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Abstract
There is a lot of interest in second language learning in formal as well as colloquial form. With 
the advent of Internet and computer technology there is more and more demand for computer-
based tutoring systems for language learning. Language tutoring systems should not only use 
technology to deliver content but also build in relevant pedagogical component, for effective 
instruction. We have designed and developed a constructive learning environment for teaching 
spoken Marathi. English is used as a supporting language of instruction. Constructive Learning 
Environments (CLEs) are learning environments built on a constructivist learning model. Aspects 
such as attention span, memory retention, non-distracting use interface, etc have been taken into 
account in the design. The tutor enables personalized instruction by adapting itself to the 
knowledge level of the student. The system aims to enable the user to read/understand 
newspapers, converse at public places (restricted domain), etc in Marathi as against teaching 
formal aspects of the language. The system can be adapted to develop tutoring systems for 
various other Indian languages too. 

1 Introduction
The interest in learning natural language is increasing, given the large number and variety of 
languages and the increasingly global nature of life. Some of the reasons that motivate people to 
learn a new language include: befriending with a location and people around, getting well-versed 
in one’s mother tongue (e.g. for NRIs), understanding culture of a particular area, tourism, etc.

There are various approaches available for language learning. Traditional approaches for 
language learning include resources such as books, magazines, etc and private courses where a 
particular language is taught to aspirants by a native expert. Such courses normally start by 
teaching script of the language and pronunciations of syllables. The course then proceeds to 
grammar, introduction of pre-defined subset of vocabulary, common expressions and simple 
everyday conversations to conversations in specific domains.  

The traditional approach, however, does not adequately address demands such as anytime 
learning and on-demand learning. Web-based educational systems, which to a large extent 
overcome the challenges posed by traditional classroom learning and textbook learning, are 
becoming increasingly popular. These systems exploit various advantages of the Internet 
technologies such as anytime anywhere access, sharing of learning material and online 
collaboration. One of the major charms of e-learning is to provide any-pace learning. This 
necessitates the system to adapt the pace –level of detail of instruction, time per topic, etc – of 
presenting course content based on the student’s current profile. Intelligent Tutoring Systems 
(ITS) [1] make use of adaptive technologies to bring in aspects of a human-teacher delivering 
personalized tutoring to a student, into online computer-based learning environments. The use of 
a web-based educational system (whether intelligent or not) for language learning has been a 
major area of research and has evolved into a full discipline known as Computer Assisted 
Language Learning (CALL) [7]. 



Language pedagogy has a marked significance in the technology-pedagogy co-operation of a 
Web-based CALL. Some of the fundamental pedagogical principles of language learning [6] 
include practice, learner orientation and motivation, changing role of teacher, iterative learning, 
situation-based learning, etc. Much of the concerns in pedagogical aspects come from the theory 
of learning. Constructive Learning Environments (CLE), one of the emerging trends in Virtual 
Learning Environments, is based on the constructivist learning theory [10].

In this paper, we discuss a constructive learning environment for teaching an Indian language 
(Marathi) in colloquial form. The system would be web-based for wider and easier accessibility 
and would use a rich set of pedagogical ideas in a constructive learning approach to enable the 
learner to learn the language for use in day to day situations. The focus is not on deep formal 
study of the language.

The next section describes some of the related work from literature, on these areas. Section 3 
describes our approach to build the tutor. The architecture of the system is discussed in Section 4. 
Section 5 & 6 summarizes the current status of the system and looks at future directions.

2 Related Work
Our proposed system builds on work in areas of Computer Assisted Language Learning (CALL), 
Intelligent Tutoring Systems (ITS), Intelligent Computer Assisted Language Learning (ICALL) 
and Constructive Learning Environments (CLEs). This section discusses the key aspects of each 
of these.

2.1 Computer Assisted Language Learning (CALL)
A number of paradigms have been proposed for teaching natural languages using a computer. 
The use of computers and associated technologies to facilitate language learning is known as 
Computer Assisted Language Learning (CALL) [7]. Based on the teaching methodology, CALL 
systems can be classified into [5]:
i) Grammar oriented CALL system, where the target language is taught using grammatical 

components and structure as the base. 
ii) Situation based CALL system, which attempts to let the learner learn the language 

through its use in various commonly occurring practical situations such as at a shop, post 
office, etc.

iii) Immersion based CALL system, which borrows from the way children learn their first 
language and avoids the use of a supporting language for instruction.

iv) Collaborative CALL system, which represents and guides the interaction between the 
student and the system as an interaction between a small group of learners.

2.2 Intelligent Tutoring System (ITS)
In a traditional classroom setup, a teacher employs various mechanisms to sustain the student’s 
attention, and provides appropriate guidance to the student based on his weaknesses and 
strengths in a particular subject. Though web-based educational systems have a lot of 
advantages, they still lack the presence of a teacher. ITSs attempt to simulate a teacher, who 
guides the student’s lesson flow, based on the student’s level of understanding in the subject. 
Basically the approach is to record expertise of a teacher in the subject and the understanding of 
the student in the subject, so as to deliver an effective personalized instruction. 

In order to give intelligent instructional feedback and guidance to a particular student, ITSs 
typically rely on three types of knowledge, usually organized into separate modules [1]:



i) Expert Model: This model represents the domain knowledge or expertise in the subject 
being taught, possibly derived over years of experience in that particular domain.

ii) Student Model: This model represents the understanding of the student in the subject, 
i.e., what the student knows and what he does not know. 

iii) Instruction Model: This model, which is sometimes called the pedagogy module, consists 
of teaching strategies and the essential instructions. Various teaching strategies are 
adapted by this module to suit the student’s needs.

The strength of ITS is usually in its deep domain model enabling it to analyze student responses 
in depth and provide intelligent intervention.

2.3 Constructive Learning Environments (CLE)
The early models of learning were of a behaviorist nature. With increased understanding of how 
humans learn, this model gave way to what came to be known as cognitivist learning theory. 
Ideas such as learner model and strategies of instruction were introduced at this stage. The most 
popular model today is a refinement of cognitivism, named as constructivism. The basic premise 
of constructivism is that learning is individual, in that learning takes place when a learner revises 
his current mental model of the domain. Neither the existing model nor the nature of revision is 
directly under the control of the teacher. The task of the teacher and the instruction is to guide 
this learning process effectively. Facilitating the learner to experiment with his current level of 
understanding of the domain, and giving him constructive feedback along the way is the major 
theme of constructive approaches to learning. 

CLEs are learning environments built on a constructivist learning model. These systems provide 
effective playing grounds for learners to try out what they learn and get constructive feedback. 
The playing ground can take a variety of forms from the simple descriptive problem solving to 
simulated building of a device. Examples of such CLEs are the chemistry lab simulation
[http://www.chemcollective.org/vlab/vlab.php] and the practice environments provided in the 
www.w3schools.com for learning scripting languages like HTML, DHTML, Javascript, etc. CLEs 
hold substantial promise of taking e-learning to a wider audience and increasing its effectiveness, 
and hence is an important field in instruction design [11].

CLE is an active area of research work in C-DAC Mumbai. An early work was in creating an 
intelligent tutoring system, Acharya [8], for teaching SQL.

2.4 Intelligent Computer Assisted Language Learning (ICALL)
Traditional CALL systems lack the intelligence component which would adapt instructions to a 
student based on his knowledge level in the language and to analyze student responses in depth 
to provide effective feedback. ICALL (Intelligent Computer Assisted Language Learning) system 
[4], which emerged to overcome this drawback of the traditional CALL systems, is a combination 
of ITS and traditional CALL, often following a constructivist approach. ICALL characterizes 
language teaching and learning as essentially a problem solving process, where the learner seeks 
to master a task or goal. ICALL programs, in contrast to traditional CALLs, can extract the 
learner’s intentions by taking as input the learner’s interactions with the system. This knowledge 
is then used to provide feedback and to structure further instructional activities. Three general 
features of ICALL systems can be identified that serve to distinguish these systems from more 
traditional CALL programs [4]: a problem solving approach to teaching and learning; the 
dynamic nature of processing; and explicit representation of domain knowledge.  



2.5 Language Tutoring in Indian Languages
Tutoring systems available for Indian languages are very few. Some of these are freely available 
over the Internet, while others have demo version and/or limited access over the Internet. We 
studied two such web-based systems in detail viz. “Marathi Mitra” and “LILA”

Marathi Mitra [http://www.marathimitra.com] is a web-based system which attempts to teach 
spoken “Marathi” language, using English as supporting language of instruction. It introduces a 
separate pronunciation key for Marathi. The course content covers vocabulary in various 
categories (general and advanced), basic grammar, day to day expressions and a few 
conversations. Almost all the language constructs have associated audio files.  

The Learn Indian Language through Artificial Intelligence (LILA) is an Intelligent Tutoring 
System for Hindi [http://lilappp.cdac.in]. The system attempts to teach Hindi language, in 
written as well as spoken form while taking into account pedagogical issues as well. For example, 
a student can attempt some lessons only after completing prerequisite lessons. The course content 
is classified into sections which introduce alphabets, vocabulary and then sentence constructs. All 
of the constructs are supported with language scripts, images, audio and video at places.  

All the CALL systems we studied share common features like rich set of vocabulary, audio for 
pronunciation, script of the target language, basic grammatical constructs, expressions, 
conversations, etc. However most of them lack intelligence component, that should ideally guide 
the student to follow a sequence, suggesting what they should do next with the current level of 
understanding and why. These are quite weak from a constructivist point of view relying mostly 
on traditional teaching model with rote unguided practice sessions.

3 Approach
We propose a system to teach Marathi language in its conversational form taking into account the 
issues that are not yet fully addressed by the available language tutoring systems. From CALL 
perspective we are adopting a situation-based approach, considering the intended mode of use.

The system is based on constructivist theory of learning. Each learner absorbs the instruction 
depending on his existing mental model that includes his profile, learning style, current level of 
understanding in the system and constructs a revised mental model. In addition to teaching the 
language, the system also acts as a teacher who guides the flow of the course. The system covers 
basic vocabulary and construction of simple and compound sentences, thus enabling the learner 
to converse fairly well in common places like bank, post office, etc. The system aims to make the 
participant comfortable in the target language rather than mastering the literature in the same. 
We have also tried to incorporate a number of pedagogical ideas keeping in mind challenges of 
retaining motivation, attention and focus for a typical e-learner.



3.1 Lesson Structure

                                                      
Fig. 1.Default Sequencing of Lessons

The course content is presented in the form of different lessons. Each lesson in turn consists of
various subtopics and/or evaluation sessions. The sequencing is based on the information set by
the faculty. The default sequencing of lessons is illustrated in Fig. 1. As shown in Fig. 1, after an 
introductory lesson on the pronunciation key for the language, there is a lesson to introduce basic 
vocabulary from various categories followed by a lesson on expressions concluding with full-
fledged conversations.

The system facilitates change of lesson sequence as well as addition of new lessons as required. 
At the end of each lesson there is a final quiz for evaluation. The students can get familiar with 
the format and methodology of the final quiz by attempting the corresponding sample quiz. The 
content organization in a lesson and the quiz methodology i.e. nature of questions etc is based on 
the pedagogy model chosen for particular lesson. The student is deemed to have completed a 
lesson only when he clears the associated quiz. He clears the quiz if he scores more than the 
specified threshold of marks.

The system allows each construct being introduced to be associated with one or more images, 
audio file(s) and pronunciation key. While the images are used to depict the language construct 
in a situated context, the associated audio clip and pronunciation key is used to pronounce the 
language construct in the target language. At places the images can also be supplemented with 
short video clips to demonstrate certain items in the vocabulary, particularly for verbs.

The system ensures step by step learning by forcing the student to learn the fundamental 
constructs before moving on to advanced level constructs. For example, before moving on to 
“Expressions” lesson, the system makes sure that the student has a fair understanding of “Basic 
Vocabulary” in the target language. This information is obtained from the student’s performance 
in quiz session on “Basic Vocabulary”.

In the “Vocabulary lesson”, wherever relevant, multiple images are used to depict the word it 
represents, to reduce the ambiguity. Sometimes a single image may not clearly indicate what 
concept it represents. For example, we display image of a “Pen” for some word in the target 
language which means a “Pen”. Now, it is not very clear with a single image display, whether the 
word this image is representing refers to the color of the image, shape of the image or the object 
that the image illustrates, thus leading to ambiguity. However if we display multiple images in 
the similar context, the exact meaning of the word that these images represent becomes evident. 

3.2 ITS Component
The tutor models the three modules of a typical ITS system as follows:

  Pronunciation Key

  Basic Vocabulary

Expressions

  Conversations



i) Expert Module: This module here represents the domain knowledge (set of vocabulary, 
expressions, scripts, audios, etc along with their dependencies and other parameters) of the target 
language. 
ii) Student Module: This module is concerned with updating and reasoning with the student 
model. The student model represents the student’s current understanding of the subject. The 
level of understanding of the student will be determined based on his performance (i.e. marks, 
attempts) in the respective evaluation sessions. Suppose a student scores less than a specified 
threshold of marks in the evaluation sessions of lesson “A”. He will not be allowed to visit any 
lesson, for which “A” is a prerequisite, till he clears the evaluation session for “A”. 
iii) Instructor Module: This module in the system represents the instructional knowledge, by 
selecting and sequencing the lessons and associated materials/resources and incorporating 
learning strategies. The instructor module selects the lessons to be displayed to a particular 
student based on the corresponding student module. 

3.3 Pedagogy
The system addresses a number of pedagogical principles for second language learning as 
follows: 

i) Iterative Learning: An iterative practice phase of the course material is necessary for 
learning in terms of long-term memory. In vocabulary lesson, for example, he can 
listen to the audio clip multiple times till he gets comfortable with the corresponding 
construct and then move to the next or previous construct or even choose a construct 
randomly. He can also revisit any given example construct multiple times.

ii) Learner Focus: Keeping in mind the low attention span of the online student, 
language constructs and vocabulary are presented to the student one at a time rather 
than presenting all of them at once. It helps him to focus on a single construct rather 
than many constructs at a time.

iii) Learner Motivation: As specified earlier, the system adapts itself to the level of 
understanding of the student in the course. This personalized attention to a student 
plays an effective role in his motivation and receptiveness to learning.

iv) Situation-based Learning: A learner being immersed in a particular situation leads to 
effective grasping of language constructs, compared to formal abstract teaching. Our 
system immerses the student in common situations/places such as in a post office, 
bank, etc, while teaching expressions and conversations, thus attempting to let the 
learner learn the language through its practical use at general places or situations.  

Some special strategies have been employed by the system to facilitate effective learning. Without 
a syntax based approach, teaching a learner how to form expressions is a challenging task. We do 
not want the student to memorize expression as in the case of words. The idea instead is to help 
him see the underlying structure of the expression so that he learns to form such expressions on 
his own. This is done by presenting number of sets of variants of the given expression. Each set is 
called a cluster, and varies one or more words in the “master” expression. For example, consider 
an expression “It will take ten days to reach.” A cluster of this expression construct may vary the 
word “ten” and the resulting expressions belonging to this cluster could be like “It will take 
twenty days to reach”, “It will take five days to reach” and so on. Another cluster would be a set 
of expressions varying the word “days” in the master expression. The English versions of 
expressions  belonging to this cluster would be “It will take ten months to reach”, “It will take ten 
minutes to reach” and so on. An expression may have one or more of such clusters and 
corresponding expressions in the target language. Thus by providing variants of a single 
“master” expression, the system attempts to let the learner master an expression construct rather 
than learn just a particular expression.



Also for better understanding of pronunciation of each word in the expression, each expression is 
also accompanied by a slow speed version of audio clip.

3.4 Navigation and Learner Support
A good navigational support is necessary for the student to feel comfortable in an e-learning 
environment. Our system represents the course content with a navigation mechanism that guides 
the student through the course. It provides visual indication of where the student is currently in 
the concept map of the course, an ability to visit other lessons in the course, and indications of 
what he can do next. 

The menu on the left side of the screen (see Fig. 4) consisting of the list of topics and its 
navigation mechanism is based on the intuitive traffic light model [9]. A Red cross icon ( ) 
signifies the sessions that the student is not currently eligible for, Green tick icon ( ) signifies the 
sessions that the student is currently eligible for and Blue flag icon ( ) signifies sessions that the 
student has already completed. In addition to the above icons, an arrow icon ( ) indicates the 
lesson he is currently viewing.

4 System Architecture
The system follows a 3-tiered architecture, with separate layers for presentation logic, business 
logic and data store. The system also adheres to the Model View Controller (MVC) architecture 
[http://www.javaworld.com/javaworld/jw-12-1999/jw-12-ssj-jspmvc.html]. This not only 
makes the system modular, but also facilitates adaptation to changes in the system. For example, 
if we want to switch to some other database, changes will be limited only to the data storage tier. 
The business logic tier and presentation logic tier would not see any changes. In terms of the 
MVC model, “View” and “Controller” need not change as long as the “Model” used to represent 
the data remains the same.

4.1 Module Design
Based on the functionality, we divided the system into various logical modules (see Fig. 2). Each 
module puts together a set of related functions and interfaces with the rest of the system as a 
single logical chunk. In the 3-tiered architecture of the system, these modules sit in the business 
logic tier. Following are the modules in the system, with a brief description of the functionality 
they encapsulate:
i) Authentication Module: This module authenticates the users logged in against the user details 
available in the system. 
ii) Instruction Module: This module manages the lesson sequencing as well as pre-requisites for 
each lesson. This module gets the student’s current understanding level from the Student 
Module. Accordingly, it invokes appropriate lesson from the Lessons Module. 
iii) Student Module: This module manages the student details such as his login details and his 
current understanding of the subject.
iv) Lessons Module: This is a cluster of modules, each representing a particular lesson. By 
default, the system supports four lesson modules viz. “Pronunciation Key” module, “Basic 
Vocabulary” module, “Expressions” module and “Conversations” module. 
v) Examination Module: This module encapsulates the functionality of the evaluation component 
of all the lessons, such as fetching quiz data, passing it for display, evaluating a student’s attempt 
for a particular quiz and recording the student score. It also passes the student score to the 
Student Module.



4.2 Implementation
The system is implemented using JSP, servlets and JavaBeans and runs on Tomcat server. The 
user interface to the application is handled by JSPs. Servlets and JSPs interact with the JavaBeans. 
JavaBeans represent the data residing on the server.

Fig. 2 Architecture of the System

We have used XML for structuring and holding data. Use of XML makes the data more readable, 
extendable and makes it easier to express metadata. It also allows easy interchange of data. 
Depending on the type of our data model can be classified into Lesson Data, Instruction Data, 
and Student Data. Each type of data is organized in one or more XML files. 

4.3 Extending the system
Adding new phases of learning (like grammar, advanced vocabulary, etc) can be done by 
manipulating the “Lesson Data” and making corresponding changes in the “Instruction Data”. 
Data storage and representation is designed and structured in a generic fashion so that it can be 
easily extendable as well as represent data of other languages. The native Unicode support in 
XML facilitates holding/displaying data of various languages in their respective scripts. So 
implementing a tutor for other Indian languages would require just changing the Lesson Data as 
long as English is the language of instruction.

Instruction 

Module

Lesson Module

Student Module

Examination Module

 Student   
Performance

     
Evaluation
  Criteria 

 Student Data

 Lesson Data

  

Authentication Module

Login 
Details 



Fig.3 Vocabulary Lesson in Marathi Tutor

5 Current Status
The first version of the system [Fig. 3] is ready and is currently open for evaluation among a 
controlled set of audience. After an introductory lesson on the pronunciation key for Marathi, 
there is a lesson to introduce basic vocabulary from various categories followed by a lesson on 
expressions concluding with full-fledged conversation. As of now, there are about 15 different 
categories in “Basic Vocabulary” lesson (like direction, anatomy, etc) covering over 200 words, 
along with associated audio files and images wherever required. Expressions are categorized in 
general categories like “Business”, “general expressions”, etc. Each category is further classified 
into 2-3 subcategories. Each expression subcategory consists of around 10 expressions each. Most 
of the expressions consist of 2-3 clusters, the cluster in turn consisting of 4-5 variants of the 
original expressions. There is a question bank of around 30-40 questions for each quiz in a 
particular lesson. The “Conversations” lesson consists of 5-6 full-fledged conversations.

6 Conclusion and Future Work
We discussed various issues in computer-based language tutoring and proposed a constructivist
framework for teaching Marathi in colloquial form. A number of pedagogical ideas in the area of 
language learning have also been incorporated. 

As mentioned above, the system is currently open for evaluation among a controlled set of users.
This would also give valuable feedback on the effectiveness of the pedagogical principles used, in 
learning and better understanding of the system. Once we get inputs from these users we will be 



releasing the system over the web for general public.  Later, we also plan evaluation mechanisms 
within the system to get continuous feedback on the effectiveness of each lesson. 

The framework is being improved in many dimensions for a richer and more comprehensive 
learning experience. We plan to extend the framework to support the concept of pre-test, which 
the student can appear before going through the course content. Based on the performance of the 
student in the pre-test, the system would allow direct entry to specific lessons. Currently the 
default extent of the lessons is upto conversation level. We plan to take it further by incorporating 
appropriate pedagogy ideas for effective instruction and investigating various pedagogy schemes 
for the same. . Instruction module can be extended to give more intuitive feedback to the student 
after every exam, which will help him identify his weak areas in the course. We are also 
exploring ways to automatically generate variants of a single expression
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