THE THEORY AND METHODOLOGY OF SPEECH SCIENCE
AND CONTRASTIVE ANALYSIS

JAARRO LEETONEN

Univereily of Jyodakyld

1. Contrastive linguistics is a discipline which can be considered either
o belong to pure, autonomous linguistica or 10 be a representative of applied
type of research. All depends on the definition of lingunistics, and applied
linguistics. In this paper, contrastive lirguistics is taken to mean tte scientifie
study of how people use language to communicate in two ¢r more languages
and what are the consequences when the two communicative systems clash
in the foreign language learning situation. This kind of contrastive analysia of
human speech communication is necessarily a branch of applied linguistics.

This does not mean that CA is an activity whose only aim is to apply
lingnistics for some practical purposes outside the scope of pure linguistics,
Tt is a discipline which cannot rely on linguistics alone; it works with similar-
ities and differences in various human verbal, and even non-verbal, codes.
In view of what is expected of CA today, it will have to be able to absorb
both theoretical perspectives and metlods for praetical analysis from all
branches of the disciplines which deal with larguage and speech or human
behaviour in general. One of the more important neighbouring sciences is the
science of speech, traditionally called phonetics. In this paper, an attempt
is made to discuss the question of how the science of speech can contribute
to CA. '

The first chapter deals with some theoretical aspects of the interrelation-
ship between grammar and speech and the nature of the speech chain. In the
concluding chapter a brief summary 18 given of some methods of the instru-
merital analysis of speech which may have some relevance for CA.

The term speech science (or the science of speech) is here preferred to “phone-
tics® for several reasons. In structural linguistics the term phonetics refers
to the output level of phonology (cf. figure 1), which often carries along several

-
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lingnistic implications. Some of these will be discussed in chapter 3 below.
Plonetics is often defined as a scientific activity whose aim is to reveal and
describe how phonological information is conveyed through the sound waves of
speech in each language. The term speech science, on the other hand, being
free from similar biases and connotations, will be used in this paper to refer
to the study of the entire chain of human gpeech. It includes aspects of com-
munication technology, psycho- and neurolinguistics, and discourse analysis,
as well as various other aspects of the study of human verbal and non-verbal
behaviour in general. According to Ladefcged (1977:408), the linguist is
trying to describe the patterns that occur within each language, whereas
speech scientists are concerned with Low people communicate: “They want
to explain what people are doing when they talk and listen, and perhaps
even what they are doing when they think and talk, and wken tLey listen
and understand®’. |

The choice in terminology thus, for its part, reflects a distinction between,
the code-centered approach of linguistic phonetics and the communicative
or psycholinguistic perspective in which attention is paid to tke communica-
tive behaviour of individual speakers instead of abstracted structures.

2. Expanding the Contrastive Analysis Framework

The limitations of traditional contrastive analysis are evident today (cf.
Bajavaara and Lehtonen (1979)). For several reasons its method of describing

the grammars of two langueges as abstract collections of rules divoreed from _

their users is insufficient. The fundamental role of a human language is to
function as a means of communication in human interaction. Accordingly,
the task of CA iz not a mere parallel description of two grammatical structures
but also the description of the chains of communication in the two languages.
This means that the analyst must, in addition to the description of the gram-
matical structures, make an attempt to map the differences and gimilarities
in the processes which take place in the epeaker and in the listener during
speech communication. Langusge is used by individuals for definite purposes.
Its use is linked with the intentions of the speaker in some specific time and
environment, The use of language is always part of human interaction. This
aspect of language, the similarities and differences in the rules of discourse
in interaction, must also be included in CA. ¢

Contrastive analysis may no longer be the best label for this kind of re-
search. It does not mean the description of the equivalent patterns of two
languages but an analysis of cross-larnguage interaction and a search for the
reasons for the difficulties and failures in the use of the foreign language by
the student. In such a work, contrastive ansalyses of grammatical structures
are still necessary but they must be supplemented by an analysis of the
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psychological and sociological agpeots of ‘ling.tfisti'c interfictinn.' 'I"he bforr?:r.
comprise the study of differences and \simﬂa.nt]es in 13hel 1nf‘c{rm§-t1:;1- eal gf‘h
features of the acoustic speech signal, differences antlil similarities in ;f Fuez; o
perception, and sources in the perceptual patterming of gpeech an hure g:
accent from the viewpoint of the foreign spea-ker-hea{er and Fhe ngt:ve. 53,111 »
and differences and similarities in linguistic interaction, Wl}lﬂh w?ll GTEE e
discourse behavior of native and non-native‘ape:akers, including fea ures
such as tempo, pauses, paralinguistic and "kmetl'c elementf;, a:nd fvar;?;l:
pragmatic, structural and semantic paradigms in their cnmmu_?lcatwe ulsu ;h |
within digcourse. The sociological aspects involve the scuma,l‘ ccmt-ex; the
environmental relations or proxemics, and other facl:tors which aﬂ‘eic : e
choice of the discourse register and modify tke attftudea, communicative
intentions, and responses of the participa-nt'in'the dlECGI.II'EE. -
This description of the objectives of cnntras‘twe'a,n&lyszs leads 1:0 t e ta:c b
mentioned above, that CA is not just a spema]' b?a.nc'h of pure 11151gu1ls lf'
In addition to the theory and methods of linguistics, 1% gmst 1nav1ta.:]) yl' e
gupplemented by the methods of disci_plines such a8 sn_cm]cg};, peye zc?‘gej:
and neurology, and applied mathematics, as CONCErns the ana gam aa;d e
scription of pragmatic patterning, cognitive rlnechamams‘, percep ;Dn: : -,
information-processing systems in man. The expanded objectives ; contra o
analysis are thus, to a large extent, parallel to tke goals of the modern aclfa: -
speech, which hasg the analysis of va,riouskaapects of speech commumni I:’fa

as its objective.

3. The Static and Dynamic View of Language

Throughout the first decades of the present centur_?' there .wasfa;n ;p?;
conflict in the phonetic sciences between instrumentahst.s, who ;e err: fo-
the physical manifestations of speech, nn' the one h&.nd', .\Eu:v:cl1 a :.::tea e =
‘auditory’ phonetics, who based their claims on Eﬂphlﬂtlﬂﬂtw‘:& audi orywer
gervations, on the other. The observations of these twn: factions werertxil e
identical; however, neither of them was wrong: one described 'the prope 1;011.
the physical stimulus, the other observed the result of a.ud:i‘_c‘?lry 113:3r:lf;I:thm;r
Early phoneticians never saw the cur'e‘uf the PrDblt?m: th;y I tx}u ta::u s
the processes are which lead to the auditory perception of linguistic s i nh,. |
or how the linguistic information is c;}nv;yed by the' sound-waves of speech,

: ict remained unresolved. . .

. &ndlih:s:rzir,czﬁeﬁ same dichotomy is repeated today i-n the re]atml?shlilénzz.
tween phonologists, on the one hand, amlzl representatives of f:;peec bsi e _th;
on the other. Phonologtats engage in a dmputefa;r;unﬂgﬂﬁl;::a:l:ie; :tlc:at .

of classificatory features: one of the lesi _
:’:iiﬁ;eal::e;rhﬁpall}f acnuagc, another school is of the opinion that the
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reference level should be that of the articulatory settirgs. Tte third choice
is the view brought forward by the psyckolirguist or tke speech scientist,
that the features are principally neitl.er acoustie nor articul atory But pl.ono-
logical and linguistic; the pkonological rules which operate with the feature
matrices have as little to do with actual neurological and physiolcgical pro-
cesses in speech as the rules of generative syntax have with actual processes
in the human brain in the production and perception of lir guistic messages
{cf. Buckingham and Hollien 1978, esp. p. 294). Grammars, including plono-
logy, are always descriptions of structures, not of processes. A grammatical
rule, whetker it is traditional or “generative’, is only 1 description of a given
regularity in the structure of the largurge and not a model for the actual
processes that are found in the brain of the speaker and tte listener (ef. Clark
and Clark (1977:190 ff.); For modelling of transformational grammar, see
Bresnan (1978:4—5). Therefore, they ecan never predict all of the inter-
ference phenomena that result from the clash of two different information
processing gystems — for a clash is evidently what takes place in foreign
language speech communication. ; . ,

One of the crucial questions in the discussion concerning contrastive
analysis.has been the choice of tke reference model: stould CA be based
on traditional structural or generative grammar, snd if so, which variety?
In applied contrastive studies the choice is often eclectic: 11 ose grammatical
theories are exploited which seem to give the best explanation in each problem.
The alternative is to describe the structures of the two largusges consistently
within: the framework of a given grammatical theory irrespectively of Low
efficiently the theory can explain tke problems of the cross-language analysis.
However, the choice of tLe reference model does not concern only tke model
to be used in the description of grammar. It should also comprise the choice
between a static and a dynamic view of language or, in other words, the choice
between a linguistic and a psycholinguistic description, or between a structural
and operational modellirg of largu:ge and communication. The former (the
structural model) aims at describirg tke abstracted and idealized structure of
language, which, in thLe case of CA, means similarities and differences in the
structures, or gremmars, of two or more largusges. Independently of the
choice in the linguistic model, taxonomic or generative, the objective of this
kind of description is always the structure of the language instead of the
actual processes. =

The target of an operational model of langusge is not an abstracted static
structure but languege in action. This does not mean pragmatics or descrip-
tion of linguistic interaction only, but also observation of the entire set of
communicative means, both verbal and non-verbal, which are applied in hu-
man interaction. .

The final goal of the dynamic model is not a comprehensive description of
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language as a paradigm of rules for structures, where actual messages have
only the value of raw-material. Tke objective of tke deseriptivn and analysia .
is the vehicle of human communication, both from thke perspective of the
speaker and the listener, and that of the society. The fact that the deseription
is not focussed on language but also on messages also reflects the content of
geveral basie concepts: a lirguist, when speakirg of a proposition, for instance,
hes the meaning of a sentence in mind. In real communication, however, the

. proper meaning, or the intended logical basic content of tke messege, may be

conveyved through anotber channel, not larguege, eg. through gestures,
budy movements, or paralarguege. There ray or may not be a concomitant
linguistic ulterance, eitker in accordance with, or contradiction to, the proper
mesning. As is well known, the listener normally resorts, in the latter ea-a?,' |
to the non-verbal information and thus receives the intended, or proposi-
tional, meaning of the message {cf. Knapp 1978:20—26),

4. Modelling of Speech and Langusge: & New Approach

There is certainly no exaggeration in the claim that, during the last ten
years, speech science together with some related brancles of science such as
experimental neurological and psyclological studies of language &Eﬂd spet-ech
(ie. neuro- and psycholinguistics} has radically changed the traditional view
held by linguists of the structure of actual speech and of the transmission of
linguistic information through the speech chain. Figure 1 illustrates the
traditional view of the hierarchy in the perception of speech: the speech
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Figure 1. An imaginary ‘hierarchical’ model of speech perepetion or a ‘model of successive
transformations' (this model is not supposed to represent the actual statements of any
‘schiool’).
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ignal undergoes a series of successive transformations whereby the informa- .

tion is recoded into more abstract forms of representation. There is no reason
Fwwever,‘ to assume that perception of speech is based on the phonulugicai
1nfurmfa,tlnn conveyed through the acoust'c speech signal only or that the
recognition process should proceed in a one-way manner from left to.right
or i"rom sound-wave to meaning. As a matter of fact, there is plenty of ex-
perimental evidence that language perception does not work in the wa

described in Figure 1. d
~ Both the recent data from psycholinguistics and the progress in developing
a.ui'iomutic speech understanding systems allow for the .rejebtinn of a strict
serial organization, and support, instead, the view that the listener processes

the message simultaneously, or in seme overall way, on several ‘levels’ of
perception.
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l" HYPOTHES1ZER i POTRES I ZER - HYPOTHESIZER
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Figure 2, A “hoterarchical”” model of spesch recognition (Ainsworth 1976: 118).

Figure 2 represents an alternative model of the speech recognition system.

The figure does not represent a real human information-processing system; -

it i derived from a work dealing with automatic speech understanding sys-
tems {Ainsworth 1976:118), However, it comprises several features typical of
recent psycholinguistic models of human speech perception. As compared with
the hierarchical or input-driven model given in Figure 1, it is characteristic of
the pr‘esent model that the recognition of the message is not based on the
acnusftlc signal only. Instead, recognition is a result of active guess-work
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in which the input signal, ie. the message received, is compared with the
‘synthesized” alternatives. According to this model, understanding is not
passive decoding but active processing, where the listener’s knowledge of the
phonetic, syntactic, semantic, and social constraints and probabilities play an
eseential role (cf. Marslen-Wilson and Welsh 1978).

The modern view of speech implies that there are in the flow of the sound
waves of speech certain cues for various levels of "grammar® and that the
grammatical and semantic information is not present in the speech waves
coded through segmental plonology only, but also in the features which
directly refer to “higher-level® structures. Thus, the flow of speech is not
just a manifestation of strirgs of plonemes but also of words, word groups,
and sentences as well. But it should not be forgotten that in a normal face-to-
face situation langusge and messeges coded linguistically a-re'tmly one of the
channels avaible for the speaker to transfer information: To a certain extent
he can choose between a non-verbal and a verbal channel and between a
variety of paralinguistic modifieations to the phoneme string of the linguistic
signal, |

-

5. Speech and the Observer
Conscious Perception of the Physical Parameters of Speech

Many of our impressions of speech events are - if not theoretically ac-
quired as in the case of linguists and phoneticians — simplified generalizations
derived from the categories of the internalized patterns of rules and structures
which we call pbonology. What is claimed here is that man does not normally
hear, or experience, the actual physical utterance but a chain of sound seg-
ments which correspond to the expéctations concerning the utterance. This
is by no means exceptional from the point of view of human perception mecha-
nisms in general: our perceptions are structured by our cultural conditioning,
education, and personal experiences, which result in fallacies concerning our
observations. Irrespective of what really takes place our chservations are
affected by preconceived notions about what we will see or hear, Perception
is constrained by expectations and stereotypes: we observe structures which
we have learned to exist and which we choose to obgerve. It is also important
to remember that there is much inconsistency in the expression of one and the
game mental experience: even if two pecple experience a stimulus {eg. an
intonation pattern of a sentence) in a same way, they may express their
observations differently (cf. Knopp (1978:381 ff.}, see also Ohman 1975).

For the spesker-hearer, language is a psyclologically real, abstracted
and idealized structure and, due to its categorizing nature, this structure
acts in perception like an automatically tuned detector which filters from the
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. message all information that is not linguistic (or communicative). In other
words, language forms for man an earphone through which he can hear only
language, and not speech, Each acoustic speech-signal which has been identified
a8 being apeech ig “heard’ as a representative of a given linguistic structure
and as a consequence, the listener is able to consciously perceive only a few of
the properties of the signal and is deaf to many physical events in it which lie
beyond the conscious auditory experience. Many of the acoustic cue-features
which actually carry the information distinetive for speech perception are
subconscious (notice, for instance, the formant patterns of vowels, congo-
nantal loci and transitions, temporal patterns of the strings of speé¢ch-sounds,
etc.). - | :

It is possible for the listener to focus on various linguistic structures of
the utterance, such as the meaning of the utterance, the syntactic structure,
or the phonological structure, ie. phonemes and phoneme strings. Similarly,
conscious attention can be paid to certain postures and movements of the
speech organs, but both the way in which they actually operate during speech
and the features in the resulting acoustic speech which enable us to understand
the message are beyond the scope of conscious observation. Thus, there are
features in the speech chain which are outside our capacity to consciously
monitor the processing of messages and the differences in the processing
between two languages.

All this has certain important consequences: the contrastive analyst and
the foreign language teacher must realize that the way they ‘see’ a certain
pattern of the target language may totally differ from the way the student
perceives the same thing. The problems of the foreign language student can
be understood only if we know how he ‘feels’: what he attempts to hear,
what he actually hears, and what the structures are he actually perceived,
and how these differ from the target, ie. from the way in which the native
speaker’s perception works in similar situations. | | |

Phonetic Transcription and the Reliability of Auditory Observations

The evaluation of the capacity of traditional phonetics and phonology
to describe the phonetic reality must also include a consideration of the phonetic
symbolism which is used in phonetic transcription. In linguistic field-work,
phonetic symbols are easily given the value of an icon, ie. they are regarded
a8 images of some physically true articulatory postures or acoustic qualities,
And, accordingly, they are often used as ‘phonetic evidence® for various
phonological fules, for instance. However, the phonetic symbols are nothing
but symbols of given perceptual phonetic categories, ie. symbols of categories
which have been created in the human mind. For the most part the marrow’
phonetic transcription is nothing but an allophonic description of the alleged
phoneme strings of the utterance,
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What phonetic symbols are not, and never can be, is models of the actual
articulatory or acoustic events in speech. Phonetic symbols are not meant .
to describe the physical reality of speech; they represent the most peripheral
level of the perceptual categories in the phonic structure of language. Phonetic
transcription could be defined as the lowest level of pure phonological (lin-
guistic) deseription of langusge and utterances. The phonetic notions of sound
segments, stress degrees, or rises and falls of intonation are, of course as true
a8 any sensations and feelings whateoever. But they are true in the linguist’s

‘subjective reality only. Very often the physical reality differs from his ex-

perience: the tongue is not in the position where he thinks it should be, there
is no physical prominence to thLe syllable which he hears as being stressed,
and the change in the fundamental frequency of speech may be just the
opposite to what he perceives and describers as an intonation curve.
Though there exist, without dispute, some universal tendencies in the
perception of the phonetic parameters of language, the reception of phonetio

categories is influenced to a great extent by the listener's mcther tongue

and by the classificatory principle he applies. A Finn and a Pole, for instance,
do not ‘hear’ the same Enplish utterance in an identical way; they perceive
the stimuli in terms of the perceptual categories of their own language. What
is tmportant from the point of view of contrastive analysis and langnage
teching is, however, the fact that neither hears the message in the same way
a8 & native listener does,

6. The Speech Clain and Cross-Language Differences

On the level of phonetios the objective of contrastive analysig should be
the establiskment of the similarities and differences in the way in which
ideas (or messages) are conveyed through the chaing of communication in
the two languages, The contrastive description of the similarities and differ-
ences between the communication chains of the two languages consists of two
kinds of factors: similarities and differences in the way in which linguistie
information is turned intg physical speech, and those in the way in which
the parameters of physical speech are processed in reception. _

Before discussing the epecial problems related to lenguage contact in
foreign language learning which are of interest for contrastive analysis, it is

. necessary to sketch, in broad outline, the processing of the speech chain from

the perspective of modern phonetics. The role of articnlatory movements in
the transmission of information is that of converting the phonological informa-
tion, ie. the string of symbols of the phonologically coded message into sound
waves. From the point of view of grammar and phonology, this conversation
changes the chain of distinct phonological segments into a blend of various
gualities and pretended or overlapping boundaries between them. The result-
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ing phonetic variation, whether it is due to an intended articulatory move or
some motor constraint, serves as a piece of information for the listener. The
properties of the sound waves of speech which convey the linguistic informa-
tion or which, in other words, are used in perception by the listener to detect a
given category are called either phonetic features or acoustic cues of identific-
ation. Each pheneme or phonological feature of a language can be described,
on the physical level of speech, as a set of cues or phonetic features which
bring about the perception of a given phoneme in various contexts. In the
light of recent findings in speech perception research, it seems plausible that
there are special feature detectors tuned to reveal, in the sound wave, the
acoustic features which are used as cues for phonological categories in speech,
Evidence for feature detectors has been gatkered in tests with, for instance
voice onset time and formant transitions. Moreover, the detectors seem
to be tunable, which explains their function in languages with plonetically
different sound patterns.! |

Identification cues, similar to those for phonological segments, are also
found in the speech wave for higher-level information bearing structures,
The listener has learned to follow some cue-features in the oscillation of voice
which indicate, for instance, a lexical boundary, the pkonotactic structure of
the word, or some syntactic and semantic structures of a sentence such sag
constituent structure, topicalization, or emplasis (in form of pitch patterns,
- sentence rhythm, final lergthening and other phenomens in the temporal
organization of the segment strings, ete.). «

For speakers of one and the same langnage the feature detector systems
is, of course, matehed to the acoustic patterns which correspond to the habits
of motor implementation of speech in their own language. In foreign language
learning, interference is found between the cue patterns of the mother tongue
and those of the target language. It is likely that the differences in the general
characteristics of the pronunciation of the two langus ges (sometimes called
the idiomacy of pronunciation or base of articulation) also comprise differences
in the cueing systems and difficulties in the perception of the spoken foreign
language. . _

Unfortunately, the capacity of the tests available at present to reveal
the ‘critical’ points in the interlar.guege speech channel is ratl er limited, partly
because we still lack an integrated picture of tlhe mechanisms functioning

* These terms are often used in modern psycholinguistics in & more restricted sense
te refer to given experimentally demonstrated phenomena in the perception of some
acoustic parameters in speech, such as voice onset, which have parallels both in the visual
feature-detection mechanism of man and in the perceptual mechenisms of animals (cf.
Massaro 1978; Cairns and Cairns 1976:143 f.). In this paper, the concepts of ‘cue’ and
‘cue detection’ are used in a more figurative way without referring to any precisely located
mechanisms in the process of perception. :
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in the transfer of information in a normal language communication, '.I‘he only
way of testing speech perception, available for CA, are identification ts:_sts
based on minimal word pairs and other similar traditional methods of testing
pronounciation, These methods, are however, so closely related to the tax?-
nomic view of language that they are suitable only for the testing of certain
ypes of phonological contrasts.
13FpTlumruaPis,, how%ver, and indirect way of approaching the problems of the
foreign language speech perception: it is the analysis of the student’s speech

_ production, It can be hypothesized that deviancies from the target in the

production of the features which are known to function as oues fur_ syn_:utactic
or semantic processing of utterances reflect corresponding difficulties in per-
ceptual processing. Similarly, if some native-language features break through
the pronunciation of the foreign language, the student may be ex:peeted to st?ek
the saine cues also when he is trying to understand mesgages in the foreign

language.

7. I':wtrﬁmental Methods

The concept of the speech chain is, again, useful for the dfscussinn'of ?}he
problems and the existing instrumental methods for the analysis and .ph}'slcal
description of the events in human speech. Analyzing the speech cham means
aeeking\ the answer to questions such as how the messages are transmitted
from one person to another, or through what kind of transformations the messa-
ge gets from the brain of the speaker to the brain of the hearer? .

The main stages of the speech chain are: tLe process.ol speech pr_m:“iu-ctmn,
the sound wave (the acoustic signal), and the process of spéech pereepleon. The
methods of investigation can also be divided into three major ecategories 2,CCor-
ding to which stage of the speech chain is tLe object of research. TLe amgaﬁﬁ
gignal is the most easily accessible stage; it can be recm:ded 0151 tape and ana-
lyzed by means of several acoustic research apparata (intensity meters. fun-.
damental frequeney indicators, duplex processors,. sound spectrographs,
digital spectrum analysers, etc.). But whLen we move frum. regearch cent;red
on the sound wave to research dealing with speech production or perception,
the task becomes the more difficult the ‘higher’ the phenomenon which we -
want to study is in the speech chain. There are certain methods for the. gtudy
of peripheral phenomena (such ag the movements of the organs of speech
or the changes of the aijr pressure in the cavities of .the vocal traet), but we
still lack methods to study tLe pkenomens in the central nervous syaltem. o

Figure 3 illustrates the application of the different methods of investiga-
tion to the speech chain. It is not meant to cover all metl.ods of speech research,
nor is it possible to describe here all individual methods and ?nstrumems' of
speech analysis. They can all be applied to various analyses with contrastive
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urien-tatimi as well. Many of them, however, involve some specialization in
physiology, acoustics, and the technology of speech ana.lysis-, as well ag access
1:{3 a wtell-equipped speech laboratory, which naturally reduces the contransti-
vist's interest in the application of such methods in his research,

. In addition, there are certain methods within the reach of a contrastive
linguist not specializing in phonetics which are relevant in the gnalysis and
testing of ‘higher level” linguistic problems such as sentence construction
conveyance of meaning through grammatical constructions and the speec};
Fh?,m, and the progress of discourse in real time. As was pointed out above
1t is largely impossible for man to perceive physical speech events obj ectively’
.Therefu‘re, one of the most essential applications of the instrumental methodé
?ur CA is simply the visualization of physical speech events. Two dimensions
in particular are important for tke point of view of the analysis and descrip-
tion of linguistic structures larger than sound segments or individual wordl;'
these are the time axis of speech and the fuctuation of the fundamental fre:
quency,

Figures 4, 5 and 6 illustrate three fragments of discourse described in a form
?f an on/off 8 gnal on the real time-axis. (For a detailed description of the
mstru.mental metlod, see Sajavasra and Lehtonen IQTB.) The advantages
of th1ﬁs kind of degeription as compared with traditional transeription
_are evident: In thie method, we have access to the analysis of the distribution
of speech performance in time, which is an integral element in the linguistie
behaviour of man.-This information is of special value in the analysis of dig-
course dynamie¢ and in all tests in which information abcut reaction time
of hesitat on, lacat on of pauses, etc., 18 needed. The present figures i]lustrzat,i;«a.T
tracings from a four channel equipment planned for ¢l e analysis of discourse
at the Phonetics Laboratory of the University of Jyvaskyla. It makes possible
the recording and analysis of simulteneous speaking turns (eg., simultaneous
Bta.rt.s, feedback moves of the listeners, or completions) as weli a8 the chro-
nemics of the discourse in general, which has so far been & parameter neglected
in the analysis. Figures 7—9 illustrate traeings of a fundamental frequenc
meter a8 applied in the analysis of discourse intonation. | .

.One of the methods in speech research whose possibilities are far from
being exhausted is the testing of the linguistic reactions of the speakers of the
two languages. The stimuli for the tests can be sither natural speech instrumen-
tally processed.natural sppeech, or synthetic speech generated 1’33:7 means of
a speech synthesizer andfor a comyputer. .

Figure 10 illustrates the results of a preliminary test of certain pkonetic cue
fea._turea whose stimuli were produced by means of & speech synthesizer. There
are, of course, lots of problems involved in the composition, exeeutior.l and
interprotation of such tests as well as in the use of synthetic stimuli but’the
can yield results which are wnattainabile through conventional matht:dology‘ %
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Figure 10. The responses of native speakers of English and Finnish students of Englich to
varions cues of the tense-lax distinction. The chart on the left shows the offect of the
change of vowel duration on vowel identification. The chart on the right shows the
respective responses to changes in the acoustic structure of the vowel. The diagrams show
that a change in the quality or formant structure wag for the native speakers of Englizh
the stronger of the two cues tested. However, the change from a “lax” to a more “tense®
vowel gquality hardly affected the identifications of the Finnish students of English, On the
other hand, changes in the duration of the vowel, which affected the identifications of the
native speakers only a little, have a dramatic effeet on the identifications by the Finns.
The test thus reveals that & Finn does note apply the correct cues of identification when
diseriminating between tense and lax vowels. The diagrams are based on studies with
synthestic speech by Raimo and Suomi (1979). For further discussion and teat results, see

Lehtonen and Sajavaara, eds., {1979).
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_ Figura 3. A model of the speech chain (frox Lehtonen and Hurme 1879) and the experimental methods available to the anaelysis of jeach ‘link’ in the chain. The innermost

perspective is typical of linguistically-based experimental phonetics. Expansion of the perspective adds aspecte such ag intentions and[motivations of the speaker and hearer
and, finally, the social situations as well as the communicative needs and expectations of the community. The arrows pointing from leff to right stend for the feedback mecha-
nisms on, various leyels of the processes. The entire chain should actually be bidirectional because in normal discourse the roles of speaket and hearer change continuously and,
in addition, becauso the information which the Epeaker receives fmm the feedback hehaviour of the listener also plays a role in tlhf planning and processing of mesgages.
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Figures 4, 5, 8, Threo fragments of a discourse analyzed using a method in which the speaking turns of each particip-
ant are transformed into a binery onfoff signal and record on paper by means of a level recorder. 8; and B, are two
Finnish students of English, T the British teacher. : B %
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Figures 7—9. Three fragments of a funda

entel frequency recording of a spontaneous telephone discourse of two native

British male speakers. In each fragment thejparticipants speak simultaneously, which is e rether common phenomenon in
natural discourse. Further on, in each case the move of speaker [7] must be interpreted as a yes-—-no question where a special

infonation contour, “tune two''’, should he

plied according to textbooks, Speaker {1) dosa not, however, use. any rising funda-

mental frequency pattern but a falling pattern of a *declarative’ sentence.
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