Dr.N.Sivakumar et al. / International Journal of Computer Science & Engineering Technology (IJCSET)

DETERMINING OPTIMIZED
LEARNING PATH FOR AN E-
LEARNING SYSTEM USING ANT
COLONY OPTIMIZATION
ALGORITHM

Dr.N.Sivakumar!, R.Praveena®

!Assistant Professor, 2PG Scholar
Department of Computer Science and Engineering
Pondicherry Engineering College
Puducherry, India

Abstract— This paper analyzesthe optimized lear ning path based on the behavior of student’s pattern by
applying ant colony optimization algorithm in e-learning application. The behavior of pattern is analyzed
based on the behavior of each particular students and the resource is analyzed through learning
management system which can be used to predict the student’s mativation for the first time user. The
student’s motivation is main factor for the successful completion of e-learning course. According to the
knowledge of student’s motivation it provides the outcomes which to optimize the lear ning path.
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I INTRODUCTION

The Internet plays a major role in our day to day life. The Activities that are unavailable over the Internet are
network banking, e-entertainment, online information acquisition, e-business, and distance learning. Because of
the Internet’s characteristics, an online e-learning system eliminates the major disadvantage in learning
perspective: location, time, and age. Lifelong learning is easily satisfied through an e-learning system. Contrast
with the traditional learning perspective, e-learning systems are higher up in terms of independence,
convenience, adaptation, and interaction.

The Data Mining concepts are applied in the E-Learning application which is commonly referred to the
use of networked information and the communications technology in teaching and learning process. The other
term aso describes the mode of teaching and learning process. Data mining is the process of discovering
knowledge from larger database. Data mining has analytical process to derive knowledge and that to be used in
data. This knowledge cannot be discovered by normal data, because the relationships are more complex and it
present with larger data. These data mining concept are used in process such as online education, virtual
education, distributed network education and web based education. These are all referring to educational
processes that utilize information and communications technology that mediate to asynchronous as well as
synchronous learning and teaching process.

The Data Mining practitioner models have many techniques that include: Genetic Algorithms,
Clustering, Fuzzy Logic, and Intelligent agents, Neural Networks and Inductive Reasoning, Visualization
techniques. And the information is organized according to the type of Data Mining problem is dealt with the
algorithm such as: clustering, classification, prediction, etc.

Our paper uses the Ant Colony Optimization Algorithm by applying Data Mining techniques in E-
Learning application to find an Optimized Learning Path based on the students behavior. An Ant Optimization
Algorithm is essentially a system based on node that simulates the natural behavior of ants.

Il. RELATED WORKSAND MOTIVATION
A. Related Work

Many techniques have been applied in e-learning system in order to obtain the learning path based on the
learning knowledge behavior. The Web-based learning portfolios which help teachers to perform the
assessments process of individual learners in a Web-based learning environment. The learning can be applied as
a guide for teachers and as learning feedback is gets for learners. This feedback mechanism enables learners to
understand the process of their current learning status and make suitable learning process [8]. Ant colony
optimization (ACO) algorithms are a class of swarm intelligence algorithms in order to solve the discrete
(combinatorial) optimization problems, such as traveling salesman problems, network routing problems,
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scheduling problems, and circuit design problems. When solving these problems, multiple knapsack problems,
pheromones are deposited by ants on links or nodes connecting the nodes [6]. The classification rule discovery
problem is a set of training data which comprising one or more attributes and a class attribute, which extracts
rules providing the separation of that data into different classes of attribute. And thus it focuses on discovering a
new heuristic function and utilizing the framework of Ant Colony Optimization (ACO). This process has the
desirable properties of high accuracy and classifier comprehensibility [7]. In a Computer Architecture
Laboratory of course classroom session the students are spitted into two groups in order to interact both with a
hinting e-learning system and also with human teachers generating hints. The results shows that the high
learning gains for both groups, demonstrating the effectiveness of the human teachers as well as of the
computer-based hinting technique in e-learning system even without the use of adaptive and personalization
capabilities. The worst case, the difference in favor of human teachers would not be significant with respect to
the e-learning system, so the computer-based system can replace teachers without a significant loss of
effectiveness [1]. The pattern recognition and augmented reality is proposed in interactive e-learning system.
The proposed e-learning system was applied to the educational courses in the elementary school, and we
obtained satisfactory results for real applications. We expect that the proposed e-learning system is popular
when the educational contents and scenarios are sufficiently provided [2]. The adaptation and personalization is
applied in e-learning systems. A new metric—QoL (Quality of Learning)—is recommended for e-learning
systems to evaluate the learning process. This paper proposes the Adaptive & Personalized E-Learning System
(APeLS) that provides dynamic learning content and an adaptive learning process for learners to enhance the
quality of learning. According to feedback from the learner, the proposed APeLS is capable of self-adjusting
and self-reorganizing the learning components and paths to adapt to each user’s learning interests, abilities, and
behavior. This adaptation and reconfiguration is produced according to the user’s QoL and a dynamic referred
ideal learning curve. To ensure QoL, the proposed APelLS revises each user’s learning curve to match with the
referred ideal learning curve. A prototype system is implemented, and the collected results are excellent []. In
this paper, we are focus on learning recourse i.e the subject chosen by the student is considered as a node. By
thisway, can construct the path using the node i.e subject who visited by the student. Thus the learning paths are
identified by applying ant algorithm based on their ability that shows the result as successful completion through
an optimized path.

B. Motivation

In this paper, the Ant Optimization algorithm is applied in order to obtain the optimized learning path that has
been analyzed based on the searching behavior of ant. By this way applying Ant Optimization algorithm thus it
identifies the Optimized learning path based on student’s learning and behavior or similar characteristics of
searching resources. The optimized learning path thus it identified based on following similar characteristics:
feedback about each learning material, more accessible learning and learning behavior. In order to group the
student, the similar characteristics are to be followed: the achievement, preference of choosing resources.
According to these characteristics, the students are grouped as either lower division students or upper division
students based on the path constructed. These paths are constructed by applying ant colony optimization
algorithm which retrieves the optimized learning path to the first time students.

II1. PROPOSED WORK

In E-learning Scenario, the internal process of learning is implemented based on the learning behavior
information. By applying Ant Colony Optimization algorithm to the E-learning scenario which identifies the
optimized learning route based on student’s learning ability, learning goals and behavior of searching resources
that helps to improve the student’s with their results.

In our paper, focuses on three stages: i.) Profiling, ii.) Course generation, iii.) Testimonia process. In
profiling stage, the personal and the academic data are collected in e-learning system. Based on their profiling
information, the learning path and their response are constructed from the optimized learning environment after
course generation. In course generation stage, the course is being offered to the students with effective learning
style. And, thus the optimized learning path is suggested to the first user student based on the previous set of
response feedback and adjustment of learning using testimonial process. This can be done by applying ant
colony optimization algorithm. By observing the similar characteristic of students achievements, goal, process,
the learning path are analyzed for each particular student. The learning paths are identified by the visitation rate
of each node. According to these characteristics, the students are grouped as either lower division students or
upper division students based on the path constructed. These paths are constructed by applying ant colony
optimization algorithm which retrieves the optimized learning path to the first time students.
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A. Ant Optimization Algorithm

The complex social behaviors of ants has been studied by science, and computer scientists are now finds the
behavior patterns can provide models for solving the most difficult combinatorial optimization
problems. Inspired by one aspect of ant behavior, can have ability to find the shortest paths that has attempt to
develop algorithm called Ant Colony Optimization (ACO), the most successful and widely recognized
algorithmic technique based on ant behavior.

How it really works:

Ant colony optimization is an awesome algorithm inspired by ant’s natural intelligence. Ants are extremely
successful insects surviving for many years. Antslivein their colonies and they have path among them. Physical
castes are, like worker ants have some responsibilities divided based on their size. Ants communicate within
themselves through path. Their form of communication is efficient enough to help which survive for many
years. Apart from that, they use a secreted chemical called pheromone to communicate which provides a path
between each ant. Ants go out in search of food and once it finds a food source, on its return back to home ants
split pheromone on the trail. If it comes across obstruction during its returns, the group gets separated to find a
shortest route. Ants use pheromones to find the shortest path between source i.e home and destination (food
source). And the pheromones disappear quickly. Assume that there are two path trails formed by ants between
its home and food source. When an ant goes out looking for food, it will choose the path where the pheromone
is stronger. Since the shortest path will have strongest pheromone.

Procedure

1. Timet, isadiscrete. At t(0)", the algorithm starts. At everyt+1" time, the ant will move to a new node
2. Assuming, afully connected graph with edge that has an intensity of trail on it. This trail indicates the
pheromone trail laid by the ants

3. Let Tj(t) represent the intensity of trail edge (i,j) at timet

4. If an ant decides to move from one node to next, it happens with a probability that is based on the
distance to that node and the amount of trail intensity on the connecting edge

5. The distance from one node to next node, is represent the visibility, nij, and is defined as 1/d;;, where, d
is the distance between from nodei to nodej.

6. Tabucwhich holds the node that have been already visited up to the list of k™ ant.

7. Then each specific ant search the trail intensity on each edge which is updated through the following
formula,

Tij (t + n) =p. T”(t) + AT”‘
where,

Q/L k if the kth ant uses edges(i,j) in its node between timet and t+n
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ATkij =

0 otherwise

Q =aconstant
Ly = thetour length of the K" ant

8. Transition Probability

N [Tij(O]a.[nijlB e
Pkij(t) = Yk €allowedk [Tik(t)] . [nijlB It allowed k

0 otherwise

where,
o and 3 are control parameters that control the relative measures of trail versus visibility
9. At eachiteration i.e t+1™ time unit evaporation takes place and the amount of evaporation, p, isavalue
between 0 and 1

Here, the ant colony optimization algorithm applies to the e-learning application for finding the
optimized path. However, time t is discrete one. Since, at every t+1, an ant will move from one node to another
node. For every visitation of node, a fully connected graph will be constructed for each specific ant. In this
graph, each edge has an intensity of trail which represents the pheromone trail laid by the ants. The term T;;(t)
holds the intensity of trail from node i to nodej (edge (i,j)) at timet. A transition probability is applied in order
to move a node from one to next node, based on the distance to that node and the amount of trail intensity on the
connecting edge. And the visibility nij is calculated by the distance of a next node fromi to j is defined by 1/dij.
The term Tabuk, this holds the entire visited node up to the list of kth ant. For every visited node, trials are
updated in the data base manifest by getting most visited node, through a node usage behavior. And the
pheromones evaporate over time, unless they are reinforced by more ants, then the pheromones will disappear.
At each time unit evaporation takes place and the amount of disappears, p, isavalue between 0 and 1.

IV. EXPERIMETAL RESULTS
The node visitation rate can be calculated by the number of visited node made by user on the selecting learning
resources i.e subject in a particular course. Thus node visitation rate is determined by this metric and also it
helps to analyze the better learning path in the e-learning system. The Visitation Rate of Node is derived by
following eguation is as,
Nvt

TTN

Where,
Vr —Node Visitation Rate

Nvt —Total no.of individual visitation Node
Nt — Total no.of nodes

According to that similar characteristic, the maximum visitation rate i.e. the pheromone trail intensity on each
edge is updated by each user and through this, a path which is constructed is predicted based on the parameter
value Tij. Such visitation node for every iteration is computed through Node Visitation Rate Vr.

Path Similarity

Similarity measures might be used for performing tasks for checking consistency or coherency if
present in the constructed path. Path-based Measures is one of the similarity measures. The main idea of path-
based measures is that the similarity between two nodesis a function of the length of the path linking the nodes
and the position of the nodes in the graph. The path similarity of path can determined by following equation,

learning_path(nl,n2) = 2 * deep_max(len(n1,n2))

The measure length value from node nl, to n2 i.e len(nl,n2) is to be considerate. It assumes that the
learning_path (n1, n2) depend on how close of the two nodes are in the graph. And also this measureis a variant
on the distance method. It is based on two observations. One is that the behavior of conceptua distance
resembles that of a Metric. The other is that the conceptua distance between two nodes is proportiona to the
number of edges separating the two nodes in the graph. Different similarity measures have different
characteristic. Path based measures take the path length that linking the nodes and the position of the node into
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considerate. They use link or edge as parameter to refer to the relationships between nodes. The measures are
effective.
Optimized Path Rate

By observing the similar characteristic of students achievement, goal, process, the learning path are
analyzed for each particular student. The learning paths are identified by the visitation rate of each node. The
paths are constructed by applying ant colony optimization algorithm and retrieve the optimized learning path to
the first time students. The Optimized path rate can be derived by following equation is as,

Max_vp
Vt

OPr =

Where,
OPr — Optimized Path Rate
Max_vp —Maximum Visited Path by User
Vt—Tota no.of Visitors

Obvioudly, the optimized learning path is obtained based on the similar characteristics of student goal and
achievement and by the visited node.

Success Rate

Success rate is a term used in statistics that you can apply to many different areas. The success rate
looks at a data sample where you have either successes or failures, such as did a mother give birth or not. The
opposite of a success rate is the failure rate. If you add the success rate to the failure rate, then it will equal one
because the data is set up to give two responses: success or failure.

SR = f(goal,arcHievement, learning_patH )

Obvioudly, the learning goal is obtained based on the knowledge of used learning resources by the
students. Also the system evaluates the students result based their assessment test. Then the learning process is
taken to the first time student based on the previous set of learning path.

The table 4.1 specifies the performance rate of node visited, optimized path, and the rate of success that
are achieved by the students who uses the optimized path.

Table.1 Experimental Result

S.No M ethods Node Visitation Optimized Path Success Rate
Rate Rate
1 Hinting technique 72.11 55.60 72.33
2. K-Means 79.90 59.01 77.69
3. Adoption & Personalization 88.03 63.09 89.23
4. ACO algorithm 96.38 79.71 95.30

From the above table 4.1, the rate of node visited, the rate of optimized path, and the rate success of the metric
values are not efficient when compared to the metric values of proposed system. Hence, by using ant colony
optimization algorithm, we can find the optimized learning path. It is aso improves the success rate of user in
learning system and also improves the visitation rate of each and every node. The proposed learning system
provides the future of suggesting optimized path to the first time user to achieve their goal easily as possible.
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Figure.2 Graphical Representation of Experimental Result

Thus the above graph represents the metric values of existing system and proposed system (Ant colony
optimization algorithm) in which it shows the proposed systems is effective and attain a successful completion
of course when compared to existing system.

V. CONCLUSION

In this paper, the Ant Optimization algorithm is applied in order to obtain the optimized learning path
that has been analyzed based on the searching behavior of ant. By this way applying Ant Optimization algorithm
thus it identifies the Optimized learning path based on student’s learning and behavior or similar characteristics
of searching resources. The optimized learning path thus it identified based on following similar characteristics:
feedback about each learning material, more accessible learning and learning behavior. We analyzed the results
for the pathways retrieved from the database, and we analyzed all the pathways containing nodes and compared
our results. The results of our proposed measure were quite impressive and competitive. We chose these
pathways with various numbers of nodes as examples to discuss our experiments and evaluation. They
concluded that their measure performs the similar or better pathways.
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