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Abstract
This dissertation addresses the question of whether non-adjacent morphological
dependencies are as difficult to learn as non-adjacent phonological dependencies. Nonadjacent dependencies have been investigated in the past, and have proven to be at best
difficult to learn (Bonatti, Peña, Nespor, & Mehler, 2005; Gómez, 2002; LaCross, 2011,
2015; Newport & Aslin, 2004), and at worst, completely unlearnable (Newport & Aslin,
2004:experiment 1). LaCross (2011, 2015) showed that speakers of a language employing
non-adjacent dependencies were able to learn an artificial grammar employing analogous
non-adjacent dependencies easily, suggesting there may be a linguistic bias that makes
speakers more aware or capable of unconsciously parsing non-adjacent dependencies so
long as they speak a language that employs vowel harmony.
The research in this dissertation studies three subject populations with two tasks
and two grammars to discover whether speakers of a language utilizing root-and-pattern
morphology also have the ability to unconsciously parse non-adjacent dependencies predicated on morphological structure. Chapter 2 uses a segmentation or statistical learning
task similar to the experiments mentioned above, while Chapter 3 uses a word elicitation
task to establish a more fine-grained representation of what experiment participants learn
after a very short exposure. The experiments show that there may be a cognitive bias toward concatenative morphology even among Arabic and Maltese speakers, but also that
Arabic and Maltese speakers are willing to adjust CV skeleta and syllabic structure when
deriving plural forms from singular forms. The methods that they use when producing
novel plural forms are similar to those found in their L1, showing that this type of bias
is predicated on morphophonological structure in the participants’ L1.
The results together support a root-based lexicon for Arabic and Maltese and aggressive morphological decomposition (Boudelaa & Marslen-Wilson, 2001, 2004a, 2004b,
2015; Deutsch, Frost, & Forster, 1998; Frost, Deutsch, & Forster, 2000; Frost, Forster, &
Deutsch, 1997; Ussishkin, Dawson, Wedel, & Schluter, 2015) even in novel words. Addi13

tionally, this work supports the notion of morphological abstraction, abstract grammatical
features (such as past or plural) may be expressed by multiple allomorphs, particularly
in the context of learning a new language. I extend this work to suggest that a processing model of Distributed Morphology (Halle & Marantz, 1993; Harley & Noyer, 1999; inter
alia) would be appropriate both to model the results here and to better explain morphological processing disorders. Although Distributed Morphology has not been extensively
tested as a processing model, recent research shows compatibility with existing psycholinguistic models (Gwilliams & Marantz, 2015; Stockall & Marantz, 2006) and has better explanatory power for deficits in morphological processing (Tat, 2013).
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Chapter 1
Linguistic Biases and Non-Adjacent
Dependencies
1.1

Introduction
A person’s native language, or L1, a↵ects every other language they learn (C. A. Brown,

1998; Dussias, 2003; Hopp, 2010; Johnson & Newport, 1989; McAllister, Flege, & Piske,
2002; Piske, MacKay, & Flege, 2001; among many others). One of the most evident effects of learning another language (or L2) after a critical period is an accent (Archibald,
2005; McAllister et al., 2002): If a person grows up speaking French and learns English as
a teenager, others might notice that this person does not produce the interdental fricatives
/T/ and /D/ as in ‘thigh’ and ‘thy’, as those phonemes do not exist in French. Instead,
they will likely replace those sounds with the stops /t/ and /d/ as in ‘tie’ and ‘dye’, retaining the voicing contrast that does exist in French (cf. tu /ty/ ‘you.singular.informal’
and du /dy/ ‘of.the’). Having an accent is the byproduct of producing one set of phonemes
found in an L1 that does not entirely overlap with the set found in the L2 (Archibald,
2005). There are other, less immediately noticeable e↵ects of expecting certain features
based on the L1 when learning another language, including those found in phonology, mor-
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phology, and syntax (Dussias, 2003; Hopp, 2010; Johnson & Newport, 1989). These expectations or influences of the L1 on subsequent languages learned are referred to as ‘L1
biases’ in this dissertation.
This dissertation explores how the biases from a speaker’s native language a↵ect
how accurately and completely morphological non-adjacent dependencies, such as those
found in languages that exhibit root-and-pattern morphology (RPM), are learned in the
lab. In root-and-pattern systems, which are non-concatenative, two (or more) morphemes
are interleaved, and neither is completely contiguous in the word, whereas in concatenative
morphological systems, morphemes are appended to the edges of words and are completely
contiguous. Table 1 below demonstrates the lack of contiguity between both roots and patp
p
terns for Maltese roots kbr ‘big, grow’ and gdm ‘bite’1 . As these morphemes are interleaved, speakers of languages using RPM or other non-concatenative morphology cannot
necessarily predict which segments will come after others in visual or auditory comprehension. Instead, they must keep the initial parts of both morphemes in mind simultaneously
to fully predict the rest of the word. This exemplifies non-adjacent dependencies, or NADs.
Knowing the first consonant of the root can narrow down the hypothesis space of the following root consonants even though the consonants are not always directly adjacent to
each other.
Root
p

p

kbr

gdm

Pattern
C1 C2 iC3
C1 iC2 eC3
C1 iC2 C3 u
niC1 C2 eC3
C1 C2 iC3
C1 iC2 eC3
C1 iC2 C3 u
niC1 C2 eC3

Result
kbir
kiber
kibru
nikber
gdim
gidem
gidmu
nigdem

Gloss
big.adj
grow.citation
grow.perfective
grow.1sg.pres
bite.n
bite.citation
bite.perfective
bite.1sg.pres

Table 1: Two Maltese roots inflected with four di↵erent patterns.
p
Extant roots in Semitic languages will be denoted with a root symbol ( ), following conventions in
Distributed Morphology.
1

16

Research has shown that while non-adjacent dependencies of various types are common features in naturally occurring human languages, they are strikingly difficult for adults
to learn in the lab without prior exposure. For instance, speakers of Finnish, Turkish, or
Khalkha Mongolian, all languages employing some sort of vowel harmony (Finnish: Karlsson, 2013; Turkish: Lewis, 1967; Khalkha Mongolian: Svantesson, Tsendina, Karlsson, &
Franzén, 2005), might find a language employing vowel harmony easier to learn than an
English speaker. This is, in fact, what LaCross (2011, 2015) found: Khalkha Mongolian
speakers were able to learn an artificial language employing phonological non-adjacent dependencies (i.e., vowel harmony), while English speakers performed at chance. Although
phonological NADs are not a feature of English, English speakers encounter morphosyntactic non-adjacent dependencies whenever verbs must agree with subjects (she reads), or
when nouns agree with numbers (three mountains). This dissertation further explores the
nature of learning an artificial language using morphological non-adjacent dependencies to
contrast with the previous work done using phonological (Bonatti et al., 2005; LaCross,
2011, 2015; Newport & Aslin, 2004) or syntactic (Gómez, 2002) NADs. In addition, prior
work has utilized perception tasks to determine whether participants are able to segment
words; in contrast, I include a production task in order to investigate whether participants’
production patterns provide evidence of learning even though their performance on a perception task may be at chance.
Given the relative difficulty of learning non-adjacent dependencies and the argument that this difficulty is related to a person’s native language, a further question could
be whether a person’s L1 biases and experience in learning or processing non-adjacent dependencies like RPM contributes to their typological rarity. While some researchers recommend against associating typological rarity with cognitive biases, and vice-versa (Gorrie,
2014), there is some evidence for the correlation between the prevalence of suffixing languages and ease of processing (Hawkins & Cutler, 1988), discussed further in Section 1.4.
Thus, it is possible to suggest that the difficulty of parsing root-and-pattern morphology
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and the associated non-adjacent dependencies causes such a system to be selected against
in the process of language evolution and change.
The nature of this work bears on topics including the primacy of word edges crosslinguistically, the learning of non-adjacent dependencies, morphological productivity, and
both L1 and typological biases that may contribute to learning non-adjacent dependencies.
In the subsections that follow, I provide a brief overview of root-and-pattern morphology
(1.2), and then discuss learning non-adjacent dependencies (1.3), L1 and typological biases that contribute to learning artificial grammars (1.4), word edges in linguistic theory
and theories of processing (1.5), possible theoretical explanations for the results (1.6), and
conclude by summarizing the goals of this dissertation (1.7). In the subsequent chapters, I
discuss the statistical learning task (Chapter 2) and the Wug Test (Chapter 3) that were
conducted. Finally, I discuss the implications of the results of both tasks and o↵er some
possible theoretical underpinnings of the processes. To do this, I use both established lexical processing models and theoretical models of morphology, and argue that the results
I present may be better described in a processing model of Distributed Morphology. I offer further support for this argument by following Tat’s (2013) approach and suggesting
future tests for Distributed Morphology in clinical populations with morphological processing disorders (Chapter 4).

1.2

Root-and-pattern morphology
In root-and-pattern systems found in Semitic languages like Arabic, a 2-4 conso-

nant root indicates a broad semantic field (e.g., “having to do with paper or writing” for
p
the root ktb), while a pattern typically di↵ers based on grammatical agreement or defines a narrower semantic field (e.g., the pattern C1 aC2 aC3 a denotes 3rd person masculine past tense, and the pattern C1 aaC2 iC3 is used for active participles; McCarthy, 1979,
p
1981; Ryding, 2005, inter alia). ktb in Arabic is not pronounceable on its own, but can
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appear with several vocalic patterns, such as in maktabun ‘desk’, kitaab ‘book’, and kataba
‘he wrote’ (McCarthy, 1981). Both the root and the patterns are discontiguous: the first
segment does not always predict what the next segment will be, and decomposing these
words into discrete, contiguous morphemes is impossible.
Root-and-pattern morphology is a subset of non-concatenative morphology, which
includes phenomena like reduplication and ablaut formation2 . This is unlike the primarily
concatenative morphology exhibited by English, for example, where morphemes tend to
appear at the edges of words, such as in irresponsible, responsiveness, or responses. In the
English examples, no morpheme is interleaved with another and each word can be decomposed into discrete morphemes: ir-respons-ible, respons-ive-ness, respons-es in English
as opposed to maktabun, kitaab, kataba in Arabic (roots in both languages are bolded).
Because edges of words play a central role in both theories of language processing and theories of language, as discussed below, it is remarkable that such a robust system of discontiguous morphology as RPM exists.
To illustrate adjacent morphological dependencies, contrast the Arabic examples
above with English. Hearing the beginning of a morpheme generally means that it will be
the sole element the processor has to parse until a morpheme boundary is arrived at, such
as in the word dis- em- bowel -ment. Thus, in English, word-internal non-adjacent dependencies do not need to be tracked at all, as the relationships between dis- and bowel or
em- and -ment are uninformative. We do have nominal and verbal ablaut in English, such
as in the singular/plural pairs goose/geese or mouse/mice, or in the present/past tense
pairs run/ran or sing/sang. However, this process is not terribly productive, and is much
less productive than concatenative affixation.
Despite this complexity, root-and-pattern systems, however rare, are typologically
stable and readily acquired by infants (e.g., Omar, 1973 on the acquisition of Egyptian
2
Root-and-pattern morphology must be distinguished from infixation. A. Yu (2003:2) defines infix as
“an overt continuous morph that appears within a derived discontinous morph that exists in a continuous form independent of the infixed form. . . ”, thus neither the root nor the pattern in root-and-pattern
morphology is a true infix, as neither morpheme is contiguous.
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Arabic phonology), both of which suggest that they are not especially difficult to learn.
However, RPM is not borrowed by languages that otherwise borrow lexical items from
Semitic languages (Versteegh, 2001)3 , and RPM in this form is restricted to the Semitic
language family (McCarthy, 1981). Any structural borrowing that occurs either within
Semitic languages or in languages borrowing from Semitic languages seems to be restricted
to lexicalizing roots and patterns (see, for example, the various words that English and
Spanish have borrowed from Arabic), or Semitic languages borrowing concatenative morphology (for example, various grammatical morphemes in Maltese). If this morphological
system is particularly challenging to learn as an adult, or without a great deal of exposure to the non-adjacent structures, this could be one reason why it cannot be borrowed
by other languages in spite of a great deal of contact and multilingual speakers.
In the next section, I discuss previous research on learning non-adjacent dependencies and where the current research fits into it.

1.3

Learning non-adjacent dependencies
Much ink has been spilled on both learning mechanisms in artificial grammar learn-

ing (AGL; e.g., Bos & Poletiek, 2008; Gómez, 1997; Gómez & Schvaneveldt, 1994; Reber,
1967) and learning non-adjacent dependencies with artificial grammars (Bonatti et al.,
2005; Gómez, 2002; LaCross, 2011, 2015; Newport & Aslin, 2004). Generally speaking,
studies have shown that learning non-adjacent dependencies through statistical learning,
or tracking the co-occurrence of syllables or segments, is difficult at best for both adults
and infants (Bonatti et al., 2005; Gómez, 2002; Newport & Aslin, 2004), but this difficulty
3

Versteegh (2001) discusses the influence of Arabic in contact with other languages in detail, including
on grammatical structure, stages of borrowing and language change, and also provides several examples of
Arabic loanwords in other languages, including those using concatenative morphology. For example, the
English words alcohol, sugar, and cypher are from the Arabic al-kuhuul, sukkar, and sifr ’zero’, respectively. The linguistic and lexical influence of Arabic is widespread, from languages all over Africa that lack
significant current contact with Arabic (Versteegh, 2001), to other languages spoken in the Middle East
such as Turkish and Persian (Versteegh, 2001), to languages spoken across Europe such as English and
Spanish. Due to the Islamic rule in Spain, Arabic was particularly influential; it has been estimated that
Arabic borrowings comprise 8% of the Spanish language (Quintana & Mora, 2002).
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is mitigated when non-adjacent dependencies present in the artificial grammars are based
on a feature of a natural language already spoken by the learners (LaCross, 2011, 2015).
This suggests that experience in tracking non-adjacent phonological dependencies matters
for the successful adult or second-language acquisition of similar dependencies. Does native
language experience also contribute to a speaker’s success in learning non-adjacent morphological patterns?
Recall that in non-adjacent dependencies, a string is broken up into di↵erent elements, and elements that are adjacent to each other do not predict what the next element
will be. In artificial grammars, this may be simulated in a variety of ways. For example,
Gómez (2002) used a grammar in which phrases modeled after English verb agreement
were composed of three distinct elements (such as pel-kicey-jic or vot-fengle-tood ). The
first and third elements were held constant and were always paired together, while the
second element could change: pel-kicey-jic ! pel-wadim-jic. Thus, if a participant were
tracking the non-adjacent dependencies, they would be able to predict the third element
of a word when they heard pel, but they would not necessarily be able to predict the second element of the word. If participants tried to track the adjacent dependencies, however,
they would find that there is no consistency between words and would perform at chance.
As long as there was sufficient variation in the second “slot” of the phrase—that is, as long
as there were many di↵erent possibilities that could appear in that slot—participants were
able to track the non-adjacent dependencies. With less variation in the second element of
the string, participants were unable to track the non-adjacent dependencies and thus their
performance remained at chance.
Newport and Aslin (2004) suggested that the types of non-adjacent dependencies
readily learned by adults mimic structures found in human languages. Similar to Gómez
(2002), Newport and Aslin (2004) initially asked participants to learn NADs among syllables. Their syllabic NAD grammar consisted of words like ba-di-te, gu-ku-do, and pi-to-ra;
the first syllable was a cue to the third syllable, but not necessarily to the second syllable.
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However, the task was presented as a segmentation task in a statistical learning paradigm,
so participants had to both track NADs and segment novel words from the speech stream.
Unsurprisingly, participants performed at chance even when the number of words to learn
was reduced, or the duration of the speech stream was increased. Given Gómez’s (2002)
claim that variability in the intervenor item is key, it is reasonable that neither reducing
the number of words nor increasing the duration of exposure would have an e↵ect on participants’ performance.
Newport and Aslin (2004) also tested participants on what they referred to as segmental NADs, which bear remarkable similarity to the RPM seen in Semitic languages:
for instance, the third-person singular masculine perfect inflection in Arabic (e.g., kataba
‘he wrote’; tabaxa ‘he cooked’; darasa ‘he studied’). The stimuli in these experiments contained three consonants and three vowels, where either the consonants (Experiment 2;
/tedoki, tædaku/) or vowels (Experiment 3; /pakute, dagube/) were held constant. In both
cases, participants were able to both segment words from the speech stream and track the
non-adjacent dependencies of the segments that were held constant.
One of the explanations that Newport and Aslin (2004) provided for the di↵erence
they found between the grammar using syllabic NADs and the grammar using segmental NADs was that syllable-level NADs are not typically found in human languages, and
are thus not typologically plausible. The problem with this assertion is that, in fact, they
are Slobin (1973). For example, participles in German are formed with a circumfix consisting of ge- and -en or -t: getrunken ‘drunk’, geschwommen ‘swum’, gebrannt ‘burned’,
gedacht ‘thought’. Participles in Dutch are formed similarly: geluisterd ‘listened’, gemaakt
‘made’. The German ge- + -en circumfix is an example of a circumfix consisting of two
non-adjacent syllables, while the German ge- + -t and the Dutch ge- + -d/t are examples of circumfixes consisting of a full initial syllable and a final coda segment. Thus, it
is a mistake to say outright that syllabic NADs are not typologically attested and therefore cannot be learned with an artificial grammar. Newport and Aslin (2004) suggested
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that their segmental NADs were similar to root-and-pattern morphology and vowel harmony, and as both are attested in naturally occurring human languages, they concluded
that only typologically plausible features are learnable through statistical learning. However, both the segmental NAD stimuli from Newport and Aslin (2004) and the syntactic
NAD stimuli from Gómez (2002) could be interpreted as having syllable-level NADs, and
all of these sets were learnable under certain conditions.
Syllabic NADs could be construed as having segment-level non-adjacent dependencies if participants pay more attention to consonants than to vowels. Each syllable of
a word that is used in the two studies above is a CV syllable, so participants would ostensibly be able to simply track the dependencies between the first and third consonants,
rather than needing to track the full syllable. By the same token, the segment-level NADs
could be construed as having syllable-level non-adjacent dependencies: again, each trisyllabic word used is formed of three CV syllables. However, neither of these explanations
would account for why Newport and Aslin’s (2004) syllabic non-adjacent dependencies
were not learnable, but their segmental non-adjacent dependencies could be learned by
participants.
In contrast with Newport and Aslin’s (2004) work, Bonatti et al. (2005) found that
French speakers could learn consonantal non-adjacent dependencies, but not vocalic nonadjacent dependencies. They suggest that vowels and consonants tend to transmit di↵erent types of information in words and have di↵erent levels of acoustic salience, so humans
may learn non-adjacent dependencies for vowels and consonants di↵erently. French has
nearly the same number of vowels and consonants, so it provides a good test case for this
proposal. They tested this using several artificial grammars, some where the NADs were
consonantal (words included /puöagi/, /poöegi/, /biduka/, /byduke/) and some where
the NADs were vocalic (words included /mopẼky/, /lopẼöy/, /kumepÃ/, /öumetÃ/). Participants successfully tracked consonantal NADs, but were at chance when they had to
track vocalic NADs. The researchers suggest that the reason for such a discrepancy be-
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tween their results and Newport and Aslin’s (2004) is that participants are only able to
track vocalic dependencies that are highly redundant rather than more varied. They further tested this with another artificial grammar, where participants were all exposed to the
same training stimuli, but at test, participants were forced to choose between one test item
where consonants were kept intact and one test item where vowels were kept intact. Participants preferred to select the consonant words over the vowel words, even though they
could use transitional probabilities across consonants, vowels, or syllables to find the regularities in the stimuli. The researchers suggest that this is due to the segments’ meaningfulness: consonants are used to distinguish between words and may be represented di↵erently in the lexicon (Bonatti et al., 2005:458), while vowels are much less crucial for lexical
identification.
However, LaCross (2011, 2015) pointed out that there are languages where nonadjacent dependencies between vowels do matter: in languages with vowel harmony. In her
work, she showed that speakers of Khalkha Mongolian, a language that employs vowel harmony, are able to learn and track phonological non-adjacent vocalic dependencies that are
more variable than those used by Newport and Aslin (2004) and in Bonatti et al.’s (2005)
experiment 2c (LaCross, 2015:1038). LaCross’ work showed that not only are phonological non-adjacent dependencies not a priori difficult to learn, but also that any difficulty
English (or French) speakers have in learning vocalic non-adjacent dependencies is predicated on having an L1 that does not require them to attend to this type of non-adjacent
dependency. In addition, she also showed that speakers of Khalkha Mongolian are able to
track not just specific vowel segments (as Newport & Aslin, 2004 and Bonatti et al., 2005
used), but features of segments. Tracking phonological and phonetic features is consistent
with vowel harmony in many languages, where vowel harmony may be conditioned on features like rounding (such as in Turkish; Lewis, 1967), or advanced tongue root (such as in
Khalka Mongolian; Svantesson et al., 2005).
Bonatti and colleagues provided another suggestion for why full syllable non-adjacent
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dependencies cannot be learned in relation to their claim that consonants and vowels contribute di↵erent information about words (Bonatti et al., 2005:458): words are extracted in
accordance with consonantal tiers, or planes of mental representation of language sounds
(for more information, see Goldsmith, 1976 on autosegmental phonology; or Bat-El, 1994;
Hammond, 1988; McCarthy, 1981; Ussishkin, 1999, 2000, 2005, and many others on this
type of representation in Semitic languages). This would mean that the supposed NADs
found in RPM or in any of the stimuli presented above are not actually non-adjacent, as
all segments on a tier are adjacent to each other. However, this proposal fails to explain
the difficulty of learning non-adjacent dependencies by LaCross’ English native speakers
as opposed to her Khalkha Mongolian speakers; there must be other factors not accounted
for.
Since Newport and Aslin (2004) and Bonatti et al. (2005) have used Semitic languages as examples of naturally occurring languages employing non-adjacent phonological
dependencies, it is important to note that there are some problems with this assumption.
Because both consonants and vowels are present in patterns, the type of non-adjacent dependency present in Semitic languages is both phonological and morphological. The root
p
ktb is a morpheme in Arabic that can be inflected and derived because it has a meanp
ing associated with these phonemes in this particular order (that is, btk would have an
entirely di↵erent meaning that is unrelated to books or writing, and indeed, is not an attested root in Arabic), similar to how the meaning of cats is not related to the meaning of
p
scat. Further, having the root ktb and a word with the first segment /k/ does not necessarily predict the segment(s) directly adjacent to it, but the rest of the root will be present
somewhere in the word to form kitaab, kutub, or kataba, among other possibilities. Other
p
p
roots also begin with /k/: for example, klm (having to do with speech), kbr (having to
p
do with being large or great), or ksr (having to do with breaking); thus, having the segment /k/ in a word also does not predict that somewhere in the rest of the word will be
the segments /t/ or /b/, but having the segment /k/ in a word can narrow down the set
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of roots that can be predicted. Similarly, the possibilities of which pattern is being used
can be narrowed down dependent on the first non-root segment heard, but as there are
many more consonants than vowels, hearing one vowel may map onto many more patterns
than hearing /k/ as the first root consonant.
In LaCross’ work (2011; 2015), the vocalic non-adjacent dependencies that Khalkha
speakers were able to learn are purely phonological and have no inherent meaning—and
therefore are not morphemes. Similarly, for Newport and Aslin (2004) and Bonatti et al.
(2005), it could be argued that they only study phonological non-adjacent dependences,
and they both claim that the non-adjacent dependency present in root-and-pattern morphology is purely phonological. Thus, what the previous research has not approached is
the learning of morphological non-adjacent dependencies, as are found in Semitic languages.
To sum up so far, we know from the previous research that non-adjacent dependencies are difficult to learn in the lab and must fit certain criteria. The adjacent dependencies must be sufficiently variable that they do not provide reliable cues to predict the
next element in a string (Gómez, 2002). Vocalic non-adjacent dependencies are only learnable when the sets of vowels are highly redundant (Bonatti et al., 2005; Newport & Aslin,
2004). However, if participants speak a language that employs non-adjacent dependencies, such as Khalkha Mongolian and its vowel harmony system, those participants will
be able to learn an artificial language that employs analogous non-adjacent dependencies (LaCross, 2011, 2015). Together, these results tell us (1) that for participants to learn
NADs, adjacent dependencies must not provide predictive cues, and (2) that participants’
native language must be taken into consideration when performing an artificial grammar
learning task that is based on learning typologically attested features. Testing morphological non-adjacent dependencies adds yet another novel angle to this research.
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1.4

L1 and typological biases
Two types of biases can color the results of an artificial grammar task: biases tied

to L1 influence, and biases that can be tied to typological patterns throughout naturally
occurring human languages.

1.4.1

L1 biases
LaCross’s (2011; 2015) research, as discussed above, builds on a large body of liter-

ature on the types of influence a person’s native language has on their learning of a new
language. The biases from a speaker’s L1 are wide-reaching, influencing phonetics and
phonology (e.g., LaCross, 2011, 2015; Pajak & Levy, 2012), morphosyntax (e.g., Arnon &
Ramscar, 2012; Hopp, 2010; Tolentino & Tokowicz, 2011), and semantics (e.g., S. Choi and
Bowerman (1991); Newman, Tremblay, Nichols, Neville, and Ullman (2012)). Therefore,
it is expected that the participants’ native language will have an e↵ect on their performance on the tasks outlined in the previous section. As a speaker’s native language a↵ects
both the types of errors made in the L2 (Hopp, 2010) or in an artificial grammar (Arnon
& Ramscar, 2012) as well as how the L2 is processed (Newman et al., 2012), it is reasonable to think that biases from the native language will also a↵ect how well a grammar is
learned. If a participant speaks a language where morphological processes lead to words
altering their syllable structure or stress patterns (cf. stress-shifting suffixes in English,
such as ecónomy ⇠ económical or prefér ⇠ préference), then that would make an artificial grammar or another language more predictable to that participant and thus easier to
learn. On the other hand, if a particular feature, such as grammatical gender, is not employed in an L1, then a learner will have to make a special e↵ort to learn that feature in
the L2, and frequent errors in the L2 can be expected (Arnon & Ramscar, 2012).
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1.4.2

Typological biases
Typological biases are thought to be a form of cognitive bias4 : patterns through-

out the world’s languages occur because humans all have similar cognitive or linguistic
mechanisms, which leads to linguistic phenomena cropping up in languages that are neither genetically related nor under areal influence from each other. Typological biases also
come into play in a variety of domains within linguistics: psycholinguistic work has shown
evidence for this type of bias in syntax and morphosyntax (e.g., Culbertson, Smolensky,
& Legendre, 2012; Fedzechkina, Newport, & Jaeger, 2016, morphology (Hawkins & Cutler, 1988), and phonology (Finley & Badecker, 2009; Guest, Dell, & Cole, 2000). After less
than a year of exposure, even infants seem to be sensitive to the di↵erences between typologically plausible and implausible phonology in artificial grammars: 9-month-olds do not
learn an artificial stress pattern that is based on cues that are not typologically attested,
although 7.5-month-olds do (Gerken & Bollt, 2008). Throughout the rest of this section,
research touching on typological biases will be discussed, beginning with preferences for
word order and morpheme order, then how word and morpheme order are regularized
from variable input, and finishing with a seeming preference for concatenative morphology
over root-and-pattern morphology, even in Semitic languages. I use this evidence to suggest that the preponderance of languages that do not use RPM or other non-concatenative
word formation processes points to a bias toward concatenative processes.
Research specifically testing for the existence of typological biases has found that
adults have a preference for word order (Culbertson et al., 2012) and case marking (Fedzechkina et al., 2016) in artificial languages that is similar to typologically common patterns
throughout the world’s languages. There are also arguments for some types of morphological processes being easier to process, such as suffixation, and thus more common typologically (or vice-versa; Hawkins & Cutler, 1988).
4

However, see Gorrie (2014) for reasons why it may not be appropriate to consider typological biases to
be cognitive biases.
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Hawkins and Cutler (1988) suggest that a typological preference for suffixation
(over any other form of affixation) is due to psychological and language processing constraints. Although the Head Ordering Principle, which suggests that heads and their modifiers are ordered identically at both morphological and syntactic levels, indicates that
there should be a clean split between whether languages use prefixes or suffixes based on
the order of the object and verb, that is something we do not see. Instead, there are categories of morphemes that appear as suffixes regardless of the order of the heads (Hawkins
& Cutler, 1988:292). The authors point toward substantial psycholinguistic research suggesting that word onsets are the most important parts of words in a processing context,
followed by word endings. Participants’ accuracy su↵ers more if onsets are distorted in
words (Oléron & Danset, 1963) than at the ends of words (Cole & Jakimik, 1978) and
participants will correct errors easily when they occur in word endings (Marslen-Wilson,
1975). Nooteboom (1981) finds that participants retrieve spoken words more easily when
provided with initial fragments as opposed to final fragments. The stems of multimorphemic words that contain prefixes (such as juvenate, from rejuvenate) take longer for
participants to reject as nonwords in lexical decision tasks (Taft & Forster, 1975). Finally,
Givón (1979), and later van Gelderen (2011), also point out that affixes usually originate
as previously independent words; in the course of language change, the independent words
become affixes and are more frequently reanalyzed as suffixes on a stem rather than prefixes. Based on the body of research in the previous years, Hawkins and Cutler (1988)
suggested that humans seem to prefer processing stems before affixes. This would mean
that every other form of affixation, presumably including interleaving two morphemes as
is done in root-and-pattern morphology or in other forms of non-concatenative morphology, is less common due to some kind of cognitive bias or preference favoring processing
adjacent dependencies across words. However, care should be taken with these results, as
Bontoc was the only non-concatenative language in their sample, and uses infixes rather
than any other form of non-concatenative morphology, so little can be said about root-
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and-pattern morphology based on this paper. In the years following Hawkins and Cutler’s
(1988) research, Guerrera and Forster (2008) found that words with 6 of 8 letters transposed (sdiewlak ) would still prime the un-transposed word (sidewalk ), but if the outermost
letters were transposed (isdewakl ), the priming e↵ects were substantially weaker. This
points to further evidence that segments at the edges of words are particularly important
for lexical recognition and retrieval, even in the visual modality.
When exposed to artificial languages with variable input, both adults and children
will tend to regularize the input they receive (Culbertson et al., 2012; Fedzechkina et al.,
2016; Hudson Kam & Newport, 2005, 2009; also see Singleton & Newport, 2004 for sign
language acquisition). For example, if one determiner appears 60% of the time in an artificial grammar, and four additional determiners each appear 10% of the time, adults may
overregularize their input and use the main determiner close to 90% of the time when required to utter a sentence (Hudson Kam & Newport, 2009), or adults may reproduce the
input with similar ratios (Hudson Kam & Newport, 2005).
Culbertson and colleagues (2012) used variable input to test Greenberg’s (1966)
Universal 18. Universal 18 states that the order of the adjective and noun in a noun phrase
will be mirrored in the ordering of a numeral and a noun with ”overwhelmingly more than
chance frequency” (Greenberg, 1966:68). Looking at the World Atlas of Language Structures (WALS; Dryer & Haspelmath, 2013), this statistical universal is largely borne out.
Of the 965 languages with dominant orders for adjectives/numerals and nouns, 78.7%
of the languages used orders where both adjectives and numerals either preceded or followed the noun (both follow the noun, as in houses five/houses blue: 52.7%; both precede the noun, as in five houses/blue houses: 26%). In the remainder of the languages, either numerals precede the noun while adjectives follow (five houses/houses blue; 17.4%),
or numerals follow the noun while adjectives precede (houses five/blue houses; 3.8%). In
Culbertson et al.’s (2012) work, they presented participants with one of the four possible numeral/adjective-noun orderings, plus a fifth condition where all orders were equally
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possible. Participants preferred the harmonic ordering of both numeral and adjective either preceding or following the noun. Most participants used a noun-numeral and nounadjective ordering, suggesting that the harmonic bias was not necessarily due to a bias toward English-like ordering, which was the participants’ L1. Importantly, the ordering of
noun-numeral/adjective-noun was dispreferred, which mirrors what we find in the world’s
languages above. Further, in the group of participants exposed to the artificial grammar
with this pattern, they tended to shift it toward one of the harmonic pairings.
Fedzechkina et al. (2016) show similar results for case marking in adults learning
an artificial language. Participants were exposed to either a flexible constituent order language or a fixed constituent order language, both employing optional case marking on the
object, and then were asked to generate sentences. Participants in the fixed order language
decreased their use of case marking over their exposure to the language, while participants
in the flexible order language increased their use of case marking. This mirrors what is
found in naturally occurring languages, where languages that employ case marking tend to
have more flexible constituent order, while languages with more rigid word order employ
less case marking. Fedzechkina and colleagues suggest that this is due to speakers balancing the demands of e↵ort (i.e., ideally, the fewer morphemes used the better; this is also
the spirit of Siddiqi’s 2006 Minimize Exponence principle in Distributed Morphology) and
information transmission (i.e., ambiguity should be avoided). Similarly, Futrell, Mahowald,
and Gibson (2015) show that cross-linguistically, speakers prefer to avoid long-distance dependencies: syntactic dependencies in languages from multiple families are shorter than
would be observed by random chance.
In addition to this, it should be noted that due to having extensive language contact with concatenative languages, Maltese has borrowed some concatenative morphology (e.g., concatenative plural markers from Italian and English: teżor (-i) ‘treasure(s)’,
skwiril (-s) ‘squirrel(s)’; Borg & Azzopardi-Alexander, 1997) and recent loanwords in Arabic tend to be formed with the sound (i.e., concatenative) plural marker -aat (e.g., kumbiyuu-
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tir (-aat) ’computer(s)’ or firuus(-aat), ’virus(es)’; Ryding, 2005:138; Al-Saqqaf, 2006; Hafez,
1996; Versteegh, 2001) and are not analyzed into roots and patterns (Ryding, 2005:50)
to form a broken, or non-concatenative, plural. Words borrowed from concatenative languages into Semitic languages and other languages using non-concatenative morphology
usually must fit the permitted prosodic structures (Modern Hebrew: Bat-El, 1994; Laks,
2011; Ussishkin, 2005; Palestinian Arabic: Laks, 2011; Egyptian Arabic: Hafez, 1996; Hadrami
Arabic: Al-Saqqaf, 2006; various dialects of Arabic: Versteegh, 2001; other languages with
non-concatenative morphology, but not necessarily root-and-pattern morphology, reviewed
in Bye & Svenonius, 2012). Similarly, the concatenative languages that borrow from Arabic, for example, do not also borrow non-concatenative morphology, retaining their original
morphological structure.
While broken plurals in Arabic and Maltese are typically the exception and not
the rule—that is, not every word will take a broken plural and regular sound plurals are
very common—broken forms do seem to follow patterns. The various patterns that broken plurals take can then be modeled with machine learning (Dawdy-Hesterberg & Pierrehumbert, 2014; Drake & Sharp, 2017; Nieder & van de Vijver, 2017) as well as elicited
using novel word forms from native speakers (Drake & Sharp, 2017). Additionally, Maltese
speakers are able to decompose and re-form novel words using existing root-and-pattern
morphology (Drake, 2018; Twist, 2006). All of this previous research suggests that word
formation with these discontiguous morphemes is a productive process, not one that is
frozen or lexicalized (contra Hoberman & Arono↵, 2003). If phonological and morphological information behave similarly, it stands to reason that Arabic and Maltese speakers
will minimally not be biased against using root-and-pattern morphology productively, nor
against learning it in an artificial grammar. On the converse, since Arabic and Maltese
speakers are familiar with root-and-pattern morphology and make use of it in ordinary
conversation, the same e↵ects that LaCross observed with her Khalkha Mongolian speakers (2011; 2015) should also be observed with the Arabic and Maltese speakers in this re-
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search.
The evidence reviewed above suggests that there is a bias toward concatenative
morphology in language: RPM is not the sole word formation process in Semitic languages;
concatenative affixes may be borrowed and used productively in languages that use nonconcatenative morphology; and languages that borrow lexical items from Semitic languages
do not also borrow RPM as a viable morphological process. A linguistic bias toward concatenative morphology also follows the patterns found cross-linguistically: languages using
any form of non-concatenative morphology, whether infixation, circumfixation, ablaut, or
root-and-pattern morphology are rarer than languages that tend to use concatenative affixes. Similar evidence can also be used to extrapolate the potential shift from root-andpattern morphology to concatenative morphology, with a preference for using suffixation
to form the diminutive in Maltese, for example (Drake, 2018). With Hawkins and Cutler’s
(1988) research outlined above, we may also hypothesize that a language would change in
the direction of becoming suffixing from using RPM because changes in the middle of a
stem are less salient than changes at the end of a stem.
The takeaway from this section is that in learning a new language, humans are affected by both their native language and typological biases. Native language biases shape
both how we perceive and produce language from the linguistic cues we attend to. Typological biases follow patterns that are present in the world’s languages, and may reflect
general cognitive biases, linguistic biases or preferences, or may be postulated to explain
why these patterns keep cropping up in languages that are neither areally nor genetically
related. Based on the studies outlined above, the following factors are taken into consideration about the tasks and expectations of my studies and are further outlined in the hypotheses below.
There are aspects of language that should be easier for participants to learn because they are similar to features found in their native language and therefore conform
to the linguistic biases they have developed. For example, all participants should find an
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artificial grammar using concatenative morphology easy to learn, as all three of English,
Arabic, and Maltese employ concatenative morphology to a lesser or greater extent. Following this, we might also anticipate that English speakers will be heavily biased toward
using concatenative affixation, as the non-concatenative morphological features of English,
such as ablaut (goose/geese), are considered exceptions, while concatenative morphology
is considered the default (e.g., new coinages tend to take the plural -s and past tense -ed :
emails, faxes, Googled, Xeroxed, but not *faxen (irregular plural of fax, analogous with oxoxen) or *Goggle (ablaut past tense of to Google, analogous with shoot-shot)).

1.5

The primacy of word edges vs. root-and-pattern
morphology
Some of the previously discussed research from the processing literature does sug-

gest that word edges generally play an important role in acquisition, processing, and language change (Guerrera & Forster, 2008; Hawkins & Cutler, 1988; Nooteboom, 1981). Similarly, research in linguistics also suggests that the edges of words are privileged with regard to phonological mechanisms and word formation processes, among others. Linguistic
theories distinguish between changes occurring at the right and left edges of words, such
as positional faithfulness constraints in Optimality Theory (Beckman, 1997, 1998; Smith,
2000) and infixes targeting word edges (A. Yu, 2003) or how reduplication or infixation
can be derived (McCarthy & Prince, 1995; A. Yu, 2003). Many studies in language processing, in addition to those already discussed, also distinguish between the right and left
word edges, though this is primarily with regard to how we know where one word ends
and another begins. This is shown in word segmentation studies with infants (Sa↵ran,
Aslin, & Newport, 1996; Seidl & Johnson, 2006), many studies of written word recognition
(Forster & Vereš, 1998), and many studies in speech recognition involving both infants and
adults (Mattys & Jusczyk, 2001; Nooteboom, 1981; Nygaard, Sommers, & Pisoni, 1994).
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In addition to these, there are also studies in language processing that deal with di↵erences in recognizing word edge/word medial di↵erences with newborns (Gervain, Berent, &
Werker, 2012) and young infants (Benavides-Varela & Mehler, 2015). What follows shows
that word edges are processed faster and more easily, so we may expect there to be an
edge bias even for speakers of languages with RPM. However, based on the work reviewed
in the previous section, we might also expect this edge bias to be overridden or mitigated
by exposure to an L1 with RPM.
Though both adults and infants are able to recognize di↵erences in non-word stimuli that are at the ends of words (that is, similar to concatenative morphology) or wordmedially (similar to RPM or other non-concatenative morphological processes), in previous
investigations it has been far easier for adults and infants to learn a concatenative artificial grammar than a non-concatenative artificial grammar, as shown by accuracy rates
in the test phase (Gómez, 2002; Newport & Aslin, 2004). Endress and Mehler (2009) suggest that there are di↵erent types of memory mechanisms for encoding the statistical cooccurrence of syllables (i.e., the ability to create generalizations) and the edges of words.
The word-edge positional memory encoding works faster than the statistical encoding, and
this is what drives more rapid responses to statistical learning stimuli, as typically statistical learning tasks ask participants to compute word boundaries rather than changes occurring word-internally. Pointing toward other linguistic theories that are contingent on the
edges of words (e.g., stress assignment from the left or right edges of a phonological word),
Endress and Mehler suggest that the importance of word edges leads to a mechanism that
would very quickly encode edges. If the word-medial encoding mechanism, responsible for
computing statistical co-occurrences between syllables within words, is noticeably slower
than the word-edge encoding mechanism, then the typological bias toward concatenative
systems may in fact be a cognitive bias. If a mechanism works more quickly to encode differences at word edges, then other changes at word edges, such as attachment of affixes,
should also be recognized more quickly and more accurately. This cognitive bias may be
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overridden with enough exposure to a language with non-concatenative morphology, as
typically developing infants learn non-concatenative languages just as quickly and accurately as their counterparts learning concatenative languages (e.g., see Omar, 1973 on the
acquisition of Egyptian Arabic). However, as an adult, this edge bias may be difficult to
overcome (LaCross, 2015).

1.6

Possible theoretical explanations
In addition to the particular mechanisms outlined in the sections above, it is rea-

sonable to assume that the same lexical processing mechanism that is responsible for parsing unfamiliar words in text or in speech is also responsible for processing the words and
morphemes in the statistical learning task and in the Wug Test below. This provides additional support for the idea that L1 biases would a↵ect learning of new morphological
structures, as a person’s mental grammar would be operating under the same linguistic
restrictions found in the L1. If the L1 processor expects concatenative morphology, it will
“look for” regularities on the ends of words. If, however, the L1 processor expects RPM,
the processor will extract root consonants and try to find regularities in the arrangement
of consonants and vowels for the CV skeleton or in the vocalic melody.
In Chapter 4 I discuss psycholinguistic processing theories that have been established and adapted for English, Hebrew, Arabic, and Maltese. The primary papers discussed are Frost and colleagues’ series of papers on visual masked priming in Hebrew (Deutsch
et al., 1998; Frost et al., 2000, 1997), Boudelaa and Marslen-Wilson (2001, 2004a, 2004b,
2015) on the structure and storage of roots and patterns in the Arabic lexicon, and Ussishkin and colleagues on auditory masked priming in Maltese (Ussishkin et al., 2015; Ussishkin, Velan, Spagnol, Wedel, & Wray, 2016). The common themes in each of these papers is that roots and patterns are processed separately in the lexicon, with the lexicon
being organized around roots. In Arabic and Maltese, the CV skeleton should be treated
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as an abstract morpheme (Boudelaa & Marslen-Wilson, 2004a, 2015; Galea, 2011). In Hebrew, verbal patterns can facilitate access when shared in a prime and a target, but nominal patterns do not produce a priming e↵ect (Deutsch et al., 1998; Frost et al., 1997).
Each of these factors should come into play when participants are listening to novel stimuli, as in the statistical learning task, or when participants are asked to inflect novel stimuli, as in the Wug Test.
In addition to this research, I suggest that another viable model that can be used
to explain the results is Distributed Morphology (DM; Halle & Marantz, 1993; Harley &
Noyer, 1999). Like the distributed nature of language processing in the brain, DM assumes
that morphosyntactic information about morphemes and words is spread across multiple
lists, which are then cross-referenced. DM is also the only formal morphological model that
has been tested using clinical populations (Tat, 2013), which are sorely neglected in the
processing literature.
Distributed Morphology is a framework modeling o✏ine morphosyntactic grammar,
and has been implemented using substantial cross-linguistic research and data. Because
research testing DM has been done with a variety of languages and on typologically distinct phenomena, the framework does not need any significant changes to its structure
or assumptions to address the morphosyntactic processes underlying root-and-pattern
morphology. An additional consideration is that DM is the only lexical or morphological
model that has been explored in the context of morphosyntactic language disorders—Tat
(2013) employed DM as an explanatory mechanism for morphosyntactic errors found in
the production of patients with Broca’s and conduction aphasia. Based on these factors
alone, it stands to reason that exploring DM as a model of processing is not only viable
but also valuable. In the remainder of this section and in Chapter 4, I discuss DM in light
of Semitic languages and Wug Tests, and suggest how it may be useful to explain deficits
found in populations with morphosyntactic deficits, such as those found in Specific Language Impairment.
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Distributed Morphology is so named based on its assumption that properties contained in the lexicon are “distributed” across three lists—much like the process of lexical
access and production is distributed across multiple brain regions. Another core assumption of DM is that utterances are syntax all the way down: that is, the same syntactic
rules used to compose sentences are also used to compose words. Words are composed of
features, which have corresponding nodes in hierarchical structures, and the hierarchical
structures feed directly into the syntax. Morphemes also undergo late insertion, which parallels syntactic production models as well as models of lexical processing.
The entities that contain aspects of the lexicon are three lists. List 1 contains information about morphosyntactic features. This is the way that plural and past (tense)
are expressed—abstractly at first, and then they are associated with phonology at spellout. List 2 contains Vocabulary Items, which are pairs of sound/feature correspondences,
or feature bundles. This list is where one might find the features [+count, +animate, root]
paired with the phonological realization /kæt/, and this bundle also has an index that allows the parser to “find” the set of features with the appropriate phonological realization.
This combination of features is also how we are able to have robustly irregular and suppletive word sets in languages like English: spell-out of phonology happens after we combine
the features [to.be + past + 3.pl] to get ‘were’. List 3 is the Encyclopedia, which contains richer semantic information that corresponds to the feature bundles in List 2. For
example, cat may be associated with the features [+pointy, +furry, +small, +meow]. The
idiomatic concept raining cats and dogs will not be associated with the concepts cat
and dog, but would be associated with a concept of something like torrential rain.
One of the items in its feature bundle might be [-simple present]: ?It rains cats and dogs.
Indices link the Vocabulary Items to entries in the Encyclopedia, similar to how indices
link pieces of lexical information in models of lexical access (see Forster, 2012 for more details). A diagram of how the three lists in DM connect to each other is shown in Figure 1
below.
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Figure 1: Schematic of lists and relationships between them in Distributed Morphology,
adapted from Harley and Noyer (1999).

DM provides further specification via Vocabulary Insertion from List 2 and phonological readjustment rules of various flavors for inserting the appropriate phonology when
called for (e.g., ox + plural becomes oxen rather than *oxes). In order to do this, DM
lists environments in which morphophonological rules occur (for instance, the +plural
feature is realized as -en in the environment of [ox]N , [child]N , and [brethr]N ). If nonsense
words are similar to a particular phonological environment, then they may also become
inflected with an irregular allomorph.
Arad (2003), working under the Distributed Morphology framework, illustrates how
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both English zero-derivation word pairs and the interpretation of Hebrew roots can be
managed using featural description. This suggests that morphemes should be considered
a basic unit in the lexicon, and any word, regardless of whether it is multimorphemic, is a
p
more complex derivation than simply a free morpheme. For example, the root cat might
be combined with a noun head to mean the small domestic feline, or with a verbal head to
describe the manner in which domestic felines move in their habitats, or with an adjectival
head to describe another object that is similar to a domestic feline. Each head may prop
vide further phonological specification (e.g., catty for cat + adj) as needed. Morphologically complex words can be further inflected with continued head merging, such as cattily
(cat.adj + adv).
In Semitic languages, patterns realize the syntactic and semantic environments that
allow for particular instantiations of word meaning (Arad, 2003). When the Maltese root
p
kbr merges with an adjective head, the word kbir ‘grow.adj’ is formed; if the same root
merges with a verbal head, the citation form kiber ‘to grow.v’ is formed. As patterns simply realize the environment in which words are formed, it would stand to reason that patterns would be less salient (and hence less accessible) in our mental lexicon. Similarly, in
the case of Maltese, this provides an explanation for why only words in the Semitic sublexicon may be primed with root consonants (cf. Ussishkin et al., 2015, 2016): although
kiber and kobra ‘cobra’ share the same consonants, only kiber is primed by the consonants
kbr, as that is the root that the word is derived from. Kobra is the root from which other
words related to cobras can be derived. In languages with sub-lexicons, like Maltese and
Korean (J. H. Choi, 2011), each sub-lexicon is indexed and associated with relevant Vocabulary Items to be appropriately inflected.
While DM has primarily been used to model o✏ine grammar, some recent work
has tested the assumptions of DM in online processing tasks. Stockall and Marantz (2006)
found longer reaction times in the decomposition of multimorphemic words when compared with monomorphemic words. MEG research by Gwilliams and Marantz (2015) agrees
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with the previous behavioral research discussed above, finding that roots are a key unit in
recognizing words auditorily in spoken Arabic. Pfau (2008) discussed how grammatical
and semantic speech errors can be accounted for within the constraints of DM. The key
to each of these studies is the underspecification of roots and obligatory decomposition
that can be observed in these studies. Each of these pieces of research develops DM into
not only a well documented model of o✏ine grammar, but also as a viable candidate for
a model of processing (Gwilliams & Marantz, 2015; Stockall & Marantz, 2006) and production (Pfau, 2008). DM in particular needs no special architecture to be able to handle
languages encompassing typological variation, which makes it especially intriguing as a
model of lexical access. Although the research in this dissertation did not set out to test
Distributed Morphology, it is a helpful mechanism to further explain the results at hand,
particularly for the Wug Test in Chapter 3.

1.7

Goals of this dissertation
This dissertation explores whether having native language experience with root-

and-pattern morphology, a morphological non-adjacent dependency, makes learning an artificial grammar employing morphological structures similar to root-and-pattern morphology easier. Learning non-adjacent dependencies of various types can be difficult for adults
(Bonatti et al., 2005; Gómez, 2002; LaCross, 2015; Newport & Aslin, 2004), but the influence from a participant’s native language has been shown to play a crucial role in making
non-adjacent dependencies easier to learn (LaCross, 2015).
The experiments in this dissertation require participants to track the morphological non-adjacent dependencies and recognize the well-formedness of words in an artificial
language, similar to other researchers’ work in phonological non-adjacent dependencies
(Bonatti et al., 2005; LaCross, 2011, 2015; Newport & Aslin, 2004), and also require participants to inflect and produce words after a short learning period. A segmentation task
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(Ch. 2) allows for direct comparison with the research on phonological non-adjacent dependencies, while a Wug Test (Ch. 3) shows the extent of participants’ learning and what
aspects of the artificial language participants pick up on.
The results from these two tasks will show how readily speakers from three distinct
language backgrounds and levels of experience with root-and-pattern morphology are able
to learn an artificial grammar modeled after root-and-pattern morphology. If language biases’ e↵ect on learning morphological non-adjacent dependencies is similar to their e↵ect
on learning phonological non-adjacent dependencies (cf. LaCross, 2011, 2015), monolingual
English speakers should perform closer to chance on the tasks, while native Arabic speakers should perform above chance (but not necessarily at ceiling, due to the difficulty of the
tasks) on the tasks. Maltese speakers may be the most variable of the groups, given the
potential split in native Maltese speakers’ mental grammars and unreliable productivity of
root-and-pattern morphology in Maltese (Drake, 2018; Spagnol, 2011; Twist, 2006). These
results would contradict prior work that suggests certain types of non-adjacent dependencies may be wholly unlearnable (Newport & Aslin, 2004), or that a certain type of segment
is important for learning non-adjacent dependencies (Bonatti et al., 2005), and would support work suggesting that learning of non-adjacent dependencies or artifacts in artificial
grammars in general is dependent on the structure of the L1 grammar (Arnon & Ramscar,
2012; LaCross, 2011, 2015).
The results will further inform our understanding of how L1 biases a↵ect our ability
to learn and encode morphological information, which in turn can provide more information for models of morphological processing as well as further information about morphological learning and processing in people with language disorders. Further, we can extrapolate possible information about why root-and-pattern morphology is restricted to Semitic
languages and is overall typologically rare, and the productivity and accessibility of rootand-pattern morphology in the lexicon. These issues bear on theories of lexical access,
storage, and processing, as well as theories of morphological decomposition and productiv-
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ity. As I discuss in Chapter 4, these issues also come to bear in studies involving morphological processing disorders. There is no single theory that incorporates both sufficiently
explanatory theories of morphological processing and morphological deficits.
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Chapter 2
Statistical Learning Task
2.1

Introduction
The behavioral paradigm used in three of the studies discussed in Section 1.3 (Bon-

atti et al., 2005; LaCross, 2011, 2015; Newport & Aslin, 2004) is a statistical learning task.
In this type of task, participants listen to a speech stream consisting of a monotone string
of syllables or segments during a training phase, then during the test phase, they must indicate whether or not they heard particular words. The assumption is that participants
will select actual words (or strings where the probability of each syllable of following another is 1) rather than part-words (or strings where the probability of each syllable following another is less than 1). Infants as young as 8 months old are able to segment words
in a task like this using transitional probabilities between syllables in just two minutes of
exposure (Sa↵ran et al., 1996), so it is reasonable to expect that adults might be able to
perform a similar task in a similar length of time. In the studies discussed above, participants also completed a generalization phase, consisting of words that participants did not
hear in the speech stream, but either did or did not conform to the rules that formed the
words that participants heard during the training phase. For participants to be successful
at this task, the speech stream was anywhere between 14 (Bonatti et al., 2005; LaCross,
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2011, 2015) and 21 minutes (Newport & Aslin, 2004) long—much longer than infants require for learning.
The task used by Gómez (2002) is a slightly di↵erent task, where the words are
pre-segmented rather than strung together as they are in natural speech. Participants
still must select the correct words in the artificial grammar, and still must track the nonadjacent dependencies between the first and third elements of the string (see Section 1.3)
given the statistical probability of their occurrence together. As the words are pre-segmented
for the participants, this makes the computation of NADs slightly easier, which is important when considering the size of the artificial grammar to be learned.
Artificial grammars by nature are fairly small; the question is where the balance
lies between being too small (and thus too easy to learn by all groups and not informative
for the hypothesis) and too large (and thus too difficult to learn, and equally uninformative). The sets of stimuli that were successfully learned consisted of 9 words (Bonatti et
al., 2005, experiment 3), 12 words (Bonatti et al., 2005, experiment 1, 2a, 2b; Newport &
Aslin, 2004, experiment 1), or 16 words (Newport & Aslin, 2004, experiment 2, 3; Bonatti et al., 2005, experiment 2c). As Gómez (2002) used a slightly di↵erent variation of the
task, her grammar was larger (a set size of 24).
Arnon and Ramscar (2012) suggest that adults are more sensitive to fine-grained
contrasts than infants are, which hinders their ability to attend to cues that are meaningful in an L2 (or artificial grammar) but which are not meaningful in their native language.
This means that adults attend more to unexpected contrasts, meaningful or not, rather
than abstracting away from contrasts that are not meaningful. Additionally, if the meaning of these contrasts in an L2 does not map onto a similar contrast in the adult’s L1, the
contrasts are more difficult to learn. For example, adults speaking a language like English
with no gender distinction in nouns find it more difficult to learn the appropriate article
for a noun in a language like German with a three-way gender distinction (Hopp, 2010).
As articles for English speakers only contrast definiteness or indefiniteness and do not have
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the additional masculine/feminine/neuter contrast present in German, the gender distinction contrast is difficult for English speakers to learn.
All together, these points suggest that for participants to have the maximum chance
for success in an artificial grammar task employing statistical learning, particularly in the
case where root-and-pattern stimuli do not map onto morphology that native English
speakers are familiar with, the grammar needs to be quite small (16 words, but closer
to 6-12 words total), and whatever occurs between the non-adjacent segments that participants must attend to must be highly variable.
Generalization may also be captured in a production task, where participants are
exposed to a short training phase consisting of pictures associated with the artificial grammar. This has been used in tasks requiring participants to learn syntactic and morphosyntactic phenomena, such as word order (e.g., Culbertson et al., 2012) and case marking
(e.g., Fedzechkina et al., 2016). A slightly di↵erent production task modeled after Berko’s
(1958) Wug Test has been used to examine morphological productivity in Semitic languages in particular (e.g., Drake, 2018; Moore-Cantwell, 2013; Twist, 2006), and in other
artificial grammar learning tasks (Ettlinger, Morgan-Short, Faretta-Stutenberg, & Wong,
2016; Wong, Ettlinger, & Zheng, 2013). A free-form production task forces learners to respond to stimuli using rules and patterns that they had learned previously, without the
benefit of being able to select from pre-generated possibilities (as in a forced-choice discrimination task) or being exposed to the same stimulus multiple times (also as in some
instantiations of two-alternative forced choice discrimination tasks; e.g., LaCross, 2015;
Newport & Aslin, 2004). Thus, the task captures more detail than accuracy rates for a
segmentation task does: if a participant learns a rule that changes the syllable structure
of the output (e.g., from three syllables to two syllables) and applies it indiscriminately,
their accuracy may be at chance because this rule may only be applied to half of the stimuli in the intended grammar, but they have still learned something. By the same token, if
a speaker is truly ba✏ed by the grammatical rules and has not learned any of the artificial
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grammar, it will be evident in their responses not following any of the patterns laid out in
the training phase.
The original Wug Test (Berko, 1958) was used to determine the developmental trajectory of morpheme acquisition in English-speaking infants, children, and adults. Berko
found that when each population had acquired each morpheme, they would apply the morpheme to novel words following the phonotactic rules of English. Following this logic, a
Wug Test can be used with novel words in situations where a language has multiple allomorphs: participants are provided with a novel word, and all else being equal, they will
likely use the most productive allomorph. For example, if a participant is given the nonsense word zox /zaks/, analogous to both ox and box in English, and asked to provide the
plural, the participant will likely provide zoxes as the various -s allomorphs are much more
productive than the -en allomorph used for oxen. A Wug Test can also be used with artificial grammar learning tasks. Associating images with strings of sounds allows that string
of sounds to have meaning, even if the word-referent mapping is ambiguous (e.g., C. Yu &
Smith, 2007). When a string of sounds is associated with meaning, whether concrete or abstract, it is a morpheme rather than simply a string of sounds. Using images also provides
participants with tangible support as they learn the artificial grammar.
In order to best compare my work with past research, I use a segmentation task
employing statistical learning (further described in the current chapter), similar to that
of Bonatti et al. (2005); Newport and Aslin (2004), and LaCross (2011, 2015). This task
consists of a training phase, where participants listen to a stream of speech containing
both consonantal and vocalic non-adjacent dependencies; a recognition phase, where participants indicate which words they have or have not heard in the speech stream; and a
generalization phase, where participants indicate which novel stimuli are possible words
given the rules they have learned. Since statistical learning can be done without any kind
of internalization of grammatical structure, I also use a Wug Test (further described in
Chapter 3) to capture what rules and patterns participants extrapolate from a very short
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training period with an artificial grammar. For this Wug Test, participants are exposed to
ten singular/plural pairs in the artificial grammar, and following that, they are shown the
singular form and asked to provide the plural following the pattern they had just learned.
Further, as mentioned previously, we know that a participant’s native language affects how they learn another language (LaCross, 2011, 2015). To this end, the studies reported here use data from participants with three distinct language backgrounds, each
with varying amounts of exposure to root-and-pattern morphology. Native Arabic speakers grow up using root-and-pattern morphology, and loanwords are frequently altered to
fit a root-and-pattern system (e.g., Hafez, 1996 for Egyptian Arabic; Al-Saqqaf, 2006 for
Hadrami Arabic). Loanwords like ‘nervous’ or ‘loafer’ can be transformed into various verb
p
p
forms by extracting the consonants to form the root ( nrf and lfr, respectively) and
applying productive morphology: perfective narfez, imperfective jenarfez, passive participle metnarfez, and so on (Al-Saqqaf, 2006; Hafez, 1996). Native English speakers do not
use root-and-pattern morphology at all. In addition to these two baselines, native Maltese
speakers were tested. Root-and-pattern morphology in Maltese is viewed as lexicalized or
frozen (Hoberman & Arono↵, 2003; Spagnol, 2011), or at best, less productive than concatenative morphology (Drake, 2018; Twist, 2006)—however, despite this lack of productivity, Maltese speakers do have native-language intuitions about root-and-pattern morphology, as evidenced by their willingness to produce novel words that use existing patterns (Drake, 2018; Twist, 2006).
Further, as languages frequently have more than one allomorph (e.g., English’s plural allomorphs -s, -en, -ren, -ae, -i, and others, stemming from di↵erent historical backgrounds) with one primary or default allomorph, an artificial grammar attempting to mimic
a natural language should incorporate noise or variation in its morphology (after, e.g.,
Fedzechkina et al., 2016; Hudson Kam & Newport, 2009). The ratios used in this research
are described in Section 2.2 below.
With the combination of tasks and participant groups outlined above, and using
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the assumptions gleaned from previous work, the experiments reported in the next two
chapters investigate how much a person’s native language biases their learning of morphological non-adjacent dependencies. This chapter focuses on the statistical learning task; the
following chapter discusses the Wug Test.

2.2
2.2.1

Methods
Participants
42 monolingual English speakers (29 female, 1 non-binary; age 18-28, mean 20.9),

20 native Arabic speakers (7 female; age 18-57, mean 27.42), and 37 native Maltese speakers (25 female, 1 non-binary; age 18-68, mean 22.49) took part in the task. Participants
were randomly assigned to either the concatenative or non-concatenative grammar. They
received course credit, $5, or A
C5 for their participation.

2.2.2

Materials
Stimuli were created using a subset of the phonological inventories of English, Mod-

ern Standard Arabic (MSA), and Maltese in order to provide all participants with phonemes
that were familiar to them and prevent selection biases based on unfamiliar phonemes.
This resulted in a 15-consonant, 3-vowel inventory with phonemes common to the three
languages (Maltese: Borg & Azzopardi-Alexander, 1997; MSA: Ryding, 2005) shown below
in Tables 2 and 3.
Nonce triconsonantal roots were generated by hand following Frisch, Pierrehumbert,
and Broe’s (2004) consonant co-occurrence restrictions for an “idealized” dialect of Arabic.
Only consonants /b, m, f, t, d, n, s, z, l, S, k/ from the inventory were used to avoid any
potential for phonological alternations or other phonological di↵erences present in Arabic
dialects (for example, /Ã/ is not a phoneme in Moroccan or Egyptian Arabic, and is also
not a phoneme in every instantiation of MSA). The resulting possibilities were checked
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against the Hans Wehr Dictionary of Modern Written Arabic (Wehr, 1994), a standard
dictionary for MSA. Any triliteral combination that was documented in the dictionary or
combinations that constituted three of four consonants in a quadriliteral root were discarded. The smaller list of roots was checked against Maltese roots listed in the Ġabra
lexicon (Camilleri, 2013), and any that were documented in this lexicon were discarded.
Finally, roots were checked with native Maltese and Arabic (Iraqi dialect) speakers, as well
as fluent non-native speakers of other dialects of Arabic (MSA, Moroccan, Levantine, and
Yemeni). This process resulted in a total of 164 nonce roots that conformed to generic dialect restrictions in all three languages.

Plosive
Nasal
Fricative
Approximant
Lat. Approx.
A↵ricate

Bilabial
b
m

Labiodental

f

Alveolar
t,d
n
s,z

Postalveolar

Palatal

Velar
k

S

w

Glottal
P
h

j
l
Ã

Table 2: Consonants common to English, MSA, and Maltese.

High
Low

Front
i
a

Back
u

Table 3: Vowels common to English, MSA, and Maltese.
Nonce patterns consisting of three vowels and VC affixes were formed out of the
legal vowels /i, a, u/, and consonants for the affixes were selected randomly from the set
of consonants used to generate the roots. These patterns and affixes were added to all of
the roots, resulting in trisyllabic words in a CVCVCV skeleton for the non-concatenative
grammar or a CVCVC stem and a CVCVC+VC (stem+affix) derived word. The resulting
word list was checked with the same native speakers who checked the list of roots, and any
combinations that resulted in sequences that were words or were similar to words based on
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the speakers’ discretion were discarded. This process resulted in four words per root, for a
total of 656 words.
Six roots and one pattern or suffix were randomly selected from the 164 possible
roots for this task. These are provided in Table 4 below in IPA. Roots were randomly
selected from the full list of generated roots and were selected so that no roots have the
same initial consonants and no roots have the same final consonants. The pattern and
prosodic shape were selected as they are both di↵erent from the ten verbal patterns and
frequently used nominal patterns in MSA (Ryding, 2005), as well as remaining productive
patterns in Maltese (Borg & Azzopardi-Alexander, 1997; Spagnol, 2011).

Root
bkd
dkf
fdk
klz
mlS
tkm

Pattern

C1 aC2 C3 u

Word
/bakdu/
/dakfu/
/fadku/
/kalzu/
/malSu/
/takmu/

Table 4: Roots and words used in the non-concatenative grammar in the segmentation
task.
The same roots were used to create stems with one affix in the concatenative grammar. These are provided in Table 5 below. /-uk/ was selected as the suffix as such a suffix
does not occur in any of the three languages studied (Maltese: Borg & Azzopardi-Alexander,
1997; MSA: Ryding, 2005).
In each grammar, the words were combined into pseudorandomized strings, where
each word was repeated 200 times. No word was repeated consecutively in the strings.
Stimuli were spoken using the Zuzana (Czech, female) voice on the text-to-speech function on a MacBook Pro running OS 10.11.3. The Czech voice and the text-to-speech function were used in order to avoid any e↵ects of English, Arabic, or Maltese phonotactic
cues, particularly with regard to stress patterns. Stimuli were recorded using Audacity
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Root
bkd
dkf
fdk
klz
mlS
tkm

Stem
/bikid-/
/dakaf-/
/fudak-/
/kaliz-/
/muluS-/
/takim-/

Affix

/-uk/

Word
/bikiduk/
/dakafuk/
/fudakuk/
/kalizuk/
/muluSuk/
/takimuk/

Table 5: Roots, stems, affixes, and words used in the concatenative grammar in the segmentation task.
(Audacity R : Free Audio Editor and Recorder , 2015; version 2.0.5.0). Soundflower (RogueAmoeba,
2015; version 2.ob2) was used to allow Audacity to record directly o↵ of the sound card.
Files were normalized for intensity using Praat (Boersma & Weenink, 2018) and pitch contours were flattened using the “monotonize” function in the Praat Vocal Toolkit plugin
(Corretge, 2015). The speaking rate was set to the default, reading text at a rate of 0.93
syllables per second.
Filler stimuli were partwords consisting of syllables adjacent to each other in the
training phase, but which crossed word boundaries. Figure 2 below provides a schematic
to illustrate an example of both words and partwords in the training phase. In the nonconcatenative grammar, these partwords were bisyllabic consistent with the length of the
target strings. In the concatenative grammar, partwords were trisyllabic for the same reason. The bisyllabic words consisted of syllable 2 of a given word followed by syllable 1 of
another, resulting in partwords like /mudak/ or /kutak/. The trisyllabic words consisted
either of syllables 2 and 3 of a given word followed by syllable 1 of another, or syllable
3 of a given word followed by syllables 1 and 2 of another. This resulted in partial words
like /dukdaka/ or /lizukta/. The possible words in Phase (4) consisted of additional nonce
roots not used in the training phase employing either the same pattern or the same affix in
the non-concatenative and concatenative grammar respectively. Filler stimuli can be found
in Appendix A.
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. . . bakdu dakfu malSu kalzu takmu. . .
. . . bikiduk dakafuk muluSuk kalizuk takimuk. . .
. . . bikiduk dakafuk muluSuk kalizuk takimuk. . .
Figure 2: Top: Non-concatenative grammar. Middle & bottom: Concatenative grammar.
Words according to transitional probabilities are separated by spaces, while possible partwords with the affixed syllable occurring word-initially are bolded, and partwords with the
affixed syllable occurring word-medially are underlined.

Transitional probabilities (TPs) were calculated following Sa↵ran et al. (1996) using
the following equation:

T P = P (Y |X) = f requency(XY )/f requency(X)
This equation finds the probability that X predicts Y, given the frequency of the
combination XY over the total number of occurrences of X. For a more concrete example,
this would be the transitional probability that the syllable /du/ would be predicted by the
syllable /bak/. In the set of stimuli, there are 200 occurrences of the sequence /bakdu/
and 200 occurrences of the syllable /bak/, which means that P(du|bak) = 1; that is, /du/
always follows /bak/. On the other hand, the probability that the syllable /bak/ follows
the syllable /ku/ (as in /fadku/) is 0.175: there are 35 occurrences of the sequence /kubak/
and 200 occurrences of the syllable /ku/, thus P(ku|bak) = 0.175. The vowel patterns’
probability is very close: 198 occurrences of the sequence /u. . . a/ (P = 0.99) and 200 occurrences of the sequence /a. . . u/ (P = 1), so this should not be informative to subjects.
Intra-root probabilities are at 1 for each root except for the sequence /dk/, which appears
in two roots, dkf and fdk. Inter-root probabilities are all variable and substantially less
than 1, however, so in spite of the sequence /dk/ being more common than the other possible intra-root sequences, this should not a↵ect participants’ ability to use a root as a single unit of regularity within the connected speech.
For the concatenative grammar, the syllabic transitional probabilities matter most.
Intra-word probabilities are all at 1, and inter-word probabilities were variable (but always
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substantially lower than 1): /lu/ always follows /mu/, but /Suk/ can be followed by any
of the initial syllables. Further, participants may use /uk/ as a highly regular sequence, as
it occurs at a temporally regular rate (i.e., after two syllables) as well as occurring as the
final sequence in a wordlike unit.

2.2.3

Procedure
The task was administered in sound-attenuated booths at the University of Ari-

zona or in a quiet room at the University of Malta. Stimuli were presented using PsychoPy2 (Peirce, 2007, 2009; version 1.83.00). Participants wore noise-attenuating overthe-ear headphones and the volume was adjusted to a comfortable level prior to the start
of the experiment. Following participation in the experiment, participants were asked to
fill out a language background questionnaire. This questionnaire was adapted from Twist
(2006) and Drake (2018) to assess participants’ language use in a variety of areas. Participants indicated the language or languages that were spoken in their home growing up, at
school, and currently in their home, as well as languages used while consuming media and
communicating with family members, friends, and coworkers. As language backgrounds
and language exposure are expected to be di↵erent in Arizona and Malta, two slightly different versions of the questionnaire were created in order to be maximally relevant to the
participant groups. Both questionnaires were presented in English; thus, to avoid biasing
the Arabic-speaking and Maltese subjects in terms of their subconscious language choice
during testing, questionnaires were filled out at the end of the task. The questionnaires
for the Maltese participants and Arizona participants are included in their entirety in Appendix B.
The presentation took place in four stages: (1) a practice trial where English words
and nonwords (such as red or neem) were used to familiarize participants with the paradigm
and procedure and to ensure that the volume was at a comfortable level; (2) the training
phase, where the concatenated strings played continuously for their duration; (3) a recog54

nition phase, where participants were asked to identify individual words they had heard in
the training phase; and (4) a generalization phase, where participants were asked to identify additional possible words of this language. Phase (3) is modeled after previous statistical learning tasks (Bonatti et al., 2005; LaCross, 2011, 2015; Newport & Aslin, 2004;
Sa↵ran et al., 1996), which test participants’ ability to recognize a full word from the continuous stream as opposed to partwords. Transitional probability dips at word boundaries
in the artificial speech stream, thus participants are likely to be able to segment the speech
stream if they track these transitional probabilities (following Sa↵ran et al., 1996, inter
alia). Phase (4) (Bonatti et al., 2005; LaCross, 2011, 2015; Newport & Aslin, 2004) goes a
step further, where if participants were able to segment the speech stream into the words,
this tests their ability to abstract from patterns that they found to possible words and
partwords that they have not yet encountered. If they are able to generalize the properties from the words in Phase (3), then participants will be able to discriminate between
the stimuli that have the same structure as the previous words and the stimuli that have
structures similar to the partwords. The participants responded using a standard QWERTY keyboard, where the left shift key corresponded with a “YES” answer and the right
shift key corresponded with a “NO” answer in order to reduce any handedness bias, where
right-handed subjects may be more likely to use their dominant hand to respond “YES”.

2.3

Results
The data was analyzed using binomial logit regression with the lme4 package (Bates,

Mächler, Bolker, & Walker, 2015) in R (R Core Team, 2017; version 3.4.3). Subjects and
items were treated as random e↵ects, while fixed e↵ects were grammar type, native language, and phase of experiment (recognition versus generalization). The maximal model1
showed that a three-way interaction was not significant (p < 0.3), but a depleted model2
1
2

The maximal model was coded as Score ˜ Phase * Grammar * Subgrp + (1|Subject) + (1|Item)
The depleted model was coded as Score ˜ Phase * Grammar + Subgrp + (1|Subject) + (1|Item)
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showed that there was a significant interaction between phase of experiment and grammar
type (p < 0.02). This interaction indicates that participants performed more accurately
on the recognition portion of the task than on the generalization portion of the task, and
more accurately on the concatenative grammar than the non-concatenative grammar regardless of native language. There is a significant e↵ect of native language (p < 0.05), indicating that not all speaker groups performed the same on the task.
The data was then analyzed using the prop.test function in R, testing whether the
proportion of hits was significantly above chance (where chance = 0.5). Percentage of responses for each group for each grammar can be seen in Figure 3 below, and percentage
of responses for each group in each grammar for each task phase can be seen in Figure 4.
Results from the prop.test are summarized in prose below as well as in Table 6.

Figure 3: Results of the segmentation task showing overall proportion of responses for
each response type (correct vs. incorrect) in each grammar (concatenative and nonconcatenative) in each of the three participant groups.
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Figure 4: Proportion of correct and incorrect responses for each speaker group in each
grammar for each phase of the task. Error bars indicate 95% confidence intervals and the
dotted line indicates chance.

English speakers’ accuracy was significantly above chance in the recognition portion
of the non-concatenative grammar ( = 0.56, 95% CI = 0.51-0.60,

2

(1) = 5.78, p < 0.05)

and significantly below chance in the generalization portion ( = 0.45, 95% CI = 0.420.48,

2

(1) = 11.021, p < 0.001). In the concatenative grammar, their accuracy was sig-

nificantly above chance both in the recognition portion ( = 0.74, 95% CI = 0.69-0.78,
2

(1) = 84.765, p < 0.0001) and in the generalization portion ( = 0.73, 95% CI = 0.70-

0.75,

2

(1) = 210.83, p < 0.0001).

Arabic speakers’ accuracy was significantly higher than chance in the recognition
portion of the non-concatenative grammar ( = 0.67, 95% CI = 0.59-0.73,

2

(1) = 19.339,

p < 0.0001), but was at chance in the generalization portion ( = 0.51, 95% CI = 0.460.55,

2

(1) = 0.052, p < 1). In the concatenative grammar, their accuracy was higher than

chance in both the recognition ( = 0.65, 95% CI = 0.58-0.72,
and generalization ( = 0.67, 95% CI = 0.62-0.71,

2

2

(1) = 15.606, p < 0.001)

(1) = 52.669, p < 0.0001) portions of

the task.
Maltese speakers’ accuracy was at chance in the recognition portion of the nonconcatenative grammar ( = 0.51, 95% CI = 0.45-0.56,
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2

(1) = 0.028, p < 1) and was

Native Language

Grammar
C

English
NC
C
Arabic
NC
C
Maltese
NC

Phase
Recognition
Generalization
Recognition
Generalization
Recognition
Generalization
Recognition
Generalization
Recognition
Generalization
Recognition
Generalization

Estimate
0.74
0.73
0.56
0.45
0.65
0.67
0.67
0.51
0.70
0.65
0.51
0.37

Above Chance?
X
X
X
X
X
X
X
X

Table 6: Summary of scores in the statistical learning task. Estimates are the estimated
scores ( ) from the data, and a checkmark indicates that the score was above chance
(50%) for the phase in the grammar, suggesting that participants had learned where to
segment words in the speech stream.
significantly lower than chance in the generalization portion ( = 0.37, 95% CI = 0.340.40,

2

(1) = 58.594, p < 0.001). In the concatenative grammar, their accuracy was above

chance in the recognition portion ( = 0.70, 95% CI = 0.65-0.75,

2

and in the generalization portion ( = 0.65, 95% CI = 0.61-0.68,

2

2.3.1

(1) = 56.49, p < 0.001)

(1) = 78.168, p < 0.0001).

Language Background Questionnaire Analysis
The purpose of the language background questionnaire is twofold: first, to ensure

that the English monolinguals did indeed have no or minimal exposure to another language; and second, to be able to perform analyses to find out whether language dominance and/or bilingualism plays a role in how participants respond in the tasks. Previous
research on psycholinguistic tasks has shown that bilinguals perform di↵erently on tasks
testing metalinguistic knowledge (Campbell & Sais, 1995; Galambos & Hakuta, 1988), and
bilinguals who are more dominant in one of their languages than the other also respond
di↵erently from more balanced bilinguals (Galambos & Hakuta, 1988; Gathercole, 2007).
Although it is difficult to control for every variable when testing bilingual populations, as58

sessing participants’ language background and language use allows for post-hoc separation
of the participants into somewhat more homogenous groups with regards to their language
use. Self-reported language ability correlates with measures of language proficiency and
language dominance (Marian, Blumenfeld, & Kaushanskaya, 2007), so when a precise measure of proficiency is not needed and only a holistic view of language use is necessary, it
is appropriate to ask participants to report on their language use and perceived language
proficiency.
Language dominance was only a factor in the native Maltese speakers and native
Arabic speakers. For these two groups, participants were marked as English dominant if
they indicated that they used English 50% or more of the time, and used exclusively English in at least half of the usage categories, particularly the categories that involve interaction with other people. If participants indicated that they used English less than 50%
of the time and did not indicate that they used English or exclusively English in the usage categories involving other human interlocutors, they were marked as Arabic/Maltese
dominant.
Of the 47 participants who completed the language background questionnaire and
were either Arabic or Maltese native speakers, 15 participants were English dominant. 2%
of the data was independently verified by a researcher who was naı̈ve to the coding process
and to the makeup of the distribution of mainly English-speaking and mainly Maltesespeaking communities in Malta. Researchers agreed on every designation.
The Arabic and Maltese speaker data was subsetted out of the larger dataset, as
they are the only participants who speak multiple languages. When dominance was included in the model as a factor3 , there was no significant three-way interaction (p < 1),
but there was a significant two-way interaction between grammar type and dominance
(p < 0.02). This suggests that the participants who are English-dominant performed dif3
score ˜ phase + grammar + dominance + phase:grammar + phase:dominance + grammar:dominance
+ (1|subject) + (1|item)
This model is fully expanded to avoid any potential ambiguity in the interaction terms.
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ferently from the participants who were Arabic- or Maltese-dominant. Figure 5 below illustrates the interaction along with showing the percentage of correct and incorrect answers
in each language dominance group.

Figure 5: Proportion of correct and incorrect responses in each grammar for each phase
of the task by language dominance. Error bars indicate 95% confidence intervals and the
dotted line indicates chance.

2.4

Discussion
The results from this segmentation task show that the concatenative grammar was

easier for participants to learn overall, regardless of speaker group. This is consistent with
the primary hypothesis as well as prior work suggesting that adjacent dependencies are
easier to track and segment out of a speech stream than non-adjacent dependencies. This
is also expected as all three groups have productive concatenative morphology, and should
therefore be sensitive to changes at the edges of words.
Overall, all participants were more accurate in the recognition phase than in the
generalization phase in both grammars. This is also consistent with expectations, as the
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generalization phase requires participants to extrapolate patterns or rules from the speech
stream rather than simply recalling what they had heard previously.
Arabic speakers were more accurate in both phases of the non-concatenative grammar than either the English or Maltese speakers. Although their accuracy in the generalization phase was at chance, the English and Maltese native speakers still had lower overall estimates based on their scores. This suggests that with modifications to the experiment, such as using a speech stream with a slower speed, the di↵erences between the three
groups may be teased apart more.
When the data from the bilingual speakers was analyzed, the participants who were
English-dominant performed di↵erently on the task depending on the grammar. This is
possibly because bilingual speakers are more attuned to metalinguistic properties in the
languages they speak (Campbell & Sais, 1995; Galambos & Hakuta, 1988; Gathercole,
2007), as briefly discussed above. Since the artificial grammars are modeled after both languages that Arabic and Maltese speakers have substantial exposure to and speak fluently,
speakers should be equally sensitive to both concatenative and non-concatenative morphology. However, if speakers are somewhat more dominant in one of their languages, and
are also accustomed to switching in and out of both languages, they might be hypersensitive to metalinguistic cues. This hypersensitivity may lead to a higher number of false
positives (i.e., more often saying “this is a possible word”) because they are attending to a
cue within the stimuli that was not actually intended, as they might have a finer-grained
representation, following Arnon and Ramscar’s (2012) work with adult second language
learning compared with children acquiring language.
Although language dominance data reveals interesting results for behavioral tasks,
they must be interpreted with a grain of salt, as not all of the groups are the same size,
and some groups are quite small (e.g., only one native Arabic speaker in the non-concatenative
grammar was English-dominant). While this dissertation did not set out explicitly to test
questions of bilingualism and language dominance with respect to language processing,
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these are nonetheless factors that should be taken into consideration when working with
multilingual populations. A broad and growing field of research supports the idea that
there may be some di↵erences in how multilingual people process language and interact
with the world; as such, these factors should be analyzed in any behavioral task accordingly.
However informative a segmentation task is, it only tells us whether participants
answer correctly or incorrectly, when they may be learning information from exposure and
simply may not be able to recognize the patterns in individual stimuli. A more sensitive
task will be informative about what types of information participants pick up from a short
exposure to a novel language, and whether the information or patterns that they discover
are similar to those found in their native language. In the next chapter, I discuss the results of a production task that provides a more holistic picture of what participants learn
and what they expect from an artificial grammar that manipulates morphological structures.
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Chapter 3
Wug Test
3.1

Introduction
As discussed in the previous chapter, statistical learning tasks are able to account

for only a small amount of what a participant learns from an artificial grammar, and participants can complete a statistical learning task without internalizing anything analogous
to grammatical structure. To further test whether participants are able to learn morphological non-adjacent dependencies rather than following phonological patterns, they must
associate meaning with each morpheme (such as cat means something like a small domesticated feline, and -s appended to a noun means there are more than one of this object).
To do this, a Wug Test was used as an artificial grammar learning task.
A Wug Test requires participants to inflect and produce novel words. When the
canonical Wug Test is used (Berko, 1958), participants are provided with sentence frames,
novel words, and images of objects, then asked to inflect the novel words with their native language morphology. In this case, the plural of wug becomes wugs, a building that
a wug lives in might be a wughouse or a wughut, and a tiny version of a wug might be a
wugling or wuglet. The original Wug Test examined morphological development, but it has
also been used to examine morphological productivity (Drake, 2018; Twist, 2006). When
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a Wug Test is used in place of an artificial grammar task (Ettlinger et al., 2016; Wong et
al., 2013), participants are exposed to an artificial grammar in a training session, and then
asked to inflect novel words with the grammatical patterns that they had learned in the
training session. The spirit of the Wug Test discussed in this chapter follows the latter examples, closer to an artificial grammar learning task.

3.2
3.2.1

Methods
Participants
42 monolingual English speakers (29 female; age 18-40, mean 20.875), 20 native

Arabic speakers (5 female; age 18-38, mean 26.1), and 38 native Maltese speakers (23 female; age 18-35, mean 21.45) took part in the task. Half of the participants in each speaker
group were randomly assigned to either the concatenative or non-concatenative grammar.
They received course credit, $5, or A
C5 for their participation.

3.2.2

Materials
The same stimuli created for the statistical learning task were used to create the

grammars for the Wug Test. In addition to the six roots selected for the statistical learning task, 74 more licit roots were selected for a total of 80 items. 10 items were used for
the training phase of the task, and the remaining 70 items were used for the test phase.
As with the segmentation task, two more affixes1 and two more patterns were created for
a total of three allomorphs per grammar. A subset of the words is shown below in Tables
7 and 8 using the same orthography they were given in the experiment, and the full list of
stimuli can be found in Appendix A.
1

As the -in suffix appears in Modern Standard Arabic as a feminine plural accusative and genitive
marker (which is not used in spoken varieties), and the Latin written form may be interpreted as /i:n/,
the realization of the masculine sound plural in several dialects (E. Batel, W. M. Cotter, M. Al-Sammak,
personal communication), an additional statistical analysis was performed on these items to ensure that
Arabic speakers performed no di↵erently on them than the other participants. See Section 3.3.2 for details.
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The stimuli were separated into three classes, corresponding to the natural phonological class of the second root consonant: nasal, sibilant, or other. This division mimics
other phonologically conditioned allomorphy found in Arabic (e.g., the possible forms of
Arabic broken plurals; Ratcli↵e, 1998:23-24) as well as other languages. It is important to
note that while naturally occurring human languages employ phonologically conditioned
allomorphy, the specific phonological conditions used in the artificial grammar are not, to
my knowledge, found in Arabic, Maltese, or English, or any other human language. The
“other” class is analogous to a default productive morpheme (and will be referred to as the
“default class” or “default” henceforth) that is applied when the constraints for the other
allomorphs are not satisfied—in this case, if the second root consonant is anything other
than a nasal or a sibilant. The nasals and sibilants each comprised approximately 21.4%
of the stimuli (15 instances each in 70 total stimuli), while the default class comprised approximately 57.1% of the stimuli (40 instances in 70 stimuli). Practice stimuli followed approximately the same ratios as the trial stimuli, thus 2/10 practice stimuli had a nasal as
the second root consonant, 2/10 had a sibilant as the second root consonant, and 6/10 fell
into the elsewhere case.
Root
BKD
KLZ
MNT
LMD
KSHM
LFK

Singular
bikidi
kulizu
munuta
limadu
kishuma
lifuka

Plural Pattern
C1 aC2 C3 u
C1 C2 iC3 a
C1 uC2 C3 iC3

Plural Examples
bakdu
kalzu
mnita
lmida
kushmim
lufkik

Table 7: Examples of non-concatenative stimuli used in the Wug Test.

Each word was presented in the Latin alphabet for all participants and was randomly paired with an image (or images, if the word was intended to be plural) of an imaginary animal (from Ohala, 1996, 1999; see Section 3.2.3 below for examples).
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Stem/Singular
bikid
kuliz
munut
limad
kishum
lifuk

Affix
-uk
-in
-af

Plural Examples
bikiduk
kulizuk
munutin
limadin
kishumaf
lifukaf

Table 8: Examples of concatenative stimuli used in the Wug Test.

3.2.3

Procedure
The task was administered in sound-attenuated booths at the University of Arizona

or in a quiet room at the University of Malta. Following the experiment, participants were
asked to fill out the same language background questionnaire as the participants in the
statistical learning task.
Stimuli were presented using PsychoPy2 (Peirce, 2007, 2009; version 1.83.00). The
experiment consisted of a training phase and a test phase. The training phase provided
participants with information on how to form the plural, showing first a single animal picture paired with the singular form, then two of the same animal pictures paired with the
plural form (see Figure 6 below).
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Figure 6: Experiment screens during the training phase. Participants first see an image of
one imaginary animal and its name, then on the next screen see two imaginary animals
and how more than one of them would be referred to in the artificial language.

This was repeated 10 times, with 10 separate exemplars, after which participants
moved on to the test phase. The test phase consisted of 70 animal pictures and 70 nonsense words, none of which were repeated from the training phase. Participants were provided with the singular form and prompted to respond with what the plural form should
be and typed their responses using a standard QWERTY keyboard (see Figure 7 below).

Figure 7: Experiment screen during the test phase. The singular is provided, and the plural is requested from the participant.

Participants typed their responses on an American QWERTY keyboard as all participants were accustomed to using keyboards in their daily life and reading in Latin script.
As words were presented in the Latin alphabet, mapping keyboard input from participants
to the expected “grammatical” responses was most straightforward. An alternative and
perhaps more naturalistic approach that still would allow for a free-form response would
be to collect spoken responses from either written or auditory stimuli, but further precau67

tions would have to be taken to ensure the correct mapping of participant speech sounds
to the appropriate phoneme and to account for language-specific stress and phonotactic
patterns. The task was self-paced with no timeout.

3.3
3.3.1

Results
Analysis and coding procedure
Responses were first coded as “hit” (correct response based on training stimuli) and

“miss” (incorrect response), and then all misses were coded broadly and descriptively (e.g.,
“overregularization error”, “incorrect vowel”, etc.). For more fine-grained analysis, a coding scheme was devised where participants received points for each element of the plural
that had to remain intact (see below for examples). This coding schema is similar to, but
not the same as, that used by Fedzechkina et al. (2016), where multiple aspects of participants’ responses are coded. It is also intended to be similar to an edit distance or Levenshtein distance (Levenshtein, 1966; Yarkoni, Balota, & Yap, 2008), where responses are
penalized for deletion, insertion, and positional changes within a word.
The scores for each element were summed and then divided by the number of points
possible for each item (3 for concatenative items, 6 for the non-concatenative default and
nasal plural items, and 7 for the non-concatenative sibilant items) to generate a percentage
score. This allows for the calculation of means within participant groups per word and per
grammar, as well as an overall average per word across all speakers. The complete method
is summarized below. This coding scheme was devised because most artificial grammar
learning experiments and Wug Tests simply code entire responses as correct or incorrect
(e.g., Berko, 1958), or participants use a forced choice task to make a binary decision (e.g.,
Arnon & Ramscar, 2012; Newport & Aslin, 2004) and can therefore also only be correct or
incorrect. Since the focus of these experiments is on whether participants are able to manipulate the morphemes in each word correctly, it is more informative to code responses
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for the di↵erence between the correct answer according to the rules of the grammar and
the answer provided by the participants.
For a concatenative plural, responses received one point each for having the correct CV structure, regardless of phonemes used; one point for keeping the stem intact; one
point for using the correct affix; and half a point for using an affix present in the grammar,
but which was incorrect for that item (in the case of overgeneralizations, for example). For
example, if the singular form is danuz, the correct plural form is danuzin; if a participant
responded with danuzuk, they would receive two points for having the correct CV skeleton
and preserving the stem and would receive half a point for using an affix that exists within
the grammar but is not associated with the item, for a total of 2.5/3 points and a score of
0.8333.
For the non-concatenative items, responses received one point each for maintaining each of the consonants in the triconsonantal root in the correct order (3 points total);
including both correct vowels (2 points total); having the correct CV structure (1 point);
and, in the case of the plural form with a reduplicated third root consonant, one point for
including the reduplication. Similar to the concatenative grammar, responses received half
a point for using a pattern that was used in the grammar, but was not correct for the singular. One point per segment was subtracted for ungrammatical additions, such as an extra vowel, or an Englishlike -s. In the case of a response including three vowels, the vowel
following the correct consonantal segment was counted as the crucial vowel. For example,
with a singular of bikidi, the correct plural form is bakdu; if a participant responded with
bakudi, they would receive one point for the a following the b, but no points for the u segment as it does not follow the d. They would receive no points for the CV structure, three
points for maintaining the root consonants in the correct order, and one point would be
subtracted for the inclusion of an extraneous vowel, for a total of 3/6 points and a score of
0.5.
Once the scores were computed, overall means for each word were computed as
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well as means per speaker group per word and means per speaker group per grammar.
These means can be used as an items analysis, showing whether some words were easier
to learn for members of the speaker groups, or whether certain words were easier or more
difficult to learn overall and thus skewed the means for the grammars or speaker groups.
Based on the distribution of plural allomorphs in the artificial grammars, words with the
default allomorphs should have the highest scores, and the words with the sibilant- and
nasal-conditioned allomorphs should have roughly equivalent scores that are lower than
the scores for the default allomorphs. On the basis of the grammars themselves, the concatenative grammar should have the highest scores as there are no non-adjacent dependencies to compute, and it was the grammar where all participants scored more accurately
in the statistical learning task. The English speakers are predicted to have higher scores
on the concatenative grammar and lower scores on the non-concatenative grammar, while
the Arabic speakers are predicted to have higher scores on the non-concatenative grammar and scores comparable to the English speakers on the concatenative grammar. The
Maltese speakers are predicted to fall somewhere in the middle of the scores, with higher
scores on the concatenative grammar. These predictions are summarized in the table below.
Score
high
mid
low

Grammar
concatenative
—
non-concatenative

Allomorph
default
—
nasal/sibilant

Accuracy on non-concatenative grammar
Arabic speakers
Maltese speakers
English speakers

Table 9: Summary of expected results per grammar, allomorph type, and native language.

3.3.2

Quantitative analysis
The scores provided by the coding scheme were analyzed using linear mixed e↵ects

modeling with R (R Core Team, 2017) and the lme4 package (Bates et al., 2015). Participants’ scores were analyzed as an e↵ect of native language and grammar type as the fixed
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e↵ects, and subjects and items as the random e↵ects. Random intercepts were used with
the random e↵ects. The maximal model employing an interaction term between language
and grammar was compared with a depleted model with no interaction term to find that
there was no significant interaction. The depleted model2 was then compared to models
where the terms for language and then grammar type were dropped. This model comparison showed a significant main e↵ect of grammar type ( = -0.3, SE = 0.04,
p < 0.0001), but no significant e↵ect of native language (

2

2

(1) = 48.16,

(1) = 2.9, p < 0.3).

Figure 8: Boxplot showing median and upper/lower quartiles of scores on the Wug Test,
separated by native language.
The -in pseudomorph appears similar to Modern Standard Arabic’s feminine plural
2

The model used for comparison was coded as (score ˜ language + grammar + (1|subject) + (1|word)).
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accusative/genitive marker and the realization of the plural in dialects including Levantine and Gulf varieties, therefore analyses were conducted to ensure that Arabic speakers
did not perform better than Maltese or English speakers on the items included in this set.
A one-way ANOVA was conducted in R to compare the e↵ect of native language on score
on items receiving the -in suffix. This analysis showed that there was a significant di↵erence between groups (F(2, 717) = 10.42, p < 0.0001). Post-hoc analyses using the Tukey
HSD test show that Arabic speakers performed no di↵erently from English speakers (p =
0.96), but Maltese speakers performed di↵erently from both Arabic (p < 0.01) and English
speakers (p < 0.0001). As seen in the qualitative analysis below, this may simply be a result of Maltese speakers responding with an -in suffix more frequently overall.

Figure 9: Boxplot showing median scores with upper and lower quartile for Arabic, English, and Maltese speakers on items requiring -in suffix in the concatenative grammar.

3.3.3

Qualitative analysis
Responses from participants were also analyzed in more descriptive terms to al-

low for further generalization about common response types and other patterns observed.
These terms included whether participants overregularized the form the plural would take,
whether they used affixes or templates similar to their native language, or something else
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entirely di↵erent. The charts below show the proportion of response types for each of the
native speaker groups in each grammar, which shed light on the patterns that each of the
groups found most salient.

Figure 10: Proportion of response types for monolingual English speakers in each grammar.
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Figure 11: Proportion of response types for native Arabic speakers in each grammar.
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Figure 12: Proportion of response types for native Maltese speakers in each grammar.

As can be seen in each of the concatenative response types, correct responses accounted for about a quarter of the data. Overregularizations using affixes learned from the
grammar constituted another third of the data in each of the groups. The remaining 3040% of the data was extremely varied; responses ranged from truncation (deleting conso75

nants or entire syllables) to novel affixes to plural responses that would be appropriate for
their native language (e.g., an Englishlike -s, a Malteselike -i, or Arabiclike -aat, -oon, or
-ain).
The proportion of response types is quite di↵erent for the non-concatenative responses. Responses were completely correct 6% or less of the time. All three speaker groups
had a high proportion of responses in which one or more vowels were changed from the
singular form, matching the correct syllabic structure for the plural form, truncating the
singular form, overregularizing to the default form, and responses that would be appropriate to form novel plurals in their native language.

3.3.4

Language background questionnaire analysis
Using the same method described in Chapter 2, participants were marked as En-

glish dominant, balanced, or Arabic/Maltese dominant. Of the 58 participants who filled
out the questionnaire, 14 were English dominant. 2% of the data was independently verified, and responses were completely consistent.
When dominance was included as a factor in the model and the data was subsetted
to only include bilinguals (that is, only Arabic and Maltese speakers), there was a significant e↵ect of dominance (p < 0.05). This suggests that among bilinguals, those who are
dominant in one of their languages (a Semitic language versus a non-Semitic language)
perform di↵erently depending on their dominance. This is also what was found in the statistical learning task in the previous chapter. As seen in Figure 13 below, speakers who
were more dominant in a Semitic language performed slightly less accurately on the task
than those who were more English-dominant.
There are a number of reasons why these results may have occurred, and will be
discussed further in Section 3.4 below.
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Figure 13: Boxplot showing median score and outliers for Arabic and Maltese speakers
who were English-dominant versus Arabic/Maltese-dominant.

3.4

Discussion
The descriptive results discussed above suggest that even with an extremely brief

exposure period, all participants learn something about the artificial grammar. The patterns that they learn are similar to those found in their L1, suggesting that participants
rely on the expectations provided by the structure of their L1. Additionally, participants
largely understood that there were multiple possible allomorphs in the grammar, with one
allomorph being more frequent than the others. This resulted in participants generally preferring to use the default allomorph in both grammars with some variation, either because
participants expressed that they were worried that they were not using one of the allo77

morphs and changed at random, or because they were trying to match allomorphs with
consonants in the nonsense words. It is possible that participants did not fully learn the
allomorphy because the type of phonological conditioning used to construct the allomorphy in the grammar is not natural (Culbertson, Smolensky, & Wilson, 2013; Wilson, 2003,
2006) in addition to the extremely short exposure period.
English speakers were more likely to change vowels or syllable structure in the nonconcatenative grammar over any other type of response. Ablaut plurals in English follow a
similar pattern, where mouse becomes mice instead of mouses (analogous to house/houses);
thus, it stands to reason that this type of pattern would be particularly salient to English
speakers. When English speakers did not follow any of the patterns in the artificial grammar and instead used an Englishlike -s, this is also a reasonable response, and certainly
more so than using one of the other less common English affixes. In the concatenative
grammar, the English speakers performed more accurately, with roughly a quarter of their
responses being correct. Very few of their responses deviated from the possible affixes in
the grammar, with -in being the most common overregularization, which might have been
interpreted as analogous to the plural marker in oxen, children, or brethren.
Arabic speakers were much more likely to change the vowels when going from the
singular form to the plural form. This also follows expectations that a native Arabic speaker
might have when encountering non-concatenative morphology. Broken plurals frequently
change vowels and sometimes syllable structure from the singular to the plural, albeit not
always consistently: kelb ’dog’ and kilab ’dogs’, kitaab ’book’ and kutub ’books’, and beit
’house’ and buyuut ’houses’, for example. Arabic speakers also performed more accurately
on the concatenative grammar, also with about a quarter of their responses being correct.
Similar to the English speakers, Arabic speakers also used concatenative plurals that are
commonly used in Arabic, such as -aat, -ain (possibly interpreted as the dual marker), and
-uun. They would also use the English plural -s for a portion of their incorrect responses,
which I discuss further below.
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In the non-concatenative grammar, Maltese speakers were roughly equally likely to
overregularize to the pattern beginning with a consonant cluster and to change the vowels, both of which occur frequently in Maltese: xmarra ’river’ and xmajjar ’rivers’, bandira
’flag’ and bnadar ’flags’, and bah̄ar ’sea’ and ibh̄ra ’seas’. Maltese speakers were also prone
to adding the Maltese plural affixes -i and -ijiet, which is especially striking in this case, as
there is some evidence that there are words for which a non-concatenative or concatenative
plural would be acceptable (Drake & Sharp, 2017): h̄axix ’vegetable’ can be made plural as
either h̄xejjex or h̄axixit, and the same with kaxxa ’box’ as kxejjex or kaxxi, or lupu ’wolf’
as lpup or lupi. Similar to the other two groups, Maltese speakers used the correct affix approximately 25% of the time and when overregularizing, used either the -uk or -in affixes
most frequently.
A surprising result was that the native Arabic speakers performed less accurately
on the non-concatenative grammar than either the Maltese or English speakers, in spite
of Arabic using root-and-pattern morphology productively. A possible explanation is that
both English and Maltese speakers were tested in (one of) their native language(s) and
at a university utilizing their native language. However, Arabic speakers were tested in
an environment where they were expected to use their L2: they were tested in a country
where their native language is not commonly spoken, and tested by a research team who
did not speak their native language. This was not the case with LaCross’ Khalkha Mongolian speakers, who were tested in Mongolia in their native language. It is therefore possible that the Arabic speakers expected to use concatenative morphology because they were
accustomed to using English and are expected to use English in their interactions with
the researchers. This expectation may have therefore spilled over into their metalinguistic knowledge that they employed during the task, resulting in lower scores in the nonconcatenative grammar. It is also possible that there is some type of alphabet e↵ect, as
Arabic speakers were not tested using an Arabic abjad, but rather using the Latin alphabet. Neither English speakers nor Maltese speakers faced this problem.
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When the language background data was included in the full analysis, there was
no significant di↵erence between any of the dominance groups. However, when only bilingual speakers were compared, participants who were more English-dominant performed
more accurately than those who were dominant in a Semitic language. While this is a
very interesting result, and a result that mirrors some non-significant results in the literature (Drake, 2017), there are a number of reasons why care should be taken with these
results in particular. First, the testing environment certainly has an e↵ect: While participants were all comfortable enough using English to read experiment consent forms and
type using an American keyboard, it is possible that the participants who were dominant
in Maltese or Arabic rather than English misinterpreted the experiment instructions. Further, as discussed above, all participants would have been heavily biased toward English
use anyway, since no one on the research team speaks Arabic or Maltese with any degree of proficiency. Finally, as can be seen in Figure 13, there were not equal groups of
English-dominant and Arabic/Maltese-dominant speakers, to the point where there were
no English-dominant Arabic speakers tested in the non-concatenative grammar, only two
in the concatenative grammar, and also primarily Maltese-dominant speakers tested in
both grammars. Because these speaker groups were so unbalanced, there is a high possibility that a Type I error occurred in the statistical test.
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Chapter 4
General Discussion and Further
Applications
In this chapter, I situate my findings in the broader literature in both theoretical
linguistics and in other psycholinguistic work. I begin by reviewing the results from the experiments conducted and suggest methods to change or improve the methodologies. Next,
I discuss my work in the context of theories of lexical processing, then follow with a proposal to test morphological models based on a wide variety of cross-linguistic research. Finally, I finish with a discussion of implementing morphological models in populations with
language disorders.

4.1

General discussion
The two experiments discussed in the previous chapters show that native language

plays a role in the expectations that humans have when learning a language, even after
an extremely short exposure in the lab. After roughly 10 minutes of listening to six words
in an artificial grammar employing either adjacent or non-adjacent dependencies, participants performed more accurately on the grammar using adjacent dependencies. It should
be noted that the exposure time for the statistical learning experiment was substantially
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shorter than was used in previous experiments employing the same type of task (Bonatti
et al., 2005; LaCross, 2011, 2015; Newport & Aslin, 2004), which means that results may
have been di↵erent if participants had listened to the stimuli for a longer period of time
(although that may not change anything; see Newport & Aslin, 2004 for their experiments
with adjusting exposure time for learning syllabic non-adjacent dependencies).
Further, after seeing only 10 examples of a singular/plural alternation in the same
two grammars, participants learned some aspects of the grammars but not others. The
generalizations the participants made seemed to be dependent on their expectations of
what is acceptable in a language, which in turn are dependent on acceptable morphological structures in their native languages. This follows LaCross’ 2011; 2015 work, where only
speakers of a language employing vowel harmony were able to segment a speech stream
following non-adjacent dependencies similar to vowel harmony, and is congruent with the
main hypothesis of the work. This e↵ect is highlighted in the qualitative analysis where
the types of errors committed by the speakers di↵ered in each speaker group.
In the case of the Wug Test in Chapter 3, and due to the strong connections between phonology, morphology, and syntax, participants would be juggling the demands of
language-appropriate phonotactics and how they expect plurals to be formed in addition
to parsing each morpheme. This resulted in some participants being willing to form words
with initial consonant clusters that are licit but not attested or even phonotactically illegal
in their L1, and others unwilling to suspend disbelief, as it were, and not forming consonant clusters that are illicit and unattested in their native language. For example, some responses from Maltese speakers included ntibu and kxejjem. /nt/ and /kS/ clusters in onsets
are theoretically licit (Galea, 2016) but are not attested. Nbuti, lfakui, and nkflia were responses from an English speaker, none of which begin with legal onset clusters—and in the
nasal category, many word onsets in the non-concatenative grammar were not phonotactically legal in English. Although each of these responses would be incorrect in a statistical
learning task, they show that participants noticed that one of the rules for forming the
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plural in the artificial grammar involved word-initial consonant clusters and were willing to
follow this rule even if it did not occur in their native language. In spite of these seeming
discrepancies, the overall error pattern largely followed that found in the participants’ L1.
Further, participants were not provided with feedback during the Wug Test and
therefore had to rely on rapid assessment of potential patterns and generalizations they
could make based on just 10 examples. This means that the task would be extremely difficult to score at ceiling, even in the concatenative grammar that did not use non-adjacent
dependencies. Participants would need to identify multiple abstract morphemes that may
not exist in their language, like a CV template for English speakers, and then would need
to also identify the rules conditioning the appearance of each morpheme. It is highly unlikely that participants would be able to do this reliably after so few examples, and yet,
they do manage to learn some pieces of this abstract knowledge after a very short time
and with no feedback provided. The next questions to explore have to do with this notion.
First, would participants’ performance improve with feedback or with a longer training
phase? Second, would participants who are already used to grammar violating their deeply
ingrained L1 biases perform better on this task?
Increased exposure to language aids in learning, both in development and in the L2
classroom (e.g., in an immersion setting vs. in the typical university classroom; Bialystok,
1978 and many others), and feedback may improve language learning by allowing learners to zero in on phenomena rather than creating and rejecting hypotheses (Ellis, Loewen,
& Erlam, 2006; Gómez, 1997, 2002). Based on this, it would be reasonable to hypothesize
that a longer training period would lead to more accurate performance, as would receiving feedback on task performance. If this is the case, we can expect this improvement in
performance to occur across all participants when they are provided feedback on whether
their responses are correct. What can be tested in this situation is whether participants
speaking languages with non-concatenative morphology reach an accuracy threshold faster
than participants who do not speak such languages.
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Along these lines, testing a population with substantial experience learning an L2
with very di↵erent morphology from their L1 would be beneficial. Students taking an Arabic language course are taught explicitly that words are formed with roots and patterns,
and students who are advanced in their language studies are able to make educated guesses
about the structure of their L2. If people who have spent multiple years studying Arabic
can modify their linguistic biases for what is expected based on both of their languages,
they may be more receptive than English monolinguals to learning a language that di↵ers
from their L1 expectations.
These results also provide some support for a bias toward concatenative morphology, even with Arabic speakers who use root-and-pattern morphology productively. As discussed in Chapter 1, concatenative morphology is far more common typologically than any
of the types of non-concatenative morphology, much less the templatic root-and-pattern
morphology exhibited by Semitic languages. The default hypothesis is that this distribution arose by random chance, and therefore it can tell us nothing about any cognitive
biases humans might have when using morphologically complex language. A di↵erent hypothesis is the approach that is taken throughout this dissertation, which is that some linguistic structures are more common typologically because there is something about the
human cognitive faculty that prefers to process language linearly—but this is only a preference, and can therefore be overridden by further input or even conscious e↵ort (as in a
language classroom). Yet another possibility is that non-concatenative morphology had
been more common in the millennia before language changes were able to be documented,
but through the typical process of language change (summarized and described in detail
in van Gelderen, 2011:5-6), non-concatenative processes like root-and-pattern morphology
were lexicalized and were subsequently only recognized as word stems, not as morphological processes. This is similar to the cycle of function words becoming cliticized and then
absorbed into word stems as other function words are developed in their place.
However, if this second alternate hypothesis is the case, it stands to reason that
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perhaps other languages with root-and-pattern morphology would arise somewhere in the
cycle of language change, particularly if consonants are especially good indicators of lexical properties as Bonatti et al. (2005) argued. Additionally, assumptions covered by van
Gelderen (2011) and the researchers cited therein deal primarily with changes happening
at the edges of words. Root-and-pattern morphology and other types of non-concatenative
morphology, of course, rely on non-adjacent dependencies and word alternations occurring
word-internally, so it is not clear how the cycle of language change would cause languages
that are otherwise concatenative to include non-concatenative morphological processes
without substantial structural borrowing from another language and therefore the aid of
many highly proficient bilinguals (for instance, see Myers-Scotton, 1998 on Lingala-French
contact; B. Brown, 2003 on English-Louisiana French contact).

4.2

Lexical processing
The primary umbrella this work is situated under is that of lexical and morpho-

logical processing. Many models of lexical access have been based on languages like English, dealing with concatenative morphology and free morphemes as opposed to the nonconcatenative morphology found in Semitic languages. However, Frost, Forster, and Deutsch
(1997 et seq.) have adapted models incorporating root-and-pattern morphology in Hebrew
in the visual modality, and Ussishkin et al. (2015) have done the same for auditory processing in Maltese. Key components of these models are how they treat root consonants,
nominal derivations, and verbal derivations. Psycholinguistic work has demonstrated fairly
robustly that not only are morphemes in concatenative languages aggressively decomposed
and stored separately (Rastle, Davis, & New, 2004; Taft, 1988; Taft & Forster, 1975), but
also that roots in Semitic languages are stored separately from patterns (Boudelaa & MarslenWilson, 2004a, 2004b, 2015; Frost et al., 2000, 1997; Ussishkin et al., 2015), and nominal
patterns are treated di↵erently from verbal patterns (Deutsch et al., 1998). Galea (2011)

85

and Boudelaa and Marslen-Wilson (2004a, 2015) have also demonstrated that a CV template is another component of words in Maltese and Arabic respectively, which could then
allow roots and patterns to be combined in novel ways, or could allow new (i.e., borrowed,
coined, or adapted) roots to be paired with existing patterns.
In a series of papers, Frost and colleagues (1998; 2000; 1997) showed that roots
and patterns are treated di↵erently in the mental lexicons of Hebrew speakers (1997),
that nominal patterns are treated di↵erently from verbal patterns (1998), and that weak
roots may be stored with whole-word representations of the weak root and the licit verbal pattern (2000). Given these three results, they conclude that Hebrew mental lexicons
are grouped by root independently of semantics. The set of verbal patterns is represented
in the same sub-word morphological layer of the lexicon that roots are, as there are only
seven possible patterns. Because there are so many possible nominal patterns (100+), they
are not represented in this layer, and so instead, recognition of a noun is dependent on extracting and accessing root consonants to match against the rest of their lexicon. Finally,
weak roots, which are roots that contain two consonants rather than the typical three, are
suggested to be stored with verbal patterns wholesale. According to Frost et al. (2000),
the Hebrew parser requires three consonants to search for a word, and in verbal patterns,
searches for one of the seven possible patterns. This results in either a root beginning with
/h/ from one of the three verbal patterns beginning with a consonant (hit-, hi -, or hu-),
or a root with only two consonants, which is improbable according to the Hebrew parser.
Thus, the parser is unable to arrive at a plausible word, and the facilitatory e↵ects seen
when comparing verbal patterns to nominal patterns evaporate.
To summarize, the sequence of papers by Frost and colleagues advocates for three
primary conditions for the organization of the lexicon of a Hebrew speaker: first, roots are
most likely to consist of three consonants; second, roots and verbal patterns are explicitly stored in the lexicon for retrieval; and third, whole-word representations exist only for
weak roots in verbal inflections.
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Boudelaa and Marslen-Wilson (2004a, 2004b) found that words in Arabic sharing the same vocalic melody do not facilitate access. Instead, words sharing the same CV
skeleton facilitated access in visual masked priming, cross-modal priming, and auditory
priming lexical access tasks. In later work, Boudelaa and Marslen-Wilson (2015) also find
evidence that Arabic roots and patterns facilitate access to words sharing the same root
or pattern outside any semantic or phonological similarity. This provides further evidence
that roots and patterns in Arabic are psychologically real entities, and further supports
the root as an organizational component of the Arabic mental lexicon.
Ussishkin et al. (2015) found robust root priming in the auditory modality in Maltese, similar to the work discussed above in the visual modality in Hebrew and Arabic.
Because of this, their work supports not only the previous findings for Hebrew and Arabic,
but also models of spoken word recognition that obligatorily decompose auditory stimuli
into morphemes (e.g., Meunier & Segui, 1999). Due to Maltese’s split lexicon and the orthographic system using a modified Latin alphabet rather than an abjad, Maltese speakers
might have a less obvious representation of triconsonantal roots than Arabic or Hebrew
speakers do. However, Ussishkin and colleagues find that this is not the case. Further work
by Ussishkin et al. (2016) shows that the auditory root priming is not due to phonological
overlap. As found by Frost et al. (1997), Ussishkin et al. (2015) also found that their priming e↵ects were not semantic; thus, the root priming found in all three languages should be
considered morphological.
What this work means for processing models of Semitic languages is that even in
the auditory domain, obligatory decomposition must be incorporated, and the root is the
primary organizational unit. This work also builds on evidence for morphemes as psychologically real entities, which is a question discussed in much work in theoretical morphology.
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4.3

Distributed Morphology
As discussed in Section 1.6, DM is particularly attractive to describe the Wug Test

results because all morphemes start out abstractly. Although participants had only a short
exposure to the artificial grammar, they were able to associate vocalic patterns and affixes
with a +plural feature. If speakers of Semitic languages are already accustomed to extract a triconsonantal root, then they will be biased toward doing this in a novel language
too. If participants encode the artificial grammar, then they must incorporate abstract
p
concepts into their own grammar along with the concrete concepts like bikidi (or bkd)
refers to a red-spotted green creature with four feet and a long nose that are provided to
them implicitly through the use of pictures.
An additional consideration is that DM is the only lexical or morphological model
that has been explored in the context of morphosyntactic language disorders. Tat (2013)
discussed DM in the context of Broca’s and conduction aphasia, which are both disorders
resulting from left-hemisphere stroke damage, where symptoms include the omission of
grammatical morphemes. DM again would be a useful tool to discuss Specific Language
Impairment (SLI), which is a developmental disorder that again results in the omission of
grammatical morphemes, and where a production deficit is seen when people with SLI intend to utter multimorphemic words associated with many grammatical features. In this
case, morphemes realizing the features that are less important to distinguishing meaning
(e.g., copular to be or plural -s in English; dative or genitive marking in German; Leonard,
2014b) are not uttered. If we operate under the assumption that all words are feature bundles, then having unrealized feature bundles that model morphemes not being uttered explains much of what the Specific Language Impairment research has been attempting to
uncover.
Each of these pieces leads me to suggest that DM deserves further testing and study
as a model of the lexicon that would rival any of the others that have been discussed up to
this point. Many models have been created with English or other Western European lan88

guages in mind, as well as disregarding atypical language use altogether (with the exception of Coltheart and colleagues’ Dual Route Cascaded model of visual word recognition
applied to dyslexia; Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001). DM, on the contrary, has been created and tested with typologically diverse languages, and more research
is being done to test its psycholinguistic validity. In the sections below I further discuss
ways in which my results fit into the framework and discuss how SLI can be conceived of
in the context of DM.

4.4

Wug Tests
In order to account for the results of the Wug Test in Chapter 3, a model would

not only need to be able to abstractly represent morphemes (plural, rather than -s or
-aat) and would need to find and decompose morphemes aggressively. It would be reasonable to assume that a speaker’s grammar would decompose morphemes based on what it
is accustomed to, namely on whether morphemes are linearly adjacent to each other or
not. L1 English speakers’ grammar should look for regularities at the word edges, L1 Arabic speakers should look for consonant-based regularities, and L1 Maltese speakers should
have very robust expectations for either consonant-based or word-edge regularities—which
may be a↵ected by their dominance in Maltese or English (Drake, 2017). Models of Arabic
and Maltese speakers’ grammars should both be fairly flexible about applying either a pattern or a suffix when asked to create a plural, but Arabic speakers should be more likely
to apply a pattern, while Maltese speakers should be more likely to apply a suffix. This is
roughly what we see in Chapter 3.
Under both the assumptions of DM and the assumptions of psycholinguistic processing models, the process of inflecting novel words (whether real-word borrowings or
coinages, or nonsense words in Wug Tests) would have to rely on phonological regularities in speakers’ grammars. Since novel words by definition are not already present in a

89

speaker’s lexicon, speakers are likely to treat them as they would words taking regular inflections unless there is something in their phonological representation that is highly similar to other phonological patterns and alternations in a speaker’s grammar. For instance,
the nonsense verb ming /mIN/ may be inflected for past as mang /meN/ and for perfect
as mung /m2N/, analogous to ring/rang/rung or sing/sang/sung (or, for some dialects of
English, bring/brang/brung), whereas the nonsense verb gorp /gorp/ would likely be inflected as gorped /gorpt/ for both categories. Wug Tests are ordinarily excellent test cases
to find the default allomorph in languages with a great deal of allomorphic variation. In
the case of languages with substantial variation in allomorph selection, DM importantly
provides a method to explain both allomorph selection and morphological variation in languages with multiple morphological systems (e.g., J. H. Choi, 2011 for Korean; Drake,
2018 for Maltese). Because of this, DM is a useful tool when considering how features of
artificial grammars are encoded once participants are able to generalize to novel instances
of words, as I illustrate in the following example.
If a Maltese speaker encounters a novel noun and wants to talk about more than
one of this object, they will first have to decide whether the word should tap into their
Semitic grammar or their Indo-European grammar. This subconscious decision will be
made based on a variety of features, such as phonotactics (Twist, 2006) or CV skeleton
(Galea, 2011), and in DM is handled by having items ‘tagged’ if they belong to a particular lexicon (see J. H. Choi, 2011 for details). If the speaker decides that the word needs
Indo-European affixation, they will need to select between various allomorphs (e.g., -ijiet
/it/ as in prezzijiet ‘prices’ vs. -i as in teżori ‘treasures’ vs. -s as in kompjuters ‘computers’). This selection process relies on levels of resting activation, which again, is dependent
on a variety of features (commonly word- or morpheme-based frequency; see Taft, 1979,
among many others). Morphemes with a higher level of resting activation are more likely
to be selected because they will cross the threshold for being selected faster, much like a
person who starts out closer to the finish line in a race is more likely to win the race. This
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process is much the same if they encounter a word that seems like it might belong in the
Semitic lexicon, with an additional process of extracting root consonants and searching
for whether the word contains an extant root that they can use to speed up the selection
process by analogy. This entire process takes place over abstracted morphological forms,
which means that a decision about which allomorph to use is potentially faster than a process that would be required to select between multiple phonological forms as well as multiple features at the same time.
This same process can easily be applied to multilingual speakers in terms of both
phonology and morphosyntax, people who speak multiple dialects of the same language,
and even people learning an L2. As a speaker acquires a new language with a new grammatical system, such as an L1 English/L2 Arabic speaker, their grammar would need to
be able to change its expectations based on the input it receives, and similarly, any model
would need to be flexible enough to incorporate this change. This is also important to consider in the context of early bilinguals, where their linguistic expectations will change dependent on language context, dominance, and experience. For example, while a person’s
L2 morphosyntactic grammar will not be nativelike if acquired late (Johnson & Newport,
1989), they may still understand in principle how to apply known patterns to novel roots,
or vice versa. If a person acquires an L2 before around age 7, their grasp of grammar will
be more nativelike (Johnson & Newport, 1989) and the model of this grammar should be
more malleable.. If this set of experiments were to be run with L2 learners of a Semitic
language, we may anticipate gradient e↵ects that depend on their proficiency in a Semitic
language. This can be tested using the same tasks and a population of L1 English/L2 Arabic learners at various levels of proficiency. We might expect beginning Arabic learners to
perform similarly to the English speakers in the previous chapters, and as they gain proficiency in and exposure to Arabic and its system of non-concatenative morphology, they
may begin to perform more like Arabic speakers particularly in a qualitative-type or error analysis. This, of course, is also under the assumption that all other variables such as
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language dominance, language mode, alphabet used, and subject N are equal.
For these reasons, DM also has explanatory power in terms of both competence (all
unconscious grammatical rules) and performance (how language is actually used). Therefore, in the next section, I discuss DM in the context of the morphological processing disorder Specific Language Impairment, which seems to be an impairment in performance
rather than competence. This also addresses another shortcoming of most lexical processing models, none of which address morphological processing disorders, and only one of
which has been used to model visual word recognition in dyslexia and varieties of primary
progressive aphasia.

4.5

Language disorders
Language disorders, whether developmental or acquired, nicely dissociate compre-

hension and production, and have allowed substantial insight into neurological language
processing mechanisms. DM has been discussed in the context of morphological processing in Broca’s and conduction aphasia by Tat (2013), which I will summarize below, and
following her, I will suggest how DM may be adapted to describe Specific Language Impairment. Of particular relevance to this dissertation is the finding that people with SLI
require more exposure to compute word boundaries in statistical learning tasks than those
with typically developing language (Evans, Sa↵ran, & Robe-Torres, 2009; Plante et al.,
2015). People with SLI also do not perform as well on nonlinguistic tests of working memory (Evans et al., 2009; Leonard et al., 2007). Researchers have therefore suggested that
SLI may in fact be an impairment of working memory or other rapid processing mechanisms, and the e↵ects on language are a type of trickle-down e↵ect resulting from this
more domain-general impairment.
Aphasias are typically caused by neurological damage from stroke, tumors, or brain
hemorrhages (from arteriovenal malformation, aneurysm, or traumatic brain injury) occur-

92

ring in the language areas of the brain. This is typically the frontal, temporal, and parietal lobes in the left hemisphere, but dependent on other factors (handedness, for example), language areas may be right-lateralized or distributed bilaterally. See Figure 14 below
for Hickok and Poeppel’s (2007) illustration of the language areas in the brain. Thus, the
typical human with right-hemisphere damage is not likely to cause aphasia-like symptoms
(though see Jung-Beeman, 2005 for a short review of aspects of language impaired by language analogs in the right hemisphere). Aphasias are also heterogenous, where clinicians
are able to diagnose aphasia types in broad strokes, but each patient’s deficits may be different even within the same type.

Figure 14: Location of language areas in the brain, reproduced from Hickok & Poeppel
(2007).
Of the eight aphasia types, this short discussion will be limited to those covered
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in Tat (2013): Broca’s aphasia and conduction aphasia. Patients with Broca’s aphasia are
characterized by nonfluent, halting, and pause-filled speech, good auditory comprehension
deteriorating as syntactic complexity increases, and poor repetition ability. Broca’s aphasics are known as having agrammatic language, as the utterances that are omitted are usually function morphemes, resulting in telegraphic speech. These symptoms usually result
from large perisylvian lesions, encompassing Broca’s area (BA 44, 45), facial motor and
sensory portions of the Rolandic fissure, insula, the anterior parietal lobe, and subcortical
structures underneath these areas (Beeson & Rapcsak, 2006). See Figure 15 below for a
composite heat map of the location of lesions in 20 patients with chronic Broca’s aphasia
(Fridriksson, Fillmore, Guo, & Rorden, 2015). This extensive damage comprises the areas fed by the superior middle cerebral artery, so depending on where the blockage of the
stroke occurs, symptoms will be more or less severe.

Figure 15: Heat map of lesion locations in 20 patients with chronic Broca’s aphasia.
Warmer colors indicate more lesion overlap in the set of patients, and therefore the size
and location of lesion most likely to cause chronic Broca’s aphasia. Reproduced from
Fridriksson et al. (2015).
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In contrast, patients with conduction aphasia are characterized by fluent speech,
and similar auditory comprehension and repetition ability to Broca’s aphasia patients
(Beeson & Rapcsak, 2006). Conduction aphasics have paragrammatic language, where
speech is fairly grammatical and has prosody and utterance length similar to non-aphasics,
but phonemic paraphasias occur. Paraphasias are the output of unintended or incorrect
phonemes, syllables, or words associated with aphasic speech, and lead to the production
of nonsense words in speech. Patients with conduction aphasia are also known for conduit
d’approche or circumlocution in speech, as they recognize that their speech is errorful and
make e↵orts to correct their paraphasias. Symptoms of conduction aphasia usually result
from posterior lesions near the superior end of the Sylvian fissure, in or near the supramarginal gyrus and in the arcuate fasciculus white matter tract. See Figure 16 below for a
composite heat map of lesion overlap in 14 patients with conduction aphasia from Buchsbaum et al. (2011).

Figure 16: Heatmap of lesion location in 14 patients with conduction aphasia. Warmer
colors indicate more lesion overlap, showing that the lesion is present in this location in
more of the patients. Reproduced from Buchsbaum et al. (2011).
Tat (2013) examined production of nominal compounds in patients with Broca’s
and conduction aphasia using sentence completion tasks. In Turkish, the two nominals
making up a compound are linked with an obligatory agreement morpheme. In aphasic
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production, Tat found that patients with Broca’s aphasia were more likely to omit the
linking morpheme altogether, while patients with conduction aphasia were more likely to
substitute other morphemes or nonwords, but not omit the morpheme altogether. With
this data, she suggested that this pattern of errors could be explained in DM by either the
underspecification of features (in Broca’s aphasia) or an impaired or misrepresented Vocabulary Items (in conduction aphasia). Significant underspecification of features could
lead to those features not being expressed, Vocabulary Items not inserted, and thus morphemes missing from speech, while an impaired Vocabulary Item would not be correctly
associated with a phonological output. This is similar to the symptoms of Specific Language Impairment, which I describe below.
Specific Language Impairment, or SLI1 , refers to individuals whose language acquisition and language use show substantial deficits, while their other socio-cognitive and
sensory functions are within the normal range for their age (Evans et al., 2009; Leonard,
2001, 2003, 2014a, 2014b; Ho↵, 2009:397; inter alia). That is, children with SLI should be
able to acquire language normally for all intents and purposes, but do not end up doing
so. Children are typically diagnosed with SLI in their early elementary education years,
and may show deficits that vary in severity from child to child. Cross-linguistic research
also shows that the type of deficit that surfaces in children with SLI is dependent on language: English-speaking monolingual children with SLI typically have difficulty with verbal inflectional morphology and morphosyntax (Leonard, 2014b; Rice, Warren, & Betz,
2005; Rice, Wexler, & Cleave, 1995), but German-speaking children with SLI show more
word-order errors (Rice, Noll, & Grimm, 1997), and Hebrew-speaking children show more
errors in agreement morphology and with binyan 5 verbs in particular (Dromi, Leonard,
Adam, & Zadunaisky-Ehrlich, 1999). Children with SLI also show that Semitic languages
really may not be entirely comparable: Hebrew-speaking children have less difficulty with
1

SLI is also referred to as developmental language disorder in the DSM-IV or developmental dysphasia
elsewhere in the literature. For the purposes of this dissertation, the disorder will be referred to as Specific
Language Impairment or SLI throughout.
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inflected words, particularly plurals, than Arabic-speaking children do (Abdalla & Crago,
2008; Leonard, 2014a). Restrepo and Kruth (2000) show that SLI manifests di↵erently in
bilingual children as well, depending on which language the child is using for each utterance.
These results all suggest that there is something important within a given language’s grammatical system that is lacking in people with SLI, but it is not the same element across languages. Instead, SLI seems to be an impairment with something more abstract, rather than “has difficulty marking tense” or “does not use copulas”. Children with
SLI also show particularly weak language skills when using grammatical morphemes that
are weak syllables or segmental in nature, such as the word-final consonantal verb inflections in German and Dutch -st and -t (Rice et al., 1997). German- and Dutch-speaking
children with SLI tend to omit these inflections in their utterances and will use a bare
verb stem rather than an inflected form.
Leonard’s (2014a) Morphological Richness theory describes that as a given morpheme in a paradigm is associated with more features, the less children with SLI will use
that morpheme. Morphemes expressing one dimension (e.g., person) in a rich morphological system are used approximately as often by both children with SLI and typically
developing controls. However, morphemes expressing multiple features (such as person,
tense, number, and gender) exceed the processing capabilities of children with SLI. When
required to match these features, children with SLI may match some but not all of the features (for example, matching person, number, and gender, but leaving out tense). When
errors di↵er on more than one dimension from the target utterance, the error is generally
a more common form. Leonard proposes that this is due to morphological retrieval beginning with the most frequent forms, which is compatible with theories of lexical retrieval
and morphological processing, including Distributed Morphology. Frequency plays a large
role in determining the speed of lexical access, where words and morphemes that are more
frequent are accessed faster in behavioral tasks (Forster, 1976; Taft, 1979).
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This theory is also compatible with Tat’s (2013) discussion of Broca’s aphasia within
the context of Distributed Morphology. If patients with Broca’s aphasia have damaged
their syntactic features, shown by omitting morphemes altogether, children with SLI may
also have damaged or lost syntactic features as well and show similar symptoms. This
could also be the case for errors resulting in the substitution of the incorrect case in utterances from children with SLI. The fact that we can see similar symptoms across populations and across etiologies—abnormal language development for those with SLI, acute
neurological damage for those with Broca’s aphasia and other agrammatic aphasias, and
progressive neurodegeneration for those with primary progressive aphasias, not discussed
in this dissertation—suggest that a similar system is a↵ected no matter the cause.
A possible future direction would be a novel word elicitation task in populations
with SLI to find out how well abstract morphological representations are accessed. This
could also provide a clearer picture of the limitations of processing in these populations by
controlling for the number of features represented by each morpheme. This is potentially
a challenging task, since children with SLI seem to have more difficulty acquiring words
and also have smaller vocabularies. A potential confound, though, is that their working
memory limitations will be exceeded by accessing a morpheme, retaining a new word (like
wug), and combining them appropriately.
The distributed nature of Distributed Morphology provides a reasonable analog to
the distributed nature of language systems in the brain. Damage to one area in the brain
does not result in a global language malfunction, but rather a↵ects only certain aspects of
language—and damage to another area of the brain a↵ects other aspects of language. For
example, damage to the posterior frontotemporal lobe results in agrammatism, while damage to the superior temporal lobe and inferior parietal lobe results in the loss of sense and
meaning in speech, but grammar and function morpheme use is largely retained. Further,
deterioration of the temporal lobe results in deterioration of meaning both in production
and comprehension. These three e↵ects can be linked to the three primary aspects of Dis-
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tributed Morphology: the syntactic features in List 1, the Vocabulary Items and vocabulary insertion in List 2, and the rich semantic meaning contained in the Encyclopedia.
Additionally, retrieval of more frequent forms is compatible with psycholinguistic
theories of the lexicon and DM, although the exact mechanism may still benefit from debate. From a neurological perspective, more frequent forms being accessed more quickly
may have something to do with more robust connections between areas representing the
di↵erent aspects of words or morphemes. It is not entirely clear whether this is best represented as resting levels of activation, as in the connectionist models, or as an ordered list,
as in serial search models, as frequently used neural connections are simply more efficient
at moving electrical signal through the brain. While this dissertation nominally involves
the learning of artificial grammars by typical populations, the results may shed further
light on morphological representation in populations with language deficits, as typical populations are frequently used as a benchmark for atypical populations in language research.
In addition, the results presented here can inform future research in disparities between
comprehension and production, and resultant models of language use in both typical and
atypical populations.

4.6

Final thoughts
In two tasks with three populations, I show that native speakers of English, Ara-

bic, and Maltese are able to learn a concatenative grammar with little difficulty, and all
show slightly di↵erent patterns of learning when presented with a non-concatenative grammar. This indicates that humans are able to process concatenative morphology easily, at
least when concatenative morphology exists in their L1 grammar, and may require more
support—either explicit instruction or using semantic cues (as used in the Wug Test in
Chapter 3)—to process non-concatenative morphology. The ability of Maltese and Arabic native speakers to extract “root consonants” from the artificial grammar in the Wug
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Test indicates that speakers of a language employing root-and-pattern morphology may be
predisposed to extract consonants from a word when a word is composed of three consonants. While the plural forms produced by the participants largely did not conform to the
grammar’s expectations, the CV structure that participants provided for the plurals was
similar to the allowable CV structures found in their native language. This suggests that
even when participants are asked to learn a new language, and they participate in a task
that is unlike naturally learning a new language or classroom instruction, they will carry
over their L1 biases about the possible abstract structures words are allowed to take.
These results fit in nicely with existing research using both behavioral and neuroimaging methods to observe morphological processing in speakers of Semitic languages,
and is compatible with many theories of lexical processing. I propose that future research
investigate possible relationships between lexical processing theories, which are mainly
based on English, and Distributed Morphology, which is not a theory of processing but
has robust documentation of o✏ine grammar in many typologically distinct languages. Another fruitful avenue for future investigation is to test implicit morphological learning in
populations with Specific Language Impairment, a morphological processing disorder that
seems to be based on morphological features rather than on individual morphemes themselves. Some research has been done using statistical learning paradigms, but further research using artificial grammar learning tasks may tell us more about the nature of deficits
in SLI and the plausibility of DM as a processing model.
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Appendix A
Experiment Stimuli
A.1

Segmentation Task Stimuli
Nonconcatenative
bakdu
dakfu
fadku
kalzu
malSu
takmu
dufas
dutaf
fubak
fumal
kudak
kukal
mudak
mufas
Subak
Sukal
zudak
zufas

Concatenative
bikiduk
dakafuk
fudakuk
kalizuk
muluSuk
takimuk
dakukta
dukfuda
fukmulu
kafukfu
kidukka
kimukbi
kukbiki
lizukmu
luSukfu
mukmulu
Suktaki
zukbiki

Word or
Partword
Word
Word
Word
Word
Word
Word
Partword
Partword
Partword
Partword
Partword
Partword
Partword
Partword
Partword
Partword
Partword
Partword

Table 10: The 6 stimuli marked as “word” were repeated 200 times each
in the training phase of the segmentation task. The 12 stimuli marked as
“partword” are made up of syllables that cross word boundaries. Each of
the 18 stimuli were repeated for participants during the recognition phase,
during which participants indicated whether each stimulus was something
they had heard previously.
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Nonconcatenative
bakSu
banSu
batsu
dabsu
daklu
danku
fakdu
fanzu
kabnu
kabzu
kadlu
lamtu
lasmu
latbu
madku
mantu
natmu
sabdu
saklu
Sandu
tafzu
tamku
tanzu
zanfu
dubas
dudak
dukaS
duman
fufas
fukaS
futaf
kubak
kudan
kuman
kutaf
lukad
mubak
mulas
muman
mutaf

Concatenative

Correct/Incorrect

bikuSuk
bitasuk
dabisuk
dukaluk
fikuduk
fuluSuk
kabunuk
kabuzuk
kiladuk
lakifuk
latibuk
makuSuk
mudikuk
nitamuk
nutibuk
sikuluk
siluduk
subiduk
Sibaduk
Sukufuk
takimuk
taluzuk
zaliduk
zikuluk
banuSin
dakukka
dinakin
dukkali
faSunaf
finazin
fukbiki
kaflizu
kafukmu
kidukta
kimukda
kindina
kuktaki
lizukaf
luSukbi
luSukta

Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

102

nulam
sudab
Sudak
Sufas
Suman
zubak
zukaS
zutaf

mukbiki
Sintimi
Sukdaka
tifuSaf
timiSin
zinfina
zukfuda
zunafin

Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Table 11: 24 stimuli used in the generalization phase of the segmentation
task. Words marked “correct” are correct generalizations from the stimuli
heard in the training phase, while words marked “incorrect” are not correct
generalizations from the training phase.

A.2

Wug Test Stimuli

Root

b-k-S
d-f-S
f-k-l
k-m-z
l-d-b
m-z-k
n-d-k
S-l-m
t-k-z
z-n-b

Nonconcatenative
Singular
bikiSi
dufaSa
fukuli
kumiza
ladabu
mizuku
nudaki
Silumi
tikazu
zanubi

Nonconcatenative
Plural
bakSu
dufSiS
faklu
kmiza
ladbu
muzkik
nadku
Salmu
takzu
zniba

Concatenative
Singular

Concatenative
Plural

bikiS
dufaS
fukul
kumiz
ladab
mizuk
nudak
Silum
tikaz
zanub

bikiSuk
dufaSaf
fukuluk
kumizin
ladabuk
mizukaf
nudakuk
Silumuk
tikazuk
zanubin

Table 12: 10 stimuli used as training items in the novel word elicitation
task for both the concatenative and non-concatenative grammar.

Root

b-k-d
b-k-s
b-k-z
b-n-S

Nonconcatenative
Singular
bikidi
bukusu
bakaza
biniSa

Nonconcatenative
Plural
bakdu
baksu
bakzu
bniSa
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Concatenative
Singular

Concatenative
Plural

bikid
bukus
bakaz
biniS

bikiduk
bukusuk
bakazuk
biniSin

b-t-k
b-t-S
b-z-k
d-b-z
d-k-b
d-k-f
d-l-S
d-l-z
d-m-z
d-n-z
f-d-k
f-k-n
f-k-t
f-l-S
f-n-t
f-s-k
f-z-k
k-d-f
k-l-d
k-l-z
k-n-m
k-S-m
k-S-n
k-z-l
l-b-S
l-d-f
l-f-k
l-f-z
l-k-f
l-m-d
l-m-S
m-d-k
m-k-S
m-k-z
m-l-S
m-n-t
m-n-z
m-z-l
n-b-d
n-f-k
n-k-m
n-m-z

bitiku
bitaSi
bizuki
dubizi
dakibi
dakafi
dalaSu
daliza
dimaza
danuza
fudaka
fukuna
fukuti
fuluSi
funatu
fasuku
fuziku
kidufu
kiladu
kalizu
kanumi
kiSuma
kuSina
kuzali
lubaSi
ludifa
lifuka
lafuzi
lakifu
limadu
limuSu
mudiku
makuSu
mukazu
muluSi
munuta
munaza
mazula
nibada
nafika
nakamu
namazi

batku
batSu
buzkik
dabzu
dakbu
dakfu
dalSu
dalzu
dmiza
dniza
fadku
faknu
faktu
falSu
fnita
fuskik
fuzkik
kadfu
kaldu
kalzu
knimu
kuSmim
kuSnin
kuzlil
labSu
ladfu
lufkik
lufziz
lakfu
lmidu
lmiSu
madku
makSu
makzu
malSu
mnitu
mnizu
muzlil
nabdu
nufkik
nakmu
nmizu
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bitik
bitaS
bizuk
dubiz
dakib
dakaf
dalaS
daliz
dimaz
danuz
fudak
fukun
fukut
fuluS
funat
fasuk
fuzik
kiduf
kilad
kaliz
kanum
kiSum
kuSin
kuzal
lubaS
ludif
lifuk
lafuz
lakif
limad
limuS
mudik
makuS
mukaz
muluS
munut
munaz
mazul
nibad
nafik
nakam
namaz

bitikuk
bitaSuk
bizukaf
dubizuk
dakibuk
dakafuk
dalaSuk
dalizuk
dimazin
danuzin
fudakuk
fukunuk
fukutuk
fuluSuk
funatin
fasukaf
fuzikaf
kidufuk
kiladuk
kalizuk
kanumin
kiSumaf
kuSinaf
kuzalaf
lubaSuk
ludifuk
lifukaf
lafuzaf
lakifuk
limadin
limuSin
mudikuk
makuSuk
mukazuk
muluSuk
munutin
munazin
mazulaf
nibaduk
nafikaf
nakamuk
namazin

n-S-m
n-t-b
n-z-m
S-b-d
S-f-d
S-k-b
S-k-f
S-l-d
S-n-m
s-l-d
t-b-s
t-f-S
t-k-b
t-k-m
t-l-z
t-m-l
t-n-m
z-b-k
z-f-d
z-k-d
z-k-l
z-l-d
z-m-d
z-n-t

naSimi
nutibi
nizumi
Sibadi
Sifidu
Sikiba
Sukufu
Salada
Sinimi
siludi
tabasu
tifuSu
tikabu
takimu
taluzi
timula
tunima
zubaki
zafuda
zikudi
zikulu
zalida
zumadu
zinuta

nuSmim
natbu
nuzmim
Sabdu
Sufdid
Sakbu
Sakfu
Saldu
Snimu
saldu
tabsu
tufSiS
takbu
takmu
talzu
tmilu
tnimu
zabku
zufdid
zakdu
zaklu
zaldu
zmidu
znitu

naSim
nutib
nizum
Sibad
Sifid
Sikib
Sukuf
Salad
Sinim
silud
tabas
tifuS
tikab
takim
taluz
timul
tunim
zubak
zafud
zikud
zikul
zalid
zumad
zinut

naSimaf
nutibuk
nizumaf
Sibaduk
Sifidaf
Sikibuk
Sukufuk
Saladuk
Sinimin
siluduk
tabasuk
tifuSaf
tikabuk
takimuk
taluzuk
timulin
tunimin
zubakuk
zafudaf
zikuduk
zikuluk
zaliduk
zumadin
zinutin

Table 13: 70 stimuli used to elicit subject responses in the novel word elicitation task. Each nonsense word was paired with an imaginary animal
picture.
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Appendix B
Language Background Questionnaires
These questionnaires were filled out by participants and presented using Google
Forms.

B.1

University of Arizona

Your answers to these questions will be analyzed with the experiment data and will
not be shared. These answers are completely anonymous.
1. Subject Number (filled out by experimentor)
2. How old are you?
3. Which hand do you write with?
Left
Right
Both equally
4. What is your gender?
Female
Male
Non-binary
Other (please fill in)
5. What is your occupation?
6. Where did you grow up? (example: Denver, CO; Buenos Aires, Argentina)
7. Where do you live now?
Tucson
Other (please fill in)
8. Please list the languages that you speak and your proficiency (native speaker, excellent, good, fair, poor) in each of them. If you have taken one of these languages as
a university course, include the number of years/semesters you have taken the class.
(example: English - native; Arabic (MSA) - good - 7 semesters)
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9. Which language(s) were spoken in your home growing up? Select all that apply.
English
Spanish
French
Arabic (any dialect)
Tohono O’odham
Hiaki
Navajo
Other (please fill in)
10. If you selected a language or languages other than English, about how much did you
(or others) use those languages when you were growing up? (example: English: 50%,
Spanish: 40%, Navajo: 10%)
11. Which language(s) are spoken in your home now? Select all that apply.
English
Spanish
French
Arabic (any dialect)
Tohono O’odham
Hiaki
Navajo
Other (please fill in)
12. If you selected a language or languages other than English, about how much do you
use those languages? (example: English: 70%, Spanish: 30%)
If the following questions do not apply to you (for example, if you don’t have siblings
or children), leave those questions blank. If you only speak English, click the button
below and leave the following questions blank.
13. I only speak English.
Yes—please select this and submit the form!
No—please continue!
14. Which language(s) do you usually use with your parents?
15. Which language(s) do you usually use with your grandparents?
16. Which language(s) do you usually use with your siblings?
17. Which language(s) do you usually use with your children?
18. Which language(s) do you usually use with your friends?
19. Which language(s) do you usually use with your co-workers?
20. Which language(s) do you regularly read in (e.g., newspapers, magazines, books, internet articles, etc.)?
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21. Which language(s) do you regularly watch TV or listen to music in?
22. Which language(s) do you usually use on social media (e.g., Facebook, Twitter, Tumblr, Instagram, etc.)?

B.2

University of Malta

Your answers to these questions will be analyzed with the experiment data and will
not be shared. These answers are completely anonymous.
1. Subject Number (filled out by experimentor)
2. How old are you?
3. Which hand do you write with?
Left
Right
Both equally
4. What is your gender?
Female
Male
Non-binary
Other (please fill in)
5. What is your occupation?
6. Where did you grow up? (example: Birkirkara; Xlendi)
7. Where do you live now?
8. Please list the languages that you speak and your proficiency (native speaker, excellent, good, fair, poor) in each of them. If you have taken one of these languages as
a university course, include the number of years/semesters you have taken the class.
(example: Maltese - native; English - native; German - good - 4 semesters)
9. Which language(s) were spoken in your home growing up? Select all that apply.
Maltese
English
Italian
Arabic (any dialect)
French
German
Other (please fill in)
10. About how much did you (or others) use those languages when you were growing
up? (example: Maltese: 60%, English: 30%, Italian: 10%)
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11. Which language(s) are spoken in your home now? Select all that apply.
Maltese
English
Italian
Arabic (any dialect)
French
German
Other (please fill in)
12. About how much do you use those languages? (example: Maltese: 80%, English:
20%)
If the following questions do not apply to you (for example, if you don’t have siblings
or children), leave those questions blank.
13. Which language(s) do you usually use with your parents?
14. Which language(s) do you usually use with your grandparents?
15. Which language(s) do you usually use with your siblings?
16. Which language(s) do you usually use with your children?
17. Which language(s) do you usually use with your friends?
18. Which language(s) do you usually use with your co-workers?
19. Which language(s) do you regularly read in (e.g., newspapers, magazines, books, internet articles, etc.)?
20. Which language(s) do you regularly watch TV or listen to music in?
21. Which language(s) do you usually use on social media (e.g., Facebook, Twitter, Tumblr, Instagram, etc.)?
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