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Abstract: The paper addresses historical changes in the stress system of Hebrew, attending to the
difference between Biblical Hebrew (script-based) and contemporary Hebrew (attested), and predicting
the system of post-Hebrew; on the basis of experimental evidence and words from the periphery of the
lexicon, it is predicted that the stress system of post-Hebrew will be similar to that of Biblical Hebrew.
The predicted change from contemporary Hebrew to post-Hebrew is attributed to a combination of
two factors: the inconsistency of the present system, and its incompliance with universal principles.
The changes are addressed in terms of constraint reranking within the framework of Optimality Theory.
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1. Introduction

Contemporary Hebrew stress is not natural because it does not comply
with universal principles which assign non-final stress in quantity insensi-
tive systems (Hayes 1995). In addition, it is irregular and partially unpre-
dictable due to the contrastive stress in the nominal paradigm (e.g., boker
‘morning’ vs. bokés ‘cowboy’). Given the combination of unnaturalness
and irregularity, such a system has little chance to survive, and the seeds
of change are already evident.! The paper presents the evidence for the
future change and analyzes the changes in the stress system in terms of
constraint reranking. As it turns out, the future system will be similar to
that of Biblical Hebrew; that is, Hebrew stress system seems to be going
back to the future.

Stress in contemporary Hebrew is predominantly final, regardless of
syllable structure. Vowel length is not contrastive, and syllables with and

LA reviewer asked whether the French stress system is unstable as well, given the
unnatural final stress in a quantity insensitive language (ignoring, for the sake of
argument, the debate as to whether stress in French is lexical or phrasal). As argued
in Adam & Bat-El (2009) and enhanced here, it is the combination of the two factors
that makes the system unstable, i.e., both the irregularity and not complying with
universal principles. As stress in French is not contrastive, its stability is secured
relative to that of Hebrew.

2559-8201 © 2018 Akadémiai Kiadd, Budapest



4 Outi Bat-El

without codas are treated alike; therefore, there is no evidence for a moraic
structure. However, this distribution of stress reflects mostly the lexicon,
and to a lesser extent the speakers’ preference. Experimental results re-
ported in this study suggest that speakers prefer non-final stress, mostly
penultimate. We take this pattern to be the natural selection, because
it complies with universal tendencies and thus is also found in children’s
early speech.?

The preference for penultimate stress evident in the experimental
studies is limited to vowel-final nouns; consonant-final nouns bear final
stress. This contrast between C-final and V-final words is not supported by
the distribution of stress in contemporary Hebrew, but strangely enough,
it is found in Biblical Hebrew.

In this paper, I propose the predicted system of post-Hebrew, with
word-final (but not medial) moraic codas and moraic trochaic feet. These
structural properties allow the future patterns — final stress in C-final words
and penultimate in V-final words. This is, indeed, a unique pattern, but
probably an inevitable step in the course of change towards a natural and
regular system — penultimate across the board.

In the ensuing section §2, I present the stress patterns in contem-
porary Hebrew, contrasting between the regular system in verbs (§2.1)
and the somewhat chaotic system in nouns (§2.2). Quantitative data dis-
play a contrast between a majority of final stress for native words and
non-final stress for loan words (§2.3). The seeds of change are revealed in
§3, with two experimental studies (§3.1), one with acronym words and
another with nonce words. Both experiments provide the same results
— final stress in C-final words and penultimate in V-final words. These
results comply with typologically-based universal principles and the chil-
dren’s early productions (§3.2). The analysis of the change in the stress
system is given in §4 within the framework of Optimality Theory. I first
present the predicted grammar of post-Hebrew (§4.1), and then address
the historical changes (§4.2): from contemporary Hebrew to post-Hebrew
and from Biblical Hebrew to contemporary Hebrew. Concluding remarks
are given in §5.

2 A reviewer asked what makes trochee natural. Most languages exhibit a decline in the
fundamental frequency (FO) at the end of a breath group in declarative intonation
(Lieberman & Blumstein 1998). The end of a phrase is thus characterized by a strong-
weak pattern, as in a trochaic foot. The decline in F0 is due to a fall in the subglottal
air pressure, a physiological property common to all human species (see Vihman et al.
1998 for “biological tendencies”).
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2. Contemporary Hebrew stress

Verbs and nouns (including adjectives) are not alike when it comes to
the stress patterns in contemporary Hebrew; unlike in nouns, the stress
system in verbs is consistent, with only a handful of lexical exceptions,
where lexical exceptions means exceptions that cannot be phonologically
or morphologically classified. In order to appreciate the chaos in the noun
system (§2.2), the systematic stress in verbs is first presented (§2.1).

2.1. Systematic stress in verbs

In suffixless verbs, stress is final (1la), with the exception of a few verbs
ending with the historical guttural.> Verbs with an agreement suffix may
take final or penultimate stress, depending on the type of the base and
the suffix. When the verb stem is monosyllabic, stress remains on the stem
regardless of the type of the suffix; consequently, stress is penultimate
in all suffixed forms. The same goes for stems with a high vowel in the
final syllable (which surfaces as /a/ in a closed syllable followed by a
suffix). Elsewhere, stress is final when the suffix is vowel-initial (1b) and
penultimate when the suffix is consonant-initial (1c). Examples are given
below for each of the three types, with the type frequencies of the stems in
each group.? Only past and future tenses are considered; the present tense
is excluded because it is participial, whose behavior is adjectival (in many
respects), including the stress patterns (Bat-El 2008).

Note that in the elsewhere case (rightmost column), the attachment
of a V-initial suffix is accompanied with stress shift and vowel deletion
(gamds-a — gampd), but only when the penultimate stem syllable is open.
When the penultimate syllable is closed, stress still shifts to the suffix
but the stem vowel alternates with /e/ rather than deletes (tigmop-i —
tigment).

% Verbs which historically ended in h, ¢, or & are exceptional (less than 5%), as they bear
penultimate stress; e.g., iftia ‘surprised’ (< *hiftiaf), ivtiay ‘promised’ (< *hivtiah).
Most of these verbs are identified on the basis of the V1 V5 sequence, where Vs is /a/.

* The frequency count is based on Bolozky’s (2008) list of the most frequent verbs in
Hebrew, 499 types and 107,984 tokens in a corpus of 5.3 tokens corresponding to
a quarter-of-a-million types. The corpus is based mostly on journalistic texts from
Haaretz, Maarivand Yedi‘oth Aharonot (2006-2008), and some literary pieces (middle
register).
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6 Outi Bat-El

Given such a consistent system, there is no contrastive stress among
verbs of the same morphological structure. For different morphological
structures, there are a few minimal pairs such as the bare stem patsd ‘he
wanted’ vs. the suffixed form wdfs-a ‘she ran’. Across lexical categories,
there are also minimal pairs like the noun ndyal ‘river’ vs. the verb naydl
‘inherit’.

(1) Stress patterns in Hebrew verbs (penultimate shaded)

Stems with Monosyllabic Elsewhere

V[ high] stems
Frequency (type): 20% 3% 7%
a. Nosuffix 3.Ms.Sa. PasT ityil kam gamag
2.Ms.Sa. Fut. ta-tyil ta-kam ti-gmoy
b. V-initial 3.FM.SG. PasT ityil-a kdm-a gamsy-4
suffix 2.FM.Sc. Fur. ta-tyil-i ta-kam-i ti-gmen-i
c. C-initial 1.Sc. Past ityal-ti kam-ti gamas-ti
suffix 2.PL. PAsT ityal-tem kam-tem gamap-tem
‘to start’ ‘to get up’ ‘to end’

Taking into consideration the surface stress patterns of the 499 most fre-
quent verbs with their 16 finite verb forms in the past and future tenses,
68% (5418/7984) of the verb forms are stress-final.

2.2. Contrastive stress in nouns

Hebrew nouns (and adjectives) display three stress patterns, final penulti-
mate and antepenultimate, which are often lexically contrastive, i.e., can-
not be predicted by the phonological structure of the word and thus must
be memorized. As shown below, in all three stress patterns stress can re-
side on syllables with or without a coda (Bat-El 1993; 2005; Graf 1999;
Bolozky 2000). We take codas as a potential source of contrast, given lan-
guages where syllables with codas attract stress (Gordon 2006).
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Contrastive stress in nouns

Stressed syllable

Final

Penultimate

Antepenultimate

Without coda

kita ‘class’
smiy4 ‘blanket’
xatuna ‘wedding’

safta ‘grandma’
avokado ‘avocado’
ambétja ‘bath tab’

béjgale ‘pretzels’
beokoli ‘broccoli’
béasbikju ‘barbecue’

With coda ambulans ‘ambulance’
Jokolad ‘chocolate’

télefon ‘phone’

Julyan ‘table’ tigas ‘corn’
kadug ‘ball’

afapsék ‘peach’

mastik ‘gum’
pakévet ‘train’

Antepenultimate stress is rare, limited to loan words, and will thus be
ignored. Final stress is the most frequent pattern (see counts in §2.3), but
penultimate stress is also present. The contrast is thus primarily between
final and penultimate stress.

In addition to the contrastive stress, there are instances of free vari-
ation, where both final and penultimate stress are possible (e.g., sukap
‘sugar’, uga ‘cake’, asfalt ‘asphalt’, fampo ‘shampoo’, tlufim ‘coupons’).
While this is often an inter-speaker variation, for some words (and some
speakers) the variation is lexicalized, such that each pattern denotes a dif-
ferent though related meaning (e.g., bubd ‘toy doll’ vs. biba ‘wonderful’,
klafim ‘cards’ vs. kldfim ‘card game’). Variation is also found in personal
names (Bat-El 2005), where penultimate stress prevails among the younger
generation.

An additional lexical property is found in the morphological paradigm,
where the contrast between fixed and mobile stress is manifested (Bat-
El 1993). In some paradigms, which include mostly, but not exclusively,
loanwords and acronym words (Bat-El 1994; 2000), stress is fixed in its
position on the stem, giving rise to non-final stress in suffixed forms (3a).
More common, however, in particular in native words, are the cases where
stress shifts to the suffix, giving rise to final stress (3b).

(3) Contrast in the morphological paradigm
a. Fixed stress b. Mobile stress
Singular Plural Singular Plural
tut tatim ‘strawberry’ xut yutim ‘thread’
xamsin  yamsinim ‘hot wind’ tavlin tavlinim ‘spices’
loker lokesim  ‘locker’ kéten ktapim  ‘crown’

The contrast between nouns with mobile and fixed stress roughly corre-
sponds to the contrast between native and loan nouns respectively. It is
important to say ‘roughly’ because loanwords may gain mobility and native
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8 Outi Bat-El

words may lose it (Becker 2003). The loanword balén ‘balloon’; for exam-
ple, has fixed stress in the speech of the older generation but mobile in the
speech of youngsters (plural: balonim — balonim respectively). Similarly,
the native word mawdk ‘soup’ often takes fixed stress in its plural form
mapdkim ‘types of soup’.

The above data and generalizations reflect not only lexical contrast
but also variation. The latter is a sign of a future change, which will be
supported in §3.1 by data from experimental studies. But first, I provide
the quantitative distribution of stress in contemporary Hebrew nouns.

2.3. The distribution of stress in nouns

If we consider all nouns in Bolozky and Becker’s (2006) Living Lexicon,
final stress constitutes about 75%. Note that these are noun stems, and
the percentage will be even higher if we count suffixed forms. Bolozky
and Becker’s lexicon includes quite a few loanwords that are structurally
unique with respect to length (four and five syllables) and syllable struc-
ture. To exclude these words, I use Fainleib’s (2013) sub-corpus of the
Living Lexicon, which includes native-like words — with two—three sylla-
bles, CV and/or CVC. In this sub-corpus, consisting of 6811 noun types,
79% (n = 5361) of the nouns bear final stress (cf. the distribution of verbs
in §2.1, with 95% final stress in stems and 68% final stress when all forms
of the tense paradigm are considered).

Much of the non-final stress is attributed to loanwords, which con-
stitute 13% (n = 853) of the native-like words. Out of these loanwords,
only 36% (n = 304) are stress-final, compared to native words where 85%
(n = 5057) are stress-final. Another property distinguishing between na-
tive words and loanwords is the significance of the final segment. In native
words (4a), C-final and V-final words behave alike with respect to their
preference for final stress. In native-like loanwords, according to (4b), the
final segment is significant; V-final words prefer penultimate stress while
C-final words prefer final stress.

Being at the periphery of the lexicon (Itd & Mester 1995; 1t6 & Mester
1999; Paradis & LaCharité 1997; LaCharité & Paradis 2005), Hebrew loan-
words reside in an independent stratum (Becker 2003), as they often dis-
play unique phonological properties; they may include non-native conso-
nants (e.g., /3/ in gapdz ‘garage’), triconsonantal codas (e.g., /nkt/ in
instinkt ‘instinct’), and consist of more than three syllables (Schwarzwald
1998).
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However, Hebrew loanwords have shown to allow the emergence of the
unmarked (Cohen 2009; 2013), as do other word types in the periphery of
the lexicon (Bat-El 2000). The unmarked structures also arise in exper-
imental studies and in the early speech of Hebrew-acquiring children, as
shown in the following section.

(4) The distribution of stress patterns — native vs. loan words (Fainleib 2013)
a. Native words (n = 5958)

1
00% 83% 91%

80%

60%

40%

20% 17% 9%

0%
C-final (n = 4451) V-final (n = 1507)

B Final ® Penultimate

b. Loan words (n = 853)°

100% 86%

80%

60% 57%

40% 33%

20%

5%
0% —
C-final (n = 506) V-final (n =347)

H Final ®Penultimate

3. Seeds of change

As shown above, stress in contemporary Hebrew is predominantly final, but
there seem to be sporadic signs of change towards penultimate stress. Im-
portantly, this change is not limited to loanwords. The experimental data
presented below (§3.1) confirm the suggested direction of change towards
penultimate stress. This is a natural direction of change (§3.2), evident
also in the early productions of Hebrew-acquiring children.

5 Antepenultimate stress appears in 9% (n = 32) of the V-final loan words and in 10%
(n = 53) of the C-final.
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3.1. Experimental studies

Two experiments were conducted independently (with about 10 years gap
between them), one with acronym words (§3.1.1) and another with nonce
words (§3.1.2); the two experiments provide similar results. Crucially, the
results do not comply with the distribution of stress in the lexicon of
contemporary Hebrew, and they are thus not based on lexical frequency
in Hebrew.

3.1.1. Acronym words

Hebrew acronym words are structurally identical to the most frequent na-
tive core stems, which are also the least marked ones (Bat-El 1994; 2000);
they are usually disyllabic, their syllables are free of complex subsyllabic
units, and their vowel is often /a/.

(5) Acronym and native words

Acronym words Non-acronym words
alam ‘colonel’ agam  ‘lake’

mankal ‘CEO’ pakddn ‘dancer.Ms.SG’
bahad  ‘training base’ lahag ‘dialect’

taba ‘city planning’ saba ‘grandfather’
Bafi ‘a name’ pafi ‘a name’

With regard to stress, acronym words tend to bear non-final stress more
than native words, in particular when they end in a vowel. Moreover, when
a suffix is added, in most cases stress is fixed, i.e., it remains on the stem
(cf. pakdanim ‘dancers’ vs. acronym word mankdlim ‘CEOs’). There are
various acronym lists and dictionaries which are not reliable with respect
to their use, in particular given that the stress and the vocalic pattern are
not specified due to the orthographic system of Hebrew. An experiment
was thus conducted in order to determine whether the preferred stress
pattern in acronym words is indeed non-final.

Nineteen monolingual Hebrew speakers, five males and fourteen fe-
males (mean age: 23), read 24 unfamiliar acronym words and their bases

6 Zadok (2002) claims that Hebrew acronym words are actually clipped compounds,
where the base vowels are often replaced with the most frequent vowel /a/, as in
datlaf from dati lifamim ‘sometimes religious’. However, it is immaterial to the
present discussion whether these are acronym words or clipped compounds, because
either way they reside in the periphery of the lexicon, despite of their structural
similarity with core stems.
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from a screen; 12 of these were C-final and 12 V-final. The participants were
seated in a quiet room in front of a computer screen, where the acronym
words appeared on the screen in their orthographic forms in a random
order, and the words composing them were displayed below. The partici-
pants were requested to produce both the acronym word and the sequence
of words from which it was composed. The participants’ productions were
transcribed by a trained phonetician.

The experiment was visual in order for the participants to realize
that these are acronym words. Not only did we provide the bases for the
acronym words, we also wrote the acronym words with a single quote,
which distinguishes them from other words in the Hebrew script. For ex-
ample, bdhad and ldhag are written 7772 and 7% respectively, where 7772 is
identified as an acronym word due to the single quote preceding the final
letter (note that Hebrew is written right-to-left).

The results of the experiment revealed a slight preference for final
stress (55.6%; 239/430), which was statistically significant (p < 0.0001;
FET) with the expectation of 75% final stress found in Hebrew noun
types. In addition, the difference between C-final vs. V-final forms was
also significant (p < .001; FET), showing a preference for penultimate
stress in V-final words (83%; 178/214) and final stress in C-final words
(94%; 203/216). Similar correlation between stress and final segment was
found in an experimental study of Greek acronym words (Revithiadou
et al. 2015).

(6) Stress in the acronym words’ experiment — 55.6% (239/430) final stress

100% 4
80%
60%
40%
20% % 17%
0%

C-final (n = 216) V-final (n = 214)

83%

B Final ™ Penultimate

The results of the experiment do not reflect the distribution of stress in
Hebrew native nouns, despite the fact that, as shown in (5), acronym words
structurally resemble native core Hebrew words, and they do not manifest
the common characteristics of loanwords. As shown below, similar results
were obtained from an experiment with nonce words.
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3.1.2. Nonce words

An experiment with nonce-words is reported in Fainleib (2008), with twelve
monolingual native Hebrew speakers (mean age: 23), eight males and four
females. The participants were asked to embed 144 nonce nouns in two
sentence frames, one requiring the singular form and the other requiring
the plural form. There were di- and trisyllabic nonce words in the experi-
ment, half C-final and half V-final. In addition, half of the words included
vocalic patterns that are frequent in Hebrew nouns (e.g., a—a as in sapdr
‘hairdresser’, a—i in fatil ‘plant’ ) and half included vocalic patterns that
are rare or non-existing in the language.

(7) Stress patterns in C-final vs. V-final nonce words (Fainleib 2008)
a. High frequency vocalic patterns (n = 859)
100%

80% — 8%
60%
40% 22%
20% 13% -
0%
C-final V-final

H Final ® Penultimate

b. Low frequency vocalic patterns (n = 861)

100%
80%
60%
40% 32%

20% 17%
0%

83%
68

C-final V-final

B Final ® Penultimate

As the results in (7) suggest, native Hebrew speakers incline towards the
distribution of stress found in loan words more than in Hebrew native
words, with a preference for final stress in C-final words and penultimate
stress in V-final words (all differences were statistically significant; see
Fainleib 2008). As expected, the preference for penultimate stress in gen-
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eral is more prominent in the nonce words with the low frequency vocalic
patterns (7b), where the speakers’ lexicon has a lower chance of influencing
the outcome of the experiment, due to the greater dissimilarity between
the nonce words and the words in the Hebrew lexicon.

3.2. The natural stress pattern

The experiments’ results reflect a stress system that differs from the one
found in the native lexicon of Hebrew: (i) there is a preference for penul-
timate stress in the experiments’ results but not the core lexicon, and
(ii) a sensitivity to the final segment (C vs. V) appears in the experiments’
results but not in the core lexicon.

A preference for penultimate stress is found also in early productions
of Hebrew-acquiring children. Hebrew stress is predominantly final also
in child directed speech (Segal et al. 2009), but nevertheless, Hebrew-
acquiring children attempt producing more words with penultimate stress
than with ultimate, and also produce more words with penultimate stress
than with ultimate (Adam & Bat-El 2008; 2009; Ben-David & Bat-El
2016). The data below, drawn from a longitudinal study of one child (Adam
& Bat-El 2009), show that penultimate stress is predominant in early pro-
ductions (8a), and that truncation to monosyllabic productions persists
longer for target words with final stress (8b). These indicate that children
try avoiding final stress in polysyllabic words, and are comfortable with
words with non-final stress from very early stages.

(8) Child’s preference for penultimate stress (Adam & Bat-El 2008; 2009)

a. Polysyllabic productions (%)

100
80

60
4
2 1
0
I 1I 111 v A% VI

B Penultimate = Final

o O
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b. Truncation to monosyllabic (%)

100
80
60
40
20
0 [ | m [ ] —

I II II1 v \Y% VI

B Penultimate Final

The Roman numerals in (8) indicate periods of development, based on the
child’s cumulative attempted words (I — 10 words, IT — 50 words, III — 100
words, IV — 150 words etc.). Thus, only after the child had 100 word types
in his production lexicon (i.e., period III), did he start shifting towards
final stress.

All the Hebrew-acquiring children we studied refrain from final stress
in their early polysyllabic productions, using two repair strategies.” Most
children prefer to truncate words to monosyllabic productions but some
prefer to shift stress away from the final syllable (9). These repairs are
found mostly in target words with final stress; words with penultimate
stress are produced as disyllabic from a very early stage (Ben-David 2001).

(9) Children’s repair strategies for targets with final stress

Target Truncation Stress shift
lekaléf ‘to peel’ jef kajef
xipufit ‘beetle’  3it buzit
lifon ‘to sleep’  son jison
kapnaf ‘rhino’ naf anaf

This inter-child variation is not due to input frequency, as evident by
data from twin boys, where until the age of 1:6, one used truncation in
50% (110/218) of the iambic targets and the other used stress shift in
52% (127/245). Keeping stress in its target final position in polysyllabic
productions was the least favorite strategy for both, with 22% (47/218)
for the truncation boy and 13% (33/245) for the stress shift boy.

" This statement is based on Ben-David’s (2001) study of 10 children, which is fur-
ther supported by a case study presented in Adam and Bat-El (2008; 2009), and
unpublished data of 5 additional children.
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Assuming a trochaic foot for non-final stress, the children’s prefer-
ence reflects the universal trochaic bias (Allen & Hawkins 1978). Hebrew
is expected to be a trochaic language, like most quantity insensitive lan-
guages (Hayes 1995), where syllable weight is not contrastive. However,
due to historical reasons (see §4.2.2), this expectation is not born out in
the core lexicon. The children, however, adhere to the expected universal
stress pattern in early stages, until they realize that frequency does not
support it.

Thus, beyond being unsystematic, the stress system of nouns in con-
temporary Hebrew is unnatural, i.e., marked. This combination makes the
system fragile and subject to future change. The children’s early produc-
tions and the experiments’ results reflect the default natural stress.

3.3. The predicted post-Hebrew stress system

The experiments’ results reveal a preference for final stress in C-final words
and penultimate stress in V-final words. This, I propose, is quite likely to
be the future of Hebrew stress. As shown below, the predicted metrical
structure consists of moraic codas at the end of the word and right-aligned
moraic trochees. Note that as moraic codas appear only at the end of the
word; in non-final position, a syllable equals a mora regardless of whether
it is CV or CVC.

(10) Post-Hebrew metrical structure

a. Final b. Penultimate c. Penultimate
cvcecvce cCV CV cvcecceyv
||| | I I
M M\/H H\/M M\/H
Ft Ft Ft

Within the constraint-based framework of Optimality Theory (Prince and
Smolensky 1993), the moraic structure in (10), where only final codas
are moraic, is assigned by the ranking W-By-P]|, > DEp, > W-BY-P;
the constraint W-By-P (WEIGHT-BY-POSITION), which assigns moras to
codas (Hayes 1989), competes with DEP,, which prohibits adding moras
(assuming that codas are not moraic in the input). Notice the proposed
distinction between the specific W-By-P|,,, which assigns moraic codas in
word final position, and the general W-BYy-P, which assigns moraic codas
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across the board.® With DEP,, between the two, we get moraic codas at
the end of the word (W-By-P|, > DEP,) but not elsewhere (DEP, >
W-BY-P). This is the novelty of post-Hebrew — word final moraic codas.
As I show in §4.2, Biblical Hebrew had the same system.”

Contemporary Hebrew does not have lexical secondary stress (Becker
2002; Cohen et al. 2018), and there are no signs that post-Hebrew will
develop it. Therefore, I assume that footing is not exhaustive, i.e., there
is only one foot in a prosodic word (e.g., {am|bdtja|p; }prwq ‘bath tab’).

As stress is mostly final or penultimate, feet are right-aligned with
the prosodic word, with ALIGN(FT, PRWD) outranking PARSE; that is, a
prosodic word with unparsed syllables is better than one with feet that are
not right-aligned (e.g., {a.vi[gdn|} ‘airplane’ is better than {|a.vi|[sdn|}).
At the bottom of the hierarchy, along with PARSE, is NONFINALITY, which
prohibits stressed syllables to align with the right edge of the word.

Thus, with right-aligned binary moraic trochees, the stress grammar
of post-Hebrew will be as follows:

(11) Post-Hebrew stress grammar (predicted)
a. W-BY-P|, > DEP, > W-By-P
b. TROCHEE >> IAMB (, FINALSTRESS)
c. FrBIN, *FooT-0 > *FoOoT-u
d. ALIGNR(FT, PRWD) > NONFINALITY, PARSE

The ranking in (11la) assigns a mora to word final codas; (11b) ensures
trochaic feet; (11c) is responsible for the feet being binary moraic; and
(11d) places one foot only (ALIGNR > PARSE) at the right edge of the
prosodic word (ALIGNR > NONFINALITY). FINALSTRESS (aka RIGHT-
MOST STRESSED o), which assigns stress to the final syllable of the word,
does not affect the system in its position below TROCHEE (11b); however,
it will become relevant in the discussion on contemporary Hebrew.

8 W-BY-P|., is actually WEIGHT-BY-POSITION-BY-POSITION, where the first position
is the coda and the second is the right edge of the word.

% This proposed system is indeed more complex than one with moraic codas across the
board, but it could just be a step in a change towards a system with syllabic trochees
and thus penultimate stress across the board (see §5).
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4. Back to the future

The stress patterns predicted for post-Hebrew are found in earlier stages of
the language — in Biblical Hebrew. That is, Hebrew stress system is going
back to the future. In this section, I present the historical changes in terms
of constraint reranking, from contemporary Hebrew to post-Hebrew (§4.1)
and from Biblical Hebrew to contemporary Hebrew (§4.2).

4.1. From contemporary Hebrew to post-Hebrew

There are three competing analyses of the contemporary Hebrew stress
system within the framework of Optimality Theory — Becker (2002), Graf
& Ussishkin. (2002), and Pariente & Bolozky (2014). The foot assignment
of the three analyses is given below.

(12) Foot assignment

Penultimate Final

Becker (2002) [ié]led ka[dus]

Graf & Ussishkin (2002)  [jéled] [kadus]

Pariente & Bolozky (2014) |[jéled] ka[dus|
‘boy’ ‘ball’

All three analyses accept the contrast between fixed and mobile stress (3),
and assume lexical marking for words with fixed stress (Bat-El 1993); I do
not address this issue in the present discussion. The above analyses also
agree that feet are syllabic, but they differ in three properties: whether feet
must align with the prosodic word (13a), whether feet must be trochaic
(13b), and whether feet must be binary (13c).

(13) Differences among the analyses

Becker G. & U. P. & B.
(2002)  (2002)  (2014)

a. Feet are right-aligned with the PrWwd no yes yes
b. Feet are trochaic yes no yes
c. Feet are binary syllabic no yes no
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The mixed system proposed in Graf & Ussishkin (2002) better expresses
the inconsistency of stress assignment in contemporary Hebrew, but the
trochaic feet proposed in Becker (2002) are gradually taking over.

The last two properties in (13) reflect the desired unmarked system —
binary trochaic feet. These two properties cannot both hold for contempo-
rary Hebrew, where feet are syllabic and stress can be final or penultimate.
Any analysis must admit a marked structure, either iambic feet (e.g., [sibd]
‘reason’) or non-binary feet (e.g., si|bd]).

Crucially, the above analyses do not attend to the contrast between
C-final and V-final words, and with a good reason — this contrast is relevant
only to loan words and acronym words in contemporary Hebrew, which
are in the periphery of the lexicon, thus constituting a small percentage of
the vocabulary. However, the experiments’ results reported in §3.3 above
strongly suggest that speakers attend to the contrast between C-final and
V-final words. The fact that speakers attend to a contrast that is only
marginally supported by their lexicon suggests that this is a newly growing
property of their grammar; therefore we can predicted that it will grow
further towards post-Hebrew (other things being equal).

Two constraints will be demoted in the course of the predicted devel-
opment from contemporary Hebrew to post-Hebrew — DEP, and FINAL-
STRESS (here after FINAL); the latter is employed in two out of the three
analyses of contemporary Hebrew (Becker 2002, Graf and Ussishkin 2002).
DEep,, will be violated in word final position with the addition of a mora to
a final consonant, and FINAL will be violated in V-final words where stress
will reside on the penultimate syllable.

(14) From contemporary Hebrew to post-Hebrew: constraint demotion

Contemporary Hebrew Post-Hebrew
DEpP, > (W-BY-P|, >) W-By-P W-BY-P|,, > DEP, > W-By-P
FINAL > TROCHEE > [AMB TROCHEE > IaMB, FINAL

FTBIN, *FOoOT-0 > *FooT-u
ALIGNR > NONFINALITY, PARSE

ao ooe

Codas in contemporary Hebrew are not moraic, and thus DEP,, is ranked
above W-BY-P. In post-Hebrew, final codas are predicted to become
moraic, and therefore the change in (14a) will involve demotion of DEP,
below W-BY-P],, (which is overshadowed by the general constraint in con-
temporary Hebrew).
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Feet in contemporary Hebrew are syllabic and final stress is predom-
inant; therefore, the constraint FINAL dominates TROCHEE > [AMB; any
surface non-final stress requires either lexical marking (Bat-El 1993; Becker
2003) or some type of paradigmatic effect (Graf & Ussishkin. 2002). Evi-
dence for the ranking TROCHEE > [AMB in contemporary Hebrew is drawn
from hypocoristics, where the effect of TROCHEE emerges (Bat-El 2005).
The ranking FINAL > TROCHEE > IAMB allows marked structures, ei-
ther iambic feet (Graf & Ussishkin. 2002) or degenerate feet (Becker 2002;
Pariente & Bolozky 2014). The demotion of FINAL in post-Hebrew (14b),
which renders it irrelevant, gives rise to trochee.

The last two rankings in (14) will remain intact, though the role of
(14c) will change. The ranking *FooT-o > *FoOT-y is not relevant in
contemporary Hebrew since a mora equals a syllable, but it will become
relevant in post-Hebrew, where final CVC will be bimoraic. FTBIN will
remain dominant, as in Graf and Ussishkin’s (2002) analysis, but feet will
be moraic; thus as in Becker (2002) and Pariente & Bolozky (2014), final
stressed CVC will constitute a foot.

4.2. From Biblical Hebrew to contemporary Hebrew

A remarkable point in the developing post-Hebrew stress system is its
similarity to Biblical Hebrew. Stress in Biblical Hebrew was, in most cases,
final in C-final words and penultimate for V-final words (see below for a
few cases where this generalization does not hold). This system developed
from penultimate stress in pre-Hebrew, due to the deletion of word final
unstressed vowels (Churchyard 1999; Florentin 2002; Khan 2013b; Blau
2010).

Starting with the development of Lieberman and Prince’s (1977) Met-
rical Grid Theory, the Biblical Hebrew stress system was analyzed in vari-
ous studies, including McCarthy (1979); Hayes (1980; 1995); Dresher (1981,
2009); Rappaport (1984), and Halle & Vergnaud (1987). The analysis goes
roughly as follows (ignoring differences among these studies):

(15) Stress assignment within the Metrical Grid Theory

a. [line 0 * % * * Assign a line 0 asterisk to all
ga ma gqam te n syllables (or vowels).

b. |line 0 *x % * * % Assign a line 0 asterisk to a
ga ma gam te n word final consonant.
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c. |linel = * Construct a bounded left-
line 0 [* | % % headed foot at the right edge
ga ma qam te n of the word
gdma qamtén
‘got up’ ‘got up’
3.FMm.Sc 2.Fm.PL

The translation of this system into a constraint-based approach is straight-
forward. Rule (15b), ‘Assign a line 0 asterisk to a word final consonant’,
implies that word final codas are moraic, and thus reflects the effect of
W-BY-P]|,. In Biblical Hebrew, however, all codas are moraic, as evident
by the process of compensatory lengthening (Lowenstamm & Kaye 1986;
Hayes 1989). Therefore, the relevant constraint is the general W-BY-P,
which outranks DEp,, (16a).

Rule (15c¢), ‘Construct a bounded left-headed foot at the right edge
of the word’, implies a binary moraic trochaic foot, thus reflecting the
effect of TROCHEE (16b), as well as the preference of a moraic foot over
a syllabic foot (16c). However, unlike post-Hebrew, Biblical Hebrew has
secondary stress and thus PARSE outranks ALIGNR (16d). Secondary stress
is, however, not assigned to adjacent syllables due to *CLASH, but I ignore
this issue due to its irrelevance to the other stress systems discussed here.

(16) Biblical Hebrew stress grammar
W-BY-P > DEp,

a
b. TROCHEE > IAMB (, FINAL)

e

FTBIN, *FOOT-0 > *FOOT-pu
d. PARSE > ALIGNR(FT, PRWD) > NONFINALITY

A major part of the native vocabulary of contemporary Hebrew is drawn
from Biblical Hebrew, although the path of change was not direct.'” The

10 Biblical Hebrew was attested since ca. 1100 BCE, but died out as a spoken language
with native speakers in the 3rd century CE. This period includes various sub-periods
and dialects which are not relevant for the present study (see Rendsburg 2007 and
references therein for details regarding the phonological development). Contemporary
Hebrew (aka. Modern Hebrew or Israeli Hebrew) became a spoken language with
native speakers in the late 19th and early 20th century. The emphasis is on ‘native
speakers’ and ‘spoken language’, since Hebrew has been used throughout this time for
liturgical and literary purposes. There is a debate as to whether Biblical Hebrew is
the genetic ancestor of contemporary Hebrew (Horvath & Wexler 1994), but this issue
is not relevant here, nor are the complex and controversial details of the development
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primary written source of Biblical Hebrew is the Tiberian texts, where
stress is indicated with the accentual markers of the phrasal prosodic struc-
ture (Aronoff 1985; Dresher 1994). Every prosodic word carries an accen-
tual marker, and most markers are placed on the onset of the stressed
syllable (not on the vowels, since most vowels are marked with diacritics).
Some markers have a fixed position, either on the initial or final letter in
the word, but occasionally they appear twice within a word, in their fixed
position and on the stressed syllable.

The accentual markers are exemplified in (17) below, with the phrase
‘In the beginning God created the heavens and the earth’ (Genesis 1:1).
The accentual markers (line d in (17)), copied from the script (line c),
correspond to the stress markers in the phonetic transcription (line b).
Recall that Hebrew is written right-to-left.

(17) Stress marking in the Tiberian script of Biblical Hebrew!!

a. the-earth and-ACC the-heavens ACC. God created in the beginning
b. ho?ires® wo?2é0 ha[fomajim 260  ?8lohim bor3? bare[i

c. TWJ Ny ajalh] Ny I X2 YR

d {} {} my {:;\ 'S} P} m

The fact that the normative stress patterns of contemporary Hebrew are in
most cases identical to those of Biblical Hebrew suggests that the informa-
tion provided by the script was attended during the emergence of Hebrew
as a spoken everyday language. I thus treat Biblical Hebrew as the main
lexical source of contemporary Hebrew and discuss the differences between
the two in terms of historical change (thus skipping possible intermediate
changes in between).

Stress in Biblical Hebrew was relatively consistent. Most stems ended
in a consonant, and were thus stress-final. In suffixed forms, the contrast
between C-final and V-final forms was maintained, though nouns only had
C-final suffixes.!?

Due to various phonological processes, the contrast between V-final
and C-final words was not always surface true. There are two cases where

of Hebrew. Regardless of one’s view on the matter, there is no doubt that a great
deal of the morphological paradigms in contemporary Hebrew, including morpho-
phonological alternations and stress patterns, were drawn primarily from Biblical
Hebrew.

I The transcription ignores the disputed vowel length (Khan 2013c). Acc stands for
the accusative marker, a pro-clitic of definite nouns.

12 The discussion excludes the possessive markers (e.g., Pimm-6 ‘his mother’), which
are not suffixes but rather clitics (i.e., syntactic).
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V-final words surface with final stress, rather than the expected penul-
timate stress: (a) word final glottal consonants are deleted and the final
stress thus resides on a codaless syllable (e.g., /tsava?/ — tsavd ‘army’);
(b) word final vowels are stressed when the vowel in the preceding syllable
is reduced or deleted (e.g., /tifmor-u/ — tifmord ‘you ms.pl. will guard’,
/nafal-u/ — nafli ‘they fell’).

In addition to these cases of stress in V-final words, there is a group
of nouns, called segolates, whose stem surfaces with penultimate stress re-
gardless of the final segment (e.g., nézer ‘coronet’, zérem ‘stream’, /péle?/
— péle ‘wonder’). Following the historical development from pre-Hebrew
to Biblical Hebrew, traditional analyses postulate a phonemic CVCC stem,
where the final complex coda is simplified via epenthesis only after stress is
assigned, but there are a few studies that propose an independent grammar
for this group of nouns (Revell 1985; Garr 1989; Coetzee 1999; McCarthy
1999; Green 2004).

The stress pattern of segolates is maintained in contemporary Hebrew,
but with no motivation for postulating a phonemic CVCC base (Bat-El
1989; 2012; Bolozky 1995). Consequently, we get (near) minimal pairs,
where some C-final words get final stress and others do not (e.g., bokes
‘morning’ vs. bokép ‘cowboy’, ndyal ‘river’ vs. nayd/ ‘snake’). This contrast
is further enhanced by loanwords with non-final stress (e.g., biza ‘beer’ vs.
bigd ‘capital city’, bandna ‘banana’ vs. matand ‘gift’). In addition, the glot-
tal stop has been removed from the phonemic inventory of contemporary
Hebrew, thus giving rise to final and penultimate stress in both C-final
and V-final words (e.g., tsavd ‘army’ vs. tsavdp ‘neck’, péle ‘wonder’ vs.
pések ‘chapter’).!3 One final change was in the syllable structure; Bibli-
cal Hebrew codas were moraic, as evident by compensatory lengthening
(Lowenstamm & Kaye 1986), but contemporary Hebrew codas lost their
mora, as there is no phonological process sensitive to moraic structure.

Such changes have led to the inconsistent stress system in contempo-
rary Hebrew nouns (§2.2), which is unnatural and unsystematic, and thus
rather unstable. The changes were as follows:

3 As noted in §2.1, other minimal pairs are distinguished by lexical category (e.g., bévey
‘knee’ vs. bewéy ‘he blessed’), lexical class (e.g., fofdna Personal name vs. fofand
‘rose’), or inflectional paradigm (e.g., rdfs-a ‘she ran’ vs. ratsd ‘he wanted’). I do not
consider these minimal pairs for the purpose of this study as their contrast is drawn
from the syntactic structure.
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(18) From Biblical Hebrew to contemporary Hebrew: constraint demotion

Biblical Hebrew Contemporary Hebrew
a W-BY-P > DEp, Dep, > W-By-P
b. TROCHEE > IAMB, FINAL FINAL > TROCHEE > [AMB
c FTBIN, *FooT-0 > *FOOT-1
d. PARSE > ALIGNR > NONFINALITY ALIGNR > NONFINALITY, PARSE

W-BY-P was demoted below DEP,, and codas lost their moraicity (18a).
The loss of moraic codas was actually the loss of a natural environment
for final stress, and thus FINAL became a dominating constraint (18b).

Assuming Graf and Ussishkin’s (2002) analysis, FTBIN persists in its
dominant position and the ranking *FOOT-o0 > *FOOT-u became irrele-
vant due to the loss of moraic codas (18c). However, under the analyses of
Becker (2002) and Pariente and Bolozky (2014), FTBIN is demoted in order
to allow degenerate syllabic feet in words with final stress (e.g., ka[duz]
‘ball’). Finally, secondary stress on the lexical level did not persist in con-
temporary Hebrew, which means that PARSE was demoted below ALIGNR
(18d). NONFINALITY keeps it position below ALIGNR (18d), which means
that feet are right aligned with the prosodic word.

5. Concluding remarks

In this paper, I have presented a cycle of change in the stress system of He-
brew (skipping some steps in between): Biblical Hebrew (script-based) =
contemporary Hebrew (attested) = post-Hebrew (predicted). The start-
ing point was contemporary Hebrew with its unsystematic and unnatural
stress system, i.e., a system that is not only inconsistent but also does
not comply with universal principles. I assume that languages strive for
regularity and naturalness, which thus constitute major forces in language
change (though not the only ones). Therefore, I contended that contempo-
rary Hebrew stress system cannot persist for too long, and the seeds of the
change are already evident: words change their stress pattern (difference
among generations) and the experimental results suggest that speakers
prefer final stress in C-final words and penultimate stress in V-final words.

Note that such a future system, although predicted to be more sys-
tematic, is not common in the sense that only final consonants are moraic.
However, it is possible that the dependency in the final segment is just
a necessary step in the development, which must accommodate the great
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number of words with final stress (mostly with C-final). The subsequent
stage will probably be penultimate across the board, as was the case in the
reconstructed pre-Hebrew (Florentin 2002; 2015; Blau 2010). This predic-
tion is supported by Fainleib’s (2008) experiment, where the preference for
penultimate stress in general was higher in nonce words with low frequency
vocalic patterns (7b) than with high frequency vocalic patterns (7a). That
is, when the interference of the lexicon is reduced, the preference for penul-
timate stress increases.

The entire U-shaped path is summarized below, with || indicating
similar stress systems. In this paper I attended to three stages only: Biblical
Hebrew = contemporary Hebrew = post-Hebrew I, but post-Hebrew II,
and its similarity to pre-Hebrew are a further natural development.

(19) Back to the future

Pre-Hebrew Biblical Hebrew Contemporary Hebrew
Reconstructed Script-based 1100 BCE Attested 19 CE
I |
Post-Hebrew-11 Post-Hebrew-1
Predicted Predicted

The similarity between the past and the future systems is attributed to
the strive for a regular system complying with universal principles.
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