 899) = 1.428, p < 0.01), 

Table 2. Mean jaw openings (normalized to proportion of maximum opening) for VCVs 

Swedish English 
ibi .361 .314 .390 .389 .287 .395 
ebe .527 .408 .668 .676 .351 .630 
aba .708 .365 .617 .748 .328 .655 

idi .354 .263 .340 .334 .224 .320 
ede .486 .300 .575 .604 .246 .523 
ada .611 .243 .499 .632 .200 .534 

iti .353 .273 .360 .335 .187 .314 
ete .445 .273 .610 .569 .188 .507 
ata .592 .240 .495 .615 .161 .523 

iki .382 .375 .461 .351 .318 .421 
eke .519 .449 .671 .612 .392 .621 
aka .694 .475 .603 .671 .398 .611 

ifi .411 .325 .395 .404 .281 .378 
efe .545 .350 .643 .668 .282 .571 
afa .646 .268 .584 .720 .219 .553 

isi .316 .215 .360 .335 .164 .325 
ese .443 .220 .600 .571 .154 .508 
asa .557 .194 .488 .596 .160 .541 

ihi .371 .377 .378 .380 .377 .421 
ehe .595 .618 .663 .652 .538 .648 
aha .743 .636 .623 .665 .639 .664 

ini .394 .333 .445 .441 .307 .401 
ene .471 .351 .596 .608 .342 .519 
ana .673 .316 .556 .676 .318 .540 

iri .360 .314 .366 .384 .233 .375 
ere .512 .367 .652 .633 .272 .593 
ara .659 .305 .571 .660 .234 .630 

iii .411 .429 .451 .401 .298 .367 
ele .548 .519 .719 .654 .309 .558 
ala .684 .497 .668 .708 .342 .601 
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but no difference in variability by position was observed for Swedish (F (899, 899) 
= 1 .059, n.s.). 

All higher order interactions were also significant at the 0.01 level, except Cons 
x Vow x Lang (n.s.) and Cons x Vow x Pos x Lang (F (18,180) = 1.92, p < 0.02). 

Consonant context has a highly significant effect on jaw position during vowels 
(Table 3), though the precise nature of the effect depends on the particular 
voweVconsonant combination. Figure 3 shows the interactions; data from Swedish 
and English are combined since the consonant x vowel x language interaction did 
not achieve statistical significance at even the 0.05 level. This figure shows that the 
jaw is highest during Ii! vowels for all consonant contexts except /hI; position tends 
to be quite similar for leI and Ia! across consonant contexts. The average jaw position 
during vowels is clearly affected by consonant context, however: the jaw is highest 
overall in VCV's containing bilabial and (to a lesser extent) alveolar obstruents, 
and lower for other segments. 

This figure also shows how similar the three vowels are one to another in each 
consonant context. The similarity of the three vowels' positions can be quantified 
as a range, a simple and intuitive measure of variation. The range is the difference 
between highest and lowest values in a sample, in this case the mean positions of 
the highest and lowest vowels. Thus in the /hI and In! contexts, the three vowels 
differ least in jaw positions, with their means spanning a range of 0.04 (with /hI) 
and 0.19 (with In!); in the Irl, IV, /hi contexts the three vowels differ more in 
position,with mean positions differing by 0.26, 0.26, and 0.29, respectively. The 
figure also allows us to compare the range of values covered by each vowel 
individually across the consonant contexts. The range of means for Ii! is 0.09 (the 
difference between the lsI context, where Ii! is highest, and In! context, where Ii! is 
lowest), for leI is 0.22, and for Ia! is 0.29. Clearly in these data Ii! varies less as a 
function of consonant context than do the other two vowels. 

2.2.2.2. Consonant height measures 

Table 4 gives results of the ANOV A for jaw position during consonants. Overall, 
Swedish consonants are more open by about 6% (of the maximum observed 
position) than English consonants. Figure 4 shows the average jaw position for 
each consonant in each language; the pattern is similar for all cases except /n! (where 
the two languages do not differ) and IV (where they differ quite substantially). The 
language factor is still significant when IV is removed from the analysis (F (1,8) = 

107.85, P < 0.001) indicating that the observed differences are not due to this 
segment alone. Mean jaw position is given for each consonant segment in each 
language in Table 5; the data are rank-ordered within language from highest to 
lowest. In both languages the alveolar obstruents, /r/, and /f/ are in the higher half, 
while /h/, /n!, IV, /k/, and /hi are in the lower half (although details of the rankings 
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differ somewhat). These rankings are highly correlated across the two languages, 
with a Spearman correlation coefficient of 0.912. 

The significant consonant x vowel interaction (Table 4) indicates that consonant 
height depends in part on vowel context. The significant vowel context x language 
interaction is due to the fact that vowel context affects consonant position more in 
Swedish than in English (Figure 5). 

Correspondingly, jaw position during consonants varies more for Swedish than 
for English (F (899, 899) = 1.26, p <0.01 ). 

Figure 6 shows the interaction of consonant identity and vowel context for the 
two languages combined (since the consonant x vowel x language interaction failed 
to reach significance). Contrary to intuition, consonants are not consistently highest 
in Ii! contexts and lowest in Ial contexts. For example, IdI, /tI, If I, and lsi are highest 
in the Ial context, while /kI, /hi, and maybe N are lowest in the Ial context, on the 
average. 

The data from Figure 6 are replotted in Figure 7 to compare the variation of 
indi vidual consonants across vowel contexts. The exact effect of vocalic context on 
consonant position depends on the particular combination of segments: some 
consonants vary more than others; some are lower in lei contexts than in Ial contexts, 
and vice versa. Overall, however, consonants differ one from another least in Ii! 
contexts and most in Ial contexts: positions vary by an average of 19% in Ii! contexts, 
by 39% in lei contexts, and by 46% in Ial contexts. The consonants that are 

Table 3. Analysis of Variance results: Main effects and first order interactions for measure-
ments made on vowel positions 

Source F df P 

Language 2.94 1,10 n.s. 
Subject 57.57 4,40 < 0.01 

Subj x Lang 98.19 4,40 " 

Consonant Context 76.77 9,90 
Cons x Lang 4.76 9,90 " 

Cons x Subj 7.53 36,360 " 

Vowel Identity 85.79 2,20 " 

Vow x Lang 3.42 2,20 " 

Vow x Subj 75.54 8,80 
Vow x Cons 3.39 18,180 " 

Position/Stress 18.17 1,10 " 

Pos x Lang 137.23 1,10 
Pos x Subj 19.34 4,40 " 

Pos x Cons 15.02 9,90 
Pos x Vow 225.46 2,20 " 
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consistently highest in this plot (compared to other consonants) are highest in the 
Ia! context, and vary relatively little across vowel contexts. The consonants whose 
positions are very low in the Ia! context vary much more across vowel contexts, and 
are fairly high in Iii contexts. 

2.2.3. Consonant versus vowel variability 

Having presented the data on jaw positions for consonants and vowels, we tum now 
to consideration of the relative variability in position of consonants vs. vowels: Is 
one class of segments significantly more variable than the other? 

Table 4. Analysis of variance results: Main effects and first order interactions for measure
ments on consonant positions. (Higher order interactions were all significant at the 0.01 
level except Consonant x Vowel x Language, p < 0.03.) 

Soo�e F 
Language 163.72 
Subject 63.21 

Subj x Lang 178.94 
Consonant Identity 616.11 

Cons x Lang 27.08 
SubjxCons 26.243 

VowelContext 77.23 
VowxLang 5.42 
SubjxVow 28.56 
ConsxVow 47.26 

df 
1,9 
4,40 
4,40 
9,90 
9,90 
6,360 
2,20 
2,20 
8,80 

18,180 

P 
0.01 

" 

" 

" 

ns/p < 0.02 
P < 0.01 
" 

Table 5. Mean (normalized) jaw position, rank ordered highest position to lowest 

Swedish English 
s 0.210 s 0.159 
t 0.262 t 0.179 
d 0.269 d 0.223 
f 0.314 r 0.246 
r 0.329 f 0.261 

n 0.333 I 0.317 
b 0.362 n,b 0.322 
k 0.433 
I 0.482 k 0.369 
h 0.544 h 0.518 
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2.23.1. Variances 

The traditional measure of the variability of a data set -the standard deviation -
is given by the following formula: 

s=� 
2 

1: (x- x ) 

n-l 

where x is a data value, x is the mean, and n is the number of data values in the data 
set. It thus measures the average departure of data values from the mean. Since the 
mean is an integral part of this measure of variability, the measure varies with the 
mean: given two data sets with different means but equal dispersion about the mean, 
the set with the higher mean will have a higher standard deviation. In the present 
case, vowels have lower mean jaw positions than consonants; correspondingly, 
simple comparisons of the variability of jaw position for consonants and vowels 
show vowels as more variable overall. Individual vowels in both languages are 
more variable than individual consonants, with most consonants varying over an 
average range of 56% across contexts, and vowels over an average range of 90%. 
The greater variability of vowels than consonants is seen even when vowels are 
limited to one or the other of their two position/stress conditions. A statistical test 
of relative variability can be made with a ratio of variances, submitted to an F-test. 
In both languages consonants as a group vary less than either initial or final vowels 
as groups (Swedish: initial vowels, F (899, 899) = 1.214, p < 0.01); fmal vowels, F 
(899, 899) = 1.285, P < 0.01. English: initial vowels, F (899, 899) = 1.727, P < 0.01; 
final vowels, F (899, 899) = 1.21, p < 0.01). This result is particularly striking in 
view of the fact that there are more consonants than vowels in the data: we might 
have expected more segments in a group to result in more variation within that 
group. 

However, we might equally well expect more segments in a group to cause more 
contextual variation in the other group. Each vowel occurred in many more 
consonant contexts than each consonant occurred in vowel contexts; it might be 
proposed that the greater number of contexts accounts for the greater vowel 
variability. In sum, then, comparison of consonant and vowel variability by means 
of standard deviations shows that jaw positions are consistently more variable for 
vowels than for consonants. 
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2.2.3.2. Coefficients o/variability 

However, this difference in variability between consonants and vowels may well 
be an artifact of the differences in mean positions between consonants and vowels: 
by the argument given above, the segment class with the more open mean position 
would have a higher standard deviation (and thus variance) simply as an artifact of 
the way standard deviations are calculated. We want to ascertain that there is some 
difference in variability beyond the fact (which we already knew) that vowels are 
lower than consonants overall. We therefore calculated the coefficient of variability 
for each segment and used these values to compare the variability of consonants 
and vowels. The coefficient of variability is the standard deviation s divided by the 
mean x. It in effect corrects the sample variability around the mean for the value of 
the mean, though it is still proportional to the variance. In our situation, where jaw 
height, but not jaw openness, is physically limited, use of this coefficient also partly 
corrects for "ceiling" effects. 

Figure 8, which plots coefficients of variability against (normalized) openings, 
shows that for both consonants and vowels, segments with higher average positions 
vary more across contexts than do segments with lower average positions. Thus 
high vowel iii is more affected by consonant context than are the lower vowels, and 
the high alveolar obstruents in general vary more than other consonants. Also, low 
consonants and high vowels, which are most similar in height, are also most similar 
in variability. As suggested by the figure, mean height is negatively correlated with 
overall variability as measured by the coefficient of variability six (Spearman's rho 
= -0.62, p < 0.01 ). 

Thus use of coefficients of variability reverses the overall pattern found by 
examining standard deviations: once overall means are corrected for, higher seg
ments are seen to be generally more variable. It is illustrative to reconsider the 
comparison of vowels with subsets of consonants given above in terms of standard 
deviations. Examination of the coefficients of variability for different subsets of 
three consonants shows that the consonants are always more variable than the 
vowels, though some subsets are more variable than others. If, for example, the 
three consonants are /k, s, V, then the coefficient of variability for the vowels is 
0.254, while the consonant coefficient of variability is 0.484: the consonants are 

twice as variable as the vowels. If the consonants are /b,k,n/, then the vowel 
coefficient of variability is 0.249, while the consonant coefficient of variability is 
0.306: the consonants are only somewhat more variable than the vowels. And if the 
consonants are Id,t,sl, then the vowel coefficient of variability is 0.238, while the 
consonant coefficient of variability is 0.380: an intermediate level of consonant 
variability. 
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Figure 8. Coefficients of variability against (normalized) openings for consonants and 
vowels: data from the two languages combined . 
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Figure 9. Mean jaw positions (normalized to proportion of maximum opening) for con
sonants in "loud" condition. 
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2.2.4. Loud Condition 

For this condition, data were gathered from one Swede and three Americans, who 
produced six repetitions each for the 10 consonants in the a_a context (Swedish 
[a_a:]). Results are shown in Figure 9. An ANOVA on the measurements made 
during vowels showed significant main effects of subject (F (3,15) = 232.25, P 
<0.01), consonant context (F (9.45) = 289.43, p < 0.01), and position/stress (F (1.5) 
= 220.10, P < 0.01 ) on jaw position during loud Ia/; all interaction terms were also 
significant (Table 6). These findings parallel those for non-loud vowels (Table 3), 
except that the present ANOV A had no vowel identity term (since only Ia/ was used) 
and no language term (since only one Swede was recorded, all speakers were 
combined in the present analysis). Figure 9 further suggests that, while loud 
segments are more open overall than non-loud segments, no other differences in 
patterns of jaw position occur (see also Schulman 1989). 

2.3. VCCV Utterances 

Subjects also produced six VCCV utterances in which It! and /1/ enter into consonant 
clusters with lsI and fbI: listi, isli, ibli, asta, asIa, abla/. The single highest jaw 
position associated with the consonant cluster was measured for these items as for 
the VCV items, and similarly calibrated and normalized. Figure 10 shows these 
data, compared to results for the same, singleton, consonants. It is clear that the 
highest jaw position for the cluster generally represents a compromise between the 
positions of either of its two members alone. It appears that the highest jaw position 
for the cluster is more similar to the non-cluster position of the consonant with 
greater degree of constriction, than to the consonant with lesser degree of constric
tion (fbI and lsI over /1/, and It! over Is/). 

2.4. Summary of results 

This study compared jaw positions in two languages, English and Swedish. Several 
language differences were found. For vowels, the two languages were quite similar; 

Table 6. nalysis of Variance results: loud VCV items 

Source df F P 
Subject 3,15 232.25 < 0.001 
Consonant context 9,45 289.43 
Subj x cons cont 27,135 250.27 " 

PositiOn/stress 1,5 220.10 " 

Subj x pos 3,15 387.95 " 

Cons x pos 9,45 328.02 
Subj x cons x pos 27,135 344.69 " 
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however, the allophonic variation in Swedish le:1 contributed to a language differ
ence, and English showed a difference in variability of initial vs. final position that 
Swedish did not show. The two languages do not differ in how consonant context 
affects vowel position, and the rank orderings of consonants by height are signifi
cantly correlated in the two languages. However, for consonants, Swedish jaw 
positions are overall more open (even after normalization), and the rank: orderings 
of consonants by height do differ slightly in the two languages. Vowel context 
affects consonants more overall in Swedish, and consonant positions are more 
variable in Swedish, but no other differences in how vowel context affects con
sonants were found. Overall, then, these are relatively minor differences - the two 
languages are generally quite similar re jaw position. 

In most consonant contexts, as in isolation, Ii/ is the highest vowel, and the 
positions for lei and Ia/ are rather similar to one another. Overall, positions for 
vowels are higher when the intervocalic consonant is a bilabial or alveolar obstruent, 
and the three vowels have their most similar positions in high-consonant contexts. 

Consonants are not consistently highest between Ii/s and lowest between Ia/s. 
Some consonants - those that are overall highest - are actually highest between 
Ia/s, and some are lowest between leis. Generally, however, consonants are most 
similar in position between Ii/s, and least similar between Ia/s. This study was also 
concerned to compare the behavior of vowels and consonants. When variability is 
measured by the coefficient of variability, which corrects for the value of the mean 
for each dataset, then higher segments are seen to be more variable than lower 
segments, both within and across the classes of consonants and vowels. 

Other findings were that while loud segments are overall more open, they pattern 
otherwise like normal-voice segments, and that the maximum jaw opening for 
consonant clusters is compromise between the positions for the consonants as seen 
in VCV tokens. 

3. Discussion 

3.1. Comparison with the literature on jaw positions 

Other researchers have reported data on the relative jaw positions for consonants 
and/or vowels. Perkell (1969) examined several consonants before lEI for one 
speaker of English, and found alveolars to have higher maximum displacements 
than Ipl or /k/. Similarly, Kim (1972) found more displacement from Ia/ to /tI than 
from Ia/ to labial stops in laCa/ tokens (that is, presumably It! was higher than labials, 
though positions per se are not reported). The consistently high jaw position of lsi 
was pointed out also by Amerman et al. (1970). Perkell also examined several 
vowels after /tI, and found lui the highest (due to lip rounding), followed by other 
high vowels, then lEI, Ia/, and lrel lowest of all. These results are all consistent with 
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the present data, to the extent that the same segments are examined. However, the 
present data differ somewhat from our own earlier findings (Lindblom 1983, 
Keating 1983) on consonant jaw height: with five speakers of each language, and 
three vowel contexts, we now find /rl in both languages to have relatively higher 
positions than reported earlier. The most general finding common to all these studies 
is that alveolars, especially alveolar obstruents, tend to have high jaw positions. 
This is not surprising, given that the tongue must be positioned so as to form a 
constriction directing airflow at the teeth. In our data, If I also has a fairly high jaw 
position, presumably due to the requirement of touching the lower lip to the upper 
teeth 

Data have also been previously reported on the effects of context onjaw position. 
Some earlier studies bear on the question of whether some segments are more 
variable than others. Inspection of Perkell' s figures indicates that IE! varied greatly 
across the different preceding-consonant environments, while /t/ maintained a fairly 
consistent position across following-vowel contexts. Kiritani et al (1983) compared 
positions for Ip, t, k, sl in different vowel contexts, and found that only !pI and /k/ 
varied with context Imagawa, Kiritani, Masaki, and Shirai (1985) found that vowels 
have higher positions in CVCs than they do in isolation, and that high vowels Ii! 
and lui vary much less across contexts than do non-high vowels lei and Ia/. These 
results are similar to our own when ranges and standard deviations are considered. 
However, it must be borne in mind that such results confound overall positions with 
variability, and that analysis with the coefficient of variability can reverse such 
findings . 
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Figure 10. Mean highest jaw positions (normalized to proportions of maximum opening) of 
Singleton consonants and consonants in clusters. 
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Other studies on the effects of phonetic context bear on the question of which 
segments do or do not induce variability in other segments. Abbs, Netsell, & Hixon 
( 1972) found that in eve, lrel was lower when surrounded by Ipl or /kI than by It!. 
Sussman, MacNeilage, & Hanson ( 1973) combined three vowels and three bilabial 
stops in vev utterances, and measured changes in jaw position from segment to 
segment (i.e. not absolute position, as we did). Movement between consonant and 
vowel was greatest with 1m! and least with Ip/. Imagawa et al. (1985) found that 
vowels were higher adjacent to lsI or It! than to Ipl or /kI. They also found that 
vowels Ia! and leI were more variable in frames which also contained Ia! vowels 
than in frames which also contained Ii! vowels. This finding was due to a result also 
found in our study - some consonants, such as lsI and /tI, are actually higher in Ia! 
contexts than in Ii! contexts. In Imagawa et al.' s test items, the higher lsI or /tI carried 
over into higher Ia! or leI, resulting in greater overall variability of Ia! and leI in Ia! 
contexts. The fact that high-position consonants are higher in low-position contexts 
than in high-position contexts seems paradoxical, but Imagawa et al. relate it to the 
high velocity used to travel from a low to a high position. In effect, the high velocity 
caused the jaw to overshoot the usual high position for /tI or lsI. The same may be 
true of our data, though we did not measure velocity to test this possibility. 

3.2 .  Lindblom and Keating 

The disagreement between Lindblom (1983) and Keating ( 1983) centers around the 
issue of whether consonants or vowels are more variable. If consonants are more 
variable, it makes sense to view consonants as accommodating to contextual 
vowels, whereas if vowels are more variable, then the accommodation is in the 
reverse direction. Previous discussion of the available data failed to take into 
account the overall differences in mean jaw position between consonants and 
vowels, and thus confounded overall position with variability. Under this con
founded analysis, vowels are more variable than consonants in both English and 
Swedish. However, when mean position is corrected for, the clear pattern emerges 
that higher segments are more variable than lower segments, and thus consonants 
are more variable than vowels. This result supports Lindblom's proposal that 
consonants accommodate their jaw positions to those of neighboring vowels. 

linguistics, Stockholm 
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Perception of CV-utterances by young 
infants: Pilot study using the 

high-amplitude-sucking technique 

1. Introduction 

Francisco Lacerda 

This report describes a preliminary study, carried out during the spring term 1990, 
that was intended to assess methodological aspects of speech perception experi
ments with young infants. The objective was to gather experience of testing young 
infant's perception of speech-like sounds using a habituationldeshabituation para
digm. Infant's discrimination of a few speech sounds was examined but, at this 
stage, the particular results of the experiment are not of primary concern. In fact, 
due to the unsettled experimental design - experimental design was the primary 
aspect of interest in this study - the preliminary results to be reported here are of 
little value. 

In summary, the present report describes and discusses aspects of the experi
mental problems brought up by the habituation-deshabituation technique that is 
used to assess young infant's perception of speech sounds. 

2. Method 

2.1 Stimuli 

A set of steady-state vowels and a set of CV syllables were used in the experiments. 
The stimuli were generated on-line by a VOX-PC speech synthesis board (IN
FOVOX, research version). All the stimuli were synthesized using only the vowel 
branch of the synthesis board. Since there was no burst or aspiration noise for these 
stimuli, they were completely specified by their four formants along with the voice 
source specification parameters (Fo and amplitude of the excitation pulses). The 
parameter controlling the ampli tude of the voice excitation was always specified as 
a step-function, switching abruptly between the zero level (silence) and the nominal 
amplitude value for the particular stimulus to be synthesized. However, the actual 
amplitude level of the voice source varied linearly between the extremes specified 
by the amplitude control parameter according to an independently set rise/fall time 
parameter. In the text below, stimulus duration will always refer to the period of 
time during which the amplitude control parameter is at the stimulus nominal value. 
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2.1.1 Loudness equalization 

Lacerda 

The overall intensity of synthetic vowels generated by a serial formant synthesizer 
varies with the formant frequencies, in particular the fIrst two formant frequencies. 
Everything else being constant, the intensity increases with formant frequency, in 
particular with the fIrst formant frequency. 

To test young infants' capability of recognizing differences in the spectral 
characteristics of the stimuli, it is absolutely necessary not to provide additional 
intensity cues that, in themselves, may suffIce to trigger the infants' response. We 
started, therefore, by studying the dependence of loudness upon the frequencies of 
the fIrst two formants for vowel sounds generated by the VOX-PC board. We used 
the method of adjustement to obtain the equal loudness curves. The loudness of 
vowels obtained by systematic variation of F1 and F2 was compared to that of a 
reference vowel, to determine the value of the amplitude control parameter for 
which the loudness of the new vowels was equal to that of the reference vowel. The 
resulting equal loudness curves were subsequently used to calibrate all the stimuli 
presented to the infants. 

2.1.2. Vowel stimuli 

The vowel stimuli were steady-state four-formant /ul and /a/ of 150 ms duration. 
The rise/fall time was set to 40 ms. The formant values are listed in table 1 below. 

These stimuli had a slightly falling FO contour to increase naturalness: Fo started 
at 120 Hz and reached 100 Hz by the end of the vowel. 

2.1.3. CV-stimuli 

The CV -stimuli were a series of 50 ms long CV -transitions. The amplitude rise/fall 
time was 10 ms in all cases. These stimuli were specifIed by the respective formant 
frequencies at the CV boundary ("locus") and by the formant frequencies at the end 
of the transition ("target"). The formant transitions between locus and target were 
exponential, with maximum transition speed at the locus. 

These CV stimuli differed only in terms ofF2 transitions. The transitions ofF1, 
F3 and F4 had the values shown in table 2 (notice that the locus and target values 
for F3 and F4 are the same): 

Table I. Formant frequencies (Hz) for lui and Ial 

Vowel F1 F2 
lui 308 634 
Ial 6 16 951 

F3 
2397 
2614 
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F4 
3489 
3200 
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To discriminate among the CV syllables, the subjects had to rely exclusively on 
the different F2 transitions, whose locus and target values were as shown in table 3 

2.2 Subjects 

The infants who participated in this experiment were recruited by advertising at 
infant health screening centres (BVe) in the Stockholm area. The parents peri
odically report to the centre in their area of residence for advice on infant care or 
for the infant's health control. Parents interested in participating in the project sent 
their applications by mail or rang to our Department. Thirty five infants, 18 females 
and 17 males, participated in this pilot study. At the date of the first experiment 
their ages ranged from 3 1  days (4 weeks and 3 days) to 147 days (21 weeks and 0 
days). The average age of the whole group was 94 days (13 weeks and 3 days), 94.5 
days for the 18 females and 94. 1 for the 17 males). The age range was from 3 1  to 
147 days for the females and from 64 to 147 days for the males. 

The birth weights varied from 2090 g to 4555 g. The average weight was 3346 g 
(both females and males). The average weight was 3 108 g for females and 3599 g 
for the males. Two of the subjects, two females, were prematures, born 4 and 5 
weeks before expected delivery time, respectively. These two females participated 
in the experiments for the first time when they were 106 and 130 days old 
(chronological age from deli very date) and had, by that time, attained normal weight 
(within one standard deviation of the Swedish infant population) for their chrono
logical age. Two other females were heterozigotic twins with birth weights of 
2500 g and 3 1 10 g. They entered the study at 62 days of age. 

Of all the 35 subjects, 22 used a pacifier regularly, whereas the remaining 13 
were reported not to normally use pacifier. Although the high-amplitude-sucking 
technique is based on controlling sound presentation by sucking on a blind nipple, 

Table II. Formant frequencies (Hz) that were constant for all the stimuli. 

F1 
F3 
F4 

locus 
462 
2467 
3200 

target 
733 
2467 
3200 

Table III. Frequencies (Hz) of F2 for the different stimuli 

stimulus 
Ibal 
Ida/. 
Iba I 
Ibael 

code 
CV434

! 
cv464 
cv436 
cv438 

locus 
897 

1467 
897 
897 

linguistics. Stockholm 

target 
1067 
1099 
1425 
1902 
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we tried to use the technique even with infants that were not used to hold a pacifier, 
to observe how learning that sound presentation was contingent upon high-ampli
tude sucks would affect the infant's willingness to participate in the experiment. 

Twenty five of the subjects were the first child for both parents. Of the other 10 
subjects, 8 had one older sibling and 2 had more than one sibling living with the 
family. The environmental language was Swedish for 33 of the 35 infants. Of the 
remaining two infants, the language spoken at home was Estonian and Swedish plus 
French, respectively. This information was collected to allow a subsequent inves
tigation of a possible relationship between language development and contact with 
older siblings. 

2.3. Procedure 

2.3.1. General 

The High-Amplitude-Sucking (HAS) technique (Siqueland and DeLucia, 1969; 
Eimas, Siqueland, Jusczyk and Vogorito, 1971) was used in this test to assess the 
infants' ability to discriminate among pairs of synthetic speech sounds. 

The HAS is a habituationldeshabituation technique. In our case, the HAS 
procedure is fully implemented in a AT-286 equipped with NO converter and a 
Vox-PC synthesis board. The program starts with the definition of the High-Ampli
tude-Sucking threshold. For one minute, the NO converter inputs the sucking 
pressure values to the program which builds up an histogram of the observed 
pressures. The input pressures are sampled at 18 Hz and quantized into 256 steps. 
From the histogram, the program selects the pressure threshold level as the pressure 
level that was exceeded a specified number of times (baseline criterion). After this 
first minute, the test-phase starts. When the infant exceeds the baseline pressure 
threshold, the computer generates a sound and presents it to the infant. The baseline 
was set to 20 sucks per minute, for the infants who are used to pacifier. The critical 
aspect of the baseline defmition is to give the infant the possibility of learning the 
contingency between the high-amplitude sucks and the presentation of a sound. If 
the threshold is set too high, the infant will very seldom hear a sound. If the threshold 
is set too low, the infant will hear a sound for almost any sucking pressure. In both 
cases it will be hard for the infant to establish the connection between high-ampli
tude sucking and the occurrence of a sound. 

Once the pressure threshold has been adequately established, the infant can 
discover the contingency between sucking pressure and sound presentation. This 
usually happens after a couple of sound occurrences. Infants increase the frequency 
of their high-amplitude sucks in order to listen over and over to the sounds being 
presented. Eventually they habituate and decrease the frequency of their high-ampli
tude sucks. When the frequency decrease meets a preestablished shift-criterion 
(defined below), the program switches from the current set of stimuli to another set 
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of stimuli. The infant usually reacts with an increase of the sucking frequency as 
he/she discovers the novelty of the stimuli. The difference between the pre-shift and 
the post-shift sucking frequencies is the dep.endent variable indicating the ability to 
discriminate among the two sets of stimuli 1. 

All the experiments were carried out in a sound treated booth. The control 
equipment was installed outside, in a separate control room. In the booth there was 
a loudspeaker (JBL pro Ill) through which the stimuli were presented, a video 
camera used to monitor the infants' reactions and a colourful doll, designed to keep 
the infants' attention during the experiment. The loudspeaker, the doll and the video 
camera were all mounted on the same tripod, 80cm in front of the baby. The distance 
between the centre of the loudspeaker and that of the video camera objective, was 
35cm. The doll - a specially designed doll with a 20cm head diameter, big eyes, 
bright red nose and strong yellow cloth hair2 - was installed between the 
loudspeaker and the camera. 

The subjects sat on a "AKTAJROMER Baby Safe" chair that is normally used 
for transporting infants in cars. This chair model allows different reclination angles 
for the infant and provides adequate support for the head and the body of young 
infants. For the youngest subjects, who had a tendency to glide sideways when 
sitting, the chair was set to about a 30 degrees reclination angle, for the infant's 
comfort. For the other subjects, the reclination angle was about 60 degrees. The 
sound level was calibrated as described below (see calibration). 

One of the infant's parents, usually the mother, was in the booth, together with 
the infant, during the whole experiment. The parent sat by the infant, slightly behind, 
outside of the infant's visual field. The parent listened to masking music3, through 
circumaural headphones KOSS PRO 4A. Circumaural headphones are necessary 
both to ensure that the parent does not hear the stimuli presented to the infant and 
to avoid leakage of the masking music that might disturb the infant. The parent's 
functions were (a) to keep the infant calm during the experiment and (b) to assist 
the infant with the pacifier. If necessary, the parent was instructed, via the head
phones, by the experimenter in the control room. The experimenter continuously 
observed the infant's reactions via the TV monitor and gave feedback to the parent, 
who could not see well the infant's face. The experimenter had also an oscilloscope 

1 A complete description of the variables is given in Results: List of Variables. 
2 Another doll was used in the beginning of the experiment but it was substituted by the 

current one, which has better features to engage the infants' attention. 
3 The parents listened to classic music (Albinoni, Bach, Vivaldi and Pachenbel) during 

the experiment. Classic music was chosen assuming that it would be less tiresome 
for the parents than modern pop music. However, classic music's frequent level 
contrasts introduce variations in its the masking effect. 

Linguistics, Stockholm 



166 Lacerda 

display curve showing the evolution of the infant's sucking pressure and a display 
of the instantaneous high-amplitude sucking frequency. 

2.3 2 . Failure criterion 

No proper failure criterion was established for this pilot study. Infants were allowed 
several chances for the same test situation until data could be collected. This was 
considered acceptable in the pilot study, since the objective was to gather as much 
experience as possible of the HAS-technique. The attrition rates to be reported 
below were due to occurrences that impaired data collection rather than rejection 
on the basis of an a priori criterion. 

2.3.3. Subject screening 

No pre-test to assess the infant's willingness to participate in the experiment was 
done. Whereas in a proper testing design infants should be screened before they are 
enroled as subjects, in this pilot study screening was skipped since there was no 
preestablished failure criterion. 

2.3 .4. Shift criterion 

The stimulus shift occurred when the frequency of the HAS was 75% of the 
maximum observed frequency for two consecutive minutes. 

2.3.5. Discrimination criterion 

Since this was a pilot study, no a priori discrimination criterion was established to 
determine if the infant had or not discriminated between the pre-shift and the 
post-shift stimuli. The observer's subjective impression of the infant's reaction at 
the stimulus shift moment was written after each session as a comment. These 
comments were used to help the subsequent processing of the raw data. 

In this report, a successful discrimination is simply defined as a higher count of 
HAS in the first post-shift minute relative to that of the last pre-shift minute. The 
limitations of this criterion will be discussed below. 

2.3.6. Calibration 

The level of presentation of the stimuli was always the same for all infants in all 
experiments. The level calibration was defined by a specific output level (70dBA) 
of the reference schwa vowel (FO=120 Hz, Fl=500 Hz, F2=1500 Hz, F3=2500 Hz 
and F4=3500 Hz). The level of presentation of the lui vowel was 64dBA. and that 
of the 50 ms /hal stimuli was 56dBA. The background noise, with the ventilation 
on, was 24dBA. 
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2.3.7. Data structure 

167 

The experimental data to be analysed are the average sucking frequencies per 
minute, observed during the last pre-shift minute and the fIrst post-shift minute. The 
frequency of the high-amplitude sucks is obviously data that meets the criterion of 
an ordinal scale but not necessarily that of an interval scale. While an increase in 
the number of high-amplitude sucks seems to be well correlated to the infant's 
interest on listening to the stimuli (ordinal scale criterion), a given increase in the 
sucking frequency will clearly have different meanings depending on the sucking 
rate before the increase. Obviously, an infant can easily increase the sucking 
frequency from 40 to 50 sucks per minute but the same 10 sucks increase departing 
from about 70 sucks per minute will certainly be more diffIcult. In practice, 
however, because HAS is an habituation technique and the threshold is adjusted for 
every infant, infants will always be at a low enough sucking rate when the stimulus 
shift occurs. As a consequence, the nature of the scale of the high-amplitude sucking 
data turns out to be close to an interval scale for the relevant range of sucking 
frequencies. 

Given that the frequency of high-amplitude sucks in the vicinity of the stimuli 
shift constitutes a nearly' interval scale, the results reported here will be based on 
parametric statistic tests

�
. 

Since no lower limit was imposed on the sucking frequency, data was even 
collected for those cases in which the infant produced very few high-amplitude 
sucks. These cases were discarded a posteriori by imposing a minimum of 20 sucks 
in the observed frequency three minutes before the shift. Since the shift criterion 
demands a decrease of 25% during two consecutive minutes, this minimum 
frequency makes sure that the post-shift increase in frequency is not a trivial one 
occurring after a long inactivity period. 

Two variables were created based on the frequency counts around the shift 
moment, for the cases in which the maximum was at least 20 sucks/minute. One of 
the variables, PSRl, contains the difference in the sucking frequency between fIrst 
post-shift minute and the last pre-shift minute. The other variable, PSR12, contains 
the difference between the sucking frequencies of the post- and the pre-shift 
two-minutes intervals. 

4 The parametric analysis of variance was thought to be more robust to violations of 
assumptions than it actually is (Wilkinson. 1990. p.218) but the unavailability of 
corresponding non-parametric analysis of variance. has forced the use of parametric 
techniques. The statistical package that we use in our analysis. does in fact provide 
non-parametric methods for analysis of variance. but for methodological study we use 
a parametric ANOV A. 

Linguistics. Stockholm 
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2.3.8. List of variables 

The variables associated with the experiments were the following: 
o Birth datum (year-month-day) 
o Sex 
o Language 
o Remarks (premature, twin, etc.) 
o Napp (Swedish word for "pacifier" or "soother") 
o Syskon (Swedish word for siblings) 
o Birth weight (grams) 
o Exp Age (age at the experiment date, in days) 
o Stimuli (u/a, ba/da, ba/ba*) 
o PR5 ... PR1 (frequencies, pre-shift minutes) 
o PS 1 ... PS5 (frequencies, post-shift minutes) 
o Exp datum (year-month-day) 
o Result (infant's behaviour at shift) 
o Exp Cond (same as "Stimuli" but numeric: 1,2,3) 
o PSR1 = PSI - PR1 
o PSR12 = PS2 + PSI - PR1 - PR2 
o SEXL2 (same as "Sex" but numeric: 1,2) 
o PSR100 = 100 * (PS1-PR1) / PR1 

2.3.9. Simulation of selection criteria 

The data for this pilot experiment was collected without preestablished selection 
criteria. However, to simulate the effect of preestablished criteria of subject accep
tance/rejection, the following criteria were applied a posteriori: 

1) PSR variables were not computed whenever one of their components was 
undefined. 
2) PSR1, PSR12 and PSR100 were not computed if PR3 20 or PR1 10. 
3) PSR1 and PSR100 were not computed if either PR2 or PS2 were undefined. 
4) PSR12 was not computed if either PR3 or PS3 were undefined. 

Whereas criterion 1 imposes the obvious demand that values must exist in order to 
derive the dependent variables, criteria 2, 3 and 4 are more stringent restrictions 
intended to simulate, a posteriori, the effect of failure criteria that normally are 
defined a priori. The first part of criterion 2 imposes a minimum of PR3. This is a 
reasonable restriction

5 
that rules out the cases in which the infants might have had 

such a low pre-shift sucking rate that any post-shift increase would most likely be 

5 This is now automatically checked by the program during run-time. 
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larger than the pre-shift The second part, imposing PRI of at least 10 sucks, is a 
safeguard for the measures in which the infant might have temporarily dropped the 
pacifier

6
. 

Criteria 3 and 4 were imposed to reject cases in which the frequency values for 
the minutes involved in PSR measures might have been flawed because the sucking 
was initiated or finished within those minutes. Since the sucking frequency is 
measured for whole minutes, it is ambiguous, a posteriori, if that frequency was low 
because the infant chose not to suck during that minute, or rather because the infant 
could not produce any sucks. Requiring at least one suck during the immediately 
adjacent minutes minimizes the risk of observing spurious low sucking frequencies. 

The variable "RESULT' was set a posteriori to "error" in the cases where PR3 
was less than 20 and set to "low" when PRI was less than 10. 

3. Results 

3.1. Observed data structure 

The actual distribution of the frequencies of high-amplitude sucks was studied for 
the one minute intervals immediately before and after the shift There is a very weak 
correlation (r=-0.184, p < 0.211) between the the magnitude of the increments in 
HAS and the corresponding frequency of HAS observed during the last pre-shift 
minute. 

3.2. Subjects' distribution per experimental conditions 

The number of subjects participating in each experimental condition and their ages, 
in months, are shown in table 4 below. 

The distribution of outcomes for the different experimental conditions is shown 
in table 5. 

3.3. General analysis method and results 

The frequencies of high-amplitude-sucks during the last pre-shift minute and the 
first post-shift minute were compared for all the infants. However not all the infants 
participated in the same experimental conditions. Failure to complete a particular 
experimental session was caused by various reasons, like crying, unwillingness to 
accept the pacifier, not meeting the baseline criterion, talking back to the doll and 
general interest in the room environment. 

The attrition rates for experiments 1, 2 and 3 were 0.29, 0.33 and 0.63, 
respectively. 

6 Also this problem is now also taken into account during experiment run-time 
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3.3 .1. Relation between different dependent variables 

The results reported here were obtained using as dependent variable a measure of 
the difference between the post-shift and the pre-shift sucking frequencies. At this 
point three related measures were investigated, PSR1, PSR12 and PSR100. 

The plots of PSR 1 x PSR 12 and PSR 1 x PSR 1 00, shown in figures 1 a and 1 b, 
indicate that these measures are roughly equivalent. Regression lines and 0.95 
confidence intervals are also displayed. The standardized correlation coeficients 
between these three measures are shown below and are very significant in all cases: 

PSR12 
PSR100 

PSR1 
0.838 
0.910 

PSR12 

0.774 

3.3.2. Analysis of variance 

A one-way ANDV A of PSR1 and PSR12 using all the subjects, reveals no 
significant differences across the three experimental conditions (u/a, ba/da, ba/ba*). 
This analysis was carried out for all the subjects for whom PR3 = 20 and PR1 = 10. 

Because the sucking behaviour of the infants who normally use a pacifier might 
be different from those who do not, the data was first summettied to analysis of 
variance to assess possible differences between the two groups of infants. Althogh 
no significant differences were obtained between the two categories of subjects, the 
results will still be presented separated into a group of pacifier users and another of 
non-users. 

Table IV. The number of subjects participating in each experimental condition and their 
ages in months. 

EXPERIMENT 
1 2 3 Total 

AGE 
1 3 1 1 5 
2 16 3 2 21 
3 6 6 3 15 
4 10 4 5 19 
5 0 4 4 8 
6 0 0 1 1 

Total 35 18 16 69 
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3.4. Pacifier users 

3.4 .1. Analysis of variance 

171 

No significant differences in the PSRI and PSR12 measures were observed across 
the three experimental conditions. 

3.42. Experiment conditions, infant' s age and sex 

Twenty two infants participated in the vowel discrimination experiment. The ages 
of these infants ranged from 31 to 147 days, with an average of 91 days and a 
standard deviation of 35 days. The group consisted of 12 females and 10 males. 
Eighteen of the subjects (82%) successfully accomplished the test. 

The consonant discrimination test with CV utterances was run with eleven 
infants with ages from 71 to 156 days. The average age was 112 days and the 
standard deviation 32 days. The group consisted of 8 females and 3 males. Six 
subjects (55%) successfully completed the test. 

Table V. The distribution of outcomes for the different experimental conditions. 

FREQUENCIES 
EXP EXP EXP 

CONDITIONS 1 2 3 TOTAL 

OK 24 0 6 30 

error 4 3 1 8 

low 6 3 0 9 

no diff 0 12 3 15 

no exp 1 17 19 37 

plays 0 0 1 1 

talked 0 0 1 1 

unconcen 0 0 3 3 

vomited 0 0 1 1 

TOTAL 35 35 35 105 
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Figure 1. Comparison between different types of measures: (1 a) A percentual measure of 
the increase observed from the last pre-shift minute to the first post-shift minute (PSR100) 
is plotted against the absolute increase in post-shift sucking frequency for the same time 
interval (PSR1). (1 b) Illustration of the effect of the observation intervals. The sucking 
frequency increase observed during the first two post-shift minutes and the last two pre-shift 
minutes (PSR12) is plotted against the increase observed between corresponding one
minute intervals (PSR1). 
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Ten subjects participated in the vowel discrimination test with CV utterances. 
Their ages ranges from 63 to 177 days. The average age of the group was 128 days 
and the standard deviation 38 days. 7 of the subjects were females and 3 were males. 
Five of the subjects (50%) completed the test. 

3.4.3. Vowel discrimination 

Vowel discrimination, as measured by the difference between the number of 
HAS in the ftrst post-shift minute and the last pre-shift minute, was not signiftcant 
for the eighteen subjects who completed the test. The mean difference between the 
post-shift and the pre-shift minutes was +9 sucks, but the signiftcance level, as 
measured by a t-test, was p < 0.061, for the hypothesis that PSI > PRl. 

3.4.4. Consonant discrimination in CV syllables 

The result of the t-test run with data from the six infants who successfully concluded 
this experiment condition, indicates no signiftcant difference between the post- and 
the pre-shift sucking frequencies (p < 0.282, for PS 1 > PR1). The mean difference 
between the sucking frequencies during those minutes was +5 sucks. 

3.45. Target vowel discrimination in CV syllables 

No signiftcant differences were found between the post-shift and the pre-shift 
sucking frequencies of the ftve infants who concluded this test condition (t-test, p 
< 0.272, for PS 1 > PR1). The mean difference between the post and the pre-shift 
sucks was +5. 

3.5. Non-users ofpacifiers 

3.5.1. Analysis of variance 

No signiftcant differences between the three experimental conditions were observed 
in the PSRI and PSR12 variables. 

3.5.2. Experiment conditions, infant' s age and sex 

Thirteen subjects, who normally did not use pacifters, participated in the vowel 
discrimination task. Their ages ranged from 34 to 147 days, with an average age of 
97 days and a standard deviation of 33 days. The group was formed by 6 females 
and 7 males. 

The consonant discrimination experiment was run with seven subjects, 3 
females and 4 males. The ages of the subjects were from 51 to 161 days, with an 
average of 118 days and a standard deviation of 36 days. 

Discrimination of target vowels in CV syllables was tested with a group of six 
subjects, 3 females and 3 males, who normally do not use pacifter. The average age 
of the group was 125 days and the standard deviation 46 days. 
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3.5.3. Vowel discrimination 

Lacerda 

Six of the thirteen subjects (46%) successfully accomplished the vowel discrimina
tion task. The differences between their sucking rates in the ftrst post-shift minute 
and the last pre-shift minute is, however, not signiftcant (t-test, p 0.187, for PSI 
PR1). The mean difference between the post- and pre-shift sucking frequencies was 
+6 sucks. 

3.5.4. Consonant discrimination in CV syllables 

Six of the seven subjects (86%) successfully accomplished the consonant discrimi
nation task. The average increase of the sucking frequency, from the pre to the 
post-shift minute, was +4 sucks. The increase was not significant (t-test, p < 0.118, 
for PS 1 > PR1). 

3.5.5. Target vowel discrimination in CV syllables 

Four of the six subjects (67%) successfully completed this vowel discrimination 
task. The average increase in the sucking frequency was +4 sucks, from the last 
pre-shift minute to the first post-shift minute. The increase was not significant 
(t-test, p < 0.392, for PSI > PR1). 

4. Discussion 
The importance of this pilot study relies on methodological aspects rather than on 
the particular outcome of the discrimination tests. The tendency (p) observed for 
the u/a discriminations points in the expected direction, but because of the spon
taneous fluctuations in the infants' behaviour, it will be necessary to include a 
control group (a no-change condition) to confmn the tendency in a proper experi
ment. Furthermore, the large difference in the significance levels (for the pacifter 
group) obtained for the discrimination among vowels and for the discrimination 
among other types of CV syllables may be an indication of an advantage in the 
discrimination of steady-state F-patterns. This result may be in conflict with 
observations made by Bertoncini et al. (1987), in which newborns were reported to 
discriminate among very short CV utterances (rapidly varying F-patterns) but our 
study's unsatisfactory experiment design does not allow drawing definitive conclu
sions. 

An important aspect concerning the relation between results obtained with the 
type of stimuli referred to in this report and those in the literature (Bertoncini et aI., 
1987; Jusczyk, 1977) is that the consonant contrasts used in this report are created 
by manipulations of a single formant. In a study of VOT discrimination (Eilers, 
Morse, Gavin and Oller, 1981) it was observed that six-month-old infants were 
unable to master a voiced/voiceless contrast when VOT manipulation was not 
accompanied by other acoustic correlates of the natural voiced/voiceless contrasts. 
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5. Future research 
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Our next study will be a controlled investigation of the infant's differential capa
bility of processing vowels and consonants in syllables. 

The overall experimental design will include repeated measures of discrimina
tion among four pairs different of stimuli plus one control pair (a pair of equal 
stimuli). The four pairs of different stimuli will be organized in all their 24 
pennutations in order to balance possible (probable) learning effects arising from 
the repeated measures. A control pair is also inserted in each of the 24 pennutations 
but the position of this control pair within the each sequence is not exhaustively 
varied. Each one of the 24 sequences will be presented to two subjects. One of the 
subjects will discriminate pairs of stimuli consisting of a pre-shift stimulus 1 and a 
post-shift stimulus 2. The other subject will listen to stimulus 2 during the pre-shift 
period and to stimulus 1 during the post-shift period. 

The subjects will be infants between 2 and 3 months of age. The subjects will 
be tested in a sequence of sessions (one per visit). In each session a speech contrast 
will be tested (except for the control session in which the pre- and the post-shift 
stimuli are the same). The experiment will include a pre-selection test in which the 
subjects will be requested to show at least a 10% increase in the sucking frequency 
within the first two post-shift minutes, in response to a large vowel contrast. This 
quite tolerant pre-test criterion will hopefully allow us to reject subjects that may 
not be willing to participate at all in the subsequent experiments. The subjects 
meeting the pre-test criterion will be randomly assigned to one of the 24 experiment 
programs. A program defines which pair of stimuli will be used during each one of 
the subject's subsequent visits to the laboratory. 

If a test session is interrupted during the pre-shift period, the session may be 
re-started after a short pause. If the session is interrupt once more, it is considered 
run but no data will be collected. 

If the session is interrupted within the first two post-shift minutes, it is con
sidered run but no data will be collected for that session. In the following visit, the 
subject will be tested with the next pair of stimuli. 

The subjects will be tested with contrasts involving two isolated vowels, two 
initial consonant contrasts, /ba/ vs Ida/, two fmal consonant contrasts, labl vs lad/, 
and in two vowel contrasts in which the vowel is preceded by a consonant, /ba/ vs 
/ba *1. These contrasts, which can be easily noticed by an adult listener are produced 
exclusively by F2 manipulations. 
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Child adjusted speech 

1. Introduction 

Ulla Sundberg 

In speech communication different modifications are made in order to adapt the 
speech to the listener and to different conditions. The speech style used when talking 
to young children (often called Baby Talk: or motherese) has been investigated from 
different linguisic angles and especially well documented is speech by American
English mothers. It is an important and interesting field as a potential in speech 
acquisition. 

In this article I will present a short background and give some examples from 
the literature. I will also make a short presentation of a pilot study from Swedish 
mothers regarding fundamental frequency, pitch range, stress, duration, and tempo. 
One major point is to review some useful methods in the studies of child adjusted 
speech. 

2. Previous research 
The earliest studies of child adjusted speech (CAS) were mostly descriptive and did 
not generally pay attention to what the child said or did. With these studies one 
wanted to argue against the view that language acquisition depended more on the 
child's innate capacity than language environment Chomsky claimed at this time, 
i. e. the late sixties, that the utterances children hear frequently contain false starts 
and various violations of grammatical rules. Later studies made quite opposite 
findings; the CAS is easily transcribed due to its clarity and well-formedness. It is 
characterized by few hesitations, disfluencies and false starts. 

Bellinger (1980)pointed out the consistency and low degree of variability in 
mothers' speech to their children. He described how children's ages very precisely 
could be predicted from the mothers' speech. The rate at which the mothers' speech 
changed was greatest when the children were between 1;8 (one year and eight 
months) and 2;3 and least when they were between 2;3 and 5;0. 

According to Kaye (1980), CAS has some universal characteristics falling into 
five general classes: 

1. Prosodic features - higher pitch, greater range of frequencies within the domain 
of sentence or phrase, more varied intonation. 
2. Lexical features - special forms like the Swedish form "pippi" and "vovve" 
corresponding to English "birdie" and "doggy", involving partial reduplication as 
well as onomatopoetics. 
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3. Complexity features - shorter utterances, fewer embedded clauses, fewer verb 
auxiliaries etc. 
4. Redundancy features - more immediate repetition and more repetition of the 
same words or phrases over a period of time. 
5. Content features - restriction to topics in the child's world. 

Some of these phenomena are in accordance with findings earlier made by 
Ferguson (1984) in a cross-language study of CAS. In that study he made compari
sons between many languages; American English, Japanese, Berber, American 
Indian languages, to mention a few. He regarded e. g. (1) repetition, (2) the 
exaggerated intonation-contours, and (3) reduplication of words and parts of words 
as probable universal features. He also noticed that the most common phonological 

changes are simplifications of consonant clusters and replacement of /r/ by another 
consonant. Also, there seems to be a general tendency of using labial and apical 
stops and nasals in CAS. 

The modifications of speech directed to children are also related to the age and 
sex of the addressee as well as the sex of the speaker him-/herself. Concerning the 
age of the addressed child Bellinger's study was mentioned above. His findings are 

to some extent in coherence with results obtained by Garnica (1977) in an 
investigation of prosodic and paralinguistic features of speech to two- and five-year 
old child listeners and adult listeners. She noticed, for example, that the average 
fundamental frequency was significantly higher in the speech directed to the two 
year old than to the five year old children. The frequency range of the speaker's 
voice was greater in speech directed to the smallest children. In the speech directed 
to the two year old listeners instances occurred of rising sentence [mal pitch 
terminals with no grammatical motivation. 

Regarding the relationship between speech adjusted to children, the sex of the 
addressee, and of the speaker, Johansson (1982) found that the sex identity was 
reflected in the fundamental frequency as follows: men used higher FO and a greater 
frequency range in their speech to six year old girls than to boys while women more 
often used high vocal pitch and extended pitch range in their speech to boys in 
comparison to girls. 

There is a variety of explanations and more or less speculative theories concern
ing the function of the modifications in speech style that are being used when 
addressing young children. The so called speech lesson theory claims that the speech 

adjustments would make it easier for the child to learn language structure. This 
theory is based on a "fine-tuning" hypothesis meaning that the speech directed to 
children is perfectly and optimally adjusted to its capabilities in different aspects. 

Fernald (1983) discussed an interesting theory of small children's perceptual 
and affective predispositions. In her opinion the expanded pitch range and the higher 
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degree of tonal and temporal continuity contribute to make CAS suitable for the 
child from a perceptual point of view. 

Garnica (1977) suggested the special features of CAS to have analytic and/or 
social functions. The former function was said to facilitate the child's analysis of 
linguistic material; for example the rising pitch terminals might help the child to 

locate sentence boundaries. The social function of certain features was claimed to 
initiate and maintain communication between adult and child. 

In her thesis, lunefelt (1987), reported on a longitudinal study of three mother
child dyads: in two cases one of the parties were blind and in the third case both 
were sighted. She offered a three dimensional model for child-adjusted register 
containing an affective, a communicative and a pedagogic function. These charac
teristics are realized in different modalities, which she names somatic, vocal and 
verbal. She pointed out the importance of the quality of the mother's and child's 
interpersonal communication and the quality " ... is distinctly related to the parties' 
adaptability, of which the CA (child adjusted) register is the external evidence." 

As we can see there is no commonly accepted explanation why the modifications 
occur in CAS. The hypothesized functions are not contradictory, but rather converge 
towards facilitating the child's speech perception and language acquisition by 
means of clarity and exaggerations. It might be the case that different functions are 
relevant in different situations, with different personalities or in different 
developmental stages. 

Similar changes of speech are reported to occur when people talk to flowers 
(Plant Talk) or to pets (Animal Talk) (Brown 1977) and also between adults in 

intimate situations. 

3. Pilot study 
As the changes that occur in CAS have been studied rather extensively in many 
languages, it is interesting to ask whether similar modifications also occur in 

Swedish. The present pilot study was carried out in order to shed some light on 
prosodic aspects of some Swedish mothers'adjustments while addressing their 
children. Primarily, I want to illustrate some methods in the stydies of this special 
speech style. 

In the first part of the pilot study analysis are made with respect the over all 
speech tempo reflected by the prosodic features over the phrase, ie mean fundamen
tal frequency, pitch range and utterance length, but also within the phrase, ie 
duration of primary stressed syllable, pause length and length of tag-question. 

The second part was carried out in order to get a somewhat more complete 
picture of CAS. Namely to illustrate the question of what phonetic properties are 
preserved and remain unchanged. The question is what the phonological constraints 
are with respect to this speech style. 
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From the so-called Babbling Project, carried out in our department and reported 
by Roug et al (1989), I chose typical utterances made by three mothers addressing 
their 14 months old children. These utterances that henceforth will be referred to as 
SV (spontaneous version) were then presented in written form to the mothers. The 
mothers read these utterances with three repetitions, in a neutral way, in an anechoic 

Table 1a. Utterances selected for analysis of prosodic aspects over the phrase. The 
syllables with primary stress are underlined. 

A: "J.a1teduktig har du vart! Jaa!" 
('You have been so good! Yesl') 

B: ''Tea time" 

c: "Du fAr inte utveckla ett sAnt d�r hUmQr gumman, kan vi inte stA ut med, n�." 
('You mustn't develop such a temper, g irl, we can't put up with that, no.') 

D: "Va �r du ute pA fOr .3Ye,ntyr? Ha?" 
('What are you up to? Say?') 

Table 1 b. Prosodic data for the analyzed utterances listed above. 

Utterances VerSion Mean funda- Pitch Standard Length of 
type mental range deviation utterances 

frequencies (in Hz) (in Hz) (in cs) 
(in Hz) 

A SV 260 170-410 63 3,3 
NV 220 190-270 43 2,5 

B SV 270 250-440 58 0,9 
NV 207 150-280 33 0,7 

C SV 140 100-200 22 4,5 
NV 185 160-240 32 3,9 

D SV 210 170-280 28 3, 1 
NV 190 170-240 36 3,9 

SV = spontaneous version, NV = neutral version 
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Table 2a. Utterances used for studying temporal aspects within the phrase. The syllables 
with primary stress are underlined. 

E: "Va bailer du p� med? HOrru!" 
('What are you doing? Hey you !') 

F: "Hur m�nga magar bar du egentligen va, s�j? Ha?" 
('Tell me, just how many tummies do you have? Hey!') 

A: "Jruteduktig har du vart! Jaa!" 
('You have been very good! Yes!') 

G: "Inga fossingar i maten va!" 
('No feet in the food, hal') 

Table 2b. Temporal data (in cs) for the analyzed utterances listed above. Pause length is 
measured between main clause and tag-question. In utterance F, a) refers to the pause 
between the main clause and the first tag-question and b) refers to the pause between the 
first and second tag -question. 

Utterances Version Duration Pause length Length of 
type of primary tag-question 

stressed 
syllable 

E SV 32 205 40 
NV 14 0 36 

F SV 36 a� 80 b� 40 30 
NV 24 a 32 b 24 15 

A SV 85 22 78 
NV 42 40 40 

G SV 28 
NV 39 

SV = spontaneous version, NV = neutral version 
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chamber. These recorded utterances will be called the NV (neutral version). The 
advantage in this type of comparison is that the linguistic material is exately the 
same. 

The recorded speech signal was low pass filtered and fed into a hard ware period 
time counter, which in turn was read by a computer. 

The different analyses were carried out each with a particular selection of 
utterances. The first analysis aimed at studyingprosodic aspects over the phrase,the 
second temporal aspects within the phrase and the third, temporal aspects with 
respect to phonolgical constraints. 

4. Results 
The utterances used for analyzing prosodic aspects over the phrase are listed in 
Table 1 together with the measurements of mean fundamental frequencies, pitch 
range, standard deviation and utterance length. 

By and large, frequency range and standard deviations are greater in SV as 
compared to NV. In general, the fundamental frequency is higher in the SV. In one 
utterance, (B), one of the mothers reaches a peak: of about 440 Hz while in the NV 
the corresponding value is 280. For utterance C, however, the reverse is true. 

Table 2b shows that, in most cases, the over all speaking rate speech is slower 
in SV than in NV. Also the primary stressed syllables have longer durations in SV 
as compared to NV; in two cases, E and A, the difference is doubled. In one case, 
G, the opposite is true. 

5. Discussion 
The mean fundamental frequency is generally higher is SV, but in table Ib we find 
an exeption, utterance C, which may be due to the mother's way of saying this 
utterance in a slightly reproachful way. Thus, whereas the remainder of the figures 
give examples of the rise in intonation contours that many investigators have found 
in CAS, utterance C, is an interesting example of fundamental frequency expansion 
in the lower parts of the frequency range. Table 2b also shows an interesting 
exeption, utterance G, from the from general "rule" of prolonging the primary 
stressed syllables. In this case, my interpretation is that the mother attempted to 
"act" during the recording of NV. 

The findings agree with those reported by Garnica (1977), who argued that a 
prolonged duration of stressed words might help the child to identify the "key" 
words in the sentence. She even found many cases of two primary stresses within 
a sentence, but only in speech directed to the two year old children and not to five 
year old children or adults. 

The length of pauses and length of tag-questions were greater in SV compared 
to NV. The function of tag-questions has been discussed in a paper by Blount and 
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Padgug (1977). They argue that tag-questions in adult-directed speech have several 
purposes: confmnation, query for infonnation or they may serve as a device for 
interaction. In child adjusted speech, however, they all serve to initiate and/or 
maintain interaction. The tag-questions are often characterized by a final fundamen
tal frequency rise, and, according to these authors children react very early to this 
phenomenon. 

In the second part of the present study the question is; if, in most cases, the 
duration of the stressed parts is longer in CAS, where, in more detail, do these 
elongations occur? Are, for example, the phonological constraints of the Swedish 
temporal structure preserved? In Swedish the durational structures are somewhat 
different than in English for example. Lindblom et al (1981) report on segment 
duration beeing dependant on the word and phrase structure, and also on sentence 
position. Generally speaking, in words marked with sentence accent the vowel and 
consonant in the sequence carrying primary stress fonn a complementary pattern; 
long vowel + short consonant (V:C) or short vowel + long consonant (VC:). Bannert 
(1976) uses a segment-to-sequence ratio, V/(V+C), which expresses the relative 
durational contribution of the segments within the sequence. In a study of the effect 

Table 3. Examples of segment durations in VC-sequencies in words with sentence accent. 

Utterance Segment Spontaneous Neutral 
(Sequence type) version (in ms) version (in ms) 

G (V:C) V: 270 160 
C 50 140 

C (V:C) V: 140 85 
C 65 75 

E (VC:) V 180 70 
C: 140 70 

Tabell4. Vowel-to-sequence ratios according to Bannert's equation (Bannert 1976). 

Utterance Spontaneous Neutral 
version version 

G 0.84 0.53 
C 0.68 0.52 
E 0.56 0.50 
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of sentence accent on quantity, Bannert (1979) made the observation that the relative 
increase of the segments within the vowel-consonant sequence was assymetric. This 
means that the duration of the long vowel increases twice as much as that of the 
following short consonant, while the duration of the long consonant increases much 
more than that of the short vowel. He concluded that perceptually the temporal 
contrast is well preserved or even enlarged in words carrying sentence accent in 
comparison to words without sentence accent. 

Is this observation valid in CAS as well? Or in other words, are the findings of 
prosodic exaggerations in speech adjusted to children to be confirmed in terms of 
the temporal structure? If the answer is yes, this could mean that the fonological 
constraints are preserved in this special speech style. If the answer is no, one 
wonders whether the mothers use another consistent pattern of temporal structures 
or if they have a more random system. 

Table 3 gives examples of segment durations from the pilot study. The data from 
table 3 were expressed in vowel-to-sequence ratios according to Bannert' s equation. 
Results are given in table 4. 

In utterances G and C (cases of V:C) we find the vowel in the vowel-consonant 
sequence to be comparatively longer in the SV as compared to NV. (The ratio gets 
closer to 0,5 when the segment durations get closer to one another.) 

These ratios are in agreement with Bannerts findings and indicate the preserva
tion of the temporal structure of quantity, and even in this respect, it seems adequate 
to describe CAS as exaggerated speech. 

Utterance E is an example of VC: but in this case we find the vowel in SV being 
almost 30% longer than the consonant. In NV the segments are of qual duration. 
According to the phonological temporal structure we would have expected the 
consonant being longer than the vowel. This may reflect an individual speelcing 
style. 

The observations presented in this pilot study should be taken as preliminary 
as they were based on a small number of measurements. Also, the comparison 
between SV and NV may reflect not only the difference between child adjusted 

speech and neutral speech but also the difference between spontaneous speech and 
loud reading. The advantage in this type of comparison is that the linguistic material 
is the same. 

In summary, the results of this investigation seem promising as they, by and 
large, agree with previous observations, and hence the methods should preferably 
be applied to a larger material. For instance, the issue of speech reduction would be 
interesting to apply to child-directed speech in future investigations. Also, cross
language studies may reveal further interesting similarities between child directed 
speech in different speech communities. 
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Acquisition of the Swedish tonal 
word accent contrast 
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Abstract 

Measurements of FO contours in disyllabic vocalizations show that, at 17 
months, Swedish children are beginning to produce contours typical of the 

grave word accent and to mark the appropriate words with these contours. 

1 Introduction 
Studies of phonological acquisition of tone languages frequently state that lan
guage-specific features of tone are acquired early; in particular, tonal features are 

said to be acquired earlier and to show less variability than segmental features (e.g., 
Chao, 1951; Li and Thompson, 1977; Tuaycharoen, 1977; Tse, 1978; Clumeck, 
1980; Crystal, 1986). Proposed explanations have claimed that pitch, the primary 
auditory correlate of tone, is easy to control in both production (Li & Thompson, 
1977) and perception (Tse, 1978). Independent experimental evidence corroborat
ing child phonologists' conclusions that early acquisition of tone has an auditory
motor basis comes from studies showing that infants are able to imitate pitch before 
the middle of the first year of life (Kessen et al., 1979; Kuhl and Meltzoff, 1988) 
and discriminate pitch as early as 4 weeks of age (Kuhl and Miller, 1982). 

Existing data which might be relevant to tonal development in young children 
come from small-scale investigations using very small groups of informants and 
utterance samples. Thus, there is a need to use direct controlled cross-language 
comparisons to broaden the empirical foundation for further theoretical studies in 
the area. The general purpose of our current research program is to use large-scale 
experimental-phonetic techniques, based on cross-language observations, to inves
tigate the development of the Swedish word accent distinction. The present study 
represents a first step in this direction, focussing on the so called grave accent, which 
is the marked member of the word accent distinction. 

Functionally, the grave accent marks lexical contiguity by connecting a primary 
stressed syllable with a later secondary stressed syllable. Most disyllabic and 
polysyllabic words, particularly compounds, have the grave accent. The charac
teristic FO correlates of the grave accent in Stockholm Swedish have been shown 
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to include a two-peaked contour resulting from (1) a falling sequence High-Low, 
associated with the primary stressed syllable, and (2) a subsequent rising sequence 
Low-High, associated with the secondary stressed syllable (Bruce, 1977; Engstrand, 
1989), the latter rise being optional, however, in that it primarily marks sentence 
stress (Bruce, 1977). The FO fall has turned out to be an extremely reliable grave 
accent criterion. In a recent study (Engstrand, 1989), we examined FO contours 
correlating with the word accents in spontaneous speech. The results showed that 
the grave accent was consistently marked by a falling FO contour in the primary 
stressed syllable, frequently followed by a rise in the secondary stressed syllable. 

It can be concluded for these data that Swedish children are heavily exposed to 
grave-like pitch patterns, and that it is, therefore, reasonable to expect an influence 
of this pattern on early imitative vocalizations. The specific purpose of the present 
study was to investigate: a) whether such an influence is present at the developmen
tal stage where children have a vocabulary of approximately 50 words, i.e. at about 
17 months of age, and produce both meaningful and pre-meaningful utterances; and 
b) whether there is a beginning functional mastery of the system in the sense that 
children associate grave-like FO contours with words that have the grave accent in 
the adult language. 

2 Methods 

The question of the presence of grave-like contours in Swedish children's vocali
zations was tested by a cross-language comparison, using a comparable group of 
children acquiring American English. The question of possible functional use of 
the grave accent was tested by a within-language comparison of grave word 
candidates as opposed to non-candidates as produced by the Swedish children. 

The data were based on audio and video recordings offive monolingual Swedish 
children and five monolingual American English children. The recordings of the 
two groups of children were made using the same protocol in the children's homes 
in Stockholm and Stanford, respectively, biweekly from the age of nine months 
until the child had an approximate vocabulary of at least 50 words. The results 
presented here are drawn from that last stage. The data are based on an examination 
of all disyllabic vocalizations produced by the respective children during one 
session, i.e., vocalizations that were unambiguously heard as disyllabic by the 
experimenter, irrespective of whether or not they had been identified as approxi
mations to real words. The material was digitized at 20 kHz. Extracted FO-contours 
were displayed in synchrony with spectrograms on the computer screen. Vocaliza
tions lacking measurable FO contours due to voice irregularities were discarded 
from further analysis. Spectrographic segmentation was made at acoustic discon
tinuities marking vowel-consonant and consonant-vowel boundaries. FO values 
were sampled at the following points in time: a) the acoustic onset of the first 
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spectrographic vowel segment (VI), b) the FO turning-point, if any, during VI (if 
the FO contour was monotonous throughout VI, the turning-point was assigned the 
value of the onset), c) the acoustic offset of VI, d) the acoustic onset of V2, and e) 
maximum FO during V2 (if FO declined throughout the V2 segment, maximum FO 
was assigned the value of the onset). The Fall parameter was defined as the FO 
difference between VI turning-point and offset, and the Rise parameter was defined 
as the FO difference between V2 maximum and V 1 offset. Both parameters can thus 
take positive or negative values; for example, a negative Fall value means that FO 
rises in VI, and for a grave-like Fall-Rise sequence, both parameters take positive 
values. 

3 Results 

Table 1 shows the mean value in Hz of all measurable utterances for the Fall and 
Rise parameters for each of the subjects. It is evident that the individual variation 
is considerable. There is a considerable overlap between the language groups for 
all parameters. However, an unpaired one-tailed t-test reveals a statistically signif
icant difference between the language group means for the Rise parameter (df=8, 
t=2.31, p<O.05). There was no statistically significant difference in the Fall para
meter. 

Table 2 shows the Fall and Rise data a) for the children's grave word approxi
mations, i.e. vocalizations that were judged to represent these children's attempts 

Table 1. Individual values (Hz) and grand means by ambient language of the Fall and Rise 
parameters in the complete set of vocalizations. 

Swedish American English 

- -

x s n x s n 
Didrik Fall 2 28 99 Emily Fall -12 30 43 

Rise 25 27 94 Rise 13 39 31 
Hanna Fall 17 44 76 Deborah Fall -14 43 36 

Rise 18 53 76 Rise 26 43 24 
Kurt Fall -8 28 31 Sean Fall 8 63 33 

Rise 75 46 31 Rise 8 53 24 
Lina Fall 43 36 63 Molly Fall 28 29 132 

Rise 52 70 61 Rise -42 40 132 
Stig Fall 1 32 83 Timmy Fall 44 41 19 

Rise 51 55 83 Rise 28 43 19 

Grand Fall 11 20 5 Grand Fall 11 25 5 
mean Rise 44 23 5 mean Rise 7 28 5 
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to say words that have the grave accent in the adult language, and b) for all remaining 
vocalizations. A paired one-tailed t-test of the difference between the two sets of 
vocalizations shows a statistically significant difference in the Rise parameter (df=4, 

t=3.57, p<O.05). Again, there was no statistically significant difference in the Fall 
parameter. 

4 Discussion 

In summary, then, an evaluation of the Rise parameter provides evidence that the 
Swedish children are beginning to produce grave-like FO contours at 17 months and 
to mark the appropriate words with these contours. However, the absence of an 
effect for the Fall parameter, both between language groups and within the Swedish 
group is unexpected in view of Engstrand's (1989) previous finding that an early 
FO fall is an extremely stable feature of grave disyllables in adult-directed speech. 
It is possible, however, that the Rise and Fall parameter characteristics are different 
in speech directed to children. In adult to adult speech the rise component of grave 
FO contours is known to be sensitive to stress, the height of the rise increasing with 
the salience of the word. It is conceivable that this becomes more exaggerated in 
speech directed to children. Phonetic studies of speech directed to children are 

presently being carried out in our lab to shed light on this question. 

Table 2. Values (Hz) of the Fall and Rise parameters in the Swedish grave word candidates 
and in the remaining vocalizations. 

Child Para- Grave word Remaining 
meter candidates vocalizations 

- -

x s n x s n 
Didrik Fall -1 28 42 5 28 57 

Rise 31 29 39 21 24 55 
Hanna Fall 16 45 19 17 45 57 

Rise 25 73 19 15 45 57 
Kurt Fall -8 28 23 -8 28 8 

Rise 79 48 23 62 40 8 
Una Fall 39 42 29 47 30 34 

Rise 64 57 27 45 78 34 
Stig Fall 11 27 9 -1 33 74 

Rise 85 40 9 46 72 74 

Grand Fall 11 18 5 12 22 5 
mean Rise 57 27 5 38 19 5 
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