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ABSTRACT-The advancement in ICT and the utilization of ICT in teaching and learning process has contributed an 

exponential growth. The eLearning sector has almost reached maturity, where we have the proper digital infrastructure, smart 

phones, tablet computers and the best software platforms. Innovation in teaching and learning sector has become an integral part. 

The research aims to find the learning path and to provide learner with the right learning objects based on the learner’s 

preferences using Breadth First Traversal Algorithm. Personalization approach is being recognized as one of the most important 

aspects in eLearning system. The focus of the research is to propose the system architecture to find learning path and to deliver 

the learning objects based on the learning preferences to improve the knowledge or skills in a particular subject. This will 

facilitate the learners to have an effective and joyful learning experience with the help of Learning Management Systems.  
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1. INTRODUCTION 

Today, the need for education is need of hour in all sectors. Learning is defined as the act of acquiring new, or modifying and 

reinforcing, existing knowledge, behaviors, skills, values, or preferences and may involve synthesizing different types of 

information [1]. Also Learning is a two phase process that involves reception and processing of the information received. 

Reception engages the various senses to gather information from external sources, whereas the internal activities of memorization, 

induction, deduction, introspection, reflection are primarily necessary in the processing activity [1]. The development, 

improvement, innovation in teaching and learning process is necessary. eLearning systems provide a new way to teach and learn 

than the traditional class room teaching and learning.  It is must to personalize the desire and the need for the different actors 

(Learner, Tutor and Teacher) in teaching and learning process.   

According to Bruner [2,3], the learner understands the knowledge through four sensory modes, they are Visual (observing 

pictures, symbols or diagrams), Aural or Auditory (listening, discussing), Read / Write (reading and writing), and Kinesthetic 

(using tactile sensory abilities such as smell and touch). The way of reception and process the information is unique for every 

learner. This is known as a learning style of a learner. In eLearning environment, there are many proposed adaptive systems and 

many researchers have contributed on the part of personalization. Most of the approached are based on learner preferences [4-6]. 

The focus of this research is to personalize the learning path and to deliver the right learning objects based on the learning 

preferences by using Breadth First Search algorithm.   

This work is organized as follows: Section 2 gives the literature review and related work, in section 3, The Proposed System is 

discussed and section 4 provides conclusion and future work. 

 

2. LITERATURE REVIEW AND RELATED WORK 

2.1. LEARNING 

Learning is a common word which we use in everyday life. Learning takes place in all aspects of our life. Learning is defined 

as change in behavior, the change takes place though experience or practice. Learning improves the performance of an individual 

[20]. Learning is a step-by-step process in which an individual experiences changes in knowledge, behavior, the way of process 

information and the way act upon the situation.  

 

2.2. LEARNING STYLES 

Learning styles are different methods of learning or understanding new information. Learning styles are the way an individual 

takes in, process, expresses and remembers information. There are many research work has been carried out to predict the learner 

style or preferences [21, 22]. Learning style represents differences in individuals' learning [11]. There are multiple proven 

methods and tools are available to categorize the learner based on the learner differences. Kolb’s model, [12], Felder-Silverman 

Learning Styles (FSLS) model [13], and Myers-Briggs’s model [14].  In this article the researcher is chosen VARK model given 

by Neil D. Fleming [15]. It is one of the best worldwide model and guide to learning style. The characteristics of VARK model 

learner is shown in the table 1.  
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Table 1. Characteristics Of Learner Based On VARK Model 

S.No Learner style Learner Characteristics towards learning 

1 Visual Learns takes place by seeing the graphs, videos, pictures, and graphics.  

2 Aural 
Learner acquires knowledge through listening, speaking, discussion, 

audio lecture and explanation. 

3 Read / Write  
They like the presentation style how the content are presented (words 

and texts)  

4 Kinesthetic 
Prefer project, practical, hands on experience, real time example.  

Learns by touch, feel, hold, move something.. 

 

2.2. eLEARNING 

Learning conducted through electronic media and with the help internet is called eLearning. eLearning is enabled with the 

help of computer and network to transfer the skills and knowledge. eLearning is the way by which we use the software systems 

and technology in process of teaching and learning. eLearning system is also referred as web based learning, computer aided 

learning, online learning, virtual leaning environment and virtual class rooms.  eLearning content is presented in different formats 

like audio, video, text, images, animations etc. It makes use of the internet, intranet, and cloud to deliver the content. eLearning 

system is one of the  alternative systems to the educational institutions to enhance and support the traditional class room teaching 

and offer courses to a larger population of learners across the word. eLearning has created new demand in teaching and learning 

objects and tools, they attracts the attention of educational institutions and the companies who supplies the learning objects in 

different formats. Computer manufacturers, software developers, publishing houses and special training providers are now 

focusing on content creation in different formats [7].  eLearning is not only about giving training and giving instruction but also 

about learning that is tailored and more personalized to individual need and expectations.  

 

2.3. eLEARNING OBJECTIVES 

eLearning is significant and a novel shift in the field of learning. It felicitates the learner to have rapid access to the specific 

knowledge and information. It helps online learner to identify the right learning materials assisted by the course teachers. It 

provides online resources anytime and anywhere through a wide range of Learning Management Systems. The resources are 

available in different formats based on the learning preference like Web-based courseware, Discussion Forum, live Chat, video 

and audio streaming, Web chat, simulations, diagrams, charts and virtual mentoring [8] 

 

2.4. TRADITIONAL LEARNING Vs eLEARNING 

The following table 2 summarizes the difference between traditional and eLearning [23]. 

Table 2. Traditional Learning Vs eLearning 

S.No Dimension Traditional Leaning eLearning  

1 Discussion Teacher discusses more than the student Student discusses more than the teacher 

2 Learning Process 
For whole class, limited or no individual 

study 

Learning process takes place with peer 

or an individual  

3 Learning Objects 
Decided by the teacher according to the 

curriculum  

Student decides the learning object 

formats based on the learning 

preferences.   

4 
Emphasis on Learning 

process 

Students learn “What” and not “how”. 

Teachers are busy with completing the 

syllabus. 

Students learn “how” and less “What” 

5 Teacher’s Role Authority Directs student to the information 

6 Class Control 
Control over the Learning object and 

presentation 

Personalization on the learning object 

and presentation 

 

 

2.5. PRESENT eLEARNING SCENARIO  

Today numerous institutions across the world have started providing education and training over the World Wide Web. 

Research indicates that there number of number of universities now started offering complete degree courses and diplomas 

through eLearning. [9]. There are more than ten-million courses now online for difference categories. In addition college and 

university courses are available online. Some eLearning organizations like SWAYAM [27], MOOC [26], NPTEL [28]., etc offer 

online courses and tutoring at difference levels, ranging from certificate level to diploma and degree courses for the individuals in 

career development and personal development or both. These courses are offered in all domains including engineering, science 

and humanities, management studies and other life scoping   skills. Often training and support for the teachers is also carried 

through online.  

 

2.6. ADAPTIVE eLEARNING SYSTEM 

An adaptive eLearning system should satisfy the need and the expectations of the individual learners.  Adaptive eLearning 

systems can be defined as the technology enabled techniques to provide appropriate knowledge to all learners with the exact 
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learning objects based on the expectations and the learning preferences. According to Stoyanov and Kirschner, Adaptive 

eLearning is “an interactive system that personalizes and adapts eLearning content, pedagogical models, and interactions between 

participants in the environment to meet the individual needs and preferences.” [10] [17]. The study in [24] explains the different 

methods and adaptation techniques since 1992.  Current research in eLearning is focused towards learning platforms where 

individual learner’s expectations, motivation, style habits are satisfied [25]. The adaptive eLearning system aims to facilitate and 

support the learner with right learning path along with learning objects in order to maximize the learning performance and to have 

efficient learning experience. 

 

2.7. LEARNING OBJECTS 

Any digital form or non-digital form of resource that are used to support learning activity is called as Learning Objects. 

Learning Objects (L.O) will have the following characteristics [29]. 

 L.O is a small element of learning duration may from 2 minutes to 15 minutes  

 L.O is reusable and can be used independently. 

 A particular L.O could be used in multiple context for any other purpose 

 L.O are tagged with meta data 

 L.O has description to search for the item 

 L.O can be grouped into larger collection of content 

 

3. THE PROPOSED SYSTEM ARCHITECTURE 

The research is to facilitate the learner to find the learning path that provides right learning objects based on the learning styles 

by using breadth first search algorithm. The proposed system architecture is organized into three basic elements: Learner Model, 

Domain Model and the Learner Recommender System. These three elements interact with each other to find learning path and 

provides learner with the right Learning Objects (LO). 

    

 
Fig 1 : System Architecture 

 

3.1. LEARNER MODEL 

The model identifies the learner preferences like Visual, Aural, Read /Write and Kinesthetic. This element stores information 

about learners and helps to provide the personalized learning path with the right Learning Objects.   In our model we have taken 

VARK questionnaire given by Neil to find the learner preference. It is one of most widely accepted model and guide to find the 

learning style of an individual learner [15].   

 

 
Fig 2: Learner Model 
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The preference of learner can be described as follows. 

X = { x  [0,1],   x =  ( xv, xa, x rw, xk) } 

Where  

X is the probability of learning preference of ith learning style. 

x is vector of learning styles (v – Visual, a – Aural, rw – Read / Write and k – Kinesthetic) 

By using VARK questionnaire it is very simple to explicitly find the x value for each learner on a numerical values 0 and 1, 

where 0 represents minimal satisfaction and 1 represents the maximal satisfaction. Finlay the profile of an individual learner 

which consists of the personal information and the learning style is stored in the repository. 

 

3.2. DOMAIN MODEL 

Domain model consists of the learning content of all the courses. The course is represented as a tree structure staring from 

course, units / chapters, concepts and learning objects in the form of visual, aural, read / write and kinesthetic. Fig 3 shows how 

the domain knowledge is organized in a tree structure. 

 

 
Fig 3 : Organization of Domain Knowledge in Tree Structure 

 

Here the learning objects are prepared for the all types learners (Visual, Aural, Read / Write and Kinesthetic). The 

recommender system recommends the learning objects by finding the learning path along with the learning objects by using BFS 

algorithm.  

 

3.3. LEARNER RECOMMENDER SYSTEM 

This system represents the way by which the learner is given learning path and the learning objects. It has two modules 

namely Adaptation Module and Personalization using BFS module. Adaptation module adapts the learning path and the learning 

object based on the recommender system. Personalization modulo finds the learning path and the learning object to the learner 

based on the learning style.  

 

3.3.1. ADAPTATION MODULE 

 Learner interacts with the system through an interface, if the learner’s profile is new, the module calls for learner model to 

find learner’s learning style. If the profile exists in the repository then the system adapts the learning path and provides the 

learning objects. The process of finding and adapting learning path and learning object for the existing profile is given in the Fig 

4. If the profile is new, the module uses BFS algorithm to generate learning path and to provide learning objects according to the 

individual’s learning style. 

http://www.jetir.org/


© 2018 JETIR August 2018, Volume 5, Issue 8                                       www.jetir.org  (ISSN-2349-5162)  

JETIRA006150 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 851 
 

 
 

Fig 4: The Process of Adapting Learning Path and Learning Objects  

 

The recommender system uses Breadth First Search (BFS) algorithm to find the learning path and learning object based on the 

learner’s style.  

 

3.3.2. Personalization using BFS algorithm 

This module recommends the learner about the learning path and learning objects based on the learning styles / preferences. 

Learning path generation is given in the Fig 5. The Learning Objects are represented as a graph G = (V,E). 

Where V – is nodes / vertices which represents Learning Objects (L.O) 

 E  - is set of Edge between nodes. 

For the graph in Fig.5, An edge is that connects vertices u,v is denoted by {u, v}. Each node is assigned with four-tuples. They 

represent the values for the Visual, Aural, Read / Write and Kinesthetic aspect of Learning Objects. These values are assigned by 

the course creator each gives the suitable learning object for the learner according to the type of learner.  The graph is represented 

as follows. 

G=({LO1, LO2, LO3,LO4,LO5,LO6,LO7, LO8, LO9, LO10}, {LO1,LO2}, {LO1,LO3}, {LO1,LO4}, {LO2,LO5}, {LO2,LO6}, 

{LO3,LO7}, {LO3,LO8}, {LO4,LO9}, {LO4,LO10}) 

 

‘G’ is a graph with | V | = 10 Vertices and | E | = 9 edges.   

 
Fig 5 : Learning Path Generation using BFS algorithm 
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Adjacency matrix in a data structure is a way of representing vertices in a graph in the form of two dimensional matrix of n x 

n size. The adjacency matrix for the above graph is created to represent the relationship between Learning Objects.  The space 

required for this representation is O(V2).  

 

For the matrix Aij =  1 if there is an edge between i and j in the graph 

    0, otherwise  

 

The Breadth First Search (BFS) is an algorithm for traversing or searching tree or graph data structures. It starts at the tree root 

and explores all of the neighbor nodes at the present depth prior to moving on to the nodes at the next depth level. [16].  

 

Algorithm for finding learning path and to get the right Learning Object (LO) based on the learning style is given below, 

where  ‘s’ is the source vertex that is root node. The parent  [u] of each vertex u in the BFS tree (Parent of source (root) is 

assigned with NIL.  

 

1. for each u  V (G) 

2.   [s] = NIL 

3.  Q = (s) 

4.  while Q ≠ ( )  

5.   u = DEQUEUE [Q] 

6.   for each v  Adj [u] 

7.    LP(Video)  [v] = max [ (Video,Wj), LOi ] 

   LP(Audio)  [v] = max [ (Audio,Wj), LOi ] 

   LP(R/W)    [v] = max [ (R/W,Wj), LOi ] 

   LP(Kinesthetic)    [v] = max [ (Kinesthetic, Wj), LOi ] 

8.  ENDQUEUE 

 

Queue is used for the implementation to traverse the graph using BFS traversal technique. This algorithm finds the learning 

path and provides the right Learning Objects to the learners.  

 

4. RESULTS AND DISCUSSIONS 

The availability of open learning object is the key resource for the learners to have personalized learning experience in 

eLearning systems. The BFS algorithm introduces the basic concept about the course and go step by step to understand the 

concepts in detail. The DFS algorithm gives the learning objects based on the topics in which the courses are organized.  

The way of organizing the learning objects is determined by the course creators.  The proposed algorithm finds the Learning 

Path (LP) and gives Learning Objects (L.O) which is shown in Table 3. The same algorithm is implemented with Depth First 

Search technique and the Learning Path is also shown in the Table 3.  

Table 3. Learning Path 

Learning Path for BFS DFS 

Visual Learner L.P(V) LO1-LO2-LO3-LO4-LO6-LO5-LO8- 

LO9- LO10- LO7 

LO1-LO2-LO6-LO5-LO3-LO8-

LO7-LO4-LO9-LO10 

Aural Learner L.P (A) LO1-LO3-LO2-LO4-LO10-LO6-

LO7- LO5- LO8-LO9 

LO1-LO2-LO6-LO5-LO3-LO7-

LO8-LO4-LO10-LO9 

Read / Write Learner L.P (R) LO1-LO2-LO3-LO-4-LO9-LO6- 

LO7-LO8-LO5-LO10 

LO1-LO2-LO6-LO5-LO3-LO7-

LO8-LO4-LO9-LO10 

Kinesthetic Learner L.P (K) LO1-LO4-LO2-LO3-LO5-LO7-LO8- 

LO9- LO10-LO6 

LO1-LO2-LO6-LO5-LO3-LO7-

LO8-LO4-LO9-LO10 

The learning path for the learner both in Breadth First Search and Depth First Search is shown in the Fig 6.  

  
Fig 6 : Comparison of Learning Path Generation - BFS Vs DFS 

Learning Objects (L.O) 
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The execution time (in Seconds) for the both the Breadth First Search and Depth First Search in shown in the Fig 7.   

 

 
 

Fig 7 : Comparison of Execution Time - BFS Vs DFS 

 

In Fig 7, the execution time in Breadth First Search is slightly higher than the Depth First Search, but the course creator can 

decide the way of organizing the learning objects based on his teaching strategy where the execution time will differ. The 

execution time is based on the number of learning objects are presented to the learner for each courses.  

 

Conclusion 

The learners will have joyful learning experience when the learning management system fits to meets their learning styles and 

provides the exact learning objects. There are studies which indicate that all developed recommender system still in application 

area and getting matured. [18, 19]. The recent Learning Management Systems have already felt the need of providing 

personalized learning objects based on the learning styles. Hence this research is an attempt to deal with path finding and to 

deliver the exact learning objects based on the learner style, so that the learner will have personalized learning path along with 

learning objects.  We plan to experiment the research in real time eLearning context and the efficiency of our proposed research 

work could be enhanced by comparing with other learning path generations which uses machine learning techniques.   
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