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Abstract 
 
The allomorphy of feminine nouns in Maaloula Aramaic (Eid 2024: chapter 5) presents an inter-
esting theoretical problem for traditional modular and rule-based accounts of morpho-phonolog-
ical alternations, as no “correct” analysis (in the sense of Hayes 2009:203) is available. We chal-
lenge such traditional accounts by demonstrating that the data can be modeled quite accurately 
on the basis of very limited phonotactic information alone, using the principles of discriminative 
learning (R. A. Rescorla 1972; Rescorla 1988), a theory from cognitive psychology that has recently 
been extended to language (e.g. Baayen et al. 2011; Chuang & Baayen 2013). The results support 
the view that morpho-phonological effects may emerge directly from experience-based associa-
tions of forms in the lexicon. The study shows that data from small, understudied languages like 
Maaloula Aramaic can be very valuable in testing, and further developing, linguistic theory. 
 
 
1. Introduction 
 
Allomorphy is the bread and butter of the morphologist. In the world of morphemes, an allo-
morph is often defined as a phonologically distinct variant of a particular morpheme (e.g. Lieber 
2010: 158). In a recent article on the relation of infixation and allomorphy, Kalin (2022: 642) defines 
a morpheme as “an abstract morphological element corresponding to (i) a meaning or morpho-
syntactic function, and (ii) a set of phonological forms (exponents)”. Crucially, “when (ii) is a 
nonsingleton set, the phonological forms are referred to as allomorphs of the morpheme.”  
 An important distinction is made between suppletive and non-suppletive allomorphy. 
The latter refers to cases in which the exponents are phonologically related in the sense that much 
of the phonological material is the same (or very similar) across the exponents, and the exponents 
may even be derived from some assumed underlying form. A classic example is the plural in 
English, whose regular exponents are [z], [s], and [ɨz], with the underlying form /z/. The distri-
bution of non-suppletive allomorphs is a consequence of clearly motivated phonological pro-
cesses. In the English example, this motivation is assimilation of voicing across the morpheme 
boundary, and dissimilation through vowel epenthesis to break up the sequence of two identical 
sounds, two perfectly natural phonological processes. Another well-known case of non-supple-
tive allomorphy is the Dutch past tense suffix (Trommelen & Zonneveld 1979:119), which surfaces 
as [t] after stem-final underlyingly voiceless obstruents, and as [d] elsewhere, as shown in (1) 
(examples are taken from Ernestus & Baayen (2004:874): 
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(1) stem      singular past tense form 
 rook  /rok/   ‘smoke’   rookte   /rokt/  ‘smoked’ 
 stop  /stop/   ‘stop’    stopte   /stopt/ ‘stopped’  
 klaag  /kla/  ‘complain’   klaagde  /klad/  ‘complained’ 
 roof  /rov/   ‘steal’    roofde   /rovd/  ‘stole’ 
 kam  /kam/  ‘comb’    kamde  /kamd /  ‘combed’ 
 
Suppletive allomorphs, in contrast, are exponents that are not phonologically related, and their 
selection or distribution can be conditioned by a range of factors, listed in (2): 
 
(2) a. lexical conditioning: a root or class of roots 
 b. morphological conditioning: morphosyntactic features 
 c. phonological conditioning: phonological features 
 d. prosodic conditioning: prosodic size, weight, and/or shape 
 
This rather neat picture of phonology-morphology interaction may be an idealization that is not 
entirely justified, however.  
 In this paper, we present a challenge for this view of allomorphy selection with data from 
a lesser known language, Maaloula Aramaic, and demonstrate that it is possible to account for the 
data in a completely different way, using only phonotactic information instead of morpho-pho-
nological rules or constraints. We implement a discriminative learning network (see, for example, 
Baayen et al. 2011; Chuang & Baayen 2013; Plag, Domahs & Heitmeier 2024; Tomaschek et al. 
2021) in which biphones are directly associated with variant forms that are exponents of morpho-
syntactic features. In this kind of framework, morphology is conceived of as the gradient relation-
ships between representations in the lexicon, instead of a rule- or constraint-based system that 
combines and manipulates sublexical units. 
 
 
2. The challenge: Maaloula Aramaic feminine nouns 
 
2.1 Singular feminine nouns 
 
Western Neo-Aramaic is a Semitic variety traditionally spoken in three villages in Syria. One of 
them is Maaloula, whose dialect we are focusing on in this paper. In terms of word structure, 
Western Neo-Aramaic is characterized by a root-and-pattern morphology in which inflectional 
categories are expressed through particular patterns of so-called root consonants and the specific 
vowels and CV-patterns that characterize each morphological category. This is illustrated in (3) 
for words generated from the triliteral root ṭʕn (C1C2C3) ‘carrying’. The symbols C1, C2, and C3 
refer to the three consonants (or ‘radicals’) which make up the triliteral root. 
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(3)  Word  Meaning   Pattern  morpho-syntactic 
          specification 

 iṭʕan   ‘he carried’    iC1C2aC3  preterit verb 
 yiṭʕun   ‘(that) he carries’   yiC1C2uC3  subjunctive verb 
 ṭʕōn   ‘carry (2M.SG)!’   C1C2ōC3  imperative verb 
 ṭōʕen   ‘he carries’    C1ōC2eC3  present verb 
 iṭʕen   ‘he is carrying’   iC1C2eC3   perfect verb 
 ṭʕōna   ‘(the act of) carrying’   C1C2ōC3a  noun 
 ṭaʕna   ‘load’     C1aC2C3a  noun 

 
In addition to these non-concatenative morphological CV-patterns, suffixation is also quite com-
mon. In this paper we concentrate on the marking of feminine gender and of plural marking on 
feminine nouns. In Maaloula Aramaic, a given singular feminine noun is apparently marked for 
gender by one of two feminine suffixes: -ṯa [θa] in some nouns, -ča [a] in others (Spitaler 1938; 
Arnold 1990). The examples in (4) (from Eid 2024:80ff) illustrate this. 
 
(4) a. šaʕṯa   ‘hour’ 
  xallṯa   ‘daughter-in-law’ 
  ʕaymṯa   ‘cloud’ 
  rxoppṯa  ‘knee’ 
  matrasṯa  ‘school’ 
 b.  ġūrča   ‘hole’  
  ṯinaġelča  ‘hen’ 
  ʕžīpča   ‘miracle’ 
  ḥīrča    ‘confusion; puzzlement’ 
  frīsča   ‘right’ 
 
Eid (2024:93ff) divides each -ṯa and -ča into two affixes, and proposes the feminine markers -ṯ, i.e. 
a dental voiceless fricative, and -č, i.e. a voiceless palato-alveolar affricate, followed by the nomi-
nal ending -a. This analysis is shown in (5a). This analysis is supported by the fact that the nominal 
ending -a is not restricted to feminine nouns. It also appears in masculine nouns (e.g., ṭūra ‘moun-
tain’, ḏīka ‘rooster’). Additionally, it can be observed that this nominal ending is restricted to the 
citation form of nouns. If, for instance, a pronominal suffix is attached to a feminine noun, the 
nominal ending -a will disappear, but not the -ṯ or -č , see (5b).  
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(5)  a. šaʕ-ṯ-a    ṯinaġel-č-a 
  hour-F-NE1    hen-F-NE  
  ‘hour’    ‘hen’ 

  b. soləf-ṯ-e    ḥōl-č-iš 
  story-F-3M.SG   uncle-F-2F.SG 
  ‘his story’    ‘your (F.SG) aunt/stepmother’  

 
(Eid 2024:93-95) analyzes the distribution of the two allomorphs by way of an underlying under-
specified segment /T/, which represents a voiceless coronal obstruent which is not specified for 
the features [continuant], [strident], and [anterior], and the two rules, palatalization and spiranti-
zation, that determine the distribution as shown in (6).  
 
(6) a.  Environment for /T/ palatalization: (V)VC___ (where C is not a glide) 
 b. Environment for /T/ spirantization: elsewhere 
 
The formalization of the two rules need not concern us here. What is important in the context of 
this paper is the fact that the two sounds in question are phonologically related, but their distri-
bution is phonologically not motivated. There is no good synchronic reason why a palatalization 
rule should kick in the specific environment given in (6a).2 Furthermore, Eid demonstrates that 
the distribution could also be accounted for by templatic patterns. This is not a coincidence since 
the templates are phonologically specified and their specifications vary by the presence or absence 
of final (V)VC. Another striking observation is that, in the subset of words that do not behave in 
accordance with the rules in (6), sonority is to some extent predictive of the allomorph distribu-
tion. The more sonorous the preceding consonant, the more likely the palatalized variant becomes.  
 Applying all of the above generalizations to the data set of 618 singular feminine nouns 
(407 of them featuring -ṯ-, 211 -č-) taken from the MASC corpus (Eid, Seyffarth & Plag 2022; Eid et 
al. 2022), we arrive at the accuracies for rule-based approaches shown in table 1. 
 
Table 1: Accuracy of rule-based analyses of feminine marker allomorphy. 

 accuracy wrong predictions 
phonology only 0.93 45/618 
morphology only 0.94 36/618 
phonology and morphology combined 0.97 19/618 

 

 
1 The following abbreviations are used in the glossing of examples: ∅ = ‘zero-morph’, 1 = ‘first person’, 2 = 
‘second person’, 3 = ‘third person’, CST = ‘construct state’, DEF = ‘definite’, DTR = ‘detransitivizing prefix’, 
EPL = ‘enumerative plural’, F = ‘feminine’, IMP = ‘imperative’, INDF = ‘indefinite’, LM = ‘linking mor-
pheme’, M = ‘masculine’, NE = ‘nominal ending’, OM = ‘object marking’, PL = ‘plural’, PRET = ‘preterit’, 
PRF = ‘perfect’, PRS = ‘present’, SBJV = ‘subjunctive’, SG = ‘singular’ 
2 For a historical explanation see Bergsträßer (1928:8), Spitaler (1938:12-21), Arnold (1990:12-14), Arnold 
(2008:171-176). 
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At the empirical level, a rule based approach makes very good predictions, with a small propor-
tion of words not behaving as expected. From a theoretical perspective, however, the marking of 
feminine gender does not lend itself to a straightforward analysis of the nature of its allomorphy 
as either suppletive or non-suppletive. The exponents are clearly phonologically related, but their 
distribution seems to be regulated not by natural phonological rules but by rules that usually 
determine suppletive allomorphy. In such situations one cannot decide what the correct analysis 
would be: a phonological one that relates the two exponents but works on the basis of a rule that 
is not otherwise motivated, or morpheme-specific suppletion rule that no longer captures the sim-
ilarity of the exponents. In such cases, Hayes acknowledges that “advances in linguistic theory 
and methodology will be needed before we can confidently advocate one or the other [analysis]” 
(Hayes 2009:202). A similar situation can be found with feminine forms in the plural, as we will 
see in the next section. 
 
2.2 2.1 Plural feminine nouns 
 
Feminine plural nouns in the vast majority end with either -ōṯa [oa], or -yōṯa [joa], no matter 
which singular marker the noun would have (-ṯ or -č), as shown in (7): 
 
(7) a. Singular  Plural 
  ḏokkṯa   ḏukkōṯa ‘place’ 
  farwṯa   farwōṯa  ‘sheepskin (cloak)’ 
  ṯinaġelča  ṯinaġlōṯa  ‘hen’ 
  žawharča  žawəhrōṯa ‘gem; jewel’ 
 b.  maščūṯa  maščuyōṯa ‘wedding’ 
  htīṯa   htiyōṯa  ‘gift’ 
  ġūrča   ġuryōṯa ‘hole’ 
  aġīrča   aġiryōṯa ‘maid; maidservant’ 
 
Eid provides a morphological analysis analogous to that of the singular feminine forms and posits 
a base with three affixes: the plural marker -ō or -yō, the feminine marker -ṯ (invariable in the 
plural), and the nominal ending -a. Based on a data set of 337 word types, Eid shows that bases 
with a long vowel strongly prefer -yōṯa (135 out of 144 words), while bases without long vowel 
strongly prefer -ōṯa (157 out of 164 words). If the base ends in [j] (29 words), -ōṯa occurs. If we 
formulate these generalizations as phonological rules, they can account for 95 percent of the data. 
 From a theoretical perspective, however, there are similar problems as with the singular 
feminine allomorphy. The two most important environments do not motivate the alternation, and 
the rules do not repair, or lead to the avoidance, of phonologically ill-formed sequences or sylla-
bles. For example, there is no good phonological argument that [spaʕōṯa] is well-formed but 
*[spaʕyōṯa] would not be. Other words in the language can be found that have this allegedly ill-
formed sequence <aʕyō> (e.g., waʕyōṯa ‘clothes’, ḳaʕyōla ‘she/it (f) sits’. There is even a templatic 
pattern with this sequence attested (CCaCyōṯa, as in šhatyōṯa ‘certificates; degrees’, ġraryōṯa 
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‘querns’) (Eid 2024:104). Due to the lack of an independent phonological motivation, we are again 
faced with a situation where a phonological description is possible, but not convincing.  
 In the following we will develop a radically different approach, using a computationally 
implemented learning theory to model the two cases of allomorphy, discriminative learning. 
These models abandon rules and abandon the concept of a modular morpho-phonology and con-
ceive morphology as relations of representations in the mental lexicon.  
 
 
3. Discriminative learning 
 
Discriminative learning is a theory of associative learning mechanisms developed in cognitive 
psychology (e.g. Robert A. Rescorla 1972; Rescorla 1988). The theory can account for classic learn-
ing phenomena in both human and animals, including the blocking effect (Kamin 1969) and the 
feature-label ordering effect (Ramscar et al. 2010). More recently, a wide range of linguistic studies 
have implemented this theory with impressive results, especially in the domain of morphology 
(e.g. Baayen et al. 2011; Chuang & Baayen 2013, see Plag 2018, Lieber 2021 for introductions).  
 Discriminative learning theory assumes that learning essentially means building associa-
tions between events. In language learning, associations are built up through exposure to lan-
guage-related events, so-called ‘cues’ and ‘outcomes’, and updated with each learning event. The 
strength of the association changes through the co-occurrence or non-co-occurrence of cues and 
outcomes. The association strength increases when the same cue occurs with the same outcome, 
and decreases if this outcome is not present in the presence of the cue. The strength of the cues is 
calculated using the so-called Rescorla-Wagner equations (Wagner & Rescorla 1972). This model 
is computationally implemented in the ndl package (Arppe et al. 2015) in R (R Core Team 2020). 
 In our implementations we want to associate base forms with the available allomorphs. If 
the model is successful it will associate a given base form with the correct allomorph. Following 
similar work (e.g. Arndt-Lappe, Schrecklinger & Tomaschek 2023; Plag, Domahs & Heitmeier 
2024), we use only phonotactic information, i.e. biphones, as cues. As outcomes we use the two 
available allomorphs. Figure 1 illustrates the associations in an NDL network with the base šaʕ 
and the feminine singular markers. The hash marks indicate the word boundaries. 
 

 
 

Figure 1: NDL network with the base šaʕ and the feminine singular allomorphs. 
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Based on the existing base forms in the lexicon, the model first comes up with a list of all bigrams. 
The model then calculates for each bigram how strongly it is associated with either allomorph. 
For instance, the initial bigram of šaʕ, i.e. #š, has an association of 0.28 with -ča and an association 
of 0.26 with -ṯa. The final bigram, i.e. ʕ#, has an association of 0.19 with -ča and an association of 
0.25 with -ṯa. In order to arrive at the associations of a base form with the two outcomes, we add 
the associations of the constituent bigrams. For the base šaʕ, we arrive at an association of 1 with 
-ṯa and of only 0.035 with -ča. To take a decision between the two allomorphs we simply take the 
higher association. In the case of šaʕ, the allomorph -ṯa is chosen, which is a correct decision.  
 
 
4. Results 
 
We implemented two discriminative learning networks, one for the feminine singular forms and 
one for the feminine plural forms, using the two data sets described above, with bigrams as cues 
and the respective allomorphs as outcomes.3 We calculated the accuracy for the training set, but 
we also performed a ten-fold cross-validation to see how each model performs on unseen data. 
The cross-validation was done in two ways, using 10 folds and 100 folds. In the 10-fold cross-
validation for each fold of 10 percent held-out data, we used the 90 percent remaining data as the 
training set. In the 100-fold cross-validation for each fold of 1 percent held-out data, we used the 
99 percent remaining data as the training set, to give the model a better chance to learn. Table 2 
gives an overview of all accuracies. The rule-based accuracy for the singular forms is given for all 
three possible rule systems. The accuracy of the NDL models is averaged over the ten folds. 
 
Table 2: Accuracies of rule-based models and corresponding NDL models.  

 rule-based NDL  
 only pho-

nology 
only mor-
phology 

phonology 
and mor-
phology 

combined 

training 
set 

10-fold 
cross-vali-

dation 

100-fold 
cross-vali-

dation 

feminine 
singular 

0.93 0.94 0.97 0.92 0.84 0.87 

feminine 
plural 

0.95   1.0 0.88 0.89 

 
 
A comparison of the rule-based accuracies and the training set accuracies shows that the two types 
of model are more or less on a par. For the singular, the rule-based models are slightly better, 
while for the plural allomorphy, NDL makes perfect predictions, which is a sign of over-fitting. 
For a more meaningful comparison of the two types of model, a look at the cross-validated NDL 

 
3 The data used in this study, as well as the statistical and computational analyses are available here: 
https://osf.io/9jtd7/overview?view_only=47d7c955bebf43048616a9cff03f7a95 
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predictions shows that accuracy expectedly drops, but both models still make very good predic-
tions, even if a bit worse than the rule-based models. 
 
 
5. Discussion and conclusion 
 
In this paper we have shown that data from small, understudied languages like Maaloula Aramaic 
can be very valuable in testing, and further developing, linguistic theory. We have seen that two 
entirely different models, rules and discriminative learning networks, can be used to quite suc-
cessfully model the allomorphy of singular and plural feminine nouns in Maaloula Aramaic. What 
do these results mean for the analyst who wants to understand how this language, or language at 
large, works?  
 At the empirical level, the rules seem to be slightly more accurate in their predictions, but 
they beg the question of how to explain leakage. Why do certain forms not obey the rule? The 
traditional answer to this is the lexicalization of exceptions. Over the past two decades, however, 
this ‘words-and-rules’ account has been shown to be rather problematic. In their review of the 
available psycholinguistic evidence, Arndt-Lappe & Ernestus (2020:218) come to the conclusion 
that “storage is ubiquitous, and that stored representations include more detail than is usually 
assumed to form the basis of traditional phonological rules.” The dichotomy of rules vs. storage 
runs counter to strong empirical evidence that there seems to be a continuum from words whose 
alternation does not carry over to other words to highly productive and predictable alternations. 
A case in point is the textbook example of the alternation of the Dutch past tense suffix introduced 
in section 1, which is completely regular, but speakers nevertheless sometimes use the inappro-
priate allomorph, and do so especially for verbs that are phonologically similar (e.g. by ending in 
a similar vowel or in an obstruent of the same place and manner of articulation) and take the other 
allomorph (Ernestus & Baayen 2003; Ernestus & Baayen 2004; Ernestus & Baayen 2006). The gra-
dient differences in the generalizability of morpho-phonological alternations thus emerge as a 
function of gradient support from the lexicon, which makes it difficult to uphold long-cherished 
dichotomies of such as ‘regular’ vs. ‘irregular’, or ‘phonologically conditioned’ vs. ‘suppletive’. In 
this perspective, Hayes’ problem disappears. 
 The fact that morpho-phonological alternations can be modelled with an architecture that 
has no information about morphological structure challenges theories in which morphemes (i.e. 
units of form and meaning) play a role, or in which rules make reference to such entities (see, for 
example, Baayen et al. 2011 for discussion). In the alternative account proposed here there is also 
no need for positing different modules that need to interact with each other in ways that are the-
ory-internally, but not psycho-linguistically, motivated. Note also that any rule-based account 
begs the question of how the rules are learned, and how the lexicalized exceptions can be exempt 
from rule application.  
 Critics of a learning system that only uses bigrams to represent form may want to say that 
in such a system, phonological generalizations are entirely lost. This criticism is, however, only 
valid in a rule-based formal grammar universe. In usage-based frameworks, phonological (or 
other) generalizations emerge in a gradient system through the processing mechanisms that are 
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at work when speakers and listeners produce and comprehend language (cf., for example, Bybee 
2001; Bybee 2010; Baayen et al. 2011; Baayen et al. 2019; Plag & Balling 2017).  
 Another potential problem of the NDL approach as implemented in this paper is that the 
status of bigrams as cues may appear somewhat dubious. In NDL bigrams are taken to be sim-
plistic representations of rather complex articulatory and acoustic events. In a production model, 
bigrams represent the articulatory transitions speakers make when uttering words, and in a com-
prehension model bigrams stand for the acoustic properties of neighboring sounds. But not much 
seems to depend on the exact nature of these representations. Related work in discriminative 
learning (Shafaei-Bajestan et al. 2021) has demonstrated that spectral properties directly gleaned 
from the acoustic signal can be used instead of bigrams (or trigrams) to model the mapping of 
form and meaning that is the essence of morphology.  
 This mapping is best viewed as involving variable association strengths between sound 
and meaning, on a cline from direct and clear associations that run under the name of ‘morpheme’ 
at the one end, and much less strong and less consistent associations at the other end. There is a 
growing body of evidence that such associations may underlie the structure the mental lexicon 
and largely determine the processing of words in language production and comprehension. 
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