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ABSTRACT

This study is an experimental phonetic investigation of
phonological voicing oppositions - specifically, those involving
preaspiration as found in Icelandic, Scottish Gaelic, and Irish.
Three main aspects of these oppositions are dealt with.

The first involves the production of these contrasts.
Productions by native speakers of the three languages were
monitored using techniques including electroaerometry and
photoelectric glottography. Specific attention is directed to
the durational correlates of the opposition, and how these vary
across languages and for different phonetic environments,
including stress variation. The differences and similarities
between contrasts which involve preaspiration and those which
involve postaspiration are discussed in some detail. In
considering production aspects of these oppositions, interest
focusses also on the 1laryngeal mechanisms which control
voicelessness and aspiration (pre- and post-). Glottographic
data presented suggests that the nature and the amplitude of
glottal gesture for a voiceless or aspirated stop is very
precisely tailored to the prevailing aerodynamic conditions.

The second aspect considered 1is that of the historical
development of these contrasts. Past hypotheses are discussed in
some detalil, and a more phonetically-based alternative is
proposed. The general tendencies of change which affect voicing
oppositions and which have traditionally been termed 1lenition
processes are also considered. Suggestions are made regarding the
phonetic motivation of such changes, suggestions based on
existing research as well as on certain results of this study.

Thirdly, the perception of these oppositions is considered.
Perceptual experiments are reported using synthetic and computer-
edited natural speech stimuli. In the first instance, these tests
bear on specific questions regarding the perception of
preaspirated stops, which arise out of the production data in the
earlier chapters. 1In addition, the broader question of the
perception of voicing contrasts is discussed. A serious problem
facing the researcher in this area (and in the area of .linguistic
contrasts generally) is that of how the simple binary linguistic
percept 1is arrived at from the large number of potentially
relevant cues. The question arises as to whether there is a
single dominant cue or whether voicing detection involves
separate monitoring of the various cues which have been
postulated in the literature. A hypothesis is proposed to the
effect that the 1linguistic percept depends on a judgement
regarding the relative ratio of two properties of a larger,
Vowel+Consonant unit. The multiplicity of postulated cues may be
an artifact of an excessively segmental approach; these seemingly
disparate cues may be seen instead to be feeding into a
cumulative decision based on a syllable-type unit.
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INTRODUCTION

This study deals with phonological stop contrasts which involve
preaspiration. The languages looked at are Icelandic, Scottish
Gaelic and Irish. The topic is approached from three main
perspectives:

1) Production aspects (Chapters 2 and 3)

2) Diachronic considerations (Chapter 4)

3) Aspects of the perception of preaspirated stops and

of two way stop oppositions (Chapter 5)

Oppositions involving preaspiration are considered rare
(Maddieson, 1984) and have been relatively little studied (though
see concluding paragraph). There is, however, a vast amount of
data available for other two way stop contrasts, such as are
found in English or French, which are usually described as
voicing or aspiration contrasts. In this work, although the
object of examination is the "preaspirating" opposition, this is
done within the framework of what is known about these "other"
two way phonological stop contrasts. The scope of many of the
findings reported, gquestions raised and hypotheses proposed go
beyond the specific topic of preaspiration and are relevant to
the production, perception and historical evolution of two way

stop contrasts in languages generally.

Chapters 2 and 3 deal with aspects of the production of
"preaspirating" oppositions. The intent of Chapter 2 is

descriptive; it sets out to describe the durational correlates of



the contrast. Specifically, it attempts to determine whether,
and to what extent the temporal adjustments characteristic of
other two way stop oppositions also characterise "preaspirating"
contrasts. Similarities and differences between preaspiration

and postaspiration are discussed.

Chapter 3 broadens the scope of Chapter 2 by looking at the
consequences of stress variation for the "preaspirating”
opposition. The durational effects of changes in stress level
are described first of all. In addition, the question of the
glottal control of voicelessness and aspiration is considered.
Photoelectric glottographic data on voiceless and preaspirated
stops are considered 1in the light of two models of glottal
control proposed by Kim (1970) and L8fqvist et al. (1981l). The
first suggests that the presence/absence and duration of
aspiration are’ regulated by controlling the degree of glottal
opening at stop release. As opposed to this, L8fqvist et al.
(1981) have argued that speakers may not in fact have much (fine)
control of the degree of glottal opening, and that the presence
and duration of aspiration is determined primarily by the timing
of the glottal opening/closing gesture. The electroglottographic
data presented in this chapter suggest that, athough timing
differences can and do occur, control of glottal amplitude
(specifically at stop closure and release) may indeed be a
crucial articulatory target for the voiceless or aspirated stop.
It is, furthermore, hypothesised that differences in laryngeal

adjustment observed across stress level for the data presented



are necessitated by the altered aerodynamic conditions which
correlate with stress wvariation in these cases. It 1is,
therefore, proposed that the glottal gesture for a voiceless or
aspirated stop 1is tailored to the prevailing aerodynamic
conditions, and that the duration of aspiration will be a
function of degree of glottal opening in conjunction with the

prevailing respiratory level.

Diachronic questions form the subject matter of Chapter 4. In
the first half of the chapter, an account of the derivation of
preaspiration is proposed for the lééuages of this study. This
account suggests that preaspiration arose as a means of
maintaining an wunstable opposition of voiced and voiceless
geminates, unstable because of production constraints on voicing,
particularly in stops of long duration. Other, rather different
derivations of preaspiration in these languages have been offered
by past scholars, and these possible alternative accounts are

discussed in some detail.

In the second half of Chapter 4, the scope of the discussion is
broadened to consider the types of changes which generally affect
voiced/voiceless stops. These changes have been traditionally
treated as instances of the phonological process of lenition.
Although it is most frequently assumed that such lenition
processes are phonetically motivated, surprisingly few attempts
have been made to characterise what the phonetic content of
lenition might be. A preliminary schema is proposed which

attempts to identify the main areas of phonetic motivation of



lenition processes. This proposal incorporates some of the
findings of this study, as well as other existing insights
reported in the literature, and may serve as a step towards the

development of a composite theory of lenition.

The final chapter concerns issues of perception, and here again
the interest is twofold. The first topic of interest concerns
the perception of preaspirated stops, and the first half of the

chapter deals specifically with questions arising out of the

production data of Chapters 2 and 3. The first two perception
experiments reported were primarily designed to address these

questions.

The second part of the chapter concerns the broader issue of the
perceptioﬁ of stop contrasts in general. The literature on stop
contrasts reveals a large number of production correlates, most
of which seem to be relevant to the perception of the opposition.
This poses the problem of how, from the large number of
potentially relevant cues, the simple binary linguistic percept
is arrived at. Are these cues integrated, and if so, 1in what
way? A hypothesis is proposed here, prompted 1largely by
production data in Chapter 2, which suggests that the
multiplicity of cues may only be a product of an excessively
segmental approach, and that the linguistic percept may depend on
a Jjudgement on the relative weighting of two properties of a
larger Vowel+Consonant unit. Thus, the apparently disparate cues

are simply feeding into a cumulative decision based on a



syllable-type unit. The proposed hypothesis and the predictions
it entails, are discussed in relation to reported findings in the
literature on the perception of stop contrasts. Experiment 3 of
this chapter, as well as aspects of Experiment 1, test some of

these predictions.

To conclude, a final point must be made regarding the rarity of
pf@spiration, as mentioned at the beginning of this Introduction.
The inclusion of Irish in this study on preaspiration will appear
surprisiné to anyone acquainted with phonetic descriptions of
that language. Stops in Irish have traditionally been described
as voiced, or voiceless aspirated, but never as preaspirated (see
Chapter 1.2.3). Yet, as the production data of chapters 2 and 3
show, the voice offset pattern in the Irish data is frequently
very similar to that of Lewis Gaelic for which preaspiration has
been described. It is therefore quite possible that a similar
degree of preaspiration may characterise other languages, which
are presently simply described as having a voicing or aspiration
contrast. Preaspiration, at least to the degree found in Irish
may not be as rare as is commonly thought to be the case.
Furthermore, as shown by the perceptual experiments of Chapter
5, even this amount of preaspiration would appear to be highly
relevant perceptually. Therefore, it may well be that more
attention could usefully be directed at the voice offset patterns

of "voiceless" stops in other languages.
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1.0 INTRODUCTION

This chapter covers three main areas as a background to the
following chapters. The first section outlines some of the-main
correlates of two-way stop oppositions and especially those
features regarded as tempofal adjustments. The correlates of
voicing oppositions are of interest for two reasons: first of
all, the production data presented in Chapters 2 and 3 focus
mainly on those temporal aspects of preaspirating oppositions;
interest here is to see whether and to what extent these temporal
features are relevant to these contrasts. A discussion of these
correlates 1is also relevant to Chapter 5 which deals with
perception and with the question of how the multiplicity of

seemingly relevant cues lead to the binary linguistic percept.

The second section outlines briefly the sound systems of the
three languages included in this study, Icelandic, Scottish
Gaelic and Irish. The sketch map of Figure 1.1 shows the
language areas dealt with and the approximate locations of the
informants for whom production data are presented in Chapters 2

and 3.

The third section details the instrumental techniques used in the
thesis. A summary is given of the production data presented and

detals of segmentation are discussed.
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1.1 TWO-WAY CONTRASTS OF STOP COGNATES: THE PHONETIC CORRELATES

1.1.0 Introduction

A simple binary linguistic opposition between stop cognates is
characterized at the phonetic level by a number of different
measurable correlates, or sub-features. These have usually been
unearthed in the phonetic laboratory from production data, and
many of these have also been claimed as perceptually relevant
cues to the opposition. The occurrence, and the relative
importance of any one feature, depends on a number of factors,
such as the language in question, the phonetic environment,
etc... The 1list which follows gives some of the main features

associated with the opposition and is by no means exhaustive.

1. Vocal-fold vibration synchronous with supralaryngeal
articulation.

2. Presence or absence of postaspiration.

3. VOT -~ a conflation of the temporal aspects of 1 and 2.

4. Presence or absence of preaspiration.

5. Differences in closure duration between the two

members of the opposition.

6. Differences in the duration of a preceding vowel.

7. Fl transition to the adjacent vowel.

8. Transitions of other formants to the adjacent
vowel.

9. Fo perturbations in the onset of a following
vowel.

10. Intensity of the release burst.

11. Larynx height differences - i.e. larynx lowering

with the voiced stop.

12. Expansion of the oro-pharynx with the voiced stop.



The first ten of these are relevant to perception as well as to
production. The last two, when they occur, would seem to be
physiological mechanisms which may facilitate the maintainance of
vocal fold vibration 1in a voiced stop. The first ten can be
crudely subdivided into two groups, as being derived from
measurements made in the temporal or in the spectral domain.
Features 1 to 6 tend to be largely regarded as matters of timing.
As regards the first two features, voicing and aspiration,
although they have an obvious acoustic content, it is their
duration which has wusually been measured and considered
perceptually relevant. This probably results largely from the

fact that they have normally been studied under the VOT paradigm.

In any case, grouping them here as "temporal" features 1is not
intended as a denial of the possible perceptual relevance of
their spectral content, a point which will become clear 1in
chapter 5 which deals with perception. Discussion in the
following subsections 1.1.1. to 1l.1l.6. will be of these
"temporal" features, as these are the object of investigation in'

Chapter 2.

The specifically spectral features, 7 to 10, could be argued to
be secondary for the following reasons. First of all, they are
unavoidable production by-products of a voicing contrast and are
not 1independently controlled. For example, the fundamental
frequency perturbations in the onset of a following vowel would
appear to be most 1likely a consequence of the different

aerodynamic conditions pertaining to voiced and voiceless stops.

10



To quote Ladefoged (1972:78) :

"Quantitative data (Ladefoged, 1967) on the relation between
subglottal pressure, airflow, and frequency of vibration of
the vocal cords, indicate that the decrease in transglottal
flow which occurs in voiced obstruents can be sufficient to
account forthe entire decrease in pitch which is observed in
these sounds, without having to presume that there are any
adjustments of the positions of the laryngeal structures.
Similarly it is probable that the increase in pitch which
occurs 1in a sound after a voiceless stop is mainly due to
the increased Bernouilli effect"

A simple aerodynamic explanation would also account for feature
10: differences 1in the intensity of the release burst. As the
vocal folds are abducted for the voiceless stop, pressure behind
the oral constriction is higher, yielding a higher intensity

burst.

Furthermore, some of these specifically spectral features might
be considered secondary in terms of their perdeptual importance.
In the case of Fo, 1its importance as a perceptual cue may have
been grossly overestimated. Abramson and Lisker (1983) have
pointed out that stimuli used 1in the earlier perceptual
experiments involved Fo differenqgs which were much greater
than those found in natural speech. They note that Haggard,
Ambler and Callow (1970) used a range of 163 Hz. This range is
very much greater than that described by Hombert (1978:87-98) for

the production of English and French stops.

Differences in the release burst intensity may not constitute an
important perceptual cue either. This has been shown for

intervocalic stops by Lisker (1975). Utterance finally, it would

11



also seem to be a rather weak cue (Raphael 1981). This last is
perhaps not surprising given that in the dialect of English
studied final stops may often be unreleased in any case. One
would expect the most important role for a release burst cue to
be in initial prestressed position. But even here, 1in spite of
earlier suggestions to this effect by Slis and Cohen (1969) and
by Summerfield and Haggard (1974), recent investigations by Repp
(1979) seem to indicate that the contribution of this cue is a

relatively weak one in #CV.

The apparent lack of importance of this cue may not be all that
surprising for oppositions which contrast voiceless unaspirated
and voiceless aspirated stops. In both of these types of stops
the vocal-folds are open prior to stop release, and oral pressure
is high. Perhaps one should expect a more important cueing role
in oppositions in languages which contrast a truly voiced and a
voiceless stop. Experimental evidence by Kohler (1979, and 1981)

would seem to offer some support for this suggestion .

As for the Fl transition, whose perceptual importance has been
amply demonstrated, it has nevertheless been pointed out by
Lisker (1975) that the lack of a measurable acoustic transition
can be regarded as a simple consequence of the articulators
having reached their target positions by the end of aspiration.
This means that Fl transition differences are only likely to be
found as cues in a language where the voiceless series is
aspirated. And Fl transitions are only likely to be clearly in

evidence when a stop is followed by an open vowel, i.e. a vowel

12



which in any case has a high F1 (see Lisker, 1975 and discussion

therein of an earlier paper by Fischer Jdrgensen, 1954).

Furthermore, even in languages which have aspiration, there is
evidence to show that the F1 cue is acquired through association,
whereas the temporal aspects of VOT would seem to operate at a
very early age. A study by Simon and Fourcin (1978) tested the
perceptual relevance of VOT and Fl transitions on English and
French <children between the ages of 2 and 14. The English-
speaking children in the younger age group of up to 5 or 6 years
of age, seemed to be primarily sensitive to the temporal aspects
of the distinction; after that age, Fl transitions seemed a more
important factor. The fact that the French children did not
appear to be sensitive to Fl transitions adds support to the
point made in the previous paragraph, as there is not wusually

much aspiration of voiceless stops in French.

The main focus here is on the temporal features 1 to 6. Chapter
2 sets out to describe to what extent these features are used in
phonological oppositions where preaspiration 1is found. From
past descriptions we know that feature 1 (voicing) is relevant
for some of the languages and dialects looked at (see section
1.2). In initial position the contrast of stop cognates in the
langﬁages of this study seems to depend on feature 2 -
postaspiration. For features 5 and 6, it is not known whether
these play a role in "preaspirating" contrasts: 1in the voicing

oppositions of other languages which - do not involve

13



preaspiration, they are widely attested as being particularly

important for medial and final positions respectively.

1.1.1 Voicing: presence or absence of vocal fold vibration

The phonetic realisation of phonological oppositions of stop
cognates  (usually described as "voicing" or "aspiration"
contrasts) may, but need not necessarily involve the presence or
absence of vocal fold vibration. Whether it does or not seems to
depend on such factors as the langﬁage in question, the phonetic

environment and the manner of articulation.

Lisker and Abramson (1964) distinguished between a category of
languages which in #CV contrasts voiced and voiceless stops,
of which French and Spanish are examples (which will be called
Group 1 ) and a category which contrasts voiceless unaspirated
and voiceless aspirated stops, exemplified by English (Group 2).
These categories are based on the behaviour of prestressed
initial prevocalic stops, and other environments may not be thus
aptly characterised. For example, in VCV in English, the role of
aspiration is much reduced and voicing proper is present in the
cognate stop. A third group of languages exemplified by Thai
(Group 3), which have a three way opposition, distinguish between
voiced, voiceless unaspirated, and voiceless aspirated stops.
Further details on the three groups of languages are given below

in section 1.1.3.
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Of all the manners of articulation, stops present the aerodynamic
conditions most unfavourable to voicing initiation or
maintenance, and the most favourable to devoicihg. To sustain
vocal-fold vibration, it has been estimated that a transglottal
pressure drop of approximately 2cm ag is required (see Catford,
1977:29); to 1initiate voicing would seem to require an even
higher transglottal pressure drop ( Westbury & Keating, 1980).
As during a stop the vocal tract is completely occluded, oral
pressure (Po) rises and so the transglottal pressure drop
decreases. Keating et al. (1983) point to the fact that across
languages there is an overwhelming preference for voiceless
unaspirated stops (i.e. stops with a short VOT lag). In an
aerodynamic modelling study of stop voicing, Westbury and Keating
(1980) have shown that the voiceless unaspirated stop is
aerodynamically the most likely, easiest type. Developmental
studies by Zlatin and Koenigsknecht (1976) also seem to point in
this direction. Children's first productions seem to be of this
type, and the adults' contrasts would seem to be acquired through
learning at a later stage. Some counter-evidence to the findings
by Zlatin and Koenigsknecht might seem to be offered in Grunwell
(1982). She reports context-sensitive voicing in young
children's first productions, with lenis stops in all but final
prepausal position (:181). However, the contradiction may be
only apparent; Grunwell's study is an auditory description of
the speech of English speaking children, and what she refers to
as "lenis" stops may perhaps be identified with voiceless

unaspirated.
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However, when speaking of the most "natural" or "easiest" type of
stop, it is important to bear the phonetic enviromment in mind.
Westbury and Keating (1980) have estimated in their aerodynamic
study that for wvoiced stops in postvocalic position, if one
allows for "passive" expansion of the vocal tract only, vocal
fold vibration should last approximately 60ms before the glottal
pressure drop is neutralised. Ohala (1983:197) gives a very
similar estimate of 64ms. The fact that voicing can, and does
commonly continue for longer than this in languages which have

voiced stops, can be attributed to:

(a) passive expansion of the vocal tract, due mainly to the

compliance of the cheeks, and,

(b) active enlargement of the vocal tract, such as oro-pharynx
expansion and larynx lowering (see, for example, Bell-Berti,
1973 and 1975). The possibility of velar lowering during
voiced stops, to allow a small amount of nasal leakage, was
also investigated by Westbury (1979), who however did not

find evidence for it.

It seems very likely that the physiological correlates of voiced
stops, listed above as features 11 and 12 are simply strategies
used to allow vocal fold vibration to continue under the
otherwise adverse conditions of oral closure. One should note
here that these effects and the explanation given to them are not

unambiguously attested and accepted (see Riordan 1980).
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Although 1less attention has been given to it in the 1literature,
the target of voicelessness may to some extent also present a
difficult production target, in medial intervocalic position at
least. This fact emerges fairly clearly in the descriptive work

in Chapters 2 and 3 and is discussed in some detail in Chapter 3.

Quite apart from the possible production constraints on voicing
and voicelessness in stops, one must note the perceptually
relevant fact that the acoustic strength of the voicing buzz is
greatly attenuated due to oral closure. The perceptual importance
of voicing as a cue may depend on language type (i.e. Groups 1l or
2) and may correlate with the extent to which it characterises
stops in production. For example, phonologically "voiced" stops
in French in utterance final position have considerable voicing
during closure (Kohler, 1981) and voicing would seem to be an
important perceptual cue (Van Dommelen, 1983). . In English, which
is more prone to final devoicing, closure voicing would seem a
less powerful cue (Lisker, 1978). Nevertheless, even for the
English stops, it would appear that a reduction in the duration
of the voiced portion of the stop will entail a reduction in
voiced percepts (Raphael, 1981). Watson (1983) suggests that the
periodic and aperiodic portioné of the stop may be measured

perceptually as a ratio.

Given the production difficulties which may accompany stop
voicing production, and given the fact that voicing amplitude is

not acoustically strong due to oral closure, it is perhaps not
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too surprising that the phonological "voicing opposition" is so
frequently carried, not, or not only, by presence or absence of

vocal fold vibration, but by a number of other features.

Nor 1is it surprising that. stops in languages exhibit diachronic
tendencies of voiced --> voiceless or voiceless =-=> voiced
change, depending on the environment. The physical phonetic
constraints and conditions which may underlie these tendencies

are the subject matter of Chapter 4.2.

1.1.2 Postaspiration

In some languages or environments, the opposition of stop
consonants may involve, not presence or absence of vocal fold
vibration during the stop, but rather presence or absence of
aspiration. Aspiration is frequently defined as a "delay in the
onset of voicing" (after stop release). During that delay,
airflow through the vocal tract is high as the vocal folds are
separated, and so aspiration is acoustically characterised by
glottal and/or cavity friction. As pointed out by Catford
(1977:250) for [h], the relative degrees of glottal/oral cavity
friction will depend on the oral configuration; 1local cavity
friction 1is more likely with high vowels; glottal friction with
low vowels. To this one could add that a greater degree of local
cavity friction 1is probably more likely in the early part of
aspiration for those places of articulation for which the active

articulations are relatively sluggish.
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Aspirated sounds are produced by abduction of the vocal folds
during the stop. At the release of the stop, the vocal folds are
still abducted, and voicing begins only when the vocal folds are
sufficiently adducted for the Bernouilli effect to occur (see

Catford, 1977:32).

The precise mechanism whereby aspiration (but also preaspiration
and voicelessness generally) is controlled forms the chief topic
of discussion in Chapter 3.2. A study of Korean stops by Kim
(1970) shows an almost linear relationship between the area of
glottal opening during the stop and the duration of aspiration
following the stop. The implication of his work is that the
control of aspiration and of glottal opening at stop release, is
effected by controlling the degree of glottal opening for the
stop. Thus, a voiceless aspirated stop should exhibit a greater
degree of glottal opening than a’voiceless unaspirated or weakly

aspirated one.

More recently, Ldfqvist et al.(1981) have argued that speakers
may not be able to exert a fine degree of control on the
amplitude of glottal opening, and that the control of aspiration
resides instead in the timing of the glottal opening gesture.
L8fqvist (1980) has shown that in aspirated stops the peak

glottal opening occurs later than in voiceless unaspirated stops.

These two proposals are of course not mutally exclusive and will
be mentioned again in Chapter 3.2 where the question of glottal

control of voicelessness is explicitly addressed.
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Since the seminal study on VOT by Lisker and Abramson (1964),
discussion .of aspiration has tended to be phrased in VOT terms.
Furthermore, the majority of researchers working on VOT have
tended to emphasize the temporal aspect of the phenomenon and to
disregard or minimize the role of aspiration noise. Results of
the first perceptual experiment in Chapter 5, along with some
other experimental findings reported in the literature, suggest a
need for a model of "voicing" perception which would take both
temporal and spectral features into account. And this is partly

what the proposals in Chapter 5.2 attempt to do.

1.1.3 VvoOT

VOT is a measure which conflates the durational aspects of
voicing (feature 1) and aspiration (feature 2) by measuring the
time between the onset of voicing and the release of the stop.
The moment of oral release counts as time value zero; voicing
during a stop (= voice lead) is measured as a negative value;

aspiration (= voice lag) is indicated as a positive value.

The literature on the production and perception of voicing
oppositions has been dominated by VOT. The concept of VOT, and
some of the results of perceptual experiments on VOT were to form
the basis for some wider theoretical discussions concerning
speech perception in general. For this reason, and because of
the obvious relevance to a study of oppositions involving

preaspiration (which one should expect to be able to characterise
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along similar lines in terms of voice offset time, VOFFT,) some
of the main findings concerning VOT production and perception are

summarised here in some detail.

Production

As demonstrated in the study by Lisker and Abramson (1964), VOT
as a production measure allows comparison on a single continuum
of oppositions which involve + or - voice, and + or - aspiration.
It 1is useful not only in characterising two-way phonological
contrasts, but also handles three way oppositions as between
voiced, voiceless unaspirated, and voiceless aspirated stops, as
these are well differentiated by VOT (at least in #CV). Contrasts
in some languages are less ﬁell differentiated by a VOT measure.
In a language such as Hindi which has a fourth breathy-voiced
stop <cognate, the voiced and breathy-voiced stops are not well
differentiated on a VOT continuum. Another language for which
VOT does not give a useful separation of stop categories is
Korean, where there 1is an opposition between three sets of
voiceless stops in initial position, and some overlap in the VOT
values of two of these. (See also Hardcastle (1973) and Han and

Weitzman (1970) for a description of the Korean oppositions).
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The study by Lisker and Abramsom showed that across languages the
distribution of VOT values for initial prevocalic stops is tri-

modal, i.e. stop categories fall into three ranges:

a) from -125ms to -75ms, with a median value at -100ms.
b) from O to +25ms, with a median value at +10ms.

c¢) from +60ms to +100ms, with a median value at +75ms.

The VOT measure is sensitive to place of articulation, velars

having consistently higher VOT values than the other stops.

Another observation made by Lisker and Abramson was that none of
the two category languages located its categories at the opposite
ends of the VOT continuum, a fact which Lisker and Abramson
interpreted as "evidence for the view that 'in the phonetic
"realisation" of phonemic contrasts, human beings fall

considerably short of utilising all the phonetic space available

to them" (1964: 407).

This effectively means that the contrast in languages with a two
way phonological opposition usually involves either wvoicing, or
aspiration, but not both. For this reason, languages can be
faifly readily classified into the groups below, according to the
type of contrast exhibited by their initial stops. (The
classification given here omits those languages for which VOT

does not give good separation of category).
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Two category languages

Group 1, which contrasts stops in ranges a) and b) above,
i.e. + versus - voice. Spanish and Romance

languages would represent this group.

Group 2, which contrasts stops in ranges b) amd c) above,
i.e. + or - aspiration. English and most Germanic

languages would be representative of this group.

Three category langquages

Group 3, which contrasts stops in ranges a), b), and c)
above, i.e. + voice, - voice, and + aspiration.

Thai would belong to this group of languages.

Perception

The first important finding to emerge regarding VOT perception
was that it appeared to be perceived categorically. This means
that judgements on, for example, a "da" -"ta" continuum
exhibited, rather than a gradual increase in "ta" responses with
VOT increase, a sharp increase at a given VOT value. This
phenomenon has also been termed "the category boundary effect"
(see Pastore, 1981:183). The VOT value at which the sharp
increase occurred coincided fairly well with where the VOT

boundaries fell in subjects production of stops in their own
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language. Thus, whereas speakers of English had a category
boundary in the +25ms to +45ms region, speakers of Thai (a three
category language) had an additional boundary at approximately O
VOT (Lisker and Abramson, 1970 and Abramson and Lisker, 1970).
The perceptual category boundaries also seemed to reflect the
place of articulation effect found in production; in English, for
labials the boundary was at +25ms, for alveolars at +35ms, and
for velars at +45ms (Lisker and Abramson 1970). Further studies
of VOT perception in adults and infants seemed to indicate that a
heightened discrimination ability in the region of the "English"
boundary was present not only for speakers whose language did not
have an "English" type contrast, but also for very young infants
regardless of their linguistic background (see Streeter, 1976).
It was therefore proposed by Eilers et al. (1979) that a boundary
in the "English" boundary region might therefore appear to be an

innate ability.

The finding of categorical perception was first thought to be
unique to the perception of speech, and explanations of the
phenomenon in%oked the concept of speech specific specialized
processors. These were vizualised either in terms of higher
level abstract categorisation processes (Studdert-Kennedy et al.
1970) or 1in terms of phonetic feature detectors (Eimas 1975).
Feature detector theory, an influential recent model of speech
perception, explained the category boundary effect for VOT as the
reflection of the operation of feature detectors. The proposed

feature detectors were pairs of specialised neural cells,
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oppositely tuned to detect phonetic/ phonological features (see
Abbs and Sussman 1971). The voiced/voiceless decision would
depend on which detector had the higher output. Neurological
research had demonstrated the existence of visual and auditory
detectors in a number of animals (see Lettvin et al., 1959; Hibel
and Wiesel 1962; and Kuhl, 1979). Selective adaptation
experiments purported to demonstrate such detectors in humans, by
explaining for example, the VOT boundary shifts towards the
adapted VOT stimulus, in terms of the fatiguing of that detector
(see Eimas and Corbit,1973). Recent experimental findings have
however seriously undermined feature detector theory1 and have
raised questions regarding the generality of categorical

perception in speech perception ; these are alluded to below.

VOT perception: detection of temporal order or aspiration noise?

Surprisingly perhaps, the perception of VOT has nearly always
been ﬁresented as a task involving a judgment on the relative
timing of two events, oral release and voice onset. Thus the
listener was presumed to be doing something analogous to what the
linguist was doing in measuring production data. The early
experiments on VOT perception did in fact present VOT continua
with aperiodic excitation in the positive VOT range (Lisker and
Abramson, 1967, 1970; Abramson and Lisker 1970) but this was not
considered particularly relevant to its perception. Summerfield
and Haggard (1974) concluded that the addition of aperiodic noise
to synthetic stimuli did not necessarily enhance (and could even
sometimes reduce) their effectiveness as cues. In the 1970's the

see for example, Remez (1980), Carney et al.(1977), Kuhl (1981),
Kuhl and Miller (1978) and also discussion and further references
pp.31-33. 3



debate on VOT versus Fl cues was presented very much as a
"temporal" versus "spectral" cue debate (e.g. Stevens and Klatt,
1974; Lisker, 1975), and the evidence seemed to favour the latter
(e.g. Summerfield and Haggard, 1974). The conceptualisation of
VOT detection as a judgment on temporal separation of two events
is still current, as evidenced by such work as the recent
experiments carried out by Darwin and Pearson (1982) to

characterise more precisely what constitutes the second "event" -

voice onset.

A psychoacoustic explanation has been put forward to explain the
apparently innate heightened discrimination ability in the short
lag VOT region - i.e. the boundary for languages such as English.
This explanation reflects the common visualisation of VOT as a
temporal separation cue, and suggests that the VOT boundary
effect, mentioned above, is determined by an auditory constraint
on temporal-order resolution. Experiments by Pisoni (1977),
based on earlier work by Hirsch (1959), showed that if the onsets
of two coterminous tones of 500 Hz and 1500 Hz were varied,
listeners had best discrimination when the relative onsets
differed by about 20ms. The tones were categorised as
simultaneous when the relative onsets fell within a range of
-20ms to +20ms ; larger differences were perceived as
successive. This line of explanation of course undermined earlier
assumptions that the phenomenon of categorical perception was

specific to speech, and a reflection of specialised speech

specific processors at work.
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The common assumption that VOT perception is a temporal-order
perceptual task can however be questioned. In quite an early
study of Danish stops, Fischer-Jgrgensen (1968) concluded that
aspiration noise constituted a more important perceptual cue than
the temporal separation of stop release and voice onset. Recent
work by Repp (1979), together with one aspect of Experiment 1
reported here in Chapter 5, suggest that aspiration noise level
affects our Jjudgment and VOT and VOFFT stimuli. Repp 1in fact
argues that VOT perception in a language which has aspiration,
might more accurately be conceptualised as a task requiring the
detection of the presence/absence of aspiration, rather than a

judgement on the relative timing of two events.

If one conceptualises VOT as a positive detection of aspiration
noise, a second type of proposed psychoacoustic explanation for
the VOT category boundary effect would seem more appropriate,
i.e. an explanation in terms of masking. The "masking"
explanation was suggested by Miller et. al. (1976) who also
demonstrated the "boundary effect" with nonspeech stimuli,
intended as analogous to VOT continua. The stimuli they used had
two coterminous components; a buzz of fixed 500ms. duration, and
Gaussian noise of 15 dB less intensity whose relative onset time
varied relative to that of the buzz. Differences in noise lead
times here were most easily discriminable at about a relative
onset time of +lé6ms. The authors concluded that this value
represented a psychophysical threshold, where the noise lead is

sufficiently long to evade masking by the buzz. The implication
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for speech and for VOT detection is that the "category boundary
effect" would similarly be the result of aspiration duration
crossing the same masking threshold, - with subthreshold stimuli

having no detectable noise.

One further psychoacoustic finding should be mentioned in this
context. It has been pointed out by Pastore (1981) and mentioned
by Repp (1979), that for stimuli ranging from 1Oms to 200ms the
auditory system integrates energy, so that manipulations of the

duration of a stimulus will affect its perceived intensity.

Any theory which attempts to explain the perception of the
"phonological voicing opposition" must take account of
temporal/acoustic interaction just mentioned, and the hypothesis
put forward in Chapter 5.2 attempts this, Rather than argue as
Repp has done, that VOT detection may involve aspiration
detection rather than a temporal order judgment, a hypothesis
will be proposed which allows for acoustic weighting of an

essentailly temporal~integrated cue.

Limitations of VOT

As mentioned in the introduction to this section, the concept of
VOT has been very pervasive in the literature. In a great number
of perceptual experiments, it has been the (frequently unspoken)

assumption that the perception of the voicing contrast may be
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simply equated with VOT detection. However, whether as a
production measure, or as a perceptual cue, there are a number of

ways in which VOT may be of limited use.

VOT does not handle different positional variants equally well,
but seems most useful for initial, prestresséd, prevocalic stops.
Probably for reasons of ease of handling, most of the work in the
field has concentrated on the #CV environment. This is not very
representative of most of the stops in running natural speech;
medial stops might provide a more widely applicable starting
point. And VOT 1is much less useful in distinguishing stop
categories in non initial position (see for example Lisker,1978).
For stops other than prestressed initial prevocalic ones, a
number of other features would appear to be more relevant; for
closure

example, features 5 (consonant,duration), and 6 (preceding vowel

duration) may well be more useful for VCV and VC# respectively.

The problem of positional variation one should expect not to be a
problem for oppositions which involve preaspiration. Actually,
it should be eminently possible to describe these in terms of an
inverse VOT measure, voice offset time, VOFFT. Indeed one would
expect languages with preaspiration to illustrate a rather
exceptional group, where the VOT/VOFFT measure is a particularly
useful characterisation of the phonological opposition across

positional variants.

Apart from the fact that VOT is usually considerably less useful

in characterising the production or perception of stops in non-
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initial positions, it is also affected by factors such as tempo
and stress. Lisker and Abramson (1967) point out that stops are
less well distinguished by VOT, and that there is some overlap
between voiced/voiceless categories when speech tempo is
increased. For discussion of the consequences of stress variation
on VOT see Keating et al. (1983). As will be seen in Chapter 3,

VOFFT is also greatly affected by stress variation.

Another problem with VOT is that it may not be as wuseful when
generalised to manners of articulation other than stops. (This
particular point does not directly relate to preaspiration as
such, but rather to a more general discussion which arises again
in Chapter 5.2, and which concerns the perception of phonological
"voicing" oppositions, and the limitations of models phrased in
terms of VOT detection.) The  production/perception of
fricatives, for example, may not be as easy to characterize in
VOT terms. In production, the lack of a well delimited release
burst would make a VOT measure somewhat difficult to ascertain
accurately. This difficulty is presumably not insurmountable; in
principle, fricative production can still be measured under a VOT
paradigm. In a study of the phonological "voicing" contrast of
initial fricatives, Massaro and Cohen (1976) presented VOT
results. It 1is worth noting however that their VOT measure was
not analogous to that used for stops, and indicated instead the
time between the onset of frication and the onset of vocal fold
vibration. However, as they point out, there is no reason why

results might not be formulated for fricatives in a way that

would be analogous to stops.
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An account of the perception of the phonological contrast 1in
fricatives in terms of VOT detection seems less 1likely for
fricatives than for stops, at least if one accepts the common
formulation of VOT detection as a judgement on the relative
timing of two events. This formulation seems most suited to
voiceless aspirated stops where voice onset and consonant release
are likely to represent more delimited and auditorily salient

"events" than for fricatives and other manners of articulation.

One of the attractions which made VOT such a popular object of
study was the finding of categorical perception. As mentioned
above, VOT and categorical perception provided much of the
inspiration for theories of speech perception such as feature
detector theory. However, the hypothesis that categorical

perception is unique to the perception of speech and evidence of

speech specific processors was disproved by later research which
demonstrated similiar categorical perception in animals such as
chinchillas (Kuhl and Miller 1978). Other experiments also
showed categorical perception of non-speech stimuli in humans.

(For a useful review and discussion of this question, see Watson,

1983.)

Furthermore, in the perception of linguistic contrasts, it would

appear that the phenomenon of categorical perception may not be

all that widely applicable. Stops in VCV have been shown to be

less categorically perceived than initial ones (Libermann et
I

al.,1961), and this seems to hold regardless of the cueing
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feature used. Fricatives also appear to be less categorically

perceived than stops (Healy and Repp,1982).

Even if discussion is restricted to prestressed stops in #CV,
there are grounds for suspecting that categorical perception may
only strongly characterize languages of the Group 2 type, i.e.
languages which have a contrast involving + or - postaspiration.
Perceptual studies on Group 1 type languages, where the contrast
involves + or - voicing proper, suggests that VOT perception is
not really categorical (see Carramazza et al. (1973) on French
Canadian and discussion in Watson, 1983). The evidence is fairly
confused, as some other studies do point to <categorical
perception in Spanish bilinguals (Williams, 1977) and in French
speakers (Carramazza and Yeni-Komshian, 1974). For the latter
studies the VOT boundary 1is at about O ms. In a study on
children by Simon and Fourcin (1978), it appeared that the
categoricai perception of VOT was a function of age; The younger
children did not reveal categorical perception, the older ones

did.

But quite apart from difficulties arising out of categorical
perception as such, a serious problem for feature detector theory
lies in the fact that the perception of voicing contrasts can not
be equated with VOT detection in any case. As noted above, VOT
is not broadly generalisable as a voicing cue; furthermore,
numerous other cues have been shown to be relevant to the
perception of voicing contrasts. As pointed out by Simon and

Studdert-Kennedy (1978), the concept of feature detectors loses
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its appeal where one considers that it would 1logically be

necessary to postulate as many features detectors as there are

potential voicing cues.

The sheer multiplicity of relevant and apparently disparate
voicing cues presents a problem not just to feature detector
theory. Any model of voicing perception (and of the perception
of phonological contrasts in general) seems doomed to failure
until it tackles the question of whether and how the multiple
cues to the contrast might be perceptually integrated to yield a

binary linguistic percept.

This discussion is resumed in Chapter 5.2, where a hypothesis is
proposed which addresses this problem, and suggests how a number
of these apparently disparate cues may in fact be feeding into a

cumulative binary decision, based on the syllable.

1.1.4 Preaspiration

Preaspiration, as the name implies, is generally regarded as the
inverse of postaspiration: a typical definition would be as a
"time-lag between the offset, or cessation, of voicing and the
formation of the stop" (Catford, 1977: 144). Preaspiration is
described as occurring in a number of Northern European
languages, including Icelandic, Scottish Gaelic, Faroese,

Lappish, Finnish and a few Norwegian and Swedish dialects (see
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Liberman, ., 1982). It would appear to be comparatively rare and
exotic, and is typically given only a cursory mention in
phonetics textbooks. It has not been the subject of much
instrumental investigation, but Shuken (1980) for Scottish
Gaelic, and Pind (1982) for Icelandic are notable contributions
which help to remedy this deficit. Furthermore, as mentioned
earlier, one might expect that the £findings from the vast
literature on postaspiration and especially on VoT
production/perception would be relevant to preaspiration and

VOFFT.

A study which did include preaspirated stops was the
glottographic investigation by L&gvist and Yoshioka (1981). In
the preaspirated stops it was found that peak glottal opening
occurred earlier than in postaspirated or unaspirated stops.
This was partly the basis for L&fqgvist's contention, mentioned in
1.1.2, that glottal control of voiceless and aspirated stops
involves control of the timing of the vocal fold abduction
gesture, rather than the control of the degree of glottal opening
per se. His basic viewpoint would seem to be that the glottal
opening/closing gesture is a fairly fixed cycle which occupies a
roughly constant amount of time. The point at which it is put
into operation determines the difference between voiceless

preaspirated, unaspirated, and postaspirated stops.

Following this line of argument, L&fgvist (1980) also claims that

a stop can have either postaspiration or preaspiration, but not
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both. As will be seen, data from Irish and Lewis Gaelic
presented 1in Chapter 2 does not in fact support this particular

claim of L8fqvist's ; pre- and postaspiration co-occur in these

languages.

The question of the glottal control of pre- and postaspiration
(and of voicelessness in general) is addressed in Chapter 3.2.
Electroglottographic data presented there suggests that although
the glottal opening/closing gesture is a fairly fixed ballistic
cyclé, a double cycle is a possibility when necessary, for the

production of such pre- and postaspirated stops.

1.1.5 Consonant Duration

In non-initial positions the duration of the consonant may play a
role in the contrast; phonologically voiceless stops tend to be
longer than their voiced counterparts (see for example Lisker,
1957). The perceptual relevance of the consonant duration
differences noted in production was demonstrated by Denes (1955)

and Liberman et al. (1961). It seems to be most relevant for

VCV; 1in VC# it counts as a rather weak cue (Raphael, 1981).

Clearly for consonant duration to play a role 1in cueing the
opposition of stop cognates, it must be available to our
perception. This is clearly not the case with #CV, where
duration of consonant closure is not identifiable. In final

stops, closure duration may be only intermittently available, and
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stops are frequently unreleased in the dialects of English
relevant to the studies mentioned above. One could perhaps
suggest that stop closure duration would play & more important
role in CV# for dialects and languages where stops are always
released. Interestingly for fricatives, where consonant
duration 1is available even in #CV, it does seem to affect the
voiced/voiceless percept in this environment (Cole and Cooper,
1975). Summerfield (1981) has also demonstrated that closure
duration may affect the perception of the contrast for word

initial stops which have been medialised by insertion into a

frame.

1.1.6 Vowel Duration

There seems to be a universal tendency for vowels to have longer
durations before the phonologically "voiced" stops-than before
the voiceless cognates. Javkin (1979) gives references for a
large number of .1anguages where these differences have been
attested including English, Hungarian, French, Spanish,
Norwegian, Danish, Hindi, Russian and Korean. The extent of the
difference would appear to be greater for English than for the
other languages studies, but even in American English, the more
recent studies (Umeda, 1975; Klatt, 1975) have shown the
differences to be relatively small except in utterance final
position. Scully (1974), quotes Chen as suggesting that the
universal difference would be in the region of 20-30ms. The

perceptual role of vowel duration differences has been
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démonstrated by Denes (1955) and Raphael (1972). They also
showed that the cue was operational irrespective of whether there
Was closure voicing or not. Not surprisingly perhaps, there are
cases where voicing proper has been lost, and the distinction
maintained by the Vowel_ duration differences - "in certain
environments, English and Latin have replaced the voicing
distinction of the consonant following the vowel with a vowel

duration distinction"™ (Javkin, 1979:52).

A number of hypotheses have been proposed to account for the
vowel duration differences, and these are reviewed and discussed

by Javkin. The two most interesting ones are Javkin's own and

one by Scully.

Javkin suggests that the root cause may lie in a misperception:
as vowels may be perceived as longer when they precede voiced
than when they precede voiceless segments, he proposes that
"listeners made consistent and systematic errors in their
perception"” which in time led to the observed difference in
production. The claimed "misperception" was demonstrated in an
experiment where English listeners matched the duration of a tone
to the durations of vowels before voiced and voiceless
fricatives. Vowels preceding the voiced fricatives were
consistantly matched with longer tones. This experiment and its
conclusions will be discussed again in Chapter 5, which deals

with perception.
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Scully's proposal 1is in the nature of a prediction from a
computer aerodynamic model, namely that vowel amplitude will drop
sooner before, and rise later after, an intervocalic voiceless
consonant, even though the supraglottal closing gestures are

timed identically.

If in natural speech, vowel amplitude does decay sooner with a
following voiceless consonant, it would seem reasonable enough to
suggest that listeners Jjudgment of vowel duration might be
affected by this. The fact that the amplitude of a signal will
affect its perceived duration has already been alluded to. This
has further been demonstrated by recent experimental work, e.g.
by Repp (1979), showing that the perception of aspiration
duration is affected both by the amplitude of the frication noise
and by the amplitude of the adjacent vowel. Similar consequences
of aspiration 1level for the perception of preaspiration are
reported 1in Experiment 1 of Chapter 5. A probably related
finding 1is that reported by Darwin and Pearson (1982), who
propose that vowel onset may best be defined as the point in time
at which the vowel reaches a given intensity, rather than the
onset of periodicity as such. These findings are discussed again
in Chapter 5.2, which deals with the perception of voicing

contrasts.

To return to the proposed causation of the vowel duration
differences, the line of explanation which would follow from
Scully's prediction does not actually explain Javkin's results

where synthetic stimuli were used for a given amplitude. In any
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case, the two types of explanation need not be mutually
exclusive, and in both cases the universal tendency in production
would be the result of heightening a perceived difference in

vowel duration.

It is not intended to propose a counter hypothesis, but one could
perhaps add to the above by suggesting that the development of a
vowel duration difference may be intimately 1linked to the
tendency for languages to lose voicing proper in VC#. Therefore
one could regard it as an alternative and perceptually equivalent
strategy which may  reinforce, or eventually take over, an
unstable opposition (involving voicing proper). The phonetic
factors which lie at the root of the instability in such voicing

oppositions form the topic of discussion in Chapter 4.2.
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1.2 AN OVERVIEW OF THE SOUND SYSTEMS OF ICELANDIC, SCOTTISH

GAELIC AND IRISH

1.2.1 ICELANDIC

1.2.1.0 Introduction

Descriptions of the sound system of Icelandic are to be found in

works such as Haugen (1958) and é&narsson (1945); for a brief

review see also irnason (1980).
1.2.1.1 Vowels

pure vowels:

i u
I y 2
€ oe a
diphthongs: €i oey au ou
ai

In this description, as in the description of the other
languages, the vowel system in the stressed syllable is given.
Both the pure vowels and diphthongs can occur in either long or
short form, depending on the quantity rule (see below). The

quality of the vowel varies somewhat with vowel length (for more

on this, see Garnes, 1976).
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1.2.1.2 Consonants

The consonantal system is set out in the table below. The
symbols in brackets indicate segments whose phonemic status is a
matter of some dispute. The length of consonants will be dealt

with separately below.

labial alv-dent. palatal velar glottal

aspirated stops o) t (c) k
unaspirated stops b d (3) g
voiceless fricatives £ 8 s (¢) X h
voiced fricatives v 3 ¥

nasals m n n n

liquids l1r

Stops

There are two series of stops, both voiceless in all environments
(thus the choice of phonemic syﬁbols can be misleading). One

series, traditionally described as "hard" hord® 1lokhljé% is

characterised by aspiration: postaspiration in initial prevocalic
position, and preaspiration in medial intervocalic and final
postvocalic positions. The other series, traditionally described

as "soft"™ 1lin lokhljéﬁ is. voiceless wunaspirated. In the

postvocalic positions, the opposition is not simply a matter of

presence or absence of preaspiration. After short vowels the
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preaspirated stop (which functions phonologicaly as a long
consonant: see the discussion on quantity below) alternates with
an unpreaspirated geminate. Preaspiration in Icelandic (as in
the other 1languages described) affects not only a preceding

vowel, but also causes devoicing of a preceding nasal or liquid.

After initial /s/, only unaspirated stops occur. Neutralisation
of the opposition also occurs after long vowels, or when the stop
is followed by /j, v, r/. (In the latter environment the vowel
is in any case always long). The direction of the neutralisation
depends on the dialect. 1In the north (a dialect called harbmaeli
"hard speech") an aspirated (i.e. postaspirated) stop is found.

In the south, an unaspirated stop is used; this dialect is called

linmaeli "soft speech".

According to Liberman (197EZHH, "Icelandic preaspiration 1is
realised not only as [h], but also as [x], [¢], and perhaps even
as [F], depending on the preceding vowel and the following
consonant”. This suggestion was apparently based on early
descriptions by Goodwin (1905 and 1908) and is generally
dismissed by other and more recent researchers in the field (e.g.
Pétursson 1972, Garnes 1976, and Thrafhsson 1978). 1In the speech
of all the Icelandic informants used in this study, the
realisation of preaspiration would most appropriately be
described as having the quality of a glottal fricative, although
inevitably, a small amount of local cavity friction may also be

detectable during part of the oral closing gesture.
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As regards the number of distinct places of articulation, there
is some dispute as to whether the palatal stops are separate
phonemes, or allophones of the velar stops (see grnason, 1978).
For the purposes of this study, examples of both palatals and

velars were included in the word lists, regardless of their

phonemic status.

Fricatives

The phonemic status of some of the fricatives is also not
unproblematic. [¢] can be analysed either as a separate phoneme,

or as derived secondarily from /hj/. The voiced velar fricative

has a limited distribution as it does not occur 1in 1initial
position. /8/ has a voiced allophone [®] which occurs in

complementary distribution with [6].

Liquids and Nasals

Voiced and voiceless varieties of the liquids and nasals occur.
The voiceless segments occur before the "hard", i.e.
preaspirating stop series, and also in initial position. The
latter cases can be regarded as deriving from underlying /h/ plus

liquid or nasal.

Quantity

Stress on non compounds falls on the first syllable in Icelandic.

All stressed syllables have approximately the same quantity, and
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the syllable rhyme will contain either a long vowel or a long

consonant (or consonant cluster) but not both. This yields the

following possible types of syllable rhyme:

V:(C)

vCcC (CC is a long consonant or a cluster).

It 1is clearly not necessary to regard length as distinctive on
both vowels and consonants, and phonologists vary in their
treatment. Some authors (e.g. Bergsveinsson 1941; Garnes 1976)
have opted for an analysis where length is considered distinctive
on the vowel and predictable on the consonant. An alternative
suggestion has been to regard consonant length as distinctive
with vowel length predictable (e.g. Benediktsson, 1963) A further
possible solution, discussed by Haugen (1958), 1is to abstract
length from the segments and make it part of what he terms an

"accent", which may be placed on consonant or vowel. For a
discussion of the merits and demerits of various types of

7/
analyses, see Arnason (1980).

Historically, long and short vowels and consonants could combine
freely so that the following types of syllable rhymes were
possible:

vC short

V:C } long
VC: }

V:C: overlong
The evolution of a single quantity in stressed syllables involved

a number of changes in the phonology usually referred to as the

44



"quantity shift". First of all, long vowels before long
consonants or consonant clusters began to shorten, thus
eliminating the overlong syllable. Short syllables were then
eliminated by 1lengthening of the vowel. The former of these
changes would seem to have predated the latter; Haugen (1982)
suggests that it had already begun before 1150 AD, whereas he

would date the second change as beginning considerably later, c.

1550 AD. On the basis of metrical evidence from drdttkvaett and

Eéﬁgg poetry, Arnason (1980) also dates the second change as
being of relatively recent origin, and suggests that it may not
have been fully stabilised until the eighteenth or nineteenth
century. Similar gquantity shifts have also occurred in other
Scandinavian languages, such as Faroese, Norwegian and Swedish,
leaving them rather different from languages such as Danish,

English and German which do not have a uniform quantity in

stressed syllables.

One apparent exception to the "quantity rule" in Icelandic is the
fact that long vowels are found before stop or/s/ plus /3j/, /v/
or /r/ 1in polysyllabic words. This problem is dealt with by
Arnason (1980), by suggesting a phonotactic constraint forbidding
such clusters in syllable final position, and assigning the
second consonant to the onset of the following syllable. As
mentioned earlier, tﬁnggbosition among the stop consonants is

neutralised in this position.

It has also been mentioned that preaspirated stops in Icelandic
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function as long (or geminate) consonants and can only occur
following short vowels, where they are contrasted with an
unpreaspirated geminate stop. After long vowels the opposition
is neutralised. In summary, the phonetic realisation of stops
in, say, the linmaeli dialect of Icelandic can be represented as

follows, using the bilabial symbols to exemplify.

Initial Medial Final
#CV and #CV: VCV V:CV VC# V:C#
p" hp hp
p P
P p: p:
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1.2.2 Scottish Gaelic

1.2.2.0 Introduction

The sound system of Scottish Gaelic closely resembles that of
Irish, with probably the most striking feature being the

opposition in the consonantal system of velarised and palatalised

segments.

Gaelic, or to be precise, 014 Irish, was first introduced into

Scotland in the 5th century A.D., when the kingdom of the Dal
Riada situated in the North East of Ireland (Co. Antrim)

colonised neighbouring Scottish territories. This kingdom

spread, and the language with it, so that by around 1000 A.D. it
was spoken over the greater part of present day Scotland,
Although the political unity of the Scottish and Irish
territories had ceased by the 7th century, a strong cultural
unity persisted for much longer, down to ¢.1700 A.D. The
training of Scottish 1litterati would probably have involved
lengthy stays in Ireland, until political defeat in 1Ireland
during the 17th century led to the demise of the Gaelic social
system and to a loss of patronage of the bardic schools. Jackson

(1951) dates the 1linguistic emergence of the two distinct

dialects from approximately 1200 A.D.
The Scottish Gaelic informants whose speech is described in this

study come, broadly speaking from two main dialect areas. The

first 1is represented by Lewis; the second is represented by
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speakers from Harris, Skye and North Uist. For the location of

these dialects, see Figure 1.2.

Descriptions of the sound system of the Lewis dialect are to be
found in Borgstrghm (1940) and in Oftedal (1956). The dialects of
Harris and North Uist are also described in Borgstrgm (1940); the
dialect of Skye 1is described in Borgstrgm (1941). Further
detailed phonemic analyses of other Scottish Gaelic dialects are
the description of the Gaelic of Applecross in Ross-shire, by

Ternes (1973), and of East Sutherland Gaelic by Dorian (1978).

The two dialects studied here differ in their realisations of
preaspiration. Differences in the realisation of the opposition
of stops in the Scottish Gaelic dialects will be described below,
following a brief general outline of the phonological system of

Scottish Gaelic.

1.2.2.1 Vowels

pure vowels
i(:) w(:) ul:)
e(:) a(:) of:)

al(:) a(:) 2a(:)

diphthongs
closing opening

ei ui ia ue
21 al 1Q ua
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The pure vowels can be either long or short, whereas the
diphthongs are always long. Oftedal (1956) mentions that the
/ui/ diphthong has a very limited distribution, and that
generally, the closing diphthongs are most frequently found
before the consonants [m], [#], I[n], [¥] and [L], where the
opening diphthongs are rare. Due to the strongly velarised or
palatalised secondary articulation of the consonants, the pure
vowels are often not exactly "pure" and may exhibit diphthongal

glides. For more on this, see the description of Irish below.

l1.2.2.2 Consonants

The striking feature of the consonant system is the opposition of
velarised and palatalised segments. More precisely, there is an
opposition between segments whose primary articulation is in the
palatal region or which have the secondary articulation of
palatalisation, and segments articulated in the velar region or
which have a secondary articulation of velarisation. The
alternation of palatalised and velarised segments plays an
important function in the morphology of Scottish Gaelic and of

Irish. For example, in word final position, the alternation can
signal case; [ex] and [eg] are nominative and genitive cases

respectively of the word each "horse" in Scottish Gaelic.

For the bilabial place of articulation the contrast of a

palatalised and velarised pair has been lost in Scottish Gaelic,

as it has also been for the glottal fricative and for the

alveolar nasals and laterals.
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Lab. Dent. Alv. Pal-alv. Pal. Vel. Glot.

aspirated
stops P

At
gt
0
o~

unaspirated
stops b &

J
ey
(]
Vo]

voiceless
fricatives f

g
—
v}
»
(=3

voiced .
fricatives v J ¥

nasals m

=
w3

laterals

IR a1l
H
o W

trills/taps x

Stops

The aspirated stops are voiceless and strongly aspirated in
initial position. In medial intervocalic and in final
postvocalic positions they have been described as preaspirated.
The extent and the phonetic realisation of the preaspiration
varies between the two dialect areas dealt with here, and this
will be touched upon below. The unaspirated stops are voiceless
in initial position. In medial intervocalic and final
postvocalic positions, they have been described as voiceless or
partially. voiced, depending on the dialect. This will also be
dealt with below. Following voiceless consonants there is
neutralisation of the opposition and only unaspirated stops are
found. Preaspiration of the preaspirating segments affects not

only a preceding vowel, but any preceding voiced segment.
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Fricatives

Alternations between stops and fricatives in word initial
position are also important in the morphology of Scottish Gaelic
(and Irish). The fricatives arose historically through the
phonetic 1lenition of single stops, and the stop : fricative
alternation seems to have replaced an earlier alternation of
geminate and single stops. The alternation carries some
important grammatical functions, e.g. as a tense marker on verbs;
[ku®] and [xu®] are imperative and past tense forms of the verb

cuir "put".

Ligquids and nasals

Palatal and velar nasals occur before the palatal and velar
stops, and would normally be regarded as allophones of /n/. In
some parts of Skye these segments occur without the following
stops (see Borgstr¢m 1941), and would be regarded as independent

phonemes.

Another striking feature of the consonantal system of Scottish

Gaelic (and Irish) 1is the number of contrasts in the dental
alveolar and palato-alveolar region. Historically there was a
four-way opposition between laterals and liquids made at these
places of articulation. Taking the nasals to illustrate, and
in so far as one can surmise on the phonetics of 01d 1Irish, it
would appear that the velarised dental and the palatalised
palato-alveolar  segments [=] and [n] alternated with
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palatalised and velarised alveolar segments respectively. This
alternation parallelled the alternation of non-lenited and
lenited stops in the system, and carried the same grammatical
load. The loss of the four-way contrast seems to be a relatively
recent development in Irish and Scottish Gaelic dialects and
traces of the older system are still to be found in some dialects
of both languages (see Oftedal, 1956 and Quiggin, 1906). However,
for the nasals and laterals in most Scottish Gaelic dialects, the
distinction between the alveolar pair (i.e. the "lenited" pair)
has disappeared, leaving a three-way contrast. In the case of "r"
sounds, the opposition seems (again, in so far as one can guess
at the phonetics of the past) to have involved a distinction
between a (velarised and palatalised) pair of trills, i.e. the
non- lenited varieties and a pair of taps, i.e. the lenited
counterparts. The present system seems to involve a three way
contrast, with the reflexes of the o0ld non-lenited palatalised

and velarised trills having fallen together as a velarised trill.

Although symbolised as a tap on the chart above, the palatalised
/v,/ has a variety of realisations depending on the dialect. In
Lewis it is realised as a voiced palatalised dental fricative
[41; in Skye, it is realised as [j]; In Harris and North Uist it
is realised as a voiced palatalised alveolar fricative, best

symbolised as [z].
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Figure 1.2 Scottish Gaelic dialect areas, and approximate location
of informants for whom production data is presented
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1.2.2.3 Dialect differences in the realisation of preaspiration

and of the phonological opposition of stops.

Borgstrgm (1974) <classifies the Scottish Gaelic dialects into
three main areas on the basis of their realisations ot
preaspiration. His classification is summarised here, and the
illustration of the geographical location of these dialects 1in

Figure 1.2 is adapted from Borgstrgm (1974) and G Baoill (1980).

A Areas which lack preaspiration. These areas lie outside the
present study and can be further subdivided into two parts.

Al In the first of these, i.e. eastern Sutherland,
the apparently older system of voiced versus voiceless
stops is described as persisting.

A2 The second sub-area is represented by the Isle of
Arran in'the south and a small part of Perth-shire in
the East. In these the two stop series would appear to
have merged completely, yielding what Borgstrgm
describes as voiceless or half-voiced stops. Holmer's
(1957) description of the Arran dialect, suggests a
disappearing rather than a completely neutralised

contrast among the stops.

B Areas Wwhere preaspiration tends to be shorter and weaker
(i.e. with less audible friction present), described by
Borgstrgm as "a voiceless breathing between the vowel and the
stop" (:97). These areas include Lewis (one of the dialects
studied here), northern and western Sutherland, and the greater

part of Ross-shire on the mainland. The preaspiration in this
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area Borgstrgm considers as "the simplest and presumably oldest

form of preaspiration”. This suggestion is further discussed in

Chapter 4, which deals with the historical development of
preaspiration. Borgstrgm further suggests that before the
alveolo-palatal and the palatal stops the preaspiration is

"normally palatalised and may resemble a very short [g]"

(1974:97).

For this dialect, the unaspirated series of stops is described
in Borgstrgm (1940) as being "mainly voiceless" in initial
position (and the opposition therefore depending on the presence
or absence of postaspiration). In medial and final positions
after a stressed vowel the opposition is described as involving

the presence or absence of preaspiration, although the
unaspirated series are here described as T"unaspirated lenes,
frequently half voiced (:20)". Voicing of the unaspirated series

in Lewis is not mentioned by Oftedal (1956).

C Areas where preaspiration is more prominent and longer.
The unaspirated series in these dialects are voiceless
(Borgstrgm, 1940). As regards the realisation of preaspiration,

these areas can be further subdivided:

cl, where palatal and velar stops are preaffricated, 1i.e.
are realised as [fc] and [*k] rather than as ["c] and
["k]. The Harris, Skye, and North Uist informants all
represent this group). Infrequently, the preaspiration of

the velar stop may in fact have the quality of glottal
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frication rather than homorganic cavity friction; stops
other than the palatal and velar ones may also occasionally
have realisations of preaspiration with palatal or velar

frication (depending on the palatalised or velarised nature

of the stop).

cz, where preaspiration for every place of stop
-articulation is realised as a strong velar or palatal
fricative. This covers wide areas in the Central

Highlands, and is not included in the present study.
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1.2.3 Irish

1.2.3.0 Introduction

The dialect of Irish included in this study is that of the Gaoth
Dobhair Gaeltacht in West Donegal (see Figure 1.l1). Detailed
phonetic descriptions of neighbouring West Donegal dialects are

to be found in Quiggin (1906) and Sommerfelt (1922).

1.2.3.1 Vowels

pure vowels
i(:) ul:)
e(:) o(:)

a(z:) 2(2)
diphthongs
closing opening
au 1a ua

In a relatively recent article (1965) based on his earlier work
on the neighbouring Donegal dialect of Torr, Sommerfelt includes
two further vowels in the phonemic system. These appear to be
high and mid unrounded vowels with a rather back quality. In
Gaoth Dobhair Irish these two vowels seem to have fallen together

with the front high and mid vowels. For more discussion on this

see Ni Chasaide (1977).
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For the pure vowels length is distinctive. The diphthongs are

always long. As already mentioned in the outline of the Scottish

Gaelic system the quality of the “pure vowels" varies

considerably according to the palatalised or velarised nature of

the adjacent consonant, and will frequently exhibit strong

diphthongal onglides or offglides. Figure 1.3, from Ni Chasaide

(1977) illustrates how a preceding velarised or palatalised
consonant affects the auditory quality of the main allophones of
these vowels. 1In addition to diphthongal on- or offglides, the
steady state quality of the vowel allophones may also vary. For

some spectrographic measurements which illustrate this point, see

also Ni Chasaide (1977).
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Consonants

Unlike the situation pertaining to Scottish Gaelic, labial
segments in Irish retain the opposition of velarised and
palatalised varieties. 'The velarised labial segments series are
also fairly noticeably labialised. On the chart below, segments

in brackets are of rather marginal phonemic status.

Lab. Dent. Alv. Pal.-alv. Pal. Vel. Glot.

aspirated
stops ® P £
w

unaspirated
stops

ey
o

10
¥

(]
[N o

voiceless
fricatives

&Rn
Jh
1P
—
m
o<
o

voiced
fricatives w oy, J

nasals & m *< 7 # (n)

(%) 1

W= g

laterals

IR

J=

trills/taps *

Stops

Both Sommerfelt (1922) and Quiggin (1906) describe one series of
stops as being fully voiced, compared to the second series which
is strongly aspirated except after [s I x]. Further
positional variation of voicing or aspiration is not discussed by

either author; however, 3 Dochartaigh (1979) describes for
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another, more northern, Donegal dialect, a tendency towards

devoicing of the voiced series in VC#.

Liquids and Nasals

Compared to other Irish dialects, Donegal Irish is conservative
in that it retains traces of the four-way opposition of non
lenited versus lenited palatalised and velarised nasals and

liguids in the dental, alveolar and palato- alveolar region.

Even here, however, the status of the fourth alveolar segment is

somewhat marginal. For a discussion of this topic, see N{
Chasaide (1977 and 1979). In the case of r-sounds, the
historical four-way opposition has collapsed to two, leaving what
would appear to be the reflexes of the 1lenited variants. In
initial position these phonemes are realised as postalveolar
approximants. 1In postvocalic environments the palatalised member
/r / 1is most frequently is realised as [j] in this dialect.

Palatal and velar nasals have full phonemic status in Irish.
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1.2.4 ORAL FRICATIVE REALISATIONS OF PREASPIRATION

As Jjust described, there are realisations of preaspiration
whereby the guality of the preaspiration is that of oral rather
than of glottél frication. Such realisations are the predominant
ones for velar and palatal stops in the second Scottish Gaelic
dialect studied here (that of area Cl represented by the Harris,
North Uist and Skye informants). A weaker tendency in the same
direction may exist for Lewis Gaelic, Jjudging by Borgstrgh's
comments, cited above, on palatalisation of preaspiration with
palatal and palato-alveolar stops in this dialect, so that it
resembles a short [¢]. Similarly, in Icelandic, the
observations of Liberman (1971) based on work by Goodwin (1905
and 1908) could indicate some such similar trend, although
probably not very widespread; as mentioned above, other scholars
have queried these suggestions. It has also been pointed out
above that the Icelandic informants encountered in this study had
a quality of preaspiration most appropriately described as
glottal frication. However, even here a small amount of local
cavity friction can frequently be detected in the final closing

phase of the preaspiration.

The presence of what one might term "preaffricated" realisations
of preaspiration, especially with velar and palatal segments, is
not very surprising if one considers the source of the fricative
noise in [h]-type segments. The vocal folds are spread and there
is a high rate of airflow through the glottis. The vocal tract

has the configuration appropriate to the adjacent vowel, or for
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invervocalic [h], the vocal tract configuration shifts from that
of the first to the second vowel. For postaspiration there 1is
movement from the configuration of the consonant stricture to
that of the vowel (the reverse is true for preaspiration). At
any one instant in time, the relative apertures of the glottal
and oral strictures will determine the source of frication noise.
When the oral stricture exceeds the glottal one, the audible
frication noise will be predominantly local cavity friction;
when the greater stricture is at the glottis, a predominance of
glottal friction should result. For preaspiration in the
languages described here, one would expect the factors to be the
following, which would influence the degree to which
preaffrication tendencies would be found;

(a) the quality of the adjacent vowel;

(b) the place of articulation of the consonant;
(c) secondary articulations; and
(d) the duration of preaspiration.

(a) The quality of the adjacent vowel

In a discussion concerning the interpretation of [h] as a glottal
fricative or a voiceless vowel, Catford (1977: 250) remarks:
"Any voiceless vowel with an articulatory stricture narrower
than the glottal stricturé (certainly [i]- and [u]-type
vowels, and possibly [e]- and [o]-types) will be an (oral)
approximant and will have turbulent flow through the oral
channel. Any vowel with an oral channel more open than the

glottal channel will not generate turbulent flow at that
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point. What one hears ... is glottal turbulance modulated

by the oral-shaping for the vowel."

(b) The place of articulation of the consonant

Regardless of vowel height, during the closing or opening phase
of the stop there will be an interval for which the oral
stricture exceeds the glottal one in pre- and postaspiration
respectively. The duration of this interval is likely to be
longest for segments where the active articulator is large and
relatively sluggish. This effectively means tongue body
articulations (as opposed to tongue tip or labial ones) i.e.
stops articulated in the velar or palatal region. This

difference is illustrated schematically in Figure 1.4. Hence, it

does not seem too surprising that these are the places of
articulation for which "preaffricating” realisations of
preaspiration are usually found in dialect Cl. Corroborating
data are presented in Chapter 2.2.3 which suggest that the
slowest oral <closing times and the longest preaspiration
durations are found with velars and palatals. This particular
question is broached again in Chapter 4.1, where the historical

evolution of preaspiration is discussed.

(c) Secondary articulations

Regardless of the primary place of articulation, all, or
virtually all of the consonants of Scottish Gaelic and Irish are

articulated with a high tongue body, due to the opposition in the
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Figure 1.4 &—> duration of interval for which oral stricture
exceeds glottal stricture, as a consequence of
articulator mobility (above) and preaspiration (below),
shown schematically
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system of velarised and palatalised segments. As was also
mentioned above, the secondary articulation affects, not only the
segments themselves, but also the transitions to the adjacent
vowels. Hence one would expect the final phase of preaspiration,
and the initial portion of postaspiration to contain substantial
amounts of <cavity friction, with a velarised or palatalised
quality. This may explain the greater tendency towards
"preaffricated" realisations of preaspiration in Scottish Gaelic
than in Icelandic. It may further explain why in dialect C 2,
preaspiration realisations of a velar or palatal guality is found

with stops in places of articulation other than velar or palatal.

(d) The duration of preaspiration

The duration of preaspiration may indirectly affect the extent to
which audible preaffrication is likely to develop. This 1is
because there is a positive correlation between the duration of
preaspiration and the degree of glottal abduction in the closing
phase of the stop (see Chapter 3.2), and this should in turn

correlate with the rate of airflow through the glottis and

through the oral cavity.

A wider glottal aperture during the oral closing phase, should
extend the interval during which local oral friction should
predominate over glottal friction. This is illustrated

schematically in Figure 1.4. The higher rates of airflow

through the oral cavity should increase the amplitude of oral
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friction (see Catford, 1977: 33-46). As shown in perceptual

experiment 1 of Chapter 5, an increased amplitude of frication

noise enhances 1its perceptibility.

1.2.5 The phonological interpretation of preaspirated stops:

single phoneme or cluster?

The description and discussion so far of preaspiration in these
languages implicitly assumes that preaspiration is to be analyzed
phonologically as a property of the stop. From this viewpoint
the preaspirated stop is seen as partaking of a phonological
contrast with an unpreaspirated one. An alternative analysis has
| also been suggested by authors describing both Icelandic and some
of the Scottish Gaelic dialects, whereby the preaspirated stop is
analyzed as a sequence of two phonemes. According to the bi-
phonemic analysis the opposition of stop cognates is neutralised

is all but initial positions.

For Icelandic, both interpretations have been suggested. Haugen
(1958) used a monophonemic analysis. On the other hand,
Pétursson (1972 and 1974:106) has argued that preaspiration
should be regarded as an instance of the phoneme /h/ which
otherwise occurs for that language in initial position. The
basis of Pé&tursson's analysis involves the argument that

preaspiration is phonetically similar to [h] (and dissimilar to

postaspiration). More precisely, this phonetic similarity would

seem to consist in:
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Durational similarity The considerable duration of

preaspiration resembles more the duration of a segment than
the duration of postaspiration.

Articulatory similarity As for [h], preaspiration has a

spread glottis and a vocal tract configuration appropriate
to the adjacent vowel.
Pétursson (1972) further speculates that preaspiration may differ
from postaspiration in terms of glottal articulation, or more
precisely in terms of the degree of glottal opening. Indeed, he
suggests that this may explain the observed durational

differences

"Notre hypothése est donc que la différence physiologique
entre la préaspiration et l'aspiration des occlusives est
une différence du degré d'ouverture glottale, _ce Qque
expliquerait 1la grande différence de durée observée chez
nos sujets pour ces deux segments." (:68)
This hypothesis 1is prompted by the work on Korean stops by Kim
(1970) who demonstrated a positive relationship between the
degree of glottal opening at stop release and the duration of

postaspiration (see Chapter 1.1.2).

In Scottish Gaelic the analysis by Borgstrgm (1940 and 1941),
argued again in (1974), has been to treat the stops with shorter
preaspiration of the Lewis dialect (and area B) as single
phonemes, and to regard the longer preaspiration of the more
southern islands and the mainland (areas Cl) as clusters of
[hl, [¢l, or [x] plus stop. To recapitulate briefly on the
realisations of preaspiration in the latter dialect, which varies
with place of articulation: with wvelars and palatals the

realisation is nearly always a homorganic fricative, but a
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glottal fricative may also occasionally be found. With other
places of articulation, a glottal fricative is the usual
realisation, but realisations with velar or palatal fricatives
can also occur (for a detailed description, see Borgstrgm, 1940:

167-169, and 1941: 43-44).

Principal reasons for the differential treatment of the two
dialects, and specifically for the biphonemic analysis of the Cl

dialect, would seem to be:

. . . . . /s
Durational: The rationale here is similar to Petursson’s,

When preaspiration is longer it 1is more separately
perceptible in its own right. Lewis preaspiration is shorter
than [h], and shorter than the preaspiration of the southern

dialects.

Variability of realisation: As velar, palatal and

glottal fricatives occur also as separate phonemes in
Scottish Gaelic, there 1is a reluctance to have their
appearance as realisations of preaspiration derived from a

different underlying source.

Palatalisation of preaspiration in Lewis Gaelic: For

palatal and palato-alveolar stops in Lewis Gaelic, Borgstrgm
notes that "preaspiration is normally palatalised and may
resemble a very short [g]" (1974: 97). In his earlier work
(1940:21) he describes the quality of preaspiration with
these segments as "distinctly palatal without being as

narrow as [¢]". The phoneme /h/ is normally analyzed as
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neutral in Scottish Gaelic, i.e. as not partaking of the
opposition of palatalised and velarised segments (see
section 1.2.2.2 ). The palatalisation of preaspiration in
the Lewis dialects, with segments articulated in the palatal
region, is viewed by Borgstrgm as setting it apart from the

"ordinary h".

Preaspiration in the English of Lewis Gaelic speakers:

Lewis speakers are more likely to preaspirate stops in

English than are speakers of the more southern dialects,

e.g. Harris.

With regard to the phonemic status of preaspirated stops I would
tend to favour the "single phoneme" interpretation for the
languages and dialects looked at. My reasons for preferring a
monophonemic analysis, and the counterarguments I would suggest
to the grounds suggested above for the bi-phonemic analysis would

be as follows:

1. Arguments on phonetic similarity involve durational and

articulatory characteristics, which must be dealt with

separately.

la) Durational. Although preaspiration can be of very long

duration in certain environments (e.g. following short
vowels) in other environments it can be very short indeed.
For example, in Scottish Gaelic it is never very long with
long vowels (see Chapter 2). Its duration is also

comparatively shorter in medial than in final prepausal

70



position (see also Chapter 2) and in positions with relative

lack of stress its duration is strikingly shorter (see

Chapter 3).

One might add here that the perception experiments reported
in Chapter 5 would seem to indicate that only a short
duration of preaspiration is required in order for stops to
be perceived as preaspirated. VOFFT (voice offset time)
perception is durationally very similar to VOT perception.

~

lb) Articulatory similarity. This is, as far as I can see

a non-argument. Bearing in mind the discussion of the
previous subsection 1.2.3, there are similarities of oral
and glottal configuration between [h] and pre- and
postaspiration, and no particular justification for grouping
[h] and preaspiration as distinct £from postaspiration.
More plausible grounds for arguing a phonetic dissimilarity
between pre- and postaspiration could conceivably be found
in the fact (already mentioned in section 1.3. below and
discussed in some detail 1in later chapters) that
preaspiration has, in comparison to postaspiration, a
relatively slow breathy voiced transition between the vowel
and the aspiration. However, as is argued in Chapter 2 the
breathy voiced transition 1is probably an unavoidable
aerodynamic/mechanical artefact of postvocalic devoicing
when the vocal tract is open. As such, one would be

reluctant to suggest it as a differentiating feature.
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Pétursson's suggestion that preaspiration may have wider glottal
opening than postaspiration and that this would explain the
durational difference, seems to miss the point of Kim (1970).
The width of glottal opening at stop release may serve to explain
postaspiration duration, because, all else being equal, it
determines how long it will take for the vocal folds to reach the
point where voice is initiated. With preaspiration, there is no
reason to suspect that the degree of glottal opening determines
the point at which preaspiration terminates (or oral occlusion
occurs). Although one should expect preaspiration duration to
correlate with width of glottal opening at oral closure, this
would simply be a consequence and not a cause of the longer
preaspiration duration. It would be a reflection of the fact
that a greater proportion of the glottal opening was achieved

before the point of oral closure.

2. Variability of realisation.

The fact that realisations of preaspiration vary as between

glottal and oral frication, bhas been used by Liberman (1972) as

an argument against treating preaspiration as a sequence of two

segments.

The variability of preaspiration realisation is only
phonologically a problem if one adheres to a strict classical
phonemic model of phonology where similar surface segments have

to be derived from the same underlying form. This requirement of
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classical phonemics has retrospectively become known as the bi-
uniqueness condition (see Chomsky, 1964: 94-95). as [h], [¢l,
and [x] occur as separate phonemes in Scottish Gaelic, an
analysis whereby [xk] is derived from an underlying [hk] in the
Cl dialect would contravene the bi-uniqueness condition. (It is
worth pointing out here that the work by Borgstrgm is within the

classical phonemic model, or is in some cases prephonemic.)

However, in the Cl dialect, velar and palatal stops have usually
(but note, not always) velar or palatal fricative realisations of
preaspiration, and furthermore, other places of articulation may
occasionally have velar or palatal fricative realisations of
preaspiration rather than the more usual glottal fricative
variety. This means that a phonemic analysis as clusters would
be wuntidy (with lots of overlapping) and would miss out an
important generalisation. If there are "preaffricating" dialects
or 1idiolects in Icelandic, this point would also hold. Within
more recent phonological thought, the bi-uniqueness condition
has not been considered a primary consideration. The capturing of

generalisations is on the other hand of primary importance.

3. Phonological and morphological generalisations

Other important generalisations are lost 1if one adopts the
biphonemic analysis. One example concerns the devoicing of
liquids and nasals. In all the languages looked at (including
Irish) wvoiced liquids and nasals ' are devoiced preceding the

"preaspirating" stop series. This, one feels, really does point
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to the preaspiration as being genuinely a characteristic of the
stop. If one were to adopt a cluster analysis, this further
generalisation would be lost. Clearly, the devoicing of liquids
and nasals preceding preaspirated stops is analogous to the
devoicing commonly found in 1liquids following postaspirated
stops. In Scottish Gaelic, one would further have to postulate a

voiceless series of liquid and nasal phonemes, if one were to

adopt the cluster analysis.

In fact, recent works on Icelandic phonology by grnason (1980:24)
and Thrdinsson (1978:21) have (although as phonologists deferring
to Pétursson's "phonetic" line of argument that preaspiration
should be regarded as a separate segment) pointed out that, in
terms of phonological and morphophonemic processes in the
language, this interpretation does not make much sense.

Alternations between preaspirated and unpréaspirated stops occur

in Icelandic and carry important grammatical functions, for
example as past versus present tense marking on verbs or as
neuter versus feminine marking on adjectives (ljég [ljout:]
versus 1j4tt [ljouht] are feminine and neuter forms of the
adjective "ugly"; for more on this, see ﬁrnason, 1977). These

cases would have to be dealt with as cases of [h] infixing, if

the biphonemic analysis is adopted.
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4. Palatalisation of preaspiration with palatal stops in Lewis

Gaelic points t

a similarity rather than a dissimilarity

with the southern Cl dialect.

The situation described for Lewis palatal and palato-alveolar
stops 1s clearly analogous to that of the more southern dialect
. of Cl. The tendency revealed is clearly the same, it is only the
degree that differs. The weaker preaffrication exhibited by
Lewis probably correlates with the overall shorter duration of
preaspiration in this dialect, for the production reasons
outlined in subsection (d) of section 1.3 above. The fact that
Lewis Gaelic exhibits tendencies similar to those of dialect Cl
militates rather for grouping them together, and can hardly serve

as grounds for a separate treatment.

According to Borgstrgm the palatalised realisation of
preaspiration for palatal stops in Lewis renders it different
from the /h/ phoneme which is neutral. Tﬁe fact that the /h/
phoneme is phonologically analysed as neutral, i.e. does not
contrast velarised and palatalised varieties, indicates rather
that the quality of the glottal fricative tends to, and is free
to coarticulate in quality with adjacent segments. In this
respect it is not essentially any different from either pre- or

postaspiration.
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5. The pronunciation of English by Gaelic speakers.

On this, I would tend to agree with a viewpoint expressed by
7/

Cathair O Dochartaigh (personal communication) that this is not

necessarily a criterion that should be used when deciding on the

internal structure of a language or dialect.

6. Perceptual integration of preaspiration and stop closure

One final piece of evidence, which seems to favour the
monophonemic interpretation of preaspirated stops, comes from
perception Experiment 3 in Chapter 5.2. In that experiment it
was found that stop duration contributes positively to the
percept of the preaspirated stop. This suggests some kind of
perceptual integration of the two elements of stop closure and
preaspiration. If it were the case, that preaspiration functions
as a separate segment, then one should expect an increase in the
following stop closure to decrease its perceptibility. The type
of trading relationship observed for preaspiration and stop
closure would seem highly unlikely it these two were perceived in

contrast to each other.

On balance therefore, the monophonemic interpretation of the
preaspirated stop seems preferable, and is the one opted for in

this study.
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1.3 INSTRUMENTATION, SEGMENTATION AND LINGUISTIC DATA

RECORDED

1.3.1 Instrumental Techniques used

1.3.1.0 Introduction

Instrumental techniques were used in this study to elucidate

aspects of the production and perception of preaspiration.

The production data presented in Chapters 2 and 3 involved

primarily fairly extensive measurements of the possible
durational correlates of ‘'"preaspirating” oppositions. These
correlates and their importance in stop cognate oppositions have
been outlined in section 1.1 above. The durational measurements
were based on a comparison of oral airflow and audio (or in some
cases laryngographic) signals. In addition to this, some (much
more limited number) of recordings included electroglottographic
and subglottal pressure measurements, which afforded insights
into glottal activity in the production of the stop oppositions
of the three 1languages studied. The findings and insights
regarding glottal behaviour are also discussed in Chapters 2 and
especially 3. Finally, in Chapter 5, which deals with the
perception of preaspiration, a small amount of additional
production data is included, from which durational measurements
were made. These data were oﬁ?ined to 1illustrate or clarify
certain points relevant to the discussion in this chapter.

Details concerning the equipment used follow here below. In
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section 1.3.2, there is a discussion of the segmentation used.

The linguistic materials recorded are tabulated in section 1.3.3.

The results of experiments concerning the perceotion of
preaspiration are presented in Chapter 5. There were two
techniques used for the preparation of stimuli for these
experiments. The first involved computer manipulation of
previously recorded natural speech. The second technique
involved speech synthesis, 1i.e. the synthetic construction of
speech-like stimuli, on the basis of parameters measured from
spectrograms. Some details concerning the equipment used for the
preparation of stimuli are included here below. More specific
information is given 1in the relevant parts of Chapter 35,
outlining the nature of the parameters manipulated for each

series of stimuli as well as details concerning the subjects and

the presentation of stimuli.

1.3.1.1 Instrumentation used in production measurements:

The recordings of production data were carried out at a number of
establishments. In addition to the phonetics laboratory of the
University College North Wales, Bangor, where the author was
based, recordings were made in:

The Phonetics Laboratory, Edinburgh University,

The Royal Hospital for Sick Children, Edinburgh and

The Phonetics Laboratory, Oxford University.
The spread of establishments was mainly dictated by where

informants could be found, as speakers of the languages
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Experimental arrangement for a recording which includes:

1.

2.
3.

Airflow (see text for different types of devices used)

a) mask
b) flowheads
c) differential pressure transducers

Audio microphone
Photo electric glottograph

a) cold light source
b) 1light sensor
c) amplifier

Subglottal/oesophageal pressure transducer
Amplifying unit for 1lc) and 4
Inkwriter - oscillomink

Tape recorder
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investigated are often difficult to find. On the whole, similar
instrumentation was used in the various laboratories; what
slight differences there were in intrumental set-up is mentioned
below. The instrumental technique of electroglottography was

only available in the phonetics laboratory of Oxford University,

and therefore all such data was recorded there.

Figure 1.5 1illustrates the experimental arrangement for a
recording where signals were obtained for (1) oral airflow, (2)
an audio microphone, (3) an electroglottograph, and a transducer
which measures (4) subglottal pressure (strictly speaking
oesophageal pressure - see below). The outputs of (1) and (4)
were (5) amplified, and along with the other signals were
recorded on an (6) oscillograph ink writer. Figures 1.6, 1.7 and
1.8 illustrate the oscillographic tracings for a typical
recording of the above signals, with the exception of subglottal
pressure. In most recordings (i.e. all but the earliest
recordings made) the audio microphone was also simultaneously fed
to a (7) tape recorder. This is usetul when transcribing the
data, and as it permits later recovery of errors, breaks etc.,

enables a larger guantity of data to be recorded without stopping

to annotate where one is at.

(1) Oral Airflow: Depending on the establishment, one of two

devices were used to record oral airflow. Figure 1.5 illustrates

the second of these.
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The first, wused in the phonetics laboratories at Bangor and
Edinburgh 1is the electro-aerometer (F-J Electronics). For a
detailed description of this device, see Scully (1969). The
subject speaks into the specially-designed face mask, which fits
over the nose and mouth, and separates oral and nasal flow by
means of a soft rubber partition which rests above the upper lip.
In the oral and nasal chambers, there are two one-way valves,
with lights behind them, through which ingressive and egressive

flow can pass separately. The opening and closing of the valves

is registered by photoelectric cells.

In the phonetic laboratory of Oxtord University, and the Royal
Hospital for Sick Children, Edinburgh, the pneumotachographic
method was used to register oral airflow (see Figure 1l.5). This
device 1involves a flowmeter 1in which there is a wire mesh screen
and a differential pressure transducer. As air flows across the
wire mesh screen, a pressure drop results and is recorded by the
transducer, via pressure taps on either side of the screen. The
pressure drop,. which is linearly related to the volume rate of
airflow, is converted to an electrical voltage and amplified.
The particular configurations used in the two establishments were
designed by Dr J. Anthony of Edinburgh University and consisted
of the following: (la) a surgical face mask, converted so that
a soft rubber partition, resting on the upper lip, separates
oral from nasal flow. To the exits of the oral and nasal

chambers are attached (1b) flowheads (Type F2, 19mm bore,

manufactured by Mercury Electronics Scotland Ltd.). The
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differential pressure transducers (Gaeltec 8T) and amplifiers,
(lc) and (5), respectively in Figure 1.5, form part of the
Gaeltec Aerodynamic unit manufactured by Gaeltec Ltd., Skye,
Scotland. For some comments on this system of airflow

measurement, see Anthony (1982).

Of the two systems for measuring airflow, the latter has the

advantage of being more linear and is more easily calibrated.

(2) Audio Microphone

Again systems were not identical in each estalishment. In
Edinburgh University and in Bangor, a larynx microphone (F-J
Electronics) was placed at the subject's larynx on the outside of
the throat by means of a collar. In these recordings, needless
to say, no glottography signal was included and hence the larynx
was "free". In Oxford University, a microphone (type Eagle PRO
M5) was mounted in the oral chamber of the airflow mask. This is
the version illustrated in Figure 1.5. In the Royal Hospital for
Sick Children, Edinburgh, the audio microphone was mounted on a
stand external to the mask. The audio signal in this last
configuration 1is extremely noisy, as it picks up other external
noises, such as that of the machines. However, this
configuration featured a laryngograph, a device which measures
the electrical impedence across the vocal folds (not part of the
illustration in Figure 1.5). The Laryngograph records the
waveform of vocal-fold vibration, and replaced the function of

the audio-microphone in these recordings, for determining voice
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The glottograph can not be calibrated, and factors such as the
placement of light source and light sensor affect the amplitude
of the waveform obtained. Although information regarding onset
of glottal abduction/adduction can be obtained with accuracy,
caution 1is required in interpreting glottal opening amplitudes.
Inferences concerning amplitude of glottal opening are made only
in cases where there is evidence of

- abduction versus no abduction of vocal folds (as in
Chapter 2.3.4), or of

- large and consistant differences in glottal opening
amplitude (as in Chapter 3.2). Care has also been
taken 1in these recordings to minimise factors which
could cause artefacts in the results (see discussion in
3.2.3).



on- and offset. Some differences in measurements resulting from
the wuse of laryngograph as opposed to the microphone signal are

discussed where relevant in the text of Chapter 3.

(3) Photo-electric glottograph

The F-J electronics, type LG 900 photo-electric glottograph was
used. This device consists of (3a) a light source, (3b) a
photo-transistor, and (3c) an amplifier. A cold beam of light
from the light source is directed through an acrylic cone whose
tip 1is held in contact with the subject's skin below the thyroid
cartilage. The photo-transistor is mounted in a polyethylene

catheter, which is introduced transnasally, and lowered into the
subject's pharynx to a point where it lies above the glottis.
The tip of the catheter is swallowed, and this stabilises the
position of the photo-transistor in the pharynx. The amount of
light picked up by the transistor will depend on the opening and
closing of the vocal folds. It is converted into an electric

current which is amplified and then recorded.

(4) Subglottal/oesophageal pressure

The catheter containing the bhoto-transistor had two further
transducers mounted in it (Gaeltec 3CT), suitable for the
recording of oral and ocesophageal pressures. This "multi-
transducer" catheter was manufactured by Gaeltec Ltd., Skye,
Scotland, to the design of Mr R.A.W. Bladon. In recordings which
contained glottographic signals it was usually possible to

include one and sometimes two of the pressure recordings. The
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fixed distances between transducers did not necessarily "fit"
every subject. When this was the case, oral pressure (Po) was
considered dispensible as it was least essential for the purpose
of this study. In illustrations of recordings, the signal
resulting from an incorrectly positioned oral-pressure transducer
is marked with an asterisk. Only subglottal/oesophageal
pressure is referred to in the thesis and discussion will be

restricted to it here.

The transducer which records subglottal/ocesophageal pressure is
positioned below the photo-transistor, and is swallowed so that
it 1lies 1in the oesophagus behind and just beneath the glottis.
For short utterances of the kind used in this study, oesophageal
pressure correlates well with subglottal pressure and will
henceforth be referred %o as such; (for a discussion of this
topic, see Ladefoged 1967:6-10). The output from the transducer

is amplified in the aerodynamic unit (5) before being recorded.

(5) Amplifiers for airflow and pressure signals

The aerodynamic unit supplied by Gaeltec Ltd., Skye, Scotland,
contains amplifiers for both airflow and pressure signals. It
also allows low pass filtering of the airflow signals in the

range of 60Hz to 270Hz. Both filtered and unfiltered outputs

were recorded on separate channels of the inkwriter.
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(6) Oscillograph

The ink writers used were in every case by Siemens. In Oxford, in
Bangor, and in the Royal Hospital for Sick Children in Edinburgh,
an eight channel model was used. In Edinburgh University both
four and sixteen channel models were used. The recording speed
was 100mm per second, excepting recordings made in the Royal
Hospital for Sick Children, Edinburgh, where the recording speed

was 250mm per second.

1.3.1.2 Instrumentation used for perceptual experiments

The stimuli wused in the perceptual experiments described in
Chapter 5 were prepared in:
The Phonetics Laboratory, Cambridge University, and

The Department of Experimental Psychology, Oxford University.

In Cambridge, stimuli were produced from computer-editing natural
speech. A studio recorded speech sample was first 1low pass
filtered to 5 Khz, and then digitised at a sampling speed of 10
Khz on to a Computer Automation 'Alpha' LS1-2/40 minicomputer,
and stored on disk. The stored, digitised speech was then
displayed on a CRT screen. . A software editing program SEDIT
allows for up to 1.6 seconds of speech at a time to be
transferred from disk to memory, and to be displayed and
manipulated in various ways. Manually controlled cursors permit
durational measurements to be carried out on the displayed
speech, and can further be used to designate the position on

which specific operations are to be carried out. The waveform
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manipulations which were carried out on the speech samples for
these experiments involved deletion, reduplication, amplification
and attentuation. The precise details regarding the stimuli are

given in Chapter 5.

Stimuli prepared in the Experimental Psychology Department of
Oxford University involved synthetic speech. The particular
synthesis model used was the Klatt software synthesis,
implemented on a PDP-1l. This is described in detail in Klatt
(1980), and featured additionally an executive system written by
Diane Kewley-Port. Details regarding the actual stimuli prepared

on this system are given in Chapter 5.

Stimuli for the perceptual experiments were presented to subjects
in the following establishments:

The Phonetics Laboratory, University College London

The Phonetics Laboratory, University of Edinburgh, and

The Phonetics Laboratory, Oxford University.

As was the case in obtaining production data, the spread of
establishments used was a reflection of the difficulty in finding
subjects. The stimuli were presented to subjects using
headphones (HD 414X). The tape recorder used in each

establishment was a Revox (A 77).

In Experiments 1 and 3 of Chapter 5, it was thought that the
level at which subjects heard the stimuli might affect their

responses. For this reason, steps were taken to ensure that the
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tape was presented to subjects at the same level, and these are
also described in Chapter 5. In Experiment 2, this factor was
not taken account of, and subjects were instructed to set the

volume at a level which they found comfortable.

All further details regarding the presentation of stimuli (e.gq.

numbers of stimuli, interstimulus intervals, etc.) are described

in the relevant sections of Chapter 5.

1.3.2 SEGMENTATION

Figures 1.6, 1.7, and 1.8 are of typical recordings which
include the traces for : oral airflow rate (Uo) filtered on
channel 1 and wunfiltered on channel 2, the photo-electric'
glottograph on channel 3 (Gx), and the audio microphone signal on
channel 4. These recordings will serve to 1illustrate points
concerning segmentation and show the three types of stops which

can occur in medial intervocalic position in Icelandic.

Information on supraglottal articulation was ascertained from the
oral airflow trace.1 Stop closure is indicated by the sharp dip
of oral airflow and would correspond for example to time points D
in Figures 1.6, 1.7 and 1.8. The subsequent sudden rise again
from zero marks the moment of oral release - time points E in
these figures. The drop 1in oral airflow which marks oral
closure is rather dramatic for the preaspirated stops. This is

because airflow prior to closure is very high, due to the

Note that as the filtered channel lags between 5 and 10ms behind
the unfiltered, the 1latter has been used for segmentation

purposes.
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abduction of the vocal folds. For stops which are not
preaspirated the dip in oral airflow is less dramatic, but
segmentation is aided here by the very sudden and severe damping
of the "voicing" striations, which can be observed on the audio
microphone signal and on the untiltered oral airflow trace (time

points D in Figures 1.7 and 1.8).

Time point F marks the beginning of the preceding vowel. It
might be noted here that the principal measurements and the
statistical results presented for vowel duration in Chapter 2
come from data set 3 (as described in Table 1.1 and section 1.3).
In this data set the initial consonant did not vary and was 1in
every case an unaspirated bilabial stop. This enabled easy
segmentation; the vowel was measured as beginning with the onset

of voicing after the stop.

Postaspiration, or Voice onset time was taken to be the interval
from stop release, ascertainable from the oral airflow trace, and
the beginning of the "voicing" striations on the audio microphone

signal, (for example time point G in Figure 1.8).

The segmentation of preaspiration posed the greatest problem.
The initial expectation had been that it could be measured in a
way analogous to postaspiration and voice onset time, that is as
the interval between voice offset (i.e. the end of the "voicing"
striations on the microphone signal) and oral closure as

determined from the oral airflow trace.
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However, contrary to these expectations, preaspiration is not the
mirror image of postaspiration in one important way which was
crucial to our measurements. Preaspirated stops are
characterised by a sudden sharp increase in oral airflow prior to
stop closure, corresponding to timepoint A in Figure 1.6. This
coincides with early glottal opening, as can be seen trom the
electro-glottographic trace. Vocal fold vibration continues,
however, for quite some time after the oral airflow trace has
indicated glottal opening, at a considerable amplitude for an
interval, and then diminishing to a low residual ripple. It
seems, therefore, that voice offset time (if strictly interpreted
to mean the end of periodicity in the waveform) occurs quite some
time after vocal fold abduction has commenced. What appears to
be h&ppening is that there is a slow transition from voice to
voicelessness, yielding an interval when there is both voicing
and aspiration present. This interval has also been remarked
upon by Shuken (1980), who described it as breathy-voice, a label
which seems appropriate and which will be adopted here,
abbreviated to BV. From the audio oscillogram one can, within
the BV interval, very often differentiate without too much
difficulty between a portion for which vocal fold vibration is at
a rather high level, not very different from that of the vowel
(for which the mnemonic NV will be used) and a portion where the
periodicity in the waveform is at a very low level (which will be
termed LAV here). In Figure 1.6, NV corresponds to the interval

A --> B and LAV to the interval B --> C.
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The slow, sloppy transition from voice to voicelessness which
characterises preaspiration is rather different from the onset of
voice, where full glottal vibration is achieved very rapidly.
These types of differences in voice onset and offset speeds can
be observed in the cinefilm of the vocal folds, made by Elizabeth
Uldall (1958). There, one can observe the opening vocal folds
continuing to vibrate for rather a long period for the prepausal
vowel; for the postpausal vowel, only a few glottal ‘"ripples"

precede full vocal vibration. This is further discussed in

Chapter 2.2.5.

This asymmetry in voice offset and onset posed a few problems.
The first was the question of segmentation. Should preaspiration
be measured from the point where the vocal folds start abducting,
as indicated by the rise in oral airflow? Or should one measure
from the end of periodicity in the waveform? A third possibility
might be to measure from the point where the amplitude of the
audio waveform had reached a low level. This last would be
difficult to ascertain consistently. Sometimes there was an
identifiable sharp drop in the amplitude of the waveform, between
those portions of the BV interval designated as NV and LAV.
However, sometimes the waveform amplitude decayed more gradually,

and so the cutoff point between these two was a matter of

subjective judgment.

The segmentation decision made, was to measure preaspiration from
the point where the vocal folds were thought to have begun

abducting, on the basis of the sharp rise in oral airflow prior
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to stop closure. This means that the BV interval was included in
the duration of preaspiration. As a matter of interest, the
duration of the BV interval was also measured in many of the data
sets presented in Chapters 2 and 3, and within BV, an attempt was

made to tabulate the durations of the NV and LAV portions.

The inclusion of the BV interval in preaspiration duration, may
mean that results here are not directly comparable with those of
other authors who may have segmented preaspiration’ differently.
Pétursson (1972), similarly working with recordings of airflow
and audio micropﬂone signals, specifies that preaspiration was

segmented on the basis of the sudden rise in oral airflow (:63).
He does not mention the BV interval ; inspection of the traces

included in that paper suggest that in fact his segmentation is

not precisely from the point where oral airflow rises but 1is
rather later, and would seem to be a compromise between that
point and the end of the BV interval. Pind (1982) made
measurements of preaspiration from the audio waveform alone, and
it is therefore not surprising that the question of the BV
interval is not discussed, as a visual inspection of the acoustic
waveform does not signal the point where the vocal folds start
opening. Pind states that preaspiration is measured from the
point where "the periodic waveform, which signifies the vowel,
gives way to a non-periodic waveform, which is the preaspiration”
(277). However, 3judging by the figure which he includes to
illustrate segmentation (:79), he would appear to be segmenting
preaspiration from the end of what is here termed NV. Thus, the

LAV portion of the BV interval (i.e. the portion where there is
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low amplitude vibration of the vocal-folds) seems to be included
in his measures of preaspiration. These differences in
segmentation practice must be borne in mind should one want to

compare the results of this study to those presented elsewhere.

The segmentation «criteria used here to measure preaspiration,
differs from that normally used (and indeed used here) to measure
postaspiration. Postaspiration 1is typically measured as the
interval from stop release to onset of voicing (or periodicity in
the waveform). This point correlates reasonably closely to the
point where the glottis is vibrating with full adduction. An
absolutely precise delimitation of postaspiration or of voice
onset is not completely unproblematical either (see for example,
Fischer-Jg¢rgensen and Hutters, 1981). However, the correspondence
between postaspiration and voice onset time 1is considerably
greater than between preaspiration and voice offset time. The
different «criteria wused is measuring pre- and postaspiration
presents some difficulties when one wants to compare these two.

This problem is further discussed in Chapter 2.4, where such a

comparison is attempted.

The BV interval of preaspiration posed a few questions concerning
its production and perception. The production data in Chapters 2
and 3 suggesf that it is a non-avoidable production artefact,
which results from the fact that there is high airflow through
the opening and already vibrating glottis. As the vocal tract is

open during preaspiration, there is no passive aid to devoicing
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through a build up 1in oral pressure with a consequent

neutralisation of the transglottal pressure drop.

One must also question the perceptual status of the BV interval.
Its inclusion in the preaspiration values presented in this
study, may be thought to imply that it is perceived as part of
the preaspiration. However, 1if the BV interval is a non-
avoidable aspect of the transition from voice to voicelessness,
it is conceivable that it is perceptually cancelled out, in much
the same way as the aspiration present in the prepausal vowel is
cancelled out. This question is dealt with in greater detail in
Chapter 2.2.5, and one aspect of Experiment 1 in Chapter 5

specifically addresses the question of the perceptual relevance

of the BV interval.

1.3.3 THE LINGUISTIC MATERIALS RECORDED

The linguistic materials recorded for all measurements involving
speech production are tabulated in Table 1.1 A number of data
sets were recorded, each for a specific purpose. These data sets

are numbered in Table 1.1 to enable back-referencing for results

presented in the subsequent chapters.

The main body of data, on which the core of the description of

durational features in Chapter 2 is based, was contained in data
sets 1, 2 and 3. The supplementary data sets 4 and 5 were

recorded to futher elucidate specific areas of discussion in
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measurements are presented.
particular language/dialect, mwore than one
informant was used, they are differentiated
by means of the numbers in brackets (e.g.
Lewis (2) = the second Lewis informant).

Where, for a

The word lists on which data sets 1, 2
and 13 are based are given in Appendix 5

p.466.

sections of this study.
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The items contained in the other
data sets are given in the relevant

NATURE OF TOKENS ENVIRONMENTS
WHERE : Controlled NUMBER iei Consonant
DATA SET PRESENTED G;::::o Nonsense LANGUAGE/DIALECT OF ITEMS Position Vowel
Paradigms kv | vev | vegt | Long | shore Place of
Articulation
ICELANDIC (1) 130 / / J J / All
SC. GAELIC
1 CHAPTER 2 v Skye 112 J J J J J All
Lewis (1) 12 J / J J J All
IRISH 144 / J / / All
SC. GAELIC
HAPTE Harris 80 J J J J All
z ¢ R 2 I/ N. Uist 80 / J v / All
Lewis (1) 80 J / J J All
SC. GAELIC
Harris 120 J J J J Dental
3 CHAPTER 2 4 Lewis (2) 120 / J J 7/ Dental
IRISH 120 / J J J Dental
L]
sC GQELIC Bilabial and
4 CHAPTER 2 J N. Usst 2% J / / __Dental
Lewis (2) 32 7 / J Bilabial and
I Dental
SC. GAELIC
Harris 20 7 / AlL
5 CHAPTER 2 J Lewis (2) 20 J / ALl
IRISH 20 / / All
SC. GAELIC
6 CHAPTER 2 / Harris 50 J { Dental
SC. GAELIC
Harris 88 v J /
7 CHAPTER 1 v Lewis (2) 88 J / / Dental
IRISH 80 / ! /
8 CHAPTER 3 J ICELANDIC (2) 66 N / v/ Bilabial
(a) (a) 40 J J Dental
9 (b) | CHAPTER 3 v IRISH (b) 48 J 7 Dental
(b) (c) 25 J 7/ Dental
10 CHAPTER 3 J ICELANDIC (2) 40 J J Dental
11 CHAPTER 3 v IRISH 81 J J Dental
12 CHAPTER 5 v ICELANDIC (2) 20 J 7 Bilabial
Bilabial and
13 CHAPTER 5 v FRENCH 120 / / J / Dental
TABLE 1.1 A summary of the data from which production



Chapter 2. The motivation for these and for the other data sets
listed will be discussed below. The data for Harris and North
Uist from data set 2 was originally collected by Dr C. 6
Dochartaigh, then of Kings College, Aberdeen University, and
permission to use these is gratefuly acknowledged. For the Lewis
data of this set the same word list was used. The items on this

word list were uttered as citation forms. The items in data set

1 were inserted into the following carrier frames:

Initial postpausal prevocalic

Icelandic - sagdi hann. " - he said."
Scottish Gaelic = a th'ann. "It is -."

Irish - a gﬁiEE‘Eé; "He said -."
Medial intervocalic

Icelandic Hann sagbi - wib mig. "He said - to me."
Scottish Gaelic Thuirt e - rium. "He said - to me."
Irish Ddirt sé - liom. "He said - to me.

Final postvocalic prepausal

Icelandic Hann sag®i -. "He said -.

Scottish Gaelic Thﬁirt e "He said -, "

Irish Dﬁirt sé

"He said - "

The main purpose of the frame is to minimise the 1likelihood of
tempo and pitch changes during the recording. However, one would

also expect items in a carrier phrase to be uttered slightly
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faster than the single citation forms, especially perhaps in
medial position. To enable comparison, two sets of data were
collected for a Lewis informant, with and without the carrier
frame. This informant 1is labelled Lewis (1) on Table 1.1 to
differentiate between her and another informant, Lewis (2), used
in subsequent recordings. As expected, results for these did
show a small, but consistant shortening in the "framed" items.
For that reason, the data for the two recording situations are

presented ‘separately in Chapter 2.

The convention of recording items inserted into carrier frames
was adopted throughout, with the further exception of data set 6.
Where, for a particular purpose, the frames used differed from

those given above, this 1is described fully in the relevant

section of the thesis.

Monosyllabic words were used for stops in initial and final
positions; for intervocalic stops the words used were disyllabic.
In these languages stress falls normally on the first syllable of
a disyllabic word. The words used in data sets 1 and 2 contained
examples for each place of articulation relevant in a particular
language or dialect. In postvocalic environments the vowel
length specified is that of the preceding vowel. Insofar as was
possible, the quality of this vowel was controlled in the
Icelandic and Irish data; with few exceptions for either
language, the vowels were the long and short phonemes /a:/ and
/a/.In Scottish Gaelic the quality of the vowel was not

controlled.
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Data set 3 consisted of a paradigm of nonsense words, rather than
real words as in data sets 1 and 2. It contained stops in medial
and final position after 1long and short vowels, and both
consonantal place of articulation and vowel quality were Kkept
constant. There are two ways in which this data set supplements

data sets 1 and 2.

First of all, this set should permit a more accurate

characterisastion of temporal features 5 and 6 (i.e. the
differences 1in consonant and in preceding vowel durations which
may correlate with the phonoﬁ%ical opposifion of stop cognates:
see sections 1.1.5 and 1.1.6). It was felt that the potentially
fine-grained differences might be obscured by data sets 1 and 2,
and would be best revealed when vowel quality and consonantal
place of articulation were kept constant. Vowel durations are
known to vary with vowel quality (Lehiste, 1970:18) and
consonantal place of articulation seems to affect consonant

closure duration (Lehiste, 1970:27-28).

Furthermore, with fewer variables and consequently a greater
number of repetitions of each item, data set 3 was intended to
permit statistical testing (and further verification) of the
findings of sets 1 and 2 regarding the conditioning effects of
positional variation and phonological vowel length on
preaspiration duration. Therefore, the statistical details

included in Chapter 2 are based on this data set.
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Two small further sets of data were recorded to illuminate points
in Chapter 2. Data set 4 was a supplementary check on the
effects of the length of a following vowel on postaspiration in
#CV. Data set 5 was recorded as a check on the effect of place
of articulation on preaspiration, where the variable of differing

preceding vowel quality was eliminated.

Chapter 3 deals with the effects of stress variation on

preaspiration and voicing. All the durational measurements,

presented in Chapter 3.1 are based on data set 7.

Sets 6, 8 and 9 included photoelectric glottographic tracings and
yield some insight on glottal activity in the production of the
stop contrasts of Scottish Gaelic, Icelandic, and Irish
respectively. Futhermore, the data recorded in sets 8 and 9
contained stops uttered at differing stress levels. These, it
was hoped, would further illuminate the effects of stress level
on preaspiration and yield some insight on the glottal control of
voiceless consonants in general. They are discussed in Chapter
3.2. For details on what is meant by "differing stress levels",
see Chapter 3. For an explanation of the further subdivisions

a), b), and c) of data set 9, the reader is also referred to the

text of Chapter 3.2.

Data sets 10, 11 and 9(a), included a subglottal pressure signal
as a means of checking on some of the aerodynamic consequences of

the stress variation discussed in Chapter 3.
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Sets 12 and 13 were required in Chapter 5. Set 12 was recorded
to obtain particular durational measurements (using the same
criteria as in the earlier chapters) on repetitions of the same
token as that used for the preparation of the perceptual stimuli
of Experiments 1 and 3 of Chapter 5. Set 13 contained some

French data and was recorded to illustrate a particular

discussion in Chapter 5.

Informants

Production measurements are based on recordings made by the

-

following informants:

Icelandic
S. M., Female, Reykjavfk.
P. H., Male, Reykjavfk.

These two spoke the linmaeli dialect of Icelandic (see section

1.2.1).

Scottish Gaelic

Harris M. Mac L., Female, Harris.

North Uist D. A. Mac D., Male.

Skye J. Mac I., Male.
Lewis (1) C. S., Female, Stornaway, Lewis.
Lewis (2) J. Mac K., Female, The Point Peninsula, Lewis.

These Scottish Gaelic speakers represent two of the dialect areas

described by Borgstrgm (see section 1.2.2.3). The first three

represent dialect area Cl; the two from Lewis represent dialect

area B.
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The Skye informant grew up on that island but was in fact born in
Lewis. He describes himself as having essentially the Skye
dialect, but having some North Uist influences. The data will be
referred to as Skye data. It is clear from Chapter 2 that this
speaker patterns with dialect Cl and is rather different from the

Lewis speaker.

Irish

The author was used for recordings of Irish, necessitated by the
impossibility of finding other native speakers in the vicinity of
phonetics laboratories at the time when this research was being
carried out. The recent establishment of a phonetics laboratory
at Trinity College, Dublin should allow in the near future a more
wide ranging account of voicing and (pre)aspiration for Irish
dialects. At present, the author would simply like to note
informally that an inspection of a small amount of data obtained
from a speaker of a West Kerry dialect (in the South-West of

Ireland) would seem to indicate very similar results.

Informant Ages

The difficulty of finding informants for the three languages
studied has been noted. Given the lack of choice, it was not
possible: to select informants with well matched ages. At the
time when these recordings were made, the Icelandic, Irish and
Lewis Gaelic speakers were in their twenties, while the Skye,

Harris and North Uist informants were in the 40-55 age bracket.
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CHAPTER 2

TEMPORAL ASPECTS OF OPPOSITIONS INVOLVING PREASPIRATION

2.0. Introduction

2.1. Postaspiration

2.2. Preaspiration

2.3. Voicing: the lenis (unpreaspirating) series

2.4. A comparison of pre- and postaspirating oppositions
2.5. Consonant closure durations

2.6. Vowel durations

2.7. A summary of conclusions
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2.0 INTRODUCTION

This chapter looks at the durational aspects of the oppositions
involving stop cognates in Icelandic, some Scottish Gaelic
dialects and 1Irish. Each of the features 1 to 6 described in
Chapter 1.1, which can be regarded as essentially temporal
adjustments, and which have been described as potential
production or perception correlates in voicing oppositions in
other languages, are examined here to see whether and to what
extent they also characterise oppositions involving
preaspiration. Discussion of feature 3, VOT and of VOFFT (voice
onset and offset time) comes in the sections dealing with post-

and preaspiration respectively.

Although these possible temporal features are dealt with seriatim
in this chapter, dealing with each feature individually 1is a
matter of organisational necessity and does not betoken a
viewpoint (not uncommon in the literature) that these features
function as discrete separate cues. In chapter 5.2, a hypothesis
will be discussed as to how the various features here (which in
themselves might only be used to a small extent) may feed into a

cumulative binary decision on the opposition, based on the

syllable.

Up to this point the oppositions in question have been referred
to as "phonological voicing oppositions" whether or not they

involve vocal fold vibration during stop closure. In the
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following description the series of stops which in these
languages exhibit preaspiration (and postaspiration in initial
position) will be referred to as the fortis series; the
unpreaspirated series will be called lenis. These terms are used
simply as convenient phonological terms to avoid the potentially
confusing situation where one speaks of voiceless voiced stops,
i.e. phonologically voiced stops with no phonetic voicing. The
fortis/lenis labels are in no way intended to imply that either

stop series is characterised by tense or lax qualities.

The production data presented in this chapter were recorded 1in
Phonetic Laboratories of the Universities of Edinburgh, Oxford,
