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Effects of statistical learning on the acquisitiorof grammatical categories through
Qur'anic memorization: A natural experiment

1. Introduction

A child’s acquisition of grammatical categoriesheir native language is usually
guaranteed in the presence of consistent, im@liaitor passive exposure to language in
the environment. This process is phenomenal lisggamportant questions about the
mechanisms that support acquisition. For exangxactly how does a child learn that a
certain vocabulary word is a noun, and cannot Ibgugated and used as a verb, when he
is not being instructed this information? Receuat®s have investigated the precise
processes through which syntax and grammaticafjodes are implicitly found and
learned during first language acquisition, and thaye concluded in two main theories
(Thompson & Newport, 2007).

The first centers on the importance of semanti¢gheéracquisition of grammar,
and emphasizes the fact that a referent is needexdier to categorize a word (e.g.,
Pinker, 1984). For example, a child learns themmggs of objects likeat, bike and
train, and concludes that they all belong to the saramgratical category (i.e., nouns)
since they behave similarly. She might then atéerithat words of action likeun, cry,
andeatbelong to the same category (i.e., verbs). Tiosgss is often called “semantic
bootstrapping” (Pinker, 1984). A second accouosited by Saffran, Newport, and
colleagues (1997), is the idea that knowledge afngmatical categories is learned
statistically (Mintz, Newport, & Bever, 2002) andgaired from distributional cues
known as transitional probabilities (Saffran, AséhNewport, 1996). In other words,

grammar is deduced using probability to predictdbeurrence of certain words within



the same phrase. Infants and adults are sengitihese probabilities, which provide
insight into frequencies of occurrence for words iphrase, and tell us that words that
often co-occur will probably comprise the same para

Distributional analyses have most often been studseng artificial grammar
learning (AGL) tasks, which began in the 1960s.(d&rgber, 1967). In AGL tasks,
participants are asked to listen to a fluent strefanguage (e.g., nonsense words, letter
streams) that was carefully constructed accoraregget of artificial grammar rules.
They are then presented with new strings of languangl are asked whether or not the
new strings follow the rules of the first languagéhese studies established the
importance of phrase structure in the acquisitibsyatax, as well as cues relevant to
phrase structure, such as within-phrase indicd&ogs, statistical properties), prosody,
and function words (Thompson & Newport, 2007). Jdetudies have also increased our
knowledge of other aspects of language acquisitioaoh as how children identify word
boundaries in a stream of speech (Mintz, NewpomBe&er, 2002), word boundaries
with respect to lexical acquisition (Christope, Dug, Bertoncini & Mehler, 1994), and
phonological representations (Maye & Gerken, 2001).

Although the studies on statistical properties @agning thus far are promising,
they come with several limitations that feed a distect between language acquisition in
the real world and in the laboratory. The cursgnty intends to explore a naturalistic
test case of statistical learning, by asking: Atelascent and young adult non-Arabic
speakers, who memorize the Qur’an, able to abstmadtic grammatical category

knowledge via transitional probabilities? Memorgef the Qur’an first learn to read



Arabic and recitethe text, and then review memorized sections eetylall over

several yeafs Thus, they are constantly receiving statisticelsc Furthermore, many
memorizers, particularly those who are not of Adalscent, are not exposed to the Arabic
language outside of the Qur’an, and thus are rm@tivang explicit semantic cues.

Answers to this question could help acceleratendng children, and even adults, acquire
language.

In the remainder of the Introduction, we will disstsimilar phenomena in other
populations and investigate how children acquieegtammatical categories of their first
language through statistical learning and artifi@aguage learning paradigms. Then,
we will consider some advantages and limitationgref/iously conducted language-
learning methods. Finally, we will address how ‘@uic memorizers provide an
interesting test case for examining naturalistiec$ of statistical learning.

1.1 Child Acquisition of Grammatical Categories

It is well-known that knowledge of grammatical @iges is essential to the
language acquisition process (Robins, 1952; Genti®982; Tomasello, Akthar, Dodson,
& Rekau, 1997). However, precisely how grammatoeaégories are deduced remains
unknown. Although students learn rules and pattevinile receiving classroom
instruction for second language acquisition, cleitdacquiring their first language are not
explicitly instructed on which words belong to seme grammatical category. This
study examines how language learners use staltigtimaerties within their ambient input

to acquire knowledge of grammatical categories.

!|.e., using the rules of Qur'anic recitatidajveed
2 Often, their exposure to the new language inceeadth greater, non-secular devotion to the
Qur'an.



1.1.1 Statistical Language Learning and ArtificialLanguages

As mentioned previously, there are two main idegsurding the mechanism
through which children find grammatical categorgsmmantic cues versus distributional
(statistical) cues. One possibility is that a@meeds to have an approximate meaning of
a word to place it in a syntactic category. Shg hear words her mother uses at home
(e.g, blanket, cup, bogkassociate them with physical objects, and tretarchine that
since they act similarly linguistically, they mums from the same grammatical category
(i.e., nouns). She will then do this with an unted amount of words in her
environment, and will be able to categorize theanekample, as actions (i.e., verbs),
objects, people, places, or animals (i.e., nowr}haracteristics (i.e., adjectives), as
long as she continues to receive clues to theinmga (Gentner, 1982).

A second possibility is that she subconsciouslyyanea cues called transitional
probabilities that indicate which words are frora #ame category, and thus which words
are likely to appear together in a phrase. Fomgte, she may healét’'s go” and
“come here,”which may or may not be paired with a gesture,r@adon that if she hears
the first word in the phrase (i.¢et’s or comg, the second word will likely follow and
she needs to prepare to follow a command. Infaane been found to use transitional
probability to accomplish passive learning andedtéhtiate words from parts of words
(Aslin, Saffran, & Newport, 1998). Specificallyansitional probability is the
calculations made by listeners to predict what wad syllables will follow others in a
stream of speech (Kuhl, 2004). It is also defiaeda conditional probability statistic
that measures the predictiveness of adjacent elsingn 4) and is expressed by the

following equation (Thompson & Newport, 2007):



- frequency of XY
Probability of Y|[X=——m 2
frequency of X

The probability of a target word (Y) given its pegling word (X) can be calculated as the
chance of the frequency of a phrase containingd&Yadivided by the frequency of X
occurring alone. High transitional probabilitiesd., 1.0) are cases where Y is always
preceded by X. Low transitional probabilities (g@) are cases where Y is never
preceded by X. Studies have revealed that adtiiisnipson & Newport, 2007), young
children (Mintz, Newport, & Bever, 2002), and infarfAslin, Saffran, & Newport, 1998)
all calculate transitional probabilities, and utaistics from those calculations to
combine “adjacent syllables into word-like unitdlgwport & Aslin, 2004, p. 127).

Learners’ use of statistical learning has beeniapgpb several studies of artificial
grammar learning, or AGL. These studies invole ghesentation of a unique, lab-
created language made of nonsense words (e.g,, “kok,” “jes” in Thompson &
Newport’s study; 2007) to participants, who hawduded infants, adults, and non-
human primates (Hauser, Newport, and Aslin, 20@3ticipants observe a legal
training sequence and then use what they potgnltedined to judge novel sequences as
being legal or illegal. Reber (1967) originallyled this ability to judge legality an
implicit behavior because participants are oftehaibe to explicitly specify what makes
a legal sequence different from an illegal one.

Statistical learning and artificial language stgdi@ grammatical categories
began with the analysis of word segmentation andlwoundaries, and these studies
further developed the statistical analysis cone@ptpreceded the identification of
transitional probabilities. After a long periodrohg which studies predominantly

observed adults (Esper, 1925; Reber, 1967), infaate shown to have an incredible



ability to employ statistical analysis for the pospgs of grammar learning (Saffran, Aslin,
& Newport, 1996). Saffran, Aslin, and Newport egpd eight-month-olds to a
continuous stream of four tri-syllabic nonsensedsdor 2 minutes, in which the only
word boundary cues were “transitional probabilibesween syllable pairs, which were
higher within words...than between words” (p. 1927)hey then presented repetitions
of one tri-syllabic word heard previously and ohattused the same syllables but in a
different order, and found that the infants lis@tenger to the novel nonsense words.
Thus, they were able to parse words from fluenespdased on statistical relationships
in phonological neighborhoods with certain speemimsls occurring next to others.
Saffran and colleagues (1997) then extended thedi@ds to adults and first-grade
children and found that they were equally ableasspvely learn some aspects of
language (i.e., word segmentation from a continwstkesam, basic word order) just by
hearing the language. In addition, statisticalriem®y abilities do not just operate with
presentations of linguistic stimuli. Saffran amdleagues (1999) replaced each of the 11
nonsense word syllables from a previous study,(bupada) with a distinct musical note
(e.g., DFE) to make tone sequences, and presdreged tones in a stream. They found
that adults and 8-month-old infants segmented naatis streams of these non-linguistic
tones as well as they could nonsense word streams.

Most applicable to this study is that transitiopadbabilities and statistical
learning have greatly aided the study of grammamiag. After being exposed to one
training grammar for less than two minutes, 12-rheasitl infants preferred new
grammatical strings containing units that occuirethe training grammar over

ungrammatical strings (Gomez & Gerken, 2000). Birly, Marcus and colleagues



(1999) exposed seven-month-olds to three minutep@éch that followed an ABA or
ABB word pattern, and found they were able to dimstrate between two test languages
using the same patterns despite vocabulary dift@®nin addition, Mintz (2003)
emphasized the importance of word placement wahphrase in grammatical category
acquisition, stating that infants and adults amescmus of the words immediately before
and after a target word, and these “frames” helpta@ssign a grammatical category to
the target word in the middle.

Finally, Thompson and Newport (2007) found thatshme statistical analyses
used with word segmentation studies could appphi@se structure learning through the
transitional probabilities of word classes in a iatiare artificial language. They
presented a brief recording of a simple trainimglaage to undergraduate student
participants, and then had them complete a sentaskeahat presented control
grammatical sentences and similar but ungrammadeaiences, and a phrase task that
presented novel grammatical and ungrammatical wonabinations. Using the results
from these tasks, the authors confirmed that ieiotol understand a miniature artificial
grammar, participants must first learn about iteaphs’ components and structure. They
also found that over four experiments, their unciatgate adult participants exhibited
better learning of syntactic properties (e.g., @i phrases, moved phrases) after
listening to complex but highly rule-governed amasistent samples of artificial
language that incorporated all four target syntgqutoperties, than when they listened to
a language addressing only one syntactic prop@&eggter learning occurred when

participants were presented with a more compleguage. This suggests that adults,



young children, and infants should be able to aequord classes through these analyses
of distributional cues.
1.2 Limitations of Previous Work and Advantages othe Present Study

There are, however, several limitations to the evag that has been published on
grammatical category learning thus far. The laggsaised in statistical learning studies
are artificial and very simple, in order to feagibke acquired in the lab, and they do not
always include the intricacies or validity of rémhguage. Thompson and Newport’s
(2007) language, for instance, had a simple stracand its sole sentence type
(ABCDEF) was made of six word class units (e.gumawerb), each comprised of only
three words. Another acquisition language involped 10 grammatical strings made of
five reoccurring units (Gomez & Gerken, 1999).atidition, the learning contexts are
very brief, as participants in these studies auallys presented with a constant stream of
speech for only a few minutes, or no more thanadays. For example, Saffran, Aslin,
and Newport (1996) and Gomez and Gerken (1999) iratbented their languages for
about 2 minutes, while Saffran and colleagues (199&d a 21-minute sample.
Thompson & Newport (2007) exposed their participantan artificial language over 5
days. These short lengths of exposure for inlaining are not likely to produce lasting
effects in terms of language acquisition, and anaatanguage certainly cannot be
acquired in such a short time frame. Finally,@iigh participants in AGL studies have
included infants (Saffran, Aslin, & Newport, 1998pmez & Gerken, 1999), they have
been conducted on adults for several more dec&dpe(, 1925; Reber, 1967; Mintz,
2003; Thompson & Newport, 2007). Studies havemaistigated adolescents in higher

grade levels (i.e., in the middle school and higfos| range).



These limitations all feed a discrepancy betweahwerld child language
acquisition and laboratory findings. The currdntly aims to minimize this gap by
pairing a naturalistic test case of statisticaineay with the lab-feasible stimuli and
methods that have been used thus far. This cachieved by focusing the study on a
real language that is exposed to learners overdhese of several years, or at least
several months, outside of the lab and by involyaagicipants who were children when
they started exposure to the aforementioned ragulage. This combination is precisely
what we find with non-Arabic speaking students wiemorize and study the Qur’an, the
primary religious text of Islam. These studentspvare predominantly adolescents, are
exposed to an unfamiliar language’s (i.e., Clas#cabic’s) grammatical categories
indirectly over the course of several years, thiotige constant recitation and
memorization of Qur'anic written tektusually without simultaneous language
instructiorf. Thus they are receiving an abundance of digttbal cues from repetitive
exposure to the text, but have limited semanticatates with which to acquire
grammatical categories and rules of Arabic syntax.

Thus, the aim of this study is to ask: Are adolase®d young adult non-Arabic
speakers, who memorize the Qur’an, able to abstnadtic grammatical category
knowledge that is comparable to that of studeimiggArabic language classes? If
semantic cues are all that is required to findlaath grammatical categories of a

language, then the memorizers of the Qur'an arexpected to abstract knowledge of

% Students typically graduate to Qur'anic memorimainly once they have mastered how to read
and recite the text.

* Often, non-Arabic speaking parents of young chitddo not prioritize the ability to understand
the Qur’an, as they do the ability to read and nréraat.

® From exposure to Islamic culture, e.g., “Allah’d@, “Muhammad” (the last Prophet), which
appear in the Quran



Arabic grammatical categories over the years tipeyd studying the text. However, if
distributional (statistical) cues are sufficient fpammar learning, and probabilities
inform the speaker that certain words belong insie category, the memorizers will
demonstrate knowledge of Arabic grammatical categorFurthermore, this study
examines whether one aspect of a learner’s backdr(ig., age, proficiency) can
provide an advantage for grammar learning, or evtmnfere with learning.
1.3 Arabic and the Qur’an

Populations who are exposed to the Arabic langeagebe roughly divided into
two groups, those who are not Muslim and those aredviuslim. Non-Muslims
exposed to Arabic are usually familiar with it dncly linguistic terms, either as native
or second language learners, through environmerfaisure or explicit instruction.
They may speak a colloquial dialect (e.g., Egyptlaabanese) and/or Modern Standard
Arabic (MSA), the standard formal version of thedaage used in literature and the
media. However, Arabic plays a much larger rolthmlives of Muslims whether they
are native Arabic speakers or not, due to theagoit and memorization of the Qur’an
and its meaning, which are sacred activities tleadtl the core of Islam. In addition to
reading the text as part of a daily or weekly scihedVuslims memorize passages of the
Qur’an to recite them in daily prayers, and becdamailiar with the text to implement its

teachings into daily lift Muslims usually learn to read and memorize th€dp by one

® This is not a unique phenomenon. Similar popoitican be found with Catholic memorizers
of Latin catechisms and their ambient classroonoswe to Latin, or Jewish students’
memorization of the Torah and their Hebrew classreaperience. Although we did not find
any research conducted on the effect of Torahtech&sm memorization on Hebrew and Latin
language learning, respectively, related instan€ésarning have been found with respect to the
memorization of these religious texts. For examiplalin (2011) discusses the ability of regular
Torah reciters to use statistical learning to preaind differentiate the patterns and intonatidns o
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of two different ways: 1) From parents and teacksdrs do not speak Arabic, thus
simply attaining the phonology, sound-symbol asstomi, and Qur’anic recitation rules
(tajweed of the language, then advancing to memorizaticdh@text, or 2) from
teachers or parents who do speak Modern Standdrdrasolloquial Arabic, either as
second language learners or native speakers, antieafore familiarize themselves
with the meaning of the text as they read and mesmdr Children who fall in the first
category may take Arabic language classes whenaieeglder, to study the Qur'an in
depth and learn about the historical and relig&igsificance of the text they committed
to memory and/or want to commit to memory, in addito learning semantics,
grammar, and how to speak Arabic.

The process of Qur’anic memorization usually beginsarly childhood and
continues well into adulthood, as consistent rewwéwemorized material is encouraged.
Over time, students often gain an understandintgefocabulary they encounter, as well
as the general meaning and historical significaricd least a few passages. However, it
is not clear to what extent students acquire trebrlanguage (i.e., lexically,
syntactically) unless they take language classanoemorization is able to make one
sensitive to grammatical categories.

The acquisition of the Arabic language throughGhe’an is different from the
use of other Arabic texts, such as newspapersassiclal poetry. Most notably, learners
of the Qur'an are usually Muslim, and thus have-secular motivations, intentions, and
incentives to learn the Quran. The incentivepanticular can thus stimulate further

exposure to the language. In addition, readersrardorizers of the Qur'an often

the six unigue cantillation melodies of the Ashkaoaradition, which are each devoted to a
specific context.
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interact with the text daily for extended periodsime, especially if they are in classes
for memorization. Some Qur'an memorizatitifZh) programs, for example, last from 9
am to 3 pm, Monday through Friday. Beginner sttslenArabic, let alone non-
beginner students, rarely dedicate themselvesdo istensive interaction with non-
religious Arabic texts. Finally, many of the memaed verses are recited during the five
daily prayers.

As with the general process of memorization, Quc amemorization varies
among individuals, but usually involves a few keynponents. A student begins by
reading a verse in Arabic, and then repeats itrtsélf aloud several times until he is
able to recite the verse without looking at the.tekhis is done with each subsequent
verse in a pre-determined section, and then théendeztion is repeated until it can be
recited correctly in full. Review of memorized Cur involves the student reciting
passages from memory with the Qur'an nearby, ugaalihe hands of a teacher or peer
who is following along to identify and correct nakes (Gent, 2011). Many students also
review by playing a recording of the Qur'an (G&t@11), which could further aid
learning. As mentioned previously, Saffran andeagues (1997) found that children
and adults can passively learn parts of a langbgdeearing it. Supposedly, even if a
student who is memorizing the Qur’an is not activelviewing previously memorized
portions with the text in front of him, he will Btbe able to passively acquire at least part
of the text by listening to recordings of the A@abkecitation, which are presented as
continuous streams and exist in a diverse abundahsbould thus be noted that
memorization of the Qur’an involves two modalitigpgronology and orthography--which

are both, arguably, equally important.

12



Notably, second language learners have been faubdrtefit from the use of
subtitles or closed-captions in foreign films, d@tbimodal form of exposure involving
both phonology and orthography. Stewart and Peai2804) found slightly higher
vocabulary recognition abilities in their intermatdi-level Spanish conversation students
(ages unknown) who watched a Spanish film with &tadosed-captioning (n=53) than
in those who watched the same film with Englishtislels (n=42). Furthermore, in post-
experimental task surveys, the students in theedkasptioning group expressed that the
extra feedback facilitated their language learnimg,the others did not feel that English
subtitles hindered learning, as these helped trmmmore attention to the Spanish audio
(Steward & Pertusa, 2004). Additionally, from thexperiments on the effects of
phonological or phonological and orthographic inpatimplicit and explicit memory,

Bird and Williams (2002) found that spoken words better processed with both sound
and text. Grammar, however, has been proven mffieutt to acquire through subtitles
in foreign films than vocabulary (Lommel, Laenerd& dewalle, 2006). Lommel and
colleagues did not observe an acquisition of grammias (e.g., present and past tense
verb endings) when they presented participants antksperanto film with Dutch
subtitles and then gave them a post-test.

Considering the above populations, memorizers@fihr’an who are not natie
Arabic speakers often fall into two general catezgr

1) Memorizers without classroom:non-Arabic speakers from non-Arabic

speaking families, reading and memorizing the Quihiaving never taken lessons

of the Arabic language (receiving distributionaéswof Arabic grammar through

memorization but no explicit knowledge or semaaties through class).

"It is assumed that native speakers of Arabic stded the Qur'an as they read and memorize.
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2) Memorizers with classroom:those from non-Arabic speaking families

learning to recite and memorize the Qur’an whilertg Arabic language classes

(i.e., learning to write and speak at a public @mvaie institution, receiving

semantic cues of Arabic grammar from class as agetlistributional cues from

memorization).

In an effort to explore the acquisition of Arabi@gmar in a formal classroom
setting and to see if these same aspects can beextthrough ambient exposure to
Arabic without formal language training, the cutretudy compared the above two
groups with a third and fourth group:

3) Non-memorizers with classroomthose who have no experience with the

Qur’an but are learning Arabic as a second language receiving semantic cues

of Arabic grammar through classroom exposure, budistributional cues

through memorization.

4) Naive listeners (non-memorizers without classren): those who have no

experience with Arabic or the Qur’an, and thus nexeo distributional or

semantic cues of Arabic grammar.

Memorizers without classroom share similaritiethwhe infants and adults in
previously conducted AGL studies. All three grolgesk formal experience with the
target language, and receive distributional cugb@fanguage but not semantic cues.
Memorizers without classroom learn to read the &uffom their guardians or Qur'an-
specific teachers, and practice it on a regulaisbasth no prior knowledge or priming.
Thus, they start afresh, as do infants. Howevemaorizers are critically different from

the AGL participants in that they have been expdasetistributional cues of a natural

14



language for several months or even years, whé&@ sparticipants are familiarized
with an artificial language for a few minutes.
1.4 Arabic Syntax

This section provides a brief introduction to A@byntax as a background for
the current study.

Today, three forms of Arabic exist: Classical AL A; also known as Qur’anic
Arabic, as it is preserved in the Qur'an), Modetardard Arabic (MSA), and various
colloquial dialects (e.g., Egyptian colloquial) (Bviugbil, 2006). This study focuses on
CA and MSA. Syntax in CA and MSA are largely semiand mutually intelligible, as
MSA evolved from CA (Bin Mugbil, 2006). Colloquidialects also follow the same
word order, although in a less governed form. tabAc, each word is made of a three-
consonant (or, rarely, two- or four-consonant) rgedhr) that contains its basic
meaning, and it also takes one of many pattexazrf pl. awzaan;for the singular form,
plural form, verbs, and verbal nouns) that deteentive word’s grammatical category
(Al-Tonsi, Al- Batal, & Brustad, 2004). Long vovee{e.g., alif), and the consonatds
seenmeemandnoonare usually part of the wordigaznas infixes. In verbs, which can
follow one of ten possible patterns, the rgatlr) is usually the %-person past tense
form, and prefixes and/or suffixes determine pédpeech and grammatical mood.

In general, Arabic follows a VSO (verb, subjectjeatt) structure, but this is
variable, since words often contain case endifdgere are two types of sentences in
Arabic, the sentence that begins with a naljunlah alismiya;e.g.,Alwaladun
taweelunThe boy is tall) and the sentence that begins avikerb &ljumlah alfa’liyah;

e.g.,yajlis alwalad fi alkursiThe boy is sitting in the chair) (Al-Tonsi, Al- Bd, &
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Brustad, 2004). The first example shows that didyes in Arabic occur after the nouns
they describe, and they must agree in gender, nyrodee, and state. In addition,
pronouns attach directly to verbs (e.g., objedbraated subject) or nouns (e.g.,
possessive), auxiliary verbs occur before mainyeshd unabbreviated subject pronouns
are usually only used for emphasis in verb sente(eg. Huwa yajlisHe, he is sitting
vs.yajlis-He is sitting).

The current study focuses on the effects of Quc’amemorization on non-Arabic
speakers’ ability to detect the distributional coépast tense verbs attached to
abbreviated subject pronouns and nouns attachgolssessive pronouns. As they are
learned in an introductory class, Arabic has thypes of personal pronouns, subject,
object, and possessive (Al-Tonsi, Al- Batal, & Bags 2004). There is some overlap
across sets, however, there are many that do rsdtiexother languages (e.g., dual forms,
masculine and feminine for both second and thirdq®, and some of them will not be
included in this study (e.g., pronouns in the faha prefix and suffix, rather than one or

the other).

2. Current Study

The purpose of the current study was to exploreetfeet of ambient exposure to
Classical Arabic, in the form of Qur'anic memoripat, on statistical learning and the
acquisition of select Arabic grammatical categorEssessive pronouns, subject
pronouns, nouns, and past-tense verbs. Furtheymer&ranted to investigate how this
ambient exposure compared to formal language dass&rabic. Given this question,

there were two possible hypotheses. One possikibity ambient exposure to Arabic (of
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the kind experienced by our memorizers withoutssiaem group) would provide the
relevant input to extract grammatical categori€se second possibility was ambient
exposure would not be enough, and learning reqaunidgional support through mapping
to semantics (word learning from classroom instancas exhibited by the classroom
groups) and social communication. Finally, we waterested more generally in how
non-linguistic (e.g., current age) and linguiseoy, proficiency level) variables would
facilitate or interfere with statistical learningArabic grammar.
2.1 Participants

The current experiment varied two independent béa& and represented the
cells of a 2x2 between-subjects design (see TgbldHe first factor considered the main
effect of at least one semeétef formal Qur'anic memorizatidrand compared the
abilities of those who memorize the Qur'an, andthaceive distributional cues of
Arabic grammar, with those who do not memorizegaammatical category learning.
The second factor, classroom experience, compheeeftect of at least one semester of
formal Arabic language claSsand the reception of semantic cues from clash, aviack

of classes on the ability to learn grammatical gaties.

8 One semester ~3.5 months; students in an Araais ¢lad been enrolled for at least 4.5 months
at the time of the study (were in their second steng

® Students in Qur'anic memorization classes are radvanced than those in other Qur'anic
study classes, and the pre-requisites to this lefveiudy are the skills required to read and eecit
the Qur’an properly. Those in memorization clagsee thus been studying (i.e., exposed to)
the text for a longer period of time. Thus, papdnts in classes for purely reading and reciting
the Qur'an were not included in this study. ThenT&Qur’anic] memorizers,” used throughout
this study, should be read to assume reading aitdtien, as well as memorization.

19 As pronouns are introduced in the introductorelef Arabic (e.g., at UMD, “ARAB104")
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Table 1. Subject Criteria

Currently in Extent of Currently | Extent of | Type of cues
memorization | memorization | in Arabic | Arabic received
class? experience class? language
class
experience
. 11
M_emorlzers 1+ Distributional,
with Yes 1+ semestersg Yes .
semesters semantic
Classroom
Memorizers
without Yes 1+ semestersg No None Distributional
Classroom
Non-
memorizers 1+ .
) No None Yes Semantic
with semesters
Classroom
Naive
Listeners
No None No None None
(control
group)

Participants were adolescents and young adults Bgjéal 32 years. The wide
age range of participants in this study allowedou®cus on the acquisition of
grammatical categories by adolescents and younigsaglat accounted for the meta-
linguistic processes that are necessary for thematicality judgment task. All

participants were students at the time of the stwith the exception of two participants

! Students in Qur'an memorizatiohifgh) programs attend class for a range of hours, dipgn
on the specific program. In addition, studentgpéme practicing and reviewing what they
have already memorized. A typical full-tihézh student spends a variable amount of time in a
full time program (e.g., four months to over saye Gent, 2011), and memorizes the entire
Qur'an. Students in part-time programs spend darmaounts of time memorizing the entire
Qur'an. The amount of Qur'an memorized in a gigemount of time varies highly according to
devotion to the task, amount of time spent for mazadion, the student’s age, and other factors
(e.g., whether they are studying the translatiahtastorical context concurrently). See Gent,
2011 for an account of a part-time Britisifizh school.

All Qur'anic memorizers were from non-Arabic speakfamilies, and colloquial dialects of
Arabic were not incorporated into this study. éast, a focus remained on Classical Arabic
(Qur'anic Arabic) and Modern Standard Arabic (whishwhat is taught in an Arabic L2
classroom), and participants familiar with Arabier informed that the Arabic Learning Task
related to formal Arabic, not a colloquial dialect.
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who graduated with their Masters degrees withinphst year. Participants were
recruited from the University of Maryland (UMD)'geral campus body, UMD’s
Muslim Students Association, and UMD’s Arabic lange departmetf as well as from
hifzh classes at local Sunday schools and Islamic ce&htéFhere were ten participants in
each of the four conditions, except for memorizeith classroom, which had 13
participants due to questionable formality of Aalainguage or Qur'an memorization
class enrollment for three participants.
2.2 Materials
2.2.1 Arabic Learning Task

The main component of the study was the Arabic hiegrTask. Stimuli for the
familiarization language and grammaticality judgin@sk were recorded in a lab setting
by a female native speaker of Arabic and then pageléd onto a laptop computer and
presented through headphones. Although the wareld for the Arabic Learning Task
were taken from the Qur’an, which is usually rettiteelodically according to a certain
set of rules, the current stimuli were recordedwatss exaggerated prosody in an effort
to minimize any possibly influence of presentattonlanguage learning. Participants
were randomly assigned to a condition that defthedamiliarization language and

grammaticality judgment task versions they woulglesented with. There were two

12Some of these students were in the Arabic Flagdogram, which involves meeting with a
language partner for two hours per week in additioclass.

13 Al-Nur Academy at Prince George’s Muslim Assodat{Lanham, MD), Al-Huda School
(Dar us-Salaam; College Park, MD), Muslim Commu@snter (Silver Spring, MD), and First
Hijrah Masjid (Washington, D.C.)
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possible familiarization languages (version 1 of*2)vhich were assembled from the set
of grammatical categories described below.

Noun and verb classes make for appropriate stibedause they are present in all
languages, and they co-occur (i.e., are adjacezaith other) often, making distributional
cues apparent. Stimuli for the current experinoemisisted of a familiarization language,
as well as a test language presented through angmtioality judgment task designed to
test the participants’ abilities to extract knowgedf grammatical categories. The four
grammatical categories of interest were:

1) Category A: subject pronoun (abbreviated versions)
2) Category B: verb (past tense)

3) Category C: possessive pronoun

4) Category D: noun

These categories were chosen because they appsairothe Qur'an. The verbs
and nouns, and their definitions, used to comghsesentences were low-frequency
words found in the Qur’an via the Qur'an Corpus KBsy 2011), which were separated
from other words in the Qur’anic context for usehis study. Low frequency verbs and
nouns, minor specialized vocabulary, were spedificlected for the Arabic Learning
Task in an effort to ensure that no participanugowere too familiar with their
translations and keep the familiarization phasel@se as possible to natural, first

language learning. Four native speakers of Arabatthree Arabic non-speakers were

% For counterbalancing purposes. Both recordingswatted for all possible grammatical
combinations of the stimuli. Since the grammatigalidgment task had to present both familiar
grammatical phrases (phrases from the familiadnatinguage that also occurred in the Sentence
Task) and novel grammatical phrases (which occuwndgin the Phrase Task), participants who
listened to version 1 of the familiarization langaaeceived phrases from version 2 as their

novel phrases, and vice versa.
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informally asked to translate the verbs and nourise native speakers of Arabic were
able to translate each verb and noun, or proviclese approximation of its meaning
according to the word’s root. The Arabic non-spaksome of whom had been
studying the Qur’an since childhood, did not kndw theanings of the words. This gave
us an idea of how novel the content words woulébbeur participants; pronouns were
not screened as they are taught in introductorpirianguage courses.

Pronouns were selected using process of eliminagicrording to their syllable
counts, mutual exclusivity across pronoun categdjie., the same pronoun form could
not be used to indicate both possession and actutjeich would only be
distinguishable according to cont&}t and if they were grammatical according to rules
of Classical and Modern Standard Arabic when coetbinith a noun or verb. The
invisible third person masculine pronouns were d&di Each verb and noun was bi-
syllabic, and each isolated pronoun was monosyljabiorder to cue participants to
category membership and facilitate language legrfunthem. The words and
grammatical categories used to assemble the stioruthis study can be seen in Table 2

below.

!5 As is the case with the pronoum& which can mean both “we” and “our.”
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Table 2. Words Used to Assemble Stimuli

Grammatical Categories
Word Tokens A (abbreviated subject B (past tense verbs) C (possessive pronouns) D (nouns)
pronouns for past tense
verbs)
1 -tu, baTash--, seized --ki, your (f.) ma'waa--, abode
2 o . . P
or- ke d-- —-sste
2 --tum, you (pl.) Sfarar--, fled --ha, her/its bagla--, herbs
o : LI - 9.~
- -5 Lo-- -85
3 - awey--, retired - Jjidh'a--, tree trunk
55| -l
4 - kanaz--, hoarded - dalwa--, bucket
K ik

Using a modified version of Thompson and Newpd2®07) procedure, the
grammatical categories were analyzed to calcuteie translational probabilities, or the
probability of each occurring next to each othed their respective grammaticality
according to Arabic syntax. Each word was idegdifusing a letter and number, as
indicated in Table 2 (e.g.mfa’'wad is D1). It was then determined that the grammatical
combinations (transitional probability of 1) of tabove categories were: BA or DC,
which were both used as stimuli. All the possilohgrammatical combinations
(transitional probability of 0) were BD, DB, AB, CIBC, DA, CA, AC, AA, BB, CC,
and DD. The AD and CB combinations were also teehy ungrammatical but were
ignored as ungrammatical possibilities for the Acdlearning Task because they
spanned a phrase boundary in Arabic if presentedflurent stream of sentences, such as
in our familiarization language. Additionally, tiB®, DB, CA, and AC combinations,
which attached a noun with a verb or possessivequo with subject pronoun, were not
used for the Arabic Learning Task due to the chainaeparticipants would quickly
detect ungrammaticality, especially based on thesually high and unusually low

syllable counts of the combinations, respectivalfaus, eight ungrammatical
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possibilities remained to construct the ungramnaagtimuli for this study: AB, CD, AA,
BB, CC, DD, BC, and DA.
2.2.2 Supplementary Materials

Supplemental information about our participants e@kected through two
memory tasks to match participants on memory s&ild ensure that cognitive abilities
were adequate for participation in the study. Syswegarding language background
were also administered. The first memory task thadigit Span subtest (Verbal
Forward and Verbal Backward) from the Clinical Exatlon of Language Fundamentals-
4 (CELF-4), and the second was the nonverbal Dddgmory subtest from the
Cognitive Linguistic Quick Test (CLQT). All partmants were administered the same
Design Memory task from the CLQT, which was normadl8 to 89-year-olds.
However, there were two verbal digit span tasksiagtered according to the
participant’s age. Participants aged 12-16 yearewgiven the CELF-4 Digit Span task
normed for 5 to 16-year-olds, and all other pgrtacits were given the CELF-4 Digit
Span task for 17 to 21-year-olds.

The surveys, which were the same for all partidipaincluded a post-test that
assessed participants’ knowledge of the partsedédpand translations of the individual
words in the familiarization phase and grammatigglidgment task (see Appendix A).
In addition, participants completed the Bilinguanguage Profile: English-Arabic
(Birdsong, Gertken, & Amengual, 2012), and an infal supplemental survey inquiring

about experience with Qur'anic memorization (sepé&qlix B).
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2.3 Procedures

The general procedure for this study followed tfanartificial language tas

(e.g., Thompson & Newport, 2007). Participantsemessted individuall, in pairs, or in

small groupsn a university lab settin an Islamic commnity center, or in their hom.

Session length ranged from 40 minutes to 1 hand during some sessions, backgro

noise from rooms close to the testing room wasceable to the researcher but did

appear to bother participants. Participants wieseihformed of the layout of the sess

(i.e., complete memory tasks, listco familiarization language, complete grammatice

judgment taskthen answesurveys), and written consent wastained from each adt

participant before beginning the study. For cleidunder 1 years written parenta

consent and the child’s assiwere obtained.The study was conducted in English, :

all participants were either native speakers ofliShgr were proficient in English

Figure 1. Method Outlir

Memory

Digit Span
(CELF-4)
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)

Design Memory

(cLQm
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Arabic

Learnin%

Familiarization
Language
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recordings

Grammaticality
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» Sentence Task

Language
k

(C sy )
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« Provide stimuli
translations anc
parts of speect
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Bilingual
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English-Arabic
—
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Supplemental
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experience

2.3.1 Memory Tasks

Thememory tasks were the first component of a tedéssgio, and the verbe

measure (i.e., CELF-Bigit Spar) was administered before the nonverbal meas.e.,

24



CLQT Design Memory). The primary researcher caltad the raw scores for these
tasks as the participant listened to the famil&ran language.
2.3.2 Arabic Learning Task

Two versions of the familiarization language werearded, each comprised of 8
sentences following the BA DC pattern (a past teesb attached to an abbreviated
subject pronoun and possessive pronoun attachedaon, e.gbaTashtu baglaha
with as little space between individual words asstle. The sentences were then
copied, randomized, and looped to fill a 5-minweording. This recording exposed
participants to which grammatical categories caddur together, and when compared to
the test language in the grammaticality judgmesk, teeflected that the number of legal
combinations is less than the number of illegal bmations. The familiarization
language was initially 20 minutes long, the sanmgtle of familiarization that Thompson
and Newport used (2007). However, during pilotitgs we found that participants were
able to learn the patterns of the simple test laggifairly quickly and still perform with
high accuracy on the grammaticality judgment ta&Ker surveying pilot participants,
the familiarization language was shortened to Suteis.

After listening to the familiarization language rpeapants were administered the
grammaticality judgment task, a two-alternativectm-choice test which mimicked
Thompson and Newport's (2007) judgment task. HEis& tnvolved two parts, the
Sentence Task, which tested participants on tibdityato recognize a grammatical
phrase heard in the familiarization language arabsé it over a novel ungrammatical
phrase, and the Phrase Task, which forced pamitsga make a grammaticality

judgment between two novel phrases using the thisacquired from the
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familiarization language. The grammaticality judgmtaskconsistedf 48 questions
total, each presenting a grammatical phrase and an ungcahphrase

Figure 2.Grammaticality Judgment Te

Phrase Task
Sentence Tasl (Goal: Make
(Goal: Recogniz ~ grammaticality

) S——
Grammatical Grammatical
phrase hrase (novel
(familiar) phrase (novel)
~— ——
—— —
Ungrammatica Ungrammatica
phrase (novel, phrase (novel, 1
of 3 patterns) of 3 patterns)
L

Instructions for the task appearedthe participant'computer screen before t
test items were presented. For both the Senfeasle questions and Phrase T
guestionsparticipants had to press the space bar to heas®Mr, and then again to h
Phrase 2, and were then presented with the quéStihich one is grammatical? Phre
1 or Phrase 2?” Patrticipants then had to presgo‘sayPhrase 1 was grammatical,
“/” if Phrase 2 was grammatical, before pressing theespar tqproceer to the next test
item. The SentemcTask was presented fi followed bythe Phrase Task. Howevthe
phrasesn each task questicwere randomized across trials so that grammatioalges
occurred first in half of the trials and secondha other hal to ensure that participar
could not predict grammaticdty independent of the ungrammatical phra

In the Sentencedsk, the grammatical phrase presented waof the 16 phrase
heard during the familiarization language (e.kanazturi+B 4A,, “dalwahé’-D 4C,)
while the ungrammatical phrase was novel. In thege task, both grammatical ¢

ungrammatical phrases were novel. Criticenovelgrammatical phrases were ones"
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included the words heard in the familiarizationgaageandthe syntax rules of its
phrases, but they were not the same exact comtnsadf words heard before. For
example, instead of presenting the phragasédztum (B,4A;) and ‘dalwahd (D 4Cy)

heard in the familiarization language and the Sergd ask, the Phrase Task presented
“kanaztil (B4A1) and ‘dalwaki’ (D4C;). Here the pronouns used in these two phrases
were combined with different verbs and nouns infémeiliarization language.

In both the Sentence Task and Phrase Task, thamngatical phrase followed
one of three patterns, or types of ungrammaticéitghrases presented per pattern per
task). These patterns were categorized from thepgof eight possible ungrammatical
combinations of stimuli mentioned above:

1) Reversal:a reversal of the words in the grammatical phrediewing the

pattern AB or CD (e.g.,ttimkanazA ;B,), which tested the participants’ ability

to recognize the incorrect order of the words mphrase (i.e., pronoun before
the verb or noun, as opposed to after).

2) Repetition: a combination of two words from the same gramraatiategory,

following the pattern AA, BB, CC, or DD (e.gkiha-C1C,). This pattern tested

the participants’ ability to realize that wordstire same phrase must be from
different categories.

3) Replacement:an incorrect combination of a noun attached tgestipronoun,

or verb attached to possessive pronoun, follownegpattern BC or DA (e.g.,

“dalwatuni-D 4A,, “kanazh& B,4C,). This pattern was the most critical, as it

tested participants’ ability to detect the typgoodnoun attached to a verb or

noun, and not just its placement. Thus, it chedkpdrticipants formed
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definitive categories for the words they were exgub®, and if they could use

transitional probability to formulate a grammaticale for how the words

combine.

Participants continued the grammaticality judgmtask until they received
notification for a break (i.e., “Whew, time for agak!”), which was built into the task at
a random point between test items. After participanswered the last test item, they
received a prompt to await further instructionsrirthe researcher.

2.3.3 Language Background Surveys

After completing the grammaticality judgment tapé&rticipants were presented
with the three surveys (i.e., post-test, BLP: EstglArabic, and supplemental survey on
GoogleDocs forms). These surveys were also pregamt a laptop computer.

The researcher then reviewed the survey submistiogrissure that all responses
were recorded, and briefed participants on the axgat and answered any questions
they had about the study. Participants were ingohaf their memory task raw scores if
they asked about them, but were not given any méion regarding accuracy on the
grammaticality judgment task. Finally, participgmtere paid at a rate of $10/hour as
compensation for their participation, unless thelyribt want to accept payment (3
participants). Notably, if participants were betegted in a pair or small group, one
participant was presented with the familiarizat@mguage and grammaticality judgment
task first, while the other participant was adnteied the memory tasks. Participants
who did not start their session with the memorkdasere administered these after the

completion of the surveys.
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3. Results

The results from the current experiment will baduacted in three steps. First,
we will introduce 2x2 ANOVA group-level analyses won-linguistic and linguistic
demographic variables. Since our groups were dn@terogeneous, these analyses will
account for any significant differences betweerip@ant groups. Next, we will
introduce 2x2 ANOVA group-level analyses for thammaticality judgment task.
These analyses will allow us to answer our twaaaitquestions. First, are adolescent
and young adult non-Arabic speakers, who memohiee}ur'an, able to abstract Arabic
grammatical category knowledge? Second if sdyissknowledge comparable to that of
students taking Arabic language classes? Thesgsasawill inform us about the
advantages or disadvantages that distributionséorantic cues may provide for
grammar learning. Finally, we will discuss Pearsorrelations run for individual
difference analyses, to see if any non-linguistig( age) or linguistic (e.g., proficiency
level) participant characteristics affected accum@at the grammaticality judgment task.

Due to the relatively small sample size, all repop-values will adopt @ < .05
one-tailed threshold, unless otherwise noted. Wresshold is appropriate for the current
study because of the a priori predictions aboutiirextion of the critical effects.
3.1 Participant Characteristics

The variables analyzed for each participant andlitiom were non-linguistic
(i.e., current age, gender, and Verbal Total digdn task raw score from CELF-4, out of
a possible score of 30) and linguistic (i.e., afyirst exposure to Arabic, number of
hours of exposure to Arabic per week, total cortestslations of stimuli from the post-

test, total correct parts of speech identifiedrenpost-test, and self-rating of proficiency
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in Arabic on a scale from 0 to 6). Table 3 belawnsnarizes the participants according
to each condition and all variables analyZed

The first group-level analysis was conducted thioRg2 ANOVAS, which
examined whether each participant condition wasisegintly different from the others
according to the above non-linguistic and linggistemographic variables. Our
between-subjects independent variables were theomizgns (non-memorizers vs.
memorizers) and classroom learners (without classres. with classroom).

Non-linguistic effects were analyzed first. On m@&s of age, memorizers were
significantly younger than non-memorizers, leadim@ significant main effect of
memorization (F(1, 39)=54.98<.001). Memorizers with classroom experience were
also younger than naive listeners and non-memagarizeeh classroom experience, leading
to a significant interaction between memorizatiaod alassroom experience (F(1, 39)=
8.60,p=.003). No significant effects were found for gen¢allp’s>.16), or digit span
raw scores (alp’s>.06).

Next, linguistic effects were analyzed. These ysed revealed that relative to the
non-memorizers, memorizers were exposed to Arabichnearlier (F(1,39)=201.39,
p<.001), correctly identified more parts of speetbtiomuli on the post-test (F(1,
39)=4.28p=.02), and judged themselves to be more profidie¢it, 39)=14.42p<.001),
all leading to significant main effects of memotiaa. Analyses also revealed that
relative to their non-classroom counterparts, ctass learners were exposed to Arabic
earlier (F(1,39)=8.91p=.003), received more exposure to the language @+6.25,

p=.01), were unsurprisingly able to correctly tratsimore stimuli on the post-test (F(1,

16 Non-standardized (raw) digit span scores wereyaadlinstead of standardized scores, as our
participants’ age range (i.e., 12-32 years) excgdue range that the CELF-4 was normed on
(i.e., 5-21 years).
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39)=19.85p<.001), identified more parts of speech (F(1, 39)27,p=.001), and gave
themselves higher proficiency ratings (F(1, 39)888p<.001), leading to significant
effects of classroom experience. Finally, memaosizath classroom experience were
exposed to Arabic earlier than naive listenersreoxdmemorizers with classroom
experience, leading to a significant interactiotwla@n memorization and classroom
experience (F(1, 39)=11.08=.001). Memorizers with classroom also correctly
identified more parts of speech on the post-test their non-classroom counterparts and
naive listeners, indicating an interaction betwemmorization and classroom experience

(F(1, 39)=3.41p=.04).

31



Table 3. Summary of Participants By Condition

Total Correct

Total Correct

Current Age Digit Span Age of First Exposure to Translations Parts Of Proficiency Self
( earsj""g Gender (Verbal Total Exposure Arabic on Post-Test Speech on Rating (0 to
y raw score /30) (years§ > © (hours/week) 5 Post-Test 6)*"
(/12) (/12) a, b, c
Memorizers | M=16.38 8 M M=17.15 M=7.54° M=8.69 M=2.08 M=3.15° M=3.44
with SD=3.40 5E SD=3.29 SD=3.82 SD=17.24 SD=3.17 SD=3.16 SD=0.83
Classroom range: 12-22 range: 14-23 range: 4-18 range: 1-65 range: 0-10 range: 0-11 | range: 2.25-4.5
Memorizers |  M=14.9G% AM M=17.90 M=7.20° M=3.40 M=0.10 M=1.80% M=1.28"
without SD=2.56 6 F SD=3.73 SD=3.16 SD=7.47 SD=0.32 SD=2.57 SD=1.02
Classroom range: 12-21 range: 13-23 range: 4-13 range: 0-24 range: 0-1 range: 0-7 range: 0-2.75
enor | M=20.50 3 M M=20.10 | M=1820° | M=2210 | M=3.40" | M=6.70° | M=2.75
with SD=1.65 7E SD=3.96 SD=0.92 SD=30.49 SD=1.58 SD=2.91 SD=1.13
Classroom range: 18-24 range: 14-28 range: 17-19 range: 3-84 range: 0-5 range: 1-10 range: 1-4
Naive M=24.40 AM M=18.80 M=24.40 M=0 M=0.10 | M=2.00 M=0
Listeners SD=3.75 6 SD=5.01 SD=3.75 SD=0 SD=0.32 SD=3.06 SD=0
range: 21-32 range: 13-27 range: 21-32 range: 0 range: 0-1 range: 0-9 range: 0

NOTE: %main effect of memorizatiofi=main effect of classroom experienGeinteraction between memorization and classroonegspce
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3.2 Group-level Analyses

Primary analyses targeted the effect of classroguereence and memorization
on accuracy on the Arabic Learning Task accordingaich block and ungrammaticality
type. The first group-level analysis focused orfgrenance in the Sentence Task. It
considered memorizers (non-memorizers vs. mema)ized classroom learners
(without classroom vs. with classroom) as betwadjexts independent variables, and
accuracy on the Sentence Task as the dependeaibiearilt was expected that everyone
would exhibit above-chance accuracy on the Sent€ask, since it tested the
recognition of grammatical phrases from the famietion language, which was
presented immediately before the judgment task.

The Phrase Task, however, was the critical task,tasted participants’ ability to
apply the syntax rules they learned from the coteptegrammatical familiarization
language to identify a grammatical phrase from nowel choices. Group-level analysis
for the Phrase Task considered the same indepevdeables as above, and Phrase Task
accuracy as the dependent variable. With regartisetPhrase Task, we tested two main
hypotheses. If ambient exposure to Arabic is ehdadearn grammatical categories,
then the memorizers without classroom group’s Bt distinguish between
grammatical and ungrammatical strings should lgoasl as those who have explicit
classroom teaching (the memorizers with classroodnn@n-memorizers with classroom
groups). If, however, ambient exposure to Arabinat enough to learn grammatical
categories, then memorizers without classroom’styabo distinguish between
grammatical and ungrammatical strings in the Phfas& should be worse than those

who have explicit classroom teaching.
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In addition to separating analyses into SentendePdmase Task blocks, group
level-analyses were separated by ungrammaticafiy. t These comparisons revealed
differences in accuracy on the grammaticality judgtrtask depending on the three
possible ungrammaticality patterns used to formutlgrammatical phrase (i.e., Reversal,
Repetition, Replacement).

3.2.1 Sentence Task

Overall accuracy for all participant groups and namgmatical item type for the
Sentence Task was 87.31%, which was fairly highwarsdirprising, considering this first
part of the grammaticality judgment task preseigiesinmatical phrases that had been
heard in the familiarization language.

Mean accuracies for each participant group andamagraticality type can be
seen in Figures 3-5 below. Notably, our naiveehsts--who were also the oldest
participants and first exposed to Arabic outsidéhefcritical period--did very well on the
task overall. They were able to recognize phr&ses the familiarization language
without having any prior experience with Arabictbe Qur'an. Additionally, we found
that accuracy on Reversal items (88>.10) and Repetitions (ghfs>.20) were similar
across all participant groups. This suggestsrtbaiarticipant group had an advantage or
disadvantage while answering these questions dtlism&entence Task.

We also found that all participants were less ateuon questions involving
Replacement ungrammaticality. Recall that these\phrases that required participants
to know the relationships of grammatical categomspecifically that a possessive
pronoun goes with a noun and a subject pronoungibks verb. Critically, in these

trials, memorizers were more accurate than non-mesrs (84% vs. 74%), leading to a
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significant main effectfomemorizatior(F(1, 39)=3.24p=.04). Wefounc that
memorizers without classroom experielactually performed witlthe besmean
accuracy orrReplacement iten (85%). These findings are consistent with our hypoth
thatambient exposure to Arabis enough to abstract grammatical category inform.
However, we did not find a main effect of classroexperiencep>.18) or an interactio
between memorization and classroom experiep>.25). This indicatethat ambient
exposure is sufficient facquiring grammatical category informatidmi classroom
exposuraloes not provide an advantage on this type o.

Figure 3.Mean Accuracy on Sentence Task Reversal Items bgiGon
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Figure 4 Mean Accuracy on Sentence Task Repetition IteyrSdnditior
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Figure 5 Mean Accuracy on Sentence Task Replacement bgn@onditior
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3.2.2 Phrase Task

Overall acuracy for thecritical Phrase Task was 84.79%hich wasalso high,
but was appropriately lower than the mean accudéplayed on the Sentence T.
This is unsurprisinginceall Phrase Task items were noaeld never heard during t

familiarization phaseThus, accurate judgments required sensitivity to theditamal
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probability of category items. Mean accuraciesdach condition and ungrammaticality
type in the Phrase Task can be seen in Figurebeéde8v. Again, we found that naive
listeners did very well. However, their performarm this part suggests that even they
learned grammar rules from the familiarization ka&age without having any prior
experience with Arabic or the Qur'an. Additionalds observed for the Sentence Task,
accuracy on items in the Phrase Task with Reve(ahllg's>.08) and Repetitions (all
p’'s>.29) were similar across all participant grouphis suggests again that no particular
participant group had an advantage or disadvamdge answering these questions.
Again, all participants were less accurate on goestnvolving Replacement
ungrammaticality, and in these trials, memorizegsenmore accurate than non-
memorizers (80% vs. 68%), leading to a signifiaaatn effect of memorization (F(1,
39)=3.88,p=.03). In fact, the memorizers without classrootpegience had the best
mean accuracy on Replacement ungrammaticality i{83135%). Ambient exposure to
Arabic, then, is sufficient for abstracting gramioalt category information. However,
we did not find a main effect of classroom expogprel8), or interaction between
classroom exposure and memorizatipn.49), indicating classroom exposure to Arabic

is not advantageous for this type of task.
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Figure 6 Mean Accuracy on Phrase Task Reversal ltems loyli@Gon
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Figure 7 Mean Accuracy on Phrase Task Repetition Item&dnyditior
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Figure 8 Mean Accuracy on Phrase Task Replacement Iten@obitior
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3.3 Individual DifferencesAnalyses

Next, Pearsonarrelationswere conducted. We investigataeccuracy on item

featuring grammatical items against ungrammatteshs using Replaceme

ungrammaticality. These questions required knogdeof grammatical relations a

proved to be the moshallenging based on earlier analyses. They wexd mdcative

of grammar learning because thverified if participants had formed categories for

words they were exposed to, and if tlusedtransitional probability to formulate

grammatical rule We correlated ccuracy in these trials with ndmguistic participant

characteristics (i.ecurrent age, gender, and verbal digit span rawes) and linguistic

participant characteristics (i..age of first exposure to Arabic, number of hour

exposure to Arabic per week, number of correctdietions ad parts of speech report

on the post-test, and seHted proficiency). Our goal was to identfpich variables, i

any, affected thetatistical learning cgrammatical category informati.
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Table 4.p- andr values of Non-linguistic Variables in Sentence Task

Age Gender Digit Span
r p r p r p
Gender -.15 A7
Digit Span .18 13 -.07 .34
Accuracy -.21 .09 -.03 42 -.11 25

NOTE: *=significant at .05 level, ** = significarat .01 level

Table 5.p- andr values of Non-linguistic Variables in Phrase Task

Age Gender Digit Span
r p r p r p
Gender -.15 A7
Digit Span .18 13 -.07 .34
Accuracy -.08 31 -.07 .33 -.02 46

NOTE: *=significant at .05 level, ** = significarat .01 level

Analyses of non-linguistic measures found no sigaift effects between
accuracy on the test items involving Replacemegtammaticality on the Sentence Task
and Phrase Task and current agefat.09), gender (alp’'s>.33), or digit span raw
scores (alp's>.25). This means that participants’ current,agader, and verbal digit
span memory abilities did not impact their perfontgon the grammaticality judgment

task or their ability to acquire grammatical categm
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Table 6.p- andr values of Linguistic Variables in Sentence Task

Age Hours Arabic Total Correct Total Self-Rated
Exposed Trans. Correct POS Prof.
r P r p r P r P r p

Hours

. . .26

Arabic 10

Total

Correct .07 .32 60  <.001*

Trans.

Total

Correct A1 .24 43 .002** 71 <.001*

POS

Self-

Rated -47 .001** 32 .02* 46 .001* 38 .01%

Prof.

Accuracy -28  .03* -.26 .05* -.02 46 .05 37 .08 .32

NOTE: *=significant at .05 level, ** = significarat .01 level

Table 7.p- andr values of Linguistic Variables in Phrase Task

Age Hours Arabic Total Correct Total Self-Rated
Exposed Trans. Correct POS Prof.
r p r p r p r p r p

Hours

. . .26

Arabic 10

Total

Correct .07 .32 .60 <.001**

Trans.

Total

Correct A1 .24 43 .002** 71 <.001%

POS

Self-

Rated -47 .001** .32 .02* 46 .001** 38  .01*

Prof.

Accuracy -.22 .08 -.29 .03* A1 .25 -.01 48 .10 27

NOTE: *=significant at .05 level, ** = significarat .01 level
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In contrast, correlations were found between mguistic variables and accuracy
on the Replacement items of the judgment task.s@lsan be observed in Tables 5 and 6
below. These analyses yielded three patterns@fast. First, accuracy was correlated
with age of first exposure to Arabic in the Sengeask ((43) =-.28,p=.03). This
indicates that the younger our participants weremithey were first exposed to Arabic
(i.e., memorizers) the more accurate their perfolceavas on Replacement items on the
Sentence Task. We observed the same patterndoraay on the critical Phrase Task,
but this effect did not reach significaneé4@3)=-.22,p=.08), probably due to our small
sample size. The participants who were first expdseArabic more recently were those
in the non-memorizers with classroom and naivenist groups, and these participants
were less accurate on the Replacement items @d¢htence Task.

Second, hours of exposure to Arabic per week wgatnely correlated with
accuracy on the Sentence Tagk8)=-.26,p=.05) and Phrase Task(43)=-.29,p=.03).
The longer participants were exposed to Arabioyeek, the less accurate they were
when presented with Replacement items on the grdicetty judgment task. This
corresponded to the classroom learners, who wereatyy exposed to the most Arabic
on a weekly basis, suggesting possible interferénooe the information they are
learning about the Arabic language in class. pti@t presentation of grammatical
rules in the classroom setting may be hindering #iality to implicitly acquire these
rules in the Arabic Learning Task. This hypothesistrengthened by the analyses we
ran on reaction time. Our participants with classn exposure exhibited longer mean

reaction times than our non-classroom groups, qdatily on Repetition items of the
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Sentence Task (F(1, 39)=3.28..04)"". Longer reaction times may have been exhibited
because classroom participants were trying to miéein knowledge from class with the
requirements of the Arabic Learning Task.

Finally, it is interesting to note that accuracytba critical Replacement items
was not correlated with self-rating of proficien@yl p’'s>.27). One possibility is that
participants were not very good at providing sutiyecratings of their own proficiency.
However, correlations between this rating and otigective measures suggest
otherwise. For both the Sentence Task and Phiasle $elf-rating of proficiency was
correlated with age of first exposuré43)=-.47,p=.001), hours of exposure to Arabic
per week ((43)=.32,p=.02), total correct translations on the post-{ggit3)=.46,
p=.001), and total correct parts of speech on tis-fast ((43)=.38,p=.01). These
analyses suggest that self-ratings of proficieneyewalid. Critically, its lack of a
relationship to accuracy on the grammaticality juégt task suggests that explicit
knowledge of a language may be less helpful in @icguthe implicit rules of

grammatical relationships.

4. Discussion

This study examined the effect of ambient exposurrabic through Qur’anic
memorization versus classroom exposure and expliaibic language learning on the
ability to acquire rules of Arabic grammatical @ggges. In the critical trials, we
examined accuracy in judging novel Replacementamagraticality items of the Phrase

Task. These trials required participants to idgratigrammatical phrase based on rules

" There were no significant effects of classroomosxpe on reaction time for Reversal items (all
p’s>.26) or Replacement items (pk>.08) of the Sentence Task, or on Reversap(at.17),
Repetition (allp’s>.19), or Replacement (@lks>.09) items of the Phrase Task.
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that followed the transitional probabilities ofrite in the familiarization language. We
found that while all groups achieved high levelsaofuracy, memorizers achieved higher
accuracy on the task than non-memorizers. Thisesigghat implicit, distributional
information is sufficient for learning grammaticategories, and the statistical learning
approach is validated. Most importantly, this dlsttional information was not acquired
during the brief Arabic Learning Task alone, as wiaserved with the naive listeners.
Rather, it was collected over several years of uc’ memorization experience, and
amounted to more knowledge than that exhibitedddyenlisteners. Qur’anic
memorization thus provides significant amountsisfributional cues to Arabic

grammar, which aid the implicit acquisition of gnavar rules.

In contrast, we found that classroom experiencetla@deception of explicit,
semantic information of Arabic grammar do not pdevan advantage for grammatical
judgment accuracy. This suggests that explicdrimfation may not be required in order
for language learners to acquire grammatical caiego Our classroom learners
provided the most accurate translations of theudtion the post-te$t, proving that they
are receiving at least some semantic informatiariass. However, this information
does not appear to aid their ability to formulatangmatical rules in the current study. In
fact, we found that our participants with classroexperience exhibited longer reaction
times, despite receiving the most exposure to Arpbr week. This implies that explicit
language instruction in a classroom may be oneilplessause of interference with the

ability to acquire distributional information ofagnmatical categories.

18 All Arabic-experienced groups exhibited knowleddgearts of speech of the stimuli to some
extent.
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Altogether, these findings support our hypothdsiat ambient exposure from
Qur’anic memorization is enough to abstract knog&edf grammatical categories, and
semantic representations are not required fromididabguage classes. In the remainder
of this section, we will discuss the broader imgtions of these findings in greater detail,
as well as its present limitations, and possibknaes for further research.

4.1 Evidence for Statistical Learning

Thompson and Newport (2007) reported that aduthkya of an artificial
grammar calculated transitional probabilities asddithose statistics to make new,
grammatical phrases with the same words. Theyhiscall in the absence of semantic
information, having been exposed to an artifici@ngmar for 20 minutes each day for
five days. Findings of the current study exteresthresults, and demonstrate that
statistical learning can take place over severatsyas well as several minutes. We
found that our memorizers without classroom expegeachieved higher accuracy on the
Arabic Learning Task than non-memorizers and nb§teners. They were able to use
distributional cues from several years of Qur'anmazation experience to acquire
Arabic grammar rules without receiving semantiornfation.

Moreover, these findings highlight the effectsrairting grammar through rote
memorization, the mechanism used to learn the QurTdis has implications for
education in second language learning. Traditignedaching methods have involved a
combination of grammar/translation methods, whiololve using the first language to
teach the second, or direct methods, which protfikituse of the first language and
emphasize submersion (Snow, 1998). Direct methods as the audiolingual method

(ALM; Snow, 1998) have sought to teach studentsgnar through memorized oral
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drills, with the purpose of practicing particulamstructions until they can be used in a
spontaneous context. Our findings suggest that thiee advantages to memorizing a
language without mapping it to semantics.

We also found remarkable evidence for statistieaiing that occurs over
several minutes. Our naive listeners exhibitedralmhance accuracy on the
grammaticality judgment task, thus demonstratiggiicant knowledge of grammatical
categories after just five minutes of exposurénolanguage. Critically, by using Arabic
in our study, we were able to apply Thompson andpdet’s findings to a real language
in a unique first-language context, through ad@ascand young adults learning Arabic
as a second language.

4.2 Suggested Evidence for Critical Periods

The current findings are also relevant to existitegature about a critical, or
sensitive, period of language learning. This hlgpseis says that normal language
acquisition must occur as early as possible dwimiglhood, before puberty, and after
this period has passed, language acquisition i mifficult (Lenneberg, 1967). Reports
exist of children like Genie, who was kept isolatexn the ages of 2 to 13 with very
limited interaction, and had no language when sag r@scued or no expressive grammar
even after extensive speech and language thefdpgse cases have been used in support
of the critical period of language acquisition (BeiGleason & Bernstein Ratner, 1998;
Newport, 2002).

As Newport (2002) mentions, studying healthy induals allows us to observe
the normal language acquisition process withoutrywog about the physical or mental

health of participants. Such studies have prodsgteahgly favorable results in terms of
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first and second language proficiency (Johnson &paat, 1989) and its relationship to
age of first exposure. These studies have alsgeprthat although there are exceptions,
the later the age of first exposure to a languagthe less proficient the learner will be
(Newport, 2002). Johnson and Newport found thisedrue with their 46 native Chinese
or Korean speakers who immigrated to the UniteteStat the ages of 3-39 years, and
learned English as a second language.

In our study, the memorizers were the youngestiqgigants, the youngest of
whom were 12 years old. However, the memorizetsout classroom experience were
all first exposed to Arabic within the critical ped of language learning, between the
ages of 4 and 13 years. Our non-memorizers westeefkposed to Arabic much later,
through classes at their university (hnon-memorizétis classroom), or through the
present study (naive listeners). We found thattréer participants were first exposed
to Arabic, the more accurate they were on thecalifReplacement items in our Sentence
Task. That is, our memorizers were most adepistinduishing a familiar grammatical
phrase from a verb or noun attached to the wropg 6f pronoun. We observed the
same pattern emerging for the critical Phrase Tlaekiever due to our small sample size,
this effect did not reach significance.

4.3 Possible Limitations of the Current Study

There were several limitations to the current stubist, the sample size was
relatively small. All conditions consisted of orilp-13 participants per group. While
this sample size was sufficient to find that memmens did better on the grammaticality
judgment task than non-memorizers, it is possiue more significant effects may have

been found with a larger population. Additionafharticipants may not have been
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matched for age, gender, or linguistic backgroundell as they could have been. Itis
possible that with a larger recruitment pool, equahbers of age-matched male and
female participants who have all been enrolled im'& memorization and/or Arabic
language classes for 1 to 10 years, or neitheftddwave been included in the study.

Another limitation is that some environments sunding the testing room (e.g.,
other classes in a Sunday school) were noisy arychiaage distracted participants.
Ideally, all participants would have been testedans or small groups, with the help of a
second researcher, in the same university lamgettrinally, aspects of the non-Arabic
Learning Task materials limited the results ofshely. Although we surveyed
participants about how many hours of exposure thi&rthey were currently receiving
per week, we did not account for cumulative hodrsxposure per week (i.e., average
number of hours of exposure [per week] each yesrthiey have been exposed to
Arabic). Learning is cumulative, and this analys@uld help uncover the amount and
frequency of ambient and/or classroom exposurerédid that is required in order to
acquire grammatical category information.

Finally, the standardized verbal digit span andveodbal memory tests used were
not matched for the ages of this study’s participanhe CLQT was normed on adults
aged 18 through 89 years, and the CELF-4 was noanexthildren and young adults
aged 5 through 21 years. As our participants \agesl 12 to 32 years and their ages did
not match the normed ages, the CLQT and CELF-Zestdadministered were
interpreted according to raw scores. This mighehdecreased the sensitivity of our
non-linguistic measures even though the VerballTat& score means across participant

groups were similar.

48



4.4 Future Research

Related future research should attempt to addneslnitations of the current
study. Conducting this study in a consistent, @sting environment with stricter
material guidelines and a much larger sample sagmasult in more significant findings.
In addition, with a larger sample size, particiganteach condition can be separated by
additional demographic considerations that wereanatyzed in the current study, such
as number of languages spoken and race or ethnititgse factors may help isolate
interactions relating to the effects of linguisgiposure in the environment on the ability
to acquire distributional cues from the Qur’an,lsas being monolingual, bilingual, or
monolingual, or being a heritage speaker of a lagguhat has Arabic (or Semitic) roots
(e.g., Urdu). Future research would also benedinfincluding analysis of cumulative
exposure to Arabic, and incorporating memory messuormed on the same ages as
those of the participants being studied.

Another consideration would be to include nativeaqers of Arabic in this study
to test the integrity of the stimuli on a largealgs apart from the minimal pilot testing
conducted for the current study, and investigagepibssible effects of knowledge of
colloquial Arabic dialects on the acquisition o$tdibutional information from Qur’anic
memorization and Classical Arabic. Furthermorgs study can be conducted with
different stimuli, such as various forms of the Repment ungrammaticality type, and a
more complex familiarization language, as our paréints demonstrated high accuracy
on the grammaticality judgment task.

Finally, future research could include analysipaiticipants who have taken

Arabic language classes or Qur'an memorizatiorselsn the past, but are no longer
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enrolled in either class. Analysis of accuracythmse participants compared to current
memorization and Arabic language students could tietover how much subconscious
skill is retained over time, and further the invgstion of the extent of innate abilities to
use distributional cues for abstracting grammateétgory information. We found large
numbers of individuals in these populations whderuiting for the current study, and
including former students in a future study maydéilitate age and gender matching

across conditions.
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Appendix A. Post-TestRos-Arabic Learning Task Questionnaire)

Listening to Language: Post-Test

Thank you for your participation in this study! Here's a brief questionnaire to find out if you
understood any of the words you heard during the task. FPlease translate the following words, and
indicate their parts of speech, if you know them. Or, write "N/A" if you do not know the translation.

Keep in mind that the words below are usually attached to other words (indicated by "—").
* Required

Subject Number *
(To be filled out by experimenter)

* (--)tk) batash--

Please type the translation and part of speech, or "N/A" below
* () farar--

Please type the translation and part of speech, or "N/A" below
* (=) awey-

Please type the translation and part of speech, or "N/A" below
* {-32) kanaz--

Please type the translation and part of speech, or "N/A" below

* [--595) ma'waa--

Please type the translation and part of speech, or "N/A" below
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Please type the translation and part of spesch, or "N/A" below

Please type the translation and part of speech, or "N/A" below

Please type the translation and part of speech, or "N/A" below

Please type the translation and part of speech, or "N/A" below

Please type the translation and part of speech, or "N/A" below

Please type the translation and part of speech, or "N/A" below

Please type the translation and part of speech, or "N/A" below

Never submit passwords through Google Forms.

* () bagla-—

* (~£13) jidh'a-

* (-39 dalwa--

* (d--) ki

* (4-) ~ha

* () ~tu

* () ~tum
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Appendix B.Supplemental Survey to Bilingual Language Pr

Listening to Language

Participant Language Survey: Supplement to English-Arabic BELP
* Required

Name of Participant *

Participant's date of birth and age *
If under 18, name of legal guardian

Are you a student? *
If yes, please write name of institution below in the "other" box

[ No
Yes
|_| Other:

|

What is your native (first) language? *

Is Arabic spoken at home? *
] No

] Yes

Approximately how many hours of Arabic do you hear per week? *
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Do you speak any other languages? If so, please list all with years of experience. *
Example: Mandarin (10 years), French (5 years)

|5

Can you read the languages mentioned above? *
Example: "N/A" or "Mandarin-no; French-yes"

Can you write in the languages mentioned above? *
Example: "N/A" or "Mandarin-no; French-yes"

Are there any other languages you use on a daily basis, in any mode (e.g., reading, writing,
speaking)? *

Are you currently enrolled in any language classes? *
if yes, indicate the language in the "other" box

[l No
] Yes, see below

[l Other:

54



Do you know how to read the Qur'an? *
If so, please elaborate below.

O No

] Yes

If you replied "yes" to the above guestion, how did you learn to read the Qur'an? *
From:

[l Parent(s)

Formal class

D @ Ea8

Private native Arabic-speaking tutor
Private non-native Arabic speaking tutor
L N

Age of learning to read the Qur'an *
Example: "N/A" or "6 years old"

Have you memorized any portion of the Qur'an in a memorization (hifzh) class? If so, for how
many years have you been enrolled? *
Example: Dar Us-Salaam, 2 years

|:| Mo
) NiA
[l Yes, institution and length of time below

[ Other:
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Is your memorization class part of a full-time or part-time program? *

] Full-time
[ Part-time
[ N/A

Approximately how many hours do you spend memorizing andl/or reviewing the Qur'an per
day?*

Do you plan to memorize the entire Qur'an? *
[[] No, that is not a goal of mine at this time
[l Yes

Do you learn any aspects of the Arabic language (e.q., grammar, vocabulary) in your hifzh
program? *
If s0, please indicate which aspects in the "other" box

[ No
L N/A
] Yes
] Cther:

Are you currently taking/have you taken formal Arabic language classes while you are/were in
your hifzh program? *
If so, please indicate name of institution and length of study in "other" box

] No
[ N/A
] Yes, at____for years

[l Other:

Please rate your understanding of Arabic grammatical categories (e.g., nouns, verbs,
possessive pronouns, subject pronouns) on a scale from 1 (no understanding) to 7 (very deep
understanding). *

12 3456867

No understanding © O O © O O O Very deep understanding

[ Submit |
SR
Never submit passwords through Google Forms.

Powered by This content is neither created nor endorsed by Google.
GO 'SI-C Urive Report Abuse - Terms of Service - Additional Terms
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