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Abstract. Arabic is a Semitic language that is rich in its morphology and syn-
tax. The very numerous and complex grammar rules of the language could be
confusing even for Arabic native speakers. Many Arabic intelligent computer-
assisted language-learning (ICALL) systems have neither deep error analysis
nor sophisticated error handling. In this paper, we report an attempt at develop-
ing an error analyzer and error handler for Arabic as an important part of the
Arabic ICALL system. In this system. the leamers are encouraged to construct
sentences freely in various contexts and are guided to recognize by themselves
the errors or inappropriate usage of their language constructs. We used natural
language processing (NLP) tools such as a morphological analyzer and a syntax
analyzer for error analysis and to give feedback to the learner. Furthermore, we
propose a mechanism of correction by the learner, which allows the learner to
correct the typed sentence independently. This will result in the learner being
able to figure out what the error is. Examples of error analysis and error han-
dling will be given and will illustrate how the system works.

1 Introduction

Computer-assisted language learning (CALL) addresses the use of computers for lan-
guage teaching and leaming. CALL emerged in the early days of computers. Since the
early 1960's, CALL systems have been designed and built. The effectiveness of
CALL systems has been demonstrated by many researchers [6, 7}. More than a dec-
ade ago, Intelligent Computer-Assisted Language Leaming (ICALL) started as a
separate research field, when artificial intelligence (Al) technologies were mature
enough to be included in language learning systems. The beginning of the new re-
search field was characterized by intelligent tutoring systems (ITS), which embedded
some NLP features to extend the functionality of traditional language learning sys-
tems. The continuous advances in ICALL systems have been documented 1n several
publications (2, 3, §, 9].

On of the weaknesses of current Arabic ICALL systems is that learners cannot key
in Arabic sentences freely. Similarly, the system cannot guide the learner to correct
the most likely ill-formed input sentences. The leamer just accepts the information,
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which has been pre-programmed into the system. For these systems to be useful, more
research to combine NLP techniques with language leaming systems is needed [8].
Parsing, the core component in ICALL systems, allows the system both to analyze the
learner’s input and to generate responses to that input [4]. Allowing learners to phrase
their own sentences freely without following any pre-fixed rules can improve the ef-
fectiveness of ICALL systems, especially when the expected answers are relatively
short and well-focused [1]. Both the well- and ill-formed structure of the input sen-
tence can be recognized. The learner should be allowed to correct the typed sentence
independently.

This paper describes error analysis and handling in an Arabic ICALL system using
NLP techniques, which is a step towards enhancing current Arabic ICALL systems.
The current system guides learners to recognize by themselves the errors or improper
usage of their language constructs. In other words, it helps learners to learn from their
own mistakes. 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 such as a morphological
analyzer, a Syntax analyzer, and an error analyzer to give feedback to the learner. Fur-
thermore, we propose a mechanism of correction by leamers which allows the learner
to correct the typed sentence independently.

The rest of the paper is organized as follows: Arabic ICALL framework is summa-
rized in Section 2. This is followed by a description of the Arabic sentence analysis in
Section 3. Nexl, the proposed feedback component responsible for error analysis and
error handling is described in Section 4. Finally, a conclusion and recommendations
for further enhancements are given in Section 5.

2 The Arabic ICALL Framework

Figure 1 shows the overall framework of the proposed Arabic ICALL system by [8].
This system consists of the following components: user interface, course material,
sentence analysis, and feedback. The user interface provides the means of communi-
cations between the learner and the Arabic ICALL system. The course material in-
cludes educational units, an item (question) bank, a test generator, and an acquisition
tool. The sentence analysis includes a morphological analyzer, a syntax analyzer
(parser), grammar rules, and a lexicon. The feedback component includes an error
analyzer and error handler that are used to parse ill-formed learner input and to issue
feedback to the learner.

3  Arabic Sentence Analysis

The sentence analysis in Arabic ICALL includes a morphological analyzer, a syntax
analyzer (parser), grammar rules, and a lexicon. The sentence analysis works as fol-
lows. The learner writlen input is first fed into the interactive preprocessor, where it is
grouped into words. The words in the input are then decomposed into roots and af-
fixes by the morphological analyzer, which obtains information about the subparts
from the lexicon (e.g., part of speech, number, case). The subparts so identified are
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Figure 1. Overall Framework of the Proposed Arabic ICALL System

then reunified into whole words and passed along to the syntactic parser. The Arabic
parser, which is based on Definite Clause Grammar (DCG) formalism, tries to build a
structure (usually, ‘parse tree’) based on the information from the lexicon concermning
the grammatical relations between the words. The parser then applies a set of rules
representing the grammar of Arabic until it finds the structure represented by the input
sentence. This structure is passed to the feedback component that is equipped with an
error analyzer and an error handler. The error analyzer identifies and records any er-
rors made in the structural description which is generated. The error handler applies
the error handling mechanism on the ill-formed leaner input to produce the appropri-
ate feedback message.

3.1 The Grammar Formalism

Arabic grammar in Arabic ICALL is written in the DCG formalism. There two types
of grammars that have been used for learning Arabic: Grammar rules for grammati-
cally correct sentence and grammar rules for linguistic analysis (larab).

In the following, we show an excerpt of DCG rules used for parsing a grammati-
cally correct Arabic verbal sentence.

(1) verbal_ sentence --> simple_verbal_sentence.

(2) verbalZsentence --> prefixed_verbal_sentence.

(3) verbal_sentence --> special_verbal sentence.

(4) simple_verbal_sentence --> verb, subject, object,
unrestricted_object.

For simplicity, these rules do not include linguistic features such as gender, number
and definition, which are assigned to each non-terminal. Rule (4) illustrates a gram-
mar rule for parsing a simple verbal sentence that consists of four constituents: a verb,
a subject, an object and an unrestricted object "s»—¥ sJ sl 3". An unrestricted object is
a noun that originates from the infinitive verb. This kind of repetition is considered a
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mark of good style. In Arabic, repeating the verbal noun after the verb makes the sen-
tence more emphatic. This is explained by the following example:
s Al e
He helped me a great deal of help

In the following, we show an excerpt of DCG rules used for the linguistic analysis
of the words between brackets. These words are an object that is followed by an ad-
jective such that the adjective agrees with the object (the noun it modifies) in number,
gender, definition, and end case.

object (Words_bet_brackets, Rest, Analysis) -->
[Object], [Adjective],
{get_analysis (Object, Gender, Num, Def,
Words_bet_brackets, Restl, End_case,
Analysisl, 'adgsd wo'),
get analysis(Adjective, Gender, Num, Def, Restl,
7 Rest, End_case, Analysis2, 'ggo').,
append (Analysisl, Analysis2, Analysis)
¥

As an example, this rule can be used with the following question:
l&_}_: ol =s0 Id_‘gwo i Id:,-ed‘o Uiq:;;;
i 1dp 31 (Bl Siis j5).
Give the linguistic analysis of the words between brackets in the following sentence:
Al-aakad authored (many books).

The parser produces a parse representing the linguistic analysis of the Arabic word
that consists of a quadruple abstract representation of the canonical form:

dosme + gdididig e+ gl +  1dpsdg 1diE s
Reason + Analyticsign  + Endcase + Analytic location

4 The Feedback Component

Feedback 1s the computer's response to answers made by learners. We have aug-
mented the Arabic grammar with heuristic rules (buggy rules) which are capable of
parsing ill-formed input and which apply if the grammatical rules fail. The feedback
system compares the analysis of the leamer's answer with the correct answer that is
generated by the system. If there is a match, a positive message will be sent to the
learner. Otherwise, a feedback message will be sent to the learner. In the following
subsections, we show how the system catches the leamner's errors and how it handles
the 1ll-formed natural language input.

4.1 Rules for Error Analysis

In our implementation, we have augmented the Arabic grammar with heuristic rules
which are capable of parsing ill-formed input (buggy rules) and which apply if the






