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Abstract 

              The World Wide Web today is so huge that it has become more and more 

complicated to find answers to questions using regular search engines. Current 

search engines can return ranked lists of documents, but they do not bring direct 

answers to the user. The goal of Open Domain Question Answering (QA) systems 

is to take a natural language question, understand the meaning of the question, 

and present a short answer as a response based on a stored data. This paper 

presents an Arabic QA system model that is experimented on the World Wide Web. 

Techniques from Information Retrieval and Natural Language Processing are used 

in this research. The proposed model is tested and shows a success compared to 

other Latin systems. 
 

Keywords:  Artificial Intelligence, Arabic Natural Language Processing, 

Information   Retrieval, Information Extraction , Question-Answering , semantic 

tagging. 

 

1- Introduction and Motivation: 

 

During the recent decades, the Web has become the main source of 

information, as nearly all kinds of data (digital libraries, newspapers collections, 

etc...) are stored in an electronic format. The data available is likely to satisfy most 

requests, nevertheless without the appropriate search facilities, the great amount of 

retrieved information is practically useless. Tools such as Search Engines (SEs) 

and Information Retrieval (IR) systems have been developed and are being 

essential to help users in their searching processes. In fact, these used mechanisms 

for instance, search engines such as Google [21], Yahoo [22] or MSN [23] allow a 

user only to retrieve the relevant documents which (partially) match a given query 

[1], [2].  Indeed, the use of SE presents a constraint for users as they have to 

manually filter a long set of returned documents. There is an urgent need for tools 

that would reduce the amount of text one might have to read in order to obtain the 
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desired information. This paper aims at doing exactly that for a special (and 

popular) class of information seeking behavior: QUESTION ANSWERING. 

People have questions and they need answers, not documents. Automatic question 

answering will definitely be a significant advance in the state-of-art information  

Research in the field of Q/A has known significant progress for languages such 

as English, Spanish, French or Italian [3]. In the context of the Arabic language 

there are few attempts for building Q/A systems. Unlike the Latin languages the 

Arabic Q/A task presents additional challenges to researchers in this field [6] [9]. 

This is mainly due to the particularities of the Arabic language (short vowels, 

absence of capital letters, complex morphology, etc.). However, the Q/A process 

modules are generally the same but the details differ with different languages. As 

figure (1) explains, there are three main modules [11],[24]: 

 

 
Figure (1)  Generic diagram of  question answering systems.  

 

I- The Question analysis module: This module is responsible for 

tokenizing the input question; the question's keywords are extracted and 

the question/answer type is recognized. Natural Language Processing 

(NLP) tools, such as morphological, syntactical, and semantical 

analyzers, of the question language, may be used.    
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II- Passage Retrieval (PR) module: The keywords and the results of the 

analysis module, are used to retrieve the related documents from the set of 

Source Documents (Repository), then the related passages (paragraphs) in 

these documents are selected.        

III- Answer extraction module:   The results of the analysis module, 

which are the keywords and the question/answer types, are used to retrieve 

the question answer(s) from the set of related passages (paragraphs). NLP 

tools, such as morphological, syntactical and semantical analyzers may be 

used to find and form the answers.     

2- Related work for Arabic QA system: 

In comparison to other languages, there are few NLP tools and resources (e.g. 

lexicon, Arabic morphological analysis/generation tool, an Arabic lexicon 

supported with semantic features, Arabic synonym dictionary,  etc…) which are 

available for the Arabic language. This is especially true for the QA task. In the 

international Text Retrieval Conference (TREC4) and Cross Language Evaluation 

Forum (CLEF5) competitions, there is not a QA task at the moment which includes 

the use of the Arabic language, and so far, only two Arabic Cross-Language IR 

(CLIR) tasks were organized in TREC 2001 and 2002 competitions (but neither 

proposed a QA task in Arabic). Therefore, QA systems are often developed for 

English as the target language because English is the language of the majority of 

documents on the Web. In [12] preliminary Cross-Language Question Answering 

(CLQA) experiments were carried out in order to allow for querying a system in 

Arabic and translating each question into English. The main aim was to investigate 

the effect of using a translator (from Arabic into English) in a QA system [2].  

The most well-known Arabic Q/A systems are: 

• QARAB [4] is a system that takes natural language questions expressed in 

Arabic and attempts to provide short answers. The system‟s primary source of 

knowledge is a collection of Arabic newspaper texts extracted from Al-Raya1, a 

newspaper published in Qatar. QARAB uses shallow language understanding to 

process questions and it does not attempt to understand the content of the question 

at a deep, semantic level. 

• AQAS [5] is knowledge-based and, therefore, extracts answers only from 

structured data and not from raw text (non structured text written in natural 

language). 

• ArabiQA [6] is an Arabic Q/A prototype based on the Java Information 

Retrieval System (JIRS) [7], Passage Retrieval (PR) system, and a Named Entities 

Recognition (NER) module. It embeds an Answer Extraction module dedicated 

especially to factoid questions. In order to implement this module authors 



Journal of the ACS, Vol. 4, May 2010 

 

 

 

 

 

 

 

 

 

011 

developed an Arabic NER system [8] and a set of patterns manually built for each 

type of question. 

• QASAL [9] is a recent attempt for building an Arabic Q/A which process 

factoid questions (e.g. questions that have NE answers). Experiments have been 

conducted and showed that for a test data of 50 questions the system reached 

67.65%  precision, 91% recall and 72.85%  F-measure. 

AQAS and QARAB offered the Arabic Natural Language Processing (NLP) 

research community the first prototypes of Arabic Q/A systems. However, AQAS 

processes only structured data whereas QARAB provides passages instead of 

precise answers. ArabiQA and QASAL target only factoid questions. The former 

integrates an NER system that has been evaluated and tested, the latter has also 

been tested; however, both  have used a relatively low number of questions in their 

tests. The use of all these systems in an open domain such as the Web has not been 

tested. 

Tritus is a Q/A system that automatically learns to transform natural language 

questions into queries containing terms and phrases expected to appear in 

documents containing answers to the questions [10].  A prototype search engine, 

Tritus, that applies the method to web search engines is presented. The researchers 

claimed that a blind evaluation on a set of real queries from a web search engine 

log shows that the method significantly outperforms the underlying web search engines 

as well as a commercial search engine specialized in question answering [10]. 

Answering multiple-choice questions, where a set of possible answers is 

provided together with the question, constitutes a simplified but nevertheless 

challenging area in question answering research[13]. 

3- The proposed system for Arabic Question Answering on the Web: 

The proposed system model accepts user question, analyzes it, search the 

web for the related pages and extracts the proper answers from these pages. The 

question types managed in the proposed system model are the questions which start 

with any of the following question words:   

 )يٍ ، كى ، أيٍ ، يتى ، يارا ، يا هي ، يا هى، نًارا ، هم(         

                       (who, how many, where, When, what, why) 

The proposed system model consists of three main phases, as shown in 

figure (2), which are: 
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The Question analysis phase: 

In this phase the keywords (mainly the non-stop words) are extracted and 

the question type is determined. This phase contains a special module which is the 

morphological analysis and generation module. This module is coded in Prolog in 

another research [14], [15] and despite it does not cover all the aspects of the 

Arabic language it is used in our system. Each keyword is analyzed and its Arabic 

root (stem) is extracted. Using the root, a set of the derivatives    مشتخاتث " of that 

root are generated. A semantic filter is used to select the semantically related words 

to the original keyword. These words are added to the list of keywords. The set of 

key words are passed to the next phase which is the Web search phase. Another set 

of words can be added to the list by searching a synonyms dictionary of the 

original set as in figure (3). 

The Web search phase: 

In this phase the resultant set of keywords are sent to Google search 

engine to get a set of related pages. The number of the keywords in the searched set 

should be not more than 32 words according to Google restrictions. So, the set of 

words basically contains the original words and the generated or synonym words. 

The output of this phase is a set of related pages. 

The Information and Answer extraction phase: 

In this phase the resultant set of related pages and the set of key words are 

passed to the information extraction module which extracts all the related text 

paragraphs and pass this set with the related URLs to the answer extraction module. 

The answer extraction module receives the question type and the set of key words 

from the question analysis phase as well. Using the received data, the answer 

extraction module finds the answer for the question.  
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Figure (2)  The main phases of the proposed system model 

The answer extraction module uses a statistical approach with four built in tables to 

find the answers for the question types when, where, who and how many. The four 

tables are: 

1) The time and date table which contains data about dates and time. 

2) The locations table which contains data about names of locations and 

places all over the world. 

3) The names table which contains data about people proper names. 

4) The numbers table which contain data about numbers. 

Using a suitable arrangement of the question‟s keywords, in addition to the 

detected data in the text paragraphs, the answer is formulated and output to the 

user.  

Figure (3) shows the possible execution paths of the proposed system model and 

Algorithm (1) clarify the execution steps in more details. 

Figure (4-a) and Figure (4-b) show a sample of the user interface with the result 

answer of the proposed system model. 
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Figure (3) The execution chart of the proposed system model 
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Algorithm (1) : 

 

1- Receive the input question, identify the question type and extract the 

possible keywords (non-stop words). 

2- Receive from the user input the recommended search type (TYPE). 

3- Case ( TYPE): 

Use keywords only (Non-stop words) only: go to step (4) 

Use keywords & synonyms: for each keyword find its synonyms 

and add them to the set of the 

current keywords.  

         Go to step (4) 

Use keywords & derived words:  

 For each keyword do : 

o Get all the possible derived words using an Arabic 

Morphological Generator. 

o Select the semantically related words to the 

current keyword. 

o Add the new words to the set of keywords. 

 

 Go to step (4) 

 

4- Search for the WebPages related to the set of keywords using Google 

search engine. 

5- For each webpage, extract the text paragraphs that contain any of the 

keywords, and keep the page URL with each paragraph. 

6- Give evaluation scores to paragraphs according to the number of different 

keywords existing in each one. 

7- Sort paragraphs in a descending order. 

8- Extract the most possible answer sentences from the sorted paragraphs 

using the DB (Database of places, proper nouns, time …), keywords, and  

the question type ( e.g. ask about place, time or person names…).  

9- Output the ranked sentence, paragraphs and URLs. 
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Figure (4-a)  A sample of the user interface with the resulting answer of  

the proposed system.  
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4- Challenges in Arabic computational linguistics: 

Arabic is a major and a highly inflected language, and thus requires good stemming 

for effective text mining. Yet no standard approach to stemming has emerged 

[4],[6]. 

Despite In this research, the need for the following Arabic linguistics tools 

appeared: 

a- A complete Arabic morphological analysis/generation tool, to extract 

keywords roots and generate derivatives. 

b- An Arabic lexicon supported with semantic features, to support in selecting 

the proper words generated as derivatives. The used semantic filter 

depends on a partial lexicon.  

c- A complete Arabic synonym dictionary. The used synonym dictionary is a 

limited one. 

There are many research efforts which cover the Arabic morphology [14]. 

Regarding the second requirement, up to the author knowledge there is no 

complete Arabic lexicon tagged with semantic features which is available in the 

market till the time of publishing this research. 

5- Results and evaluations: 

          Information retrieval systems are usually compared on the basis of the 

“quality” of the retrieved document sets. This “quality” is traditionally quantified 

using two metrics, Recall (R) and Precision (P) [16].  Recall and Precision can be 

defined as: 

                    R= r / K     …….(1)               P =  r/ N    ……..(2)                                

Where   :       r  = Number relevant facts  retrieved. 

N =  Total number of facts retrieved. 

K =  Total number of facts  that in the answer key.  

 To measure recall over a collection, we need to mark every document in 

the collection as either relevant or non-relevant for each evaluation question. This, 

of course, is a daunting task for any large document collection, and is essentially 

impossible for the web, which contains billions of documents. Researchers have 

addressed this problem by developing standard document collections with queries 

and associated relevance judgments, and by limiting the domain of documents that 

are judged [17]. 

The system is going to be evaluated based on precision measure only (P) 

and observe enhances on the Recall measure (R). “K” in equation (1) can be 
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considered to have a constant value for each question at specific time. So „r‟ can be 

considered as a measure for enhancement in Recall. 

Table (1) shows a question sample of the input to the system with the precision 

evaluation.  For a sample of 78 Arabic questions, according to SPSS 13.0 statistical 

package, Mode is equal to 100 which means that most of the answers are correct as 

in table(2).  

Statistics 

QAS 

N Valid 78 

Missing 0 

Mean 63.54 

Mode 100 

Std. Deviation 34.740 

Variance 1206.901 

 Table (2): result of SPSS 13.0 

Since there are no other Arabic QA systems developed and working on 

the web yet, two Latin question answering systems are used in this evaluation. 

These two systems are: Ask [19] and Answers [20].  A sample of 100 questions is 

used as an input for the three systems and their precision result values are 

compared. It is to be noted that input questions to these two systems are in English 

and they search for the answer in an English sources while our system searches in 

Arabic sources. Table (3) shows the Precision measure of the proposed system 

compared to that of (Ask and Answers) systems for a sample of questions. Figure 

(5) shows a graphical representation of the proposed system with the Ask and 

Answers systems. 
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Table (1) A question sample of the input to the system with the precision 

evaluation 

Questions in Arabic Precision 

 %100 يٍ هى أول يٍ ضم ضيف في اإلضالو  ؟

 %80 ؟ يكت انًكريت أيٍ تقغ 

 %100 ُاديٍ ؟يتى وقؼت  يؼركت أج 

 %60 كى يبهغ قطر انشًص؟ 

 %60 يٍ هى يخترع االَترَت ؟

 %80 فيجي؟ جسر جًهىريت أيٍ تقغ

 %80 يتى زار ابٍ بطىطت يقذيشى ؟

 %60 األَبار؟ يحافظت ضكاٌ كى  يبهغ ػذد

 %80 يٍ هي أو يريى ابُه ػًراٌ؟           

 %100أيٍ يصب َهر انغاَج؟ :2ش

 %100 تىَكيٍ؟ خهيج في األيريكيت انًراكب  انطىربيذيت كبانًرا هاجًت يتى

 %50 يٍ هى يخترع انبُج انطبي؟

 %100 يٍ هى يخترع انقهب االصطُاػي ؟

 %33 يتى اخترع انًصباح انكهربائي؟ 

 %25 أيٍ تقغ جاكرتا ؟ 

 %100 أيٍ تقغ بحيرة زرزر ؟

 %100 يٍ أول يٍ كطا  انكؼبت انًشرفت؟ 

 %50 ؟ باإلضالو هيذةش أول هي يٍ 

 %100 ؟ كى يبهغ ػذد ضكاٌ كاالباكا 

 %60 مه هو مخترع الهاتف؟

 %60 كم تبلغ مساحة جمهورية مصر العربية؟ 

 %100 مه هو ملك األردن؟
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Figure (4-b)  A sample of a result answer of the proposed system.  
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Question Arabic QA Ask.com Answers.com 

 مه هى مخخرع الهتحف؟
Who is the telephone inventor? 

60% 80% 60% 

 أٌه حاع اإلمتراث العربٍت المخحذة؟
Where is the United Arab Emirates? 

40% 20% 0% 

 كم حبلغ مستحت جمهىرٌت مصر العربٍت؟ 
What is the surface area of Egypt? 

60% 0% 100% 

 مه هى ملك األردن؟ 
Who is the king of Jordan? 

100% 60% 20% 

 مخى حىفٍج األمٍرة دٌتوت؟ 
When did princess Diana die? 

20% 20% 40% 

 أٌه حىجذ الغذة الذرقٍت؟ 
Where is the thyroid gland ? 

100% 60% 0% 

 مه هً ملكت األردن؟ 
Who is the queen of Jordan? 

100% 80% 20% 

 كم عذد جزر أوذووٍسٍت؟ 
How many islands in Indonesia? 

20% 40% 40% 

 أٌه ٌزرع الشتي؟ 
Where is tea planted in? 

40% 20% 20% 

Table (3): Precision measure of the proposed system and the Ask and Answers systems. 

 

0

20

40

60

80

100

120

0 5 10 15 20 25

P
re

ci
si

o
n

Systems Comparison

start

answer

Arabic
system

 

Figure (5):  Evaluation statistics of the proposed system and the Ask and Answers systems. 
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Considering Start system as a control (base) for comparison between the three 

systems, according to ANOVA test, there are significant differences between the 

three systems as shown in table (4). 

 ANOVA 

  
 Sum of 
Squares df 

Mean 
Square F Sig. 

answer Between Groups 11951.976 5 2390.395 2.889 .018 

  Within Groups 79419.867 96 827.290     

  Total 91371.843 101       

Qas Between Groups 52436.406 5 10487.281 10.819 .000 

  Within Groups 93058.182 96 969.356     

  Total 145494.588 101       

Table (4): result of SPSS 13.0 (ANOVA test) 

Using multiple comparison test (POST HOC), it is found that Answers system is 

better than Start except for answers with scores 60%. This is according to 

Benferroni and Dunnett T3. The same test shows that the proposed (QAS) is better 

than Start except for the answers with 60% system. In general, it is found that the 

proposed system acts better than the other two systems as shown in table (5).    

Dependent 
Variable 

(J) start 
  

(I) start 
 

 

 
 
Mean 
Difference (I-J) Std. Error Sig. 

answer Bonferroni 0 20 19.733 9.096 .488 

      40 2.400 10.138 1.000 

      60 32.400(*) 9.824 .021 

      80 6.400 10.503 1.000 

      100 3.567 7.877 1.000 

       

Qas Bonferroni 0 20 13.333 9.846 1.000 

      40 -7.394 10.974 1.000 

      60 -54.667(*) 10.634 .000 

      80 -38.667(*) 11.369 .015 

      100 10.667 8.527 1.000 

        

Table (5): result of SPSS 13.0  (Multiple Comparisons) 
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The author believes that this comparison is not fair for the three models, since 

different test beds and queries  with different languages  are used while they should 

be similar but the results demonstrates the capabilities of the proposed system. 

6- Conclusions and future work: 

The results of the proposed model show success in using Arabic Question 

answering system on the Web compared to other Latin systems. However, more 

efforts are still required to include all the Arabic question types and to enhance the 

answer extraction module of the system by including more natural language 

processing techniques to understand the selected paragraphs and form the answer.  

The need for the Arabic linguistics tools such as "Arabic morphological 

analysis/generation tool, an Arabic lexicon supported with semantic features, and 

Arabic synonym dictionary" appeared to be available for scientific research. 
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