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The current study examined how non-native speakers process the highly
productive derivational morphology of Arabic in which, in contrast to Indo-
European languages, word formation involves interleaving a root and template
structure. Previous research shows that native speakers of Arabic decompose
morphologically complex words in lexical processing. Using cross-modal prim-
ing, the current study shows that non-native speakers of Arabic (L1 English) also
decompose derived forms such that there is priming between words that share a
common root which is not due to semantic or phonological overlap. In spite of
the typological distance, native English speakers organize their L2 Arabic lexi-
cons in a manner similar to native Arabic speakers.

Introduction

There is a large body of research which shows that second language (L2) learners are
less sensitive than native (L1) speakers to morphological structure. The majority of
the research on the processing of morphology by L2 learners has focused on inflec-
tional morphology (Babcock, Stowe, Maloof, Brovetto & Ullman, 2012; Clahsen,
Felser, Neubauer, Sato & Silva, 2010; Coughlin & Tremblay, 2015; Foote, 2015; Gor
& Cook, 2010; Gor & Jackson, 2013; Jacob, Fleischhauer & Clahsen, 2013; Neubauer
& Clahsen, 2009; Portin, Lehtonen, Harrer, Wande, Niemi & Laine, 2008; Portin,
Lehtonen, & Laine, 2007). There is conflicting evidence regarding L2 decomposi-
tion of inflectional morphology. Some studies, mostly using lexical decision tasks
and overt visual, auditory, and cross-modal priming (Basnight-Brown, Chen, Hua,
Kostic & Feldman, 2007; Feldman, Kosti¢, Basnight-Brown, Filipovi¢ Purdevi¢
& Pastizzo, 2010; Foote, 2015; Gor & Cook, 2010; Gor & Jackson, 2013; Portin,
Lehtonen, Harrer, Wande, Niemi & Laine, 2008; Portin, Lehtonen & Laine, 2007;
see Gor, 2010 for a review), show decomposition of regular inflection by L2 learners.
Others, mostly using masked priming, report no L2 decomposition of inflected
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words (Clahsen, Balkhair, Schutter & Cunnings, 2013; Neubauer & Clahsen, 2009;
Silva & Clahsen, 2008; see Clahsen et al., 2010, for a review). In contrast, research
in L2 processing of derivational morphology has shown more consistent results in
that L2 learners exhibit somewhat more native-like patterns in terms of (de)com-
posing derived forms (Diependaele, Dunabeitia, Morris & Keuleers, 2011; Kirkici
& Clahsen, 2013; Silva & Clahsen, 2008). Research in L2 morphological processing
has, however, mostly targeted Indo-European languages in which inflection and
derivation are largely accomplished via suffixation, and derivational morphology
is much less productive than inflectional morphology. One exception is Kirkici
and Clahsen’s (2013) study on Turkish, a non-Indoeuropean language with highly
productive derivational morphology. These derivational processes in Turkish are,
however, accomplished via suffixation as in many Indo-European languages. In
contrast to Indo-European languages, Semitic languages, like Arabic and Hebrew,
have rich, complex and productive systems of derivational morphology involving
a root and a pattern structure which are interleaved to form words (Holes, 1995;
Versteegh, 1997). It is necessary to note that there is debate about the nature of
Arabic and Hebrew derivation, regarding both the existence of the triliteral root, as
well as the morphological versus the phonological nature of the pattern structure
(Bat-El 1994; 2003; McCarthy, 1979; 1981; Ratcliffe, 1997; 2004; Ussishkin, 2000;
2003; 2005). We review the relevant aspects of this debate below, and substantiate
our choice to situate the current study with reference to the root-and-pattern mod-
el. Studies done with native speakers of Arabic show that they process the deriva-
tional morphology of Arabic in a manner similar to that of native speakers of other
languages studied (Boudelaa & Marslen-Wilson, 2001; 2004; 2005; 2011; 2013), in
that morphologically complex words are (de)composed during lexical processing.
The vast majority of Arabic words are morphologically complex (Boudelaa, 2014),
the main exception being loanwords which are sometimes only partially integrated
into the morphological system (Kossman, 2013). The current study demonstrates
morphological priming in L2 learners of Arabic who are native speakers of English,
suggesting that these learners (de)compose derived words in a manner similar to
native speakers during lexical processing.

Arabic morphology

In contrast to Indo-European morphology, which generally involves combining
stems and affixes via concatenation, Semitic morphology is templatic and involves
discontinuous morphemes. All words in Semitic languages are composed of at least
two morphemes: a root and a pattern. Roots are made up of consonants (usually
three) and carry a word’s core semantic information (e.g., the root £-I-m denotes
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knowledge, learning, and information). Patterns (also called templates) are com-
posed mainly of vowels and provide syllabic structure for the word, syntactic in-
formation and some semantic information (e.g., the pattern fa:sil' is the pattern
for active participles denoting a state of being related to the semantic content of
the root). Words are derived by interleaving a root with a pattern. The word sa:lim,
‘scholar; is, therefore, derived from the root ‘t-1-m’ and the pattern fa:fil (a person
in the state of possessing knowledge/learning/information).

By combining the same root with a pattern for active verbs (fasala) you get
falima, ‘he knew’. If you combine it with a pattern for causative verbs (fasfala), you
get fallama, ‘he taught’ or ‘he informed.. If you combine it with a pattern for adjec-
tives (fasizl), you get falirm, ‘informed’ or ‘scholarly’, and if you combine it with a
pattern for passive participles (mafsu:la), you get maslurma, ‘piece of information’

Like derived forms in other languages, the compositional semantics of Arabic
words are not always transparent with respect to the word’s meaning. That is to say,
while nearly all Arabic content words can be decomposed into a root and a pattern,
the meaning of a given word is not always interpretable as the sum of those mor-
phemes. For example, the root y-7-b, when combined with different patterns, gives
rise to the words sunset (mayrib), strange (yarirb), and exile (yurba).

As noted above, the root-and-pattern theory of Arabic derivation is not without
dispute. Other theoretical accounts posit that Semitic derivation is better under-
stood as a phonological phenomenon, wherein triliteral roots are replaced by stem
forms, and phonological processes/constraints such as fixed prosody and melodic
overwriting account for what only appear to be discontinuous morphemes (Bat-El,
1994; 2003; McCarthy, 1979; 1981; Ratcliffe, 1997; Ussishkin, 2000; 2003; 2005).
These accounts may differ regarding the exact phonological processes that give
rise to the structure of Arabic verbs, but they share the assumption of some funda-
mental stem or word, upon which phonological processes operate. In other words,
an extant stem or word serves as the derivational source. In most accounts, this
stem or word is manifest in the spoken language, (in contrast to the triliteral root,
which is more abstract and never actually appears in the spoken language as a bare
three-letter string). It is then the interaction between this derivational source and
a set of phonological processes and/or requirements (e.g., melodic overwriting,
prosodic constraints) that give rise to the part of the verb we have been calling the
“pattern”. In this set of phonological accounts, what looks like the pattern is better
understood as an emergent phonological phenomenon, rather than a discontinuous
morpheme.

1. Traditionally, patterns are written by substituting the three consonants ‘f-s-I’ in the positions
to be occupied by the three consonants of the triliteral root.
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The phonological approaches in question also share a focus on contexts where
the semantic relationship between the derivational source and the derived form is
clear. These contexts include the derivation of denominal verbs (Ussishkin, 2000),
irregular (i.e., broken) plural nouns (McCarthy & Prince, 1990), and the complex
verbal derivation systems of Arabic and Hebrew (Bat-El, 2003; McCarthy, 1979).
The phonological approaches explain phenomena such as the seemingly unpre-
dictable medial vowel in Form 1 Arabic verbs, by positing that it is part of the
derivational source or stem.

A challenge for these approaches concerns behavioral evidence that speakers of
Semitic languages actually exhibit priming between semantically unrelated words
that share triliteral roots: prime-target pairs like mudakkar, ‘masculine, and da:kira,
‘memory. It is difficult to identify a stem- or word-type derivational source in this
context; do both words come from tudkar, ‘remember’, do both come from dakar,
‘male, or something else? Unless the priming between the two forms is purely
phonological (and accumulating behavioral evidence suggests that it is not), the
simplest explanation would be that native speakers do in fact access the triliteral
root during lexical access, and that it is the repeated access to this same root that
facilitates lexical access to an otherwise unrelated target.

The section that follows reviews the behavioral evidence that triliteral root
morphemes have psychological reality for native speakers of Semitic languages.

L1 processing of Arabic derivational morphology

Some of the first psycholinguistic evidence for the distinct representations of Arabic
roots and patterns comes from Prunet, Beland and Idrissi’s (2000) case study of an
Arabic/French bilingual patient with aphasia, called ZT. ZT completed word read-
ing, picture-naming, and spoken repetition tasks in both his languages. The authors
found that he produced far more metathesis errors in Arabic than French. Further,
these errors consisted almost exclusively of permuting root consonants; they rarely
affected the patterns (whereas the few metatheses he produced in French affected
vowels and consonants indiscriminately). The authors concluded that his behavior
was evidence that Arabic root consonants “float” at some level of representation in
the minds of native speakers, and drew supporting connections with the observed
permutability of Arabic root letters in tongue-slips among neurotypical native
speakers, as well as in Arabic word games.

Further evidence for the mental representation of Arabic roots comes from
Perea, Abu Mallouh, and Carreiras’s (2010) investigation of transposed-letter
(TL) priming in Arabic. The background for their study is a body of findings for
Indo-European languages like English and Spanish, in which nonwords created by
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transposing two medial letters in a real word will prime that real word (e.g., jugde
primes judge; Perea & Lupker, 2003). The authors found that Arabic prime words
transposing the letters of the target words will speed RTs to those targets only
when the transposition affected the order of the pattern letters. Transpositions
affecting root letter order did not. The authors explained these findings in terms
of the important role that roots play in Arabic lexical access. However, caution is
appropriate in comparing their findings to those from the Indo-European studies,
because while the latter employed nonword primes for real word targets, Perea and
colleagues used all real word primes for real word targets. Thus, the transposed pat-
tern-letter condition was also a morphological (root) priming condition, whereas
the transposed root-letter condition was not.

In a series of experiments, Boudelaa and Marslen-Wilson (2000; 2004; 2005;
2011; 2013) sought to determine whether native speakers of Arabic decompose
words into roots and patterns during lexical access or if they access whole word
forms. Using cross-modal priming, Boudelaa and Marslen-Wilson (2000) com-
pared priming effects when visual targets were paired with auditory primes that
shared a common root and had a semantically transparent morphological relation-
ship (Zidxa:lun-duxu:lun, inserting-entering), primes that shared a common root
where the relationship was opaque (muda:xalatun-duxu:lun, conference-entering),
primes that were semantically but not morphologically related (manfadun-duxu:lun,
outlet-entering) and primes that were not semantically or morphologically related
(qahwatun-duxu:lun, coffee-entering). They found significant priming for all three
related conditions compared to word-pairs in the unrelated condition. Priming
was, however, greater in the two shared-root conditions (semantically transparent
and opaque) than in the semantically (but not morphologically) related condition.
The amount of priming did not differ between the two shared-root conditions. The
larger effects for morphologically related words, regardless of semantic relationship,
indicate that the morphological facilitation is not due to semantic relatedness but
priming from the common root via decomposition of the root-pattern structure
during lexical access. The finding of morphological priming in the absence of a
transparent semantic relationship contrasts with findings for Indo-European lan-
guages, which only show morphological priming among semantically transpar-
ent forms. For example, in a cross-modal priming study, Marslen-Wilson, Tyler,
Waksler and Older (1994) found that semantically transparent forms prime each
other (involvement primes involve) but opaque forms do not (department doesn't
prime depart). Other studies have found priming among semantically opaque
forms, but this priming is reduced compared to that of transparent forms, both
in the context of masked priming tasks (Diependaele et al., 2011; Diependaele,
Sandara & Grainger, 2005; see Feldman, O’Connor, Moscoso and Prado Martin
(2009) for meta-analysis) and unmasked priming tasks (Feldman, Barac-Cikoja &
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Kosti¢, 2002; Feldman & Soltano, 1999). In keeping with Boudelaa and Marslen-
Wilson’s findings, Frost, Deutsch, Gilboa, Tannenbaum and Marslen-Wilson (2000)
found root priming regardless of semantic relationship for Hebrew (another Semitic
language with templatic morphology, similar to Arabic) suggesting that morpho-
logical priming in the absence of semantic transparency effects is characteristic of
Semitic language processing. Boudelaa and Marslen-Wilson (2000) also examined
word pattern priming by comparing word pairs which shared the same pattern with
pairs that shared the same phonological structure but not a morphological relation-
ship, and found significant priming in the shared pattern condition. The findings
of root and pattern priming were replicated in another cross-modal priming study
(Boudelaa & Marslen-Wilson, 2004) and an auditory priming study (Boudelaa &
Marslen-Wilson, 2013). Bouldelaa and Marslen-Wilson (2004) also examined the
impact of root allomorphy (context-induced variation in the surface representation
of the root consonants) on root priming. For example, w-f-q is a weak root such
that it undergoes allomorphic variation. Its first phoneme is faithful in the surface
form wa:faqa, ‘agreed’ but it appears as a /t/ in the surface form ittifa:q, ‘agree-
ment. They found that root priming obtained (for both semantically transparent
and opaque words), even when the surface forms showed allomorphic variation.
Furthermore, there was no priming in a control condition with word pairs that were
phonologically related in the absence of morphological or semantic relationships.
This indicates that the priming observed in the shared-root conditions was truly
morphological and not due to phonological overlap.

While these studies found significant priming effects for both roots and word
patterns, Boudelaa and Marslen-Wilson (2005) suggested that root priming is more
robust. Boudelaa and Marlsen-Wilson’s (2005) masked priming experiment found
that while root priming was significant at an SOA of 32ms, pattern priming did
not emerge until 48ms. Also, while pattern priming was only significant at SOAs of
48ms and 64ms, root priming was significant at all SOAs tested (32ms, 48ms, 64ms
and 80ms). Semantic priming between morphologically unrelated forms was only
significant at the latest SOA. As before, root priming obtained even when the word
meaning was opaque with respect to the root. Boudelaa and Marslen-Wilson (2011)
showed that word-pattern priming was dependent on the productivity (neighbor-
hood size) of the root, such that word pattern priming only occurred with highly
productive roots, regardless of the productivity of the word pattern.

In conclusion, Boudelaa and Marslen-Wilson’s research in Arabic indicates
that native speakers decompose words into roots and patterns during lexical ac-
cess, suggesting that root and pattern morphemes are independent at some level
of mental representation. Furthermore, root priming appears to be the faster, more
robust process. The goal of the current study is to determine if non-native speakers
of Arabic represent and access triliteral roots in a manner similar to native speakers
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(i.e., will they show root priming) and, if so, whether the effect will be sensitive
to semantic transparency. To date, these questions have not been addressed in L2
learners of Arabic, or Semitic languages generally. The following is a brief sketch of
the extant research on L2 processing of derivational morphology, all of which was
conducted with speakers of Indo-European languages.

L2 processing of derivational morphology

Most of the research into L2 morphological processing so far has focused on in-
flectional morphology possibly because, in Indo-European languages, inflectional
morphology is more complex and productive. Derivational morphology does, nev-
ertheless, play an important role in the development of L2 proficiency. For exam-
ple, in a study on morphological awareness in middle-school students, Kieffer and
Lesaux (2008) found that Spanish-speaking learners of English who were sensitive
to derivational morphology (as evidenced by performance on a production-based
decomposition task) showed better L2 reading comprehension. While a number of
studies have found morphological priming in non-native speakers to be reduced or
absent for inflection, whereas others have reported L2 sensitivity to inflection (see
Introduction above), the findings are more consistent for derivational morphology.
Silva and Clahsen (2008) examined the processing of inflectional and derivational
morphology in non-native speakers of English (with Chinese, German or Japanese
as L1) in a masked priming study. They found that though non-native speakers
did not show priming from inflected to uninflected stem forms, there was partial
priming between derived nominals and their corresponding adjective stems. They
compared priming between a derived prime and corresponding stem form (neat-
ness-neat), an identity prime (neat-neat) and an unrelated prime (dark-neat). In
native speakers, there was no difference between the morphologically related and
identity conditions (RTs for both were faster than the unrelated condition) whereas
for non-native speakers, RTs in the morphologically related condition were faster
compared to the unrelated condition, but that priming was not as great as in the
identity condition. In other words, the non-native speakers showed partial mor-
phological priming for derived forms (compared to native speaker’s full priming).
Silva and Clahsen (2008) suggested that, because derivational morphology does not
require the same kind of combinatorial rule application as inflectional morphology,
L2 learners are more likely to be able to process it. In a replication study, however,
using the same materials as Silva and Clahsen (2008) and L1 speakers of Greek
as participants, there was a full priming effect recorded for both derivations and
inflections (Voga & Giraudo, 2014).
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Further evidence for the accessibility of derivational morphology in non-
native speakers comes from Kirkici and Clahsen (2013), a study with L2 speakers
of Turkish, a language with rich, productive, agglutinative morphology. In their
masked priming study, they examined priming between a derived prime and stem
form (yorgunluk ‘tiredness’/yorgun ‘tired’) compared to targets with unrelated de-
rived primes, as well as between inflected primes and stem forms (sorar ‘s/he asks’/
sor ‘ask’). They found priming of derived but not inflected forms in L2 speakers.
While there was no identity condition like the one in Silva and Clahsen (2008),
the effect sizes of the priming between derived and stem forms were similar for L1
and L2 speakers (Cohen’s d = .34 and .32, respectively), suggesting full priming.
In contrast, Neubauer and Clahsen’s (2009) study of L2 speakers of German (L1
Polish) found that non-native speakers did not show evidence of (de)composition
of -ung nominalizations (Ziind-ung ‘ignition’ /ziind-en ‘ignite’) in a masked priming
paradigm. The effect they showed for derived forms was that of surface frequency
(in a separate lexical decision task) indicating full-form storage. The targets in their
experiment, however, differed from those used by Silva and Clahsen (2008) and
Kirkici and Clahsen (2013) in that they contained a derivational morpheme (the
suffix “-en” indicating an infinitive verb). Their results, therefore, indicate a lack of
priming between two derived forms in non-native speakers and do not contradict
the other two studies’ (Silva & Clahsen, 2008; Kirkici & Clahsen, 2013) findings
that derived forms are decomposed into stems and affixes, thus priming the stem
form. This distinction (i.e., between derived forms priming their stems versus de-
rived forms priming other derived forms) is relevant to the current study, and will
be revisited in the discussion section below.

To study the role of semantic transparency in L2 processing of derivational
morphology, Diependacele, Dufabeitia, Morris & Keuleers (2011) used masked
priming at three levels of semantic relatedness: transparent (e.g., viewer-view),
opaque (e.g., corner-corn), and unrelated-but-form-matched (e.g., freeze-free). They
found that non-native speakers of English from different L1 backgrounds (Spanish
and Dutch) showed the same pattern of priming as the native speakers in the same
study, including the semantic transparency effect. They found priming in both
morphologically related conditions (not in the form-matched condition), but the
degree of priming was greater when the semantic relationship was transparent.

The goal of the current study was to determine if non-native speakers of Arabic
would show (de)composition of derivational morphology in a manner similar to
native speakers. While the research on L2 processing of derivational morphology
suggests that non-native speakers are as likely to (de)compose derived forms as in-
flected forms, it is unclear how they would perform in Arabic. The highly produc-
tive derivational morphology of Arabic renders it in some ways more comparable
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to the inflectional morphology of Indo-European languages. Furthermore, it is
unknown how or whether native speakers of non-Semitic languages assimilate
the discontinuous, templatic morphological system. If non-native speakers show
priming effects among words that share roots, it would indicate that they do or-
ganize their lexicons similarly to native speakers. Another question concerns se-
mantic transparency; the presence or absence of semantic transparency effects in
non-native speakers of Arabic will give insights into how native-like their lexical
representations are.

Methods

The section that follows describes the current study’s adaptation of Boudelaa and
Marslen-Wilson’s (2000) cross-modal priming task to look for evidence of mor-
phological processing in L2 learners of Arabic by examining root priming. Given
that this study represents a partial replication, the materials were created based on
Bouldelaa and Marslen-Wilson (2000), the original study.

Participants

Forty-eight L2 learners and 29 native speaker participants were recruited from
Arabic language programs and Arab student associations at the University of
Maryland and other American universities (including Georgetown University,
American University, the University of Texas at Austin, Penn State University and
Brigham Young University), by posting flyers on campuses and emailing student
listservs. A short questionnaire was given to volunteering participants to deter-
mine that they were either (a) native-speakers who were born in and had lived
in Arabic-speaking countries for at least the first 10 years of their lives, or (b) L2
learners of Arabic who had studied Arabic for at least two years, and had not been
exposed to the language before high school. Twelve L2 participants and one L1
participant were excluded from the analysis due to task performance issues. The
majority of the excluded L2 participants were excluded due to low task accuracy
(see below for criteria). The only excluded L1 participant likewise failed to meet
the task accuracy cutoff, but this individual turned out to have misunderstood
the experimental task (this was confirmed via post-experiment correspondence
with the individual). A total of 36 L2 participants and 28 L1 participants were,
therefore, included in the analysis.



30

Suzanne Freynik, Kira Gor and Polly O’'Rourke

The L2 learners were adults between the ages of 19 and 38 (Mean = 25.4) who
had between 2.5 and 7 years of formal Arabic study (Mean = 3.8) and had spent
between 0 and 2.5 years (Mean = 1.4) living in an Arabic-speaking country. The
native speakers were adults between the ages of 19 and 44 (Mean = 29.5) who came
from various countries: Egypt (n = 9), Iraq (n = 5), Saudi Arabia (n = 5), Jordan
(n =3), Lebanon (n = 3), Syria (n = 2), Oman (n = 1).

Materials

In the experimental stimuli, the factors root (R) and semantic relatedness (S) were
manipulated creating four conditions with respect to the relationship between
primes and targets: shared root with semantic relatedness (+R+S), shared root with-
out semantic relatedness (+R-S), different roots with semantic relatedness (—R+S)
and different roots without semantic relatedness (—R—S). The design, therefore,
allowed the exploration of priming between words that share roots, regardless of
semantic relationship (+R+S, +R-S), and the comparison of priming between se-
mantically related words which do and do not share a common root (+R+S, —R+S).

Prime words were classified into semantically related [+S] or unrelated [-S]
conditions based on native speaker ratings; all [+S] primes were judged by 5 native
Arabic speakers to have an average semantic association of 7 or higher, on a 9 point
scale, with their respective targets. All [-S] primes were judged to have an average
semantic association of 3 or lower with their targets, on the same scale.

Furthermore, a fifth condition was included with primes that were phono-
logically related to the targets in the absence of morphological or semantic rela-
tionship, in order to ascertain that the priming between words that share roots is
morphological and not phonological. The phonological control condition adhered
to the same criterion used by Boudelaa and Marslen-Wilson (2000): that the pho-
nological control word have, at minimum, two consonants in common with the
target word. There is some disagreement in the literature regarding the stand-
ards for measuring phonological relatedness in Semitic languages, and given that
the current study is an adaptation of the study by Boudelaa and Marslen-Wilson
(2000), we applied the same approach to calculating phonological overlap when
we developed additional items to add to theirs. This matter is addressed in greater
detail in the discussion section below. 70 quintuplets were created such that every
target word was paired with the five different types of primes (see Table 1). A full
list of stimuli, with their English translations and IPA transliterations can be found
in Appendix 1.
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Table 1. Sample stimuli

Prime conditions Target
+R+S +R-S -R+S Phon -R-S
I I o3 e el duaz
mudza:mala dzumla wasi:m dsi:l sa:fa dzami:l
flattery sentence handsome generation wristwatch pretty
25 857 o= ol b3 Sz
madszir dzazira lahm dzar naft* dzazzar
slaughterhouse island meat neighbor petrol butcher
Jolze duy Syles Sok i, Jals
mutaba:dal badla tidza:ra badawi: xari:f taba:dul
reciprocal suit trade Bedouin autumn exchange
e L &b RERY doasd 5
mabrid bari:d Balds bidu:n Jaxs'isja ba:rid
refreshing postcard ice without personality cold
ind Cie e e fyye s
dtasf mudfassaf mari:d® fani:f Jurba dfasi:f
weakness doubled sick violent soup weak

Five lists were created such that each target appeared once per list with the prime
condition for each target counterbalanced across lists. Each list contained 14 items
in each condition. The materials of the current study consisted of 45 of the orig-
inal prime-target quintuplets used in Boudelaa & Marslen-Wilson (2000) as well
as 25 additional quintuplets created for this experiment. 70 filler pairs with non-
word targets were also included in order to maintain a 1:1 ratio between word and
nonword targets. The nonwords were created by combining nonexistent triliteral
roots (e.g., b-k-t) with existing word patterns, following the convention used in
Boudelaa & Marslen-Wilson (2000). In order to prevent learners from associating
phonological similarity between prime and target with the target’s lexical status,
42 of the nonword trials were preceded by prime words that shared at least two of
their consonants. The number of nonword trials in which the target and prime were
phonologically related matched that of the experimental stimuli.
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Vocabulary post-test

Following the lexical decision task (LDT), L2 participants completed a vocabulary
test during which they were given a list of all the real Arabic words that had ap-
peared in the lexical decision task, and asked to write an English translation of each.
Their performance on this vocabulary test was used to filter the lexical decision
items for analysis; if a participant could not translate both words in a prime-target
pair, that item was excluded from analysis.

Procedure

After signing a consent form and completing a language history questionnaire, par-
ticipants performed the experimental tasks. Stimuli were presented via the DMDX
software package (Forster & Forster, 2003). Participants completed the tasks either
by way of a local or a remote procedure. Participants at the University of Maryland
met with the primary investigator on campus and completed the experimental
tasks using the investigator’s laptop computer. Participants from other universities
were invited to participate remotely by way of the DMDX remote testing capability.

At the beginning of each trial, a fixation cross appeared in the center of the
screen. After 200ms, the *.wav file of the auditory prime word was played over
headphones, during which time the fixation cross remained on the screen. At the
offset of the prime word, the fixation cross was replaced by the written target word
in a 30-point traditional Arabic font, on which participants had to make a lexical
decision. Participants responded by pressing the Right or Left Control Key on the
keyboard (Right for a word, left for a non-word). The target stayed on the comput-
er monitor for 1000 ms. After the first 1000 ms, the target word would disappear,
leaving a blank screen. If no response was given, the trial would time-out after
5000 ms, and a new fixation cross would appear. Reaction times were measured
from the onset of the target word. Prior to presentation of the experimental items,
participants were given 15 practice trials to get accustomed to the timing and re-
sponse keys. After the cross-modal priming task, L2 participants were instructed
to complete the vocabulary test. The overall duration of the experimental session
was between 60 and 90 minutes. All participants were compensated for their time.
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Analysis

Repeated measures ANOVAs were run with Root (shared, not shared) and Semantic
Relatedness (related, not related) as within-subjects factors, and Language Group
(native, non-native) as the between-subjects factor. To test for effects of Shared Root
compared to phonological similarity, a repeated measures ANOVA was run with
Priming Condition (shared root; phonological relatedness) as the within-subjects
factor and Language Group as the between-subjects factor. Planned, separate
ANOVAs were also run for the two language groups (native and non-native) for
both analyses described above. In addition, ANOVAs were also run on the L2 data
with Proficiency Level (high, low) as a between-subjects factor.

Participants whose accuracy on the lexical decision task fell below 70% were
excluded from further analysis. This lead to the exclusion of one L1 participant and
12 L2 participants. Outliers (RTs + 2.5 standard deviations from a subject’s mean)
were removed from the data analysis.

Furthermore, only those L2 data points for which the L2 participant knew both
the target and the prime word (as determined by the vocabulary test) were retained.
This resulted in the mean loss of 26% of data for each L2 participant. L2 partici-
pants were divided into high and low proficiency groups, via median split, based on
their performance on the vocabulary survey. The maximum possible score on the
vocabulary test was 140. The grand average score for the vocabulary test was 103.7
and the median was 102. After the split, the High Vocabulary group had a mean
score of 119.4 (n = 22) and the Low Vocabulary group’s mean was 85.2 (n = 14).

Results

Table 2 shows the means and standard deviations for response time (RT) by con-
dition for each language group.

Table 2. RT means and standard deviations by language group and condition

Language group Mean RT (S.D.)
-R-S +R+S +R-S -R+S Phonological
L1 776 (175) 718 (144) 727 (145) 740 (162) 776 (190)
L2 1205 (442) 1072 (342) 1099 (386) 1130 (358) 1231 (526)
High Vocabulary 1058 (267) 949 (252) 1002 (262) 1024 (400) 1036 (262)
Low Vocabulary 1465 (570) 1291 (378) 1269 (509) 1316 (463) 1576 (693)
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Figures 1 and 2 depict priming (i.e., difference from baseline RT) by condition for
the L1 and L2 language groups, respectively.
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Root vs. semantic priming

The ANOVA examining root versus semantic priming in native and non-native
speakers showed a significant main effect for Language Group (FI(1, 62) = 30.7,
p<.001, 7,7 =.33; F2(1,265) = 478.5, p < .001, 77,” = .644) such that reaction times
for non-native speakers were longer. There was also a significant effect of Shared
Root (FI(1, 62) = 12.9, p < .005, 1,7 = .17; F2(1,265) = 8.13, p < .01, 17,7 = .03)
and a significant effect of Semantic Relatedness in the by-subjects analysis only
(F1(1,62) =4.48, p < .05, 11p2 =.07; F2(1,265) = .003, p > .9). The lack of interac-
tion between the two within-subjects factors indicates that root priming obtained
in the absence of a semantic relationship. Also, these effects did not interact with
Language Group, indicating that both native and non-native speakers showed
root priming to a similar degree. Planned, separate analyses of native and non-
native speakers indicated that native speakers showed main effects of Shared
Root (F1(1,27) =10.1, p < 01, 1,7 = 27; F2(1,276) = 8.34, p < .01, 5,7 = .029) and
Semantic Relatedness in the by-subjects analysis only (FI1(1,27) = 7.22, p < .05,
11P2 =.21; F2(1,276) = 2.10, p > .1), while non-native speakers showed a main ef-
fect of Shared Root (FI(1,35) = 8.86, p < .01, ’7172 =.20; F2(1,265) = 5.35, p < .05,
r1p2 =.02) but no significant effect of Semantic Relatedness (ps > .10). Figure 1
represents the mean RTs for the Shared Root (+R+S and +R-S) and morpholog-
ically related conditions (-R +S and —R-S) for native and non-native speakers.
When Vocabulary Level was included as a factor in the non-native speakers, there
was a significant effect of Vocabulary Level (FI1(1, 34) = 9.37, p < .005, qu =.22;
F2(1,135) =79.4,p <.001, % p2 =.37), such that low proficiency speakers had longer
reaction times. There was also a significant effect of Shared Root but in the by-sub-
jects analysis only (FI1(1, 34) = 9.35, p < 0.005, WPZ =.22; F2(1,135) =2.12, p > .1).
The effect of Semantic Relatedness did not reach significance (p > .10), nor were
there any interactions with Shared Root, Semantic Relatedness or proficiency group.

Root priming vs. phonological priming

The ANOVA comparing root to phonological priming in the two language groups
showed a significant effect of Language Group (FI(1,62) = 24.5, p <.001, 17P2 =.28;
F2(1,126) = 176.9,p < .001, pz =.584), and an effect of Condition in the by-subjects
analysis only (FI(1, 62) = 5.57, p < .05, 11p2 =.08; F2(1,126) = .991, p > .3) with no
significant interactions. Word pairs that shared a root elicited faster reaction times
than those that were phonologically related in both native and non-native speak-
ers. When native and non-native speakers were analyzed separately, the native
speakers showed a main effect of Condition (FI(1,27) = 6.63, p < .05, ’7p2 =.20;
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F2(1,138) = 6.24, p < .05, 11P2 =.043) while the effect in the non-native speakers
was significant in the by-subjects analysis only (F1(1,35) = 3.99, p = .05, 17P2 =.10;
F2(1,126) = .505, p > .4). The analysis of high versus low proficiency non-native
speakers showed a significant effect of Vocabulary Level (F1(1, 34) = 9.73, p < 0.005,
n,? = .22; F2(1,57) = 18.6, p < .001, 11,7 = .246), as well as Condition in the by-sub-
jects analysis only (FI(1, 34) = 6.67, p < .05, ’7172 =.16; F2(1,57) =.007, p > .9).
There was also a significant interaction of Condition and Vocabulary Level in the
by-subjects analysis only (F1(1,34) = 4.28, p < .05, 77p2 =.11; F2(1,57) =0, p > .9)
suggesting that priming was greater in the low vocabulary participants but simple
comparisons revealed no significant effects. In sum, both high and low proficiency
L2 participants showed faster reaction times in the shared root condition than in
the phonological relatedness condition.

Discussion

The results of the current study provide evidence that both native and non-native
speakers of Arabic show morphological priming. The priming in word pairs with
shared roots is not modulated by semantic transparency or proficiency level, and
does not appear to reflect mere phonological overlap.

A caveat is in order here, because researchers differ regarding standards for
measuring phonological overlap in Semitic languages. In the current study, we
adopted the standard of Boudelaa and Marslen-Wilson (2000) that the phonological
control word have, at minimum, two consonants in common with the target word,
in order to make direct comparisons between their findings for native speakers of
Arabic and ours for non-native speakers. In contrast, research in Hebrew conducted
by Ram Frost and colleagues, measures phonological overlap in terms of the strict
count of phonemes that primes and targets share in common (e.g., Frost, Deutsch,
Gilboa, Tannenbaum & Marslen-Wilson, 2000). According to this criterion (where-
in all phonemes in common, including long and short vowels were included in the
counts), the current study’s phonological control condition has a mean overlap of
3.74 phonemes (standard deviation 0.81), while the +R—S condition has a mean
overlap of 4.41 phonemes (standard deviation = 1.11),

As a paired samples t-test revealed this difference to be statistically signifi-
cant (#(69) = —4.09, p < 0.001), a subset of 50 items from the current study was
selected to adhere to Frost and colleagues’ stricter standard. In this subset, the
phonological overlap measured between the target-prime pair in the phonologi-
cal condition, and the corresponding target-prime pair in the baseline condition
never differed by more than one phoneme (that is, 16 pairs were perfectly pho-
nologically balanced between the phonological and baseline condition, and 34
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pairs had a one-phoneme discrepancy). Further, no phonological control primes
in the subset analysis involved transposed variants of the target’s root letters.? In
this subset, the phonological control condition has a mean overlap of 4.06 pho-
nemes (standard deviation = 1.11), while the +R—S condition has a mean overlap
of 4.26 phonemes (standard deviation = 0.83); this difference is not significant
(£(49) = -1.02, p = 0.31).

Under this stricter criterion, the phonological condition still showed no prim-
ing relative to the unrelated baseline condition in either the native (phonologi-
cal mean = 756.20 ms, standard deviation = 154.14, baseline mean = 777.54 ms,
standard deviation = 174.60 ms, #(27) = 1.37, p = 0.18), or the non-native
groups (phonological mean = 1189.95 ms, standard deviation = 528.58, baseline
mean = 1182.87 ms, standard deviation = 442.76, #(35) = —.07, p = 0.48).

The issue of an appropriate phonological control condition in Arabic, never-
theless, remains a thorny one. It is not possible to create controls that include the
same three root consonants in the same order, as that would become a shared root
condition. Transposing root letters, so the prime and target share the same three
root consonants but in a different order is not a viable alternative as it has been
established that the transposed letter priming effect found in European languages
(Perea, et al., 2003) does not obtain in Semitic languages (Perea, et al., 2010; Velan &
Frost, 2009). The structure of the templates can constrain opportunities to achieve
greater degrees of phonological overlap. While we did our best to adhere to the
established standards in the field, we acknowledge this potential weakness in our
study and the examination of morphological priming in Semitic languages in gen-
eral. Given the complexity of the issue, we cannot rule out a potential influence of
phonological similarity on the priming effects. Nevertheless, our study failed to
find empirical support for such effects.

While it not possible to completely dismiss the role of phonology, the evidence
nevertheless points to the root priming found in our study being morphological
in nature. Both our primary and post-hoc analyses support the conclusion that
morphology is driving the root priming effects. Furthermore, effects of phono-
logical overlap are typically inhibitory in nature, especially when the overlap is
initial (Slowiaczek & Hamburger, 1992; Hamburger & Slowiaczek, 1996). It is also
important to note that Bouldelaa and Marslen-Wilson (2004) found root priming
in context of root allomorphy, which means a reduction in phonological overlap
between prime and target. The persistence of root priming in that condition pro-
vides additional support for the morphological nature of these effects.

2. See the discussion of Perea, Abu Mallouh, and Carreiras’s (2010) findings regarding trans-
posed letter priming in Semitic languages, in the section above on L1 Processing of Arabic
derivational morphology.
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In sum, our findings for native speakers are consistent with those of Boudelaa
and Marslen-Wilson (2000; 2004; 2005; 2011; 2013) for Arabic, which in turn are
part of a growing body of evidence of morphological processing during lexical
access among native speakers of other Semitic languages as well, including Hebrew
(Bentin & Frost, 1994; Deutsch & Frost, 2003; Feldman, Frost & Pnini, 1995) and
Maltese (Ussishkin, Dawson, Wedel & Schluter, 2015).

The fact that the non-native speakers in the current study exhibited morpho-
logical priming regardless of semantic relationship, while native speakers showed
semantic sensitivity in the related root condition, strengthens the conclusion that
nonnative facilitation is purely morphological. Importantly, as seen in Figure 2, the
nonnative priming pattern is trending in the same direction as that of native speak-
ers; however, the nonnative semantic priming effect does not reach significance.
Taken together, these results provide evidence that non-native speakers of Arabic
perform morphological (de)composition in a similar manner to native speakers,
though they differ in semantic processing ability. This suggests that non-native
speakers are able to organize their L2 lexicons according to the same principles as
native Arabic speakers, even though these principles differ significantly and qual-
itatively from the ones by which their L1 lexicons are organized.

As previously discussed, much of the body of literature on L2 morpholog-
ical processing identifies ways in which L2 learners” access to and command of
morphological information is deficient. The results of the current study show that
morphological (de)composition is not the source of these deficits. The fact that L2
learners of Arabic benefit from morphological overlap between prime and target
words when those shared morphemes are discontinuous and when their semantic
contribution is opaque suggests that these learners can, if nothing else, isolate the
roots of Arabic content words from those words’ patterns, and use the root infor-
mation to aid in accessing the appropriate lexical entry.

While the finding of decomposition of derived forms by non-native speakers
in the current study is consistent with Clahsen and colleagues’ findings supporting
non-native decomposition of derivational morphology (Kirkici and Clahsen, 2013;
Silva & Clahsen, 2008), the same theoretical account cannot be easily applied to
Semitic morphology. Silva & Clahsen (2008) note that derived forms constitute
lexical entries (stored in declarative memory) and can be the input to inflectional
processes or additional derivational processes, for which their internal morpholog-
ical structure is relevant. Derived forms, they posit, constitute combinatorial lexical
entries containing morphological information which is available for retrieval in
declarative memory (in contrast to inflected forms). If every derived form has its
own combinatorial entry which subsumes its sublexical structure (e.g., stem and
affixes), it stands to reason that accessing that entry would prime a learner to access
that same stem again, and, crucially, this is what most of the studies in our summary
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of research on L2 derivational morphological processing were testing: RTs to a stem
target, following a prime that was a derived form that included that same stem.
Combinatorial entries that come with morphological structure packaged inside
them are less helpful in explaining priming that spreads from one derived form to
another derived form, when neither form completely subsumes the other. In Arabic,
of course, virtually all content words are derived from the interleaving of roots and
patterns and priming between derived forms is what the current study demon-
strates. As a single combinatorial entry would not contain both derived forms, it
could not account for the activation spreading from one to the other. Rather, in the
critical conditions of the current study, learners are isolating the discontinuous root
morpheme as the first step of retrieving the prime word; this leaves them primed
to retrieve another word derived from the same root morpheme. Furthermore,
Silva and Clahsen’s (2008) combinatorial entries account depends heavily on the
distinction between derivational and inflectional morphology; however, there is
evidence (Voga & Giraudo, 2014) of decomposition of both types by non-native
speakers. We conclude that the combinatorial entries account is not a viable model
of L2 derivational processing of Semitic languages such as Arabic.

If non-native speakers can decompose both derivational and inflectional mor-
phology, a more general approach for their deficits is warranted. One such approach
based in processing difficulty provides a different perspective on the current results.
McDonald (2006) argues that there is substantial overlap in the grammatical knowl-
edge of native and non-native speakers. The implementation of this knowledge is
impaired in non-native speakers due to the increased working memory demands
associated with L2 processing. This conclusion is based on her findings that working
memory capacity is substantially reduced during L2 processing compared to L1.
Furthermore, native speakers show similar morphosyntactic deficits to non-natives
when working memory resources are limited via high processing load, stress or
time pressure (McDonald, 2006). The deficiencies exhibited by non-native speak-
ers are due not to lack of grammatical knowledge but to the increased demands
on attention and working memory resources associated with processing in the
second language, which makes the application of grammatical knowledge difficult
(McDonald, 2006). In the current study, we observed a main effect of group, such
that non-native speakers were always slower than native speakers, which provides
some support for the processing account. Importantly, though non-native speakers
showed significant root priming effects, the effect sizes were smaller in non-na-
tives compared to natives (1 p2 =.20and z p2 = .27, respectively). This suggests that
while non-native speakers were able to make use of morphological information
(i.e., grammatical knowledge) in a manner similar to native speakers, they did
it to a slightly lesser degree than native speakers. Whether this was due to the
general processing constraints, problems with the application of morphological
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knowledge in the second language or both remains an open question. Crucially, it
should be noted that McDonald’s account could be combined with other theoretical
accounts. Thus, non-native-like behavior on the part of a second language learner
could arise in addition to non-native-like mental representations, and this would
hold true whether those representations were phonological (Ratcliffe, 1997; 2004;
Ussishkin, 2000; 2003; 2005) or morphological (Boudelaa & Marslen-Wilson, 2000;
2001; 2004; 2005; 2011; Frost et al., 2000; Perea et al., 2010; Prunet et al., 2000).

Indeed, Gor and Cook (2010) and Gor and Jackson (2013) found evidence of
morphological decomposition in non-native processing of Russian inflection. At
the same time, they concluded that non-native ability to perform decomposition
was not always efficient (the deficits were especially evident in the face of morpho-
logical complexity). Accordingly, they also cited the reduced or inefficient decom-
position abilities as the key problem in L2 processing of inflectional morphology.

Lastly, one major difference between non-native and native speakers in the
current study is the former’s lack of significant semantic priming effects. Previous
research has shown that morphological structure becomes available before seman-
tic information (Boudelaa & Marslen-Wilson, 2005; Longtin, Segui & Hallé, 2003;
Rastle, Davis, Tyler & Marslen-Wilson, 2000). A recent neurolinguistic study sup-
ports the form-then-meaning characterization of visual word processing (Rastle,
Lavric, Elchlepp & Crepaldi, 2015). It is possible that, given that non-native speak-
ers are slower to process their second language, the later semantic effects were
obfuscated by the processes relating to morphological (de)composition and/or task
demands. It is also possible that this reduced sensitivity reflects the relatively weak
connections between L2 words and concepts (Jiang, 2000; Kroll & Stewart, 1994),
or weak form-meaning mappings in the L2 (Cook & Gor, 2015). Jiang (2000) ar-
gues that, for the most part, the lexical representations of L2 learners bear little
morphological specifications, and have very weak links to concepts. Our results
do not support this model entirely, because they demonstrate robust morpholog-
ical specification. At the same time, the lack of significant semantic priming is in
conformity with Jiang’s (2000) claim regarding weak connections to conceptual
representations as a contributor to the reduced proficiency of non-native speakers.

In conclusion, this study offers evidence that non-native speakers of Arabic
who are native speakers of English are able to assimilate the discontinuous, tem-
platic morphological system of Arabic and exhibit native-like processing of derived
words. The results of the current study indicate that triliteral word roots are inde-
pendent at some level of representation in non-native speakers and, therefore, that
their Arabic lexicons are organized in a manner similar to native speakers. Further
research will examine word pattern priming in non-native speakers, the impact
of allomorphy on (de)composition in non-native speakers and how non-native
speakers process the inflectional morphology of Arabic.
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