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Abstract—Diversifying learning practices and situations helps learners to 
better regulate their learning with deep understanding, which improves learning 
outcomes. Accordingly, this paper presents our vision of a differentiation sys-
tem of learning paths within MOOC. Promising beginning point for this vision 
would be to determine new factors that directly affect the success rate. Then, we 
introduce the theoretical framework of differentiated instruction, which repre-
sents the key component of the proposed system. Finally, we implement some 
key concepts in differentiation and some techniques for assigning learners into 
groups in order to differentiate learning paths. The main purpose of the pro-
posed contribution is to optimize learning situations of each learner according 
to his needs. As a result reducing the proportion of learners in a situation of 
failure and thereby improving the success rate. 

Keywords—Massive Open Online Courses, MOOC, differentiated instruction, 
differentiation, heterogeneity, learner path, dropout rate, decision tree, IMS-
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1 Introduction 

Information and Communication Technologies (ICT) are constantly evolving and 
innovating in terms of services and functionalities. This has led some fields such as 
medicine, industry, and biology to adopt them. Education is no exception; it is in a 
position to launch into such experience through which it can lead to new educational 
opportunities. Indeed, the implementation of ICT in education has led to e-learning, 
which represents a new form of distance learning. Its purpose is to ensure a distance 
experience based on open educational content and free access via educational envi-
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ronments. Consequently, e-learning has changed the education as traditionally under-
stood by improving educational methods facing the spatio-temporal constraints [1]. 

The evolution of ICT has influenced the digital and social habits of learners; it has 
carried out opportunities and challenges, hence the need to use them in order to meet 
their different needs. Nowadays, it is possible with MOOC (Massive Open Online 
Courses). The latter represents a new paradigm that has emerged and became wide-
spread in the field of e-learning. In the most basic definition, the MOOC is an educa-
tional model, which is rich in diversified courses, open on a global reach and disposed 
on the web [2]. 

The data reveal that the MOOC popularity is increasing which reflect a potential 
impact in educational sciences and research centers on learning. Consequently, The 
New York Times has designated 2012 by “The Year of the MOOC” [3]. Although 
MOOC is not the first or the only way to change education online, it is an opportunity 
to introduce a new aspect of innovative pedagogy. This revolution continues to be 
successful through Coursera, Udacity, EdX, which represent the MOOC pioneers. 
Such platforms provide a relevant and quality educational content with an expertise in 
a given field. Although the MOOC propose a pedagogical improvement in education, 
they are subject to limitations, which represent a major challenge. On another matter, 
given the weight of MOOC, their effectiveness seems undeniable but many issues 
remain to be resolved. 

The high dropout rate provides a recurrent issue often addressed. The research 
community that investigates MOOC deduced that many factors affect the non-
completion of these courses, we include among others: various categories of regis-
trants, learners’ disinterest, lack of time, lack of prerequisites to succeed in a course 
and the incompatibility between what learners need to know and be able to do [4] [5] 
[6] [7] [8] [9]. 

In this paper, we discuss two other factors that negatively affect the MOOC com-
pletion rate. We start with learners’ heterogeneity. MOOC requires many registrants 
thus justifying its massive character. This is why they involve heterogeneity since the 
registrants are so diverse academically, socio-culturally, linguistically, cognitively, 
and so on. School failure in general and the dropout rate in particular result from what 
Bourdieu called “indifference to differences” [10]. Not managing this heterogeneity 
throws in inequalities between learners consequently excluding those in difficulty. 
The second factor is the diversification of pedagogies and approaches. From the sci-
entific literature, we recognize as a first finding two types of MOOC: xMOOC and 
cMOOC [2] [11]. The xMOOC philosophy is based on the educational current “be-
haviorism and cognitivism” and the social component of constructivism [12]. This 
type provides traditional teaching based on knowledge dissemination and validation 
of skills. Unlike the cMOOC, it uses the principles of connectivism proposed by 
George Siemens. MOOC connectivist promotes the implementation of common 
knowledge within learning community [2]. This diversification of theories would 
cause confusion and disorientation for learners. As a second finding, designing peda-
gogical approaches vary depending on the MOOC platform. Generally, they are not 
aligned with the individual learner needs. 
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The main focus of our work is to manage heterogeneity and learners’ diversity in 
MOOC on two levels: (1) individually by taking into account the individual needs of 
each learner in the most effective way and (2) collaboratively by increasing educa-
tional cooperation through groups of learners. To achieve this, we will propose a 
differentiation system of learning paths within MOOC so as to reduce the proportion 
of learners in a situation of failure and thereby improve the success rate. 

To design our system, we consider some questions that can be summarized as fol-
lows: how to differentiate learning paths according to learners’ needs? How can we 
distribute learners into homogeneous groups in order to optimize their learning situa-
tions? How can individual and collaborative learning be guaranteed? 

The organization of this paper is as follows: first, we focus on the motivation and 
research objectives (see section 2). Next, we define the theoretical framework of dif-
ferentiated instruction (see section 3). Then, we present the methodological approach 
chosen to implement this pedagogy (see section 4). Later, we address our differentia-
tion system of learning paths within MOOC (see section 5). In addition, we synthesize 
and discuss our proposed work (see section 6). Finally, we expect a conclusion and 
new paths of future work. 

2 Motivation and Research Objectives 

Our approach relies on the implementation of differentiated instruction within 
MOOC. The issue that arises: why adopt differentiation as a solution within MOOC? 
The most important motivation has been on (a) differentiated instruction since it is in 
line with heterogeneity issue and inequalities rejection. This pedagogy represents a 
key mechanism for providing learners’ development. In addition, it (1) targets learn-
ers with learning difficulties (2) identifies their individual characteristics and needs, 
and (3) it provides an adequate educational solution to acquire knowledge and skills. 
The other motivate has been on (b) MOOC as a field of application since they sus-
tained educational technologies and enriched learning experiences. Massive courses 
are in a good position to ensure a multimodal learning using the strengths of differen-
tiated instruction, which enable learners to effectively learn. MOOC and differentiat-
ed instruction complement each other and offer a flexible online learning. They repre-
sent a techno-pedagogical approach that fit individual and collaborative learning. On 
the one hand, they focus on learners by providing them adapted paths to ensure their 
progress. On the other hand, they create collaborative opportunities to help each other 
and share experiences. 

Our goal is to be able to set up a differentiation system that would assist both in-
structor and learner to better carry out the learning within MOOC. On the one hand, 
the system provides information and activities of each learner before, during and at 
the end of the course. These data are used, as a basis, to meet learners’ needs accord-
ing to the appropriate means among a variety of proposed pedagogical practices. On 
the other hand, the system analyzes the learners’ differences and how they are estab-
lished. Thus, it provides for each learner different learning paths to optimize their 
learning situations according to their own preferences. 
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3 Theoretical Framework of Differentiated Instruction 

In traditional and distance learning, learners’ characteristics are more diverse and 
heterogeneous. This diversity is reflected in needs, education, interests, skills, socio-
cultural backgrounds, levels of engagement, learning styles, learning profiles, and so 
on. Recognizing learners’ characteristics is an important step that provides infor-
mation about learners. The idea of differentiated instruction is based on analyzing 
learners’ differences, taking them into account, and optimizing learning situations.  

This section addresses the definition of differentiated instruction and its purpose. 
Then, it presents the basic levers of differentiation. Finally, it provides a comparison 
between differentiated instruction and mastery learning to identify points of conver-
gence and divergence. 

3.1 Differentiated Instruction 

Differentiated instruction assumes that learners have different characteristics. Ac-
cording to Robert Burns, these differences constitute the main premises of differentia-
tion, which assert that: 

“There are no two learners who learn the same way. 
There are no two learners who progress at the same speed. 
There are no two learners who are ready to learn at the same time. 
There are no two learners who use the same learning techniques. 
There are no two learners who solve problems in exactly the same way. 
There are no two learners who have the same interest profile. 
There are no two learners who are motivated to achieve the same goals” [13]. 
Differentiated instruction is defined as an organization of pedagogical practices 

that promotes reporting learners’ needs from a learning situation. This pedagogy gives 
the opportunity to (1) develop the potential to get learners out of a difficult situation 
(2) provide learning content adapted to learners’ preferences (3) cover all the compe-
tencies needed (4) direct the learner to the most appropriate learning path, and (5) to 
make learning situations and activities meaningful. 

Learners are more productive and motivated if they have the means that meet their 
needs. Differentiated instruction ensures the implementation of pedagogical tech-
niques adapted to each learner in order to provide pedagogical responses to a given 
learning situation. However, it does not seek to modify the content to be taught but to 
change the way, in which it is taught; that is, the learners’ success does not depend on 
the content itself but on the ability to know when and how to help them apply their 
knowledge. 

Differentiation focuses on the learner as a core element of pedagogical actions. It 
aims to involve him in the development processes. The main finding of differentiation 
is adapting the work and not personalizing it permanently [14]. In other words, the 
instructor must propose an approach that leads learners to progress from the level at 
which they are in order to keep them in their zone of proximal development (ZPD) 
[15]. Such pedagogy motivates and encourages the learner to reach its expectations 
according to its potentials. 
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According to the scientific literature, differentiated instruction is interpreted in dif-
ferent ways. The idea of a differentiation began with Célestin Freinet by designating a 
system of individualization tools, which take into account the learners differences 
[16]. Formalizing the term “differentiated instruction” is carried out by Louis 
Legrand, who in turn defined it as an educational necessity that prevents conflicts of 
differences between learners in the same learning group [17]. From the perspective of 
André de Peretti, there exist some differentiation derivatives: varied pedagogy and 
diversified pedagogy. First, the varied pedagogy proposes multiple approaches to the 
learner, which correspond to his mode of memorization in order to achieve a better 
learning. Diversified pedagogy uses the diversification of knowledge by multiplying 
the learning paths [18]. As for differentiated instruction, it represents an educational 
way that adjusts learning to the learners’ diversity. It is based on three principles of 
differentiation: (1) developing a variety of learning methods and tools (2) providing 
appropriate responses to learners’ expectations, and (3) identifying appropriate prac-
tices for a particular learner’s need [18] [19]. According to Philippe Meirieu “we 
should not refer differentiated instruction as a new pedagogical system, but rather as 
a dynamic to induce in any pedagogical act ... it is necessary for any teaching” [20]. 
He raises two essential distinctions in differentiated instruction: between differentia-
tion and individualization and between a group of needs and a group of levels. Firstly, 
differentiation offers a diversified learning adapted to learners’ individual specificities 
while engaging them in collaborative activities but individualization gets the learner 
working individually according to a predefined work plan [21] [22]. Thereafter, the 
group of needs is a flexible group constructed over time according to the criteria of 
learners’ distribution. The instructor determines these criteria in advance. Instead, the 
group of levels is a permanent group during the year that gathers learners at the same 
level [21] [23]. For Philippe Perrenoud, to differentiate is “to set up a work organiza-
tion and instructional features that lead to an optimal situation. This organization 
uses all available resources and works on all parameters in order to establish the 
most productive situations for each learner” [24]. 

Basically, differentiated instruction requires an advanced knowledge of learner in 
order to coach and guide him towards the most appropriate learning path; adding that 
it organizes different learning situations to cover the recognized needs. The main goal 
of differentiated instruction is to support constructive learning by proceeding from 
quantity education to quality education [25]. Furthermore, its intention is focused on 
individual paths and cooperative learning that ensure a better understanding and ac-
quisition of knowledge. In other words, differentiation combines between individual, 
intragroup and intergroup work [25] [26]. Differentiation is applied whatever learn-
ers’ curriculum is since its purpose is to set up an adapted learning, which leads to 
useful skills in the professional or personal context. 

The advantages of differentiated instruction are not limited to that; we include the 
fact that allows (1) overcoming emotional and social difficulties (2) supporting a high 
level of learner’s engagement (3) developing emotional competencies, and (4) acquir-
ing know-how.  
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3.2 Components of Differentiated Instruction 

Differentiating learning includes basic levers of differentiated instruction, which 
are: content, process and product. A successful differentiation requires more con-
sistency and progression between its levers to meet learners’ needs [27] [28] [29]. 

Differentiating the Content: The content represents skills and objectives that 
learners need to learn. Creating content involves a pre-assessment to recognize re-
quirements in relation to the course objectives. The instructor must design different 
contents around key aims. The purpose of this differentiation is to provide appropriate 
content for each learner when he proves need. 

Differentiating the Process: The process describes how learners take ownership 
the content. Differentiating the process entails proposing different learning paths 
using different pedagogical practices. At this situation, learners work on the same 
goals according to their learning preferences. This differentiation takes place on three 
levels: before, during and towards the end of learning so that to adequately meet 
learners needs. 

Differentiating the Product: The product or production represents the result of 
learners learning. These vary in different ways (intelligence, involvement, motivation, 
collaboration, and so on). Therefore, they must be allowed to differentiate their pro-
ductions in order to acquire new skills and involving them in the optimal learning 
situations. 

In addition to these three elements of differentiation, some researchers match 
Philippe Meirieu’s idea of managing learners groups in order to address the heteroge-
neity [20][26]. Given that the purpose of differentiated instruction is heterogeneity, 
differentiating the structure needed to be considered as the fourth lever of differentia-
tion. For this, it is intended as an initial step, which aims at apportioning learners into 
learning groups. The organizational criterion of groups should not be permanent but 
flexible since learners are gradually evolving; consequently, they need to be assigned 
to another group sharing common characteristics. Differentiating the structure in-
cludes personal development. It enables learners to take charge of their own learning 
from intra-group and inter-group exchanges [26] [30] [31]. 

For a better illustration, the components of differentiation are summarized in Fig-
ure 1 below. 

3.3 Differentiated Instruction Facing Mastery Learning 

Differentiated instruction and mastery learning represent a structured approach that 
mobilizes scientific practices to design and implement pedagogical strategies. They 
converge towards a common pedagogical goal: identifying and managing learners’ 
diversity. Consequently, the main issue to which they respond tends to experiences of 
failure or difficulty [32]. In-depth studies in educational sciences have considered 
differentiated instruction as a variant of mastery learning [23]. Accordingly, they have 
points of convergence and divergence. 
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Fig. 1. Components of differentiation 

Moreover, Benjamin Bloom introduced the mastery learning since the 1970’s [33]. 
His model is developed around key concepts, namely: differentiated and individual-
ized practices, monitoring progress, evaluation, and feedback [34]. Mastery learning 
affirms as well as differentiated instruction that most learners are able to acquire 
competencies and succeed in their learning. Thus, both pedagogies are based on 
common fundamental elements [35]: 

! Diagnosing the learner situation to create his profile and determine his needs; 
! Structuring the learning into organized and adapted units according to the learner’s 

characteristics;  
! Determining the final and intermediate learning goals; 
! Checking learner’s progress using formative assessment to address significant 

deficiencies. 

Other common points include the fact that the learner is targeted as a central core 
since they offer the opportunity to discover and learn from his own means and experi-
ences. Thus, they lead acquiring and mastering core competencies. The individual 
paths are a basic concept in such pedagogies; they aim to provide the appropriate 
possibilities of assistance for learners according to their needs. 

However, the mastery learning is essentially based on time monitoring which in-
volves cognitive and affective data; that is, mastering a concept depends on the time 
devoted to learning [35]. The basic principle of such pedagogy is to acquire 
knowledge aiming to master specific concepts [36]. In this instance, structuring the 
learning remains stable but mastering time varies from each learner. In contrast to 
differentiated instruction, mastering a concept is related to learner’s preferences and 
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needs. It focuses more on “better learning” than on “better teaching”. For example, 
the transition from one learning unit to another is not affected by mastering all con-
cepts since other resources will be incorporated according to proven needs. Further-
more, the formative assessment is a key component for these pedagogies but it de-
signed to be used differently. As regards mastery learning, assessment focuses on 
curriculum management. However, for differentiated instruction, it focuses on identi-
fying and meeting learning needs [37].    

Adopting mastery learning for MOOC does not seem appropriate, for the reason 
that its benefits are much more different to MOOC requirements. To justify this 
choose, mastery learning carries out more on the time required to master a concept 
than on how to master it. This time variation represents a major constraint for its im-
plementation within MOOC. As a result, we have chosen differentiated instruction for 
its benefits that are aligned with MOOC requirements. 

4 Differentiated Instruction in Action: the Implementing 
Methodology in MOOC 

In traditional education, the implementation of differentiated instruction represents 
a major challenge. It requires indeed in-depth skills and good command of the learn-
ing environment. Technological innovations have increased rapidly and arisen signifi-
cant opportunities to support learning experiences. As a result, digital tools prove to 
be potential catalysts that offer multiple learning paths. They provide innovative prac-
tices for designing instruction that supports learners’ diversity and their needs. The 
differentiated instruction receives more benefits but their exploitation remains com-
plicated. Using digital tools, it becomes possible and feasible.  

To implement differentiated practices within MOOC, we consider some appropri-
ate concepts and techniques. In this section, we start by identifying the basic types of 
differentiation. Next, we focus on differentiation approaches in an online device. 
Finally, we discuss a set of techniques for building learners’ groups and their profiles. 

4.1 Basic Types of Differentiation 

Before implementing differentiated practices, it is necessary to distinguish the 
types of differentiation that exist, we mention as follows: successive differentiation 
and simultaneous differentiation [23][38][39]. 

Successive Differentiation: Successive differentiation is a flexible learning pro-
cess where activities are varied over time and for the same concept. It is programmed 
in a collective framework. In this differentiation, the success criterion is the same for 
all learners but the way to acquire knowledge and know-how is diversified. The suc-
cessive differentiation aims to make available methods, situations or contents for 
learners in order to progress and succeed in their learning while maintaining collec-
tive progress. Moreover, its implementation is easier and more useful to establish. 

The operating mode of successive differentiation is shown graphically in Figure 2 
below. 
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Fig. 2. Successive differentiation 

Simultaneous Differentiation: Simultaneous differentiation starts from the idea of 
simultaneity learning; that is, learners proceed in parallel on different activities ac-
cording to their characteristics. This differentiation is based on individual learning 
project as long as it implies that each learner handle work adapted to his needs, at the 
same time as the other learners. Consequently, delivering a simultaneous strategy 
does not retain a fixed learning process; it requires developing an individual action 
plan to achieve a specific objective. Moreover, its implementation is more complex 
and requires a high degree of precision. 

The process of the simultaneous differentiation is shown in the following graphical 
representation, illustrated in Figure 3. 
 

 
Fig. 3. Simultaneous differentiation 

After presenting the specificities of differentiation types, it is clear that each type 
has advantages and disadvantages. However, if the pedagogical approach fits both 
types, the most relevant one should be implemented, although it is recommended to 
combine both to provide complete differentiation. Combining these types lead to a 
sequencing model of the learning process in 4 steps [21] [22]: 

! Diagnosis: it is the triggering step of the differentiation process. The diagnosis of 
the initial situation makes it possible to gather all the information needed to estab-
lish an appropriate work plan. During this step, the instructor uses the successive 
differentiation by proposing a set of situations and activities to arouse the learners’ 
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interest and then to determine their needs. A well-established diagnosis will lead to 
meaningful results without wasting time; 

! Knowledge integration: it is characterized by proposing different learning paths. 
Therefore, acquiring knowledge can be established in learners groups or individu-
ally. At this level, the differentiation is simultaneous that aimed to enhance 
knowledge related to a particular learning; 

! Assessment: this process is carried out periodically to analyze and interpret the 
obtained results compared to the defined objectives. Performing as a learning regu-
lator, it allows decisions and corrective actions to be made. Assessment can be ap-
plied in different ways but the most recommended one is the criterion-referenced 
assessment. Furthermore, it checks learners’ performances comparing to compe-
tencies defined as criteria; 

! Remediation: the pedagogical decisions are taken on the basis of the assessment 
results. Accordingly, educational methods are introduced as a part of the remedia-
tion plan. For remediation step, the differentiation approach used is simultaneous.   

4.2 Applying Differentiated Instruction for e-learning 

Online learning leverages technology for better learning. With this pedagogical 
trend, adjusting learning process becomes easy and possible by using multiple mo-
dalities of technology. Given that educational technologies support differentiation, its 
design in e-learning is now more feasible. This being so, the e-diff makes reference to 
the implementation of differentiated instruction in e-learning [40]. Therefore, the 
challenge is how to establish differentiation logic in an online device. In order to 
ensure this, it is appropriate to distinguish the different e-diff approaches. They are 
summarized as follows [40]: 

Diffuse Differentiation: It is a way to provide for all learners the same content 
with multiple learning opportunities. This does not directly address learners’ needs 
but stimulates their attention through diversified approaches. The diffuse differentia-
tion concerns the variation of process not content. 

Self-Differentiation: It represents an integrated mechanism enabling learners to 
choose the content that best meets their needs. The aim is to involve learners in the 
learning process and consequently build their own learning paths. 

Naive Differentiation: The main feature of this approach is delivering automati-
cally and randomly a learning content. Unlike some approaches, learners’ needs do 
not represent the criterion of differentiation. This differentiation approach varies parts 
of the content in order to motivate the learners to consult them. Unfortunately, its 
disadvantage is the lack of plans and strategies for differentiation. 

Boolean Differentiation: It adjusts the content for learners according to the ma-
chine logic. Similarly, this approach reaches through assessment to achieve a frame-
work of rules. Based on the results achieved, the content flow is altered to meet learn-
ers’ needs. 

Model-Based Differentiation: This approach generates ideas on how the content 
could be differentiated because it is based on a model of didactic practices and data 
mining techniques. Its ease-of-use represents an important advantage. 
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Language-Based Differentiation: Distance learning offers training without spa-
tio-temporal constraints so that learners are heterogeneous in terms of culture, lan-
guage, competence, and so on. For this, language can constitute differentiation criteri-
on. Language-based differentiation is intended to differentiate content or process 
according to the language chosen. The content delivery is done either by means of a 
content repository in different languages or by using translation technologies. 

These approaches provide a flexible and diversified way to implement differentiat-
ed practices in an online device. Each one meets specific requirements. Given these 
reasons, choosing the appropriate approaches must be made on the basis of a prior 
study. It must also take into account both learners’ needs and pedagogical strategies. 
However, designing a differentiation in e-learning does not depend on using a single 
approach. In the case of a merger between two or more approaches, it is necessary to 
establish a common link leading to desired objectives. 

4.3 Assessment: A Prerequisite for Differentiation 

Teaching and assessment are two inseparable elements and they act in regulation of 
the learning process. Therefore, the assessment is an important dimension in evolution 
and learning strategy plan. It is like an educational action adjuster. According to the 
scientific literature, the assessment definitions are numerous but share a common 
purpose. In this point, assessing covers the learning adjusting in order to progress 
towards educational goals. According to Landsheere, the assessment is an estimate of 
production, which includes a qualitative and quantitative description considered in a 
behavior [41]. As for Abernot, assessment is an attempt to judge a competency on the 
basis of a performance [42]. 

Recent developments in educational systems have focused on assessment because 
of its promising benefits over the learning process. Among its positive features we 
find for example: (1) fostering and stimulating learning (2) supporting learners in 
their learning according to the objectives to be achieved (3) measuring their real pro-
gress (4) regulating learning paths, and (5) reflecting on remediation. 

In the context of differentiated instruction, one of its basic principles is based on 
the assessment and continual adjustments. Promoters of differentiation consider as-
sessment as “a prerequisite for differentiation: it builds a suitable method and appro-
priately takes place in progress” [21]. Therefore, assessment is a core component in 
the implementation of differentiated practices. 

In differentiated instruction, assessment is addressed for both learner and instruc-
tor. First of all, for the learner, it allows him to become aware of his own way of 
learning, his progress, and his difficulties. Through it, the learner can regulate his 
learning and learn how to make progress towards its objectives. Then for the instruc-
tor, it provides him the opportunity to check the learners’ skills and to find out their 
progressions. Furthermore, the instructor uses it to adjust learning decisions, propose 
remedial approaches, and improve the quality of teaching. 

Diversifying the assessment methods is a concrete example to provide differentiat-
ed instruction hence the distinction of several types, namely: prognostic, diagnostic, 
formative and summative. Although differentiated instruction essentially uses two 
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namely: diagnostic assessment and formative assessment. These two types describe 
the most suitable model for setting up a differentiated instruction. 

Diagnostic Assessment: The diagnostic term is generally understood as a first step 
in developing an educational content. In the differentiation gait, it is an integrated 
process for learning as it allows defining the initial state of each learner, and putting 
him in an optimal learning situation using suited means to his preferences. 

Diagnostic assessment generally is emphasized in educational practices while ful-
filling essential functions. Referring to the scientific literature, we recognize two 
essential functions [43]: the first one is sort of prevention, which is mainly, concerned 
setting a new learning sequence. At this level, it aims to adapt teaching to different 
learner characteristics according to their preferences. Additionally, it makes integra-
tion into the learning process as smooth and easy by using diverse methods of teach-
ing. The second function is to study deeply the difficulties that persist in the learner. 
In this situation, examining learning disabilities involve undertaking remedial actions. 

In some respects, the most important strategy of diagnostic assessment is to high-
light acquisitions and some difficulties related to learning. In addition, it informs the 
instructor about the overcoming weaknesses and strengths to sustain. Among its key 
purposes is (1) bringing out acquired learning (2) producing a qualitative and quanti-
tative description (3) helping to afford the appropriate activities to avoid learning 
barriers, and (4) placing the learner in his personal dimension facing his competency 
repository [44] [45].    

Early diagnosis is of paramount importance, which often leads to considerable out-
comes. In addition, the diagnostic approach must be designed around the primary 
objectives. For this, the first step of diagnostic assessment is to collect learner’s data, 
which covers his acquisitions, his learning approaches, his attitudes and his prefer-
ences. Then link all this up by the learner responses analysis to test his core compe-
tencies, and measure his own knowledge in order to build his profile. Ending with the 
decision-making and a proposition of learning paths in terms of learner’s showed 
needs [46]. 

Formative Assessment: Formative assessment is an integral part of the learning 
and monitoring process. It refers to a corrective feedback, which represents a basis for 
qualitative assessment. This type of assessment appears to show promise for improv-
ing consistency learners’ achievements. In brief, formative assessment helps identify 
and fill understanding gaps. Adding that it allows locating where the deviations occur 
in order to be recovered or settled. 

Being the key principle of differentiated instruction, formative assessment is at the 
heart of teaching and learning, it is enshrined in the problem-solving approach [47]. 
Its main objective is regulating the learning process for an objective feedback. This is 
a periodic assessment that occurs at the beginning, the middle and at the end of learn-
ing sequences [45]. Philippe Meirieu highlights the regulatory action that formative 
assessment produces and he stated that: “this regulatory function is essential; it pre-
vents differentiation from being static in a provisional segmentation and, by defini-
tion, questionable” [21]. 

The purpose of formative assessment concerns both learner and instructor. For the 
learner, it helps to (1) strengthen his motivation (2) support his learning (3) help to 
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realize his assets and his gaps, and (4) to develop new skills and learning strategies. 
For the instructor, it allows to (1) monitor the progress of each learner (2) check the 
individual control level (3) take corrective pedagogical decisions, and (4) to redirect 
the activities. 

Formative assessment is designed on the basis of three instrumentations: (1) the 
observation that returns information about the learner and its interactions to define his 
profile (2) the intervention which allows deciding the necessary help actions in the 
learning process just after the analysis action, and (3) the regulation that represents 
the pedagogical strategies in the context of the current activity [47]. The design of 
formative assessment is done in two ways: 

! Normative formative assessment: it compares the learners’ results to a standard 
established by the performance of a reference group [48]. This standard is variable 
depending on the level of the reference group. The objective of the assessment is to 
support learners’ progress by providing the adapted means to achieve an advanced 
level. 

! Criterion-referenced formative assessment: it checks learner performance against a 
defined pattern before creating the test. The conception of the model is based on 
standards that point out skills and targeted performance levels. The criterion-
referenced approach aims to assess the degree of learners’ knowledge acquisition 
independently of each other [48]. 

Both these type of assessment found their way into differentiated educational sys-
tems. In terms of advantages given to the baseline assessments, setting up homogene-
ous learning groups is one. Moreover, assessment processes are not limited only to 
corrective actions and remediation. They are a good management practice for groups, 
which act on various criteria. As a result, it makes possible to create adapted and 
varied devices. 

4.4 Decision Tree to Form Learner Groups 

Clustering learners is a delicate task as long as it has to determine objective criteria 
in order to obtain homogeneous groups. In education, many clustering methods exist, 
but the decision tree has been chosen specially for our work. This technique results in 
a beneficial advantage for the data exploitation. As a result, it allows obtaining a qual-
itative rather than a quantitative result. 

On that point, the decision tree is defined as a very efficient decision-support 
method for making practical use of the data [49]. Its tree structure makes it flexible, 
readable, fast and easy to perform; it can be calculated using advanced algorithms. 
Moreover, this method describes how to distribute individuals into homogeneous 
groups according to established rules and objectives. It is an iterative method, known 
as the recursive partitioning. 

The decision tree is structured as follows: 

! Node: it is defined according to one or more relevant variables, which lead to a 
division; that is, each node undergoes a dichotomy. As a result, there are two types 
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of nodes: an internal node which defines a split of new nodes and an external node 
which represents a leaf obtained by following a path along nodes.  

! Gateway: it represents the link between two nodes. This link corresponds to input 
rules using variables of the dataset. 

! Root: it represents the initial node from which the division begins. 

In our paper, the decision tree aims to gather learners into groups according to in-
put rules in order to optimize the learning situations and thus maximize the chances of 
success. The clustering is carried out in two steps: 

! Initial clustering: it defines the starting groups, which are not randomly construct-
ed but instead using diagnostic approach. This latter represents a relevant and thor-
ough step because it determines clustering criteria;  

! Improved clustering: it updates the learners’ groups when new needs are identified. 
Based on the formative assessment findings, the initial clustering will be improved 
for greater coherence and homogeneity. 

4.5 IMS-LIP: the Standardized Learner Profile Definition 

In an e-learning environment, interoperability is a primary need. To meet this chal-
lenge, standards have been proposed to assist interaction flow and implementation of 
the differentiation process. In this section, the emphasis is on defining learner profile 
and particularly on its standardization. 

Each learner has a set of information that identifies and characterizes him. In 
online learning systems, we use the term “learner profile” instead. It represents a 
structured model or collection of information about the learner. The model contains 
not only general information but also information about the characteristics associated 
with a learner for purposes of [50]: 

! Saving and managing learning, objectives, and achievements; 
! Promoting learners engagement through learning experiences; 
! Identifying learning opportunities for learners. 

To ensure a standardized definition of learner profile in e-learning systems, many 
norms and standards are intended for that purpose. In this paper, we opted for IMS-
LIP (IMS Learner Information Package) as the appropriate standard for presenting 
learner information. The specifications of this standard are numerous, some of which 
meet especially to the requirements of our work. Some of these specifications include 
those support our choice. Firstly, IMS-LIP contains more details and it is more gen-
eral; that is, enough information can be introduced to specify the characteristics that 
must be used in defining learner’s profile. Secondly, it ensures an open exchange of 
learners’ information between different Internet-based systems. In relation to this, it 
supports the interoperability of e-learning environments. Finally, the IMS Learner 
Information Package specification can be linked to other standards. 

Furthermore, IMS-LIP is an IMS Global Standard specification used to present 
learners’ information in a learning experience. In other words, it represents a classical 
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approach to structured CV. In this paper, we provide a way to use the IMS-LIP speci-
fication to make easier the implementation of differentiated practices. Since the dif-
ferentiated instruction manages learners’ diversity, it uses information about learners 
and their learning activities to meet their individual needs. In the same way, IMS 
Learner Information Package is used to specify the characteristics of each learner. For 
this reason, this standard will be embedded in our contribution in order to allow a 
more precise definition about how learners learn. In addition to this, the basic struc-
ture of the IMS-LIP is rich, which offers more meaningful possibilities for adapting 
the differentiated practices proposed. 

The basic structures of the IMS-LIP are based upon [50] [51]: 

! Accessibility: it describes the data regarding learner accessibility (style and learn-
ing preferences, language skills, technological orientation, and so on); 

! Activity: it represents the learner’s manipulations and activities related to a learning 
experience; 

! Affiliation: it represents information about professional organizations belonged; 
! Competency: it refers the learner’s skills and knowledge; 
! Goal: it describes the learner’s objectives; 
! Identification: it contains the general learner information (first and last name, age, 

address, telephone number, e-mail, and so on); 
! Interests: it represents the learner’s hobbies; 
! Qualification, Certification and License (QCL): it represents all the learner’s di-

plomas, certificates, and training; 
! Relationship: it describes the relationships that may exist between the basic ele-

ments of the IMS-LIP structure; 
! Security: it represents the learner’s confidential data (passwords, security codes);  
! Transcript: it summarizes the learner’s results. 

5 diffMOOC: Differentiation System of Learning Paths within 
MOOC 

Engaging learners in pre-designed learning situations without considering their 
needs is a major barrier to success. However, it is necessary to define a flexible peda-
gogical framework that aligns, at the same time, with learning objectives and prefer-
ences of each learner. The aim of our research is to design a structured and structuring 
organization that allows a gradual evolution of the learning process within MOOC, 
from point of view of learner and instructor. 

Consequently, we opted for the differentiated instruction as a basis for remedying 
the recurrent problem of MOOC, which is the dropout rate. Meeting perfectly to the 
particular requirements of these courses, the implementation of differentiated instruc-
tion represents the major rigor. Our contribution is designed to manage learners’ het-
erogeneity and to standardize the pedagogical design of the massive courses.  

In what follows, we propose a differentiation system of learning paths within 
MOOC to maximize the chances of success. This system aims (1) to meet the needs 
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of various learners (2) providing suitable means and working arrangements (3) creat-
ing multiple learning paths, and (4) ensuring that all learners have the skills and 
knowledge they need to reduce dropout. 

To achieve this goal, this section includes (1) the approach used to achieve the sys-
tem and (2) its operating mode. 

5.1 Implementing the Proposed Differentiation System 

In our contribution, we propose a regular pedagogical framework that organizes the 
learning process within MOOC. It focuses on differentiated paths, which lead to the 
same objectives for all learners. In order to develop the proposed system, we used 
some concepts of differentiated instruction, standards for defining the profile of each 
learner, and in addition techniques for managing learner groups. 

The design of the proposed system involves several steps. We synthesize them as 
follows: 

Diagnosis of the Initial Situation: This step identifies the core around which dif-
ferentiated practices will be proposed. It is through which learner’s prerequisites are 
verified. Diagnosis is an initial and essential step as long as it offers a strategic and 
organizational vision to adapt the means and the working arrangements according to 
the needs expressed. 

Learner Profile Definition: The learner profile provides general information 
about each learner (identity, activities, interests, intellectual preferences, learning 
styles, and so on). In terms of our system, we are led to create learners profiles to use 
them in the differentiation process. The profile definition will be based on the IMS-
LIP standard. 

Arranging Learner Groups: Being a component of differentiated instruction, it 
was necessary to set up the learners’ structuring. For this reason, the proposed system 
aims to gather learners into homogeneous groups especially into groups sharing the 
same characteristics. The construction of learners groups is carried out on the basis of 
determined rules with the decision tree. 

5.2 Proposed Differentiation System Functioning 

Having set out the steps involved in our differentiation system of learning paths, it 
is time to describe its operating mode. For this purpose, the functional process of the 
proposed system is presented in the textual form as follows, while Figure 4 illustrates 
its graphical representation: 

! The system begins as soon as a learner is enrolled for MOOC. At registration, the 
learner receives a test whose answers are scored on a numerical scale. This test de-
fines the execution of the learning process; 

! On the basis of the provided answers, the system verifies the initial situation of 
each learner. If he completes the required prerequisites, he can enroll in the course; 
if not the system will recommend to him other resources. It should be noted that 
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learners who do not meet the required prerequisites choose to take course, they will 
be assigned to a group whose results will not be taken into the final statistics; 

! Thereafter the learner profile is defined according to IMS-LIP standard in the pro-
files database. The profile definition provides full traceability on learners’ charac-
teristics and it supports it in implementing differentiated practices; 

! The learner profile is not initiated by stereotypes but based on the diagnostic as-
sessment results. The profile evolves progressively according to learner’s perfor-
mances after each formative assessment; 

! The next step is to gather learners into homogeneous groups. The clustering is 
carried out on the basis of the rules determined with the decision tree. These rules 
can be defined systematically through the system or manually by the instructor; 

! By analyzing needs and preferences of each group, the system provides learning 
experience they need. It will provide the learners with individual learning paths ac-
cording to specific objectives while integrating the pooling of learning process; 

! As a part of the chosen e-diff approach, the design of learning situations considers 
an adjustment of content, process and product; 

! Successful differentiation requires a formative observation, which compares each 
learner to the learning objectives. At this level, a formative assessment is necessary 
since it makes it possible to follow learners’ progress by reviewing their works on 
a regular basis; 

! Based on the formative assessment results and learners’ manipulations, corrective 
actions will be taken to adjust the working arrangements. As a result, the learner 
profile will be updated and the distribution of learners in groups will be improved; 

! The formative assessment process, the updating of learner profile and groups is 
carried out periodically throughout the MOOC; 

! Certificated assessment is the last step of MOOC. However, the objective is not to 
obtain a single homogeneous group with common characteristics but to increase 
the proportion of learners completing the courses and thereby improving the suc-
cess rate. 

 
Fig. 4. Differentiation system of learning paths 
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6 Discussion 

The success rate within MOOC is known notoriously to be low worldwide. That is 
due to several factors, including two of which are discussed in our paper: learners’ 
diversity and discord of the approaches and education methods adopted. In light of 
these reasons, this discussion paper proposes a differentiated approach aimed for all 
learners to assist them step-by-step in order to succeed in their learning. 

Using technological affordances to establish differentiated instruction, create the 
potential for a new evolution phase of learning enhanced by technology. For this 
reason, our contribution consists of setting up a differentiation system of learning 
paths within MOOC to stand the best possible chance of success. 

The proposed system ensures the transition from a classical teaching logic to a 
coaching logic. This creates a dynamic to ensure a meaningful learning by putting the 
learner at the center of his own learning. The aim is not communicating knowledge 
but focusing the learner on the essential to feel interest and need. Among the aims of 
the system is to make pedagogical changes in order to help learners reaching the 
highest possible level of their potential. However, it is necessary to propose pedagog-
ical practices that ensure keeping learners in their zone of proximal development 
(ZPD) and not presenting an obstacle to them. 

Using this contribution, it is possible to combine individual and collaborative 
learning in the same approach. The aim was to find a balance between the autonomy 
of each learner and the cooperation. In other words, it ensures meaningful situations 
within their reach. To this end, we believe that our differentiation system of learning 
paths uses perfectly the fundamental elements of differentiated instruction as well as 
standards and techniques for managing groups to provide a complete and successful 
learning for all learners. 

7 Conclusion 

Differentiated Instruction has been the subject of interesting research as it has at-
tracted the researchers’ interests in educational sciences. Indeed, it aims to control the 
distance between learners’ differences and one of the main issues for school failure 
and inequalities, which is learners’ heterogeneity. Our work is focused mainly on 
implementing differentiated instruction in the MOOC context. Thus, the purpose of 
the paper was to improve the proportion of learners completing courses and implicitly 
improving the success rate. Initially, it was necessary to identify the factors affecting 
the success rate, which led choosing the differentiated instruction as a solution and 
fundamental basis of the contribution. In addition, we have presented the general 
differentiation framework more specifically its definition, its key levers and its rela-
tionship with mastery learning. The introduction of differentiated instruction in the 
MOOC context was a major challenge. Thus, we have put forward the necessary 
technical approaches for this purpose. In the end, we have proposed a differentiation 
system of learning paths adapted to MOOC. The system goal was to (1) structure 
learning process according to learners’ preferences (2) result in an interesting homo-
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geneity of the group (3) support the instructor in decision-making, and (4) to better 
ensures that each learner carries out his learning within MOOC. 

For future research, we are looking to complete a depth analysis by studying learn-
ers’ interactions with various course components. Furthermore, individual needs and 
learners’ preferences could be better addressed by incorporating data analysis tech-
nologies for an optimal identification of appropriate learning paths. In other future 
experiments, we plan to model and implement the system across multiple platforms 
hosting MOOC. 
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