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1 Introduction

Many descriptions of Eastern Armenian (EA) agree that word stress lies on the final syllable unless
it contains a schwa, in which case stress retracts to the penult (Khachatryan 1988, Vaux 1998,
Dum-Tragut 2009). Consequently, this makes EA a sonority-driven stress system (Kenstowicz
1994, de Lacy 2004).

1) Example words

anuf ‘sweet’

anuf-9 ‘the sweet’
anuf-ot ‘your sweet’
anu/-its"-ot ‘from your sweet’

However, recent work has cast doubt on the existence of at least some types of sonority-driven
stress systems (Shih 2015). In this paper, | provide new evidence that in EA there is neither
phonological nor phonetic evidence to support the previous stress descriptions. Instead, EA is
analyzed most accurately as exhibiting a uniformly final metrical head.

Apparent evidence for stress has come from both phonological and phonetic sources. The
phonological evidence involves reduction of high vowels to schwa: e.g. [tan] ‘house’ vs. [ton-itsh]
‘from the house’. This process has been argued to refer to stress insofar as only stressed high
vowels in a root may be reduced in derived forms (Vaux 1998: 148-149). Crucially, high vowels
do not reduce when the final vowel is schwa: e.g. [tun-at] ‘your house’, not *[ton-5t]. A lack of
vowel reduction suggests that in such words the root-final high vowel is stressed, and therefore
EA stress is sonority-driven. However, | observe a number of other restrictions in EA that conspire
to block vowel reduction in such forms, such as a ban on consecutive schwas. This leaves the
phonological evidence unable to distinguish between the sonority-driven and final stress analyses.
The phonological evidence for EA stress is discussed further in section 2.

Since the phonological evidence is shown to be inconclusive, the majority of this paper is
devoted to an acoustic analysis of Armenian stress. The ultimate finding is that evidence from
duration, intensity, vowel quality, and fundamental frequency supports consistently final stress.
There is no distinction in duration, intensity, and vowel quality between putatively stressed and
unstressed vowels. However, there is a consistent pitch rise over the final syllable. | analyze this
pitch rise as involving a LH* tonal contour, where the H* associates with a word-final metrical
head. The acoustic analysis of Armenian stress is discussed in section 3.

Section 4 concludes with a discussion of the implications of these findings for the analysis of
EA, and for the analysis of systems with putative sonority-driven stress.



2 Phonological evidence for EA metrical structure
EA has the following vowels in contrastive opposition in all environments:

2 EA vowel inventory
i u
€199
a

Vowels do not contrast in length; all vowels are short. EA permits the following syllable structures
on the surface:

3 EA surface syllable structures

\ a.tf-l ‘to grow’
VC atf® ‘right’
VCC ast ‘according to’
VCCC asty ‘star’

CVv the ‘or’

CcvC pat ‘wall’
CvCC gandZ ‘treasure’
CvCcCC partk® ‘debt’
CCcv ste.gon ‘dactyl’
CCvC syal ‘error’
Cccvc struk ‘slave’

Finally, EA has no limit on the size of morphological words as the language is agglutinating.
Individual morphemes do not seem to surpass three syllables, notwithstanding onomatopoeic
forms, which 1 disregard.

Hayes (1995) and de Lacy (2014) emphasize that there are many potential sources of
evidence for metrical structure, including phonological and morphological processes that are
conditioned by metrical structure. Unfortunately, almost no such processes are reported in
grammars of Armenian. There is no metrically-conditioned allophony, no stress-controlled
harmony or neutralization, and no affixes that are attracted to metrical heads. The exception is a
process of apparently stress-conditioned high vowel reduction (Vaux 1998). The pattern is as
outlined below:

4) Reduction of monosyllabic root high vowel in morphologically derived environment

tsit ‘sparrow’ tSot-i ‘of the sparrow’
tun ‘house’ ton-itsh ‘from the house’
dzur ‘water’ dzar-er-ov ‘with the waters’
gick® ‘book’ gorkP-er-i-n  ‘to the books’

(5) Preservation of root non-high vowel

dzen ‘sound’ dzen-i ‘of the sound’
karakh ‘butter’ kacakh-i-n ‘to the butter’
hot ‘smell’ hot-its® “from the smell’
tfakh “fissure’ tfakh-ov ‘with the fissure’



(6) Preservation of high vowel elsewhere
thuthak ‘parrot’ thuthak-i ‘of the parrot’
hifatak ‘memory’ hifatak-its*  ‘from the memory’

(7) Preservation of root high vowel when preceding schwa

tSit-o ‘the sparrow’
tun-ot ‘your house’
muk-as ‘my mouse’

(8) Deletion of root-final high vowel
zopit ‘smile’ zopt-al ‘to smile’
hatuk ‘special’ hatk-a-pes  ‘especially’

9) Preservation of polysyllabic root-final high vowel
artSiv ‘eagle’ artSiv-i ‘of the eagle’!
jernik ‘doe’ jernik-i-n ‘to the doe’

The examples in (4) and (5) point to a vowel reduction process of only monosyllabic root
high vowels in morphologically derived forms. In contrast, the lack of reduction in (7) illustrates
the potential for sonority-driven stress in that a high vowel will not reduce when the final vowel is
a schwa. According to Vaux (1998: 20), “High vowels that surface in stressed syllables disappear
or are replaced by schwa when unstressed.” Since the penultimate high vowels in (7) are stressed
when not in derived forms, they must still be stressed in derived forms in which the high vowel
precedes a schwa. As a result of this interaction, the stress system is analyzed as consistently
assigning final stress except when the final syllable contains a schwa, in which case stress falls on
the penult.

However, the alternative analysis proposed here is that this is due to a more general
phonotactic constraint at play in the language, namely that schwas in consecutive syllables are
prohibited.? So, /tsit-i/—[tSati], but /tSit-o/—[tSita], *[tSato]. For instances with epenthetic schwa,
[tSit-s/—[tSitas], *[tSatas].

Support for this approach comes from several observations. One is that there are no
sequences of schwas in surface forms in Armenian (barring onomatopoeic forms): e.g. *CoCaCV,
*CVCoCoa. Such a restriction cannot straightforwardly be explained by stress conditions because
in *CoCaCV the final vowel has stress. Even if the initial syllable in such words had secondary
stress, schwa is clearly not banned under secondary stress because CoCVCV is a perfectly
acceptable word: e.g. [torit/*k-i] “of the flight’.

Thus, while a final, epenthetic schwa will surface on a suffix to break up an illicit cluster,
a schwa will not surface from vowel reduction immediately preceding an epenthetic schwa. For
example, /tSit-s/—[tSit-as], not *[tSat-as], *[tSat-s].

! The standard Eastern Armenian genitive of [artsiv] ‘eagle’ is [artsov-i]. Depending on dialect or idiolect, however,
it is realized in the faithful form [artsiv-i]. Other polysyllabic roots, such as [jegnik] ‘doe’, never reduce; this leads me
to conclude that as far as the standard language is concerned, high vowel reduction in polysyllabic roots must be
learned for a subset of lexemes.

2 The recurring exception to this restriction is the class of onomatopoeic forms, such as [pharaft-al] sneeze-INF.
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In addition, in roots of the form [CoCVC], the final V will not reduce before a high vowel.
For example, [3opit]—[3opit-ov] ‘with a smile’, *[3opat-ov], *[30pt-ov]. In no such root does the
root-final high vowel reduce to schwa.

On the same note, polysyllabic words such as [3opit] ‘smile’ in group (8) delete their final
high vowel rather than reduce in derived forms. For example, when deriving verbs from nouns,
[30pit] ‘smile’ becomes [3opt-al] ‘to smile’, not *[3opatal]. Words such as [hatuk] ‘special’ and
[hatk-a-pes] ‘especially’ in the same group support the hypothesis that EA stress is consistently
word-final because if root-final high vowels can surface faithfully when stressed, they will delete
in longer forms (such as the agglutinated compound form [hatk-a-pes] ‘especially’) given that the
remaining segments lend themselves to licit syllable structure.

Finally, the forms in (9) demonstrate that this process of high vowel reduction is likely
restricted to monosyllabic roots. Further, polysyllabic root-final high vowel deletion may be
learned only for a subset of lexemes: e.g. [jegnik-i] ‘of the doe’, *[Jesnok-i], *[jeynk-i].

To summarize, high vowel reduction occurs in monosyllabic roots followed by any suffix
with a non-schwa; this includes cases with multiple suffixes. Suffixes themselves are not able to
undergo high vowel reduction as their high vowels are always in the final syllable of the word.
The only non-final suffix with a high vowel is the dative [i] followed by definite [n], also in the
final syllable of the word.

The only suffixes which may surface with a schwa are the definite marker and epenthesis
in the case of the first person possessive [-s] and second person possessive [-t]. Note that these
three suffixes cannot co-occur and may be considered clitics. Although the results below do not
demonstrate the following to be the case, if an EA speaker exhibits acoustic patterns with non-
final stress on such forms, it may be the case that their phonology indeed considers these three
suffixes extrametrical and thus clitics. Again, this is not the case for the speaker presented in this
paper.

All monosyllabic roots undergo the pattern of high vowel reduction demonstrated above.
The author is unaware of any previous examination of this process in loan words, or any calculation
of how many roots undergo this process. However, the pattern applies to the monosyllabic roots
with high vowels without exception, though due to natural constraints due to their size and
accidental gaps, the list of high vowel monosyllabic roots is not a large one.

Deletion of high vowels occurs in words of two syllables or longer followed by a case
suffix (e.g. locative, instrumental, dative). This is blocked by the plural suffix [-ner], whether or
not the plural suffix is followed by a case suffix. Note that the ban on consecutive schwas proposed
below is not morphological; also note that high vowel reduction in monosyllabic roots still takes
places before the plural suffix, again whether or not that plural suffix is followed by a case suffix.

The analysis | am proposing for vowel reduction in Armenian, then, is a complex
‘homogeneity of target, heterogeneity of process’ situation (McCarthy 2002):



(10)  Problem: Do not have high vowels in unstressed syllables

Solutions:

(a) Delete the high vowels (e.g. /3opit-al/—[3op.t-al])
...unless deletion would result in a syllable structure violation (e.g. /tun-
its"/—*[tnits*]), in which case: n

(b) Neutralize to schwa (e.g. /tun-itsh/—[ta.nits"])
...unless neutralization to schwa would produce two consecutive schwas (e.g. /tun-
t/—*[tonat]), in which case:

(c) Remain faithful: (e.g. /tun-t/—[tu.nat])

An analysis in classical OT is sketched below. Unfortunately, a thorough analysis would take us
too far from the goals of this article, and would be premature because important details of the
phonological system (e.g. the syllable structure) have not been fully explored yet.

(11) Constraint Set
o-STRUC: an abbreviation for those constraints that ban illicit syllable structures
STRESS-IDENT[V]: assign a violation for each stressed output vowel that differs in quality
from its input correspondent (Beckman 1998)
IDENT[-hi]: assign a violation for each input segment that is [-hi] whose input
correspondent is not [-hi]
OCP(9): assign a violation for each pair of consecutive schwas on the vowel tier
*UNSTRESSED={i,u}: assign a violation for each unstressed vowel that has equal or greater
sonority than ‘high vowels’ (de Lacy 2004)
IO-MAX: assign a violation for each input segment that lacks a corresponding output
segment (McCarthy & Prince 1997)

Throughout this analysis | assume final stress, however that is achieved by constraints (e.g.
IAMB with ALIGN-FT-R; see Kager 1997 for various options).

The key point is that avoidance of unstressed high vowels is preferentially achieved by
deletion. In the tableau below, the winner [3optal] avoids unstressed [i] by deleting it. An
alternative way to eliminate it would be by turning it into schwa, but that would produce a sequence
of schwas: *[3opatal].

(12)  High vowel deletion

. o- STRESS- | IDENT *UNSTR .
I30pit-al/ Struc | IDENT[V] | [-hi] OCP(9) >{i.u} MaX | Description
A 3optal * Deletion
zopital *1 Faithful
3opatal *1 Reduction
. Wrong
*|
spotdl ] Deletion

In some environments, though, deletion is not an option. When deletion would create an illicit
syllable structure, deletion is blocked and neutralization occurs instead. In the tableau below, the
form with deletion *[tniths] violates restrictions on complex onset sonority distance. So,
neutralization occurs instead: [toniths].



(13) High vowel reduction

. o- STRESS- | IDENT *UNSTR .
/tun-itst/ StRuc | IDENT[V] | [-hi] OCP(o) >{i.u} MaAX | Description
A tonitsh Reduction
tunitsh *1 Faithful
tonsts" x| x| Over-
reduction
tnitsh *1 * | Deletion

In one situation, though, both vowel reduction and deletion are impossible: when deleting would
create a syllable structure violation, and when reduction would create consecutive schwas:

(14)  High vowel preservation

*
ltun-at/ | 6-STRUC I;Eis[i;] IF_ET]T OCP(9) :{TT}R MAXx | Description
A tunat * Faithful
tonat *1 Reduction
tnit *1 * Deletion
tonit *| Anti-reduction

Note that high vowels do not delete in any instance which would result in a banned syllable
structure. For instance, STOP+NASAL is an illicit onset, hence why [tn] is a blocked onset in (13)
and (14). The sonority sequencing principle also plays a role, why FRICATIVE+STOP is an illicit
onset in (12).® Besides forms beginning with an appendix sibilant, the only two-member onset
clusters that can surface without schwa epenthesis are those which are STOP, NASAL, or a
LIQUID all followed by a GLIDE (namely, [j]).

Codas in EA seem to be unexpectedly wide in their surface possibilities, along with several
plateaus and reversals in sonority, violations of the sonority sequencing principle. (39) from Vaux
(1998) lists all such possibilities, including when epenthesis must occur. Not all of the forms in
(39) seem to accord with forms as spoken by the investigator of the current study, the participants
of the study, and all EA speakers familiar to the investigator. For instance, [kazm] is the EA word
for the spine, or binding of a book. Vaux’s (1998) list in (39), however, lists this as [kazom], and
overapplication of schwa epenthesis; likewise with forms such as [astg] ‘star’. In other words,
there is a small but real minority of words such as [jegnik] ‘doe’ for which high vowels do not
delete, not because of any phonological reason; such words must be learned (i.e. [jeniki] ‘of the
doe’, not *[jegnki], *[jegnaki], or *[jesonki]).

3 Note that this does not prevent words such as [stipel] ‘to hasten’ and [ftap] ‘haste’, which have extrametrical appendix
sibilants according to Vaux (1998).



(39)
LS

ST
GN
GL
aT
GS
LT
NT
N3
TT
S5
NN
LL
LN

SN
SL
TS
NL
SL
TL
GLT
GNT
LST
LTT
NTT
GSN
STL
TTL
LTL
NTL
TST
NTS
NTN
SN
GSN
STS
LTS

Underlying form
durs
dur-g
asp
goin
koir
1oig
zgoif
kerp
yumhb
fonis
tsantsk!
yorisy
N
andory
buin

Underlying form
kazm
artosr
mak’s
fsunr

Jifr
plok'r
spiiurk’
erkaink
[frorhk®
pari-k*
br-tints-k'
aizm
kaut’sr
spektr
bardzr
tandzr
tek’st
angi
ai-s-ink'n
gesmn
doizn
asty

arky

In conclusion, deletion is preferred over consecutive schwas, and reduction does not at all
interfere with the claim that EA assigns final stress consistently. The phonotactic restriction against
consecutive schwas and the demand of iambs results in both reduction in (13) and preservation in
(14); it also explains deletion in (12). This analysis is consistent with the hypothesis that EA
assigns word-final stress consistently, without altering final vowel quality (crucially only non-

Surface [orm
fdnrs
duras
vosp
gujn
Kujr
Zifg
azguf
kerp
Fimmb
fony
tsatsk’
xorisy
Yenain
andorar
buin

Surface form
kazam
artosar
mak's
fsunar
Sifar
plok’ar

(2 )sp'fuikt
Jerk'ajpk®
[fanork!
partk"
batuntsk®
aj32m
Kaytsar
{a)spektar
bart’sar
Yandzar
tek'st
angay
ajsipk'sn
EEFTAR
dijzan
astai
arka

Ciloss
outside
door-1sg.poss.
lentil

color

sisler

pair

careful
form

group
ticket

roof"™
honeycomb
sOMEnne
quict'®

fist

Gloss
constitution
tear(drop)

tax

knee

cipher (< French)
small

diaspora'

long things

the Three Graces"
dc'htl‘il

ﬁstID

now

sweet

specter (loanword)
high

thick

text {loanword)
yulture

ie.

wool

little

star

box

final, high vowels in derived environments).



3 Acoustic evidence for EA metrical structure
Without phonological evidence for EA metrical structure, it is necessary to seek phonetic evidence.

The majority of stress descriptions are impressionistic (Gordon 2004, de Lacy 2007).
However, there are two phonetic experiments that relate to acoustic correlates of the claimed stress
pattern. One is written in Armenian (Khachatryan 1988) and finds results consistent with the
claimed sonority-driven stress pattern, namely that stressed, final full vowels are lengthened in
duration.

The other—Gordon et al. (2012)—is not intended to be an examination of the acoustics of
Armenian stress. Their finding in that study is that Armenian schwa has a larger mean maximum
intensity than the high vowels.

Consequently, the following sections describe an experiment that aimed to identify the
acoustic correlates of EA metrical heads and non-heads. There are two obvious competing
hypotheses in light of the claimed stress pattern for Armenian. One hypothesis is that of the
claimed pattern, namely that Armenian stress is sonority-driven, with default final stress that
retracts to the penult if the final vowel is a schwa. The alternative hypothesis considered here is
that Armenian stress is not sonority-driven, and that stress is always final.

The two hypotheses assign the same metrical structure except in words with the shape
CV(C)CaoC (where V is not schwa). In just this situation, the sonority-driven hypothesis makes the
penult the metrical head, while the final stress hypothesis makes the final syllable the head.

3.1 Hypotheses
In considering the acoustic realization of metrical heads and non-heads, the two hypotheses’
predictions can be expressed as in (15) and (16).

(15) Sonority-Driven Stress Hypothesis
For the word shapes CV1CV,C and CV3CaC, putatively stressed V2 and V3 will pattern
together on one or more acoustic parameters, while V1 will pattern separately from V> and
V3, and may agree on one or more acoustic parameters with [s].

(16) Einal Stress Hypothesis
For the word shapes CV1CV>C and CV3CoC, putative metrical heads V, and [2] will differ
from putative non-heads V1 and V3, respectively, on one or more acoustic parameters; V>
and [s] may agree on some acoustic parameters, and Vi and V3 will agree on some
parameters.

These predictions encapsulate the recognition that metrical heads are realized differently in
various languages. For example, metrical heads and non-heads may be distinguished by different
vowel durations (e.g. Kim 2011 on Spanish), vowel qualities (Beckman & Edwards 1994),
intensity (Fry 1955), fundamental frequency (Lieberman 1960), spectral tilt (Campbell &
Beckman 1997), and in other ways, too. A priori, it was not known how EA metrical heads were
expressed acoustically, so duration, intensity, FO, and vowel quality were examined.

3.2 Methods

Actually occurring (i.e. non-wug) words of the shape [CV1CV,C] and [CV3CoC] were recorded,
where V is a full vowel that varies among [a, o, u, i]. [€] only occurs in V2, S0 it was not included
here.



Almost all of these words are morphologically-related pairs, sharing the same root: e.g.
[ha.t-is] to my piece cf. [ha.t-as] my piece. They are formed by combining a CVC root with either
a -VC case suffix or a -C possessive suffix (in which case a schwa would be inserted, leading to
surface CVCaC).

There are schwa-initial words due to high vowel reduction (i.e. CoCVC), but if either stress
hypothesis is correct, then stress would land on the final, full vowel in these cases.

Using roots ending in vowels would result in no forms with schwa in second position. Wug
words were not used so as to avoid any hyperarticulation that might inadvertently accompany such
words. The target words are provided in Appendix A.

To avoid list intonation, all target words were placed within two frame sentences.

(17) Frame sentences

UtL ukly punt b wunid:
mek mek bar-n em as-um [target in focus]
sometimes word-DEF Aux.1.sg say-PRES

2

“Sometimes I say the word

__ pwnp htvnwppphp w:
bar-s hetakarkir a [target not in focus]
word-DEF interesting be.3.sg.PRES

“The word is interesting.”

The purpose of recording the target in focused and non-focused frames was to avoid focus effects
on prosody and acoustics while retaining the possibility of investigating those same effects, if they
arose. The terms ‘focused’ and ‘non-focused’ are used here to mean ‘new information’ and ‘old
information’. Each word was said in both sentences with the focus frame immediately preceding
the non-focus frame. The goal was for the target word to be new information for the first sentence,
and potentially attract focus stress, while for the second sentence it would be old information and
potentially not attract particular focus stress. This allows the separation of the influence of
intonation and different phrasing from word stress, a point emphasized by Gordon (2014).

The stimuli set included filler target words. There were three randomized repetitions of the
stimuli set, resulting in three recording cycles with breaks in between for each participant. The
participants were taught the frame sentences before the recording sessions, and were presented
each individual word on a computer screen as black text on a white background in clear, large font.
The text was in Armenian script so as to avoid any influence from the various possible
transliterations of the language into the Latin alphabet.

Three native Armenian speakers who emigrated from Armenia to the United States as
adults were recorded at the Rutgers Phonology and Field Research Laboratory. The results of one
of those speakers is presented here. The subjects were asked the following:



e How often they spoke Armenian at home as a child

e Which dialect of Armenian they speak

e The languages they currently speak at home, the percentage of time spoken, and
age acquired

Age and duration for which they studied other languages

States and countries they have lived in, and during which years of their lives
How often they speak Armenian since having been in the US

Whether they have or have ever had difficulties speaking

The subjects were recorded in a sound-attenuated booth using a head-mounted microphone
(AKG C420 condenser) to maintain consistent distance between the mouth and the microphone
piece. The microphone was connected to an ART MPA Gold Microphone Preamplifier. The
preamplifier was in turn connected to a sound card (M-Audio Delta 1010LT) installed in a custom
built silent fanless PC so as to avoid as much external and electrical noise as possible. The audio
files were recorded in Goldwave v5.70 in two channels at 44.1 kHz 16-bit resolution, lossless
WAYV format. The booth’s microphone was in the left channel and a microphone outside the booth
in the right channel (later removed from the file).

The audio file for each recording was split into multiple files such that each file contained
both frame sentences for a single target word. The target in each frame in each file was annotated
in Praat (Boersma & Weenink 2015) such that beginning of vowels were marked at the zero-
crossing of the upward swing of the first periodic signal in the waveform. Vowel ends were marked
similarly but at the zero-crossing of the downward swing of the last periodic signal. A sudden fall
in the amplitude of F2 was used as a secondary criterion for when the waveform-based criterion
failed (e.g. in a few cases with residual voicing). A fixed portion of each frame was marked as well
so as to allow for speech rate per frame instance. The author annotated all files, with half of all
files being annotated also by three undergraduate research assistants; the latter annotations were
used to ensure a more accurate assessment of the vowel boundaries.

VoiceSauce (Shue et al. 2011) was used to automatically calculate FO, F1 and F2 for each
target vowel; it was set to calculate FO and the first two formants using Praat. The FO settings were
set to a range of 100-500 Hz, with smoothing, interpolation, and elimination of octave jumps. The
formant settings were set to a maximum of 5500 Hz (as the subjects were all female), with 5
formants. Custom software was used to also calculate the duration and intensity using Praat’s
intensity calculation of each target vowel as a batch. Of four of the acoustic parameters (intensity,
FO, F1, F2), the mean of the middle third portion of each target vowel was measured for each
acoustic parameter so as to obtain the most stable portion of each vowel.

3.3 Results

The finding is that Armenian stress is final, and not sonority-driven (i.e. not sensitive to the
presence of a final schwa). The acoustic correlate of this final stress pattern is a rise in FO with the
high point ending on the final vowel of the word. The other acoustic parameters that were measured
(duration, intensity, F1, and F2) exhibit a correlation with neither the Sonority Driven Stress
Hypothesis nor the Final Stress Hypothesis.

Each of the following subsections presents the measurements and results for each acoustic
parameter, presenting each of the four vowels [a, o, u, i] in positions V123. A final subsection is
dedicated to comparing results for reduced schwas (in initial position) and epenthetic schwas (in
final position).
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Only results for one speaker are presented below. This speaker was subjectively the clearest
of all participants insofar as it was easily perceptible which vowel qualities the speaker was
uttering, crucial in determining whether a token exhibited high vowel reduction. It may be the case
that analysis of the other speakers may bring to light a different pattern or set of patterns; this paper
aims to demonstrate which hypothesis better explains the behavior exhibited by the phonology of
this speaker.

As there was no significant effect of focus on the acoustic parameters (with the exception of
overall raised pitch), the results below demonstrate the combined mean values for both focused
and non-focused frames.

Note that significance here is meant as a statistically significant difference with an analysis
p-value of less than 0.01 (following the phonetics literature).

3.3.1 Duration
The duration of each vowel was normalized by multiplying the vowel’s duration by a speech rate
multiplier, calculated as proportional to the average duration a fixed portion of the frame sentence.

The results show that there is no evidence that vowels’ durations differ meaningfully in
different positions in the word. The only exceptions was for [i]: [i] in CiCoC forms was
significantly shorter than in CVCiC. However, the difference is not perceptible*—for [i] a 5 ms
difference between the means (a 9% difference). The importance of the fact that this difference is
not perceptible is that it may provide a cue (or at least a secondary cue) for an infant learning the
language. If no single or combination of acoustic parameters patterned with metrical prominence,
then a learner would have no evidence to exhibit a phonetic behavior consistent with the
acoustically distinct realization of metrical heads.

If the sonority-driven stress hypothesis was correct, one might expect these vowels to have
the same duration, or at least both be longer than the putatively unstressed vowel in
CiCVvC/CuCVC.

However, duration also does not support the final-stress hypothesis: final vowels are not
consistently longer than penultimate ones. In fact, the penultimate vowel in CVCVC vs. the final
vowel in CVCVC did not differ in duration for any vowel—an unexpected result for both
hypotheses if headedness influences duration.

It is important to realize that post-vocalic consonants in particular pose an ability to skew
the duration of their preceding vowels (e.g. lengthened duration when followed by a sibilant or a
voiced consonant) (de Lacy 1998). To minimize this effect, the middle consonant of the stimuli
was almost always a voiceless obstruent. To increase the number of stimuli, it was necessary to
include forms such as the first person possessive suffix [-s], which is a sibilant. As such forms had
final schwas, this effect was primarily counterbalanced by having the very same monosyllabic
CVC roots with a dative [i] intervening between the root and the first person possessive [s]. This
allowed for approximately the same number of post-vocalic sibilants having an effect on schwas
as on final vowels. The same applied to post-vocalic voiced consonants, particular in CVC roots,
although such forms were as limited as possible.

Another factor to consider is whether a syllable being open or closed has an effect on the
duration of a vowel in EA independent of stress. If closed syllables in EA are shorter than open
syllables, all else being equal, then notwithstanding stress, it is expected that V2 (in a closed
syllable) should be shorter than V1 and V3. The duration measurements indicate no significant
difference in the duration of vowels by position. If closed syllables are shortened, and stress

4 The just-noticeable difference (JND) for duration is approximately 20% (Klatt 1976).
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lengthens the duration of a vowel in EA, then the results are consistent with stress on V2, but
crucially not on V3, as V3 is not longer in duration (what would be expected of a stressed, open
syllable). This is consistent with the final stress hypothesis, but partially inconsistent with the
sonority-driven stress hypothesis as that hypothesis would anticipate lengthened duration on Va.

If, on the other hand, the duration of closed syllables in EA are not significantly different
from open syllables, then the results are actually not consistent with either stress hypothesis
entertained in this paper. That is, one would anticipate a longer V2 in either hypothesis, as well as
a longer V3 (as compared to Vy).

(18)  Vowel durations (in ms) in three positions: CV;CVC vs. CVCV,C vs. CV3CaoC

V1 V2 V3 Differences
CVCVC | CVCVC | CVCVC
cveve CVCVe CVCaC vs vs vs
CVCVC | CVCoC | CVCoC
9752 92.68 98.6 U i}
@ | (n=168,50=17.5) | (=60,sd=11.6) | (n=60sd=17.7) | P~ 117" | p=08%8 | p=0.114
81.88 81.78 73.34 : :
2| (n=36,50=12.6) | (n=42.5d=11.7) | (n=12,sd=10.2) | P> 0999 | p=0215 1 p=0211
57.15 68.24 6355 : : :
Ul (n=12:50=17.4) | (n=60,5d=13.5) | (n=60,sd=14.g) | P~ 0055 | p=0372 | p=0.205
. 67.92 67.76 62.23 : : :
|| (n=18:5d=18.7) | (n=264,sd=11) | (n=60sd=8.5) | P~ 0998 | p=0.157 | p=0.002
Vowel duration by position
120
100
- *
E‘ 80
s
*g 60
§ 40
=
20
0
al a2 a3 21 22 23 ul u2 u3 i1 i2 i3

Position
Figure 1. Vowel durations in CV1CVC vs. CVCV-C vs. CV3CaC ©

Significance was calculated using an ANOVA and Tukey’s test. The ANOVA was performed to
test variation between the three sample means (i.e. three full-vowel positions), while Tukey’s test

5 All p-values are rounded to the nearest 0.001.
6 An asterisk indicates a statistically significant difference as per a p-value below 0.01.
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(honest significant difference) was performed as part of a post-hoc analysis in determining which
pairs of sample means were significantly different (i.e. a single step multiple comparison).

3.3.2 Intensity

The final stress hypothesis predicts similar intensities for V1 and V3, while the sonority-driven
stress hypothesis predicts similar intensities for V2 and Vs. The results indicate that intensity is not
a correlate of stress, regardless of the two hypotheses.

Analysis found a significant difference among the intensities of a1 and az, and a2 and as.
Given that in either hypothesis a is unstressed and a is stressed, this result does not fully support
either hypothesis insofar as the means of the intensities of a; and az are not significantly different.
The significantly higher intensity of as compared to that of aix may be a result of observational
error, given the surprisingly large standard deviation values for some of the sample groups.

Furthermore, the JND for intensity is about 0.6 dB at a sensation level of 60 dB in a normal
ear at 250 Hz, and the JND decreases to about 0.4 dB at a sensation level of 80 dB (Zwislocki &
Jordan 1986). Given the large spread of the data points, however, it is not clear that the results
suggest intensity to be a productive and perceptible indicator of stress.

What is important to note here is that there was an error in data collection regarding
intensity, as the gain on the digital preamplifier was modified while recording the stimuli. This is
evident in the unexpectedly large standard deviations, the reason why despite large differences in
means, there are no statistically significant differences found in the different positions for [u] and
[i]. A controlled replication study would pan out whether or not intensity (or perhaps intensity
contours) patterned with either stress hypothesis.

(19) Vowel intensities (in dB) in three positions: CV1CVC vs. CVCV,C vs. CV3CaC

V1 Vs V3 Differences

cveve cveve CVCaC Cg—’\‘}(‘:@ ; C%E\égccvs C\é\c_/%gcvs
a (n:1g§,'§d7:3.5) (n:6%1,égiz.6) (n:60é,335d=3.5) p=0032 | p<0001 | p<0.001
: (n:3%1,§(2114.9) (n:4821,é,iis.9) (n:182(,)§(3112.1) p>0.999 | p=0.793 | p=0.782
u (n:?tglessg:?) (n:ﬁﬁfgﬂim) (n=670£,1§9dzz6.6) p=0072 | p=0021 | p=0673
! (n:gﬁ;:?) (nzzgi,'z§=4.4) (n=670(,3§6d?:3.4) p=0124 | p=0565 | p=0.331
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Figure 2. Vowel intensities in CV1CVC vs. CVCV2C vs. CV3CaC

3.3.3 Quality

If vowel quality correlates with stress in EA, then parameters associated with quality (F1 for
height, F2 for backness) should pattern such that, for instance, stressed vowels group in a vowel
space region that is significantly distinct and removed from that of unstressed vowels. As an
example, unstressed vowels may be more centralized than stressed vowels.

Notwithstanding observational error, the results heavily suggest no correlation between
vowel quality and stress. In both the final stress hypothesis and the sonority-driven stress
hypothesis of EA stress, V1 is unstressed and V2 is stressed. Furthermore, the direction of vowel
quality shift for the low vowel is unexpected; final, stressed a, is more centralized than penult,
unstressed az. Ultimately, as the quality shift is not significant and consistent, vowel quality fails
to behave as a reliable, consistent correlate of stress. Visually, as graphed in Figure 5, none of the
vowels perform a qualitatively significant shift in quality due to position or stress.

(20)  Vowel F1 (in Hz) in three positions: CV1CVC vs. CVCV,C vs. CV3CaC
V1 V2 V3 Differences
CVCVC | CVCVC | CVCVC
cveve cveve CVCoC vs vs vs
CVCVC | CVCoC | CVCoC
874 825.9 894.4 i} _ _
@1 (n=168,5d=114) | (n=60,sd=119) | (n=60,sd=52.1) | P~ 0008 | p=0.404 1 p=0.001
507.7 524.3 586.8 : : )
| (n=36,50=56.5) | (n=42,50=72.2) | (n=12,sd=108.6) | P = 0571 | p=0.004 p=0026
377.6 396.9 383.4 : : )
Ul (n=12,50=77.8) | (n=60,5d=147.4) | (n=60,sd=115.9) | P=0-885 | p=0.989  p=0834
. 285.5 313.9 3245 : B}
| (n=18,50=29.7) | (n=264.5d=28.8) | (n=60,sd=535) | P=0-002 | p<0.001 p=0.080
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Figure 3. Vowel F1 in CV1CVC vs. CVCV.C vs. CV3CaC
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(21)  Vowel F2 (in Hz) in three positions: CV1CVC vs. CVCV,C vs. CV3CaC
V1 V2 V3 Differences
CVCVC | CVCVC | CVCVC
cveve CVCVe CVCoC vs vs vs
CVCVC | CVCoC | CVCoC
1528 1692 1449 }
@1 (n=168,50=233.3) | (n=60,50=199.6) | (n=60,sd=249) | P <0001 | p=0.0621p<0.001
1272 1449 1382 3 _ _
% | (n=36.50=301.5) | (n=42,sd=384.4) | (n=12,sd=276.4) | P=0-064 | p=0601 | p=03821
1081 1288 1161 : : :
U| (n=12,5d0=127.4) | (n=60,sd=401.8) | (n=60,sd=3515) | P=0-171 | p=0.766 | p=0.136
. 2176 2170 2277 : :
' | (n=18.50=889.8) | (n=264.5d=803.9) | (n=60,sd=7455) | P>0-999 | p=0884 1 p=0613
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Figure 4. Vowel F2 in CV1CVC vs. CVCV,C vs. CV3CaC
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Figure 5. Vowel quality (plotted as F2 vs. F1) in CV1CVC vs. CVCV-.C vs. CV3CaC
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3.34 FO
FO was analyzed by comparing FO contours of CVCVC words and CVCaC words. If the final
stress hypothesis is correct, the contours are predicted to be similar. Namely, the FO maxima and
minima are expected to be realized at proportionally similar time locations in the word. If the
sonority-driven stress hypothesis is correct, there is expected to be a difference in the FO contours
of the two word shapes. This difference can be realized either as an inversion of the tones assigned
to the syllables, or a significant shift in the time locations of the FO maxima and/or minima.

To ensure minimal effect on vowel duration and FO, the middle and final consonants in
both word shapes were nearly always voiceless.

Since speech rate varied from token to token, this was accounted for by time-normalizing
the contours using the ProsodyPro script for Praat (Xu 2013).

It is evident in Figure 6 that the FO contours are identical between the two word shapes.
That is, the FO excursion is the same, and the local minima and maxima are virtually identical
between CVCVC and CVCoC words. Due to words with schwa being inherently shorter, CVCoC
words have a steeper initial rise in FO, but both word types begin in approximately the same L state
and end on the same H state at almost precisely the same time.

7

Normalized FO contour: CVCVC vs. CVCaC

100

80

60

40

0 10 20 30 40 50 60 70 80 90 100

Normalized FO (arbitrary units)

Normalized time (arbitrary units)

------- CVCaC (focused) CVCaC (non-focused)

------- CVCVC (focused)

Figure 6. Normalized FO contours (CVCVC blue, CVCaC red)

CVCVC (non-focused)

" The black vertical bars in Figures 6 and 7 demarcate the boundaries of the interpolated linear region between the two
vowels in each word shape. This is a non-vocalic region and may be disregarded.
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--------- CuCaC (focused) = = = CuCaC (non-focused) == = CuCVC (focused) CuCVC (non-focused)

Figure 7. Normalized FO contours for all word shapes and vowels

As best illustrated in Figure 7, the L and H tones in the FO excursion that occurs across all
word shapes and vowels occupy virtually the same point in time across all word shapes. The same
time locus exists for both low and high tones, with normal variation and an overall rise in absolute
FO due to focus. Remaining differences are primarily due to inherent differences in FO of the
various vowel qualities. This accords with the final stress hypothesis, with consistent time loci for
the L and H tones across word shapes. The sonority-driven stress hypothesis predicts two distinct
time loci and/or tone loci (e.g. HL instead of LH), one for VV-final words and one for schwa-final
words; this, however, is not consistent with the results.

3.3.5 Schwa [a]

Schwas were realized in two positions: either from high vowel reduction in the first syllable of a
CVCVC word, or from epenthesis in a suffixed root /CVC-C/. Both schwas are analyzed here,
separate from the full vowels, so as to investigate 1) whether the schwas behave similarly, and 2)
whether their acoustic realization accords to either stress hypothesis.

According to the final stress hypothesis, the two schwas must be distinct in one or more
acoustic parameter; on the other hand, the sonority-driven stress hypothesis predicts that both
schwas are similar acoustically, notwithstanding unrelated factors (e.g. lengthened duration at the
end of a word, domain-initial fortition, and so on).

The durations of the two schwas are significantly different, but the difference is not
perceptible (final schwas are roughly 14% longer in duration).

Final schwas are more intense, in accord with the final stress hypothesis. Given significant
overlap within one standard deviation of both sample groups, and the lack of a consistent pattern
in the intensities of the full vowels, it is not evident that intensity behaves as an acoustic correlate
of stress here.
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The quality of both schwa types are nearly identical. They occupy the same region of the
vowel space, making vowel quality not a correlate of stress (consistent with the pattern in the full
vowels). This supports neither stress hypothesis. Although initial schwas are significantly more
back than final schwas, geometrically the two overlap. If this is a robust pattern, it may be due to
the fact that the initial schwas in the current experiment originate from high vowel reduction
(though the height of the two schwas is nearly identical).

The mean pitch of the schwas follows the pattern of both FO contours examined in the
previous section. Namely, there is a low tone on the first vowel, and a high tone on the final vowel.
This is in accord with the final stress hypothesis. As shown in the previous section, the range of
FO minima to maxima between the two schwas is compressed, exhibiting a tighter range of
frequencies than that of the tokens composed entirely of full vowels.

(22)  Acoustic characteristics of schwa in two positions: Ca:CVC vs. CVCasC

a1 o4 Differences
CaCVCvs
CaCVC CVCaC CVCaC
Duration (ms) 49.72 (n=120,sd=8.3) | 56.77 (n=240,sd=11.4) | p<0.001
Intensity (dB) 73.47 (n=120,5d=4.6) | 75.96 (n=240,5d=3.3) | p<0.001
F1 (Hz) 476.6 (n=120,5d=114.8) | 467.2 (n=240,5d=90.1) | p =0.396
F2 (Hz) 1960 (n=120,sd=244.4) | 1899 (n=240,sd=250.5) | p =0.031
FO (Hz) [non-focused] | 235.3 (n=60,5d0=16.9) 270 (n=120,5d=31.7) p <0.001
FO (Hz) [focused] 272.2 (n=60,sd=24.2) | 307.6 (n=120,sd=31.1) | p <0.001

Vz%v_el Position and Quality

300-
7\1‘400- Vowel
< a1 - initial reduced, unstressed: Ce1CVC
i ©00- ® 94 - final disputed stress: CVCa4C

600-

700-

2250 2000 1750 1500
F2 (Hz)

Figure 8. Vowel quality of schwa in two positions: C2:CVC vs. CVCasC
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4 Discussion

Between the measurements of normalized duration, intensity, FO and quality for each vowel in
each disyllabic stimulus, only FO showed a consistent and perceptible pattern of interest vis-a-vis
the hypotheses presented in section 3.1.

The results are consistent with a hypothesis that there is a high pitch accent on the final
vowel of each target word, regardless of vowel quality or sonority. This corroborates the Final
Stress Hypothesis, which indicates precisely that Armenian word-level stress is predictably
assigned to the final syllable of a word without regard to final vowel quality.

There may be alternative reasons as to why previous descriptions of EA claim that words
are stressed on their final full vowel. For instance, the end of a word may be lengthened, as with
phrases and utterances (Oller 1973). Yet schwas are inherently shorter than the full vowels. All
final full vowels in this study were above the 20% JND for duration over final schwas, with the
exception of final [i] which was just shy at 19%. On the same note, Gordon (2011) notes that the
perception of stress can potentially be a local phenomenon. That is, for a CVCoC word, since V is
virtually always perceptibly longer than o, V will be perceived to be stressed. This would
potentially be exacerbated if EA exhibits shortened duration of vowels in closed syllables.

As far as grammatical descriptions of EA stress being retracted in schwa-final words, this
may be the case if the only reference being tested was a set of words with a definite suffix (realized
as [-o] after consonant-final stems). The reason for this is that if the definite marker is not a suffix
but a clitic, it may not even be part of the prosodic word and hence not receive any accent, thus
giving the semblance of a penult-stressed word. Of course, for any impressionistic description by
a non-Armenian speaker, there may have been significant bias from the authors’ native language
phonologies (e.g. in English, full vowels consistently attract stress at the expense of schwa). As
for the Armenian phonetic study (Khachatryan 1988), it may be that the speaker in the current
study behaves differently from those studied in the former study. A follow-up analysis of the other
two participants of the current study will hopefully reveal any interspeaker variation, if it be the
case. If, however, it turns out that EA speakers consistently accent the final vowel of a word, then
alongside the findings of Shih (2015) for Gujarati, this should make phonologists reconsider
whether other descriptions of sonority-driven stress systems are actually results of any
combination of analytical error, L1 perceptual bias of fieldworkers, and other such factors. At the
least this would warrant rigorous experimental work to put such descriptions to the test. Either way
the results would be vital, whether in providing confirmation or dismantling faulty descriptions of
stress.

Finally, one should ask whether the results for EA warrant the need for metrical structure
at all in the language. Absent a full phonological analysis of high vowel reduction/deletion under
the paradigm suggested here, it is not clear whether any morpho-phonological or phonological
processes necessarily refer to metrical structure. It may be the case that any and every word ends
in an LH tone excursion and that acts as a word boundary rather than an active process of metrical
assignment. Testing this would require a richer pool of target words, including at the least
trisyllabic stimuli as well as stimuli whose endings are possibly extrametrical (such as the
previously mentioned definite marker, a potential clitic). On top of this there is the constant
potential for interference from intonation. A much-needed addition would be a baseline assessment
of the intonational patterns of EA alongside their syntactic structures, so as to improve the design
of the current experiment to avoid the placement of target words in any intonational “hot spots” of
activity (e.g. phrasal boundaries, focal positions, and so on).
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4.1 Limitations and Future Directions
Despite the findings, this phonetic study does have its limits.

One is that the form of the experiment does not permit determination of the phrase-level at
which the LH* contour is assigned. In this experiment, LH* occurred at the end of the target words,
but that does not necessarily mean that it appears at the end of every PrWd; it may be the case that
Armenian demarcates phrasal boundaries with intonational markers. Syntactically, the stimuli
were not at the edge of the determiner phrase they were placed in. However, it would be a
worthwhile future research project to pursue this line of thought, experimenting as to whether
phrasal boundaries in Armenian are demarcated by way of intonational markers.

In addition, the targets were all disyllabic. The problem with disyllabic words is that the
penultimate syllable is also the initial syllable, and initial syllables may be targets of fortition (Cho
& Keating 1999), and phonologically privileged, too (Beckman 1998). In the future, | plan to
revisit this study with an updated library of target words that span across disyllabic, trisyllabic and
perhaps larger words. Although the target words ended in closed syllables, the fact that the word
immediately following the target word in either frame began with a voiced stop may have at the
least influenced the duration of the final syllable of the target word. This would be improved upon
by reimagining the frame sentences to counteract such an effect. Furthermore, a syntactic
breakdown of various possible frames would help more accurately specify whether the target is in
a position of syntactic focus. Also of interest would be a study specifically designed to analyze
acoustically whether the various sources of schwa in EA differ in their realization; in particular, |
would examine schwa from epenthesis, reduction, and lexical schwa, all crossed with varying
positions in words (as far as the morphology would allow it).

5 Conclusion

This paper has shown that Eastern Armenian stress is consistently final in the Prwd. This finding
contrasts with previous grammatical descriptions as having a stress system conditioned by the
presence or lack of schwa in the final syllable of a word. The argument presented was two-fold: 1)
the process of high vowel reduction (or deletion) in EA, as used in previous descriptions to
reinforce a Sonority-Driven Stress Hypothesis, can be accounted for independently by phonotactic
restrictions on schwa, and 2) acoustic data corroborates a Final Stress Hypothesis whereby accent
is placed on the final vowel, without regard for its sonority or quality.
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7 Appendix A

The following table contains all 124 words read by the subject, with filler words highlighted in
yellow. Words in Armenian script—presented individually to the subject on a computer monitor—
are accompanied by the corresponding pronunciation in standard modern EA.

wnunntly pu.tuk yuipy njart” Ykwnhg ke.tit"s gnbunipni thsa.te.su.thjun
klknkgh je.kese.thsi | Uljhg mo.Kiths dujunily 3a.uk puljkp an.ker
snthn thfo.phat ghuy gi.tot unhu sa.tis qlinuly ge.tak
Ytwnhu ke.tis snthhu t"fo.phis niiswn un.thfat Yty ke.tot
Juyn ka.pot wnsnily po.thfuk Juuyhg ka.pits pughwtipuuybu | on.than.ra.pes
quuply za.tik wbiuy pe.tot snthhg tfo.phiths whiunu pe.tos
Unung mu.tot ubkujhg se.pit"s hwny ha.tot dwnly ma.nuk
wuyhu pa.pis uniqy su.khot sunphwljuynipnit | fno.ra.ka.lu.tjun | ughy so.khit
wnwnu ta.tos huhuu xi.tos i ta.tot ghuntt gi.tun
gqliunihg ge.tiths hwwnhg ha.tit"s Jujuljnin vay.kot Sinhu tso.tis
twnu ke.tos dhwy mi.tot hwunun has.tat pnnong bog.d3ot"s
dudnily ma.muk wuyhg pa.piths uniung su.tot wrnpun ay.khat
&duihg t[a.tiths unigqu su.khos wnuthul ta.phak Uinhg mo.tit's
snihu thfo.phos pubiuly ba.nak Juuu ka.pos huwnnil ha.tuk
uUljhu mo.kis &hunu tfi.tos pnign bu.got Juuhu ka.pis
Shuu tsi.tos dhpwin mi.t"fat hwdhh ha.tfe.li uUnily mu.kot
gknkghly ge.ethsik | hunu ha.tos uniuu Su.tos upuyghly pa.pik
guuljnin thsas.kot wknhu pe.tis uuuu pa.pas ubuyn se.pat
dwinhg tsa.tiths ubuju se.pas nhknnun de.yot Uunhg ma.tit"s
ghuu gi.tas dunhu ma.tis unhg sa.tits qliwny ge.tot
ubyhu se.pis uUnilju mu.kos Aknling dzer.not"s ujunhu pa.tis
Shuy tsi.tat Jungnily 0.zuk pghg ba.giths gquhu go.tis
quhg ga.tit"s gqhunu ge.tas wnswun po.thfat Juhwn yi.tot
pulynyq an.kujz wnwnhu ta.tis wnhkuwly te.sak duignin 3a1).got
wwnu pa.tas glinnhu ge.tis punwihp an.ta.nik" dunhu ma.tis
&nhu tfa.tis Unuinu mu.tos pghu ba.gis punhwiinip on.tha.nur
wuyn pa.pat wuiinhg pa.tiths dwdnih ma.tsun hwwnhly ha.tik
nwjnlnun | taytkot hwdwduyt | ha.ma.dzajn | pniqu bu.gos junhu ¥o.tis
wnuwnhg ta.tiths ughu so.khis vhgnily mi.zuk Uhwu mi.tos
&huy tfi.tot quiiquily zan).gak yknhg pe.tit's juwnhg ¥o.tiths
hwwnhu ha.tis wnwwnhly ta.tik Swljnun tsa.kot wung pa.tat
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