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Abstract: Mathphobia restrict learners in solving 

mathematical problems. It is primarily due to 

requirement of application level (Bloom's Taxonomy [1]) 

of understanding of a concept in mathematics. In 

traditional environment of teaching learning process, 

making all learners to get application level of 

understanding is difficult. In this paper, we report two 

systems built using different approaches of e-education 

which attempts to tackle individual learning needs for 

Mathematics. “STEPMAT” is a constructivist learning 

environment which attempts to bring the aspects of 

personalised tutoring for learning to solve two variable 

linear algebraic equations. “BLOCKMAT” is a game 

environment which attempts to bring the aspects of 

motivation, challenge and emotions inherent in the 

process of playing and as a by-product learner gets to 

memorise various types of trigonometrical identities.  

I.INTRODUCTION 

The new educational paradigm emphasises learner 

oriented education in place of the traditional teacher 

oriented education. Learner dictates by making their 

choice to receive particular learning events. Now, on-

line delivery of content should not only possess the 

properties of “any pace”, “any time” and “any place” 

learning but it can also enhance learning by providing 

another dimension of it as “ANY WAY”.  “ANY 

WAY” learning can be referred to those learning 

environments which are mainly driven by learner's 

interaction that defines the structure, form and 

presentation of the learning events.  

Learning mathematics is difficult for many students, 

due to various reasons such as requiring at least 

application level [3] of understanding as per Bloom's 

taxonomy. So, a learner should be able to recall facts 

(knowledge level), understand information 

(comprehension level) and use information in a new 

situation (application level). It may require higher level 

of skills if learner wants to solve new problem.  

Mathematics is a high scoring subject. If a learner is 

able to solve a problem, he/she gets full marks and if 

unable to solve he/she gets zero marks. Although, 

partial credit is common in practice, it does not help a 

learner with poor mathematical skill, due to tight 

dependency between steps of a solution. If a learner 

does not know early steps of solution, he/she can not 

go beyond that step. In a classroom environment, one 

can find substantial difference of marks in 

Mathematics (compared to other subjects) among 

learners having different level of skill. These 

differences create more peer pressure compared to 

other subjects and thus, that hinders the normal way 

and/or pace of learning of an individual learner.  

As Mathematics requires much higher learning skill, 

making all learners to get uniform level of 

understanding is very difficult. There is no immediate 

feedback available in traditional classroom 

environment. Use of negative comments can restrict 

students from clarifying doubts in classrooms.  It 

becomes almost impossible if teacher-student ratio 

increases beyond a limit and it becomes worst in a 

class of candidates with varied intelligence.  

The above mentioned aspects has great importance 

in Mathematics learning where learners have to prove 

themselves that they understand the problem and can 

solve by comprehending the solution. So, making 

system that helps in Mathematics learning has inherent 

issues and challenges. We discuss some of them in this 

paper along with some solutions. We need to find 

approaches to make mathematics learning attractive 

and deep.   

In this paper, we discuss two systems. One system 

helps at knowledge level of understanding and other 

one helps in comprehension and application level of 

understanding. These systems respectively use 

constructivist learning environment (based on 

constructivist theory [2] of learning) and gaming 

environment. We find these two approached effective 

in addressing the depth of learning and holding learner 

interest issues.  We discuss Constructivism and 

Mathematics learning along one of our system 

STEPMAT (a constructivist learning environment) in 

second section, game and Mathematics learning along 

with our system BLOCKMAT (a gaming environment 

in third section. In fourth section, we discuss 

conclusions and future plans.  

II.CONSTRUCTIVISM AND MATHEMATICAL LEARNING 

Constructivist [6] approach of learning can be stated 

as follow: Each learner creates unique meaning based 

on their experiences. Learner's mind filters input of 

external stimuli and assimilate it as his/her own version 

of reality. Learning can be viewed as search for 

meaning of external stimuli in the existing model of 

reality inside learner's mind. Some constructive 

learning environments for domains are discussed in [7] 



like Archarya [8], Marathi-Tutor [9]. [10] discuss 

about constructivist approach to teach sentences of 

Indian languages.  

The constructivism learning environment is effective 

in advance knowledge acquisition which is implicit 

part in Mathematics learning. As we know, 

Mathematics requires some input from learner to get 

into next step towards solution. This arise a need of 

input of external stimuli (previous step of the solution) 

and output as next step of solution. If learner is able to 

proceed towards solution he/she gets the solutions. But 

whether a step is going towards a solution or not is also 

determined by the learner perspective of viewing 

partial solution to complete solution. Thus we can see 

that the constructivist approach of learning 

mathematics has great potential. Additionally, there are 

many variations to solve a particular equation. System 

should not restrict learner to solve problem in a very 

restricted path. Learner should able to choose any path 

that leads to valid solution the problems. One of our 

solutions “STEPMAT” tries to create a constructivist 

learning environment to learn Mathematics to keeping 

these issues in consideration.  

“STEPMAT” is an intelligent tutor [4] for learning 

to solve two variable linear algebraic equations. It 

serves following purposes: it teaches a concept 

(solving linear equation); it provides suitable practice 

problems for the concept taught and it provides step-

by-step guidance during student's working.  

A. Overall System 

According to selected difficulty option, learner gets 

a pair of algebraic equations. These algebraic equations 

are to be solved by learner. Initially, learner can give 

direct answer of the problem. If learner gives right 

answer, systems asks next question, otherwise learner 

has to attempt the problem in detail with step-by-step. 

But, learner can write steps in different way and system 

would not able to evaluate them. So, the system has 

predefined tasks and subtask and learner has to select 

appropriate task/subtask with minimal extra input 

while working of solving an equation. This helps 

system to evaluate learner more efficiently. This also 

gives learners to solve the problem without restricting 

to a particular solution.  

 

 

 

Fig 1: Main screen of STEPMAT 



For example:  

For a given equations:  

 2x+3y=13; 3x+2y=12  

Task:  

 Eliminate variable y by LCM Method  

Subtask:  

 LCM of coefficient of variable y 

Step: 6 

Notebook output:  

For eliminating variable y by LCM, we take LCM 

of coefficient of variable y and it is LCM (3, 2) =6 

As given in above example, we can arrive at 

solution of the given pair of equations by performing a 

sequence of tasks and subtasks.  

Before performing any task, a drop down list of 

available tasks is presented to learner. Learner selects 

task and then subtask. The subtask also requires steps 

as learner input. The chosen task, subtasks and input 

step is displayed to the learner's solution area like 

exercise note book. In case, learner selects an invalid 

task or subtask, system displays appropriate 

constructive feedback like “one can not substitute 

before finding a value of a variable”.  

We can perceive system guides in an innovative way 

and support learner for getting solutions by choosing 

rather than writing. A novice learner also has facility of 

selecting 'Don't know' option in the task or subtask list. 

The system performs appropriate tasks and subtasks on 

the behalf of learner in the case of selecting 'Don't 

Know' option. At this stage, comments are generated to 

enable the learner to note which task has been chosen 

by the system.  

Difference between choosing 'Don't Know' option at 

task and subtask level is as follows: for task selection, 

system does a complete task of the solution on behalf 

of user and for subtask level selection; system does 

only a subtask of the solution.  

A. System's feedback 

System's feedback is generated on the basis of 

nature of step entered by the learner. Nature of step can 

be of one of the four categories- (a) learner may enter a 

wrong step. (b) Learner may enter the right step but not 

in an expected format of the system. (c) Learner may 

skip some steps and write steps which are further down 

in the execution path. (d) Learner may enter the step as 

expected. 

We can summarise the nature of feedback in the 

Table 1 below:  

TABLE 1: FEEDBACK OF THE SYSTEM ON STUDENT'S STEP 

Natu

re of 

Step  

Student Step  Expected 

step  

Feedback 

(a) 3x+5=10 3x+2=10 Your term “+5” 

should be “+2” 

(b) 5=x x=5 Correct, we arrange 

it as x=5 

(c) x=3 5x=10+5 Excellent(has 

merged steps) 

(d) 2x=8-2 2x=8-2 Good 

 

B. Problem generation strategy  

System generate problem in three levels of 

difficulty- 'Simple', 'Medium', and Difficult'. The 

difficulty levels of the problem are decided by the 

coefficient and solution set values of the two equations, 

as shown in Table 2. 

TABLE 2: DECISION TABLE OF DIFFICULTY LEVEL 

Coefficient values Solution set 

values 

Level 

0-12 -- Simple 

Composite number 

14-50 

-- Medium 

Prime number 13 

and above 

-- Difficult 

-- Small integer Simple 

-- fractions Medium 

-- Larger integers Difficult 

 

III.GAMES AND MATHEMATICAL LEARNING  

Games always interest children [5]. They are helpful 

in gaining the attention and building the concentration 

of the player. Games are also helpful in developing 

interest and motivating the player by setting different 

implicit challenges like speed of game, complexity of 

game objects etc. These properties of game make it a 

potential candidate for using in education. 

Educational games are those games which help in 

learning. Learning may be motor skills, cognitive skills 

or psychological skills. Teaching motor skills by 

computer is not easy task. But how to click mouse, 

how to type efficiently are some of the learning which 

can be done effectively by computer games. Because, 

given input to game can be visualised as teaching of 

pressing appropriate key stroke in a specified time. But 

the cognitive skills are those skills which are hard to 

capture via computer games. It requires a lot of 

innovation while designing such type of games.  

Game inherently includes challenge and pace. A 

complex game generally become adaptive and copes 

with the speed of player and becomes interesting to all 

type of learner from slow to fast learner. This enhances 

the motivation of learner in the learning scenario.  

But, it is very difficult to put the learning component 

inside a game. Game should not be overwhelmed by 

the learning material, losing the meaning of game. But 

learning also should not be overwhelmed by the game 

and with no significant learning taking place. Learning 

should be implicit in game. This makes development of 

game based learning experience difficult.   

For most children, video games become their 

introduction to computer technology. Video games 

generally give instantaneous feedback in a context of 

goal oriented activities [1].  As we perceive, goal 

oriented activities are core strategy for solving 

mathematical problems. So, it seems appropriate to use 

games in the mathematics activity. 



 “BLOCKMAT” is a gaming system which provides 

a generic framework for memorising 

formulas/expression, fulfilling the requirement of 

lowest level of understanding in Bloom's Taxonomy. 

The system can be used for subjects which involve 

formation of expression e.g. trigonometrical identities, 

formulas of organic chemistry or arrangement of letters 

in a word game.  

This game may be treated as extension of normal 

tetris game.  Tetris game is a game of falling blocks. 

Player of the game has to manipulate these blocks, by 

moving each one sideways and rotating it by 90 degree 

units, with the aim of creating a horizontal line of 

blocks without gaps. When such a line is created, it 

disappears and player gets points. As the game 

progresses, the blocks fall faster, and the game ends 

when the stack of blocks reaches the top of the playing 

field and no new blocks are able to enter.  

In “BLOCKMAT”, blocks are replaced by terms of 

the formulas or identities. The game involves 

arrangement of terms by the player such that a valid 

arrangement of formula is created. Once learner 

recognises the arranged valid formula by selecting a set 

of blocks in the game area, those selected blocks 

disappears and any block above the disappeared set of 

blocks fall to fill the gap. A screenshot of running 

game is shown in Fig 2. There are some rules for valid 

arrangement of terms to make a formula i.e. from 

bottom to top and left to right. So, if placed Sin 

A,=,P,/,H without gap in the game area from left to 

right, in the same order then it is valid arrangement of 

terms having formula Sin A=P/H. If Sin A, =, P, /, H is 

placed with gaps or other terms in between or 

scrambled, then it is not valid arrangement.   

It is also not compulsory for the player to first 

choose the starting term with which he/she is planning 

to make expression. For example, if expression to be 

formed is Sin A=P/H where Sin A, =, P, /, H are terms, 

in the horizontal direction, it does not matter in which 

manner the blocks are fallen, either Sin A fallen first or 

/ or other terms. If there is some valid arrangement, 

player should be able to select them.  It also helps 

learner to look ahead. Because, if learner is seeing that 

next token is / and current token is H and learner 

already placed Sin A, =. P in a valid manner then 

learner will leave a space after P and will place H. In 

next step, when current token becomes /, learner will 

able to get a valid formula to be selected.  These above 

aspects of the game can be seen as “ANY WAY” part 

of e-learning. 

The system helps students to memorise formulas or 

identities primarily by engaging the learner in the 

arranging terms in specific manner. Thus, learners are 

provided an environment where learner is provided 

with memorising terms without explicitly saying the 

same. 

System stores expression in a file as a sequence of 

terms. For each difficulty level we have separate files. 

Changing these files will change  the complexity of 

formula and domain. If we have sin2A, +,Cos2A, =, 1 

as a line in the stored file then it is game which helps in 

memorising trigonometrical equations. If we have H2O, 

+,Co2, =H2CO3 then it becomes a game which helps in 

memorising chemical equations.     

 

 

Fig 2: Main playing area of BLOCKMAT 



A. System description 

The system comprises the following sections in the 

game viz., Best Score section, Game setting, tutorial 

(mainly about tokens and associated formula) and main 

playing area. Main playing area of the game has 

different menus and sections to be selected for the 

specific options and various running state of the game. 

“Best Score” section displays best scores including 

name and rank of the player/learner. Game setting 

provides the player with facility to customise main 

game window. Main gaming window is the area where 

the player plays with the blocks with captions 

indicating tokens of the relevant concept for example 

trigonometrical identities. Tutorial provides the learner 

with the overview of different formulas, which can be 

categorised on the basis of level. 

Gaming window is divided into two regions- top 

region consists of navigational button and lower region 

provides a rectangular playing area, where user 

arranges the tokens. Player has to place token at 

appropriate location by left or right key.  

IV.CONCLUSION AND FUTURE WORK  

In two systems, we explored the scope of 

individualised learning by matching learning pace with 

learning skill of the learner. These systems are helpful 

to students in different ways. 

“STEPMAT” helps student to learn the whole 

process of solving linear equation as a partial to whole 

solution. The system's step, subtask, task and solution 

area text are components of this process. “Don't Know” 

option can be seen as good pedagogical element for 

asking for help from system. So, learner having issue 

with comprehending the solution step-by-step and not 

seeing solution as a whole will certainly get help from 

this system. 

We are trying for finding out formulas to calculate 

the difficulty level of algebraic equations. As of now, 

we are checking only the value of coefficients and 

constants. We have to introduce the short cut solution 

as a learner does for some problems like x+y=5 and 

x+2y=8. A learner, who already learnt to solve the 

problem, has to only subtract one equation from the 

other. This will lead to efficient solution for this 

particular problem. We can not do this in present 

system. We will also enhance the feedbacks of the 

system.  As of now, only two levels of task have been 

implemented but we can have multiple level of task for 

complex problems. 

Whereas, “BLOCKMAT” tries to help in 

memorising the formulas which are building blocks of 

the problem of domains like trigonometry. This 

learning element is implicit in the game. So, learner 

having issue with memorising facts/formulas will 

certainly get help by this system. 

“BLCOKMAT” can be improved. We have to place 

database in place of flat files. Teacher should able to 

create database of domain and formula string for a 

particular class from system interface. At present, 

teacher has to create those domain files separately and 

has to place at appropriate location. 
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