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1 ABOUT THE COMPANY 
C-DAC, Mumbai (formerly National Centre for Software Technology) was 
established in the year 1985 by Ministry of Information Technology (MIT- 
formerly Department of Electronics), Government of India, as a National 
Laboratory, for R & D in Software Technology. C-DAC, Mumbai has its 
offices in Juhu (Mumbai), Kharghar (Navi Mumbai), Nariman Point 
(Mumbai) and Electronics City (Bangalore).  

1.1 Objectives of the Company 

a) Committed to India's role as a leader in software technology. 
b) Carry out R&D with a practical impact.  
c) Provide support to the IT industry.  
d) Make a significant contribution to high quality education and training of 

professionals for the IT industry in India. 

1.2 Various Research Groups 

1.2.1 Computer Networks and Internet Engineering  
This division works in areas of computer networks and real time systems.  

1.2.2 Language Computing  
LCG offers Indian Language capabilities at various levels and platforms 
including the free and open-source operating systems like GNU-Linux so 
that information and communication technology is effectively used for 
multi-lingual informatics using local languages. 

1.2.3 Graphics and Computer Aided Design  
The Graphics & CAD division works in the areas of computer graphics, 
computer aided design, virtual reality, multimedia, and electronic 
publishing.  

1.2.4 IT Systems & Solutions  
The staff at IT Systems & Solutions (ITSS) is primarily responsible for 
setting up and maintenance of computing facilities at C-DAC.  

1.2.5 Knowledge Based Computer Systems  
The KBCS division carries out research and development in selected 
subfields of Artificial Intelligence. They also offer a variety of courses 
covering various areas of AI.  
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1.2.6 Open Source Software Division (OSSD) 
Open Source Software is currently exemplified by Linux operating system 
along with systems such as Apache, Openoffice  etc and languages such as 
Perl, Python and PHP and a community based development methodology.  
 
The Open Source Software division functions as a resource centre in this 
strategically important area of software technology, hosting portals and 
clinics, offering comprehensive educational programs, developing 
significant open source software and carrying out research on the 
methodological aspects of open source software. The division will also play 
a major role in a collaborative project involving IBM (India), IIT Mumbai 
and C-DAC.  

1.2.7 Software Engineering  
Work in the area of software engineering is mostly carried out by staff at C-
DAC, Bangalore. The group promotes software development by offering 
know-how training and R&D backup.  

1.2.8 Education Technology Unit (ETU) 
The Educational Technology Unit aims to integrate the various scattered 
pieces of effort towards a better educational environment and spearhead 
new models and technologies for the Centre as well as for others. ETU 
activities are directed towards effective use of Information Technology in 
their activities, as well as providing input to C-DAC, Mumbai (formerly 
NCST) policy and strategy planning activities related to education and 
training.  

1.3 Various Projects at the ETU- Division 

1.3.1 Vasistha - An Instruction Delivery Framework for Online Learning 
The Vasistha project aims to provide a framework for course designers to 
structure an online course for effective online learning.  

1.3.2 Acharya - An Intelligent Tutoring System for SQL 
Acharya is an Intelligent Tutoring System (ITS) targeted at teaching SQL. 
Its primary components are: Traditional course material on SQL organized 
to exploit ITS technology and an intelligent problem solving environment 
where a student receives a concept based diagnosis of his/her solution to the 
problem posed by the system.  

1.3.3 Marathi Tutor 
Marathi Tutor is web-based constructive learning environment for teaching 
spoken or conversational Marathi. English is used as a supporting language 
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of instruction. In addition to teaching the language, the system also guides 
the flow of the entire course to the student. The system aims to enable the 
user to read/understand newspapers, converse at public places (restricted 
domain), etc in Marathi. 

1.3.4 Veda - An Online Testing and Question Banking System 
Veda is an on-line testing and question banking system. The system allows 
a teacher to create tests in any domain. These tests can be administered to a 
large number of students. The system enables frequent and effective 
evaluation of students, and also provides feedback about the test to the staff 
in terms of a statistical analysis of questions.  

1.3.5 Parikshak  
·  Parikshak - A system for testing problem solving skills through 

programming - Parikshak is a testing system, which provides a restricted 
environment for students to test their program.  

·  Converting Parikshak into a Web service-oriented architecture - In this 
project, we are investigating how well Web services meet the 
interoperability requirements by transforming a real example of Parikshak 
system into a program grading Web services framework using the open 
source gSOAP toolkit and providing standard Web service interfaces for 
seamless integration to other applications.  

·  Online assignment submission Interface - Online assignment submission 
interface is being integrated with the moodle LMS and it allow students to 
submit their code online to the grader, which then tests the code and 
displays the grading status back to the student. 

1.3.6 Vyasa - A Generative Question Authoring System 
Vyasa is an authoring system for generative questions. The system allows a 
teacher to create generative questions by providing a high level 
specification of the question. A generative question is specified using a 
template given by the teacher. This approach enhances the power of on-line 
and question-banking systems, to ensure reliable and secure tests. Each 
time the system is asked for an instance of such a question, it would give a 
different instance.  

1.3.7 Program Comprehension 
ETU division is developing a framework and working package to generate 
questions on program comprehension. A generative testing system stores 
the general structure of a question (a template or an underlying structure) 
and has a mechanism to generate instances of the question, rather than 
storing the question explicitly.  
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1.3.8 Content Markup Language & Translator 
ETU has developed a markup language for content. This system can be 
used as a framework for organization of learning information (i.e. course, 
lesson, module etc). The main advantage of using such a markup language 
is that it will give the teacher the freedom to capture the learning 
information in a desired and simplified format.  

1.3.9 Content Design 
In an attempt to offer the PGDST course online, the course contents have 
been converted to online format. Spanning across 80 hours, the content 
includes lecture slides, video snippets for each topic, audio support (for 
bandwidth constrained users), code segments, etc.  

1.3.10  Vidyakash e-learning Framework 
Vidyakash e-learning framework is a unique online framework to create 
content, deliver content, evaluate and monitor student progress, give 
personalized instruction to each student. This framework also supports 
interaction between teachers and students for qualitative feedback.  

1.3.11   Sandesh - An Automatic Email Response System 
Sandesh is an automatic email response system which is useful in an online 
learning environment. The system acts as a middleman between the faculty 
and the students.  

1.3.12   Chaatra - A Student Monitoring and Feedback system 
Chaatra is aimed at analyzing the student data (performance and access 
profile), developing learner profiles to generate qualitative instructional 
feedback to students and faculty.  

1.3.13   CARES - Course Administration Registration Evaluation System 
CARES is a database system currently used for maintaining PGDST and 
FPGDST student records. Apart from student personal details it keeps 
records of their evaluations and fees related details  

1.3.14   Data Analysis Tool 
At enables to look for certain trends/dependencies in the given formatted 
text data or database. This tool can be used to study the effect of one or 
more variables on the target field (response). It makes use of certain 
statistical techniques and data mining algorithms to find 
trends/dependencies.  
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2 INTRODUCTION 
Learning plays a vital role in everyone’s life. Present modes of teaching 
generally involve presenting the contents in a concrete manner. Contents 
presented in this manner may lead to avoidance by the students. Since 
students generally like to have fun and usually have the urge to spend a 
major part of time in playing or spending time on things which are of 
interest to them such as drawing, playing indoor games e.g. board games, 
video games, computer games or outdoor games like cricket, football, etc. 
 
Playing game is a human characteristic; the existence of games appears in 
the most wide-ranging of cultures. Until the end of the nineteenth century, 
games were used to be associated with entertainment, but with the influence 
of John Dewey (1944), An American philosopher and educator who was 
one of the founders of the philosophical school of pragmatism, a pioneer in 
functional psychology, and a leader of the progressive movement in 
education in the United States, games began to play a major role in the 
teaching methodology. Not only do they motivate, but they can help 
students develop skills, abilities and strategies. 
 
Video and computer games have become a matter-of-course in the 
everyday life of young children. Children generally enjoy interacting with 
the games and like to spend more and more time with them. The cultural 
and social significance of electronic games, are pedagogically relevant 
because any educational or teaching effort which aims at mediating so-
called "media competency," computer literacy, or ICT skills is preceded by 
informal and non-formal learning processes of children within their 
"computer gaming culture" as specified by Johannes Fromme [1]. 

2.1 Pedagogical principles of learning  [2] 
Some of the most fundamental principles of learning are listed below:- 
 
a) Interaction: �Children are active, important members of a variety of 
communities, which may include: family, school, ethnic cultures, sporting 
teams and friendship groups; their understanding of the subject develops by 
again and again interacting with the peers within the system. 
b) Engagement: Learning process becomes easy if it involves active 
engagement of the learner. Active engagement in the topic results in the 
better understanding and insight of the topic. 

 
 

c) Practice: An iterative practice phase of the course material is good 
for learning in terms of long-term memory. 
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d) Situation based learning: when a learner is immersed in a 
particular situation, it leads to the faster reaction and an effective grasping 
of the subject content, rather than the mode of teaching of the same in 
which they only acts as a observer. Situation based learning involves 
immersing the learner in common situations. It enables the learner to learn 
through its practical use. This learning by doing, is considered to be one of 
the most efficient methods of learning.  

2.2 Various Modes of Teaching 
There are different modes of teaching being adopted to make the learning 
process effective. This section briefly describes some of the approaches. 

2.2.1 Class-room Mode 
One of the traditional means of teaching is the class-room based teaching. 
The class-room based teaching has been identified as one of the most 
effective means of teaching, since in this mode of teaching there is a face-
to-face interaction among the teachers and the students. In this mode of 
teaching, teachers are successful in accessing the facial expressions of the 
students and a means of question answer session, from which they can 
identify whether the students are able to understand something or not. 
Similarly students have access to the teachers and can sort out their 
problem by asking doubts or having discussion with the teacher.  
 
One of the major problems being faced in traditional classrooms is that, 
students typically have very little time to interact with materials, each other, 
or the teacher. Moreover, students often must wait days or weeks after 
handing in classroom work before receiving feedback. Since, various 
researches suggest that learning proceeds most rapidly when learners have 
frequent opportunities to apply the ideas they are learning and when 
feedback on the success or failure of an idea comes almost immediately. 

2.2.2 ICT in education 
Information and communication Technology is a potentially powerful tool 
for extending educational opportunities both formally and in-formally. ICT 
facilitates the mean by which we have access to the resources anywhere and 
anytime and also provides us with the facility of accessing the learning 
resources remotely. 
 
The reducing cost of computer hardware and improvement in their 
capability has made possible for people to buy computer for home use. This 
has a positive effect on the usage of the technology for delivering 
education. Various different computer aided tools have been developed to 
deliver knowledge to students. These systems provides facility to the 
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learner’s to learn at their own pace, enables them to interact with the system 
as many times and provides an immediate feedback in contrast to the 
traditional class-room mode of teaching. These systems are successful in 
providing a personalized and an individualized environment where the 
student feels comfortable, since they don’t have the fear that they will lag 
behind or will have to face an insult in case they are not able to answer 
something. 

2.2.2.1 Electronic Media 
Various modes are available today by means of which, the resources could 
be delivered at the door step of the learner. Electronic media comprises of 
the floppy drives, CD-drives and the flash drives which are being used as 
the means of communication. Contents are being stored in these media and 
transferred to the learner which they could access by means of a computer. 
Learner on their will and on the availability of time accesses these media.  

2.2.2.2 Internet 
The growth of the www and the availability of computer and internet 
connection have made it possible to deliver content over the wires easily. It 
eliminates the distance gap that exists between the learner and the 
instructor. 
 
Learning over the internet facilitates just-in-time learning, on demand 
learning and anytime learning. The traditional mode of learning doesn’t 
adequately meets these demands and also faces challenges such as location, 
time constraints etc. This mode provides us with the means wherein we 
have the facility to access the material anywhere. It provides us with the 
facility where we don’t have to carry all our belongings from one place to 
another; we can easily access it just by click of a mouse. 

2.2.2.3 Mixed Approach 
Mixed approach of teaching incorporates the use of both type of teaching 
modes i.e. the classroom-mode and the e-learning mode. This approach 
makes use of the electronic media and gadgets as the means for delivering 
content to the students e.g. internet, slides etc 

2.3 Games as a mode of Teaching 

2.3.1 Games 
Games have been identified as the tools which are always being the priority 
of every child. Some researches indicate that games are not just a diversion 
to children, but an integral part of their social and cultural lives [Rieber, 
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1996; Chick and Barnett, 1995] [3]. For example, children often evaluate 
their status in a peer group based on their interaction in games. 
 
Games are always been the choice of children either they are being played 
on the traditional mediums e.g., board games or on the modern mediums 
e.g., game consoles or computer, children are always attracted towards 
them. 

2.3.2 Games and Their Importance 
Games are the tools which provide an environment where the player 
completely engages interacts and actively participates with the system. 
Engagement is achieved due to the element or situation that leads to 
challenge, fun and enjoyment that are build within the game by the 
developers. Challenge is build either in the form of a timely achievement of 
the target, competition with the peers or accumulating maximum points in a 
gaming environment. Enjoyment and fun are other two elements which are 
successful in engaging the player. 
 
Games provide a forum in which learning arises as a result of tasks 
stimulated by the content of the games, knowledge is developed through the 
content of the game, and skills are developed as a result of playing the 
game. 
 
Games allow player to enter in an environment wherein they can take 
decisions on the basis of the situation that occurs. The player can apply his 
analytical skills to handle different situations by using different strategies. 
 
Games require engagement with complex decisions – exploring the effects 
of different choices and a multiplicity of variables. They offer ongoing and 
responsive feedback on choices – calibrating closely to the ability level of 
the individual, and then encouraging them to discover new limits to those 
abilities. They stimulate conversation and discussion; players share ideas, 
hints and tips in what increasingly tend to be lively and supportive learning 
communities. 

 
Calvo [1997]   [4] maintain that games can enhance the following functions: 

a) Motor development: Games often involve movement; they stimulate 
precision, coordination of movements and speed. 

b) Intellectual development: As well as movement, games may also involve 
understanding how things work, resolving problems, devising strategies etc. 

c) Affective development: The fictional nature of games, the opportunity to 
act out a role means that they have a key function in the affective 
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development of the individual. Games stimulate students to understand 
their life experiences and help them to mature. 

d) Social development. Games are also ways of relating to others. In addition 
to their socializing dimension, their capacity to symbolically generate roles 
makes them effective transmitters of society’s predominant values and 
attitudes. 

2.3.3 Types of Electronic Games 

2.3.3.1  Video Games 
Video games are the games which involves interaction with a user interface 
in order to generate a visual feedback on a video/visual device. These 
games are generally played on the consoles which are specially devised for 
these purposes. Players are provided with the input devices to manipulate 
the games and are called as game-controller e.g., joystick. 

2.3.3.2  Computer Games  
These are games which are similar to the video games but are played on the 
computers. Player are provided with the keyboard or joystick as the devices 
which acts as the input devices and monitor is used as the visual output 
device 

2.3.4  Games and Education 
Education and games are two attributes that should go side by side, so that 
the final motive of achievement of knowledge as well as children’s urge for 
fun are achieved, this could be achieved by means of games that helps in 
developing an environment such that the student is gripped and education is 
fascinated. Since games have been identified as the tools which are of 
interest to children, so if education is delivered by means of games then 
there are chances that the degree of avoidance of children towards studies 
will reduce to a great extent. 
 
Games facilitate the learner to practice the contents as many times and the 
learners also enjoy performing the job again and again e.g. say a player is 
planning to achieve a particular score but his/her game terminates before he 
achieve that score, in that case he/she likes to play it again. 
 
The pedagogical directions are leading learners towards a paradigm of 
personalization through interactivity. Play has historically been 
acknowledged as an important part of learning, and has been present in 
learning environments through simulations, role plays and quizzes. 
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Many researches have proved games to be an effective tool for delivering 
knowledge; Greenfield was one of the first scientists who drew attention to 
the possible positive effects of watching television or playing video games. 
She addressed new media as cultural artifacts which demand complex 
cognitive skills from the people who use them, and these skills and the 
related knowledge that come from using them are not obtained in 
instructional contexts like schools, but are acquired informally [Greenfield, 
1984]. 
 
In her book [Greenfield, Cocking, 1996] [5] a collection of articles has been 
published which try to document the role of interactive video in the 
cognitive and emotional learning of children and youth. One of Greenfield's 
conclusions can be summarized as follows: The introduction and diffusion 
of computers leads to a rise of what may be called "visual intelligence." As 
modern video games demand special visual skills they provide informal 
education for (other) occupations that demand such skills [Greenfield, 
1998; also: Greenfield et al., 1996]. 
 
Some of the research suggests the following attributes of playing video 
games: 

a) Video games aid the development of strategies for reading three- 
dimensional images. 

b) They help to develop learning through observation and hypothesis-
testing. 

c) They broaden the understanding of scientific simulations. 
d) They increase strategies for parallel attention. 

Students quickly learn the value of making detailed observations whenever 
a problem occurs. They also learn they are genuinely respected as 
researchers. This positioning also focuses their attention directly on 
problems rather than on avoiding them. This allows them to consider what 
aspects of their difficulty might be due to their own misunderstanding and 
which problems might be related to features of the games. So, games could 
be considered as the tools which could be helpful in developing an urge 
among the students to learn and diminish the degree of their avoidance 
towards the studies. 
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Table 1.1  Areas of learning in which games can contribute . 

Personal and social 
development 

Provide interest and motivation to learn 
Maintain attention and concentration 
 

Language and 
literacy 

Encourage children to explain what is 
happening 
Use talk to organize, sequence and clarify 
thinking, ideas, feelings and events 

Mathematical 
development 

Use everyday words to describe position 

Creative 
development 

Respond in a variety of ways 
Use their imagination in art and design 
music, and stories 

Knowledge and 
understanding of 
the world 

Use early control software to investigate 
direction and control 

Physical 
development 

Fine motor control can be developed with 
the increased refinement in using a mouse 
for navigation and selecting objects 

 
Games are successful to create an environment which helps in developing 
interest and motivates the learner to learn. They are helpful in gaining the 
attention and building the concentration of the learner. Helps in building the 
learner’s vocabulary of different subjects, by using words related to those 
subjects e.g. mathematical formula, concepts etc    
 
Learning is conceptualized not as a function of the game itself — or even a 
simple coupling of the player and game. Learning is seen as 
transformations that occur through the dynamic relations between study 
material, tool that provides interface to this material and mediating social 
structures. So just providing a game to student doesn’t means knowledge is 
fascinated, an active participation is also necessary from the students’ end, 
in order to gain something. 
 

2.4 About the System 
We propose a system which will provide a generic framework for teaching 
and testing, which will help the students to learn and test their skills of 
building expression. The system will be capable enough to be used for 
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subjects which involve formation of expressions e.g. trigonometry or 
algebraic equations in mathematics, formulas in organic chemistry or 
arranging english letters to form a word.  
 
Initially our main purpose is to develop a system which will be capable 
enough to solve the problems being faced by class 10th student in studying 
mathematics. Students generally face problems in identifying the 
relationship between various objects and also remembering them. The 
reason could be either they find it difficult or it’s because of their avoidance 
of the subject. So we need a means which could solve these problems. The 
proposed system will provide an environment where the student will be 
motivated and will interact with the system on his own will. 
 
The proposed system will concentrate on providing an environment where 
the learner completely engages with the software interacts and actively 
participates in the learning process. The enjoyment, pleasure or fun the 
learner derive from the software will be the principle source of what will 
make the learner return to do it again and again. There will be increased 
“fun” because more the learner interacts the better he gets, the easier they 
become, and the more goals they can achieve. 

2.4.1 Scope and Assumptions 
Students will be helped in visualizing various objects and the relationship 
that exists between the objects. They will be provided with parts of the 
expressions which they need to arrange in order to form a valid expression. 
They will be provided with an immediate feedback system wherein they 
could identify mistakes and rectify them in future. They will be provided 
with a feedback system where they could watch their progress as compared 
to their previous performances. 
 
Students generally find it very difficult to remember formula which they 
learn manually. But if they could visualize them, then it will be helpful for 
them to identify and apply, since it develops an image in the mind which 
could be easily retrieved. 
 
The proposed system concentrates on delivering the knowledge 
intrinsically. Students generally have avoidance towards studies, so 
delivering them some knowledge extrinsically will again lead to avoidance 
by the students. An inherent knowledge coupled with enjoyment and fun 
will motivate the student, and will increase his engagement with the 
system. 
 



 16 

The proposed software has been conceptualized in a manner such that the 
students learns by engaging with the software and their lies an intrinsic 
force which is successful in motivating the student to interact and engage 
with the system. 
The proposed system acts as a testing tool and initially covers the topics 
related to the trigonometry and concentrates on testing the analytical and 
problem solving skills. 
 
We feel that in order to stimulate children to intensely think about 
mathematics, they need to be put in learning environments which attract 
them to mathematics and allow them to experience the joy of learning it. So 
finally the reason for developing an electronic game for education is their 
attractiveness to many children, their exploratory and interactive nature, 
and the ability of electronic environment to facilitate concept visualizations 
and manipulations that are difficult to achieve with concrete materials. 
Game could provide an environment in which the learner would not feel 
threatened by making mistakes. Rather, mistakes are accompanied by a 
feedback which could become stepping stones for later success in the game. 
Games could be the means of improving the learning capabilities of the 
student by means of different levels inbuilt within the system on the basis 
of difficulty levels. 

 
The proposed system is developed keeping in mind the nature of the human 
being and doesn't consider any difference in the needs or urge of different 
sex. So the proposed system is conceptualized considering the 
attractiveness of human being towards games. Different people have 
different nature toward games some like racing others like fighting games 
or may be other board games. 

2.4.2 Why mathematics? 
Mathematics as a subject is of great importance since it has application in 
almost every part of life. But it has been found that most of the students 
generally find it very difficult to study the subject. So the proposed system 
attempts to solve the problems being faced by the students by means of a 
game. 

2.4.3 Target Audience 
The proposed system is being designed for the students of class 10th who 
face problem in learning and applying formulas. The proposed system is 
expected to help them in overcoming this problem by helping them 
identifying different tokens of the formula and arranging them in a 
specified format. 
 



 17 

3 Background 
 
Educational Technology domain has seen a paradigm of tools being 
developed in order to deliver knowledge to the learners. Some of the 
systems either provide learners with the set of tutorials in the form of slides 
and others provide a personalized interactive environment. All the existing 
systems ranging from the CAI’s (Computer Aided Instruction) [6] to ILE’s 
(Interactive Learning Environment) [7] were capable enough to deliver 
knowledge to students but most of these systems don’t have the force to 
attract the students and fascinate them with the knowledge. These systems 
still suffer from the avoidance nature of the student for studies.    

 
Games are successful in providing an environment where the learner enjoys 
and have fun. Every game has an inbuilt goal to achieve and achievement 
of the goal gives the feeling of success to the player and could be the 
motivating factor. There is a degree of challenge inbuilt within the games 
which could attract the player to engage with the system and apply different 
strategies to achieve the target. Games are built with fancy graphics, 
interactive animations, background music which could provide sensory 
stimuli to children, which could add to the fun of playing the game. 
 
Games are being presently used as the tools for delivering education 
because they are successful in delivering knowledge implicitly. They may 
make the learning of subject more enjoyable and memorable because of 
some of their inherent properties as specified in the above paragraph. 
Games have the property of interaction and communication, which acts as 
the guiding tool in the learning process. 
 
Computer based mathematical games can create environments in which 
children get excited about the embedded mathematics and, therefore, are 
willing to be immersed in it and spend time learning it. They are successful 
in providing an environment where the learner could identify an object and 
its relationship which other objects. 

3.1 Games as a Teaching Aid 

3.1.1 Features that Games Support: 

3.1.1.1  Active Learning 
The best way to define “active learning” is to compare it with the passive 
learning, which has been the traditional mode of teaching from the decades. 
In passive learning students being the targets of the lectures and reading 
assignments, without having any direct participation in their own learning 
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process. Active learning requires the student to engage in the learning 
process such as role-playing, debate and give-and-take decisions with 
peers. Its major emphasis is to enable the student to be part of the learning 
process- not just the objects of lectures or reading material. They are the 
games which have the nature to encourage active learning, as the student 
becomes the driver of the learning activity itself, instead of being a mere 
passenger.  

3.1.1.2   Experimental Learning 
Experimental Learning is something which is being described as “learning 
by doing”. This mode of learning is effective but could sometimes have 
disastrous results as in case of military flight schools in particular. 
Computer games when well crafted, can give a student the look, feel and 
decision making challenges of the real world, and in doing so, can help 
them be better prepared for the real world arenas in which they have been 
trained. 

3.1.1.3 Problem-based Learning 
Problem-based learning is similar to the active learning. It encourages 
progress in students by presenting them with a series of problems which 
must be solved, prior to the student advancing to the next step of his or her 
learning. In games, such problems are typically known as scenarios, 
missions or levels, but the process remains the same. 

3.1.1.4 Immediate Feedback 
Immediate feedback refers that the student will not have to wait through a 
day, a weekend or weeks to learn the results of a test, but will instead 
receive the feedback immediately. A game can offer feedback more quickly 
than most human teachers can. Feedback could inspire the students to 
renew their efforts, to solve the  problem at which they might have failed in 
the earlier attempts.  
 

3.1.1.5 Challenges to the Player to Prioritize among Competing Objectives 
Computer games are successful in providing the environment, where the 
learner has to apply his decision making skills in order to decide upon 
which alternatives to take in order to achieve success. 

3.1.1.6 Learner-centered Learning 
Learner-centered learning specifies that student should be the focus of the 
learning process. They should be provided with the means wherein they   
manipulates the objects and learns, as the result of that process. Games 
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provide an environment where the learner completely engages in the 
learning process. 

3.2 Some work done in this area 
There are many games in the market which are being developed in order to 
teach some concepts of mathematics, these games are either being 
developed for teaching the basic elementary concepts such as 
multiplication, addition, subtraction or  which just acts as testing tools. 

3.2.1 Bomber v2.2.1 
One of the games being developed by fundamental software Inc, named 
"Bomber", is a game which tests the trigonometric skills of the player. It 
provides with a set of known values and asks for an unknown value by 
using the trigonometric formula. 
 
Bomber v2.2.1 by the Fundamental Software Inc is a game which has been 
designed keeping in mind to test the concepts related to trigonometry. In 
Bomber, players shoot down hot air balloons with exploding missiles which 
are bombing the military compound. Players need to calculate the angle, 
vertical, horizontal or diagonal distance needed to hit the balloon at its only 
weak point using either Pythagoras theorem or trigonometry identities. 
 

Figure 3.1 A screen shot of Bomber v2.2.1 
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3.2.1.1 Features of Bomber  
a) Game achieves engaged by enabling the player to save military 

compound from being bombed and provides a challenging 
environment. 

b) Player can invoke clues, which could outline the problem and helps 
him to solve easily. 

c) It provides calculator in order to simplify the equation solving 
process. 

d) Provides tutorials which provide overview of the concepts. 

3.2.1.2 URL 
 http://www.funmaths.com/games.htm 

3.2.1.3 Evaluation 
Though the above game claims to teach trigonometry, but assumes that 
the player should have a prior knowledge of the topic. As the problem is 
presented to the player they are helpless since they don’t know what to 
do with the values that are being provided to him as since they may not 
have the knowledge of formulas that are to be applied. Player looses 
interest when it comes to solving problems which involve huge 
calculations. 

 
 

3.2.2 TrigO TM , A Game About Trigonometry 
TrigOTM, is a game about trigonometry developed by the Lewis Educational 
games. It is a creative board game that teaches rudimentary concepts of 
trigonometry. The actual game board is 23 inches by 23 inches; quad-fold. 
TrigOTM aids in teaching the basics of trigonometry without the prior 
knowledge of the subject. There are some simple rules for the novice and 
more advanced rules to teach more advanced concepts. 
 

3.2.2.1 Features of TrigOTM 
a) Each player receives 6 playing pieces of the same color, one for each 

of the trigonometric functions. There can be 2 to 6 players. 
b) Players will learn the names of the six major trigonometric 

functions: SIN, COS, TAN, COT, SEC, CSC. Advanced rules 
provides with concepts of the four quadrants and the signs for each 
function in each quadrant. 

c) Players will learn the ratio of the sides of a right triangle for the six 
major trigonometric functions. The triangular playing pieces are 
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specially designed to show the direction of rotation for your piece 
around each triangular path. 

 
Figure 3.2  A screen-shot of TrigO 

 

 
 
 

Figure 3.3. A screen-Shot of pieces used in TrigO 
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3.2.2.2 TrigO™ has six levels of play 
The simple rules for the novice users are called the “Beginners Game”. In 
this the player will learn the names of the six functions and what constitutes 
a triangle. In the “Direction Game” player will learn that there are 
clockwise and counterclockwise direction of movement. The “Functional 
Game” requires the player, to move the playing piece in such a manner that 
first it moves onto the numerator of the trigonometric ratio of the playing 
piece and then onto the denominator of that playing piece. In the “Many 
Triangle Game” player will make use of the smaller triangles to shorten the 
distance to travel. In the “Quadrant Game” the player will got to learn that 
there are four quadrants on the playing board with a specific sign for each 
trigonometric function as represented by the playing pieces. In the 
“Function Sign Game” the player will need to observe the sign for each 
playing piece for the quadrant it is in. 
 

3.2.2.3 URL 
http://member.aol.com/dicklewis/TrigO.html 

3.2.2.4   Evaluation 
TrigO is a best effort by the Lewis Educational Games; this game starts 
teaching from the basics to the advanced levels. The only drawback of this 
is the user has to choose on their own the level they wish to play. There is 
no means of evaluating the performance of the player and then 
automatically switching him to the next level.  
 

3.2.3 Tangram Puzzles 
It is a game about geometry. Describing figures and visualizing what they 
look like when they are transformed through rotations or flips or are put 
together or taken apart in different ways are important aspects of geometry. 
In Tangram Puzzles, students can choose a picture and use a set of seven 
pieces of different shape to fill the shape whose outline is provided. 
 

3.2.3.1 Task to be performed in tangram puzzle  
Choosing a picture and using all seven pieces of different shape to fill in the 
outline.  
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Figure 3.4  A screen shot of Tangram Puzzle 

 

3.2.3.2 Features of Tangram Puzzle 
In this game the player is provided with seven shapes, which he has to 
place on the shape being selected like the arrow, E-shape etc. Learner has 
the option to revolve the tangram using the flip button and also has the 
option to change the color of the selected tangram by using various color 
buttons. Game provides an option to take use of the hint which could guide 
him to arrange the tangram on the image. Apart from using the flip the 
player has the option to rotate the tangram using the mouse. Refer to the 
figure above to get an insight of various controls and their functions. 

 

3.2.3.3 URL 
http://standards.nctm.org/document/eexamples/chap4/4.4/#applet 

3.2.3.4 Evaluation 
The above game helps in visualizing various shapes. The player learns how 
and where to use a particular image. The only situation where the user faces 
problem is when he has placed all the available resources and has still not 
achieved the task. The game lacks the immediate feedback as the player 
will know that he has made wrong moves only when he finishes the game. 
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3.2.4 Tangram Challenge 
Tangram challenge is a higher version of the tangram puzzle and is bit 
harder. In this game the player has to visualize the shape on his own and 
arrange the tangram accordingly. 
 

Figure 3.5. A screen shot of Tangram Challenge 

 

3.2.4.1 Features of Tangram Challenge 
In this game the player is provided with seven shapes, which he has to 
arrange in a particular geometric figure by using either one or more or as 
specified in the task to be performed section below. Learner has the option 
to revolve the tangram using the flip button and also has the option to 
change the color of the selected tangram by using various color buttons. 
Game provides an option to take use of the hint which could guide him to 
arrange the tangram on the image. Apart from using the flip the player has 
the option to rotate the tangram using the mouse. Refer to the figure above 
to get an insight of various controls and their functions. 
 

3.2.4.2  Task to be performed in Tangram challenge  

The game provides various challenging modes which are: 

a) Make a square using only one tangram piece.  
b) Make a square using two tangram pieces.  
c) Make a square using three tangram pieces.  
d) Make a square using four tangram pieces. 
e) Make a square using five tangram pieces.  
f) Make a square using six tangram pieces.  
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g) Make a square using all seven tangram pieces. 

The other modes of challenge being provided to the player are that which 
of the figures can the player can make using all seven tangram pieces? 

a) A trapezoid  
b) A rectangle that is not a square  
c) A parallelogram that is not a square  
d) A triangle  

3.2.4.3  URL 
http://standards.nctm.org/document/eexamples/chap4/4.4/part2.htm 

3.2.4.4  Evaluation 
Many students will find these tasks very interesting and challenging. 
Students will learn about position in space, new vocabulary, and properties 
of figures all at the same time. The computer tangram may help them 
become more aware of the properties of figures and the processes they use 
in manipulating shapes because they must plan the moves they need to 
make. This game also suffers from the same problem that there is no means 
by which the player be told that they taken a wrong move or so.   

3.3 Summary 
All of the games that have been presented above share many common 
features such as intrinsic delivery of the content, achieving engagement of 
the player. There is a variety of content that is being delivered by these 
games. Different games provide different levels of challenge ranging from 
those for the beginners to the advanced learners. They were successful in 
providing an interactive environment. 
 
However there were some issues that were not being addressed by any of 
the game. As in case of the bomber it provides the player with some set of 
known values and the player need to calculate an unknown value on the 
basis of predefined formulas so the game lacks the intelligent component, 
since learner don’t have to apply any strategy in order to overcome the 
problem its just based on the knowledge of the learner’s existing 
knowledge of the subject. 
 
TrigO could be considered as an effective game. It teaches player starting 
from the basics providing him with the knowledge of trigonometric 
identities and in the higher level values of identities in different quadrants. 
Only constraint is that the player selects on his own choice with level they 
should play. 
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In case of tangram puzzle and tangram challenge, player uses the skills to 
arrange the tangrams in order to form the shape or arrange them in a 
predefined shape but the player is struck once he placed all the tangrams 
and still not able to fill the shape. Since the hint provided doesn’t acts as a 
fruitful guiding tool. 
 
Taking into account various issues, shortcomings and advantages of various 
games we propose this game to teach trigonometry. The proposed system 
will generally be a generic framework which could be easily compatible 
with any existing systems and could be used as teaching and testing tools 
for the subjects of the similar nature as that of the trigonometry for example 
word formation in English or formation of valid chemical formulas in 
organic chemistry. The game involves arrangement of token by the player 
in a valid format, it automatically verifies the expression as soon as the 
second selection is made. There is some intelligence being build within the 
system that the selection will only be verified when an expression is formed 
in a valid manner i.e. from bottom to top and left to right. Another 
component that has been build that it is not a compulsion for the player to 
first choose the token with which the expression starts. For example if 
expression to be formed is sinA=P/H in the horizontal direction starting 
from sinA at the bottom and H at the top. No matter in which manner the 
selection is made either the sinA is selected first or the H, the expression 
will be verified. So the player don’t have to think enough on these issues 
while playing, game which will manipulate it automatically. 
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4   APPROACH 

4.1 Overall Approach 
Our approach would be to teach the students by primarily engaging the 
students in the learning process. Learner will be provided with an 
environment where they will have to engage with the content which is 
being delivered by means of the game. This will help the learner to 
construct their own solution to the problems. 
 
Gaming window is being divided into two part: the top-part provides the set 
of navigation button such as start, pause, stop, level selection, number of 
look-ahead’s and a field to specify the name. Functionality of each button is 
provided in the features section. The lower part of the window provides a 
rectangular playing area, where the user will have to arrange the tokens. 
 
Game provides learner with the tokens which are part of the trigonometric 
formulas. The learner will have to identify a particular token which is being 
generated and has to place them at a particular place in order to form a valid 
expression. In case of valid arrangement those set of blocks will be 
eliminated other they will remain unaffected. Game provide with the 
information to the learner that whether the relationship he/she thinks of 
exists between the tokens is valid or not. 
 
Engagement in the game is achieved by enabling the learner to move the 
token, arrange the token and then select the token. Learner has to arrange 
the token in a manner to form a valid expression and also has to play in 
such a manner that none of the token touches the roof of the rectangular 
playing area. This could also give him a feeling of challenge. 
 
The learner will be taught formulas ranging from simple trigonometric 
identities to complex formulas which will enable him to apply them in 
future. Since this learning environment will enable him to visualize and 
work out with the formulas again and again. It also provides him with an 
immediate feedback system which will have a long lasting effect on him 
and will remain in his memory for a longer time, since it’s the principle of 
learning as specified in chapter 2, which specifies anything that has been 
undertaken practically has a long lasting effect. 
 
The content will be presented as if it’s not the part of the curriculum but an 
object of the game so that the student has the feeling that he is interacting 
with some gaming object, as  they does in other types of games like the 
arcade games, racing games.  
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4.2 Various Features build in the game 
 

a) Personalized Environment: We have tried that a personalized 
environment is developed by allowing the user to specify their name, 
which gives them the feeling as if they are physically the part of the 
process and helps in achieving interaction between the system and 
the player. Player is also provided with the facility to select the level 
of their choice. 

b) Customization: Players have been provided with the facility that 
enables them to specify the speed with which they want to play, also 
they have the facility of changing the dimensions of the playing area. 

c) Help: Players are provided with the facility where they can invoke 
the help whenever they feel or are struck somewhere and can come 
back and start from where they left. 

d) Facility of Look ahead: Players are provided with the facility where 
they can see which all token will appear in future and could make 
the strategy accordingly. Here also he will have the option of 
selecting the number of look ahead ranging from 1 to 3. 

e) Level Selection: Player can also select the level they like to play on 
the basis of their knowledge of the subject. 

f) Level Change: As the game proceeds and the player achieve a 
particular score they will be automatically switched to different 
level. 

g) Speed Manipulation: The speed with which the token falls exceeds 
as the game proceeds as it is being expected that as the game 
proceeds the player will also be comfortable with its environment. 
But as soon as the player reaches the next level the speed of the 
block again starts from the initial state. 

h) Score Manipulation: Whenever the player forms a valid 
arrangement his score is incremented. 

i) Movement of blocks: Player is provided with the facility to move 
the block on the game area using the arrow keys. Each arrow key 
specifies the direction of movement of the block accordingly. Right 
arrow to move right. Left arrow to move left and down arrow to 
move down. 

j) Selection of expression: The player has to make the selection of the 
expression by selecting the first and the last block. But the block 
should be in horizontal direction placed left to right and in the 
vertical direction placed bottom to top. 

k) Validation of Expression: As soon as the player selects the second 
block the expression is being validated automatically. It also checks 
whether the selection is also valid or not i.e. selected horizontally 
from left to right and vertically from bottom to top. 
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l) Removal of Blocks: Once the expression is found valid then those 
set of blocks will be removed and that space will be free for the 
other set of blocks. 

m) Score Saving: When the player stops the game or his game came to 
an end, they are provided with the facility to save the score. They 
can use this score to view their performance. 

n) Providing Rank: On the basis of the scores being saved the player 
is provided with the rank. So the players can compare their 
performance with their peers or with their existing scores. 

4.3 Navigation Sequencing 
A good navigational support should be the integral part of any game. Users 
only have access to the controls responsible for navigation, by means of 
which they interact with the system and feel comfortable in the whole 
process. This would include a visual indication of where they are currently 
and where they need to jump and how they need to perform the task. In 
absence of an appropriate navigational support the user will lost in the 
system and thus looses interest in again engaging with the system. 
Navigation plays a vital role in game since they enable the player to move 
from one place to another.  

 
Our system provides a clear means of navigation. Various components 
which are being used with their caption, functionality and means of access 
are listed below: 

 
a) Game Menu provides access to various submenus. 
b) New submenu accessed using Alt+N enables to start with a new 

game. 
c) Best Scores submenu accessed using Alt+B provides list of scores 

with rank. 
d) Tutorial submenu accessed using Alt+T provides with the reference 

material. 
e) Setting submenu accessed using Alt+S provides with the facility to 

customize look and feel of the game. 
f) Exit submenu accessed using Alt+E terminates the game. 
g) Proceed button help into move to next state. 
h) Play Button used to start game. 
i) Pause Button used to pause game. 
j) Stop Button used to stop game. 
k) Help Button used to invoke Help. 
l) Direction <- for right, -> for left and down arrow key to move down. 
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4.4 Various issues considered to build above features are 

4.4.1 Originality 
Considerations have been made that the game being developed is original and 
in case there already exists a game of similar type, then the core motives of 
the game will be different. As in our case our game is a different version of a 
typical tetris game in which the block of different shapes need to be arranged 
and the lines eliminates automatically once a predefined pattern is formed but 
in our game the student knows the format in which he has to arrange and has 
to make the selection on his own. Apart from that various new features are 
being added as the facility to see one, two or three upcoming block on the 
basis of user’s choice. 

4.4.2 Coherence  
Efforts have been made that all the features which are being included within 
the game have some relationship with one another e.g. falling of the blocks is 
related to the speed, removal of blocks is related to the validity of the 
expression. 

4.4.3 Interaction 
Every player of the game expects a proactive role, which means that if the 
player is forced to sit back and wait for various events to occur, he will 
become impatient and will loose interest in the game. We made our efforts to 
make the scenario highly interactive, providing him with new object after 
sometime so that they feels comfortable and enjoys the process. 

4.4.4 Interest 
Efforts has been made that the content which has to be delivered is presented 
in a manner such that the player finds its interesting to interact with them e.g. 
providing with tokens which are part of trigonometric identities and then 
enable the to arrange those tokens. 

4.4.5 Fun 
As far as fun is concerned it has been found that we can include it only to 
some extend, so that it enhance the player’s enjoyment. Since our core 
motive is that the user learn the content we are delivering him by means of a 
game, so while embedding the contents which generate fun considerations 
have been made that the player doesn’t diverts from the sole motive for 
which the project is being developed. 
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5 DESIGN 
Design is the highly creative phase in the software development process 
where the designer has to plan “how” the software system should be 
produced in order to make it functional, reliable and reasonably easy to 
understand, modify and maintain.  
Requirement analysis tells “what” of the system while the designing phase 
tells “how” of the system. 
 
Design plays a crucial role in any project and acts as the basement of the 
project. For example if we consider a case of a building which has been build 
without any planning or without the reference of an architect, then there are 
chances of its falling down and taking with it the lives of hundred and 
thousands of people. Similar is the case with the development of the software 
system, since it involves the resources of the company e.g. manpower, 
money. A good design of the system will lead to the development of software 
which will be efficient, reliable and will meet the expectations of the client. 
An unplanned and unstructured design will lead to a development of the 
software system which will not meet the expectations of the client and also 
could lead to a failure. 
 
Design of a system is the high level strategy for solving the problem and 
building a solution. System design includes decision about the organization 
of the system into subsystems, the allocation of subsystems to hardware and 
software component, and major conceptual and policy decision that form the 
framework for the detailed design. 
 
Understandability of a design is a major factor which is used to evaluate the 
goodness of a design, since a design that is easily understandable is also easy 
to maintain and change. Modular design is one of the fundamental principles 
of a good design. Modular design gives us the freedom to include or exclude 
some functionality in the near future without affecting the overall functioning 
of the system. There are two main approaches to design a system: 

1. Data-centered Approach 
2. Process-centered Approach 
 

In data centered approach, we define data structure first and then the process 
while in the process centered approach, we define the processes first and data 
structure at the end. 
 
The main purpose of the system design stage is to produce an overall 
hierarchical implementation model of the software system in terms of 
modules and to show the exchange of data between these modules. 
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The general tasks involved in the design process are: 

1. Design the overall system processes 
2. Dividing the system into smaller, compact workable modules 
3. Designing the database structure 
4. Specifying the details of the program to be created to achieve the 

desired result 
5. Designing the input and output documents 
6. Designing control for the system 
7. Documenting the system design 
8. System reviews 
 

5.1 Objectives of Design 
Software design sits at the technical kernel of the software engineering 
process and is applied regardless of the software process model that is used. 
It is first of the three technical activities design, code generation and testing- 
which are required to build and verify the software. 
 
System specification document outlines the requirements of the system and 
provides the formal document specifying the requirements. It doesn’t specify 
“how” the program will work. Design fills the gap between the specification 
and coding, it takes the specification document, decides how the program 
will be organized and the method to use. 
 

5.2 Goals of a Design 
The goals of the design are: 

a) To streamline and simplify processing 
b) To extend processing capability 
c) To increase management visibility and control of operational 

processing 
 

5.3 Overall System Architecture 
We decided to implement the system as a window based system. Next issue 
in the design phase is identifying the architecture of the system on which it 
will be build. So we decide to separate out the design part, object part and the 
data part. 

5.3.1 3-Tiered Architecture 
In a 3-tiered architecture the problem is being broken down into 3 parts name 
the GUI, Object and the data part. This option provides us with a better way 
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to develop the software, since if any changes are to be made in the future in 
any specific part, then only that part has to be modified. For example say in 
future we want to make some changes in the graphical user interface then in 
that case we only have to touch that part only. 

a) The GUI-Layer: The GUI is the “top layer”. It contains all the things 
that are visible to the user, the ‘outside’ of the system, such as the 
screen layout and navigation. 

b) The Object-Layer: This is the core of the system, the linking pin 
between the other layers. In the object layer we include things like 
Classes, objects, instance variables, vectors, primitives, methods, 
polymorphism, encapsulation and inheritance. 

c) The Data Layer: This layer is responsible for storing the data which 
runs within the system. The data is being stored and could be used in 
the future. 

5.3.2 Modular Design  
On the basis of the features that are to be included in the system, the system 
has been divided into different modules. Each module is responsible for 
performing a certain task. Each module puts together a set of related 
functions and interfaces with the rest of the system as a single logical chunk. 
In 3-tiered architecture these modules sit at the object-layer. Following are 
the modules in the system, with a brief description of the functionality they 
encapsulate. 

a) Instruction Module: This module provides player with the set of 
instructions. 

b) Best Scores Module: This module enables the player to access the 
scores and rank of the particular player. 

c) Settings Module: This module enables the player to customize the 
game. 

d) Tutorial Module: This module provides player with the feature to 
access the study material being stored. 

e) Game Module: This module encapsulates the functionality of 
providing the playing area, blocks, verification of expression, 
elimination of blocks, incrementing of score, manipulating speed, 
changing of the level, providing the look-ahead’s.  

 

5.3.3 Model View Controller Design Pattern  
We kept the design of the system such, so that we can store the state of the 
controls. This state of the control will help further in deciding what event has 
to be performed and which process has to be executed. 
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Figure 5.1 Model View Controller 

 

 
 
 
 
This pattern is primarily used in user interfaces. It allows an abstraction of 
the components of a GUI to support easy development, maintenance and 
extensibility. MVC design pattern separates out the application object 
(model) from the way it is represented to the user (view) from the way in 
which the user controls it (controller).  

 
The MVC paradigm is a way of breaking an application, or even just a piece 
of an application's interface, into three parts: the model, the view, and the 
controller. MVC was originally developed to map the traditional input, 
processing, output roles into the GUI realm: 
 
Input-->Processing-->Output 
Controller --> Model --> View 
 
The user input, the modeling of the external world, and the visual feedback to 
the user are separated and handled by model, viewport and controller objects. 
The controller interprets mouse and keyboard inputs from the user and maps 
these user actions into commands that are sent to the model and/or viewport 
to effect the appropriate change. The model manages one or more data 
elements, responds to queries about its state, and responds to instructions to 
change state. The viewport manages a rectangular area of the display and is 
responsible for presenting data to the user through a combination of graphics 
and text. 
 

       Model        View 

    Controller 
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5.4 Data Model 
In this section we specify the various types of data in the system and also 
describe an abstract way how the data is organized in the system. Data layer 
of the architecture is implemented by means of the text files. Various data 
files used are: 

a) “Instruction data”, which consists of data related to the instructions. 
b) “Tutorial data”, which consists of the data related to the topics to be 

included. Each topic has been used as a different text file. 
c) “Score data”, which consists of the data related to score and stores the 

name and score achieved by the particular player. 
d) “Game data”, which consists of multiple data files. Level data file 

provides the number of levels. Level1, level2, level3 text files 
provides token to be generated at different levels. 

 

5.5 Object Oriented Analysis 
The object modeling techniques proposed [James Rambaugh, et al] have been 
used for preparing the class diagrams. 
 

5.5.1 Object Modeling 
The object model describes the organization of the entities of the system into 
object classes and shows the relationships between the objects in the form of 
associations between the objects. The object model is represented graphically 
with object diagrams containing object classes. Classes are arranged into 
hierarchies sharing common structure and behavior and are associated with 
other classes. Classes define the attribute values carried by each object 
instance and the operations which each object performs. 

5.5.2 Dynamic Modeling 
Dynamic model describes those aspects of the system concerned with time 
and the sequencing of operations. The dynamic model is represented 
graphically with state transition diagrams. Each state diagram shows the state 
and event sequences permitted in a system for one class of objects. Actions in 
the state diagram correspond to functions from the functional model; event in 
the state diagram, become operations on some object in the object model. 
 

5.5.3 Functional Modeling 
The functional model describes those aspects of a system concerned with 
transformations of values- functions, mapping, constraints, and functional 
dependencies. Functional model captures what a system does, without regard 
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for how or when it is done. The functional model is represented by data flow 
diagrams. Data flow diagrams show the dependencies between the values and 
the computation of output values from input values and functions, without 
regard for when or if the functions are executed. 

5.5.3.1 Data Flow Diagram 
Data drive business activities. Data flow analysis studies the use of data in 
each activity. It documents these findings in data flow diagrams- A graphical 
tool used to describe and analyze the movement of data through a system 
including the processes, stores of data, and delays in the system. 
 
A Data Flow Diagram uses some elements as its building blocks. The 
following is the brief description of these elements: 
 

a) Data Flow 
A Data Flow designates an interface among different components in 
the DFD. It represents the path of data as it flows through the system. 
An arrow represents a data flow. The name of the data flow is written 
along the line. 
 

b) Data Store  
A Data Store is a repository of data. An open-ended rectangle or two 
horizontal parallel lines represent it. 
 

c) External Entity 
The External Entity is a source or destination of data for the system. 
As the name suggests, it lies outside the context of the system. It is 
represented by solid rectangles. 
 

d) Process 
A process represents some amount of work being performed on the 
data. A process does transformation of data from one form to another. 
A circle represents a process. The process must be named and 
numbered appropriately. 

 
A comprehensive systems investigation produces sets of many data flow 
diagrams, some providing overviews of major processes and others going 
into details to show data elements, data stores, and processing steps for 
specific components of a larger system. 
 
A Data flow diagram that describes the system at a very general level is 
called the Context Diagram. It contains a single process, but it plays a very 
important role in studying the system. 



 37 

5.5.3.2 Use Case Diagram 
A use case is a methodology used in system analysis to identify, clarify, and 
organize system requirements. 

 
     
   Figure 5.2 A uses-case diagram 
 
Following section consists of a brief description of each use cases along with 
the Data Flow Diagrams for each use case, at various levels. 

5.5.3.2.1 Instruction Use case 
This use case specifies the events fired when the application is executed. The 
system communicates with the data source and provides the contents stored 
in the instruction data model to the player. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Instruction 

Best Scores 

Tutorial 

Game 

Settings 
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Level 1 DFD 

 
 
Whenever a player executes the application, a getInstruction will be called 
which will be responsible for fetching the instructions from the file. Once the 
instruction has been fetched showInstruction will be invoked which will fill 
the view and provide player with the instructions. 

5.5.3.2.2 Best Scores Use case 
This use case specifies how the player accesses the best scores and the rank 
which are being stored in the data file. 
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Level 1 DFD 
 
 

 
 
Whenever a player requests for scores, a getBestScores will be called which 
will be responsible for fetching the scores from the file. Once the instruction 
has been fetched showBestScores will be invoked, which will fill the view 
and provide player with the instructions. 
 

5.5.3.2.3 Tutorials Use case 
This DFD specifies how the player accesses the tutorials. 
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Level 1 DFD 
 

 
 

Whenever a player request for tutorial, tutorials are fetched from the tutorials 
file. 
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Level 2 DFD 
 

 
 

Whenever a player requests for the tutorials, getTopic is executed which is 
responsible for fetching the topics. Once the player has selected the topic, 
content related to that topic will be provided.  

5.5.3.2.4 Game Use case 
This use case provides which the events that occur during the gaming 
process. 
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Level 1 DFD 
 

 
 
When the player enters into the gaming phase, multiple processes takes place and 
data is fetched from multiple files namely the scores.txt, level.txt and a textfile of 
the selected level. 
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Level 2 DFD 
 

 
When the player enters into the gaming phase, they have to specify their name, 
have to select the level and selection has to be made for the number of look-
aheads. Once the game is initiated, tokens are retrieved from the corresponding 
file and are placed on the block and method responsible for generation is invoked. 
On making the selection by the player a verify method will be invoked and 
removes the corresponding if the expression formed is valid. On termination 
savescore will be invoked which will be sorting the scores and sending the output 
back to the player. 
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5.6 Class Diagrams 

5.6.1 GameTetris Class 

 
 

5.6.2 BestScores Class 
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5.6.3 BestScoresCenterPanel Class 

 
 
 

5.6.4 BestScoresLowerPanel Class 
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5.6.5 BestScoresTopPanel 

 
 

5.6.6 BlockSize Class 
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5.6.7 BlockSizeCenterPanel Class 
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5.6.8 BlockSizeLowerPanel Class 

 
 

5.6.9 BlockSizeTopPanel 
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5.6.10 Block Class 
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5.6.11 Board Class 
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5.6.12 CenterBannerFinalScreen 
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5.6.13 FinalScreen Class 

 
 

5.6.14 FirstScreenPanel Class 

 
 

5.6.15 InstructionPanelFirstScreen 
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5.6.16 StateFirstButtonPanel 

 
 

5.6.17 TopPanelFirstScreen 
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5.6.18 Menu Class 

 
 

5.6.19 Tutorials Class 
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5.6.20 TutorialsCenterPanel Class 

 
 

5.6.21 TutorialsLowerPanel Class 
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5.6.22 TutorialsTopPanel Class 

 

5.7 Summary 
The overall design of the system is sufficiently modular and structured so as 
to enable the system to be extendible, maintainable and adaptive to changes. 
The system design follows a 3-tiered architecture and adheres to the MVC 
model. It is designed to be a 3-tiered application with separate layers for 
GUI, object and data store. This not only makes the system modular, it also 
makes it easy to maintain and facilitates adaptation to changes in the business 
policies. For example if in future we need to add more level, then changes are 
only needs to be made in the data store. Similarly, in case of the GUI, if we 
want to place the playing area above and the navigation buttons at the 
bottom, we only need to make changes in the design of the software only. 
 
Right now we are restricting ourselves to the trigonometry. But the design of 
the system is such that it could be extended for any type of data organized in 
the form of tokens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 58 

6 Implementation 
This phase uses the output of the design phase. The implementation phase 
will involve the conversion of the DFD into the actual implementation phase. 

6.1 Module-wise Implementation 
As specified in the chapter 5, the system can be divided into various “logical 
modules based on the functionality. Each module implementation consists of 
one or more controller classes to manipulate the data. Following is a brief 
description of individual module implementation: 

a) Instruction Module: Instruction module is implemented as 
“InstructionFirstScreenPanel Controller”. As soon as the player starts 
the game, the controller provides the user with the set of instructions. 

b) BestScoreModule: This module is implemented as a 
“CenterPanelFinalScreen Controller”. When ever the user stops the 
game this module is responsible for retrieving the existing records and 
comparing them with the current record i.e. the score and then sort 
them.= and again saves it in the file. 

c) Settings Module: This module is implemented as the “BlockSize 
Controller”. This module is responsible for customizing the playing 
area. The player can specify the color, number of rows, number of 
columns and the speed. 

d) Tutorial Module: This module is implemented as “Tutorials 
Controller”. This module is responsible for providing the players the 
list of topics and on the basis of the topic selected by the player they 
are provided with the set of content. 

e) Game Module: This module is implemented as 
“CenterBannerFinalScreen Controller”. This module is responsible for 
generation of token on the basis of level selection done by the player, 
manipulation of score, verification of expression, elimination of block, 
level change, manipulation of speed. 

6.2 Technology Used 
Java ver 1.6.0 has been used as the language to design and program all the 
modules.The work was done on the windows operating system environment. 
Text files are being used as the provider of data. Eclipse 3.1 editor has been 
used as the development and testing tool. 
 

6.3 ScreenShots 

6.3.1 Instruction Screen 
As the game is started by the player they are provided with the instruction screen. This 
screen 
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Provides the player with the information related to the game, navigational controls and 
the rules related to the game. 
 
 

 
 

    Screenshot 6.1 

6.3.2 Best scores Screen 
This screen provides the player with the information related to the scores and rank of 
each player who have played the game. 
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Screenshot 6.2 

 

6.3.3 Tutorials ScreenShot 
This screen provides the user with the facility to select the topic and displays the 
corresponding contents accordingly. 
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Screenshot 6.3 (Before making selection) 
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Screenshot 6.4(After making selection) 
 
 

6.3.4 Setting ScreenShot 
This screen provides user with the facility of changing the color of the playing screen. 
 



 63 

Screenshot 6.5 
 

6.3.5 Game Screen 
This is the screen where the player plays. Screen is divided into two parts -the upper 
panel provides with the components responsible for navigation and components that 
accepts player’s input. The lower panel is the playing area where the blocks need to be 
placed. 
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Screenshot 6.6(Before the game is started) 
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Screenshot 6.7(Screen specifying which all formulas will be used in the game) 
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Screenshot 6.8 (Screen showing the blocks and three look-aheads) 
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Screenshot 6.9(game over screen) 
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7 Conclusion and Future Work 
 
We have implemented most of the functionalities of the proposed game for 
Trigonometry identities. The system is implemented as a three tiered window 
based application. The overall approach of the system is such that it addresses 
most of the pedagogical principles to teach learners the mathematical 
trigonometric skills. 
 
The student is presented with the set of formulas, which they can refer while they 
are playing the game. Various evaluation mechanisms are used to determine the 
understanding of the student in a particular lesson. Game starts with specifying the 
trigonometric formulas involved at that particular level. Then the player starts 
playing the game. The navigation mechanism makes sure that the student knows 
where he is currently in the system. 
 
A number of pedagogical ideas have been incorporated keeping in mind the need 
to keep the learner focused, the need to avoid over-constraining him, the need for 
the iteration in the areas of learning. 
 

7.1 Future Work 
The system though is currently usable, can be improved in many dimensions for 
the richer and more comprehensive learning experience. The game is initially 
providing support for the trigonometric identities. It has bee developed in such a 
manner that it could be extendable for other subject with involve expressions like 
chemistry, physics. 
 
Apart from the expendability in the direction of content we are also expecting to 
provide the player with the facility to save the game and again from where he left. 
We are planning to embed sound with the game. 
 
Since the present game is developed as a window-based application, we can 
extend it to be provided on the web by means of implementing it by means of 
applets. 
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