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Abstract: Pedagogical policies are designed for organizing 

and sequencing the instruction plan provided to the learner, for 
supporting learning activities and deciding which learning 
environment will be suitable for what kind of learner. In this 
paper, a multi-level pedagogy model named competency-based 
instructional model (CBIM) is presented for LD learners. The 
pedagogy policies are recommended based on the CBIM model, it 
takes problematic skills of the learner as input and delivers a 
learner-centric instruction plan (IP) according to the problematic 
skill. For the implementation of CBIM model, case-based 
reasoning approach is used and CBRI and observation models are 
proposed. 

Index Terms:  Intelligent Tutoring System, Learning 
Disability, Dyslexia, Dysgraphia, Dyscalculia.  

I. INTRODUCTION 

Learning disability is a neurological processing problem 
that interferes with basic learning skills such as reading, 
writing, and calculation, as well as higher-level skills such as 
time planning, thought organization and short term attention. 
Learning disabilities affect one’s academics and can have an 
impact on the daily social life of the learner. The symptoms of 
learning disability can be diagnosed in early student life if 
observed, but due to lack of knowledge of the teacher and 
school authorities, it is never identified and such learners are 
labeled as slow learners and failures. Receiving repeated 
failures can affect learner’s self-esteem and they can stop 
trying to learn over time [1]. It is very difficult for a physical 
instructor to provide full attention to all learners and clear the 
topic for each learner. A digital learning environment can 
help provide learners one to one environment and delivering 
content according to the need of the learner.  

 ITS is a learning environment that keeps track of learner 
performance during the learning process, provides feedback 
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and instructions whenever needed by the learner. ITS consists 
of four components: student model, domain model, pedagogy 
model and a user interface [2]. 

• Student Model: contains information about the learner 
such as previous knowledge level, physical limitations, 
requirements and learning style preferred by the learner, 
based on which instructions are provided to the learner. 

 
• Domain model: contains the quiz, instruction plan and 

learning content to be taught to the learner. 
• Pedagogy model: responsible for designing pedagogy 

policies according to the needs of the learner. 
• User interface: displays the instruction plan suggested by 

the pedagogy model to the learner based on the learner profile 
stored in the domain model. 

Out of these 4 components of ITS, the pedagogy model is 
the most important one as it implements different pedagogy 
policies that depend on the pedagogy knowledge and learner 
profile. Pedagogy policies are individual techniques that are 
employed to teach a particular topic. The pedagogy model 
includes decision making that suggests which instruction or 
content should be presented next. The pedagogy model takes 
input from the student model in the form of learner profile, 
checks for relevant instruction or content in the domain model 
and designs a differentiated instruction plan (IP) for the 
learner.  

 Pedagogy model provides differentiated instructions to 
the learner but by providing instructions, learning gain cannot 
be guaranteed, a learner may solve the question/ task at that 
moment but in long run, he may not be able to remember the 
concept. To ensure the learner can understand the concept, the 
learning environment or content should be delivered 
according to the preference of the learner. The main focus of 
the learning process should be developing competency in the 
learner, competency can be defined as individual skill 
representing a topic/ concept. Competency development in 
learners can be achieved by enforcing learners to practice the 
skill until mastery in skill is achieved. Achieving mastery at 
the present will help the learner in future academic 
performances. For this purpose, competency-based 
learning(CBL) is used. CBL is an outcome-based learning 
method that provides an outcome in the form of competency 
development. 
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 It provides a learner-centric environment to the learner 
that motivates the learner to spend more time in the learning 
process and understanding basic concepts. Mastery in 
competency can be achieved by enforcing learners to focus on 
one concept until he/she fully masters it and providing 
learners unlimited time to complete a task [3]. 

 In this paper, a multi-level pedagogy model named as the 
competency-based instructional model is proposed for LD 
learners that incorporate multiple learning theories and 
provide a learner-centric environment to each learner. 

II. LITERATURE SURVEY 

 The pedagogy model is responsible for generating 
pedagogy policies for the learner, how the learning content 
should be provided such that environment, learning style, and 
sequence. For implementing pedagogy policies, case-based 
reasoning is widely used for generating a learner-centric 
instruction plan. 
 Case-based reasoning (CBR) is a problem-solving approach 
that maintains a case base, case base contains information 
about the previous recommendations that were made by ITS 
in any particular situation. Whenever a new learner profile 
arrives for recommendation, CBR searches case base for any 
similar case and if found, then recommends the same or 
altered solution to the learner. After the learning process is 
complete, CBR registers the current case as a new case in the 
case base.  
 For content delivery, recommendation algorithms are also 
widely used in ITS. Recommendation algorithms are of two 
types: content-based, collaborative based. Content-based 
recommendation algorithms use similarity index to map 
previous actions of learners with the given options and 
recommend similar topics. Collaborative based algorithms 
find a similar user whose choices match with the current user 
and recommend liked topics by the similar user, to the current 
user.      
 This section presents a review of available literature on 
pedagogy model previously developed for personalization of 
ITS, use of case-based reasoning in delivering content, 
competency-based learning, and recommender systems.  
 

A.  Previously developed pedagogy model 
 
 In [4], the authors presented a multi-level pedagogy model 
to provide personalized pedagogy strategies in a web 
environment. For validating the pedagogy strategies authors 
developed an ITS named FUNPRO. The authors provided the 
learning content based on the previous knowledge level of the 
learner and learning style and provided the facility of 
changing learning theories, teaching methods and pedagogy 
tactics at each level. Results showed that as learner progress 
in the learning process, the number of required changes was 
minor and the performance of the learner was improved. 
 In [5], the authors designed and implemented an 
emotion-based intelligent tutoring system for providing 
instruction to teach English. Authors used Microsoft Agent as 
an interactive platform, and image and audio information as 
interactive methods. For designing pedagogy strategy, this 
ITS used features like real-time emotion of the learners, 
understanding state and interest of the learner. The authors 

used test scores and emotions as the factors to change the 
pedagogy of the learner. 
 In [6], the authors described a web-based ITS framework 
that constructs the learning environment for the learner based 
on the knowledge level of the learner, learning style and 
psychology characteristics. The authors proposed to add the 
fifth component in the traditional ITS architecture that is a 
curriculum model. ITS uses a domain model and pedagogy 
model to design the teaching process for the learner and send 
this information to the curriculum model. Curriculum model 
stores instruction plan for learners according to their 
knowledge level such as novice, beginner, intermediate and 
advanced. 
 In [7], the authors proposed a methodology for training 
engineering students in the maintenance and operations of 
mechanisms. The system takes information about a student 
like the previous knowledge level of the student, what learner 
should know to solve or repair a mechanism, and how the 
mechanism works. Based on this information, the tutor model 
provides a list of strategies for the learner to learn. 
 In [8], the authors introduced a multi-level ontology-based 
framework combining rule-based (cluster-based and user 
profile based) and content-based (domain ontology model) 
filtering and implemented it on Hypermedia platform. This 
approach recommended the next learning content that is 
similar to the previously viewed content. Whenever a learner 
searches for query q, the search engine provides him/her 
cluster of most similar documents. This research showed a 
5-25% improvement in precision, in personalized semantic 
search. 
 

B.  ITS that used CBR for recommendation 
 
 In [9], the authors discussed the architecture of distributed 
ITS based on Multi-agent system and case-based reasoning. 
The system recommended content based on case-based 
reasoning. For executing tasks, after entry of the learner, the 
system uses multiple agents such as interface agent, teacher 
agent, student agent, Q & A agent, exchange agent, 
examination agent, CBR agent, and ware base agent. The 
authors also proposed a cognitive ability evaluation model in 
which after learning content or knowledge point, the learner is 
provided an exercise to strengthen the knowledge, then a test 
is presented to apply the knowledge of the learner. 
 In [10], the authors developed a prototype CITS based on 
case-based reasoning and implemented it in the biology 
domain. For providing a solution to the learner, the case 
adaption process was used. In this process, if the profile of the 
current learner matched fully with any previous case, the same 
solution was provided to the learner. And if the system could 
not find a similar case, it took a partially similar case, and 
provided a partial solution from the previous case and 
registered it as a new case in the case base. 
 In [11], the authors developed and ITS named Case-based 
reasoning ITS for algebra learning (CRISTAL). The 
information about the knowledge level and learning style of 
the learner is gathered from algebra pre-test and mathematic 
learning style inventory (MLSI). The authors used local 
similarity and global similarity to find similar cases for 
recommendation and found positive progress from the 
learners. 
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 In [12], the authors proposed an ITS, in which analysing 
patterns and understanding are selected as a platform for 
implementing the proposed approach. In this paper, the BDI 
(Belief, desire, and intention) model is proposed for 
recommending learning content based on the problem and 
learning style of the learner. In the proposed system, content 
is recommended using the CBR technique and agents are used 
for the observation of the learning process of the learner, 
which allows the system to complete purpose-specific 
tutoring tasks. 

C.  ITS that used CBL 

 In [13], the authors presented an algorithm named as 
competency-based guided learning algorithm for generating 
an adaptive guided learning path to guide learners without the 
intervention of any physical tutor. The initial level of the 
learner was determined based on the pre-test. The pre-test 
contained questions related to N modules and bubble sort was 
applied for generating a learning path, on the score achieved 
by the learner in each module. The authors implemented this 
approach on the group of 24 students and concluded that 
students were satisfied with the learning path mechanism and 
learned effectively in the CBGL environment. 
 In [14], the authors discussed the importance of the tutors 
in the e-learning environment and divided tutors into groups 
based on their competency. The authors presented the 
K-complementarity technique for grouping tutors and 
assigned them to the learners, who face problems in a 
particular domain. This experiment was carried out at 
Algerian University and results showed that each group was 
able to solve 80 percent of the tasks assigned to them. 
 In [15], the authors studied the data of vocational education 
and training (VET), after using competency-based training 
(CBT) in Australia. The authors described the effect of CBT 
on teachers and the teaching process, based on 12 case studies 
and 24 telephone interviews. This study found that most 
teachers found the adaptation of CBT, a painful process, but 
later they accepted CBT to achieve the best result, after seeing 
the better performance of their students. CBT also changed 
the work environment and teachers were spending more time 
in the workplace. 

D.  Recommender systems 

 In [16], the authors proposed a content-based 
recommending system, named Multilanguage recommender 
system (MARS) that creates a cross-language user profile, it 
shifts traditional keywords based text representation to a more 
complex word-meanings based language-independent 
representation. This module used supervised learning to infer 
user interest from a different document, rated by the user in 
the training phase. The content analyser module identifies 
relevant concepts representing the content and selects the 
correct meaning of the word. This way document is 
represented using semantic instead of keywords. 
 In [17], the authors developed an e-learning system 
'Comulang' to enhance the learning process in the e-learning 
environment using collaboration between workgroups and 
learners. This proposed system is used for learning multiple 
languages. In this work, based on the previous knowledge 
students were divided into k groups. If a student from 'group a' 
has any problem then he can take help from the student of 
'group b' or 'group c', who can solve the problem. For this 

purpose, a collaborative based recommendation algorithm 
was used. 
 In [18], the authors presented a hybrid context-aware 
recommender system that recommends based on the 
preference of the user as well as similarity of items or user, for 
recommending books and movies. In the developed approach, 
cosine similarity was used to determine the similarity between 
items or users, and for calculating the unknown rating, mean 
squared error (MSE) is used in test and train datasets. This 
approach reduced the complexity of collaborative filtering 
and provided more accurate results and personalized 
recommendations. 

III. THEORETICAL FRAMEWORK 

 The proposed ITS is being developed for learners who are 
facing learning disabilities aged between 4-10 years. In the 
proposed ITS, two grade levels are presented to the learner. 
Grade 1 is for the learners who feel a problem in basic 
concepts like spelling, alphabet sound, left-right recognition, 
counting, two-digit addition and subtraction, and simple 
series. Grade 2 is for learners who feel problems in advance 
topics of grade 1, like word sound, sentence structure, 
directions, multiplication, division, and time-telling. Each 
problem taken in grade 1 and grade 2 are associated with 3 
learning disability- dyslexia, dysgraphia, and dyscalculia, and 
treated as an individual skill or competency.  In this ITS, 
individual competencies of the grade level are focused and the 
learner is provided content according to the skill in which the 
learner faces a problem, which is termed as problematic skills. 
In the proposed ITS, the learner is presented a pre-test 
containing skills that are categorized into 3 categories: 
cognitive category, psychomotor category, and affective 
category. The cognitive category represents cognitive skills 
included in the proposed ITS and, includes competencies 
related to 3 learning disabilities: dyslexia, dysgraphia, and 
dyscalculia. From the above 3 learning disabilities, the 
problematic skills that are taken as target problems are: 
Dyslexia- literacy skill(LS) and phonological awareness(PA); 
Dysgraphia- sentence and word expression(SWE) and 
visual-spatial response(VSR); Dyscalculia- counting(CN), 
basic calculation(BC) and reasoning(RE). The psychomotor 
category includes competencies related to learner's 
handwriting that are: motor dysgraphia, spatial dysgraphia, 
and dyslexic dysgraphia. The affective category includes 
learner's problems related to social behaviour and 
self-management, these are Interpersonal and Intrapersonal 
competencies. For implementing the above competencies, a 
theoretical model termed as the competency-based 
instructional model (CBIM), based on competency-based 
learning is proposed. CBIM is introduced for providing a 
learner-centric environment and focuses on developing 
competencies in the LD learners. For developing 
competencies, the CBIM model works on the rules discussed 
below: 
• Problematic skill of the learner is determined based on the 

result of three pre-tests presented under following 
categories: psychomotor category, and affective category. 

• A detailed learner profile is developed based on the result 
of all three pre-tests that contain a set of problematic 
skills. 
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• IP related to only one problematic skill is presented at a 
time so that learners can concentrate on one competency at 
a time without being distracted. 

• A learner can switch to the next competency only after 
achieving mastery in the current competency. 

 CBIM is a multilevel pedagogy model, in which each level 
represents a pedagogy policy for providing a learner-centric 
environment to the learner. The following five levels compose 
the pedagogy level:  
1. Instruction level 
2. Macro Designing level 
3. Micro Designing level 
4. Implementation level 
5. Observation level 
 
 The instruction level represents the instruction techniques 
or theories that are used to develop an instruction plan for the 

learner. The macro designing level represents the learning 
course packages that contain a set of instruction plans based 
on a particular category such as dyslexia, dysgraphia, 
dyscalculia, motor skills, interpersonal competency or 
intrapersonal competency. The Micro designing level further 
divides the learning course package into a detailed 
differentiated instruction plan that is developed based on 
individual problematic skill. At the implementation level, a 
learner-centric plan is presented to the learner based on the 
detailed learner profile. In observation level, a learner is 
monitored while the instruction plan is presented to the 
learner, to determine if the learner is able to understand the 
topic or not. For representing the levels of the CBIM model 
and relationship between the five levels, ontologies are used. 
An ontology is a specification of concepts and relationship 
among the concepts, that is used for information sharing and 
reuse. 

 
Fig 1. Competency-based instructional model(CBIM) 

A.  Instruction level: 

 The method of providing instructions to the learner plays 
an important role in the learning process. Instructions that are 
provided considering the initial level and problems of the 
learner, motivate the learner to spend more time in the 
learning process. In this paper, instructions are provided 
based on 3 learning theories: remedial instructions, guided 
discovery and Vygotsky's theory of social development. In 
remedial instruction method, learners are provided learning 
content and at regular intervals, a related quiz is presented for 
determining whether the learner is able to gain knowledge in 
the provided environment or not. Remedial instruction theory 
is used for learners who are falling behind in studies, to check 
if the learner needs any special assistance or change in 
learning style. Using remedial instructions may help in 
solving difficulties in learning, faced by the learner.  In the 
guided discovery method, step by step statements or questions 
are provided to the learner, to achieve a pre-determined goal. 

Active participation of learners, makes the learning process 
interesting and motivates the learner to spend more time in the 
learning process and gain more knowledge [19]. In the social 
development method, a list of tasks is provided to the learner 
for cognition development, and some kind of help in the form 
of hints or instructions is provided to the learner for 
completing a task. The tasks provided are based on real-life 
situations related to social interaction (interaction between 
people) or individual level (inside the learner), for developing 
social behaviour in learners [20]. 
 It is reviewed through survey work done previously in this 
research work that learners who face problem in the cognitive 
category, learn better in remedial instruction environment. In 
remedial instruction environment, learners are provided quiz 
in pre-determined intervals, during the learning process.  
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This quiz helps in determining the learning gain of learner or 
if the learner needs any kind of help/ change in learning style. 
For learners, who have problems with motor skills, it is 
reviewed that they learn better in a guided discovery 

environment. Learners who feel problems related to social 
behaviour and self-management are provided a social 
development environment.  

 
Fig 2. Ontology in Instruction level 

 

B.  Macro designing level: 

 A learning course package is comprised of the instruction 
plan that includes an orderly logical arrangement of the 
learning content pieces. The mapped learning course 
packages are based on pedagogical theories; each package 
may contain all or part of the pedagogical principles in the 
learning theories. The learning course package is based on an 

instruction technique and is supported by the Differentiated 
instruction plan(DIP) model. The proposed ITS offers an 
instruction plan for problematic skills related to dyslexia, 
dysgraphia, dyscalculia, motor skills, interpersonal 
competency and intrapersonal competency, so in micro 
designing level course packages related to these competencies 
are introduced. 

 
Fig 3. Ontology in Macro designing level 

 

C.  Micro designing level: 

 In the micro designing level, Differentiated Instruction 
Plan (DIP) model is introduced. DIP model further divides a 
learning course package into an instruction plan for each 
problematic skill. The learner is provided content based on 
his/her problematic skill and a set of problematic skills may 
differ for each learner, so each learner is provided a different 
instruction plan which is termed as differentiated instruction 
plan. DIP model represents an instruction plan for individual 
problematic skills and recommends it to the learner when 
needed. Each learning course package includes a set of 
instruction plans such as DL package is comprised of 

instruction plans related to literacy skill(LS) and phonological 
awareness(PA). DG package includes instruction plan related 
to sentence and word expression(SWE), and visual-spatial 
response(VSR); DC package includes instruction plan related 
to counting(CN), basic calculation(BC), and reasoning(RE); 
motor skills package includes instruction plan related to 
motor dysgraphia, spatial dysgraphia, and dyslexic 
dysgraphia; interpersonal competency package includes 
instruction plan related to school anxiety and social anxiety; 
intrapersonal competency package includes instruction plan 
related to self-confidence and self-management. 
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Fig 4. Ontology in Micro Designing level 

 

D.  Implementation level: 

 In the implementation level, a case-based reasoning 
implementation(CBRI) model is proposed. CBRI model 
provides learner-centric IP based on the learner 
characteristics i.e. competency and learning style. The 
instruction plans mentioned in the DIP model are developed 
in four learning styles: reflective, visual, active and 

kinaesthetic learning style. Learner-centric IP contains a set of 
differentiated IP based on the competencies of the learner. 
This ITS is based on competency development, so the learner 
is provided one content at a time to give learners time to 
understand one topic only and can switch to another content 
only when he/she fully understands the topic.  

 
Fig 5. Ontology in Implementation level 

 

E.  Observation level: 

 In the observation level, a learner is monitored during the 
learning process. In the observation model, an interactive quiz 
is presented to the learner to determine the learner's status  
 

 
during the learning process. If the learner provides a positive 
response in the interactive quiz, IP is continued. If the learner 
provides a negative response, the pedagogy is changed 
accordingly. 
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Fig 6. Ontology in Observation level 

 

IV. IMPLEMENTATION OF CBIM 

For recommendation instruction plan to the learner in 
ITS, multiple AI techniques i.e. reinforcement learning, 
content or collaborative filtering, and case-based reasoning, 
are used. For implementing the proposed multi-level 
pedagogy model, case-based reasoning method is used. 
Case-based reasoning (CBR) is a problem-solving approach 
that solves a new problem with the help of previous problems. 
In the proposed ITS, instruction plan is recommended to the 
new learner based on the recommendation history of the 
similar learner. CBR is a four-step process: retrieve, reuse, 
revise and retain. In the first step, it retrieves a similar case 
from the case base. In the second step, it adapts the solution 
from the previous case as needed to fit the new problem. In the 
third step, it tests the new solution and if necessary, revise. In 

the last step, after successfully implementing the solution, it 
stores the experience as a new case in the case base. For 
implementing the CBR approach in proposed ITS, the CBIM 
model is introduced. The CBIM model has internal 
representation consisting of three sections: case base 
development, recommendation and learner experience. In the 
first section, case base development is implemented using the 
DIP model. DIP model takes target competencies and set of 
instruction plan as input, and provide differentiated 
instruction plan as output. The second section and third 
section, recommendation, and learner experience are 
implemented using the CBRI model and observation model 
that is based on case-based reasoning. It takes learner profile 
as input, delivers learner-centric instruction plan and monitors 
learners during the learning process. 

 
Fig 7. Implementation of CBIM model 
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A. Case base development: 

 In this section, the DIP model is implemented for 
developing a case base. In the DIP model, specific features 
i.e. grade, competency category, disability type, and 
keywords, are used as tags to define each problematic skill 
and instruction plan. The grade represents the level of 
problematic skill or instruction plan belongs to whether it is 
grade 1 or grade 2. The competency category represents 
whether a problematic skill or instruction plan belongs to the 
cognitive category, psychomotor category or affective 
category. Disability type represents whether problematic 
competency or instruction plan belongs to dyslexia, 
dysgraphia, dyscalculia, motor dysgraphia, spatial 
dysgraphia, dyslexic dysgraphia, interpersonal competency 
or intrapersonal competency. Keywords represent the 
cognitive strength and attributes related to problematic skill 
or instruction plan. DIP model takes problematic skills of a 
learner from the detailed learner profile and uses cosine 
similarity to match tags of problematic skill and instruction 

plan stored in its vectors. The features of problematic skills 
are stored in vector 'C' and features of each instruction plan 
are stored in vector 'I'. The similarity between vector C and I 
is calculated as follows: 
 cosine_sim = cosϴ = C.I/ (|C| . |I|) = ⅀i=1n Ci.Ii/ (|⅀i=1n Ci| 

⅀i=1nBi|) 
       where Ci and Bi are components of vector C and I 
respectively. 
 The top 2 matching instruction plan is stored as a future 
recommendation for the target competency, and stored in the 
case base. 
 

B. Recommendation: 
 In this section, a learner-centric recommendation is 
provided in the form of IP to the learner and implemented 
using the CBRI model. CBRI model is based on case-based 
reasoning, consisting of 4 sections: retrieve, reuse, revise and 
retain. Out of these 4 sections, the first 2 sections retrieve and 
reuse are used in the CBRI model. 

 
Fig 8. CBRI model for recommendation 

 
Retrieve: Whenever a learner profile is received, the task 
agent looks into the case base for any similar case, if a similar 
case is found then similar case is fetched by the task agent 
from the case base otherwise task agent sends a request to the 
DIP model for a new case generation. For retrieving similar 
cases in the proposed ITS, k domain tree (kd-tree) is used. A 
kd-tree for case base(CB) is a binary tree T(CB) that has k 
ordered domains L1, L2, …., Lk for attributes A1, A2, …., 

Ak such that CB ⊆ T1, T2, …, Tk and the size of the case 

base is N. 
 
1. if |CB| ≤ N: T(CB) is a leaf of the kd-tree, denoted as CB. 
2. if |CB| > N: T(CB) is a tree whose 
 a. root has an attribute Ai and a value Vi ∈ Ti and 

 b. two sub-trees T≤(CB≤) where CB≤ := {(x1, x2, …., xk) 

∈ CB| xi ≤ vi} and T>(CB>)  where CB> := {(x1, x2, …, 

xk) ∈ CB| xi > vi} and a value vi ∈ Ti. 
 
All the cases are stored as leaf nodes in the kd-tree. For the 
generation of kd-tree following algorithm is used. 

CBTree Generation Algorithm: 

PROCEDURE GenerateTree (CB): kd-tree 
If |CB|<N 
then 
return marked leaf node from case base CB 
else 
Ai = select_attribute(CB) 
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vi = select_split_value (CB, Ai) 
return tree with its subtrees 
GenerateTree ({(x1, x2, …., xk) ∈ CB| xi ≤ vi}) 
GenerateTree ({(x1, x2, …, xk) ∈ CB| xi > vi}) 
After generating kd-tree for cases in the case base, similar 
cases are fetched from the case base for the given problematic 
skill, using cosine similarity. The algorithm used for 
retrieving cases is as follows: 

CaseRetrieval Algorithm: 

PROCEDURE Retrieval (k: kd-tree, Q: query) 
If k is a leaf node 
Then  
for all a∈ CBk : 
cosine_similarity (Q, a) 
insert ‘a’ into stack 
else 
register new_case 
return 
• Reuse: In this section, the pedagogy agent adapts solution 
according to the learner's need either by selecting IP or 
combining two or more cases and generates a learner-centric 
IP for the learner and provides it to the learner. 
 

C. Learner experience: 
 This section implements the observation model and uses 
revise and retain section of case-based reasoning to observe 
learner, flipping pedagogy and incorporating learner 
experience as given below: 
 
• Revise: In this section, the revision agent presents an 
interaction quiz to the learner during the learning process at a 
regular interval. If the learner provides a positive response to 
the interactive quiz, then the revision agent assumes the 

learner has achieved mastery in the related competency and 
presents the next IP to the learner. If the learner provides a 
negative response to the learner, then the revision agent 
changes the presentation style of the IP and provides it to the 
learner until the learner provides a positive response. After 
the learning process is over, the learner is presented a 
post-test and based on the score achieved in the post-test and 
number of times presentation style of the instruction plan is 
changed, learner experience is calculated. The overall 
experience of the learner is calculated based on the given 
algorithm: 
 
 LExperience Algorithm:  
Score_difference = Post-test score in problematic section – 
Pre-test score in     problematic section 
If Score difference is positive: 
 IPC := no of times presentation style of IP is changed 
 Learner_Experience = [(Score_difference/10) - (IPC/10)] 
 If Learner_Experience >= 0.2: 
  Overall_Experience = very good 
 Else-if Learner_Experience = 0.1: 
  Overall_Experience = good 
  Else-if Learner_Experience = 0: 
   Overall_Experience = satisfactory 
 Else: 
  Overall_Experience = Satisfactory after several attempts 
Else: 
Overall_Experience = not satisfactory  
 
• Retain: After calculating overall experience, the client 
agent registers the final solution and explanation as a new 
case in the case base for future recommendation. 

 
Fig 9. Observation model for monitoring learner 
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V. RESULT  

 This study was carried out in 20 learning disabled learners 
who have shown symptoms of dyslexia, dysgraphia and 
dyscalculia. Out of 20 learners, 9 learners were dyslexic, 5 
learners were dysgraphic, 4 learners were dyscalculic and 2 
learners has intrapersonal competency as problematic skill. 
The target group of this study is learners aged between 4 to 10 
years who are learning disabled, so an instructor was provided 
to each learner who helped them in operating computer 
system. The score of pre-test and post-test are taken out of 3. 
When a new learner enters the system, he/she is redirected to 
grade 1 pre-test and only those learners who are assigned 
grade 2 by their physical instructor, are redirected to grade 2. 
Both pre-test contain questions related to cognitive category, 
psychomotor category and affective category. Firstly, learners 
are presented questions related to cognitive category, it 
contains 3 questions each related to dyslexia, dysgraphia and 

dyscalculia. After presenting questions related to cognitive 
category, if a learner is found to be dysgraphic, he/she is 
redirected to detailed dysgraphia test that contain 3 questions 
related to motor dysgraphia, spatial dysgraphia and dyslexic 
dysgraphia. Affective category test contain 3 questions 
related to interpersonal and intrapersonal competency. On the 
basis of detailed pre-test result, a learner profile is created that 
contain problematic skill of the learner and presentation style 
of the instruction plan. On the basis of problematic skill and 
presentation style, learner centric IP is recommended to the 
learner. During the learning process interaction quiz is 
presented to the learner to check the need of changing 
presentation style of the IP and ITS keeps track of the number 
of times presentation style is changed for the learner. After the 
learning process is over, learner is presented a post-test that 
contain 3 questions each related to the problematic skills of 
the learner. The details of the performance of the learners are 
provided in the table1: 

 
Table 1. Performance of the learners during learning process

 
Learner Problematic 

competency 
Grade Pre-test 

score 
Post-test 

score 
Score 

difference 
No. of times 
presentation 

style changed 

Learner 
experience 

Overall 
experience 

L001 DG Grade
1 

2 2 0 Not applicable - Not 
satisfactory 

L002 DL Grade
1 

0 2 2 1 0.1 Good 

L003 DL Grade
1 

0 1 1 0 0.1 Good 

L004 DC Grade
1 

2 3 1 0 0.1 Good 

L005 DC Grade
1 

1 2 1 2 -0.1 Satisfactory 
after two 
attempts 

L006 DL Grade
1 

2 1 -1 Not applicable - Not 
satisfactory 

L007 Intrapersonal 
competency 

Grade
1 

1 2 1 1 0 Satisfactory 

L008 DG Grade
1 

1 2 1 1 0 Satisfactory 

L009 DL Grade
1 

1 1 0 Not applicable - Not 
satisfactory 

L010 DL Grade
1 

0 2 2 1 0.1 Good 

L011 DC Grade
1 

2 3 1 0 0.1 Good 

L012 DG Grade
1 

1 2 1 1 0 Satisfactory 

L013 Intrapersonal 
competency 

Grade
1 

0 1 1 0 0.1 Good 

L014 DL Grade
2 

1 1 0 Not applicable - Not 
satisfactory 

L015 DL Grade
2 

1 3 2 1 0.1 Good 

L016 DL Grade
2 

1 2 1 1 0 Satisfactory 
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L017 DG Grade
2 

0 2 2 0 0.2 Very good 

L018 DG Grade
2 

2 3 1 1 0 Satisfactory 

L019 DL Grade
2 

1 2 1 0 0.1 Good 

L020 DC Grade
2 

1 2 1 1 0 Satisfactory 

VI. DISSCUSSION 

 According to the performance of the learners in the 
pre-test, post-test and number of times learning style of the 
content is changed, experience of the learner during pedagogy 
process is determined. According to the experiment results 

showed in Fig 10, 40% of the learners had good experience, 
30% of the learners had satisfactory experience, 5% of the 
learner had very good experience, 5% of the learners had 
satisfactory experience after changing learning style two 
times, and 20% of the learners had not satisfactory 
experience. 

 

 
Fig 10. Learner Experience during pedagogy process 

 

VII. CONCLUSION 

 In this paper, a multi-level pedagogy model based on 
ontologies for designing pedagogy policies for LD learners is 
presented. The results show that the presentation style of 
learning content plays an important role in the learning 
process of the learner. During the learning process, if a learner 
is not able to understand the learning content in the provided 
style, then changing the presentation style of the learning 
content helps the learner in understanding the concept and 
improve the performance of the learner. 
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