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a b s t r a c t 

In this paper a novel approach to reuse units of learning (UoLs) – such as courses, seminars, workshops, 

and so on – is presented. Virtual learning environments (VLEs) do not usually provide the tools to ex- 

port in a standardized format the designed UoLs, making thus more challenging their reuse in a different 

platform. Taking into account that many of these VLEs are legacy or proprietary systems, the implemen- 

tation of a specific software is usually out of place. However, these systems have in common that they 

record the events of students and teachers during the learning process. The approach presented in this 

paper makes use of these logs (i) to extract the learning flow structure using process mining, and (ii) 

to obtain the underlying rules that control the adaptive learning of students by means of decision tree 

learning. Finally, (iii) the process structure and the adaptive rules are recompiled in IMS Learning Design 

(IMS LD) – the de facto educational modeling language standard. The three steps of our approach have 

been validated with UoLs from different domains. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

While designing a course, there are two main concerns that 

worsen the realization of an educational scenario: (i) how to model 

a practical pedagogical scenario to achieve the educational objec- 

tives, and (ii) how to reuse this scenario in another context than 

the original. Teachers do not only define the learning content to be 

consumed by the learners, but they also include the different edu- 

cational objectives, the order in which the learning activities must 

be undertaken to achieve these objectives, the evaluation methods, 

etc. Hence, to reuse and better validate an educational scenario, it 

should be explicitly written. Although these learning designs, i.e., 

the descriptions of the educational process, are usually portrayed 

with documents that use natural language, they can be formally 

described through Educational Modeling Languages (EMLs). More- 

over, when interacting with a virtual learning environment (VLE), 

learners also perform additional activities than the specifically de- 

fined by the teachers, such as interacting in the forum, checking 

the bibliography, etc. This information should be also highlighted 

to enable teachers to improve the learning flow , i.e., the real work- 

flow of learning activities, as well as the evaluation process [33] . 

Therefore, the defined educational scenario is more complex than 

the learning design explicitly documented by teachers. 
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In the last decade a great effort has been made for develop- 

ing EMLs. The main idea underlying these languages is to describe, 

from a pedagogical point of view, the learning process of the 

course, i.e., the sequence of steps the learners should undertake to 

achieve the educational objectives of the course, by using the avail- 

able educational resources and services. Regarding the wide vari- 

ety of specifications for representing learning designs, one stan- 

dard de facto has jumped into e-learning panorama: the IMS Learn- 

ing Design (IMS LD) specification [8] . IMS LD enables the formal 

description of learning processes for a wide range of pedagogi- 

cal contexts in a VLE. Although there is some controversy about 

whether IMS LD is too complex to be understood by teachers from 

a practical point of view [11] – especially with the levels B and C –

most of authors highlight this complexity as a barrier for adopting 

IMS LD [25] . 

To deal with this issue, a number of user-friendly authoring 

tools have appeared [5,9,14,16,19,24] , but even with these tools, au- 

thoring process of IMS LD units of learning 1 (UoLs) is not easy 

for teachers when these UoLs are complex or require to use ad- 

vanced features of this standard. The automatic reconstruction of 

UoLs could relieve this issue [25] , promoting the use of IMS LD 

by teachers and instructors. Taking as starting point the event 

log files, which stores all the events generated by the learners, it 

1 An UoL represents a variety of prescribed activities, assessments and services 

provided by teachers, in a course or lesson, which is the result of the learning de- 

sign. 
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is possible to mine the real behavior undertaken by the students 

during the UoL, i.e., what the learners really did, and the rules that 

constraint the behavior of the model. Then, by combining these 

two models, it is possible to reconstruct the UoL to a specific tar- 

get language. Therefore, this process facilitates the reuse of defined 

UoLs no matter the VLE that has been used, as the techniques used 

for both mining the variable values and the formal model are to- 

tally independent of the domain. Therefore, teachers can design 

their courses within their VLE, avoiding the need to use an au- 

thoring tool with a specific EML notation, and still be possible to 

reconstruct the UoLs from the scratch to a target language – such 

as IMS LD. 

In this paper, we present an approach to automatically recon- 

struct the IMS LD representation of an UoL from the events gener- 

ated by the learners in the VLE. This objective is achieved in three 

different steps. Firstly, the learning flow of the UoL is automati- 

cally extracted from the logged sequences through a process dis- 

covery algorithm . Then an algorithm based on the knowledge about 

the IMS LD control structure is applied to determine which IMS LD 

components should be created. Finally the adaptive rules of the 

UoL are automatically extracted from the event logs – more specif- 

ically, from the variable values of the logs – by a decision tree 

learning algorithm, and integrated into the IMS LD structure. The 

contributions of this proposal are: (i) a new framework to facili- 

tate the reuse of UoLs between different VLEs; (ii) the automatic 

discovery of learning processes from event logs and its recompila- 

tion to IMS LD; and (iii) the automatic identification of the adap- 

tive rules from event logs. 

Notice that IMS LD has a high expressiveness to allow the def- 

inition and orchestration of complex activity flows in a multi-role 

setting, but at the expense of complexity. In fact, current IMS LD 

research seems to accept the assumption that specification’s con- 

ceptual complexity hiders the authoring process [11] . Taking this 

into account, another objective of this paper is to reduce this bar- 

rier and facilitate the adoption of UoLs specified in IMS LD by in- 

structors. Specifically, the proposed semi-automatic approach hides 

the complexity of the EML language, so instructors only have to 

decide which one of the recompiled processes fits better with the 

learning objectives of the UoL, in terms of structure and adaptive 

criteria. Henceforth, the main research question addressed in this 

paper is the automatic reconstruction of UoLs from scratch, as the 

state of the art heavily relies in the participation and feedback 

from all appropriate personnel and users during the whole process, 

hindering the reuse of UoLs in different platforms. 

The remainder of this paper is structured as follows. Section 2 

briefly introduces the main features of the IMS LD specification. 

Section 3 describes the different approaches that have already 

been proposed and that motivated our approach. Then, Section 4 

presents the framework that supports the mining of log files and 

the reconstruction of IMS LD. Sections 5 and 6 detail, respectively, 

how the learning flow – through a process discovery algorithm –

and the adaptive rules – through a decision tree algorithm – are 

mined from the logs. Then, Section 7 details the transformation 

from these two models to the actual target language (IMS LD). 

Section 8 shows the results and, finally Section 9 points out the 

conclusions and future work. 

2. IMS Learning Design 

IMS LD specification is a meta-data standard that describes 

all the elements of the design of a teaching–learning process [8] . 

This specification is based on: (i) a well-founded conceptual model 

that describes the vocabulary and the functional relations between 

the concepts of the learning design; (ii) an information model that 

details in natural language the semantics of every concept and 

relation introduced in the conceptual model; and (iii) a behavioral 

model that specifies the constraints imposed to the software 

system when a given learning design is executed in run-time. In 

other words, the behavioral model defines the semantics during 

the execution phase. Furthermore, IMS LD defines three levels 

of implementation depending on whether the learning design is 

adaptive or not: 

• Level A . This first level contains the main components of a UoL: 

participants (roles), pedagogical objectives, resources (services 

and contents), and learning design. This last component is un- 

derstood as the coordination of the learning activities to be per- 

formed by the participants to achieve the pedagogical objec- 

tives, i.e., the learning design describes the learning flow – or 

learning path – to be followed by learners in a UoL. To describe 

this learning design, the IMS LD specification follows a theater 

metaphor where there are a number of plays, that can be in- 

terpreted as the runscripts for the execution of the UoL and 

that are concurrently executed, being independent of each other. 

Each one of these plays is composed by a set of acts, which can 

be understood as a module or chapter in a course. Acts are per- 

formed in sequence and define the activities that participants 

must do. This model also allows the assignation of roles to the 

participants and partitioning the activities of an act according 

to those roles. In this case, each one of the partitions can run 

in parallel . Finally, activities can be simple or complex, the lat- 

ter may consist of a sequence or selection of activities (simple or 

complex). 
• Level B . This level adds properties and conditions to level A. It 

also adds monitoring services and global elements which allow 

users to create more complex structures. The properties store 

information about people (preferences, outcomes, roles, etc.), 

personal information, or even about the learning design itself. 

Level B also establishes (i) the visibility of the elements of the 

learning flow; (ii) if properties are transient or should persist 

across multiple sessions; and (iii) the set of operators and ex- 

pressions that may transform the value of properties and the 

visibility of elements. For instance, adaptation is usually based 

on the visibility of the activities of the learning flow, since IMS 

LD does not have control structures such an if-then-else . There- 

fore, the adaptation rules use properties, such as a test score, an 

answer to a specific exercise, and so on, to decide the learning 

path of the student through the visibility of the activities. 
• Level C . The last level incorporates notifications to level B. No- 

tifications fire automatically in response to events triggered in 

the learning process. For example, if a student submits a job, 

an email to report the event could be automatically sent to the 

teacher. 

Taking this into account, the objective of this paper can be de- 

fined more precisely as recompiling the structure of the learning 

process defined at level A and the properties and adaptation rules 

at level B from event log files. 

3. State of the art 

We have focused our analysis of the state of the art in the top- 

ics and fields that motivated our approach: (i) IMS LD authoring 

tools; (ii) the reconstruction of IMS LD; and (iii) the applications 

of process mining in education. 

For the last years, a number of IMS LD authoring tools have 

been developed. These solutions allow a better analysis of the re- 

lated educational design approaches by trying to relieve the com- 

plexity of this standard to teachers and instructors. ASK-LDT [19] 

provides a graphical interface that allows to hide the complexity 

of the IMS LD control structure and adaptive components. The au- 

thors define an abstract high-level architecture for designing ped- 

agogical scenarios that can be reused in different virtual learning 
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