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Ilze AUZINA, Guna RABANTE-BUSA

QUALITATIVE AND QUANTITATIVE
VOWEL REDUCTION AND DELETION
IN THE SPOKEN LATVIAN

1 Introduction

Unstressed vowel reduction can be realised as any of various
changes in the acoustic quality or quantity of vowels: they can dem-
onstrate reduced duration and loudness, weakened voicing, complete
devoicing and they may be completely deleted. The aim of this study
is to investigate the reduction of short vowels in word-final unstressed
syllables found in Latvian, which are reported to be subject to vari-
able deletion (Karins, 1995a). The word /apa ‘leaf” can therefore be
pronounced as either [lap:d] or [lap:].

2 Previous investigations

A continuum of vowel weakening processes ranging from short-
ening and devoicing to elision commonly referred to as unstressed
vowel reduction is a salient characteristic of the Latvian language.

Spoken Latvian is characterized by the reduction of unstressed
vowels. Although it is commonly believed that there is mainly quanti-
tative vowel reduction in Latvian i. e. a short vowel in unstressed posi-
tion becomes extra short (Laua 1997, 72; Liepa 1957), some linguists
acknowledges that unstressed word-final syllable vowels change
their quality so as to becomes voiceless (Liepa 1957, 155; Mllvg 1
1959, 66; Grigorjevs 2009, Grigorjevs 2011, 85) or almost voice-
less (Muizniece 2002, 73). Recent acoustic studies of vowels have
shown a centralization of unstressed vowels in the unstressed medial
and final syllables of multisyllables/multisyllabic word, i.e. the qual-
ity of vowels (expecially of short vowels) changes closer to ‘schwa’
(Grigorjevs 2009; Grigorjevs 2011). Muizniece admits that it does not
mean that these sounds may be deleted or swallowed (sic) (Muizniece
2002, 73). Karins provides evidence that deletion of unstressed vow-
els is quite a common phenomenon in everyday speech (Karins 1995a;
Karin§ 1995b; Karins 1996).
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3 Target vowels

There are six short vowels in Latvian — /a/, /e/, /i/, /u/, /a/,
/3/, but neither /&e/ nor /5/ occurs in circumstances where they could
be deleted. Whenever other short vowels occur in a final unstressed
open syllable, they become reduced and may be variably deleted by
the speakers of Latvian. For example, a word masa ‘sister’ could be
articulated as [ma:sd] or [ma:s], and a word skaisti ‘beautifully’ can
be uttered as [skaisti], [skaisto] or [skaist]. If the final unstressed
syllable is closed (mainly if the coda is /s/), the short vowel (nucleus)
is reduced as well, thereby a word mdasas ‘sisters’ could be articu-
lated as [ma:sds], [ma:sas] or [ma:ss], and a word skaistas ‘beautiful
(nom. pl. f.)’ can be pronounced as [skaistds] or [skaists].

If the vowel is deleted in the open syllable, the final syllable be-
comes closed, and the number of syllables in the word decreases by one.
When vowel deletion occurs in an already-closed syllable, it shortens
the number of the syllables in a word and increases the number of con-
sonants in the coda, and a sonorant may become syllabic (Karins 1995),
for example name Karlis can be pronounced [ka:rls] or [ka:rls].

This study deals only with unstressed vowels into an open syl-
lable. Variable deletion or reduction of unstressed vowels was found
in the following positions:

miisu ~>[mu:si] / [mu:s] ‘our’

savu = [savii] / [sav]/[sau] / [sau] ‘your’

dzive > [dzi:vé] / [deirv] / [dzis u] Tife’

spele - [spe:lé] / [spe:l] ‘game’

maksliniece - [ma:kslinietsé] / [ma ksliniets] “artist’

saka >[sak:d] / [sak:] / [sak'] ‘says’ etc.

4 Analyzed data

Data for this analysis was obtained from the phonetically-anno-
tated dataset (4 hours of audio recordings) of the Latvian Speech Re-
cognition Corpus (Pinnis et. al. 2014). All audio data in this dataset is
annotated at the word and the phoneme level. The phonemic transcrip-
tion is generated automatically from the orthographic transcription us-
ing context sensitive grapheme-to-phoneme rules. Then the phonemic
transcriptions are automatically aligned with the speech signal. Finally,
the transcribed data are manually verified by human annotators both on
the word and the phonemic level. The annotation process is performed
using WaveSurfer (Sjolander & Beskow 2000). All analysed audio data
have a frequency of 44.1 kHz with 16 bits allocated per sample.

6



Linguistica Lettica 2014 e 22
Table 1. The statistics of speakers

Speaker ID Gender Age group | Speaker ID Gender Age group
13 female 26-50 1 male 26-50
183 female 26-50 23 male 26-50
232 female 26-50 89 male 51-64
576 female 26-50 124 male 26-50
1601 female 16-25 394 male 26-50
1706 female 51-64 397 male 26-50
1599 female 16-25 553 male 26-50

This study investigates 14 of the 62 speakers in the phonetical-
ly-annotated Latvian speech corpus, 7 women and 7 men. The ages of
the speakers ranged from 16 to 64 years. All informants are speakers
of standard Latvian.

Mekigjama fraze Izveletais runatajs
Icita |speaker_89
Meklet I Kopét rezultatus
un: tai skaita (mm) gan nodoklu politika gan jebkada cita valsts socialekonomiska

vinas majestates vai kada
kada

tasir
3 butu

cta
cita
cta
cita
cita

lieta ka:

lieta bet
lieta

karalisk3s gimenes parstavia kiatbitné
ne tikai evas bet ari kada makslinieka vardu

Figure 1. An example of concordances of analyzed speech data

Words ending with a short unstressed vowel and occurring at

least twice (twice in one speaker’s speech or once each in two dif-
ferent speakers’ speech) were selected. The words were included in
context to show what the surrounding text looks like (see Figure 1). In

total 1100 tokens were selected and analyzed.

Table 2. The statistics of analyzed tokens

Bi-syllabic|Tri-syllabic|Four-syllabic | Five-syllabic
words words words words
vowel [u] |278 148 36 11
vowel [a] | 156 68 11 13
vowel [i] |220 85 38 16
vowel [e] |4 12 4 0
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Most of the data are taken from spontaneous public speech co-
vering TV and radio discussions, interviews, recorded conversations,
etc. A small portion of the data are extracted from prepared speech
such as TV and radio news and interviews.

5 Analyses

Data analysis was performed using the software Wavesurfer
1.8.8p3.

The results of the process based on spectrographic analysis are
presented below and the contexts in which unstressed vowel reduc-
tion is most likely to occur are specified, including vowels typically
affected as well as the consonantal and prosodic environments most
conducive to reduction. The vowels were coded either as realized or
not realized.

A vowel was coded as “deleted” if it was absent on the wave-
form and spectrogram. All examples of final vowel reductions (neu-
tralization of acoustic distinctions, centralization) were treated as ca-
ses where the final vowel was present.

The quality of reduced vowel was not analyzed in this study.

The statistics that shows the percentage of occurrences both
when the unstressed vowel is deleted, and when vowel changes its
quantity or quality is given in Figure 2. We can see that the vowel
is deleted in 65% of the words, but retained with altered quality and
quantity in the 35% of words.

m Deleted m Extra-short

Figure 2. Reduced vs. deleted
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6 Factors inducing the reduction

The aim of the study was to determine what factors affect vow-
el reduction. As a starting point we have chosen factors mention by
Karins (1995a):

e Distance from main stress of the word

e Preceding environment

e Following environment

e Speech rate

e Individual speaking

e Vowel quality (e.g. front, back)

e Resyllabification of stranded consonant

e Vowel recoverability

e Style of speaking

e Part of speech

e Syllable status (closed / open)

On the basis of the data some of these factors were found to be
non-significant, these factors are: vowel quality, vowel recoverability,
style of speaking, part of speech and syllable status.

Vowel quality (e.g. front, back)

Regardless of how the four vowels /a/, /e/, /i/ and /u/ are
grouped (front-back or high-low), this factor not a significant con-
straint on vowel deletion (Karins 1995, 22).

Vowel recoverability

Latvian is a language with rich morphology and a relatively
free word order. In standard Latvian most stems appear with an in-
flectional ending. It is surprising that practically all deletion can be
recovered.

Style of speaking

More careful style of speaking is generally believed to be as-
sociated with more vowels being realized. One might think assumed
that the language of radio and television announcers, journalists and
other public figures is controlled and therefore has a exhibiting a high
degree of final vowel retention. However analysis showed that it does
not matter if speakers are reading passages, telling a narrative, talking
to another speaker, interviewing others — the vowel could be deleted
regardless of speaking style.

Part of speech

There is no evidence in the data that a vowel has the high-
est probability of deletion if the word belongs to a particular part of
speech.
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Syllable status
Since this study deals only with unstressed vowels into the open
syllable the factor group “syllable status (closed / open)” was not con-
sidered.
We assumed that factors inducing the reduction are:
(1) distance from main stress of the word,
(2) preceding environment;
(3) following environment,
(4) speech rate;
(5) Individual speaking.

(1) Distance from main stress of the word

The results show that there is a direct correlation between the
distance of the syllable from the main word stress and probability of
unstressed vowel deletion: the further the candidate vowel is from the
main stress, the higher the probability of deletion (Karins 1996, 79).
See Figure 3. In the all five-syllable words the unstressed short vowel
/u/ is deleted (See Figure 4). Other unstressed vowels in the five syl-
lable words more often are not deleted. Compared the degree of re-
duction of vowels /i/ and /a/ vowel in four-syllabic and five-syllabic
words, in the words longer that five syllables the unstressed vowel is
often not deleted. Perhaps it is connected with the rhythmical structure
of the Latvian language — primary stress usually is on the first syllable,
but the third (and fifth syllables) attract secondary stress.

Vowels

100%

90%

80%

70%

60%

50% u Extra-short
40% u Deleted
30%

20%

10%

0% T T T

2 syllables 3 syllables 4 syllables 5 syllables

Figure 3. Unstressed vowel distance from main stress of the word

10
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u

100% -

90% |

80% |

70%

60% |

50% - u Extra-short
40% - m Deleted
30%

20%

10% -

0% =1 T T T

2 syllables 3 syllables 4 syllables 5 syllables

Figure 4. Unstressed vowel distance from main stress of the word

(2) Preceding environment

In most cases it doesn’t matter what kind of consonant or con-
sonant cluster precedes before the unstressed vowel. Also, it does not
matter if the preceding syllable is closed or open, short or long.

As we can see in the following bar graph (Figure 5) where the pre-
ceding consonants before target vowel u are listed the highest probability
of deletion is after the voiced palatal fricative /j/. One possible phonetic
explanation of the high probability of deletion after /j/ could be that the
following vowel assimilates to the preceding glide (Karins 1995, 23)

- TINEET
90%
80%
70%
60%
Odeleted
40%
30%
20%

10%

fl|
I
I
I
I
I
I
I
I
[

:II:]I:II:[I:H:N:H:]:IIZJ
s e e v e[ [
i e e e s o e |
5 5 G e
| i e e e [ s
G e e e e et s sl
e (T e o | ] (sl
T [ ) o [ e s e [
T ey S ) [l [l [ i
e o s e e | v o e e

DDDD
11n
11N
L
BEnR
B
L
Rl
]

%
[T N T N O 1 5 O B © N ) B C B O B )
Figure 5. Proceeding consonants of target vowel [u]
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(3) Following environment

It doesn’t matter what kind of consonant or consonant cluster
follows the unstressed vowel, but when the candidate vowel occurs
before pause or at the end of an utterance there is a lower probability
of deletion if the word is followed by another word.

The reduction can also affect the quality of the following vowel.
If the next word starts with the vowel of the same quality, then usually
the vowel is not deleted, for example vina allaz urdija meklet celu pie
skatitajiem ‘she always urged to find a way to spectators’. The word
fusion is possible.

For example, in 21 of 30 cases of word mizsu ‘our’ the unstressed
vowel /u/ is deleted: miisu jaunais raidlaiks rudent ir devinpadsmit
trisdesmit ‘our new broadcasting time in autumn is nineteen thirty’;
miisu steidzigais laiks neveicina protams Sadu ‘our urgent time of
course does not promote this kind of”. The vowel [u] is only reduced
if 1) it is followed by pause (miisu (.) laiks miisu steidzigais laiks
neveicina protams Sadu ‘our (.) time our urgent time of course does
not promote this kind of ; 2) the next word begins with consonant [v]
(uz visas miisu valsts iedzivotajiem ‘to all the people of our country’)
or 3) the vowel [u] is followed (miisu uzrundatie emocionalu iemeslu
del atteicas (.) runat ‘Our addressees refused talk for the emotional
reasons’) (see Figure 6).

i

WWW‘MW%WW }WW' %W“WW

|
AN ey \
o 4 ul
o]

=

£ i eggEEEEe 7§

Figure 6. example of both vowel deletion and vowel reduction in the word
miisu ‘our’ (Utterance: miisu (.) laiks miisu steidzigais laiks neveicina
protams Sadu)

(4) Speech rate

There is some indication that unstressed vowel reduction, espe-
cially deletion, is more likely to occur in fast speech. Analysis shows
that unstressed vowels which appear to be deleted in rapid speech are
usually restored in slow, careful speech. Following Lehiste’s (1970)
description of 4.4 to 5.9 syllables per second as an average or neutral
speech rate, she defined slow speech as 4.0 to 4.4 syllables per second
and fast speech at 6.0 to 6.4 syllables per second. The results support

12



Linguistica Lettica 2014 e 22

the claim that unstressed vowel reduction occurs more frequently in
fast speech.

(5) Individual speaking

If we compare information on age and sex of the individual
speakers we can see that there is some correlation between sex and an
increase or decrease in the probability of deleting a vowel: men delete
target vowels more often than women. We did not find a correlation
between age and probability of vowel deletion.

7 Conclusion

e The tendency to delete unstressed short vowels in open syl-
lables is obvious. If we look at these phenomena from an historical
perspective, it seems possible that the process of vowel deletion and
shortening is known previously in Latvian. Various reasons for this
process can be posited. It can be assumed that constraints on short
vowel deletion deletion at present are similar to the historical con-
straints on long vowel and diphthong shortening and short vowel dele-
tion in Latvian (Karin$ 1995b, 16).

e The most important factor affecting deletion of unstressed fi-
nal vowel is distance from the main stress of a word.

e Other factors inducing reduction are preceding environment;
following environment; speech rate.

e [f the vowel is deleted in an open syllable, the final syllable
becomes closed, and the number of syllables in the word decrease
by one. When vowel deletion occurs after consonant cluster where
last consonant is sonorant it also shortens the number of the syl-
lables in the word and increase the number of consonants in the
coda, but sonorant may become syllabic (Karin$ 1995), for exam-
ple, katra [katr].

e Vowel deletion can lead to further changes i.e. voiced pala-
tal fricative /j/ or voiced labiodental fricative /v/ may be vocalized:
maja ‘house’ [ma:i], skolotaja ‘teacher’ [skuoluota:i]; lauvas ‘lions’
[lauus]. After deletion of unstressed final vowel voiceless obstruent
could be pronounced as voiced when it follows a voiced phoneme,
for example, viens no miisu dargakmeniem ’one of our jewels’ [(u]
is deleted, [s] > [z]before voiced [d] ‘one of our jewel’. Assimilation
happens in opposite direction as well.

e The degree of vowel reduction is not dependent on usage fre-
quency.

13
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Qualitative and Quantitative Vowel Reduction and
Deletion in the Spoken Latvian

Summary

Whenever the short vowels /a/, /e/, /i/, /u/ occur in a final unstressed
open syllable, they become reduced and may be variably deleted by speakers
of Latvian. The aim of this study is to investigate the degree of reduction of
short vowels in word-final unstressed syllables found in Latvian and set the
factors inducing the reduction.

As the analysis of 14 speakers’ data (7 women and 7 men; 16 to 64
years old) shows that in the 65% of the words (750 of 1100) the unstressed
short final vowel is deleted. The most important factor affecting deletion of
the unstressed final vowel is distance from main stress of word. Other factors
inducing the reduction are preceding environment, following environment
and speech rate.

Key words: vowel reduction, vowel deletion, unstressed syllable.
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Maija BREDE

CONTRASTIVE RESEARCH IN LATVIAN -
ENGLISH PHONETICS AND PHONOLOGY

Contrastive research of different aspects of language, including
phonetic-phonological, lexical, grammatical, discursive and others,
has developed along the lines of studies which are of both theoretical
and applied in nature. Among the major theoretical tasks of the dis-
cipline are: 1) determining the similarities and differences between
the languages; 2) showing those features of the languages contrasted
that are obscure when studying languages separately; 3) revealing the
characteristic tendencies of the respective languages; 4) stating the
systemic corresponence/ non-correspondence between the contrasted
languages (Crystal 1987). The pragmatic aspect of contrastive rese-
arch is revealed in investigation aimed at error prevention and error
analysis (locating, counting and categorizing errors). Contrastive lin-
guistic research applies a synchronic approach irrespective of the de-
gree of language closeness under investigation.

“Contrastive linguistic studies compare the phonological, lexi-
cal and grammatical systems of languages with a view to predicting
difficulties which might face native speakers of one language trying to
learn another” (Malmkjer 2004, 82). Contrastive linguistics is inter-
preted as “any investigation in which the structures of two languages
are compared” (Matthews 1997, 74). Its association with linguistic
studies of pragmatic character is revealed in the description offered by
David Crystal where the term is used synonymously with ‘contrastive
analysis’: “A general approach to the investigation of language, parti-
cularly as carried on in certain areas of APPLIED LINGUISTICS, such
as foreign language teaching and translation” (Crystal 2008, 112). The
contrastive analysis hypothesis which was proposed to investigate the
role of the native language (L1) in the learning of a foreign language
(L2), predicted no difficulty for L2 learning in cases of similarities
between the structures of both languages (Schmitt 2002, 119).

In its initial stage, contrastive linguistics is first and foremost
associated with Lado’s “Linguistics Across Cultures” (1957), in which

16
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he claimed that elements of culture can be contrasted alongside those
of language. Problems of foreign language learning and consequently,
language interference, had been discussed already in earlier works.
A decade before “Linguistics Across Cultures” the importance of a
parallel description of a foreign and native language in the learning
process was stated by Fries (1945). This particular approach was furt-
her developed by, e.g. Haugen and Weinreich (both1953).

Fisiak (1964, 166) admits that “contrastive linguistic analysis
has had a checkered history. The enthusiasm of the 1950s and early
1960s gave way to pessimism and rejection as questions were raised
about the theoretical and methodological foundations of the field, and
empirical studies demonstrated the lack of predictive classroom va-
lue”. It is also pointed out by Fisiak that since the 1970s contrastive
analysis has been largely a European discipline. In the following de-
cades, in comparison to the early stages, when contrastive linguistics
was dealing mostly with particular items of the language system, to
a much greater extent it has turned to text and speech acts, in such a
way following trends of the development of modern linguistics (I'ak
1989, 17).

In the early stages particular interest was focused on the phone-
tic-phonological level of language, since the human speech apparatus
provides natural ground for comparison. Besides, phonetic features
like voiced, vocal, aspiration can be considered universal (Jakobson,
Waugh 2002, 140, Di Pietro 1978, 46). The result was contrasting the
articulatory bases of languages, registering the inventory of the pho-
nemes and allophones, describing their distribution, as well as turning
also to suprasegmentals: the intonation contours, rhythm, stress types.

Contrastive research in Latvian-English phonetics and phono-
logy started with the first voluminous works carried out on the basis
of the two languages, the goal of which was not merely the contrast
of some phonetic/phonological phenomena in both languages. They
also present results of original investigation of the respective fields in
Latvian.

The true founder of contrastive linguistics in Latvia is Dr. phi-
lol. Marta Vecozola (1903—1994). Her doctoral thesis “Comparison
of the Vowel Phoneme Systems in Latvian and English” (1953) laid
the foundation for a contrastive approach to the analysis of various
aspects of Latvian — English Phonetics and Phonology. She was a col-
league of the prominent Latvian linguist Dr. philol. Alise Laua. They
presented their doctoral theses the same year (Laua 1954).
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Vecozola’s dedicated long-time work in the field was stimulated
to a great extent by her profession as a teacher of English at the Riga
Pedagogical Institute, then at the University of Latvia, faculty of His-
tory and Philology and later at the Foreign Languages faculty.

Among the scientists who inspired Vecozola’s interest in con-
trastive studies one can mention Alma Abele (e.g. AGene 1924), Vla-
dimir Artemov (Bragumup AptemoB) (e.g. 1956), Richard Ekblom
(1933), Daniel Jones (1939), William Matthews (Metjuss 1933), Lev
Scerba (JIes Lllep0a) (e.g. 1948), Georgij Torsujev (I'eopruii Topcyes)
(e.g. 1950), Vyacheslav Vassilyev (BsiueciiaB Bacuibes) (e.g. 1970)
and many others. Vecozola’s research was started in Moscow, in the
laboratory of Experimental Phonetics at the Pedagogical Institute of
Foreign languages on the basis of experimental — instrumental analy-
sis (those were the terms of the day) under the guidance of Professor
Artemov. The subject matter was the vowel system: monophthongs
and diphthongs in Latvian and English in the pronunciation of the au-
thor herself. Before the description of the particular vowels, the the-
sis includes a discussion of the problem of phoneme. The selected
examples in both Latvian and English confirm the changeability of the
phoneme system over a period of time.

Conclusions concerning the articulation of the vowels were
made primarily on the basis of the data obtained from x-rays, repre-
senting the configuration of the articulators, particularly the tongue
position. There is a remark in her thesis that Laua’s x-rays of the Lat-
vian vowels are basically similar with the exception of a few minor
distinctions related to some individual features. X-rays were used also
to interpret the effect of syllabic accents upon the vowel quality in
Latvian.

Another method applied to discover the features of the Latvi-
an and English vowel quality was the palatogram (using an artificial
palate) that shows the size of the contact area between the tongue and
the palate. Here a special point of interest was the effect of syllabic
accents upon the Latvian long monophthongs. Photographs of lip po-
sitions were taken (most of them in a photo studio attached to Tartu
University) to show the particular lip position for a specific vowel, as
well as the lower jaw position in some of the English vowels and the
opening between the lips.

Oscillograms, in which segments of vowels were singled out
from Marta Rudzite’s research (1953), were likewise used to clarify
the nature of diphthongs, (Rudzite was the first Latvian linguist to
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use the oscillographic method). The vowels were analysed in positi-
ons where there is minimum influence on the part of the surrounding
sounds (in open syllables and mostly after the labials [m, p, b]. Serious
consideration was given to the two problematic phonemes in Latvian:
“ie”, transcribed as /ia/ and “0”, transcribed as /ua/. After thorough
discussion of the nature of diphthongs and their clear distinction from
diphthongoids, it was concluded the vowels /ia/ and /ua/ are diph-
thongs.

The work comprises a thorough description of the comparison
of the Latvian vowel system with that of English.

An entire chapter of the research is devoted to methodical hints
on how to teach English vowels to students whose native language is
Latvian, so as to minimize mother tongue interference. As has been
mentioned before, Vecozola’s doctoral thesis was the first in Latvian
linguistics to focus thoroughly and primarily on the contrastive analy-
sis of phonetic/phonological features. Regarding the analysis of the
Latvian vowels, Vecozola’s research went on in tandem with that of
A.Laua’s. By that time A.Laua had presented her diploma paper on the
system of the Latvian phonemes (1951). The only linguist who had of-
fered some comparison of the English phonemes and their allophones
with the corresponding Latvian phonemes on the basis of subjective
observations before Vecozola was Matthews (1936). In 1967 Vecozo-
la presented a paper on the phonetic structure of the word in modern
English and Latvian at International Congress VI of Phonetic Sciences
in Prague.

Vecozola’s contribution in the development of contrastive stu-
dies is obvious also in the fact she managed to interest her students
and colleagues in this field. Under her guidance, further research was
undertaken concerning both the segmental and suprasegmental levels
of Latvian and English phonetic features resulting in several docto-
ral theses. In 1965, Mirdza Neilande presented her thesis “Analysis
of Physical Properties of English — Latvian diphthongs” (Heitnann
1965).

The research focuses on acoustic characteristics of the English
as falling and centring diphthongs and the Latvian as true diphthongs
providing a possibility of clarifying the role of syllabic accent, the du-
ration and quality of the components, as well as, applying up-to-date
methods, to look at some conclusions made in the previous analyses
of the articulatory aspect of diphthongs. The diphthongs were ana-
lysed 1) in isolated pronunciation, 2) between voiceless plosives, 3) in

19



Linguistica Lettica 2014 e 22

closed syllables of monosyllable words, 4) in short sentences. The
phonetic environment in Latvian included the realisation of the syl-
lables with three syllabic accents.

The experimental methods included: electrokymographic, spec-
tral (four-formant analysis) and filming of lip articulation. Here and
elsewhere, the selected pieces of information might be of some inter-
est to the present day research as well.

As the author admitted when she started her research, the nature
of the diphthongs /ie/ and /uo/, particularly their second component,
had remained vague. Abele and Vecozola were of the opinion that
these are ‘specific’ diphthongs since their second components create
a range of sounds (Vecozola transcribes both diphthongs with [A] for
the second component, since this is the recurrent sound in the whole
range). The findings of Neilande’s research in contrast to that men-
tioned above suggest strongly that the Latvian /ie/ and /uo/ are true
diphthongs.

The main conclusions of the contrastive analysis are as follows:
the English diphthongs are on average longer, with a smaller interval
of pitch lowering and relatively little modulation of tone, whereas the
Latvian diphthongs are shorter with a more pronounced interval of
pitch lowering. The open components in diphthongs of both languages
differ to a greater extent from one another than the narrow ones.

The Latvian diphthongs /ei/, /ai/, /au/, /oi/, in contrast to their
English counterparts that are rising-falling or falling-rising according
to the pitch movement and falling according to their intensity charac-
teristics, are falling according to the direction of the tone, but rising-
falling according to the intensity parameters. Yet the Latvian /ie/, /uo/
and the English /19/, /ua/ constitute exceptions. In Latvian the tone is
rising-falling or falling, but the character of intensity — rising-falling
or rising; in English the tone is rising-falling, rising, or rising-falling-
rising, but intensity — falling or rising. It was concluded that the nature
of the Latvian /ie/ and /uo/ needs to be further investigated.

In 1969 a doctoral thesis on suprasegmental phenomena was
presented: “Contrastive Analysis of Intonation of Interrogative Sen-
tences in English and Latvian” (Bpoka 1969). Its author Valentina
Broka investigated intonation patterns of one particular sentence type
in view of the range of problems undertaken by contrastive syntactic
phonetics. Since at that time it was next to impossible to find native
English speakers, for the purposes of the contrastive analysis the au-
thor used the results of English intonation research as found in some
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theses presented in the Soviet Union. Her particular experimental
analysis was carried out in the laboratory of phonetics of Language
and literature institute, Academy of sciences of the Latvian SSR under
the supervision of one of the outstanding Latvian linguists Laimonis
Ceplitis.

The material for the analysis included one-syntagm sentences
(syntagm: a set of syntagmatically related constituents (single words
or word groups) with a particular intonation pattern (Crystal 2008,
470-471, VPSV 2007, 355)) represented in the form of a variety of
general and special questions as excerpted from classical and contem-
porary literature. The measurements included those of fundamental
frequency, duration and intensity for three segments: pre-accentual,
accentual and post-accentual. The type of intonation was established
on the basis of the FO contour under principal stress. A characteristic
feature observed was the raising of the tone/pitch between the stressed
syllable and the following one. Usually the raising of the pitch was
preceded by its lowering. The conclusion was that it was the falling-
rising movement of the pitch in the word with the principal stress that
determined the communicative type of the interrogative sentence in
Latvian. Other changes in the melody of the pre- and post- accentual
segments were considered of secondary importance. In both groups of
interrogative sentences four intonation types were found: rising, fall-
ing, rising-falling and falling-rising.

In the beginning of the 1980’s two theses on consonantism in
Latvian and English were presented as accomplished in the laboratory
of Experimental Phonetics at the Pedagogical Institute of Foreign lan-
guages named after Maurice Thorez in Moscow. Both papers aimed at
analysing a group of speech sounds in the word and phrase context.
The first of them was Valentina Gurtaja’s “Prosodic Characteristics
of Voiceless Consonantism in Contemporary Latvian (in Contrast to
English)” (I'ypras 1980).

The main prosodic characteristics analysed were duration and
intensity of the voiceless obstruent consonants in the intervocalic po-
sition of two-syllable words with preceding close and open vowels;
the same phonetic environment was used for analysis of the conso-
nants in phrases and brief texts. The results point to dependency of
duration and intensity 1) upon the place and manner of the production
of consonants in both languages; 2) upon the phonetic environment
regarding the preceding vowels; 3) upon the position of words with
the voiceless obstruent consonants in phrases and brief texts.
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According to the manner of articulation the highest duration ra-
tios in both languages are characteristic of affricates and fricatives, ac-
cording to the place of articulation — those of tongue-front consonants.
In Latvian there is a tendency towards an increase of the duration ra-
tios of the consonants after open stressed vowels, whereas in English
the duration ratios are higher after close stressed vowels. Also there is
a gradual increase of the duration of the consonants in words towards
the end of the phrase; it is close to that of the corresponding conso-
nants in isolated words. In Latvian the duration ratios are relatively
stable in the word initial and intervocalic positions. In the phrase and
text environment the duration ratios of the voiceless consonants in
Latvian exceed those in English. The intensity analysis also shows the
dependence upon the manner and place of articulation. The intensity
level is higher in the position after close vowels. There is a direct cor-
relation between duration and intensity.

Regarding the distribution of the consonants within a word
common single consonants and consonant clusters in both languages
were registered in all three positions (initial, intervocalic and final).
There is a greater variety of consonant clusters in the final position of
English than Latvian words. The maximum number of consonants in
the final structures of Latvian is four, in English — five.

A year later, Maija Bréde presented her thesis “Prosodic Char-
acteristics of Sonorants in Latvian (in Contrast to English)” (bpene
1981). The research included the establishment of the prosodic char-
acteristics: duration, intensity and fundamental frequency for a group
of sonorants in the word and phrase context, and the respective dis-
tributional analysis. The experimental corpus was devised aiming at
identical or similar phonetic environments in Latvian and English to
form suitable inter-linguistic minimal pairs. The results of the research
suggest that out of the three prosodic characteristics the most informa-
tive are duration and intensity. There is a tendency towards variation
of duration depending on positional factors. In both languages the
sonorants display higher duration ratios in the final position of one-
syllable words; besides, they are longer in the environment of short
monophthongs. No significant correlation was established between
the duration of the sonorants and the qualitative characteristics of the
preceding or following vowels. In Latvian the sonorants are longer in
the intervocalic position of a two-syllable word before the following
consonant and in the final position of a one-syllable word before a
consonant in a syllable with the drawn syllabic accent. The duration
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of the sonorants in Latvian in contrast to English, depends to a greater
extent on the position of the particular word in a phrase.

According to the intensity measurements the sonorants in both
languages, as is expected, are more intense in the initial position of the
word and in words in the initial position of the phrase. In Latvian no
particular dependency of intensity upon the syllabic accent was ob-
served. No direct correlation between the duration and intensity of the
sonorants in particular positions of the word was observed. However,
the sonorant with the highest duration ratio (in Latvian: [m], in Eng-
lish: [n]) has also the highest intensity ratio. The FO of the sonorants
in Latvian, in contrast to English, do not substantially depend on their
position in the word and phrase.

To receive feedback on the perceptual level, an auditory analy-
sis was carried out. A small set of words in Latvian, presenting charac-
teristic cases of duration and intensity variation depending on the posi-
tion of the sonorants in the word were chosen, and segments-stimuli,
corresponding to sonorants were offered to listeners/ auditors for as-
sessment. The perception of the duration of the sonorants turned out to
be adequate to the objective data in the final position of a one-syllable
word, in the same position before a consonant, and in the intervocalic
position of a two-syllable word, the perception of intensity — only in
the initial and final positions. The quality of sonorants was identified
exclusively in the initial position.

Regarding the phonotactic research, it was concluded that in
Latvian in the initial and intervocalic positions structures with sono-
rants as part of 2-consonant clusters prevail, whereas in English the
dominating type is a 3-consonant cluster. In English there is a greater
variety of consonant clusters with sonorants in the final position. The
establishment of the consonant clusters in different positions of the
word in both languages entertains a possibility to a more rational se-
lection of them for purposes of teaching the pronunciation of English
as a foreign language.

Vecozola’s particular interests reached far beyond the segmen-
tal level of speech. Apart the distribution of speech sounds in the con-
trastive aspect they included also word stress, phrase/ sentence stress
and rhythm, the latter specifically for teaching purposes. Word stress
has been revisited by Bréde (2003).

A relatively new direction of contrastive English - Latvian stu-
dies is represented by research made in the fields of phonosemantics
and phonostylistics. There have been attempts to analyse linguistic
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iconicity as “a close physical relationship between a linguistic sign
and the entity or process in the world to which it refers” (Crystal,
1999: 154) It comprises onomatopoeic and sound symbolic systems.
A motivated choice of linguistic elements has been analysed in some
literary works and their translation in which the use of sound imitative
and sound symbolic words results in some particular stylistic effect
(Bréde 1999 a, b, 2014). Attention was focused on the corresponding
word choice in the target language with a reference to their sound
structure. The expressivity of sound iconic words appears to depend
to a great extent on the initial consonant cluster as part of the phonetic
structure of the word. Consonants in both English and Latvian seem
to be more informative in this respect than vowels. It was revealed
that among the consonants of both languages it is the plosive group,
the voiceless sibilants and the sonorant /r/ that are indispensable in
communicating linguistic iconicity. In Latvian palatals and palatalised
consonants play an important role. The vowels that create the impres-
sion of iconicity belong to the front and back groups.

Phonostylistics aims at analysing spoken utterances with the
purpose of identifying segmental and suprasegmental phonetic featu-
res pertaining to their functions in certain kinds of contexts. Phonosty-
listic variations refer to both speech sounds and suprasegmental phe-
nomena, first and foremost, to intonational means. Different speech
situations call for different intonation contours to ensure successful
communication. English — Latvian contrastive studies in this field are
related to intonational styles, for the time being, mostly informational
and publicistic styles of intonation on the basis of auditory analysis
(e.g. Brede 2011, 2013). On the basis of the analysed materials (news
presentations) it was concluded that the basic distinctions of the in-
formational style of intonation in Latvian in contrast to English are
the following: a generally lower pitch level, a narrower range of high
falls, frequent use of mid rises and an occasional high rise in non-final
tone units that can be considered a feature of colloquial speech. A sty-
le-marking feature is the use of the falling tone in non-final tone units
(although less current than in English) where apart from communica-
ting the meaning of completeness it is used to achieve the effect of em-
phasis. For analysis of the publicistic style of intonation in both lan-
guages speeches/ addresses of prominent public figures were chosen.
The features of this style include a more emotional approach to the
subject matter, greater variations of the tempo of speech, occasionally
short interpausal segments, since often pauses do not coincide with the
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boundaries of grammatical constructions. The public speakers’ voice
timbre is dignified, concerned and personally involved. There are fe-
atures of the publicistic style of intonation that overlap those of the
informational style, especially regarding the use of nuclear tones. It
demonstrates the variability of style markers and points to the impor-
tance of the interpretation of a particular speech situation.

The need to develop contrastive studies, especially for practical
purposes at the time, in 1988, under the guidance of Valentina Gurtaja,
led to the establishment of the Department of Contrastive Linguistics
at the University of Latvia. This has since become the Department of
Contrastive Linguistics, Translation and Interpreting.

Research done decades ago has not lost its significance since the
results are regularly used in the process of teaching English Normative
Phonetics and Phonology, English Theoretical Phonetics, Intonation
of English Discourse, Phonosemantics and Phonostylistics.

Contrastive Research in Latvian —
English Phonetics and Phonology

Summary

Contrastive research into different aspects of language, including
phonetic-phonological, lexical, grammatical, discursive and others, has de-
veloped along the lines of studies which are both theoretical and applied in
nature. The latter has proved to be of lasting interest for purposes of foreign
language teaching.

The true founder of contrastive linguistics in Latvia is Dr. Philol. Mar-
ta Vecozola (1903—1994) whose doctoral thesis “Comparison of the Vowel
Phoneme Systems in Latvian and English” (1953) laid the foundation for a
contrastive approach to the analysis of various aspects of Latvian — English
Phonetics and Phonology. Under her guidance, research was undertaken con-
cerning both the segmental and suprasegmental levels of Latvian and English
phonetic features resulting in several doctoral theses.

Latvian — English contrastive research in the field of phonetics and
phonology features a comprehensive survey of the articulatory aspect of the
vowel system (monophthongs and diphthongs) (Vecozola 1953), an analysis
of the physical properties of the diphthong system with a particular reference
to the two specific diphthongs in Latvian — /ie/ and /uo/ (Neilande 1965), an
analysis of prosodic characteristics (duration, intensity, fundamental frequ-
ency) of voiceless obstruents and a group of sonorants (Gurtaja 1980, Bréde

25



Linguistica Lettica 2014 e 22

1981). Among the suprasegmental features, intonation patterns of interroga-
tive sentences were analysed (Broka 1969). The phoneticians worked mostly
in laboratories of Experimental Phonetics of Moscow and Riga, and each of
the research analyses used contemporary methods of the day (photographic
representation of articulation, x-ray, electrokymographic, spectrographic, os-
cillographic, intonographic, segmentation and auditory methods).

Problems of phonology which linguists have turned to include those
connected with phonotactics: the distribution of speech sounds in English
and Latvian and the structure of consonant clusters in different positions of
the word. The scope of interest of contrastive studies also includes language
features discussed in the fields of phonosemantics and phonostylistics, par-
ticularly concerning the suprasegmental level: characteristics of intonational
styles in Latvian and English. The obtained results are regularly used in the
process of teaching English as a foreign language.

Key words: phonetics, phonology, contrastive linguistics, vowel, con-
sonant, intonation.
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Solveiga CEIRANE, Inese INDRICANE, Jana TAPERTE

LOCUS EQUATIONS
FOR LATVIAN CONSONANTS

1. Introduction

It has been commonly said that not only the consonant spectrum
itself but also the spectral properties of adjacent vowels provide rele-
vant information on the quality of a consonant. One of the approaches
that have been used to describe the transition between a consonant and
a vowel is locus equation analysis—the method introduced by Lind-
blom (1963) and employed widely by other scholars (see Section 2.1
and References).

In Latvian phonetics, locus equations have been used exten-
sively for analysing obstruents (Ceirane 2006; 2007; 2011; Ceirane,
Indri¢ane 2012; Indri¢ane 2013; Markus, Ceirane 2013). In some
recent studies, locus equations for sonorants have been investigated
(Grigorjevs 2012a; 2012b; Taperte 2013; 2014). The aim of the pre-
sent paper is to examine whether locus equations can be considered
efficient descriptors of consonantal place of articulation across differ-
ent manner classes in Standard Latvian. This study differs from the
previous ones in the fact that a unified recording and measuring pro-
cedure was used to obtain locus equation data for the whole consonant
inventory of Standard Latvian.

2. Background

2.1. Locus theory

It has long been assumed that formant transitions seen in spec-
trogram “reflect the changes in cavity size and shape caused by the
movements of the articulators”, and second formant (F2 henceforth)
transitions “rather directly represent the articulatory movements from
the place of production of the consonant to the position for the follow-
ing vowel” (Delattre et al. 1955, 769).

The concept of F2 locus, earlier defined as an abstract and
fixed frequency value approximately 50 ms before consonant release
and treated as the hypothetic starting point of the F2 of the following
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vowel (Delattre et al. 1955), was revived by Lindblom (op cit). He
was the first investigator to point out that the frequency of /2 meas-
ured at the first glottal pulse of the vowel following the release of a
voiced stop plosive (F2 ) is a linear function of /2 as measured in
the vowel nucleus (approximately at the middle of the vowel; F2 )
F2 . =slope-F2 .+ y-intercept. Lindblom found that the slopes
of regression lines for the Swedish stops [b; d; g] in CVC syllables
with eight different vowels varied along with place of articulation,
and thus could be used for distinguishing between these consonants.
Based on this idea, the F2 locus can be defined as “the frequency of
the formant at the first pulse of the vowel after consonant release”
(Krull 1987, 44), which varies systematically under the influence of
contextual vowels. The so-termed locus equations therefore enable
one to calculate an ideal locus pattern for each consonant using data
on formant transitions in CV sequences with several different vowels
(Ladefoged 2003, 163).

Krull (1987; 1988; 1989) was the first researcher who used lo-
cus equations (slopes in particular) to quantify consonant-to-vowel
coarticulatory effects. She pointed out the following regularity:

e Higher slopes (accompanied by lower y-intercepts) indicate
variable consonantal locus and a high degree of coarticula-
tion between the vowel and the consonant (i. e., the vowel
markedly affects the consonant). In case of maximal degree
of coarticulation, slope value is expected to be 1.

e Lower slopes (accompanied by higher y-intercepts) indicate
stable locus and a low degree of coarticulation between the
vowel and the consonant (i. e., the vowel scarcely affects the
consonant). Hypothetically, if there is no coarticulation at all,
the slope value should be 0.

Krull demonstrated changes in C-to-V coarticulation caused by
consonantal place (labial vs. dental vs. velar) and speaking style (read-
ing vs. spontaneous speech). Since then, locus equations have been
used extensively as an approach to study coarticulation patterns in CV
sequences (see, for example, Duez 1989; Everett 2008; Fruchter, Suss-
man 1997; Iskarous et al. 2010; Sussman 1994; Sussman et al. 1991;
1997; Sussman, Shore 1996).

The relation between slope and the degree of coarticulation
can be explained by the simple fact that greater slope suggests greater
similarity between F2 frequencies at the onset and at the steady state
of'a vowel, which in turn indicates minimal changes in size and shape
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of oral cavity during the production of C-to-V transition. Y-intercept
is considered to be “a complex measure, affected by several different
articulatory phenomena: coarticulation resistance, C-to-V carryover
coarticulation, and the average position of the tongue back and lips at
the consonant release” (Iskarous et al. 2010, 2023).

Originally, locus equation indices were considered to be univer-
sal and invariant descriptors of place distinction across varied manner
classes (Sussman 1994; Sussman, Shore 1996), and reasonable dis-
tinction between labials, dentals/alveolars and velars was observed.
However, it should be noted that locus equations provide information
for place indirectly, only insofar as variation in place contributes to
variation in coarticulatory resistance, “the extent to which a phonetic
segment blocks the coarticulatory influence of adjacent phonetic seg-
ments” (Recasens, Espinosa 2009, 2288), since the latter has been also
exposed to factors other than place of articulation—manner of articula-
tion, syllable and/or phrasal position, speaking style and rate to name
a few (Fowler 1994). All in all, consonantal place effects on vowel
F2 loci provide information on coarticulation patterns as indexed by
locus equations.

2.2. Consonant inventory of Standard Latvian

In Table 1, the inventory of Latvian consonants arranged by
place and manner of articulation is presented. The lateral /l/ is de-
scribed both as dental (Laua 1997, 63) and alveolar (Grigorjevs 2012,
275) in different studies.

Table 1. The consonant phonemes of Standard Latvian, in [PA

1\;:2:1; Labial Dental Alveolar Palatal Velar
Stop | /p//b/ | st/ /d/ /e/ /Y| /K 18/
Fricative | /f/ /v/ | /s//2/ | /§/ /3/ /i/ /x/
Affricate /ts/ /de/ | /47 /&
Nasal /m/ /n/ /n/
Lateral /1/ /K/
Trill /r/
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3. Method

3.1. Speakers, material and recording procedure

Speech recordings from ten native speakers of Standard Latvian,
five men and five women aged 1939, without any disorders or dialectal
traces in their pronunciation, were used for the analysis. The speakers
were recorded using an AKG C520 head-mounted condenser micro-
phone and an Edirol UA-25 or a Roland UA-55 sound capture device at-
tached to a computer. The recording was performed at 44.1 kHz sample
rate and 16 bit quantization using WavePad Sound Editor v5.40 (NCH
Software 2013) or Audacity v2.0.3 (Audacity Team 2013) software.!

The material consists of isolated CVC syllables, where V is one
of the vowels [i(z); e(2); @(2); a(?); a(:); u(z)], for example, [pip],
[papl, [pupl, [pi:pl, [pa:pl, [pu:p]. The CV parts of the syllables
were used for the analysis. For the results to be sufficiently credible,
each utterance was recorded in three repetitions by every speaker, thus
9360 items were analysed in total.

3.2. Measurements

Vowel F2 frequencies were tracked using Praat v5.3.35 software
(Boersma, Weenink 2012). Measurements were made using wideband
spectrograms: the first measurement (/2 ) was taken at the CV transi-
tion starting point, and the second measurement (F2, ) was taken at
the steady state (i. e., approximately at the middle) of a vowel (Figure 1).

olf
0.05588 Time (ms) 0.4163

Figure 1. The dynamic spectrogram of [nin] produced by a male speaker
of Standard Latvian (white dotted line indicates the trajectory of the vowel’s
F2; black dots indicate the onset and the middle of the vowel’s F2)

' The material was recorded within the research project “Acoustic characteristics of
the sound system of Standard Latvian by age groups (5-15, 16-39, 40-59, 60-80)”
(No. 148/2012, funded by the Latvian Council of Science) being held at the Latvian
Language Institute of the University of Latvia, Riga.
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Scattergrams were created to estimate a locus equation for eve-
ry consonant in question: F2__ . values were plotted along the x-axis,
F2 . values were plotted along the y-axis, and a linear regression line
was generated for each set of points. Finally, slope and y-intercept
values were derived from the regression equations generated, and the
coefficient of determination (R?) was estimated for each equation. The
charts were created using Microsoft Excel v14.0.4760 software (Mi-

crosoft Corporation 2010).

4. Results and discussion

In Appendix A, values of slope, y-intercept and the coefficient
of determination (R?) are presented. In Appendix B, charts with linear
regression lines for each consonantal place category are shown.

A. Gender differences

The gender effects observed in the data concern both slope and
y-intercept values (see Table 2 and Charts 1 and 2 in Appendix B),
while gender induced differences in R? values do not shape any con-
sistent pattern (Table 2).

Female data exhibit significantly higher y-intercepts, al-
though the discrepancy between gender groups differs across place
categories: it is small for labials (¢ = 308 Hz for males, c = 375 Hz
for females) and velars (¢ = 156 Hz for males, ¢ = 185 Hz for fe-
males), medium for coronals (¢ = 941 Hz for males, ¢ = 1199 Hz
for females) and the most pronounced for palatals (c = 1475 Hz for
males, ¢ = 1866 Hz for females). Gender effects in y-intercepts are
considered to be a matter of physiology, since this index is directly
associated with absolute formant frequency values that are known
to be generally higher in female than in male productions due to
differences in vocal tract length. The results indicate generally
steeper slopes for male pronunciation as compared to female data,
although some exceptions were detected as well (i. e., [t], [r], [c],
[£], [k] and [x]; consult Table 2 for figures). It can be observed
that gender related differences in slopes are more pronounced with-
in the group of voiced consonants as compared to voiceless ones
(Charts 1 and 2). The results suggest distinct coarticulation patterns
for the same consonant across genders, namely male data indicate
a higher degree of anticipatory C-to-V coarticulation than female
data. Although similar results were reported in some other studies
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ealing with voiced stops (Herrmann et al. 2014; Lofqvist 1999; Mc-
Leod et al. 2001), this trend was not evident in the locus equation
data acquired in previous research on Latvian obstruents (Ceirane
2011; Indricane 2013). Despite the distinctions mentioned here the
relations between the locus patterns of different place and voicing
categories remain relatively consistent across gender groups; there-
fore male and female locus equation data will be examined jointly
hereinafter (see the common data column in Table 2 and Charts 3-8
in Appendix B).

B. Place of articulation results

Latvian consonants can be said to comprise three major
groups: (1) labials and velars; (2) dentals and alveolars (coronals);
(3) palatals.

The labial and velar consonants are characterized by the high-
est value of slope and the lowest value of y-intercept, as well as the
highest rate of R? (Charts 3 and 7). In Latvian, velars usually have
greater slopes and lower y-intercepts, while in English the steepest
regression lines for bilabials are generally observed (Reetz, Jongman
2009, 206).

The highest slope values for labials and velars indicate the
weakest coarticulatory resistance to vowel effects for these place cat-
egories. However, similar locus equations for labials and velars, as
Fowler (1994, 600) and Everett (2008, 194) note, are motivated by
distinct factors. The tongue is not involved in the production of labi-
als, therefore it has freedom to adjust to the articulation of an adjacent
vowel. Consonantal place is not affected by the vowel, since there is
actually no coarticulatory overlap between the main gestures needed
for the production of these two segments due to distinct active articu-
lators (lips and tongue). In case of velars, the position of their active
articulator, i. e., tongue dorsum, changes under the influence of an
adjacent vowel, and this triggers the shift of consonantal place from
velar in the context of back vowels to palatovelar in the context of
front vowels.

It is worth noting that the considerable place assimilation caused
by vowel context (which may manifest itself in a bilinear pattern of
data points that seem to be approximated best with either a curve or
two straight lines) also distinguishes [g] from the other lingual con-
sonants, since there is no significant vowel-triggered place change in
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coronals and palatals. Therefore velar consonants tend to be described
by two separate regression lines for back and front vowel contexts in
some studies (see, for instance, Krull 1988; Lindblom, Sussman 2004;
Sussman et al. 1991; 1995; 1997; 1998). The validity of such a differ-
entiation in languages without a phonological opposition between the
velar and the palatovelar consonant of the same manner of articulation
is rather contradictory. Fowler, in particular, comes up with several
arguments against it: (1) slopes for the velar allophone of [g] overlap
with those for [b]; (2) the fit of data points to separate regression
lines (indexed by R?) for front and back vowel contexts is worse than
the one to a single line for all contexts?; (3) listeners do not perceive
the two allophones of [g] as distinct consonants (Fowler 1994, 603).
Since in Latvian there is no phonological opposition between velar
and palatovelar consonants, velar consonants are described by one lin-
ear regression line in this paper.

The results show that slope values increase in the following
order:

e for labials: [m] (0.59) < [v] (0.64) < [b] (0.66) < [f] (0.72)

<[p] (0.78);

o for velars: [k] (0.94) < [x] (0.96) < [g] (0.98).

Y-intercept values (Hz) increase in the following order:

e for labials: [p] (260) < [f] (349) < [m] (350) < [b] (352) <

vl (379);

e for velars: [x] (124) < [g] (171) < [k] (188).

Dental and alveolar consonants cannot be distinguished by lo-
cus equations, since there is too much overlap between the values of
slope and y-intercept (Charts 4 and 5). Due to this, they are combined
in one group—coronal consonants. As it was mentioned before, [1] can
be pronounced both with dental and alveolar articulation, therefore its
data are included in both charts. It can be observed that the locus equa-
tion of [1] differs a lot from those of other consonants within the group
of dentals and alveolars because of the combination of considerably
lower y-intercept and low slope. It should be noted, though, that the
given locus pattern and the locus equation indices estimated (Table 2)
is the result of highly variable individual data (slope values between
0.14 and 0.44, y-intercept values between 567 Hz and 985 Hz). All in

2 In the present study, the same trend is observed: R? values for the single locus equation
for [g] are 0.896 and 0.888 for male and female data, respectively (Table 2); those
for back vowel contexts are 0.827 and 0.817, respectively, while R*’s for front vowel
contexts are only 0.631 and 0.624, respectively.
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all, three kinds of patterns were observed across speakers: (1) relative-
ly low y-intercept and flat regression line (darker [1] in all vowel con-
texts); (2) relatively high y-intercept and flat regression line (lighter
[1] in all vowel contexts); (3) relatively low y-intercept and steep re-
gression line (variable amount of velarization depending on back/front
vowel context).
The results show that slope values for coronals increase in the
following order:
e [dz] (0.27) <[] (0.31) <[z] =[1] (0.33) < [3] = [n] (0.38)
<[d](0.40) <[r] (0.41) <[s] (0.47) < [ts] (0.50) <[] = [f]
(0.56) < [t] (0.59).

Y-intercept values (Hz) increase in the following order:

o [1] (743) <[t] (747) < [§] (819) < [ts] (882) < [tf] (896) < [s]
(914) < [r] (950) < [n] (1018) < [d] (1069) < [z] (1148) <
[3] (1153) < [dZ] (1276) < [dg] (1407).

Palatals are characterized by the lowest values of slope and the
highest values of y-intercept (Chart 6). This pattern is caused by the
specific character of the production of these consonants, which re-
quires greater stability in articulation; vowel quality therefore is ex-
posed to the influence of the consonant, while the latter remains rela-
tively the same. Consonant resistance to vowel effects results in very
flat regression lines, and the overall increase of F2 values from vowel
nuclei towards CV boundaries contributes to high y-intercept values.
Slope values for palatals increase in the following order:

e [n] (0.25) < [3] (0.29) < [1 (0.31) < [£] (0.36) < [c] (0.55).

Y-intercept values increase in the following order:

o [c] (1074) < [A] (1436) < [3] (1650) < [j] (1674) < [n]
(1823).

It can be observed that [A] and [c] (especially the latter) differ
considerably from the rest of the palatal consonants in terms of slope,
y-intercept and R? rate (higher, lower, higher, respectively). The data
for [c] are probably caused by the lack of voicing (discussed further
in respect of the entire groups of voiced and voiceless consonants).
The locus equation data indicating weaker coarticulatory resistance
for [A] in comparison with [n], [3] and [j] accord with the findings
of Daniel Recasens for the same consonant in Catalan. By comparing
the acoustic and EPG data for [j; n; 4; n] he inferred that the amount
of coarticulatory resistance was positively related to the amount of
dorsopalatal contact, which was found to be less for [£] than for [j] or
[n] (Recasens 1984, 72).
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C. Other differences

As mentioned before, place of articulation is not the only factor
affecting locus equations, since they primarily reflect the coarticula-
tory relations between a consonant and a vowel, which are normally
exposed to other influences apart from consonantal place. Also, the
variability of locus equation indices within the same place group may
be caused by the spectral pattern of CV transition.

Results suggest that there are differences depending on voic-
ing. It can be observed (Chart 8) that the voiced consonants are
distributed in a wider range, while the distance between the voice-
less ones is considerably reduced, resulting in degraded separabil-
ity of place categories. Voiced consonants are characterized by lower
slopes and higher y-intercepts in comparison with voiceless, with the
difference being the most pronounced in coronals and palatals. The
only exception here is the group of velars, where the voiced stop [g]
has slightly greater slope value (0.98) than its voiceless counterpart
[k] (0.94) and the fricative [x] (0.96). The changes in slopes and
y-intercepts are accompanied by a notable increase of linearity as in-
dexed by greater R? values (Table 2). These voicing-induced differ-
ences can be explained by the specifics of spectral pattern rather than
differences in the degree of coarticulation. The reason for that, appar-
ently, is greater burst duration typical of voiceless stops as compared
with voiced ones (Everett 2008, 195). The F2 transition therefore is
usually more noticeable for vowels in the context of voiced rather
than voiceless consonants, “since the values can be collected further
apart, allowing for greater transition between them” (Ibid.), which in
turn may lead to greater difference between F2 middle and onset and,
consequently, lower slopes for voiced stops than for voiceless ones of
the same place category.

Although most place categories of Latvian consonants can be
separated using locus equation data, still there are some differences
caused by manner within the place groups. According to Recasens
(1989), fricative and stop manners are likely to have distinct degrees of
coarticulatory resistance. As Fowler suggests (1994, 600), locus equa-
tion indices for stops and fricatives of different place categories might
overlap due to manner effects, since “the articulatory requirements for
producing fricatives are considerably more delicate than they are for
producing stops”, and this might lead to shallower slopes for the for-
mer as compared with those for the stops of the same place and voic-
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ing type. Manner-induced differences of this kind are observed within
the groups of Latvian labials and coronals: it can be seen (Table 2,
Chart 8) that fricatives and stops of the same place and voicing type
have lower slope values. In the group of coronals, [dz], [d] and [z]
have the flattest regression lines causing an overlap between the zones
of coronals and palatals.

5. Conclusion

The data obtained in this study correspond to those of previous
research on Standard Latvian (Ceirane, Indri¢ane 2012). According
to the results, Latvian consonants with different places of articula-
tion can be separated to a large extent by locus equation constants.
Labials and velars can be separated from coronals and palatals using
both locus equation indices. By slope alone, it is possible to distin-
guish between labials and velars; when using the y-intercept index
only, it is possible to discriminate between palatals and coronals (ex-
cept for [c]).

Locus patterns for labials and velars remain fairly consist-
ent across different manner and voicing categories, while within the
groups of palatals and coronals greater variability caused by manner
and voicing is observed.

In general, place of articulation appears to be the ruling factor in
determining CV coarticulatory effects when other possible influences
are excluded, therefore locus equations are efficient for distinguish-
ing between different place categories in certain conditions. Further
research on the variability of locus equations as affected by syllable
and/or phrasal position, stress, speaking style and other aspects should
be carried out to evaluate their effect on the coarticulatory patterns
observed across place categories. Parallel study of articulation would
be beneficial to link acoustic data with articulation processes.

Locus Equations for Latvian Consonants

Summary

In the article, the consonants of Standard Latvian are analysed using
locus equations. The aim of the paper is to examine whether locus equation
indices can be considered as efficient descriptors of consonantal place of ar-
ticulation across different manner classes in Standard Latvian. This study dif-
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fers from the previous ones in the fact that a unified recording and measuring
procedure was used to obtain locus equation data for the whole consonant
inventory of Standard Latvian.

The material consists of isolated CVC syllables, where V is one of
[i(); e(®); @(2); aC); 2(2); u()], for example, [pipl, [papl, [pupl, [pi:pl,
[pa:p], [puzp]. The CV parts of the syllables were used for the analysis. For
the results to be sufficiently credible, each utterance was recorded in three
repetitions by every speaker, thus 9360 items were analysed in total.

According to the results, Latvian consonants with different places of
articulation can be separated to a large extent by locus equation constants.
The results suggest that velar and labial consonants can be separated from
dental, alveolar and palatal consonants using both locus equation indices. By
slope alone, it is possible to distinguish between velar and labial consonants;
when using y-intercept index only, palatals can be distinguished from coro-
nals (except for [c]).

Apart from consonantal place, voicing- and manner-induced effects
were observed as well. Place of articulation appears to be the ruling factor
in determining CV coarticulatory effects when other possible influences are
excluded, therefore locus equations are efficient for distinguishing between
different place categories in certain conditions.

Keywords: Standard Latvian, consonants, locus equations, coarticu-
lation, place of articulation.

Literature

Audacity Team 2013 — Audacity Team. Audacity v2.0.3 [Computer soft-
ware], http://audacity.sourceforge.net/ (accessed 09.07.2013).

Boersma, Weenink 2012 — Boersma, Paul; Weenink, David. Praat: Doing
phonetics by computer v5.3.35 [Computer software], http://www.fon.
hum.uva.nl/praat/ (accessed 08.12.2012).

Ceirane 2006 — Ceirane, Solveiga. Lokusa vienadojumu noteik3ana latviesu
valodas eksplozivajiem slédzeniem. Valoda — 2006. Valoda dazadu
kultiru konteksta. XV1 zinatnisko rakstu krajums. Daugavpils: Saule,
2006, 18.-25.

Ceirane 2007 — Ceirane, Solveiga. Lokusa vienadojumu saistiba ar
sleédzenu artikulacijas vietu. Valoda — 2007. Valoda dazadu kultiiru
konteksta. XVII zinatnisko rakstu krajums. Daugavpils: Saule,
2007, 249.-258.

Ceirane 2011 — Ceirane, Solveiga. Latviesu valodas balsigo troksnenu akus-
tiskais raksturojums: promocijas darbs. Riga: Latvijas Universitate,
2011.

39



Linguistica Lettica 2014 e 22

Ceirane, Indri¢ane 2012 — Ceirane, Solveiga; Indri¢ane, Inese. LatvieSu
valodas troksnenu raksturojums péc lokusa vienadojumiem. Baltistica
XLVII (1). Vilnius: Vilniaus Universitetas, 2012, 37-50.

Delattre et al. 1955 — Delattre, Pierre C.; Liberman, Alvin M.; Cooper,
Franklin S. Acoustic loci and transitional cues for consonants. Journal
of the Acoustical Society of America 27 (4). Mellville, NY: Acoustical
Society of America, 1955, 769-773.

Duez 1989 — Duez, Danielle. Second formant locus-nucleus patterns in spon-
taneous speech: some preliminary results on French. PERILUS X.
Stockholm: University of Stockholm, 1989, 109—114.

Everett 2008 — Everett, Caleb. Locus equation analysis as a tool for linguistic
fieldwork. Language Documentation & Conservation 2 (2). Honolulu:
University of Hawai'i Press, 2008, 185-211.

Fowler 1994 — Fowler, Carol A. Invariants, specifiers, cues: An investigation
of locus equations as information for place of articulation. Percep-
tion & Psychophysics 55 (6). New York, NY: The Psychonomic Soci-
ety, 1994, 597-610.

Fruchter, Sussman 1997 — Fruchter, David; Sussman, Harvey M. The per-
ceptual relevance of locus equations. Journal of the Acoustical Society
of America 102 (5). Mellville, NY: Acoustical Society of America,
1997, 2997-3008.

Grigorjevs 2012a — Grigorjevs, Juris. Acoustic characteristics of the Latvian
sonorants. Baltistica XLVII (2). Vilnius: Vilniaus Universitetas, 2012,
267-292.

Grigorjevs 2012b — Grigorjevs, Juris. Latviesu valodas lateralo spraudzenu
akustisks raksturojums. Linguistica Lettica, 21. Riga: LU Latvie$u
valodas institats, 2012, 96.—110.

Herrmann et al. 2014 — Herrmann, Frank; Cunningham, Stuart P.; White-
side, Sandra P. Speaker sex effects on temporal and spectro-temporal
measures of speech. Journal of the International Phonetic Associa-
tion, 44 (1). International Phonetic Association, 2014, 59-74.

Indri¢ane 2013 — Indri¢ane, Inese. Latviesu valodas nebalsigo troksnenu
akustisks un auditivs raksturojums: promocijas darbs. Riga: Latvijas
Universitate, 2013.

Iskarous et al. 2010 — Iskarous, Khalil; Fowler, Carol A.; Whalen, D. H.
Locus equations are an acoustic expression of articulator synergy.
Journal of the Acoustical Society of America 128 (4). Mellville, NY:
Acoustical Society of America, 2010, 2021-2032.

Krull 1987 — Krull, Diana. Second formant locus patterns as a measure of
consonant-vowel coarticulation. PERILUS V. Stockholm: University
of Stockholm, 1987, 43-61.

Krull 1988 — Krull, Diana. Acoustic properties as predictors of perceptual re-
sponses: A study of Swedish voiced stops. PERILUS VII. Stockholm:
University of Stockholm, 1988.

40



Linguistica Lettica 2014 e 22

Krull 1989 — Krull, Diana. Second formant locus patterns and consonant-
vowel coarticulation in spontaneous speech. PERILUS X. Stockholm:
University of Stockholm, 1989, 87—-108.

Ladefoged 2003 — Ladefoged, Peter. Phonetic data analysis: An introduction
to fieldwork and instrumental techniques. Malden, MA: Blackwell
Publishing Ltd., 2003.

Laua 1997 — Laua, Alise. Latviesu literaras valodas fonétika. Riga: Zvaigzne
ABC, 1997.

Lindblom 1963 — Lindblom, Bjérn. On vowel reduction: Thesis for fil. lic.
degree. Speech Transmission Laboratory Quarterly Progress Report
Report 29. Stockholm: The Royal Institute of Technology, 1963.

Lindblom, Sussman 2004 — Lindblom, Bjorn, Sussman Harvey M. Articula-
tory and acoustic bases of locus equations. FONETIK 2004. Proceed-
ings. Stockholm: University of Stockholm, Dept. of Linguistics, 2004,
8-11.

Lofqvist 1999 — Lofqvist, Anders. Interarticulator phasing, locus equations,
and degree of coarticulation. Journal of the Acoustical Society of
America 106 (4). Mellville, NY: Acoustical Society of America, 1999,
2022-2030.

LVG 2013 — Auzina, llze; Brenke, leva; Grigorjevs, Juris; Indric¢ane, Inese;
Ivulane, Baiba; Kalnac¢a, Andra; Lauze, Ilze; Lokmane, Ilze; Markus,
Dace; Nitina, Daina; Smiltniece, Gunta; Valkovska, Baiba; Vulane,
Anna. Latviesu valodas gramatika. Riga: LU Latviesu valodas
institats, 2013.

Markus, Ceirane 2013 — Markus, Dace; Ceirane, Solveiga. Lidzskanu & un
g izrunas patnibas bérnu un pieaugu$o valoda. Baltistica XLVIII (1).
Vilnius: Vilniaus Universitetas, 2013, 57.-67.

McLeod et al. 2001 — McLeod, Amy; Baillargeon, Megan; Metz, Dale Evan;
Schiavetti, Nicholas; Whitehead, Robert L. Locus Equations as a source
of relational invariance for stop place categorization: A direct replica-
tion of Sussman, McCaffrey, and Matthews. Contemporary Issues in
Communication Science and Disorders 28. NSSLHA, 2001, 98-103.

Microsoft Corporation 2010 — Microsoft Corporation. Microsoft Ex-
cel v14.0.4760 [Computer software]. Available: http://office.micro-
soft.com/en-001/excel/ (accessed: 23.12.2012).

NCH Software 2013 — NCH Software. WavePad Sound Editor v5.40 [Com-
puter software]. Available: http://www.nch.com.au/wavepad/index.
html (accessed: 10.05.2013).

Recasens 1984 — Recasens, Daniel. V-to-C coarticulation in Catalan VCV
sequences: An articulatory and acoustical study. Journal of Phonetics
12. Amsterdam: Elsevier, 1984, 61-73.

Recasens 1989 — Recasens, Daniel. Long range coarticulatory effects for
tongue dorsum contact in VCVCV sequences. Haskins Laboratories
Status Report on Speech Research, 99/100, 1989, 19-37.

41



Linguistica Lettica 2014 e 22

Recasens, Espinosa 2009 — Recasens, Daniel; Espinosa, Aina. An articula-
tory investigation of lingual coarticulatory resistance and aggressive-
ness for consonants and vowels in Catalan. Journal of the Acousti-
cal Society of America 125 (4). Mellville, NY: Acoustical Society of
America, 2009, 2288-2298.

Reetz, Jongman 2009 — Reetz, Henning; Jongman, Allard. Phonetics. Tran-
scription, Production, Acoustics, and Perception. Malden, Oxford:
Wiley-Blackwell, A John Wiley & Sons, Ltd., 2009.

Sussman 1994 — Sussman, Harvey M. The phonological reality of locus
equations across manner class distinctions: Preliminary observations.
Phonetica 51 (1-3). Basel: S. Karger AG, 1994, 119-131.

Sussman et al. 1991 — Sussman, Harvey M.; McCaffrey, Helen A.; Mat-
thews, Sandra A. An investigation of locus equations as a source of re-
lational invariance for stop place categorization. Journal of the Acous-
tical Society of America 90 (3). Mellville, NY: Acoustical Society of
America, 1991, 1309-1325.

Sussman et al. 1995 — Sussman, Harvey M.; Fruchter, David; Cable, Amory.
Locus equations derived from compensatory articulation. Journal of
the Acoustical Society of America 97 (5). Mellville, NY: Acoustical
Society of America, 1995, 3112-3124.

Sussman et al. 1997 — Sussman, Harvey M.; Bessell, Nicola; Dalston, Ei-
leen; Majors, Tivoli. An investigation of stop place of articulation as a
function of syllable position: A locus equation perspective. Journal of’
the Acoustical Society of America 101 (5). Mellville, NY: Acoustical
Society of America, 1997, 2826-2838.

Sussman et al. 1998 — Sussman, Harvey M.; Fruchter, David; Hilbert, Jon;
Sirosh, Joseph. Linear correlates in the speech signal: The orderly out-
put constraint. Behavioral and Brain Sciences 21. Cambridge, MA:
Cambridge University Press, 1998, 241-299.

Sussman, Shore 1996 — Sussman, Harvey M.; Shore, Jadine. Locus equa-
tions as phonetic descriptors of consonantal place of articulation. Per-
ception & Psychophysics 58 (6). New York, NY: The Psychonomic
Society, 1996, 936-946.

Taperte 2013 — Taperte, Jana. Latviesu valodas nazalo slédzenu akustiskas
ipasibas. Valoda — 2013. Valoda dazadu kultiru konteksta. Dau-
gavpils: Saule, 2013, 281.-289.

Taperte, 2014 — Taperte, Jana. Locus equations and the place of articulation
for the Latvian sonorants. Baltistica XLIX (1). Vilnius: Vilniaus uni-
versitetas, 2014, 71-99.

42



Linguistica Lettica

2014 @ 22

Appendix A

Table 2. Values of slope, y-intercept and coefficient of determination (R?)
calculated for the consonants of Standard Latvian

Males Females Common
C Inter- Inter- Inter-
Slope| cept R? Slope | cept R? Slope | cept R?
(Hz) (Hz) (Hz)

[pl | 0.79 | 243 | 0.959 | 0.77 | 266 |0.949 | 0.78 | 260 | 0.954
[b] | 0.65| 338 | 0.905 | 0.64 | 394 [ 0.941 | 0.66 | 352 | 0.930
[f] {072 ] 312 | 0.953 | 0.69 | 427 |0.919| 0.72 | 349 | 0.930
[vl | 0.67 | 325 | 0919 | 0.62 | 427 [0.895| 0.64 | 379 | 0.909
m | 0.62 | 320 | 0.868 | 0.58 | 359 |0.877| 0.59 | 350 | 0.875
[t1 | 0.54| 759 | 0.824 | 0.56 | 865 [0.895| 0.59 | 747 | 0.850
[dl | 040 | 982 | 0.721 | 0.34 | 1262 | 0.773 | 0.40 | 1069 | 0.676
[s] | 0.44 | 877 | 0.749 | 0.40 | 1141 | 0.783 | 0.47 | 914 | 0.725
[z | 0.29 | 1090 | 0.599 | 0.25 | 1401 | 0.620 | 0.33 | 1148 | 0.527
kd | 0.48 | 834 | 0.779 | 0.43 | 1080 | 0.819 | 0.50 | 882 | 0.763
[dd | 0.25 | 1204 | 0.542 | 0.20 | 1490 | 0.542 | 0.27 | 1276 | 0.469
[n] | 037 | 941 | 0.702 | 0.34 | 1187 | 0.731 | 0.38 | 1018 | 0.662
[l [034| 684 | 0.698 | 0.30 | 854 | 0.653| 0.33 | 743 | 0.656
[f1 [057| 720 | 0.799 | 0.47 | 1053 | 0.710 | 0.56 | 819 | 0.727
31 | 0.38 | 1101 | 0.643 | 0.32 | 1303 | 0.648 | 0.38 | 1153 | 0.658
il | 053 | 835 | 0.744 | 0.47 | 1160 | 0.808 | 0.56 | 896 | 0.734
kg | 030 | 1281 | 0.463 | 0.20 | 1737 | 0.490 | 0.31 | 1407 | 0.389
[f]1 | 038] 926 | 0.792 | 0.38 | 1055 | 0.748 | 0.41 | 950 | 0.746
[l | 0.46 | 1095 | 0.750 | 0.47 | 1335 | 0.651 | 0.55 | 1074 | 0.656
B | 021 | 1612 | 0.435 | 0.20 | 1961 | 0.377 | 0.29 | 1650 | 0.346
{1 |0.24 | 1584 | 0.396 | 0.18 | 2122 | 0.417 | 0.31 | 1674 | 0.314
[nl | 0.22 | 1671 | 0.496 | 0.15 | 2198 | 0.371 | 0.25 | 1823 | 0.292
[A] | 0.28 | 1414 | 0.664 | 0.29 | 1714 | 0.670 | 0.36 | 1436 | 0.528
[Kl | 093 | 190 | 0.928 | 0.93 | 204 [0.958 | 0.94 | 183 | 0.950
[g]l | 1.00 | 140 | 0.896 | 0.97 | 197 |0.888 | 0.98 | 171 | 0.895
[x] | 094 | 137 | 0973 | 0.96 | 155 [0.975| 0.96 | 124 | 0.974
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Juris GRIGORJEVS

DYNAMICS OF THE LATVIAN LONG VOWELS

Background

One of the newest and most extensive surveys on the theories
concerning diphthongs as a phenomenon is presented in the docto-
ral thesis by Pamela Arlund (Arlund 2006). The author concludes
that “despite many studies of diphthongs and many sincere attempts
to define them, much about diphthongs remains a mystery” (Arlund
2006, 18). On the basis of reviewed literature Arlund states, that “in
the course of these various studies, two competing definitions of
diphthongs begin to emerge: those that see a diphthong as being com-
posed of two steady states with a glide in between and those that see a
diphthong as merely a vowel with some kind of movement” (Arlund
2006, 21). Both concepts can be found in phonological interpretation
of the Latvian diphthongs (LVG 2013, 44-47).

A part of phoneticians and phonologists in the world consider
diphthongs being a phonetic phenomenon only: therefore in a pho-
nological analysis of the sound system of any language, they analyze
diphthong components as two independent monophthongs, failing at
the same time to analyze long monophthongs as consisting of two
short. Neglecting to recognize diphthongs as separate vowel phone-
mes causes regarding them as a simple product of the syllable structu-
re. This leads to the problem mentioned by Arlund (Arlund 2006, 19):
“If diphthongs are not integrated methodologically into accounts of
vowel systems of languages, then surely highly relevant similari-
ties between diphthongs and more traditional simple vowels or long
vowels is being lost. On the other hand, if diphthongs are integrated
into phonological representations of vowel systems, then what is the
best way to do so? (..) Unfortunately, this seems to be the current state
of affairs regarding diphthongs: many approaches and ideas, but none
truly able to account for their complexity in any truly systemic way.”

In Latvian phonetics and phonology all the Latvian diphthongs
are traditionally defined as two monophthongs joined in one sylla-
ble (Laua 1997, 25; VPSV 2007, 97). According to this definition the
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concept of diphthong is plainly formal, denoting a sequence of two
short monophthongs in tautosyllabic position opposed to the concept
of vowel cluster, i. e., a sequence of two monophthongs in heterosylla-
bic position. Consequently the Latvian diphthongs are regarded being
biphonemes, while some phonologists suggest setting apart and regar-
ding diphthongs /ie/ and /uo/ as monophonemes due to their structure
and functions (LVG 2013, 46). According to traditional approach both
components of the Latvian diphthongs (except /ie/ and /uo/) are rea-
lized as corresponding short monophthongs in respect to their articu-
latory and acoustic quality. Such approach is very close to the duality
(sequence) view, i. e., “two discrete simpler vowels with a transition
(called a glide) in between”, described by Arlund (Arlund 2006, 2):
.. those who advocate the sequence view stipulate that the two vowels
that comprise a diphthong have simple vowel counterparts. These sim-
ple vowels are linked by a gliding segment, i. e. a segment that gene-
rally displays rapid formant change from the onset steady state to the
offset steady state.

The schematized illustration of the diphthong structure corres-
ponding to this view is given in Figure 1 that has been characterized
by Arlund with the following words (Arlund 2006, 22): “It does not
matter whether the first steady state or the second are higher or lower
in terms of formant values. What matters is the fact that there are two
steady states with a transitionary section in between.”

A transitionary glide
“‘IIEIIIIIIIIIII
o 2% steady state
*

*
SEFERRENRNR NN NS

1% steady state

Ssanje A juewio

Phase 1 ‘ Phase 2 ‘ Phase 3

Time
Figure 1. Schematized representation of a diphthong with two steady state por-
tions and a transitionary segment (based on Figure 2.1 in Arlund 2006 p. 23)
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In numerous phonetic studies conducted by different resear-
chers it has been observed that “some disagreement exists between
diphthong paths in F2/F1 space and the positions of their assumed mo-
nophthongal components” which in its turn rises the question “whe-
ther the disagreement represents a problem of transcription or whether
diphthongs are incorrectly conceptualized as containing two phone-
mic pieces identifiable as monophthongs” (Rosner, Pickering 1994,
293). On the basis of his own research Juris Grigorjevs (Grigorjevs
2009; Grigorjevs 2012) has also questioned the vowel sequence view,
and on the basis of the theoretical assumptions by Luciano Canepari
(Canepari 2007, 138—139) applying them to Latvian he has advocated
considering all the Latvian diphthongs as monophonemes (Grigorjevs
2012; LVG 2013, 44-52). Phonologically this decision was grounded
on the observations that diphthongs, if their initial and final compo-
nents are viewed as parts of the same heterogeneous vowel, act to
distinguish the meaning in minimal pairs in the same way as short
and long monophthongs, e. g., mita — mita' — mieta — meta — mei-
ta — mata — maita — muita (Grigorjevs 2012, 80). Phonetically the
decision was based on the differences observed between the quality
of the 1 and the 2™ component of any diphthong and the quality of
the corresponding short or long monophthong produced in the same
phonetic context. All the Latvian vowels were pronounced in 4 diffe-
rent positions of real words embedded into carrier phrases: 1) word
initial — stressed syllable; 2) after a consonant in the 1% (stressed) syl-
lable; 3) word medial — in the 2™ (unstressed) syllable; 4) word final —
unstressed syllable (Grigorjevs 2009, 43—44). It was observed that the
steady state phase of the initial or the final component has not been re-
gularly executed, especially in unstressed positions (Grigorjevs 2009,
45-46), which led to the conclusion that the steady state phases were
not essential for perception of the Latvian diphthongs. The differen-
ces between the quality of diphthong components and seemingly cor-
responding monophthongs suggest that the transition phase provides
sufficient information to perceive the diphthong, and its endpoints do
not necessarily have to coincide with the formant structures of the
corresponding monophthongs. These findings support unity (single
vowel) view, “which states that diphthongs are simply a vowel that
has continuously changing formant qualities” according to Arlund’s
survey (Arlund 2006, 2) where she summons: “Proponents of this de-

! In the Latvian orthography long monophthongs are marked with a dash over the
vowel grapheme —T [i:].
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finition argue that the two endpoints of a diphthong need not coincide
with any of the simpler vowels in the language. Furthermore, there
need not necessarily be two steady state points with a glide in-between
in all diphthongs. All that is necessary to qualify as a diphthong under
this definition is movement.”

The research performed during the last decades has shown that
“monophthongs are also inherently dynamic and that perception of
them depends on their dynamism and their endpoints more than on
their static portions” (Arlund 2006, 31), and therefore the spectral
change is not a unique feature of diphthongs. It seems that there is no
single approach dealing with diphthongs that can be characterized as
complex segments. In their extensive work on the vowel perception
and production Burton Rosner and Brian Pickering have also pointed
to the lack of uniform approach towards diphthongs (Rosner, Picke-
ring 1994, 293): “Although this is an old problem, there still are not
enough data to resolve it at present. The acoustic paths of diphthongs
produced by an individual speaker must be compared with F2/F1 po-
sitions of isolated vowels produced by the same speaker. This compa-
rison has not been carried out systematically.”

In 2013 Latvian Council of Science awarded grant to the rese-
arch project The acoustic characteristics of the sound system of Stan-
dard Latvian by age groups (5—15, 16-39, 40-59, 60-80) (LCS pro-
ject Ne 148/2012) that allowed addressing this topic, as well as other
topics insufficiently studied so far. The present article is describing
the study where the dynamics of the Latvian long vowels, both mono-
phthongs and diphthongs, produced by two male informants are com-
pared to find the features that distinguish the Latvian monophthongs
from diphthongs and could provide a stable basis for the phonological
classification.

Aims

The aim of this study is to examine the formant trajectories
of long vowels (both — monophthongs and diphthongs) and find the
information about their dynamics that could help to determine if a
diphthong is a mere combination of two short monophthongs or a long
vowel of changing quality with defined initial and final targets. It is
also important to determine whether there is a certain structure charac-
teristic to the Latvian diphthongs (e. g., like Figure 1), and whether the
formant structures of the initial and the final phase of a diphthong cor-
respond to the formant structures of the relevant monophthongs. The
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previous studies (Grigorjevs 2009; Grigorjevs 2012) have addressed
vowels produced in phonetic context, but this time the object of the
study has been vowels in zero contexts, i. €., produced in isolation to
achieve the closest possible approximation to their acoustic prototypes
(Rosner, Pickering 1994, 84-85).

Method

The present article is based on the data acquired for the research
project The acoustic characteristics of the sound system of Standard
Latvian by age groups (5—15, 16-39, 40-59, 60—80). In 2013 the tar-
get group for the research was 10 speakers (5 male and 5 female)
in the age between 16 and 39 years. The recordings were performed
using a computer, the USB audio capture device EDIROL UA—25 and
the headset condenser microphone AKG C 520. All the informants
produced all the Latvian vowels in sequences (e. g., Saka baib art —
baib — ai or Saki did ari — did — 1) — i. e., monosyllabic word (CVC?)
in carrier phrase followed after a pause by monosyllabic word (CVC),
and after a pause — by a vowel in a zero context (#V#). Each sequence
was repeated 3 to 4 times. The data of two male speakers (M1 and
M?2) were selected for analysis out of five in this group (M1=19 years
of age, M2=24, M3=28, M4=35 and M5=39), because their vowel
planes formed the extreme sizes — the smallest (M1), and the largest
(M2). Four instances of each vowel’s production in zero context (#V#)
were acoustically analyzed using software WaveSurfer (v. 1.8.5., Kare
Sjolander and Jonas Beskow) to register values of their total duration,
as well as pitch (F0) and first four formants (F1, F2, F3 and F4) at 10
equally spaced points during their production. As a result 176 values
of duration (s), 1760 values of pitch (Hz) and 7040 values of vowel
formants (Hz) were acquired for further analysis. Besides this, four
productions of each long monophthong by each of two informants
were measured marking approximately central 7, of it (leaving out of
marked region the very beginning and the very end of a vowel) and
obtaining statistical mean values of pitch and first four formants for
the marked region. As a result additional 240 numeric values were
obtained allowing to view long monophthongs in a more traditional
manner, 1. €., as a quasi-stationary constructs.

2 CVC - symmetric syllables where initial and final C is the same — any of the Latvian
consonants [b, ts, tf, d, d&z, &, f, 8,3, X, j/, k, ¢, L &, m,n (@), p, p, 1, 5, §, £, v/v,
z, 3], V' — any of the Latvian vowels [i, e, @&, a, d, u, i, eI, &, a:, 2, w, ie, iu, ei,
eu, ai, au, oi, ou, ui, uo]
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Results and discussion

For each of two informants the mean values of duration, pitch
and formants were calculated from four sets of values obtained measu-
ring four productions of each vowel. To compare placement of vowels
in the vowel plane long vowels of both informants were plotted on
psychophysical (Bark) F2'/F1 planes (Fig. 2).

F2 () F2' (2)
e m . e 6 1 140 3@ 2m Mo 1000 900

Fl@
Fl@)

Figure 2. The representation of long vowels produced by M1 (A) and
M2 (B) in psychophysical F2'/F1 planes: the large circles (diameter 1 z)
represent quality zones of long monophthongs, the dashed line vectors
represent diphthongs with i-like quality of the second component while
the dotted line vectors — with u-like quality, the solid line vectors represent
diphthongs [ie] and [uo].

The long monophthongs (mean data calculated for central %)
in these plots are represented by large circles while the diphthongs
are represented by vectors whose beginnings (large black dots) cor-
respond to the first and ends (arrowheads) to the last of the measu-
red 10 segments of equal duration. To take into account the influence
of F3 and F4 on the vowel placement the values of the effective se-
cond formant (F2') calculated using formulae (Bladon, Fant 1978)
were used instead of the measured values of F2. Before plotting all
the values were transformed to psychophysical units barks (z) using
Traunmiiller’s formulae (Traunmiiller 1988). The long monophthongs
are represented by circles whose diameter is 1 z to demarcate areas of
the same perceptual quality (Ilivonen 1987).

Although vowel plots of both informants are of different sizes,
the diphthong vectors tend to have similar placement and directions. The
main difference in plots of M1 and M2 is following — most beginnings
and ends of the diphthong vectors of M1 fall inside the corresponding
monophthong circles (Figure 2A) while those of M2 are located outside
these circles exhibiting undershoot in reaching the target (Figure 2B)
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thus witnessing more pronounced effect of co-articulation between the
diphthong components. This traditional type of vowel presentation on
the vowel plane (Figure 2) allows making judgments about the mutual
arrangement of monophthongs and terminal points of diphthongs, but
does not allow drawing conclusions about vowel dynamics, i. e., timing
of the gestures. It does not provide information about the presence of ste-
ady state phases in diphthongs and their relative weight either, although
this information can be easily acquired viewing dynamic spectrograms
or their schematic representations (e. g., Figure 3). It can be observed
(Figure 3) that formant trajectories (especially of F1 and F2) of M1 (solid
lines) and M2 (dashed lines) are close to the mean trajectories calculated
for the group of 5 male informants (gray lines) and are well represen-
ting the general tendencies in the production of [ie] irrespective that the
vowel planes of these speakers are the most different in size. This allows
assuming that the formant schemes of these two informants can be used
to represent a larger group of male speakers.
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Figure 3. The formant scheme of diphthong [ie] produced by 5 male
speakers (mean values for 4 productions): M1 — solid line, M2 — dashed
line, M3 — dotted line, M4 — dashed-dotted line, M5 — dashed-double-dotted
line; the formant scheme made by gray solid lines and gray dots represents
the mean values for these 5 speakers; the horizontal axis marks 10 segments
of equal duration forming a diphthong.

Comparing the formant schemes of the diphthong [ai] (Figu-
re 4) based on the mean values calculated for 4 productions of the
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diphthong by each of informants (M1 — solid lines, M2 — dashed li-
nes) some variation in formant frequencies and timing of the transition
phases can be observed, but the general tendencies are the same — the
I** component has a steady state phase after which the transition phase
begins without reaching the steady state phase of the 2" component.
For both speakers the frequency values of F2, F3 and F4 increase whi-
le the values of F1 decrease.
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Figure 4. The formant scheme of diphthong [ai] produced by 2 male
speakers: M1 — solid line, M2 — dashed line; FO of both speakers is shown
by the dashed lines at the bottom.

Inspecting the diphthong formant patterns in Figure 3 and Figu-
re 4 it can be observed that the general tendencies in formant trajecto-
ries are similar for all the speakers, and using the mean data instead of
the individual data does not introduce significant error in judgments
about the diphthong dynamics. Since it was planned to compare dipht-
hong formant trajectories with the monophthong formant trajectories
the decision was made to perform this comparison on the basis of
the mean data calculated from all productions of each vowel by both
informants (M1 and M2). Thus the further analysis of the vowel dy-
namics will be based on the formant schemes (Figure 5 to Figure 9)
where broad solid lines are representing formant trajectories of diph-
thongs, black narrow solid lines — formant trajectories of long mono-
phthongs corresponding to the initial components of diphthongs, but
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black narrow dashed lines — long monophthongs corresponding to the
final components of diphthongs.
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Figure 5. The formant schemes of diphthongs [ie] (/ef?) and [iu] (right),
and long monophthongs [i:] (solid lines in left and right), [e:] (dashed lines
in left) and [u:] (dashed lines in right).

The dotted vertical lines in these schemes reflect approximate
division of each diphthong into three equal durational parts. The sup-
posed quality of the diphthong components? is noted by the transcrip-
tion symbols at the beginning and the end of each diphthong scheme.
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Figure 6. The formant schemes of diphthongs [ei] (lef?) and [eu] (right),
and long monophthongs [e:] (solid lines in left and right), [i:] (dashed lines
in /eft) and [u:] (dashed lines in right).

* The diphthong transcribed in this article as /uo/ or [uo] in orthography of several
languages has graphical representation uo (e. g., Finnish ‘Suomi’ and Lithuanian
‘puodas’, as well as Latvian ‘uola’ before the World War II), and could be thought
to have [0] as the final/2" component, since in Latvian orthography grapheme o
represents monophthong /3/ (as well as /3:/ and /uo/). The symbol [ud] is not used in
this article, because the 2™ component of this diphthong is of very variable quality.
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Comparing the diphthong formant schemes (broad lines in Fi-
gure 5-9) with the schematized representation of a diphthong (Figure
1) it can be noticed that the Latvian diphthongs do not follow the pat-
tern where the steady state of the initial component, the transitionary
phase and the steady state of the final component each takes '/, of the
diphthong’s duration.
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Figure 7. The formant schemes of diphthongs [ai] (/eff) and [au] (right),
and long monophthongs [a:] (solid lines in /left and right), [i:] (dashed lines
in left) and [u:] (dashed lines in right).

At the first sight (looking mainly at F1 and F2) the phase of the
1% steady state seems to be the longest in diphthongs [ie] and [uo]
(about ¥/, of duration), shorter in diphthongs [iu], [eu], [ai], [au], [5i]
and [ui] (about Y/, of duration), the shortest in diphthongs [ei] and [ou]
(about ”; of duration). Under more thorough inspection looking clo-
sely at all four formants the phase of the 1% steady state appears to be
shorter — about '/, of duration in diphthongs [ie], [uo], [5i] and [ui],
about 7/, in diphthongs [iu], [eu], [ai] and [au], while only 0 to '/,
in diphthongs [ei] and [ou]. Making a rough generalization of these
findings one can say that in heterogeneous diphthongs the steady state
of the initial component is about '/, of duration, while in opening ho-
mogeneous diphthongs it is about //; of duration, and in closing homo-
geneous diphthongs there is no steady state at all.

The transitionary phase of the Latvian diphthongs (even pro-
duced in zero contexts) takes at least 7, of the diphthong duration*
or more. Examining the formant schemes of the Latvian diphthongs
(Figure 5-9) it can be concluded that there is no steady state phase of
the final component or it is very brief one, i. e., it is between '/, and /,
of diphthong duration if the final component is of u-like quality.

*In diphthongs [ie] and [uo] if some minor change in vowel formants is disregarded.

57



Linguistica Lettica 2014 e 22

o o

___________________ g
=T 1\\l\\|mlmnrvlululmmlﬂlmﬁl 00000

o
i

o o

________________ —————

.

°°°°° e B g

________ - — . — —~
w0 . J—

‘INININ'”
o
g
1500 g 1500
w
|H’”’
g
1000 4 g )
D 3—— ________ B —

R I I T — i [ ry T

Figure 8. The formant schemes of diphthongs [2i] (/eff) and [ou] (right),
and long monophthongs [2:] (solid lines in left and right), [i:] (dashed lines
in /eft) and [u:] (dashed lines in right).
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Figure 9. The formant schemes of diphthongs [ui] (/eff) and [uo] (right),
and long monophthongs [u:] (solid lines in /left and right), [i:] (dashed lines
in /eft) and [2:] (dashed lines in right).

Comparing formant schemes of diphthongs (broad solid lines)
with the formant schemes of the long monophthongs corresponding
to the initial (narrow solid lines) and the final (narrow dashed lines)
phases of diphthongs (Figure 5-9) it can be observed that:

e if a closing or height harmonic diphthong has a front (i- or e-
like) and a back rounded (u- or o-like) component ([iu], [eu], [2i] and
[ui]), the front component has lower F2, F3 and F4 frequency values
than the corresponding monophthong;

e if both components of a closing diphthong are back, and the
final component is u-like ([au] and [ou]), the formant values of both
components are practically the same as those of the corresponding
monophthongs;
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e if both components of a diphthong are unrounded, and the
final component is i-like ([ei] and [ai]), the F2 frequency value of
the initial component is higher than that of the corresponding mono-
phthong;

e if a diphthong is opening ([ie] and [uo]), the initial compo-
nent of it is equal to the corresponding monophthong, but the final
component has F1 value significantly higher than supposed corres-
ponding monophthong, while [ie] has lower, but [uo] — higher F2, F3
and F4 values.
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Figure 10. The representation of long monophthongs produced by M1 in
psychophysical F2'/F1 planes: the large circles (diameter 1 z) represent
quality zones of long monophthongs; small symbols in A represent vowel
paths (consisting of 10 points) in 4 productions (1* — black triangles, 2 —
gray rhomboids, 3" — gray squares, 4™ — white circles); black dots in B
represent mean vowel paths calculated from 4 productions.

As it has been mentioned in the analysis of Figure 2 the traditio-
nal vowel plots, where monophthongs are presented by dots or circles
and diphthongs — by vectors in F2/F1 or F2'/F1 plane, fail to provide
the information about the dynamics of vowels and their real trajecto-
ries in perceptual space’. The traditional representation is based on the
assumption that at least the central part of a monophthong, which is
crucial for its perception and is not subjected to the influence of the
preceding or succeeding segments, is steady thus displaying quasi-sta-
tionary formant structure. This allows representing the monophthong
as a point on the plane, where its coordinates are determined by the
formant values in this central part. This strategy complies with the
‘quasistationary-path’ approach (Rosner, Pickering 1994, 290). But a

®> For the ease of illustration author uses the psychophysical F2'/F1plane, where F2’
is calculated using values of F2 and higher formants, instead of a three or more
dimensional auditory vowel space.
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vowel (even a monophthong) in natural speech generates a changing
spectrum and therefore a multi-point path in the perception space. To
account for this phenomenon a modified version of the ‘full-path’ ap-
proach is employed. Both approaches are illustrated in Figure 10 on
the basis of the data obtained for speaker M 1. The large circles repre-
sent the ‘quasistationary-path” approach, and their diameter is chosen
1 z to show the zone where stimuli falling inside it are perceived as
being of the same perceptual quality.

The series of smaller symbols connected with lines (Figu-
re 10) represent the vowel paths of monophthongs according to
‘full-path’ approach. The approach is modified by the author in that
formants are not measured with equal time-step for all the mono-
phthongs. Instead each vowel is represented by 10 points obtained
dividing the total duration of the vowel into 10 equal intervals and
measuring formant frequencies for these intervals. This was done to
obtain equal number of points for comparison of formant schemes
in order to compare monophthongs and diphthongs having different
duration (Figure 5-9). In Figure 10A different colors and symbols
are used to denote individual vowel path’s points of each produc-
tion (1% — black triangles, 2" — gray rhomboids, 3™ — gray squares,
4™ — white circles) of each monophthong by M1. In Figure 10B the
vowel paths represent mean values calculated from all 4 productions
of each monophthong.

For each vowel path in Figure 10A and Figure 10B the majority
of points except the marginal ones, i. e., the initial and/or the final,
fall into the 1 z zone of each monophthong. This indicates the small
inherent variation of monophthong quality that does not go beyond the
limits of the quality zone.

Diphthongs, according to the traditional view, in the ideal case
are consisting of three phases, where there is a steady state of the ini-
tial and the final component with a transitionary glide between them
(Figure 1). If so, the steady states of the initial and the final component
can be represented on the F2'/F1 plane by points (like monophthongs)
with an arrow connecting them thus showing the transition between
components. Instead of using points and connecting arrows diph-
thongs can be plotted as vectors (Figure 2), which start on the plane at
the position determined by formant values of the initial steady state of
the diphthong and end at the position determined by the final steady
state. This type of diphthong presentation on the psychophysical plane
corresponds to the ‘quasistationary-path’ approach failing to provide
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the information about the actual trajectory and movement velocity at
different stages of a diphthong production.

To include the information about the actual trajectories and mo-
vement velocity of both monophthongs and diphthongs the ‘full-path’
approach was applied to create vowel plots for each speaker (Figu-
re 11 — M1; Figure 12 — M2). The mean data calculated from data of
each vowel’s 4 productions by each informant were used to plot vowel
paths on F2'/F1 planes — monophthongs are represented by black sym-
bols while diphthongs — by gray. The transcription symbols marking
diphthongs are positioned at the points representing the initial phase
of each diphthong.
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: : : : : : : : 2,00
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Figure 11. Mean vowel paths of M1 in psychophysical F2'/F1 plane: long
monophthongs — large black dots connected with black lines; diphthongs
ending with i-like component — gray triangles connected with gray lines;

diphthongs ending with u-like component — gray rhombs connected with gray
lines; diphthongs [ie] and [uo] — large gray dots connected with gray lines.

As expected the points of monophthong paths are located dens-
ely on the planes (Figure 11-12) illustrating little variation in formant
frequencies and low velocity of change throughout each monophthong’s
production. The highest grade of density, i. e., overlapping of points is
observed in the middle part of each path corresponding to the central
part of a monophthong. For both speakers the most visibly distinctive
points showing somewhat larger formant changes correspond to the
final (10™) interval of duration, except monophthong [u:] where the
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leftmost point represents the initial (1*) interval. Since none of the
monophthong paths exceeds 1 z in either F1 of F2' dimension, the
conclusion can be drawn that it is perceived as uniform sound.
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Figure 12. Mean vowel paths of M2 in psychophysical F2'/F1 plane: long
monophthongs — large black dots connected with black lines; diphthongs
ending with i-like component — gray triangles connected with gray lines;

diphthongs ending with u-like component — gray rhombs connected with gray
lines; diphthongs [ie] and [uo] — large gray dots connected with gray lines.

In contrast to monophthongs the diphthong paths of both spe-
akers are considerably longer, what can be easily observed in vowel
planes (Figure 11-12). Even the shortest path, which is the path of
diphthong [ei] by M1, exceeds 2.5 z interval (Figure 11) thus signali-
zing about the change of perceptual quality and duality of its terminal
segments. The highest density of points in diphthong paths is found in
the beginning of each path that corresponds to the initial component of
a diphthong. If some successive points are overlapping in this part of
a path, it can be said that a diphthong has a quasi-stationary part of the
initial component where the formant change is small and its velocity is
very low. It can be seen that diphthongs produced by M1 (Figure 11)
have diphthong paths where the paths of [ie] and [uo] have 3 overlap-
ping points, of [iu], [ei], [eu] and [ai] — 2, but of [au], [2i], [ou] and
[ui] — 0 overlapping points in their beginning, while diphthongs produ-
ced by M2 (Figure 12) display paths where [uo] has 4, [ie], [ai], [2i]
and [ui] have 3, [iu], [ei], [eu] and [ou] — 2, but [au] has 0 overlapping
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points in the beginning. From these observations the conclusion can
be drawn that diphthongs produced by M1 have shorter quasi-steady
states of the initial component in comparison to diphthongs produced
by M2. Much less overlapping of points can be observed examining
the final/end parts of diphthong paths. The only diphthong produced by
M1 which has overlap of 2 final points is [iu] while all the other dipht-
hong paths of this speaker end without overlapping points (Figure 11).
Out of all diphthong paths showing pronunciation of M2 (Figure 12)
only paths of [eu] and [au] have 2, but the path of [ui] has 4 overlap-
ping points in the end of it; all the other diphthong paths end with no
overlapping points. On the basis of these observations the hypothesis
can be made that mainly diphthongs having a u-like final component
tend to have a steady state in their final/end part.

The largest distances are found between 4-5 central points of
each diphthong path thus confirming the highest velocity of change in
the formant structure during this phase while in the beginning and end
of a diphthong the formant structure changes less drastically, which is
illustrated with decreasing inter-point distances approaching terminal
points of a path.

The trajectories of diphthongs [eu], [ai] and [3i] (and to some
extent [au]) suggest that in closing diphthongs the horizontal move-
ment (advancement or retraction) of the tongue comes before the ver-
tical (elevation).

If the zone of each monophthong is viewed as a circle (diameter
1 2), and the positioning of points belonging to the initial and the final
component of each diphthong is inspected in relation to these mono-
phthong zones, some differences, as well as similarities in pronuncia-
tion of both informants can be observed:

1) in majority of diphthongs produced by M1 their components
start (having 1-4 points) and end (having 1-3 points) in the
corresponding monophthong zones, except for [ie] and [uo]
that start from more peripheral position and end with much
more open component — [ie] ends in the zone of [&:] (passing
on the way through the zone of [e:]), but [uo] — in the zone of
[e:] (passing on the way through the zone of [2:]), while [ai]
starts from the position of [e] (passing on the way through the
zones of [e:] and [e1]);

2) very few diphthongs produced by M2 start ([iu] having 2,
[ei] — 4, [uo] — 5 points) and/or end ([iu] having 2, [eu] — 1,
[ou] — 2 points) in the corresponding monophthong zones,
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while diphthongs [au] (starts from the position of [e:]), [2i]
and [ou] (start outside the zone of [2:]) pass through the zones
of the supposed initial component on their way to the final
component, but diphthong [ai] starts like [au] from the po-
sition of [e] and passes on the way through the zones of [ee:]
and [e:] without reaching the target zone of [i:];

3) although the diphthongs [ie] and [uo] produced by M2 do
not start from more peripheral positions on the plane than
the monophthongs [i:] and [u:] ([ie] starts from more centra-
lized position, but [uo] — from the position of [u:]) as do the
corresponding diphthongs produced by M1, they end with
approximately the same quality of the final component ([ie]
ends in the zone of [&:], but [uo] — in the zone of [e:]).

Apart of the differences in the length of trajectories and their

dynamics some regularity distinguishing long monophthongs form
diphthongs was noticed in the duration ratio between these long
vowels. It has been observed, that long monophthongs tend to have
larger duration (M1 — 0.354-0.446 s; M2 — 0.438-0.541 s) than diph-
thongs (M1 — 0.295-0.417 s; M2 — 0.297-0.389 s), but the length
difference is speaker-dependable (the duration ratio of long mono-
phthongs to diphthongs is on average 1.09:1 for M1, and 1.45:1 for
M2). It is worth noting that for both speakers the mean value of the
duration ratio of short monophthongs to diphthongs has been equal —
1:1.78, while the ratio of short monophthongs to long monophthongs
is 1:1.94 for M1 and 1:2.58 for M2.

Conclusions

During studies of various languages it has been found that
a diphthong often fails to reach the formant values of the second
component’s target due to speech tempo, stress, pitch accent, word
position, register and word class (Arlund 2006, 25). The results of
the previous study of the Latvian diphthongs located in real words
embedded into carrier phrases (Grigorjevs 2009; Grigorjevs 2012) in-
dicated that some of these factors influenced not only quality of the
diphthong’s final component, but also — of the initial. To approach
the quality closest to the diphthong prototypes the present study ad-
dressed diphthongs produced in zero context, where their quality is
not affected by speech tempo, stress pattern or phonetic context. In
her thesis Arlund refers to the conclusions by Sunil Jha made during
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study of Maithili diphthongs® that “the second steady state portion is
perhaps ideal in diphthong production but is by no means required,
actually only being reached in slow, deliberate speech” (Arlund 2006,
34). If a diphthong really had the three-phase structure with two steady
state phases and a rapid transition between them, production in zero
contexts would provide optimal conditions to display such a structure.

The data of the present study indicate that the Latvian diph-
thongs exhibit two phase instead of three phase structure even in
target-oriented pronunciation. If making a rough generalization of
the data’ the heterogeneous diphthongs ([iu], [eu], [ai], [au], [2i]
and [ui]) display the steady state of the initial component about 7,
of the total duration, while opening homogeneous diphthongs ([ie]
and [uo]) — about V/; of duration, which is followed by a long (7] of
duration or more) transitionary glide that ends without the final steady
state phase. The closing homogeneous diphthongs [ei] and [ou] have
no steady state either in the phase of initial or final component, they
have continuous transitionary glide from the very beginning till the
end. The diphthongs having a u-like final component exhibit tendency
for some steadiness in their end, but this component does not exceed
/., of the diphthong’s duration.

The components of diphthongs produced in zero contexts have
formant structures close to those of corresponding monophthongs,
except for diphthongs [ie] and [uo]® whose final components have hig-
her F1 values indicating greater opening and changed F2, F3 and F4
values indicating centralization. Diphthongs [iu], [eu], [2i] and [ui]
display the anticipatory or carryover effect of labialization upon the
unrounded component somewhat lowering values of F2, F3 and F4.

Interspeaker differences in the production of the steady state of
initial component and its length signalize that the presence of it is not
essential for the diphthong’s perception.

The data of vowel duration indicate that diphthongs are shorter
than long monophthongs (average ratio is 1:1.09 for M1 and 1:1.45 for
M2). Since long monophthongs sometimes are regarded as sequences

¢ Jha, Sunil Kumar. Acoustic analysis of the Maithili diphthongs. Journal of Phonetics,
13, 1985, 107-115.

7 These generalizations are made disregarding slight changes in values of F2, F3 and
F4. If some minor changes of all four formants are taken into account registering the
duration of the steady state, it appears to be much shorter: it is about //, of the total
duration in [ie] and [uo], about // in [3i] and [ui], about //, in [ai], and about ¥, or 0
in all the other diphthongs. )

8 The peculiarities of production of [ie] and [uo] causing the specific acoustic qualities
are discussed in the article by Juris Grigorjevs (Grigorjevs 1998).
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of two equal short monophthongs, one could expect that a diphthong,
if it is just a sequence of two short monophthongs of different quali-
ty, would be of the same or even larger duration than a long mono-
phthong. The shorter duration of a diphthong suggests that it is a sing-
le long vowel instead of the sequence of two short. This finding needs
checking with more extensive material.

The observations mentioned above, as well as the results of pre-
vious studies, support the view that the Latvian diphthongs are long
gliding vowels instead of being a mere combination of two short mo-
nophthongs. This strengthens basis for applying the approach based
on unity (single vowel) view to description and analysis of the Latvian
diphthongs and including them into phonemic inventory of the Latvi-
an language as separate phonemes.

Dynamics of the Latvian Long Vowels

Summary

The system of the Latvian vowels includes short and long monopht-
hongs, as well as diphthongs. Since diphthongs traditionally are viewed as a
combination of two short monophthongs in one syllable, very little attention
has been paid to the comparison of long vowels among themselves, i. e., long
monophthongs® and diphthongs'. In 2013 Latvian Council of Science awar-
ded grant to the research project The acoustic characteristics of the sound
system of Standard Latvian by age groups (5—15, 16-39, 40-59, 60-80) that
allowed addressing this topic. The present article is based on the data of two
male speakers out of five in the age group between 16 and 39 years with the
extreme sizes of their vowel planes (the smallest — M1, and the largest — M2).
For each isolated vowel the duration was measured, as well as the formant
frequencies were acquired taking measurements at 10 equally spaced points
thus allowing the comparison of dynamics of vowels with different duration.

The conclusions drawn from this study suggest that the Latvian dipht-
hongs do not exhibit three phase structure (steady state of the first component —
transition — steady state of the second component) even in zero contexts. In most
cases there is a comparatively short steady state phase of the first component
(about 7, of the diphthong’s length) and long transition which in the best case
ends with a structure corresponding to the expected quality of the second com-

°Latvian has 6 long monophthongs /iz, e:, @&:, a:, J:, u:/ that in stressed syllables or
zero contexts differ from short /i, e, &, a, J, u/ only by duration.

1 Latvian has 10 diphthongs /ie, iu, ei, eu, ai, au, 2i, ou, ui, uo/, out of which /eu/,
/21/ and /ou/ are found mainly in borrowed words, while /eu/ can appear in native
words as a product of vocalization of /v/.
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ponent, but no steady state phase. This suggests that the Latvian diphthongs are
long gliding vowels instead of being a combination of two short monophthongs.

Keywords: diphthongs, formant tracking, vowel paths, acoustic cha-
racteristics.
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Jurgita JAROSLAVIENE

SPECTRAL CHARACTERISTICS OF THE
LITHUANIAN VOWELS: SOME PRELIMINARY
RESULTS OF ANEW EXPERIMENTAL
RESEARCH

Introduction

The vocalic phoneme inventory of Standard Lithuanian consists
of 14 vowel phonemes: long (tense) /i: e: a: a: 2: w ie ud/!' and
short (lax) /i (<e>) € a <2> u/, among which <2>? and op-
tional phonological element <e>? should be regarded as peripheral
(see LG 1997, 24; DLKG 2005, 21, 23; also compare Pakerys 2003,
32-35, etc.). The following phonemic oppositions are possible:

!'In Standard Lithuanian, /ie, ud/ are usually interpreted as monophonemic entities (see LG
1997, 27-28, 30, 33; Girdenis 2003, 102-104, 192; 2009, 213-242; Kaukéniené 2004a,
16-18; Kudirka 2005, 15-16, etc.). As for the phonological interpretation of the Latvian
/ig, ud/, see LVG 2013; also see Kaukéniené 2004a, 98-99; Kudirka 2005, 67-69; etc.

In Lithuanian, according to Aleksas Girdenis (Girdenis 2009, 213-242), the front
diphthong [ie] and the back diphthong [ud] should be regarded as diphthongoids —
they are long phonemes — quite a tense long vowel ([i€] or [ud] respectively) and a
glide phoneme, which is pronounced differently depending on the prosodic features
and co-articulation with the first component and the adjacent consonant. The so-
called glide phoneme glides in the direction of increasing back and open articulation,
and the organs of speech are increasingly relaxed, but it is often complicated to
say what sound is final, as there exist no independent phonemic counterparts of the
final band and a glide phoneme in general in the vocalic subsystem of the Standard
Lithuanian. The said fact is a reason to regard the variable rise phonemes /ie/ and
/ud/ as members of the phonological subsystem of vowels rather than diphthongs.

In this paper, Lithuanian /ie, ud/ have not been described because these long vowels
are going to be investigated separately in their own right using different research methods.

2 A weakly rounded short [2] is considered to belong to the margins of the phonological
system, since this sound is used in words of foreign origin only and in some
Lithuanian proper names like Aldonas [alddnas] ‘Aldonas, Nijolé [niijdle:] ‘Nijole’
(Girdenis 2003, 191).

* Peripheral close [e] is an optional sound, since a simple short [€] is pronounced in
its place. As it is well known, close [e] is used only by some speakers of Standard
Lithuanian in such words of foreign origin like métras [miétras] ‘metre), tékstas
[tekstas] ‘text, etc. (Girdenis 2003, 191).
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1) quantitative, cf. r¥fo ‘morning’ (Gen. Sing.) : rito ‘rolled’,
pusti ‘to blow’: pusti ‘to swell’, vyry ‘men; husband’ (Gen. P1.) : vru
‘man; husband’ (Instr. Sing.), kgs ‘will bite’ : kas ‘will dig’, vasarg
‘summer’ (Acc. Sing.) : vasara ‘summer’ (Nom. Sing.), sviés ‘will
shine’ : svis ‘will dawn’, kiefo ‘hard’ (Adj. Gen. Sing.) : kito ‘another’
(Gen. Sing.), etc.;

2) qualitative:

a) according to the horizontal position of the tongue, cf. brolj
‘brother’ (Acc. Sing.) : bréliy ‘brother’ (Gen. Pl.), éda ‘it eats’ : éda
‘leather’, nesiesi “you will carry’ : nesiuosi ‘1 shall carry’, keli “you are
lifting” : keliz ‘1 am lifting’, etc.;

b) according to the vertical position of the tongue, cf. plyso
‘tore’ : pléSo “is tearing’, ryZtis ‘to make up one’s mind’ : réZtis ‘to get
deep’ : réztis ‘to strain oneself”, didelj ‘big; large’ (Acc. Sing. Masc.) :
didelé ‘big; large’ (Nom. Sing. Fem.) : didel¢ ‘big; large’ (Acc. Sing.
Fem.), Sukiy ‘slogan’ (Gen. Pl.) : $6kiy ‘dance’ (Gen. Pl.) : Sakiy
‘forks’ (Gen. P1.), etc.

Table 1. Distinctive features of vowel phonemes in Standard Lithuanian
(according to LG 1997, 28, Table 34)

Distinctive features of vowel phonemes in Standard Lithuanian
Articulatory ir| i |ieler|<e>|ee:le|a|a|a:|<d>|wd|ui|u Acoustic
features features
(1) long B . 7 - . _ |tense
(short) =+ O |[+H]=|+]-|+] O [+]+ (Iax)
(2) front Loy || |acute
(non-front) NN ©) (grave)

compact
o I I I Y e e e N R A e e
(non-low)

compact)

. diffuse

Eﬁlﬁfﬁgh) +@|-|-| © [olojo]o|-] @ ||+ ]|®)|mon-
diffuse)

(5) gliding 7 _ shifting

(pure) 0|0+ ) |0(0|0]|0 0 |+]0]0 (constant)

* A plus indicates the presence of a prime feature, a minus indicates the presence of its
opposite, and a zero means the absence of the features or its irrelevance; indications
enclosed in parentheses are relevant if the system includes optional phonemes
(LG 1997, 28; also see Girdenis 2003, 200-201).
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According to the principles of dichotomic phonology, the hi-
erarchy of distinctive features among vocalic phonemes may be il-
lustrated in Table 1. Correlation sets of distinctive articulatory [and
acoustic] features of vowel phonemes are the following: 1) ‘long’
vs. ‘short” [‘tense’ vs. ‘lax’], 2) ‘front’ vs. ‘non-front’ [‘acute’ vs.
‘grave’], 3) ‘open or low’ vs. ‘non-open or non-low’ [‘compact’ vs.
‘non-compact’], 4) ‘close or high’ vs. ‘non-close or non-high’ [‘dif-
fuse’ vs. ‘non-diffuse’], 5) ‘variable or gliding’ vs. ‘non-variable or
non-gliding’ [‘shifting’ vs. ‘constant’] (see Girdenis 2003, 191-202,
225-232; Pakerys 1997, 109-119; also compare Jakobson, Fant, Halle
1962, 177-210; Jakobson, Halle 1962, 254-258).

As it is stated in Lithuanian Grammar (LG 1997, 25; DLKG
2005, 22), pairs of long and short vowels differ not so much in quantity
(duration) as in quality, i. e. in the amount of muscular tension requi-
red to produce them (also compare Girdenis 2003, 222 and others).
The allophonic variation of the Lithuanian vowel phonemes mostly
depends on soft (palatalized) consonants®, stress and syllabic tone-
mes®. For example, the first exhaustive acoustic analysis (experimen-
tal research) of unstressed vowels in contemporary Standard Lithuani-
an (as well as in Standard Latvian)’ was presented by Lidija Kaukeé-
niené (Kaukéniené 2004a): mostly various trisyllabic words have been
investigated to analyze the vowels in the pre-stressed and post-stres-
sed position. After the spectra of pre-stressed and post-stressed vowels
have been compared with the spectra of the corresponding stressed
vowels, it was stated that unstressed vowels as sounds are reduced

5 According to vowels’ relations with hard and palatalized consonants in Standard
Lithuanian, the following vowel phonemes occur after both palatalized and hard
consonants: /a, 2, u, a:, 2, ui, ud/; the rest of the vowel phonemes, i. e. /i, €,
i1, e:, @, ie/, may occur only after palatalized consonants (as well as /j/). So the
opposition between hard and palatalized consonants exist only before /a, 2, u, az,
21, u, ud/. Though the oppositions /¢/ : /a/ and /a:/ : /&:/ are neutralized after
all consonants (except after /t, // and /d, di/): following palatalized consonants
/a/ and /a:/ are usually pronounced as [€] and [a:] respectively (for more details
see LG 1997, 32; Girdenis 2003, 193—-194; DLKG 2005, 23, 24).

¢ As it is also well known, Lithuanian is a language in which all the long syllables bearing
the primary stress are realised having one of the two phonological accents: acute or
circumflex. Accent opposition plays a distinctive role — this function is considered to be
the main function of accent, as it distinguishes words and forms that are identical in other
respects (see LG 1997, 53-58; DLKG 2005, 23, 37-40; Girdenis 2003, 268-271; etc.).

7 Until recently comprehensive synchronic comparative analysis of contemporary Stan-
dard Lithuanian and Standard Latvian vowels and consonants employing the same
methodology has not been carried out. Mostly separate characteristics have been exa-
mined (Kaukéniené 2004a; 2004b; Kudirka 2005; Grigorjevs, Jaroslaviené 2014; etc.).
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both qualitatively and quantitatively. Also the results show that stress
and the vowel’s position with respect to stress make an impact on the
quality and quantity of the vowels (for more details see Kaukéniene
2004a)®.

In the present article, a description of some preliminary results
of a new experimental research is presented, i. e. acoustic analysis and
duration of the Lithuanian vowels (sounds of uniform articulation)
pronounced in zero context are reviewed.

The objective of the study’

The main aim of the present article is to review typical acoustic
(and articulatory) characteristics of the following Lithuanian vowels
/i, €, a, 9, u, i1, e:, &I, ax, 3, u:/ pronounced in zero context /#V#/.
Reviewing interrelations between Lithuanian vowels, the mean data
of this study is compared with the data of some previous research
(Girdenis 2003, 222; Kaukéniené 2004b, 201). The general tendencies
of the relations between Lithuanian long and short vowels pronounced
in isolation are compared to the tendencies of the relations between
corresponding Latvian sounds /i, e, &, a, J, u, i, e:, &, ax, o, u:/'°,

Materials investigated and the research methods applied

To carry out the preliminary analysis of the experimental re-
search, the following Lithuanian vowels /i, €, q, 9, u, i, e, &z, a:, I,
u:/ pronounced in zero context (/#V#/) were analyzed.

For the present study recordings of two native Lithuanian (as
well as two native Latvian'') male informants were used. The research

8 The conclusions of that study suggest that in Lithuanian the phonetic reduction is more
distinct than in the Latvian language (Kaukéniené 2004a, 180-181).

? In the paper, preliminary results of a research project Acoustic characteristics of the sounds
of the contemporary Baltic languages (experimental study) (No. MIP-081/2013) financed
by the Research Council of Lithuania have been analyzed. The project provides an op-
portunity to study the acoustic features of Lithuanian and Latvian sound systems simul-
taneously and using the same research methods, phonetic environment, equipment, etc.

10 In this study, the relations between Lithuanian long and short vowels pronounced in
isolation are fragmentally compared to the corresponding Latvian sounds. Exhaustive
comparison of the main acoustic characteristics of the vowels of the contemporary
Baltic languages is going to be provided separately in further studies.

Allthe corresponding Latvian material (the data of two native Latvian male informants,
i. e. preliminary results of the research project mentioned in the previous footnote of this
article) used for comparison in this study was measured by Juris Grigorjevs.

" Latvian vowels /i, e, &, q, 2, u, i, er, &, a:, 2, u:/ were also pronounced in zero
context.
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materials were recorded in closed premises using the Audio recorder
Tascam HD-P2 and the directional headset condenser microphone AKG
C 520. Each vowel was pronounced in a habitual speed and the most
possible neutral tone. All the recordings were further transferred to com-
puter memory and saved using the .wav file format. Segmentation of the
analyzed elements was performed using the following sound processing
and analysis software programs: 1) an open source tool for sound visuali-
zation and manipulation WaveSurfer 1.8.8.p4 developed by Kare Sjolan-
der and Jonas Beskow!? as well as 2) PRAAT 5.3.63 and later versions of
the program developed by researchers of University of Amsterdam, Paul
Boersma and David Weenink". Since experimental research shows that
the strongest impact of all the consonants is on the initial or final section
of the formants of adjacent vowels, the qualitative vocalic features were
researched instrumentally on the basis of the purest excerpt (compare
Bergem 1991, 433) of the isolated vowels, i. e. the middle section or
steady state were measured to determine vowels duration (ms), the fre-
quency values (Hz) of the first four formants (F1, F2, F3 and F4).

In addition to the sound analysis software WaveSurfer and
PRAAT, the program FORMANT2.PAS worked out by Aleksas Gir-
denis on the basis of the method offered by Raymond Piotrovsky
(ITuotporckuii 1960, 24-38) and the MS EXCEL were applied for
evaluation of the experimental data: from the acquired data for each
isolated vowel statistical means (of duration and formants) and acous-
tic parameters (flatness b, compactness C, tension jz, graveness or to-
nality 7) were calculated (for example, see Tables 2, 3). Spectrograms
were drawn using PRAAT (see Figures 1-12).

The main spectral features of the Lithuanian vowels
pronounced in zero context

The results of the investigation show (as well as confirm the ge-
neral tendencies) that qualitatively features of the Lithuanian long and
appropriate short vowels produced in zero context differ quite a lot.
The mean values of the formants that are needed to determine acoustic
parameters (flatness b, compactness C, tension jz, graveness 1) were
calculated for each male informant separately (see Table 2; also com-
pare Table 3). According to the results, mean values and appropriate
parameters vary with respect to the informant, yet the vowel interrela-
tions remain unchanged: [i:], [i], [e:], [ee:], [€] should be regarded as

12 See http://sourceforge.net/projects/wavesurfer/.
13 See http://www.fon.hum.uva.nl/praat/.
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high-timbre, their second formant (F2) is higher than 1500 Hz as well
as an index of tonality (7) is higher (index of tonality is positive for
all front vowels) when compared with the low-timbre vocalic sounds
[az], [a], [2:], [2], [u:] and [u] (index of tonality is negative for all
back vowels). The highest-timbre vowel produced in zero context is
[i:] (F2 =2593 Hz and 2380 Hz; T =908, 842), and the lowest-timbre
vowels produced in zero context are [u:] (F2 = 614 Hz and 630 Hz;
T=-308,-327) and [2:] (F2 = 696 Hz and 731 Hz; T=-371, -370),
besides, as we can see, the highest degree of flatness () has a low-
timbre vowel [u:] (b = 115) probably because the lips are a little bit
more protruded and rounded while pronouncing it than producing a
long tense vowel [2:] (b = 112). As for high-timbre sounds [&:] and
[€], attention should be paid to their second formant and tonality: these
parameters ([&:] F2=1761 Hz and 1841 Hz; T=193, 286 and [¢] F2 =
1692 Hz and 1726 Hz; T= 200, 287) are much higher when compared
with F2 mean value and tonality index of [a:], [a], [2:], [2], [uz] and
[u], and lower when compared with F2 frequency value and tonali-
ty index of [iz], [i], [e:]. Such a tendency has also been observed re-
searching some Lithuanian dialects (see Jaroslaviené 2011, 69—70 and
the reference provided there; also compare Girdenis 2003, 222-223).

The analysis of acoustic sound features to the respect of the ver-
tical movement of the tongue shows that the tongue goes downmost
when producing [a:], [a] and [ee:], [€] — these vowels have the highest
frequencies of the first formant (compare mean values of F1 of Li-
thuanian pronunciation in Table 3). On the basis of the mean values of
the formants observed, these vowels (i. e. [a:], [€], [a:], [a]) should be
treated as being compact (non-diffuse). Diffuse vowels are [i:], [i], [uz],
[u]. The lowest mean values of the first formant are for [u:] (F1 =310
Hz, also compare F2 = 622 Hz, F3 =2594 Hz) and especially [i:] (F1 =
273 Hz, also compare F2 = 2487 Hz, F3 = 3025 Hz). F1 mean value of
Lithuanian [e:] (F1 = 432 Hz, also compare F2 = 2350 Hz, F3 = 2845
Hz) seems to be higher than corresponding value for mentioned long
vowels [i:], [uz] and short vowels [i] (F1 = 359 Hz, also compare F2 =
2043 Hz, F3 = 2590 Hz) and [u] (F1 =415 Hz, also compare F2 =921
Hz, F3 =2667 Hz). As expected, the most compact sound is Lithuanian
[a:] (compare mean value of C=923; F1 =791 Hz, F2=1223 Hz, F3 =
2511 Hz), and most diffuse (non-compact) monophthong is [i:] (mean
value of C =710). As for vowels [2:] (F1 =446 Hz, F2 =714 Hz, F3 =
2678 Hz) and [2] (F1 = 559 Hz, F2 = 846 Hz, F3 = 2697 Hz), they
should be treated as being neither diffuse nor compact.

73



Linguistica Lettica

2014 @ 22

Table 2. Mean values of the formants (in Hz) and acoustic parameters of
the Lithuanian vowels pronounced in zero context by two Lithuanian male

informants V1 and V2.

Informant|\owel| F, (Hz) | F, (H2) | F, ()| € | b T | gt
LTVL | g | 259 [ 2593 [ 3210 | 699 | 107 | 908 | 2044
LT-V2 287 | 2380 | 2840 | 721 | 108 | 842 | 1433
LEVE | g | 34 [ 218 [ 2670 | 753 [ 108 | 690 | 945
LT-V2 374 | 1967 | 2510 | 771 | 108 | 615 | 603
LTVE | oy | 414 [ 2457 [ 2993 | 764 | 105 | 688 | 1536
LT-V2 450 | 2243 | 2697 | 784 | 106 | 618 | 990
LTVI | | 766 | 1761 [ 2593 | 874 [ 105 | 193 | 620
LT-V2 676 | 1849 | 2617 | 853 | 105 | 286 | 642
LT-VE | o | 693 | 1692 | 2607 | 865 | 105 | 200 | 492
LT-V2 576 | 1726 | 2673 | 837 | 106 | 287 | 475
LTVE [ g | 825 | 1233 [ 2442 | 928 [ 106 | -122 | 650
LT-V2 757 | 1213 | 2579 | 917 | 107 | -123 | 623
LTVE | g | 700 | 1218 [ 2423 | 904 [ 107 | 58 | 559
LT-V2 639 | 1294 | 2600 | 894 | 107 | 29 | 495
LEVE [ o | 437 | 696 [ 2604 | 908 [ 112 | 371 [ 971
LT-V2 455 | 731 | 2751 | 907 | 112 | -370 | 1065
LTVE | g | 575 | 840 [ 2565 | 926 [ 110 | -320 | 800
LT-V2 542 | 852 | 2820 | 913 | 110 | 325 | 1019
LEVE [ g | 297 | 614 [ 2578 | 860 | 115 | -308 | 1167
LT-V2 323 | 630 | 2609 | 871 | 115 | -327 | 1156
LEVE [ g | 433 | 922 [ 2627 | 866 | 111 [ -126 | 772
LT-V2 396 | 920 | 2706 | 852 | 111 | -102 | 890

It’s also interesting to compare Lithuanian and corresponding
Latvian data (see Table 3): in Latvian, vowels [i:], [i], [u:] and [u] are
the ones that have the lowest mean values of F1 (starting from 243 Hz
to 283 Hz; though in Lithuanian, starting from 273 Hzto 415 Hz ), and
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the frequency value of the first formant for [e:] is 505 Hz (as it was
mentioned above, in Lithuanian, [e:] F1 =432 Hz).

Numeric values of the Lithuanian long and short vowels’ tension
(jt) (see Table 3) show that a higher mean value of this parameter is cha-
racteristic for long vowels, compare: Lithuanian long [i:] j# = 1439, short
[i] jt = 774; long [u:] jt = 1162, short [u] jr = 831; long [2:] jt = 1018,
short [2] jz = 910; long [e:] jz = 1363. The difference in tension is less
important distinguishing long [&:], [a:] and their short counterparts [€],
[a] respectively (also compare LG 1997, 25; Girdenis 2003, 222; etc.).

Finally to summarize everything said above the articulatory in-
terpretation may be provided.

According to the position of the tongue, high-timbre [i:], [i], [e:],
[@:], [€] should be regarded as front, in the production of which the
body of the tongue is in the front part of the mouth, and the middle part
of the tongue is raised in the direction of the hard palate. Low-timbre
vowels [a:], [a], [2:], [2], [u:] and [u] are back ones, in the production
of which the body of the tongue is in the back part of the mouth, and the
back of the tongue is raised in the direction of the soft palate.

According to the vertical movement of the tongue (or height of
the raised part of the tongue) [i:], [i], [u:], [u] are high, close vowels,
and [e:], [€], [a:], [a] should be treated as being low, open vowels.
Vowels [e:] and [2:], [2] are mid vowels.

According to the position of the lips, short [2], [u] and long
[0:], [u:] are labial (rounded) sounds. All the remaining (i. e. [i:], [i],
[e:], [@:], [€], [a:], [a]) are unrounded. Besides, when producing long
vowels, the organs of speech seem to be tenser.

Reviewing interrelations between Lithuanian vowels, the mean
data of'this study was compared with the data of some previous research
by Aleksas Girdenis (see Girdenis 2003, 222) and Lidija Kaukéniené
(see Kaukéniené 2004b, 201). Compared data show that despite the
fact that the mean values of F1 and F2 of Lithuanian vowels differ
to some extent, the general vowel interrelation tendencies remain the
same and vowel systems follow the same pattern. Though it should
be noted that almost all the vowels analyzed in this study, especially
front [e:] (and except back [a:]), occupy more peripheral position when
compared with the vowel relations of the previous research.

As for qualitative variants of Lithuanian vowels, fragmental-
ly analysis of acoustic parameters and spectrograms of the various
(i. e. symmetric and asymmetric) /CVC/ and /CVCV/ type syllables
pronounced in isolation support the statement that following palata-
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lized consonants, such vowels as [u, 2, 2z, u:, ud] demonstrate distinct
fronting, i. e. all the back vowels are realized in the form of the fronted
allophones (compare Figures 1-12).

Figures 1-2. Spectrograms of Lithuanian [2:] pronounced in [ko:k] (left),
[kia:k] (right) by male informant V2.

5000 Hz| |} 5000 Hz

0 Hz| SRR 0 Hz

Figures 3—4. Spectrograms of Lithuanian [2:] pronounced in [ko:ka] (left)
and [ko:Kii] (right) by male informant V2.

5000 Hz 5000 Hz
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Figures 5—6. Spectrograms of Lithuanian [2:] pronounced in [kio:ka] (left)
and [kio:Kii] (right) by male informant V2.
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Figures 7-8. Spectrograms of Lithuanian [u:] pronounced in [pu:p] (left)
and [p'u:p] (right) by male informant V2.
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Figures 9-10. Spectrograms of Lithuanian [u:] pronounced in
[pu:pa] (left) and [pu:pii] (right) by male informant V2.
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Figures 11-12. Spectrograms of Lithuanian [u:] pronounced in
[pPu:pal (left) and [p'u:p’i] (right) by male informant V2.
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Comparing Lithuanian and Latvian results (mean values) of the
acoustic features (see Table 3) it can be confirmed' that the quality
of the Latvian short and corresponding long vowels differ very little

" Acoustic and articulatory properties of the Latvian monophthongs have recently
been described in Latviesu valodas gramatika (LVG 2013, 33 and further) and in
the article by Juris Grigorjevs (Grigorjevs 2012, 155-182).
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(i. e., parameters determined are very similar'®). In general, the values
of the first formant for [i:], [i] and [u:], [u] produced in zero context
are distinctly lower in Standard Latvian while the mean values of the
second formant is lower for Lithuanian [i], [2:], [2] and higher for Li-
thuanian [i:], [e:], [e:], [e]/[@], [a:], [a], [u:] and [u]. Latvian vow-
els differ from the corresponding Lithuanian counterparts in degree of
tonality, tension, flatness, etc. (see Table 3). For example, Lithuanian
[e:] has higher timbre, is much tenser and is characterized by a higher
degree of diffusibility when compared with the corresponding Latvian
sound. Most of Latvian long vowels (except [a:] and [u:]) have lower
numeric parameter of tension (j#) and Latvian short vowels (except
[ee] and [0]) have higher parameter of tension (j¢) than corresponding
Lithuanian sounds. 