UNIVERSITY OF LEEDS

This is a repository copy of Supervised collaboration for syntactic annotation of Quranic
Arabic.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/81650/

Version: Accepted Version

Article:

Dukes, K, Atwell, ES and Habash, N (2013) Supervised collaboration for syntactic
annotation of Quranic Arabic. Language Resources and Evaluation, 47 (1). 33 - 62. ISSN
1574-020X

https://doi.org/10.1007/s10579-011-9167-7

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

| university consortium eprints@whiterose.ac.uk
WA Universities of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Supervised Collaboration for Syntactic AnnotatiorQafranic Arabic 1

Supervised Collaboration for
Syntactic Annotation of Quranic Arabic

Kais Dukes - Eric Atwell - Nizar Habash

Revised submissior25 March 2011

Abstract The Quranic Arabic Corpy$itp://corpus.quran.cohis a collaboratively
constructed linguistic resource initiatedl the University of Leeds, with multiple
layers of annotation including pavf-speech tagging, morphological segmentation
(Dukes & Habash, 2010) and syntactic analysis using dependemyngraDukes
& Buckwalter, 2010). The motivation behind this work is to prodaicesource that
enables further analysis of the Quran, the 1,400 year-old centrabuslitext of
Islam. This project contrasts with other Arabic treebanks by providindeep
linguistic model based on the historical traditional grammar known @s (i _<).
By adapting this well-known canon of Quranic grammar into a fantihgset, it is
possible to encourage online annotation by Arabic linguists and Quranic experts
This article presents a new approach to linguistic annotation of an Arabic corpus
online supervised collaboration using a multi-stage approach. The differe@s stag
include automatic rule-based tagging, initial manual verification, and online
supervised collaborative proofreading. A popular website attracting thisisen
visitors per day, the Quranic Arabic Corpus has approxima@dunpaid volunteer
annotators each suggesting corrections to existing linguistic taggingnJwre a
high-quality resource, a small number of expert annotators areotfgdno a
supervisory role, allowing them to review or veto suggestionseniad other
collaborators. The Quran also benefits from a large body of existingribés
grammatical analysis, which may be leveraged during this reviethidrpaper we
evaluate and report on the effectiveness of the chosen annotatiavdoietly. We
also discuss the unique challenges of annotating Quranic Arabic online andedescrib
the custom linguistic software used to aid collaborative annotation.
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1 Introduction

Online collaborative annotation (Chamberlain et al., 2009) has recently enserged
an increasingly viable alternative to more conventional approaches felogieng
tagged corpora. In a linguistic setting, online collaboration has beerfarszdavide
variety of tasks ranging from syntactic annotation of Latin and AnGeeek texts
(Bamman et. al., 2009) to named-entity resolution of international h@slet al.,
2007). This article discusses the collaborative aspects of constructing the
multilingual Quranic Arabic Corpus (Dukes et al., 2010), an annotated linguistic
resource in English and Arabic, developed through online volunteer aditns.
The Quran is Islam’s central religious text, written 1,400 years ago in a form of
Arabic that is no longer native. However, the Quran is sometimd&dtin depth
from childhood, so effectively this type of Arahiga form of ‘second language’.

Although the focus is Arabic, the collaborative methods presented iartiake
are sufficiently general to be of wider interest to other annotation efforésmEm
task that online annotators are asked to perform is to proofread ruwichb and
syntactic tagging. Annotators verify this tagging agaimgtld standard analyses
from Arabic referencéooks of grammatical analysis of the Quran. This reference
material contains equivalent grammatical information, but in an unstructoned f
(see figure 1)Accuracy is important when analyzing a religious text such as the
Quran, especially as the annotated data in the Quranic corpus is distribdiiesbeen
by several other related Arabic language projects. To ensure consiggbrublity
annotation across the corpus, a small number of expert annotatpremaed toa
supervisory rolereviewing and discussing the work of othbgscomparing against
the large body of historical analysis of canonical Quranic grammar.
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Figure 1 (A) An example from one of thgold standardtraditional Arabic grammar textbooks. (B) The
corresponding visual representation of dependencymea, from the Quranic Arabic Corpus.
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An observation underlying the chosen approach to annotation is thatradan
intuitive annotation procedure allows annotators to spend more tinsifigcon
making key linguistic decisions. Providing a well-documented and-teasse
interface is essential for an online effort where volunteer contributorsnotadyave
the motivation or time to learn how to use a non-intuitive annotation tool.

The approach of supervised collaborative annotation used to develop the Quranic
corpus can be compared to recent work that evaluates the use of@uosudg, such
as Amazon Mechanical Turk, for either simpler tasks or tasks more yusuall
performed by trained annotators. In (Snow et al., 2008; Now&kider, 2010) it is
shown that for certain tasks, a majority vote applied to the annotatesingle item
can be used to filter out the noisy judgements of non-expertsarglee that
supervised collaboration may be more suitable for a sensitive corpusasuble
Quran, I$am’s central religious text, and is likely to lead to more accurate results
when the number of non-experts outweighs more experienced ctosibln this
article’s evaluation section, we report on a small-scale experiment usingofmaz
Mechanical Turkto attempt linguistic annotation of Quranic Arabic, with lower
resulting accuracy compared to the methodology of supervised collaboration.

The Quranic corpus can also be compared to more conventional approaches to
annotating Arabic corpora. Four recently developed Arabic treebanksnddsiaet
al., 2004; Smrz & Haji¢, 2006; Habash & Roth, 2009; Al-Saif & Markert, 2010) use
a small number of paid annotators. Quality is ensured by providingell-
documented set of guidelines, by following a training process, anthabing
different annotators make multiple passes of the same text. In a collaborative setting
annotation guidelines still apply, but training and quality control nede toandled
more carefully. When constructing the Quranic Arabic Corpus, it wasdfdoat
making the annotation process as intuitive as possible led to greater accutacy an
consistency, more rapid annotation, and attracted a larger number of engnadtdi
and Quranic scholars, who are wiling to spend more time volunteering
contributions. In contrast with previous Arabic annotation effortsQiimnic corpus
directly uses the historical traditional Arabic grammar afbi'(<'_<)), which is
immediately familiar to the majority of linguists trained in the Arabldjoss well as
to formal students of the unique language of the Quran. Thrus@iso includes
several layers of annotation which are not necessarily part of the collabortdite ef
but are derived from other trusted sources or generated by sofwvedse These
serve to make the website a more attractive and useful resource geaalhelp
to attract and motivate volunteer collaborators. setedditional resources include
verse-aligned audio recordings, an automatically generated phonetic tr@mscrip
with prosodic phrasing, seven alternative verse-aligned English transldtiom
authoritative published sources, a chapter-verse-word number igdsyitem to
simplify cross-referencing, and a word-for-word aligned Englishdiation.

In order to further simplify the annotation process, natural lagewgeneration is
applied to generate concise and easily readable descriptions of morphological and
syntactic tagging for each word in the corpus. In addition, arviegoset of
annotation guidelines are updated whenever difficult syntactic constructions are
encountered for the first time during volunteer annotation. A messsgd s used
as an online forum to promote open discussion between annotatorsemadithe
corpus, who are typically Arabic students or Quranic researchieese users have
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an interest in, and sometimes challenge, the existing annotation in tes cor
developed by collaborators.

Although the corpus is a successful and useful annotated resowsuggasted by
user feedback, organizing online collaborative analysis of Quranic Arabic is
particularly challenginghttp://corpus.quran.com/feedback)isNearly all annotators
are in agreement over the most important grammatical featurescfomead, such
as partef-speech and grammatical case. However, encouraging a large number of
volunteers to contribute to annotation through linguistic discussion cantdead
differences of opinion that are often hard, if not impossible, tduwestefinitively
for a small proportion of words in the corpus. Despite not beingyddaeis of the
linguistic tagging tasks, much inter-annotator disagreement revolvesdatban
issues of the most appropriate interlinear Arabi&nglish translation and the subtly
different uses of gender in Quranic Arabic. We discuss these and eldtedrcases
further in section 4, as well as describe the resolution procedure wbede
possible, to guide collaborators towards agreenmedifficult cases.

This article is organized as follows. Section 2 provigesverview of the custom
linguistic software and tools used to aid online collaborative annotation. Section 3
compares the resource to previous tagged Arabic corpora and discusspscibe
challenge of linguistic annotation for Quranic Arabic in a collaborative getilfe
highlight key parts of Quranic grammar, and describe the online morptal and
syntactic annotation tasks for the corpus. Section 4 describes the annotation
methodology, which involves a multi-stage approach of automatic aseeb
tagging, initial manual verification, followed by online collaborative proafieg In
section 5, we evaluate the chosen methodology by deriving combineca@ccur
measures over the two classes of non-expert and supervisotatansioWe report
that introducing a supervisory role later in the project boosted the agcofac
suggestions by 22%, as measured by comparing to gold standaemhecefarorks of
canonical Quranic grammar. We also consider the reliability of the data as compared
to more conventional forms of annotation for Arabic corpora. Sectioaes6rithes
current applications of the annotated resource, and concludes with a dis@ission
planned collaborative tasks for further linguistic annotation.

2 Collaborative Annotation Tools and Resources

The Quranic corpus has been developed by following the principlespefvised
collaboration with inter-annotator discussion (described further in sectiand})
easeof-use The second principle of usability is essential when online volunteer
may not have the motivation or time to foll@wnon-intuitive annotation process. In
this section we describe the online interface used by collaborators tavrevie
linguistic analyses, shown in figure Zhe website displays annotations generated
from morphological and syntactic tags stored in a linguistic databaseoVidean
easily usable online resource, a drill-down interface (B6hm & DaB)2is used to
‘zoom’ into annotations, summarizing linguistic tagging at different levels of detail.
This type of interface is not usually applied to tagged corpora, besgscially
useful for a rich, layered dataset such as the Quranic corpus.
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th word of verse (21:30) is divided into 4 morphological segments. & resumption particle, verb,
ronoun and object pronoun. The connective particle fu is usually translated as "then" or "so" and
i to indicate a sequence of events. The perfect verb (= J=) iz first person masculine plural. The
werb's root is fd +d gaf (» — —). The suffix (%) is an attached subject pronoun. The attached object

pronoun is third person dual.
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To encourage volunteer collaborators to assist with annotation, suggesting
corrections online is designed to be a subtle and non-intrusive prddes majority
of the website’s monthly 50,000 visitors use the resource to understand the original
Arabic of the Quran through grammatical analysis, and are notvatiah online
discussion. A small but active minority of collaborators participate in pratifrga
and work towards improving the resource. Most users who deciddunteer begin
by using the website to research a particular section of the Quran thaiatihe an
interest in, and then go on suggest corrections to annotation that could besidipr

For each verse in the Quran, the original Arabic script (figure 2djspayed
online alongside seven parallel translations into English. Clicking orAtakic
script displaysthe website’s most used feature, the interlinear format (figure 2b)
(Bow et. al., 2003; Pietersma; 2002). This shows a running-tbwteiord summary
of annotation for each verse, alongside an algorithmically generated phonetic
transcription, and a word-aligned interlinear translation into Englistor@oding is
used to highlight morphological segmentation of the Arabic script, with
corresponding grammatical summaries displayed in both Arabic and English.
Collaborators can view further detail for an individual word by clickimgpugh to
the analysis web page, where template-based Natural Language Generatioiis(NLG)
used to generate a more detailed grammatical summary for each woedciorplois
(figure 2c). The analysis page allows collaborators to review all relevgstfoa
each word in the corpus using a textual summary that describes alogiphl
segmentation, padf-speech tagging, and syntactic dependency analysis in English
and Arabic. For example, a typical Quranic word such as fafatag (Lesliisd)
translated as then we parted them both, will have a detailed grammatical description
generated automatically using the tags stored in the linguistic database:

The tenth word of verse (21:30) is divided into 4 morphological setgmAn
resumption particle, verb, subject pronoun and object pronoun. The
connective particle fas usually translated as “then” or “so” and is used to
indicate a sequence of everits\{isl <), The perfect verbale J=8) is first
person masculine plural. €lverb’s root is fa ta gaf (3 < <). The suffix §) is

an attached subject pronoun. The attached object pronoun is third geaton

Based on observing inter-annotator discussion, the majority of cataiosr
usually prefer to proofread morphological and syntactic analysis isntéxtual
format, instead of reviewing lists of abbreviated tags, featuresyatatctic relations.
The benefit of this approach is that since the grammatical informatexquisalent,
the underlying tags in the database are indirectly reviewed in parallel. Aanhe
time, a textual format is more easily comparable to the linguistic analyggsdin
standard reference works of canonical Quranic grammar. Collaboratdrvided to
review and suggest corrections to this information onlittés methodology is
described further in section.4An ‘add message’ button on the analysis page allows
collaborators to start a new discussion thread, with comments for dicsperd
shown alongside annotations:

You canadd a messag# this information could be improved or requires
discussion.
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To simplify the proofreading process, the analysis page inclad8se Also’
section that provides a set of contextual hyperlinks that are used btat@ansido
directly access related resources and tools (figu)e Phis additional usability
feature allows online collaborators to spend more time making keyidtitgu
decisions. Quick and easy ‘one click’ access to relevant information provides the
ability to see the choices and decisions made previously by other cattaisofor
related words in the corpus. This compares with other annotation prigjetagging
Arabic offline that require annotators to spend time searching thiguigklines and
other documentation, often without direct access to the work of otieramay be
working in isolation on the same annotated text. The contextuarlimis in the
‘See Also’ section are generated dynamically according to the type of word under
analysis, depending on part-speech, syntactic role and morphology. For example,
for the previously discussed Arabic wgtgatagnahuma in verse (21:30), hyperlinks
provide quick access to the relevant section in the annotation guidelinesrtigy
subject and objects. Additional contextual links provide a graphicahlization of
syntax using dependency graphs, as well as further tinkther online grammatical
analyses for the verse at related Arabic grammar and Quran websites.

Two other popular resources provided alongside corpus annotations eare th
Quranic dictionary and morphological search. Both these resources areatiasged
root, lemma and stem, which in Arabic linguistics are distinct conceptss Rmoan
abstract grouping of words, and lemmas are a further subdivistmn.root of an
Arabic word is not a word itself, but a sequence of three or fourdetteaown as
radicals, from which most words can be derived through the Arabidatayattern
system. A lemma is a real representative word that groups togetherreitted
words that differby inflection, and is used as entry headers in standard Arabic
dictionaries. The simplest non-inflected form of a word is chosen dsrtimea: third
person masculine for verbs and singular for nouns. Stems ariserphaiogical
segmentation and are not necessarily actual words. After removirgg ¢tiim a
compound word-form, the stem will remain.

The online morphological search tool acts as a powerful concordance, allowing
annotators to find related words by searchimgpartof-speech, stem, lemma, root
and other annotated morphological featygg(/corpus.quran.com/searchhelp}jsp
The Quranic dictionary organizes words first by root then furtheletmma, and
provides a contextual translation into English. Both these online tools allo
collaborators to quickly find related words, so that comparing agaiestiops
annotations and related analyses is made easier. The Quranic corpus gisoject
includes a mailing list with hundreds of subscribers, including aetivetators and
interested Arabic linguists and Quranic experts worldWidde message board
allows collaborators to discuss annotations for a particular word, whilmaileg
list is an extended forum for more general topics such as refinetoethis tagset,
enhancements to annotation guidelines and general project discussion tidbef
additional tools and resources help to make the online annotation effortpdes aim
possible, and gives proofreading collaborators access to further rigitdadation
and more detailed context when needed. We coresidesing an existing open-

! comp-quran mail archiddﬂttp://www.maiI—archive.com/comp—quran@comp.leeds.a{c.uk
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source Wiki platform to host the discussion forum; but weckaled it was essential
to integrate the search and feedback mechanisms into a tailor-made architecture.

3 The Challenge of Collaborative Annotation for Quranic Arabic

In this section, we discuss the some of the challenges faced whemmpegft
linguistic annotation for Quranic Arabic in a collaborative setting. In 3.1 wirasi

our approacho other recent annotated Arabic corpora, and also consider similarly
constructed collaborative resources for other languages such as ancient@teek
Latin. In 3.2 we discuss the nature of the gold standard refersataial used by
annotators to assist with online proofreading. This helps to overcandifticultly

of working with annotations for an ancient text in language that isngefmatively
spoken.n 3.3we describe the collaborative morphological and syntactic annotation
tasks performed by annotators, and outline our choice of tagset yatacts
representation.

3.1 Related Annotated Corpora

Developing a successful machine-readable annotated language resource depends
both on the quality of the data, as well as on the choice of computationaltimguis
representation. Processing a highly inflected and morphologicallfarcjuage such

as Arabic presents a unique set of challenges, as noted by (Soudi et al., 2007):

The morphology of Arabic poses special challenges to computational natural
language processing systems. The exceptional degree of ambigite i
writing system, the rich morphology, and the highly complerdWormation
process of roots and patterns all contribute to making computational
approaches to Arabic very challenging.

Quranic Arabic, the unique form of the Arabic language used in thenQisr not
spoken today except in restricted liturgical contexts (Jones, 2005), but itdisettie
ancestor language of Modern Standard Arabic (MSA). Annotating the Quran
presents a different set of challenges compared to MSA due to the fact that the tex
over 1,400 years old. The Quranic script is more varied than médaiic in terms
of orthography, spelling and inflection. For example, the same wandbe spelt
different ways in separate chapters. Fortunately, it is possible to bupdesious
experience in annotating Arabic using more conventional approaches, when
considering how best to annotate the Quranic corpus in an online collaborative
setting. In addition, the Quran is fully diacritized which reduces its guitbi

The Quranic Arabic Corpus is not the first attempt to produce a maadable
linguistically annotated resource for the QurBnevious related work includes the
offline morphological analysis performed at the University offéddDror et al.
2004). The authors note that in comparison to MSA, Quranic Arabi@imem
relatively unexplored in the context of computational linguistic analysis and
annotation:
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Except for isolated efforts, little has been done with computer-assisted
analysis of the text. Thus, for the present, computer-assisted analyises of
Quran remains an intriguing but unexplored field.

In comparison to the Quranic Arabic Corptlis previous automatic processing of
the Quranic text was not completed, and remains manually unverifiednuittple
possible analyses for each word in the final published dataset. Basehsidering
a random sample, the authors of the Haifa analysis estimate thedmabcy of
annotations using an F-measure of 86% (Dror et al., 2004).

Previous work for annotating Modern Standard Arabic includes the three maj
Arabic treebanks that have been recently developed: the Penn Arabic Kré@iesn
& Maamouri, 2003; Maamouri et. al., 2004), the Prague Arabic Dependency
Treebank (PADT)(Haji¢ et. al., 2004; Smrz & Haji¢, 2006) and the Columbia
Arabic Treebank (CATIB) (Habash & Roth, 2009; Habash et. al., 200%se
corpora were tagged offline through the more conventional approf using a small
number of paid trained annotators. Each of the resulting treelvaska different
scope and aim, and each has its own form of representation for ngodetihic
morphology and syntax. Typically these tagging schemes were rizasegdrevious
annotation projects for other languages, such as English, arsteatdjo fit Arabic.
The primary use of these existing treebanks is as a resource tdadtisiical parsers
of Arabic, and to provide empirical evidence for the frequency of Arabjgiiktic
constructions. Figure 3 below compares theéagged Arabic corpora to the
annotations in the Quranic corpdsmore detailed comparison of linguistic tagging
schemes is provided in (Atwell, 2008), and for Quranic Arabic in particelar s
(Sawalha & Atwell,2010.

Figure 3 Comparison of | Corpus Dependency | Features Traditional
syntactically annotated | penn no yes no
Arabic corpora. PADT ves yes no
CATIB yes no yes (subset)
Quranic yes (hybrid) yes yes

The second column in figure 3 indicates if the resource has been syntacticall
annotated using dependency grammar or if constituent phrase struatsealisThe
next column indicates if morphological feature tagging is includedemtark up,
which involves annotating each word segment with additional linguigternation,
such as person, number, gender, lemma, noun cases and @eds. rihe last
column specifies if traditional Arabic grammar is used, which simplifies t
annotation process for Arabic in an online collaborative setting. Both the dheh
the Prague Arabic treebanks use models of syntactic representation which are not
immediately intuitive to native speakers of Arabic, often requiring trgitdrbe able
to participate in the annotation effort. In contrast, the Columbia Treebank (TATIB
uses a subset of traditional grammar which is sufficient for fudbeelopment of
statistical parsing. Moving towards historical traditional grammar for anngtati
Arabic corpora has been shown to allow for more rapid annotatiomviiiimal user
training, due to the use of familiar standardized terminology (Habash 0@9).

For a more detailed comparison of MSA treebanks see (Habash, 2010).

Related work also includes corpus linguistics and text analytics appliedeio oth

sacred books and historic collections of text aside from the Quran. TRke Al
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conferences on the Bible and the Computer have introduced many related an
applicable concepts such as the interlinear format for online wgkderd display of
annotated texts (Pietersma, 2002) although applying similar concepts tordr@cQu
text has not yet been done computationally. Work related to conceptsitmhalies
for other sacred texts include (Wilson, 2000) who provided a ptumaleglossary
and index to the Vulgate translation of the Gospel according to Johnyiitaetx
annotation in the Quranic Arabic Corpus carried out as part of this reqaaject
can also be compared to treebanks for other morphologically rich langsagksas
dependency annotation for Latin and Ancient Greek (Bamman et. &) 2iBiough
unfortunately this does not cover any religious texts such as thek Geg
testament. While not equipped with rich visual interfaces, the annotatiotfie in
Latin and Ancient Greek project are made by specialized experts.

3.2 Traditional Arabic Grammar{_s!)

In the Arabic-speaking world, there is a long tradition of understanding the Quran
through grammatical analysis, and over the centuries this knowledge has
accumulated in a grammatical framework knowri’a@ (<'_=!). One motivation for
the historic development of traditional Arabic grammar has been to understand
functional inflection. In Arabic, nouns can be found in one of thresscdthe
nominative, genitive or accusative case). Each of these grammatical casdizésir
through a different morphemic case-ending, which results in then rbeing
pronounced slightly differently, and written using differentwetized diacritics.
Similarly, imperfect verbsg(Jb=as J28) are found in three main moods (the indicative,
subjunctive or jussive). Automatic prediction of case and case-eng#sgseen one
focus of recent computational research for Arabic (Habash et. al. 2007; Zitcaini et.
2006; Habash & Rambow, 20D

A fundamental aim of historical traditional Arabic grammar is to explain the
reason for the inflection of each noun and verb in a senteasedbon syntactic
function. For example, when a noun is the subject of a verb busdfin the
nominative case, yet when it is the object of a verb it is foutkeiraccusative case
(Mace, 2007; Muhammad, 2007). To relate inflection to syntactic functiothé
entire Arabic language requires a sophisticated grammatical framework. A well
defined and thought out grammatical theafyb is capable of handling multiple
partsof-speech, and a wide variety of linguistic constructions and grammatical
dependencies. A key insight for online collaborative annotation of QuraniicAsab
to extend the approach of using traditional syntax in the CATibarde (Habash &
Roth, 2009) by attempting to represent as much of traditional Arabmongga as
possible. This leads to morphological and syntactic annotation which uséiarfam
terminology, and enables anyone who is already experienced wimiQ@yntax to
immediately participate in the annotation effort. This is especially important for
online volunteer annotators who may not have the time or motivationdergm a
lengthy training process in order to understand a non-standard db syntactic
representation, as required for other recently developed tagged Arabic corpora.

In addition to being a more familiar grammatical framework, adoptint i'
allows accuracy to be measured and improved by cross-referencingtagéange
published body of works on canonical Quranic grammar. Givenntpertance of
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the Quran to the Islamic faith, any syntactic annotation needs to be garefull
considered since alternative parses for a sentence can suggest alternativgsmeanin
for the scripture for certain verses. Fortunately, the unique férAmatic in which
the Quran has been inscribed has been studied in detail for over &80 Jones,
2005; Ansari, 2000). This is far longer than corresponding imias for most other
languages, and in fact traditional Arabic grammar is considered to be dhe of
historic origins of modern dependency grammar (Kruijff, 2006e0s, 1988).

In more conventional approaches to corpus annotation, the accuracyotdtadn
data is usually inferred from the value of an inter-annotator agreemefficiemt
such as the k-statistic (Carletta, 1996). For annotating Quranic Arabic, it is possible
to use a collection of certain key reference works as a form of gattlard to
measure accuracy{Dukes et. al., 2010). The primary reference for the annotation
effort is (Salih, 2007)al-i'rab al-mufassal li-kith allzh al-murattal A Detailed
Grammatical Analysis of the Recited Quran usingbi’y, a carefully researched
work that collates and builds on centuries of grammatical analysis.1Zhislume
authoritative reference of canonical Quranic grammar spans over 1&§e¢: pFor
each of the 77,430 words in the Quranic text, a detailed descriptgiveis of not
only partef-speech and morphology, but ala@ontextual syntactic analysis using
dependency grammar. Although most of the annotation in the Qurammias can be
cross-checked againsdli'rab almufassal this work does not cover several
morphological features which are tagged using online collaboration. Fyirgr
the annotation of derived Arabic verb forms and roots, as well agrdonmatical
gender,Lane’s Lexicon (Lane, 1992 and Wrght’s reference grammar (Wright,
2007 are used. Both of these are widely considered to be highly authoritative
reference works on classical Arabic grammar, and for the Quran in patticula

Producing a machine-readable annotated resource backed byesistisgy gold
standard analyses is not simply a matter of scanning in the materialpphdnhg
automatic character recognition. The Quranic Arabic Corpus is desigresl o
open source resource, and any material used must be free of copigvigh if ths
was not a concern, character recognition for printed Arabic texts sig:tila’'s al-
i'rab al-mufassal is still an active area of research (Amara & Bouslama, .2805)
further obstacle to automatic extraction is that the grammatical analysbesm
reference works are not encoded as a series of easily machine-readahieatialgs.o
Instead the syntactic dependencies and morphological analyses are desdrnbed
text, often using detailed technical linguistic language. The approasintactic
annotation for the Quranic corpus, described further in section 4, isply ap
automatic rule-based parsirig the original Arabic text, which is then manually
verified online. This is cross-checked using these gold standameéme& works of
i'rab, which provide existing analysdor each word in the Quran. The Quranic
Arabic Corpus provides for the first time an accurate structured dathhssd on
this wealth of existing traditional analysis, with annotation developed) usiline
collaboration.

! Available onlind http://www.archive.org/download/imkam[.2
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3.3 Collaborative Morphological and Syntactic Annotation Tasks

Collaborative annotation for the Quran is particularly challenging due to the rich
morphology of the language, and the depth of information requiringewev
Annotation tasks involve proofreading morphological segmentation,ofapgeech
tags and inflection features, as well as reviewing syntax graphs using dependen
grammar. The rule-based morphological analyzer, used for initial offlggerg of
Quranic Arabic, produces automatic annotation with an F-measureaeg@maore of
77% (Dukes & Habaslt2010) This initial data is inserted into a structured linguistic
database and then proofread by volunteer contributors using onlinesthscuds
second level of annotation involves using the resulting manuallyfieder
morphological annotations for further automatic syntactic parsing whiah tisrn
proofread online.

Figure 4 Multilingual natural (21:70:4)
language generation is used but We made them
simplify collaborative annotation. faja'alndhum
"—'j" ® - ‘:‘
L] L

PRON PRON V CONJ

CONJ - prefixed conjunctiorfa (but)
V — 1st person masculine plural perfect verb
PRON — subject pronoun
PRON - 3rd person masculine plural object pronoun

dalale clal)
Jeld ad ) Jaa (& Juain jpara (Lin g pale Jab
4 i ual dae (B Jeale jpaia o8y

The first of these proofreading tasks is segmentation. In contrEsigish, for a
highly inflected language such as Arabic, morphological segmentation is an
important prerequisite task before full syntactic analysis (Habash et. &, Bg®
& Maamouri, 2003). In the Penn English Treebank, verbal contrecsoch as
weren’t are split into separate segments (weresard each with a different paaf
speech (Bies et. al., 1995). These segments form individual unitsntacty
analysis, each being separate leaf nodes in a syntax tree. The situatianenic
Arabic is similar, but as many &84% of the Quran’s 77,430 words require
segmentation, resulting in 127,806 morphological segments. A typioatl’ in the
Quran consists of multiple segments fused into a single whitespaceteidlinord
form, as shown in figure 4 above. This example (read froh-tggleft) shows a
prefixed conjunction, a verb, and two suffixed pronoun clitiesere segmentation
has been performed according to traditiofab.

Online volunteers correcting morphological annotation review this choice of
segmentation together with the set of features annotated for eachnse@imese
include person, gender, number, grammatical case and verb moodbowsin
figure 4, natural language generation is used to derive concise siesimaboth
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Arabic and English based on the tags and morphological features annotated in th
corpus. This online presentation of data differs from that used dunitia) offline
processing, where for each word in the Quran a rule-based morjglablagalyzer
builds a feature-value matrix (Habash, 2007; Soudi et al., 286z, 2007). Figure

5 shows the underlying matrix for the same Arabic word in theusoeprresponding

to figure 4:

prefix (pos conj]
lem fa
pos verb
root JEI
person first
gender masculine
number plural
aspect perfect
voice active
form I
pos pronoun
suffix person third.
gender masculin
number  plural

Figure 5 Morphological feature-value matrix produced by tiére rule-based tagger.

These features are encoded using a sequence of machine-readabldogicgsho
tags The database record corresponding to above feature-value matrix isastored

f:CONJ+ POS:V ROOT:jEl1 1MP PERF ACT (I) PRON:3MP

Although machine-readable and well documented, this format is not easily
understandable by online volunteer annotators. For other Arabic corpgedtag
offline, annotation is encoded using an analogous set of abbreviated tags. F
example, the MADA system uses a similar set of features and a redgtest for
MSA (Habash, Rambow & Roth, 2009). In contrast, for the collabeilstiv
developed Quranic Arabic Corpus, it is necessary to translate these tags into an
online format more easily understandable by users of the resourtyy amthotators
(figure 4). This expanded representation is crucial in order to attract dkildpdsts

and Quranic experts to the project, without requiring technical trainingoflire
corpus guidelines (Dukes et. al., 2010) provide detailed documentatiotihefor
annotation scheme. In this article, a summary of keygfaspeech tags is shown in
figure 6.
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Category Tag Arabic Description
N ol Noun
Nouns PN e aul Proper noun
IMPN ol Jad o Imperative verbal noun
PRON e Personal pronoun
Pronouns DEM B L) awl Demonstrative pronm
REL J sy 3a ol Relative pronoun
Nominals ADJ -um Adjective
NUM &) Number
T ey il Time adverb
Adverbs LOC OSe il Location adverb
Verbs V =i Verb
Prepositions P ACs Preposition
EMPH as sl B Emphaticlam prefix
lam prefixes IMPV Y)Y Imperativelam prefix
PRP Jidadll oY Purposdam prefix
Conjunctions CONJ abe Coja Coordinating conjunction
SUB Sobae S Subordinating conjunction
ACC ai A Accusative particle
AMD Al il Caja Amendment particle
ANS Sl s Answer particle
AVR g s Aversion particle
CAUS d Particle of cause
CERT Gfad b s Particle of certainty
COND PN IERTN Conditional particle
EQ Ay gud (o Equalization particle
EXH Ui s Exhortation particle
EXL Jpali b Explanation particle
EXP oLl 3l Exceptive particle
Particles FUT Jhinl o ja Future particle
INC i) (B s Inceptive particle
INTG pledinl Ciya Interrogative particle
NEG T PN Negative particle
PREV N Preventive particle
PRO S Prohibition particle
REM Al s Resumption particle
RES s 3l Restriction particle
RET S pal s Retraction particle
SUP ) s a Supplemental particle
SUR Bolad i ja Surprise particle
VOC el Ca s Vocative particle
Disconnected letters|  INL EES P PPN Quranic initials

Figure 6 Partof-speech tagset for morphological segments (prefixes, stensufiix@s).

The syntactic annotation task involves proofreading dependency taggireadfor
numbered verse in the Qurafydh), a syntax graph is initially generated offline by a
rule-based parsgusing the previously proofread morphological analysis andgbart
speech tagdn contrast to other syntactically annotated Arabic corpora, the Quranic
corpus does not show only bracketed structures or flat lists of ralafionsimplify
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online collaborationa novel visualization of Arabic dependency grammar using
non-terminal phrase nodes is generated by automated graph-layout algorébeas, b
on the annotations in the database (figure THis online representation shows
dependency relations, a phonetic transcription and an interlinear translation into
English. This new graphical scheme for Arabic syntax is also beingeaiifmp other
related Semitic languages such as Amharic (Gasser, 2010). Fipag@v’shows a
dependency graph that describes the syntax of verse (99:1) of the Reaanfrom
right-to-left, this visualization describes the Quranic grammari'afb using
dependency relations, and is used to simplify online collaboration. ThbicAr
syntactic constructions annotated include a temporal conditional clausg @
passive verb subject representative{ —t), and a cognate accusativéfe J i),

The dependency on the left is a possessive construstiorl{«) also known as the
genitive construction. A more detailed description of this online visual repatisen

of Quranic Arabic syntax is given in (Dukes & Buckwalter, 2010).

Figure 7 Dependency (99:1-4} {99:1:3) (99:1-2) (99:1-1)

graph for verse (99:1 {with) its earthquake. the earth is shaken When
of the Quran. silz3laha — Al idha

ZIlZalan 1nati

-~ > =20

(45t S |V QR CA B S R
PRON N N Vv T
1 -—.'m_o-- ) L i)
s

4 Annotation Methodology

4.1 Motivation, Communication and Role-Based Collaboration

The annotation methodology for the Quranic corpus contrasts with othemlyec
developed collaborative linguistic resources, by using role-based differentiation

open communication between contributors. Recent work has shown éhasehof
crowdsourcing, such as Amazon Mechanical Turk (AMT), can be te#edor
labelling tasks that can be clearly understood by non-expertsndnv(&t al., 2008),

tasks are restricted to multiple-choice responses, and 10 independent annotators label
each item. The resulting data is noisier than expert data, but aggregatiotoleads
reliability. In the AMT model of annotation, workers are motivated by small
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monetary rewards for each taslyt there is typically no explicit communication or
collaboration between annotators. Other forms of motivation for non-expert
collaboration include enjoyment and interest. Phrase Detectives (Chamberlain et al.,
2009) models annotation as a game with a purpose, and uses & @ritaliaining
system to capture anaphora resolution. Players review decisions reaieigly by

other contributors, leading to a large reliable natural language resource.

Perhaps the best example of a fully collaborative resource is Wikipedia,
constructed entirely by unpaid volunteer editors who are motivated byt#rest
they share in the articles being developed. Recent research has consbimntly
that the effectiveness of Wikipedia depends not only on increhesita to improve
quality, but also crucially on open communication and discussion bewdiiens to
resolve issues, and to promote common understanding (Kittur & K@i@). This
compares with the Quranic corpus, where unpaid collaborators are motated
common interest in chapters of the Quran, and reach consensus ttisagsion.
The annotation methodology adopted is multi-stage, so that the annotatedeéso
increasingly accurate at each stage of revieallowing initial automatic tagging
and offline manual correction by two experts (Dukes & Habash, 20E0antiotated
corpus is put online for further collaborative error-detectdolunteer annotators
have an interest in finding mistakes in the existing tagging by compagaist
gold standard reference works ofibr

In the Wikipedia model of collaboration, editors work directly on aesharticle
that continuously improves through the use of incremental delitsthe Quranic
corpus, a message board is used to gather suggested correthensiessage board
is open to the general public, so that anyone who shares an interest indtati@mn
effort can participate after a simple registration procedure. There are iffieeent!
collaboration roles: contributgreditors and supervisors. New users who have
recently registered will be general contributors who have read-onlygssatoethe
annotationsbut can post suggested corrections online. Editors are project organizers
and have both read and write access to the linguistic database. Theyyyjooadit
sugges new corrections, focusing on the more time-consuming task opaang
against gold standard references. Wiaesuggestionis a genuine correction, the
corpus annotations are updated, resulting in incremental improvement f@ccu

Online annotation progressed initially with multiple volunteer contributors
providing suggestions, but with only 2 editors reviewing these andnmaddits
(phase A). During a later second stage, the supervisor role waduicg by
promoting a small number of contributors to this status (phasBupervisors retain
their read-only access to annotations, but are differentiated by their abiligtado
incorrect suggestions made by other contributors. These trusted expehesme if
they consistently provide high-quality corrections and have suitableeméad
credentials. Supervisors typically contribute to multiple discussion thread
provide guidance to less experienced annotators. The effect of intigdaci
supervisory role is evaluated in section 5, where we report that the acaifracy
suggestions considered for edits in phase B increased by 22%. Ttig iso
supervisors filtering out incorrect comments from non-experts, @fpweditors to
focus on considering suggestions that are more likely to be genumeetomns.

http://corpus.quran.com/messageboardl.jsp
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I The Quranic Arabic Corpus - Message Board Languzge Research Group

We are currently looking for wolunteers to review the linguistic annotation in the corpus. If you come
across a word and you feel that a better analysis could be provided, you can suggest a correction online
by clicking on an Arabic word. MNew messages or suggestions still under discussion are shown below.
Resolved cornments on morphological and syntactic tagging have been archived (2842 messages .

Quranic Arabic Corpus
Word-by-Word Quran
Syntactic Treebanl (8:47:11) grd person masc. sing. passive imperfect form IV & Max Hoff éApril1o

Messages 218 to 244 of 1572

COuran -
Quranic Words (628107 grd persommasculine plural passive pezfiect &Max Hoff < Aprilic
English Translation z =
Ontology (6:14:12) grd person mascnline singular passive imperfect... & Max Hoff caprilio
" s (5:41:16) Salaam, Might it be an idea to think about the... &Fs 14prilic
Linguistics
Corpus Guide (5:z7:18) Balaam , The o with shaddah hereis also... &Fs 14pril 10
Quranic Grammar (5:24:16) Could we also add in addition to this being a noun... &F3 31March 10
3 5 :
Message Board % Salam,Here Qaa'iduna is khabrinews) of inna.For a noun being... RRazi g1 March 1o
Quran Project .
“ Sure we can leave it as Khabar of inna &Fs 1Aprilic
Java APT
(58:5:18) It is ADJ (adjective) to (58:5:17).Vol 11,page... & Razi 31 Marchie
(5:20:4) The word ped hera could bere-labelled asa ... &F5 qiMarch 1o
(5:18:25) Salaam, Perhaps we could add hers sound... &F5 31 March 1o o

Figure 8 The message board promotes communication between emsatad users of the resource.

Given the rich morphology and syntax of Quranic Arabic, and the defpth
annotation, collaborators participate using free text entry as opposed to restricted
multiple-choice responses. This more natural form of expression procroigal
communication between annotators and users of the website. Messaygsaized
into threads that discuss the correct morphological and syntactic tafggiegch
individual word in the corpus. An online summary page lists the negsht active
threads under discussion (figurg 8 simple but common case of collaboratiorais
thread in whichka contributor suggests a correction that is reviewed by a supervisor:

20th April, 2010

FS: Is this not a LOC - accusative location adverb as opposatbiin?
AR: Yes, itis indeed zarf makaan manb.

FS: Thank you.

In this example, a contributor with online pseudonym FS suggestsextoom to
a word’s partof-speech tag using English terminology. The reviewed suggestion
along with others periodically results in annotations being updated by editis. |
revealing that a supervisor responds using equivalent transliterated Arabic
terminology. This is possible dite a common understanding that traditionath'is
being used as the grammatical framework. In the following related@®aa word
has an incorrect automatic morphological analysis of 3rd person fensimgularA
contributor is interested in participating in order to highlight incorrect tagging
well as to clarify their owminderstanding of Arabic grammar:
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24th April, 2010

TH: | am a beginner grammar student. | thought this word is 2nsbiper
masculine singular. Please help me understand.

AR: You are right. The verb is indeed 2nd person masculine singuier. T
needs to be corrected.

As well as confirming corrections and providing useful educationabfesdto
contributors, supervisors veto incorrect suggestions made byxpent& The thread
below discusses the correct dependency graph for verse (5:24 @uthn, using
terminology from traditional i@b. The issue is if the syntactic role ofil his
applicable, also known as the circumstantial accusative

31st March, 2010

FS: Could we also add in addition to this being a noun that &l h

RZ: For a noun to bedi it must be mansoob but here noun is matfso it is
not hal. Vol 3, page 45. Thanks.

FS: Sure. We can leave it dsabarof inna.

A supervisor vetoes this suggestion while providing useful fe&d@de reason that
the suggestion is incorrect is explained: circumstantial accusatives are &wags
in the accusative case and never in the nominative. As justificatersutervisor
provides a reference to volume 3, page 45 of (S206;), which provides detailed
syntactic analysis for the relevant verse, and is available as a link thtbegh
website. The guidelines cite this as the chosen primary work fdyiagr syntactic
annotation; hence the common understanding that an abbreviated reference is
sufficient in order to cite the gold standais shown by these exampjabe dual
nature of the message board involves common understanding tonémtedly
improve the accuracy of a shared resource, but is also an openftoriesearcher
to engage with subject experts.

4.2 Resolving Inter-annotator Disagreement

The public threads archived on the Quranic message board are an interasting
study in collaborative annotation. For the one year period to May 200,
combined threads total nearly 5,000 messages (100,000 wofdéipguistic
discussion between 100 participanthis secondaryannotator corpusof recorded
interactions most often involves mutual understanding and exchanges between
collaborators and supervisors, but also contains cases of disagreement before
reaching consensus. A full linguistic analysis of the many vaigmlissions covered
online is beyond the scope of this article. In this section, we fatexamples of the
methods used to resolve different types ier-annotator disagreement, when
resolutionis possible at all.

! This functional role from traditiondlrab, along with related syntactic dependencies, is descfilytter
in the online annotation guidelinggtp:/corpus.quran.com/documentation/circumstantiakatoe. sg
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A type of disagreement that is hard or potentially impossible to resolve
definitively is translation. Although the Quranic corpus focusesrmrphological
and syntactic tagging, the website provides a vixyrgvord interlinear translation
into English shown alongside annotations, as a guide for researdreraid
annotation and to put difficult verses into context, parallel renditions into Bragks
sourced from seven widely used and respgettanslations collated by (Abbas,
2009). Despite not being an encouraged collaborative task, many voluateers
interested in translation, often using previously annotated analysesctsdithe
relative merits of their arguments:

11th February2010

MN: This is in the nominative case. In common parlafreduge€’ means a
sheltered or protected state. In consideration of being in hell, an appropriate
word depicting this may be used, likabode, place of return

AR: The literal meaning of ma'waa is inde&l place of refuge, a resort, a
sheltered and protected plédcdts use here is obviously ironical. There are
many places in the Quran where the rhetorical device of irony, usingda wo
to mean its exact opposite, is employed to convey a sarcastic, méckiang
See also 4:138:1-6, 9:3:28-32. The gender of the noun should l@nem
because it carries the feminine ending.

MN: Out of the7 parallel translations on this website only two have used
“refuge’. For the same word in 3:151 only Sahih has usetuge’. Not at a
single place of its 12 occurrences ftaseen used ironically.

AR: Not only Salih, but Arberry also usésefuge’. Pickthall usesretreat
which the Oxford Dictionary defines as“place of shelter or seclusian
Alright, the majority useé‘abodé&, but the fact remains th&tefuge’ IS the
literal meaning in English of the word ma'waa.

This type of thread can be long-running withautdefinitive resolution. A
consequence of using unrestricted free text to suggest online correistitins
collaborators occasionally engage in fringe discussion. Although integefstim a
linguistic perspective, corpus editors ignore off-topic suggestiorsaaitranslation,
and focus on reviewing corrections to annotations and taggingedéssary,
collaborators are encouraged to continue unresolved off-topic conversasiogs
the project’s mailing list, keeping these off the public message board.

Aside from translation, most cases of disagreement involving annotatioratasks
usually resolved. Consensissachieved through following an escalating resolution
procedure. The most common method for resolution is to refénetcannotation
guidelines, which specify preferred annotation stifiehe type of disagreement is
more fundamental, such as differing parfsspeech, or if the annotation guidelines
require enhancingannotators are challenged to each cite referetacée literature
that justify their analyses. In the situation that both annotatorsdergustifications
for differing analyses, thanalysis from the gold standard reference texeglopted
as definitive (Salih2007 Lane,1992. After a difficult linguistic construction is
encountered for the first time by annotators and agreement is reétuhenolving
set of online annotation guidelines are improv@ansensus is also achieved through
refining and clarifying the definition of the annotation tasks, folimyvieedback
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from expert collaboratorsAs an example, the paof-speech tagset (figure) has
been refined and better documented by introducing more granulaopapsech for
Quranic particles, so that the chosen tags more closely align with the timguis
analyses ithe gold standard reference works.

An interesting case of disagreement between annotators that highiights
resolution process is the gender of angels according to the Quraristbrical
context for this inter-annotator discussion is a belief in pre-Islamabia that angels
were the daughters of God (Al-Mubarakpuri, 2003). A common thartlee Quran
is that God has no offspring. It is also generally accepted in Islananhgels are not
feminine creatures, as indicated by verse (43:19) which refers-telaneic beliefs:
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(43:19) And they have made the angels, who are servattie dost Merciful, females. Did
they witness their creation? Their testimony will be recorded,they will be questioned.

Gender in Quranic Arabiis a detailed and sensitive issue, as highlighted by the
following example which discusses the correct grammatical analysia fetated
verse. According to traditional Quranic exegesis, the maulaggibatun (literally,
the successive onein verse (13:11) refers to angels. In Arabic linguistite
concept of gender may refer to semantic, morphemic or grammagioadég A word
can have different values for these three attribudssgender can differ across
meaning, form and syntactic function. In the Quranic corpus, gedital gender is
tagged, since this determines how words function syntactically, andsagjender
agreement to be considered through relations in dependency graghsiolih
MU’aqqgibatun (“\$=<) has a feminine-sounding morphemic ending, but acts as
grammatically masculine. This noun was initially incorrectly tagagedeminine
the offline rule-based analyzer. At the time of the online discussion béhmw,
guidelines required enhancing, and should have clarified that grammatidair gen
being tagged as opposed to morphemic or semantic gender. Thehkbgeas with
an annotator challenging the incorrect automatic tagginfgminine on semantic
and exegetic grounds. An example is provided of a related Arabic thatdis
semantically masculine, but morphemically feminine-soundi@gifph” or khalifa):

17th November, 2009

MN: The word“angel¥ does not go with feminine, since the Quran states
that only disbelievers describe angels as feminine. @an'dqqgibarun be
considered masculine like khalifatan?

A second annotator suggests that grammatical as opposed to semantic gender
should be tagged, but unfortunately provides an incorrect analygismwimatically
feminine. The annotator indicates that consensus can be reached fhingetie
differing analyses against gold standard references. This isettiestep towards
resolution after consulting the annotation guidelines:
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KD: The full grammatical analysis for this word is feminine pluratjvac
participle from ‘aggaba form Il of ‘agiba. This word is a grammatical
feminine. This does not mean that angels are feminine.

MN: How can one accept a grammatical analysis for this word as feminine
plural?

KD: Can you please cite a reference for your own grammatical analysis?

Inter-annotator discussionascrucial part of the Quranic Arabic Corpus and leads
to more accurate analyses through common understanithiigyis highlighted by a
third annotator who suggests that although the word has a fersmimging
morphemic surface ending, it may be important to tag the wworkhe as
grammatically and semantically masculine, especially as the corpugevisbgsed
as a study resource for researchers:

HS: | think, and | may be mistaken, that | might agree with Mithwhe fact

that this word should be treated as masculine. As far as my knowtédge
Arabic is concerned, the plural of some masculine words mightdsou
feminine. One example is when we say: #fainstead of rigl and it is
originally a masculine word. The issue here is sensitive, since tatggmg
word as feminine might lead the readers to think that the Vamdels’ in
Arabic is feminine, hence angels are feminine creatures. We understand tha
the word per se, both grammatically and semantically speakimgseuline.

The original collaborator agrees with the sensitive nature of the amakys
stresses that the word should not be tagged as feminine on semantétsgroun

MN: | feel concerned because of verse (53:27): Indeed, those winotdo
believe in the hereafter name the angels female names.

A fourth annotator contributes to the gender tagging thread for the noun
mu’aqqibatun by using thewebsite’s built-in concordance tool. The referent word
malzekah (angels) is shown to act as either grammatically masculine aiirfenm
related versesaccording to context. The use of the lemma-based concordance
provides annotators with quick and easy access to examples of taggjmg\ious
related words:

AB: | took a corpus linguistics approach and looked at the conadizes
for the 54 occurrencenf malaekah. ©these,32 occurrences used pronouns
to refer to the angels in the same verse, and showed that 21 usedineasc
and 11 used feminine pronouns. One verse (47:27) used lasttulime and
feminine pronouns. So, in reality angels are not female (based:b® d3d
other verses). But grammatically the majority of the time they are edféor
as males and sometimes as females.

KD: It’s great the Arabic concordance functionality for the Quran on this
website can be used in such a way. It is interesting that botifesrand
masculine pronouns are used, purely in the sense of grammattakeéh
semantic or physical) gender.
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For this thread and for related examples, consensus between annstaached
through discussion. In this particular verse, the wand’aqqibatun although
feminine in form, is masculine in meaning as well as in grammaticatin. The
thread concludes with the next stage of the resolution procedureanBigsis is
confirmed by the original collaborator who verifies against the gold standar
reference, in this case (Lane, 1992) for Quranic Arabic gendetadiom:

MN: | got this information from the Lane's Lexicon entry for this word
While feminine in form, grammatically this is masculine. This isoalde
plural, and so is masculine in the same way.

KD: It looks like your reference from Lane's Lexicon sums thps This
reference does suggest that we change this word to masculine.

The conclusiorio this discussion thread is that the annotation guidelines required
enhancing to specify that grammatical gender is being tagged, as opposed
morphemic or semantic gender. Following the above discussmiguidelines have
since been extended to explain the different types of gender in Quranic.Alatiic
resolution process and annotation methodology contrasts with recentocatiteds
efforts that use a majority vote to filter out the noisy judgement®ofexperts. For
a sensitive cgius such as the Quran, Islam’s central religious text, inter-annotator
discussion is crucial for accurate results when the number of nantexenerally
outweighs more experienced contributors. Experts proofreading Qaramtations
typically cite references and take the time and effort to pursue atify jteir
analyses. Through discussion and communication between collaboratmsnsges
can be reached even for linguistically challenging topics such as the aeneier
tagging for angels in the Quran, as well as for related issues.

We did consider the possibility of an undecidable ambiguity: Atw@08&2 notes
that some corpus tagging schemes allow for two glaspeech tags for rare
occasions when the pasf-speech is genuinely ambiguous. For example, the tag
JJ|VBG means a word could be an adjective or a present participle verbtlang no
in the context tells the annotator which is correct. However, we foardémand or
need for such a mechanism: in cases of apparent disagreement,ialis@rss
analysis always seems to end in a consensus. This could be becausrativiab
discussion allows for much more reflection than a single annotatog tryifollow
guidelines.

5 Evaluation

5.1 Accuracy of Annotations

As explained in section 3.2, although we do have gold standard referets;athex
analyses these contain are not in a format which can be readily cross-matched
corpus annotations, so that we cannot easily apply standard metpiecision and

! Annotation guidelines for gender tagg ://corpus.guran.com/documentation/gendef.jsp
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recall to evaluate the corpus against the gold standard. Indirect evidenceifgr hav
confidence in the accuracy of the annotations can be found by dogpeebsite
usage (figure 9) to message board activity (figure T@g inverse trends indicate
that although more people continue to make use of the online annotatecteesour
over time, the number suggested corrections has decreased, since aeerors
becoming harder to find as accuracy improves.
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Figure 10 Message board posts per week.

A more precise measurement of accuracy can be obtained throndbnra
sampling. In this section we focus on evaluating the accuraayoophological
annotation in the corpus, which is considered t@ btable part of the tagging effort
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ard near completion. The Quranic Arabic Dependency Treebank curreatliges
syntactic dependency graphs for 30% of the Quranic text but is stillogrgss,
while morphological annotation covers 100% of the Quran, and haspboeefread
online overa years time. We also do not consider the accuracy of ancillary
annotation in the corpus, which includes automatically generated phonetic
transcriptions, verse audio recitations and translation.

To measure the accuracy of morphological annotation by randonlisgnfpm
the 77,430 words in the Quran we take three random non-overlagpingles of
1,000 words each. The words in each sample need not bguaree or be from the
same verses or chapters. The annotations in the corpus for eaebeosdimples are
compared to the analyses in the classical references of Quranic grammar. Typically
accuracy does not vary significantly across each of these samptleat #tey can be
averaged to give an estimated accuracy measure for the corpus as a whel Figu
shows the number of suggestions during the first two 3-mopiatipds of online
annotation, for the three samples; for the whole Corpus, there weresd@@dstions
by 3 months, and a further 1728 suggestions by 6 mowthscan be seen, the
number of suggestions during these time periods is overall evenly wlistribmong
the samples, which demonstrates that they are representative of the annotation effort.

Suggestions per Sample

Online Project Time | Sample A | Sample B | Sample C
3 months 21 26 23

6 months 19 24 19

Figure 11 Suggestions per random sample.

The accuracy for the morphological annotation of a single word is measured
according to strict criteria. A typical word in the Quran will receive multips and
features for different items of linguistic information such as setgtien, partef-
speech, gender, person, number, and grammatical case. We consigkelr ta be
accurately annotated only if all of the features have the correct expectes.valu
Figure 12 summarizes the accuracy of morphological analysis, measuresingy
the same random samples at 5 different stages of annotation. Eaeh oftag
annotation builds on the previous stage by reviewing the existingadioms and
making further corrections. The initial data used to seed the online collaborative
platform is generated through automatic tagging followed by a first gasflioe
correction. Supervisors were introduced after three months oegmigofreading by
website collaborators. Accuracy is measured at each of these stageal] as at 6
months and at 12 months into the annotation effort.

Online Project Time | Stage Accuracy
- Automatic annotation 77.2%
- Initial offline correction 89.6%
3 months Online proofreading without supervisors | 92.5%
6 months Online proofreading with supervisors 96.9%
12 months - 98.7%

Figure 12 Accuracy of morphological annotation.
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The effect of introducing a supervisory role 3 months into thgpt can be seen
from the accuracy measurements in figure 12. During the firsetimonths b
annotation (without supervisors) accuracy improved by 2.9%. Faretkie3 months
with supervisors, accuracy improved by a further 4.4%. It isrelswant to consider
the quality of message board suggestions. For the first three monibslirod
annotation (without a supervisory role), 1331 outl8D1 suggestions resulted in
valid corrections to annotations (74%). For the following three moritaarmtation
(with a supervisory role) out of a total bf28suggestions401 of these were vetoed
by supervisors, and out of the remainidg27 suggestions, 1271 resulted in
corrections to the corpus annotations (96%) by editors. Introducsupervisory
role later in the project boosted the quality of suggestions considgreditbrs by
22%, due to supervisors filtering out inaccurate suggestions made by less
experienced contributors. This increase in the quality of suggestions alfiitess to
focus on considering genuine corrections and comparing only thetee tgold
standard references.

5.2 Comparative Evaluation

In order the compare the methodology of supervised collaboration to canwohsy,

a simple experiment was conducted using Amazon Mechanical Turk (AST)
online job marketplace where workers are matched with requesters offesksgy ta
These AMT tasks are known as HITS (Human Intelligence Tasks), andtare of
presented in a multiple choice format, or make use of restricted text entry. gkithou
recent work has shown high accuracy in using AMT for sirapleotation tasks (Su

et al., 2007; Snow et al., 2008), it is not clear how well the AMT appraactd
perform for deep linguistic annotation for a genre-specific langgagh as Quranic
Arabic. In the AMT experiment, a 500-word paftspeech tagged section of the
Quranic text was put online for correctibly Mechanical Turk workers, and was
reviewed independently by 6 contributors. To simplify the experipanly partef-
speech tags were considered instead of the full set of morphologicakgeadlhis
allowed the AMT experiment to run as a simple multiple-choice task. Unlike with
the Quranic corpus, AMT workers are paid a small fee for each completed task
These workers are not necessarily Arabic specialists or volunteers interesited in
Quran, but can be anyone with the required skills wanting to earn nfoney
participation.

To ensure a baseline level of competency, the experiment required sfuicces
completion of a screening test, which asked 5 challenging multiple-choéstians
about Arabic grammar. Only those AMT workers passing the scredeisig
participated in the annotation experiment. The initial data given to AMT was a
reduced form of the padf-speech tagset used to seed the online Quranic Arabic
Corpus (stage 2 in figure 12, at 89.6% accuracy). This allowa fopre accurate
comparison between online supervised collaboration and AMT crowdsoufdieg.
AMT workers were invited to review this tagging and provide cdioes. After this
review, the final accuracy of the 500-word sample averaged at 9arP¥cfease of
1.6%). This compares with the 92.5% accuracy in figure 12 at stafpe Bitial
online collaboration in the Quranic corpus without supervisors. Woidd suggest
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that involving expert supervisors in the collaborative process, as weltasraging
discussion and communication leads to higher accuracy for a deemdyatsd
resource such as the Quranic corpus. The current estimated accuracy of
morphological annotation in the corpus is measured at 98.7%, usiagpheach of
supervised collaboration.

6 Conclusion and Future Directions

In this article, we presented a description of a collaborative effort to morphological
and syntactic annotation of the Quran: The Quranic Arabic Corpus. Given the
uniqueness of this text and its importance as a sacred religpokswe devised an
online supervised collaboration using a multi-stage approach. The differeas stag
include automatic rule-based tagging, initial manual verification, and online
supervised collaborative proofreading. The website has approxini@elynpaid
volunteer annotators each suggesting corrections to existing lingugginga To
ensure a high-quality resource, a small number of expert annaaatopsomoted to

a supervisory role, allowing them to review or veto suggestions rogdather
collaborators. We show that this approach produces superior adddngeality
compared to more common crowdsourcing methods that lack supervisiven the
special characteristics of our task, we decided not to use an existinglatfiéim to

host the discussion forum, but decided to integrate the search and feedbac
mechanisms into a tailor-made architecture. This has proven to be uh aisef
popular contribution to Quranic Arabic research that provides new waysiiothi
Quran. The website receives 1,500 interested visitors each day (seelfiyur

4

Figure 13 The annotated Quranic Arabic Corpus attracts woddvinterest. The map above shows the
distribution of the website’s 50,000 users per month by geographic region. Countries with more visitors
are shaded darker. (Source: 245,781 visitors bet@eéec 2009 and 20 M&010).
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There are currently several ongoing academic research projects that usg¢eanno
linguistic data from the Quranic Arabic Corpus, which is freely auvaildbr
download under an open source license. The data has been manually bsrified
multiple annotators, and the linguistic database is machine readable. This data i
being used for training and testing, for example in (Yusof ¢2@1.0), where a rule-
based stemmer is developed and tested against data from the Quranic Arpbg C
They note that although there has been a recent focus on measurinddiragree
of systems using annotated MSA corpora, little work has been idogealuating
systems using Quranic Arabic. We expect more work to be done iratbi
following the publication of the Quranic corpus datasets. Another application
formal semantic modelling of Quranic verses. In (Zaidi et. al., 2% from the
Quranic Arabic Corpus is used to develop an ontology through extracties
written using GATE. Our choice of syntactic representation inspiredalltitmal
Arabic grammar may also be applicable to other related languages. Gasser (2010)
develops a dependency grammar for the related Semitic language of Arahdric,
uses a similar syntactic scheme that also includes hidden moddspendency
graphs.

Future collaborative work will include further morphological annotation: e
noun patterns, different types of gender (semantic versus fualkct@mder), and
refined segmentation rules adapted from traditional Arabic grammar. Addiyion
we plan to finish the syntactic annotation which is in progresduitber improve
accuracy, we plan to introduce a concept of ‘quality labels’ for certain sections, so
that passages which are in need of in-depth review and discussioa cameeasily
identified by volunteer annotators. As well as making suggestions, itafsaybe
useful for contributors to mark sentences that they have checkedwamti correct.

We are also working on developing a first draft of full-coverage levapresolution

for pronouns in the Quran, which will be displayed online adadeythe existing
corpus annotations for collaborative review. Finally, we plan to integrate the
treebank into other standard tools for computational linguistics andudgeg
processing, suchsahe open-source NLTK and GATE toolkits, to widen take-up of
the Quranic Arabic Corpus as a training and testing corpus for gengPaledkarch.

We have previously argued that understanding the Quran, and othemidety
considered to be notable, should be a grand challenge for Computer Saiehce
Artificial Intelligence (Atwel et. al., 2010). We are also interested in possibilities for
collaborating with other annotation projects, via reuse of our collaborative
architecture for online linguistic analysis and research.
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