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Abstract: This paper describes the development of a computer-assisted language
learning (CALL) system for learning Arabic using natural language processing (NLP)
techniques. This system can be used for learning Arabic by students at the primary
schools. It provides grammar practice for learners of Arabic. The learners are encouraged
to produce sentences freely in various situations and contexts and guided to recognize by
themselves the erroneous or inappropriate functions of their misused expressions. In this
system, we use NLP tools (including a morphological analyzer and syntax analyzer) and
an error analyzer to give the adequate feedback to the learner. Furthermore, we propose
the mechanism of correction by the learner which allows the learner to correct the typed
sentence by herself/himself, and allows the learner to realize that what error she/he has
made.
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1. Introduction
Computer-assisted language learning (CALL)' addresses the use of computers for
language teaching and learning. The effectiveness of CALL system has been made
obvious by many researchers (Lam et al., 1995; McEnery et al., 1995). Until quite
recently, computer-assisted language learning was a topic of relevance mostly to those
with a special interest in that area. Recently, though, computers have become so
widespread in schools and homes and their uses have expanded so dramatically that the
majority of language teachers must now begin to think about the implications of
computers for language learning. Using computers provide a number of advantages for
language learning (Warschauer, 1996):
Repeated exposure to the same material is beneficial or even essential to learning.
= A computer is ideal for carrying out repeated drills, since the machine does not
get bored with presenting the same material and since it can provide immediate
non-judgmental feedback.
= A computer can present such material on an individualized basis, allowing
students to proceed at their own pace and freeing up class time for other activities.
= The process of finding the right answer involves a fair amount of student choice,
control, and interaction.
= Creates a learning environment, since listening is combined with seeing, just like
in the real world.
=  Multimedia and hypermedia technologies allow a variety of media (text, graphics,
sound, animation, and video) to be accessed on a single machine. Hence, skills are
easily integrated, since the variety of media makes it natural to combine reading,
writing, speaking and listening in a single activity.
= Internet technology facilitates communications among the teacher and the
language learners. It allows a teacher or student to share a message with a small
group, the whole class, a partner class, or an international discussion list of
hundreds or thousands of people.

The current CALL systems have the weakness that learner cannot key in target language
sentences freely and cannot guide the learner to correct the most likely ill-formed input
sentences. The learner just accepts the information which follows the instruction of
curriculum which is pre-installed in the computer. Therefore, it cannot be said that these
types of systems are totally interactive. Due to this reason, more and more researches on
NLP techniques in CALL systems are needed. In CALL systems, the analysis of the
typed sentence is a must in order to allow learners to phrase their own sentences freely
without following any pre-fixed rules. Therefore, we used NLP tools in order to analyze
typed sentence. Unfortunately, almost all of the current CALL systems that use NLP
techniques can just analyze grammatically correct sentences. However, Arabic language
learners who use the CALL system are most likely to key in ill-formed sentences. For this
reason, we have used a mechanism that recognizes the structure of ill-formed input
sentences, and then allows the learner to correct the typed sentence by herself/himself.

"CALL is also known as computer-assisted instruction (CAI), computer-aided instruction (CAI), or
computer-aided language learning.
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This paper describes a CALL system for Arabic using NLP techniques, called Arabic
CALL, which can solve the weaknesses of the current CALL systems. The present
system allows the learner to produce sentences freely in various situations and contexts
and guided to recognize by themselves the erroneous or inappropriate functions of their
misused expressions. In other words, it helps to make the learners make use of their own
errors. It doesn't give them the correct answer directly but it enables them to try over and
over again. In this system, we use NLP tools (including a morphological analyzer and
syntax analyzer) and an error analyzer to give the adequate feedback to the learner.
Furthermore, we propose the mechanism of correction by the learner which allows the
learner to correct the typed sentence by herself/himself, and allows the learner to realize
that what error she/he has made. Arabic CALL follows the curriculum of Arabic
grammar at the Egyptian primary schools.

The rest of this paper is structured as follows. In Section 2, related work on Arabic CALL
systems is given. In Section 3, we briefly describe our proposed Arabic CALL system.
Sections 4 through 7 present the main components of the Arabic CALL system. In
Section 8, we conclude the paper and give directions for future work.

2. Related Work

The linguistic computation of Arabic sentence is a difficult task (Othman et al., 2003).
The difficulty comes from several sources: 1) the length of the sentence and the complex
Arabic syntax, 2) The omission of diacritics (vowels) in written Arabic "altashkiil", 3)
The free word order nature of Arabic sentence, and 4) The presence of an elliptic

personal pronoun "alDamiir almustatir”. For these reasons, there are very few researches
involving Arabic CALL (Ditters et al. 1993).

Researches in Arabic CALL can be classified into two approaches: Computer as a Tool
and Computer as a Tutor. In the Computer as a Tool approach, some computer programs
can be used as a tool that do not necessarily provide any language material at all, but
rather empower the learner (usually a native speaker) to use or understand language. In
the computer as a tutor approach, the process of finding the right answer involves a fair
amount of student choice, control, and interaction.

Computer as Tool

Hegazi et al. (1989) presented a way to represent Arabic syntax in Prolog as production
rules. As the system can detect some errors concerning Arabic syntax, it can be used for
an educational environment.

Abou_Ela (1994) developed an expert system for the Arabic Syntax Analyzer (ESASA),
which can be used as a tool to assist Arabic linguists in building the Arabic grammar
rules. The grammar is expressed using a declarative language called, Grammar Writing
Language (GWL). This tool is aimed at building Arabic natural language applications
including CALL.

Teachers and researchers trying to produce CALL software in languages that use the non-
Latin alphabets have a long history of seeing their work disappear into a series of
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nonsensical characters or black squares. This problem is particularly true of web-based
material because there are so many unknown factors associated with the operating system
of a distant user. Cushion et al. (2002) described how recent technological developments
have provided the possibility of overcoming these technical problems in conjunction with
the Java programming language and the Unicode character numbering system. This
approach has enabled the conversion of previously developed software, which produced
web-based CALL material in the Latin alphabet, to produce similar material in Arabic.
The system does not rely on the restructuring of the host computer’s operating system
and enables teachers of Arabic to produce their own interactive CALL material in a form
that will be easily accessible to their students

Shaalan (2003) developed an Arabic grammar checker, called Arabic GramCheck. Arabic
GramCheck looks for common Arabic grammatical problems, describes the problem for
you, and offers suggestions for improvement. This program is useful in pointing to
problems believed typical of native speaker writing. Thus, she/he can avoid such
problems in the future.

Computer as Tutor

Gheith et al. (1996) developed an Instructional Software for Teaching the Arabic
Language (ISTAL) for grade one preparatory school. The system presents the curriculum
as a simple concept associated with a set of generated sentences which highlight this
concept. Then, the system generates an exercise to the student. The student's answer is
automatically evaluated by comparing it to the system solution.

The Visual Interactive Syntax Learning for Arabic (ArabVISL) is an internet based
interactive software for self-paced learning of Arabic grammar which is currently being
developed at the University of Southern Denmark (Nielsen, 2001; Nielsen et al., 2003). It
allows students of Arabic as a foreign language to analyze Arabic sentences by using
Arabic script and Arabic grammatical terminology. The grammatical framework of
ArabVISL as well as the technical solutions reflect a number of choices which had to be
made in order to ensure a coherent and pedagogically suited product. This research
focuses on these choices in an attempt to provide a better understanding of the problems
encountered when developing CALL-materials for languages written in non-roman
scripts.

The Interactive Language Learning project at London Guildhall University was asked to
produce course material for the university’s Arabic classes (Cushion et al., 2003). The
authoring package was converted to the use of Arabic but, to avoid imposing models
derived from European languages onto Arabic, a member of the design team decided to
study the language from beginners level while collaborating with the teacher in producing
the CALL package. This process has produced significant results and caused considerable
re-evaluation of some preconceived concepts. This research highlights problems
associated with learning a language with an unfamiliar alphabet and offers some
suggestions as to the part CALL can play in overcoming them. It contains reflections on
the way in which lessons thus learnt might be applied to languages that use the Latin
script, including the possible use of CALL authoring as part of the learning process.
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Limitations of the Current Language Learning Systems

In Egypt, some publishers of the on-the-shelf school textbooks provide students with
either CD's or Web sites that contain vocabulary and grammar practice. However, most
of these systems have some common limitations, which are:

1. They often resemble the traditional workbook exercises from which they were
adapted.

2. From a pedagogical perspective, the definition of acceptable answers to exercises
is highly constrained. For instance, in the linguistic analysis questions (<_<!), the
learner can type his answer as follows: "4l 428, idle ¢ 58 5 laia", Nevertheless,
the system would consider this response as a wrong answer since it stores the
answer of this question as: "iezall g 8 e i,

3. Error feedback commonly does not address the source of an error. For instance,
the system displays the correct answer without any explanation of the student's
mistake. This makes the system's feedback a generic catchall response.

4. For vocabulary exercises, the student is referred to the corresponding page in the
textbook, which displays the word in question in a word list. In addition to the
pedagogical limitations, the student has to consult the textbook, which is an
unnecessary inconvenience given the potential of the Web.

3. The Proposed System Architecture
Fig. 1 shows the proposed Arabic CALL system architecture. This system consists of the
following subsystems: user interface, course material, sentence analysis, and feedback.

The user interface provides the means of communications between the learner and the
Arabic CALL system. It is used to present multimedia lessons, provide the test items and
allow the learner to take the test, and deliver the feedback to the learner. The user
interface subsystem is implemented using Visual Basic and Flash.

The course material includes educational units, item bank, test generator, and acquisition
tool. Each educational unit is a collection of Arabic grammar lessons that addresses a
common topic. Item bank (question bank) is a database of test items. The test generator
withdraws test items as needed to develop a test. The acquisition tool allows the
instructor (teacher) to author and maintain lessons, and to create and maintain test items.
The course material subsystem is implemented using Microsoft Access and Visual Basic.

The sentence analysis includes a morphological analyzer, syntax analyzer (parser),
grammar rules, and lexicon. These tools are used to analyze inflected Arabic words,
grammatically correct Arabic sentences and linguistic analysis of Arabic sentences. The
sentence analysis subsystem is implemented using SICStus Prolog.

The feedback subsystem includes an error analyzer that is used to parse ill-formed learner
input to give the adequate feedback to the learner. We augment the Arabic grammar with
rules (buggy rules) which are capable of parsing ill-formed input and which apply if the
grammatical rules fail. The feedback subsystem is implemented using SICStus Prolog.
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Fig. 1 The Proposed Arabic CALL System Architecture
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4. User Interface

The user interface provides the means of communications between the learner and the
Arabic CALL system. It is used to present multimedia lessons (text, graphics, sound, and
animation), provide the test items and allow the learner to take the test, and deliver the
feedback to the learner.

There are two possible approaches for reacting to the learner's response: linguistic
analysis based approach and pattern matching based approach. Applications developed
with a NLP techniques will offer a much more reliable and efficient service to the learner.
There are several reasons, which we believe should support this view: 1) NLP systems,
usually conceived with a modular architecture, are much more easily extendible as
linguistic research proceeds, and 2) it is not at all obvious that the performance of a
CALL system, which does not perform a minimum of linguistic analysis, is really
satisfactory.

On the contrary, a program with a simple letter-to-letter match is incapable of
differentiating types of errors: not only is it, therefore, incapable of providing any
valuable, evaluative feedback, but, in ignoring the source of the error when selecting
another problem. In this study, we take the linguistic analysis based approach.

5. Course Material

5.1 Primary Level Lessons of Arabic Language

The educational units include Arabic grammar lessons for primary level. Specifically,

they cover the following:

- Agledll Alaall — o) g — Al g Tl Al Alaadl o ilacall - JladY) — paadl 5 Bl — Canill —Lan)

SOS— L als o) e sl — L sal 5 o Glhaall Jsedall — alal Jgniall — claill — Jlall — (o lall — Calasl)
g all — WAl 5 S s ) sl — Ll sl

Fig. 2 shows an example of a lesson explaining the unrestricted object "@ladll Js2adl", Tt
consists of an explanation of this grammar rule, an example, sound functionality, lesson
test, and some navigation aids.

The lessons are stored in a database. The system includes some instructional templates to
allow for quick generation of instructional material. The structure of lessons consists of
two database relations, namely: lesson relation and example relation.

1. Lesson relation: This relation contains the following fields:
= Lesson. This field indicates the lesson to which this rule belongs. This field is the
primary key.
= Rule. This field contains the wording of the grammar rule of the corresponding
lesson.
= Unit. This field indicates the unit to which this lesson belongs.
=  Window id. This field refers to the relevant lesson window.
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2. Example relation: This relation contains the following fields:
= Example id. The primary key.
= Lesson. The foreign key.
= Example. This field contains the wording of the examples used in the lesson.

ZayFr Eacloan

: ilaall L snial
Sl e S Juidl Ladl o pmie Jas
n:.u:._;| ALJJULLJJ]

-

wsll o aled

lios LY b Lol s
O [T = ]
Fig. 2 A lesson

5.2 Item Bank

The item bank is a database of test items. This component is used to generate different
types of test items each time the learner is allowed to take the test. The test generator
selects the test items in a random order. According to the selection criterion made by the
instructor, all the test items that match this criterion are collected. Then, we apply a
random function to present the selected test items to the learner.

29 bas bl

I T A I s

g i uLna.mﬂ :_;.i:,J|

Fig. 3 A test item
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Fig. 3 shows an example of a test item. It consists of a question header (identify the
inchoative and enunciative, and the type of the enunciative in the following sentence), a
test sentence (the brave soldiers make victory), a learner input area (text boxes and pull
down menus), "Answer button" to allow the learners to see the model answer, "Check
button" to check the learner’s answers, hyperlinks to the relevant grammar lesson, and
some navigation aids.

In Arabic CALL, there are two main types of test items for interaction with the learner:
supply-type (short-answer/fill-in-the-space) or selection-type (matching, true/false,
identify, or multiple-choice) interactive questions. The objective test method is used to
assess the learner's knowledge or skills where each question has one (and only one)
correct answer — and there is no ambiguity about what that correct answer should be.
From the linguistic point of view, the type of questions used in our Arabic CALL system
can be classified as follows:
1. Identify words according to certain morphological feature(s) or identifying
constituents according to certain syntactic feature(s)
= Examples:
o Identify the category of each of the words in the following sentence
Ay Alaall 8 Cajaldl g Jadl) 5 ans¥) e
o Identify the dual and regular plural in the following words (~&ell (pe "
") LS L) aanll
o Identify the verb, subject, and object in the following sentence " (ne
AV daall 8 4y Jsniall g Jeldl) 5 Jadl"
o [Extract the adjective and the modified noun in the following sentence
") Aleall 8 Cgaiall 5 Canil) A
o Identify the nominal and verbal sentence in the following sentences
mAY) Jaall 8 Adedll dlaall 5 dpan¥) dlaall (e
2. Verb conjugation
= Examples:
o Give the correct present and imperative tense of the following verbs
AV QS L) 5 bl Jadll il
o Present tense - Fill in the blank with the correctly conjugated form of
the weak verb in parentheses " Jiaall Jadll alasiuly JuaSl — ¢ jliaall Jadl)
O 8 (g e anlial
o Fill in the blanks with the correct form of the verb " Jaill alasiuly Jui
T EA (L
3. Noun morphology
= Examples:
o What is the correct dual and regular plural of the following words? "
A5V S Lalls gen) "
o Complete the following sentences with the correct noun form in
parentheses " sl (o Lae aulial) an¥) aladinly Y1 Jaal) JosT
o What pronoun would you use to talk to the following people? " & L
Ol (al i pe Lgalaiind (K i jilacall”
o Fill in the blanks with the correct form of the demonstrative noun " J<S
ol 5 LEY) aud a2zl
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4. Identify the grammatical relation
= Examples:

o Identify the type of the enunciative in the following sentence " g s= (ne
AaY) dlead) 3 Al

o Identify the negation or prohibition in the following sentence & (pe"
mAEY) Al 8 e

o Put the coordinating particle in the correct place in the following
sentences " A8 Jaall (e sall 43S0 8 Calaall (i s "

5. Linguistic analysis of words between brackets or a sentence
= Examples:

o Give the linguistic analysis of the following sentence "45¥) ilaall (1 el

o Give the linguistic analysis of the words between brackets in the
following sentence "4 dlaal) 8 Cpa sl (e oyl

o What's the difference in the linguistic analysis between the following?
Give the reason "<l 83 € G 8 Ll o) By 5 5 Ja”

o Give the reason for the accusative case of the words between brackets "
s s8l) &X\ LS Cuad v SN

6. Transform the sentence category
= Examples:

o Change the following nominal sentence into verbal sentence " Adanll
Al Lelaal dpand 45V

o Change the following sentences as shown in the example " & WS Js>
Jad v

o Forbid your colleague from the following using (1a of prohibition) " 43
(V) e 31 Lariiine S Lee ellua "

o Advise your colleague of the following using imperative verb " zai
ol Jad Lardina L Ly el 3"

o Change the sentence to the plural following the example " Aleall Jaal
Sl JEal gLl Laan”

7. Agreement
= Examples:

o Rewrite the following sentences, changing the demonstrative noun
from the singular form into the plural form, and change what is
necessary to make it a grammatically correct sentence " 3_L3Y) Jaal
poble e 5 panllt

o Is the agreement between the adjective and the modified noun in the
following sentence correct or incorrect? Give the reason " o @il Ja
Guandl SY Smia 45V Jaall 8 Csaiall g canil”

o Subject-verb agreement. Use the correct present-tense form of the verb
in parentheses. " JWd¥) (e cruliall ¢ jliaall dadll aaaind — Jeldl) 5 Jadl) gk
O sil) G (AN

8. Review test
= Examples:

o Complete the following passage by selecting the correct verb/adjective
for the context "Gl caulial) i) i Jadl) jLials 406l Ladadl) Jasi

o Put the sentence into the correct order "basa L 5 dlaal) i "
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o Match column (a) with column (b) to have a meaningful sentence. Use
the boxes on the right to write your choices " (<) 25l () 2 sl Juaa
L ) il & Y Gnliall aadi 3ade dlea e Jaanil "

o Are the following sentences grammatically correct? " i Jaall Ja
Ll o) daaa”

The structure of the item bank consists of three database relations, namely: question title
relation, question content relation, and answer relation.

Question title relation: This relation contains the following fields:
= Question id. The primary key.
Question type. This field indicates the question type: short-answer, matching,
true/false, identify, or multiple choice.
Question title. This field indicates the question header.
= Lesson. This field indicates the lesson to which this question belongs.
= Window id. This field refers to the relevant question window.
2. Question contents relation: This relation contains the following fields:
= Sentence id. The primary key.
=  Question id. The foreign key.
= Sentence. This field contains the wording of the sentence used in the question.
= Window id. This field refers to the relevant question window.
3. Answer relation: This relation contains the following attributes:
=  Answer id. The primary key.
= Sentence id. The foreign key.
= Answer. This field contains the model answer of the question.

6. Sentence Analysis

6.1 Morphological Analysis

The Arabic language is based on the Semitic root-and-pattern scheme of forming word
stems, as well as the concatenation of stem and affixes. We need a sophisticated
morphological analyzer that is capable of transforming the inflected Arabic word into its
origin. To achieve this function we developed a morphological analyzer for inflected
Arabic words (cf. Rafea et al., 1993). The morphological analyzer analyzes the inflected
Arabic word to extract the stem and its features. An augmented transition network (ATN)
(Woods, 1970) technique was successfully used to represent the context-sensitive
knowledge about the relation between a stem and inflectional additions. The ATN
consists of arcs. Each of which is a link from a departure node to a destination node,
called states, see Fig. 4. An exhaustive-search to traverse the ATN generates all the
possible interpretations of an inflected Arabic word. The morphological analyzer is
implemented in Prolog and integrated with the DCG parser.
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Fig. 4 : ATN representing the relation between the affixes and stem
of an inflected Arabic word.

An Arabic monolingual lexicon is also needed to successfully implement the
morphological analyzer. The lexicon is designed to reflect the word categories in Arabic
— each with a different set of features.

The morphological analysis in Arabic CALL system analyzes the learner's answer in
response to a generated question, such as "Fill-in-the space". This answer should meet
certain morphological rules. These rules are used to guide the analysis of the learner's
answer. This method has the following advantages: minimizing the ambiguity, facilitating
the generation of the adequate feedback in case of ill-formed input, and speeding up the
analysis phase.

6.2 The Grammar Formalism

The grammar for Arabic contains the grammar knowledge required to analyze a
grammatically correct sentence. The grammar is being developed especially for learning
Arabic. Currently, it concerns the Arabic grammar at the primary level. We adopted
general solutions as much as possible, as this increases the chances that the grammar can
be used in other domains as well. Thus, in designing the grammar we seek a balance
between short-term goals (a grammar which covers sentences typical for learning Arabic
and is reasonably robust and efficient) and long-term goals (a grammar which covers the
major constructions of Arabic in a general way).

From a linguistic perspective, the current grammar can be characterized as Definite
Clause Grammar (DCG) formalism (Pereira et al., 1986). The choice for DCG is
motivated by the fact that this formalism provides a balance between computational
efficiency and linguistic expressiveness. The central formal operation in DCG is
unification of feature-structures. Table 1 describes the features used in the current
grammar along with their possible values.
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Table 1 Features and their Values for the Arabic Grammar

Feature Possible values Comments
Gender masculine, feminine
Number Singular, dual, plural
Definiteness Definite, indefinite Applied only to nouns

Special noun

Yes, no

determine whether or not the noun is
Inna and its sisters (‘&3 sal 5 o))

Pattern Form of pattern (wazen)
End case Accusative, nominative, genitive Tarab < V)
Transitivity Transitive, intransitive Applied only to verbs

Special verb

Yes, no

determine whether or not the verb is
Kan and its sisters (L sal 5 %)

Affix

Affixes of the inflected word

Current category

Category of the grammatical symbol
being parsed

Next category

Category the grammatical symbol that
follows the current symbol

Noun as adjective Yes, no Determine whether or not the noun
can be used as an adjective.
Noun as annexation Yes, no Determine whether or not the noun

can be annexed (3dL))

Verb tense Past, present, imperative

Single word Single form of the broken plural

Infinitive verb Infinitive form

Person First, second, third Applied only to pronouns

Noun refers to time
or place

Time, place

Determine whether the accusative
(<_b) is related to time, related to
place, or both.

Grammar rules for grammatically correct sentence
In the following, we show an extraction of DCG rules for parsing grammatically correct
Arabic verbal sentence.

verbal_sentence(verbal_sentence (SVS)) --> simple_verbal_sentence(SVS).
verbal_sentence(verbal_sentence (PVS)) --> prefixed_verbal_sentence(PVS).
verbal_sentence(verbal_sentence (SVS)) --> special_verbal_sentence(SVS).

simple_verbal_sentence((simple_verbal_sentence(V,S,0,U0)) -->
verb(V,Gender, transitive, Infinitive, no),
subject(S,Gender),
object(O),
unrestricted_object(UO,Infinitive).
simple_verbal_sentence((simple_verbal_sentence(V,S,Comp)) -->
verb(V,Gender, intransitive, _, no),
subject(S,Gender),
complement(Comp).

prefixed_verbal_sentence(prefixed_verbal_sentence(Neg_art, SVS)) -->

negative_paticle(Neg_art),
simple_verbal_sentence(SVS).
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special_verbal_sentence(special_verbal_sentence(V,NS)) -->
verb(V, _,_,_.,yes),
nominal_sentence(NS).

The simple verbal sentence has two forms:
= Forml: <verb> + <subject> + <object> + <unrestricted_object>
o Constrains:
1. Verb and Subject agrees in gender.
2. Verb is transitive.
3. Verb isn’t a special verb such as Kan and its sisters "l 53| 5 \S".
4. The unrestricted object "3lae J 2" comes after the object.
o Example: ;
Jad ) Lle s cilel
=  Form?2: <verb> + <subject> + < complement >
o Constrains:
1. All the above constrains except that the verb is intransitive.
o Example:

L ia) el

The prefixed verbal sentence is a simple verbal sentence that begins with the negative
particle like “¥’. The special verbal sentence is the Kan and its sisters sentence.

Grammar rules for linguistic analysis

We have also developed a grammar that helps us in parsing the learner's answer in
response to a question for the linguistic analysis of a given Arabic sentence. The parser
takes the learner’s answer and converts into a quadruple abstract representation form:

) + eV e 4+ ol eV + oY) sl
Reason + Analytic sign + End case + analytic location

For example, the linguistic analysis of the word between braces in the sentence
(lelicind) iy ) g Comicind
is
ke 4 42l G geaia Blae J sria
The learner may write his answer as either
2 te 4 Al dsal Adle 5 @ gaia Blhe Jsria O
e g5 Aaidll dpai ddle 5 o gaie Blhae J2ie O
ke 4 Al Qo eaia (3lae Jsaie O

This will be converted by the parser into the abstract representation
A yie + A+ O gpate + Blha Jsrie

This abstract representation facilitates the matching between the learner answer and the

correct answer generated by the system. To show how the linguistic analysis is generated,
consider the following example.
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A Aea) 8 e i) 0 e o
(3RS LES) il all

The following DCG rule describes the linguistic analysis of the words between brackets.

object(Words, Rest, Analysis) -->[X],[ Y],
{get_analysis( X, Gender, Num, Definite, _, Words, Rest1, Analysisl, End_case, "4 Js2is'),
(var(End_case) -> rule('4 Js=i<', End_case);true),
get_analysis( Y, Gender, Num, Definite, Can_Be_Adj, Rest1, Rest, Analysis2, End_case, '<=i),
append(Analysis1, Analysis2, Analysis)
1.

This rule takes the list of words to be analyzed as input (the words between brackets) and
produces as output both the rest of this list and the linguistic analysis of these words. This
is done by sending these words to get_analysis/10 one after another. The definition of
get_analysis/10 is as follows:

get_analysis(Accepted_word, Gender, Num, Definite Can_be_adj, [Wordl Rest],Rest_words,
Analysis, End_case, Location):-
morph(Accepted_word,lex(_,noun,Gender,Num,Definite,Can_be_adj,_,_),_),
(Word == Accepted_word ->
get_Irab(Location,Num,End_case,Word_analysis),
Rest_words = Rest, Analysis = [Word_analysis])
; Rest_words = [WordIRest], Analysis=[]).
get_analysis(Accepted_word,_Gender,Num,Definite,Can_be_adj,[1,[1,[1,_,_):-
morph(Accepeted_word,lex(_,noun,Gender,Num,Definite,Can_be_adj,_,_),_).

After the word is morphologically analyzed, its features are sent to get_Parse/4 to
generate the quadruple abstract representation form.

get_Parse(Location, Num, End_case, Word_analysis):-
rule(Location,End_case),
rule(Nums, End_case, Analytic_sign),
member(Reason, Nums),
Word_analysis = [Location, End_case, Analytic_sign, Reason].

get_Parse/4 uses some facts about the location of Arabic words (=Y &854) and its
analysis (wl,<]). An example of these facts is as follows:

rule('g s ', 1),

rule(‘&=, ).

rule(['2ae, ' ES aen, "allu Cige pen'],"Aeall ' 8 '),

rule([' L], AN e & ,41).

rule(['albe JS3e gaa'],' o) 0" 8 5').

6.3 Parsing

Logic programming plays an essential role in natural language analysis process because it
attempts to use logic to express grammar rules and to formalize the process of parsing
(Gazdar et al., 1990). A grammar specified this way is known as logic grammar since it
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represents rules as Horn clauses (Dougherty, 1994). Logic grammars can be conveniently
implemented in Prolog. Prolog-based grammars can be quite efficient in practice (Allen,
1995). Prolog interpretation algorithm uses exactly the same search strategy as the depth-
first top-down parsing algorithm, so all that is needed is a way to reformulate grammar
rules as clauses in Prolog. Definite clause grammars (DCGs) notation was developed as a
result of research in natural language parsing and understanding (Pereira et al., 1986).
DCGs allow one to write grammar rules directly in Prolog, producing a simple recursive
decent parser. During the construction of the Arabic parser, feature-structures are
translated into Prolog terms. Because of this translation step, parsing can make use of
Prolog’s built-in term-unification, instead of the more expensive feature-unification.
Prologs that conform to Edinburgh standard have DCGs as a part of their
implementations. In the current system, grammar rules of Arabic are written in DCG
formalism, which are translated into executable code in SICStus Prolog.

7. The Feedback system

Feedback is the computer's response to answers made by learners/students. Feedback
gives students a feel for how well they are progressing through a lesson, thereby
increasing their confidence levels. It also reinforces the subject matter.

The feedback system compares the learner's answer produced from the sentence analysis
subsystems with the correct answer that was generated by the system. If there is a match,
a positive message will be sent to learner. Otherwise, an adequate feedback message will
be sent to the learner, see Fig. 5.

AUl la Ala=371
(w“ﬂdo:ﬂ)_,nc}oﬂ‘;y@ﬁﬂm-
i gl felSy ¢ il T O g

gl Sl

Fig. 5 A feedback message indicating incorrect answer

The learner can either read the feedback message and correct the typed sentence instantly,
or she/he can restudy the related grammar items and then correct the sentence by
herself/himself. In the following subsections, we show how the system catches the
learner's errors and how it handles the ill-formed natural language input.

7.1 Rules for Error Analysis

In our implementation, we augment the Arabic grammar with rules (buggy rules) which
are capable of parsing ill-formed input and which apply if the grammatical rules fail.
Buggy rules provide a distinct rule for every ill-formed case.

As an example, consider the following question to complete a sentence with a suitable
unrestricted object "laall Jg2iall":
lia Bllae J saiey JoS
‘%5.3]“5 )Ji [ ]
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The following is an analysis of the possible learner's answer along with the corresponding
feedback:

e A word that is not a noun. Issue a message describing that the unrestricted object
should be a noun.

e A word that is a noun but does not originate from the verb infinitive. Issue a
message describing that the unrestricted object should be the infinitive of the
verb.

e A word that is both a noun and originates from the verb infinitive but is defined.
Issue a message describing that the unrestricted object should be undefined.

e A word that is a noun, originates from the verb infinitive and is undefined, but
needs the end case "Alef Tanween". Issue a message describing that a missing end
case of the unrestricted object.

e A Correct answer. Issue a positive message.

From the analysis of the learner’s answer, we augmented the grammar of the unrestricted
object by buggy rules that handle each ill-formed case as follows.

unrestricted_object(UO,Infinitive) --> [Word],
{morph(Word, lex(Stem,Category, _, _, Definiteness, _, _, _),_),
check_correctness(Infinitive,Feedback,Word,[Stem,Category,Definiteness]),
(Feedback == '"4apaa 4ls)' -> UO = unrestricted_object(Word);
UO = incorrect_unrestricted_object(Word,Feedack) }.

check_correctness(_, Feedback, Word, [_,Category,_]):-
Category \=noun,!,
error_flagging(not(noun)," 3lasl Js=id" Feedback,[Word]).
check_correctness(Infinitive, Feedback, Word,[Stem, noun,_]):-
Stem \= Infinitive, !,
error_flagging(not(infinitive), " 3lkad Js=id)") Feedback,[Word]).
check_correctness(Infinitive, Feedback, Word,[Infinitive, noun, defined]):-
error_flagging(not(undefined_noun), "3lkdl Js=id)") Feedback, [Word]),!.
check_correctness(Infinitive, Feedback, Word,[Infinitive, noun, undefined]):-
name(Word, Str),
name(Infinitive,Strl),
(need_alaf_tanween(Infinitive) ->
(append(Str1,"",Str) -> Feedback = 'dsusua 43la)'
; error_flagging(need_alaf_tanween, "G3lkasll J 284" Feedback, [Word])
)
; Feedback = '"dapsia 44’

).

7.2 Error Handling Mechanism

Learner’s answers which have special handling mechanisms in case of the ill-formed
learner input are: linguistic analysis, classification into categories, sentence
transformation, and completing a sentence. They are discussed in the following
subsections.
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7.2.1 Handling of linguistic analysis
Linguistic analysis can be either for an entire sentence or a part of it. The latter is usually
a sequence of words between brackets. The following description outlines the algorithm

for handling linguistic analysis.

Input: o A given sentence in the question words
o A given sequence of words between brackets, if any.

o A learner’s answer: linguistic analysis of the given sentence

Stepl: Convert the learner’s answer into the abstract representation form

Setp2: Parse the given sentence (or the sequence of words between brackets) and
generate its linguistic analysis in the abstract representation form

Step3: Compare the learner's answer with the generated answer.

Output: IF both answers match
THEN generate a positive message
OTHERWISE generate an appropriate error message

Example:

What's the difference in linguistic analysis between the words in brackets?

S omn sl (L Ll o) B8 5 5 o
(leticid) Gl sa cuidid o
o s (leliaind) Gy I el o

The following table shows the possible learner's answer along with the corresponding

feedback
Source of Error Learner's Answer Feedback
ke A3 Aailly o saaie (3l g 1()) lelidial
Correct answer. ) ) PR RN
. . . e . gsall b hs aa sy
Error in analytic location ke A Al (o saaie 43 Jgnia 1Y) leliaidl g
(sPoed

Error in end case

Aanll g e (slae Jpniaz()) lebicid

e it

Error in analytic sign

Wle s g

ey

Error in reason

e Y A3l O peaie AlaY Jgria 1Y) leliciad

)l 3 Uad aa g

Correct answer but

incomplete

i saaie G3lhe Jgaie (1) lelicil

Gl ¢ Aadls A e

-

Lo=il
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7.2.2 Handling classification into categories

Classification into categories can be either for identifying morphological categories or for
identifying syntactic constituents (possibly, a complete sentence). The following
description outlines the algorithms for handling of classification into categories.

I. Classification into morphological categories

Input: o A given sentence in the question words
o A learner’s answer: Morphological classification into N lists

Stepl: Morphologically analyze the words in the given sentence and determine the
features of words.

Step2: Generate an N lists, a classification of the words according to the questions
words.

Step3: Compare the learner answer with the generated answer.

Output: IF both answers match
THEN generate a positive message
OTHERWISE generate an appropriate error message

Example:

Identify the category of each of the words in following sentence

el G jia) 2l Gy

The following table shows the possible learner's answer along with the corresponding

feedback
Learner's Answer
Feedback
Source of Error Verb Noun Particle
Correct answer [ o] [alaal) Lol jia) ¢ dadlll] [#241] Asaa )
Missing words. [] [aleal) ¢Lal yia) ¢2padtll] [2U] Al Juad) 4l
Incorrect category [r';SMS\ o 5] [L«\ sl ‘h:m‘);'d\] [rdj\] 28 Gl "eSa.AS\" AL

II. Classification into syntactic constituents

Input: o A given sentence in the question words
o A learner’s answer: Syntactic classification into N lists
Stepl1: Parse the given sentence and determine the parse tree.
Step2: Generate an N lists, a classification of the sentence's constituents according

to the words of the questions.
Step3: Compare the learner answer with the generated answer.
Output: IF both answers match
THEN generate a positive message
OTHERWISE generate an appropriate error message
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Example:

u=ldentify the inchoative and, enunciative and provide its type in the following sentence
A5V Aleall 8 4c 55 Lie ol il

Ol gaadll agall o

The following table shows the possible learner's answer along with the corresponding

feedback
Learner's Answer
Inchoative | Enunciative | Enunciative Feedback
Source of Error
type

Correct answer 2 siall Oy_raily Aglad dlaa EENENO EY
" eVl el yia il e g 8 Uaa
2 iad) O iy dpand dlea Jad " g it AalS 5 cnily Ty o
Lol Cul
Lo sa "ajial jall: pall e o5 6 Uas
Error in analytic . S e S g Alea i Y g alea Gl

] 2sial) O3 _paily 2 ke - e )
location Jad " s it A 5 caud ()5S g 3aal
(enunciative type) o)
"dleal 4pd "yl ;e g5 6 Uas
3 gind) O iy Alaa 4l S o) Gk s s s Ge 05SE
LA@.\A 6i u.u.\l X "OJ )AA.LL‘..... " :\.ASSJ ‘(UKSA
Error in inchoative Oleaill 09 _paily Aled dlaa Jine ol 5 Cand " laa B AWK
Error in enunciative 2sial) EEW] Alad dlaa R YEGIT PRI R P PN

7.2.3 Handling transformation of a sentence
Transformation requires the learner to change/rewrite the form of a sentence. The
following description outlines the algorithm for handling of transformation of a sentence.

transformed sentence OR
the transformed sentence is grammatically incorrect OR
the transformed sentence is not in the correct form
THEN generate an appropriate error message
OTHERWISE generate a positive message

Input: o A given sentence in the question words
o A learner’s answer: transformed sentence

Stepl: Parse the given sentence and determine its words

Step2: Parse the transformed sentence and determine the parse tree.

Step3: Compare words of the given sentence with words in the transformed
sentence

Output: IF a word in the given sentence is either missed from or added to the

150




Example:

Change the following nominal sentence into verbal sentence

ild Leaal duand 4V Aleal

ool 7 el o

The following table shows the possible learner's answer along with the corresponding

feedback
Source of Error Learner's Answer Feedback
1. Correct answer oo alaall # y daaoa il
‘"@" :Ei\\j GHALS 4_1\;\)“.\ A g
2. Extra words uadll & el aladl) # )
i .ll S p4 ‘Il
3. Missing words oo 7 Malaal" Al Al LAYl a
4. Incorrect transformation Ol desa iy Aakld dles
5. Grammatically incorrect verbal . Aled dlas ol gl i Uas
o 7 s pladl )
sentence. dana
6. Grammatically incorrect verbal . Aled Alaa ol gl i Uas
z o oAl alaall i
sentence. daa
7. Incorrect transformation of the 3 e Uad oa g oS0 5 cdania Aled Alaa
G alaall = 55 ) .
tense of the verb. "ol dadll (e sl
8. Incorrect number of the verb. ool alaall | sa
" sa ! 1 dadll Mo iyt
9. Incorrect transformation of the RSN PRE BN WL R UPEN
o alaall = 558 o . o o
gender of the verb. T A" 1dadl (ain g sl
10. Incorrect transformation of the L Uad oa g oS0 5 cdanin Aded Alaa
G plad) = , .
definition article of the object. Moo 1Ay Jsmiall (i pan B
11. Incorrect transformation of the RSN PRE BN WL P UPEN
u&)ﬂ\ O‘ ‘ C)":E " " P " 4
number of a noun. Osalzal” 1oVl ae Cy puait 8
12. Incorrect transformation of the et aa g0 oK1 5 cdamcn dulad dlaa

gender of a noun.

ool Adad) 7

"dalea" F\J\ O ) al ‘53
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7.2.4 Handling of Fill-in-the-space

Fill-in-the-space can be for generation of isolated words with particular form, or
generation of words to complete a sentence that achieves features agreement among its
constituents. The following description outlines the algorithms for handling fill-in-the-

space.

I. Rewriting of isolated words with particular morphological form

Input: o A given words in the question
o A learner’s answer: Morphologically generated forms of the given
words
Stepl: Morphologically analyze the given words and determine their features.
Step2: Check these features with the requirements in the question words
Output: IF values of features match
THEN generate a positive message
OTHERWISE generate an appropriate error message
Example:

What is the correct dual and regular plural of the following words?
A5V S Ll aan) 5 5

wigall o
'é).aﬂ\ o
G\M O

The following table shows the possible learner's answer along with the corresponding

feedback
Learner's Answer
Source of Error carner s Answe Feedback
Dual Plural
Correct answer Cpmdigall — Glusdigal) (V) | Gpasigal) — (5 surigall (V) EENENC P FEY
Qﬁﬂfﬂ\-dﬁfﬂ\ (Y) U'_a\‘).aﬂ\ (Y)
Incorrect word SRl (V) 320 "ol " Ak
Incorrect number QL (Y) | " AalS A skls Al
o Gl " u\..a_),q.d\
of the noun
Incorrect definition Oliaigal) (V) A oda ¢ dalala Al
LAY A e calias
& gender of the pinll 5 Cay el 3
noun
Incorrect number NS [T —Y | el ymaa (V) | oV Al 8 Lk
Q:a;\)ma ;\)M
of the noun Py [ SDERE § B PN
&\)M
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I1. Fill-in-the-space to achieve agreement among sentence constituents

Input: o An incomplete sentence
o A learner’s answer: word(s) that completes the sentence

Stepl1: Analyze the sentence and determine the features of the given words.

Step2: Check the correctness of these features with the requirements in the
question words

Output: IF values of features match

THEN generate a positive message
OTHERWISE generate an appropriate error message

Example:
1adll S 5a (3llae J saia JaS|
95.33\‘5 ).I\ @)

The following table shows the possible learner's answer along with the corresponding
feedback

Source of Error Learner's Feedback
Answer

1. Correct answer B dama dls)
2. Incorrect word ks and Cual Al 30 Akl Aols)

category.
3. Incorrect word form. Jalgial Jadll Jeal (o Covd 2K 530 A3k 3la)
4. Incorrect definition s 2S5 Blhadll J grdall o 6% K1 AShlA )

with the article. 3 jae AN o2 5 S5 (S o Y Jadll
5. Missing end case. By Ol Call Y lia AaKKD o3 A3kl dls)

8. Conclusions

In this paper, we describe the development of a NLP based CALL system for learning
Arabic language. The system is implemented using SICStus Prolog, Visual Basic, Flash
and Microsoft Access. This system allows the learner to key in Arabic sentences freely.
We used NLP tools that are capable of parsing both grammatically correct Arabic
sentences and linguistic analysis of the Arabic sentences. Moreover, we developed the
mechanisms that are capable of detecting the structure of ill-formed input, and then allow
the learner to correct the typed sentence by herself/himself. The system is transportable
and capable of running on IBM PC's which allows the learner to use it to learn the Arabic
language anywhere and anytime. This approach can thus be considered as a new means in
language learning (especially Arabic language in our case) in the future.

We plan to enrich the present system, e.g. add a student or course management facility
that allows us to have full performance and record-keeping features, add more
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multimedia instructional material to allow learners fully comprehend what they learn in
natural settings, making the system available on the internet to serve remote learners
worldwide (especially learners of Arabic as a second language), and extend the grammar
coverage to include more advanced grammar levels.
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