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Abstract. Technology enhanced learning is shifting from a centralized platform 
environment to a variety of elements to support and enrich interactions between 
learners and educational material. In this context, the paper addresses the creation 
of eBooks in EPUB format based on the existing content in a Moodle environment.  
The main purpose is to create enriched eBooks capable of supporting and tracking 
student activity usually reserved to educational environments. The work describes 
a plug-in developed to support Moodle course translation to EPUB and details 
potential user tracking formalization using xAPI.
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1. Introduction
One of the main objectives in the field of technology enhanced learning is to en-

rich educational material with tracking mechanisms. Since the creation of e-learn-
ing standards, this effort has been carried out by several implementations focused 
on structuring the learning content and providing mechanisms to track interactions 
in web-based learning environments (Artacho & Verdejo, 2002; Caswell, Henson, 
Jensen, & Wiley, 2008).

The widespread use of web based learning environments, however, does not 
provide an effective way to achieve ubiquitous learning, nor a seamless way to 
interact with educational media. Usually students tend to print or make handouts in 
paper format in order to have access to a more user-friendly material. However, in 
the evolution of e-learning standards, there is a transition of paradigms as process 
of education is not any longer web-centred, as it has diversified to multiple technol-
ogies, including eBooks. In the times of SCORM, the interaction is supported by 
the Runtime environment, with a heavy implementation in the server-side, which 
implies that we have a local tracking and semantically non interoperable with oth-
er educational systems. The creators of SCORM have evolved to a cloud-based 
tracking called xAPI which achieves semantic interoperability by means of a set of 
statements and verbs linked to a given namespace which can be shared by multiple 
users (Saliah-Hassane, 2014).
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This paper reports on the possibilities of EPUB format when implemented in 
a tool that translates Moodle courses. The main goal is creating interactive and 
traceable EPUB learning content from standard Moodle e-learning courses. Current 
existing approaches do not cover the whole Moodle course, they simply translate 
content and do not consider interaction (Bozkurt & Bozkaya, 2015).

Section 2 describes EPUB format and reveals the possibilities for interaction. 
Section 3 starts with description of the Moodle model for structuring courses and 
existing software tools for conversion in EPUB format. Section 3 continues with 
presentation of our Moodle plug-in creating EPUB course from traditional Moodle 
e-course. In Section 4 is shown how xAPI is used in our EPUB course to handle 
interactions.

2. Why EPUB? Content and interactivity  
The EPUB format was adopted and standardized by IDPF in 20072) as an open 

format for eBooks. According to (Arenas & Barr, The Digital Book in Higher Ed-
ucation: Beyond the Horseless Carriage, 2013) eBooks in general have emerged as 
a mass-market commercial success within the past few years. To date, eBooks only 
replicate the static content of printed books in a digital medium, but EPUB3 in-
troduces mechanisms to provide interactivity and multimedia integration by using 
JavaScript and HTML5. With these characteristics the EPUB3 can provide similar 
tracking to web-based learning environments, but with a more ubiquitous device, 
moving forward anytime-anywhere education. As a result, the EPUB3 format of-
fers a complete solution for portable, interactive, connected content, and it is rel-
atively simple to map the requirements for an interactive learning activity onto 
baseline EPUB capabilities.

2.1. EPUB structure
The EPUB format is basically a compressed (*.zip) file containing a structure 

as shown in Fig. 1.
Main component is the manifest file that structures and references the rest of 

the elements. EPUB content is structured by the *.opf file, which determines the 
index, and the *.html files which describes the book content and formatting (using 
*.css files).

EPUBs can be downloaded and read on different devices like smartphones, tab-
lets, PCs or e-book readers. All modern devices have e-book reading software. 
Thus, the EPUB resources can be used by students or teachers both off-line and 
on-line with the user’s favourite contemporary device and reading software. Now-
adays, it continues its evolution as recommended standard from the Book Industry 
Study Group for packaging content in book publishing industry. EPUB is rapidly 
gaining momentum, because it is the most widely supported vendor-independent 
XML-based e-book format. Because it is supported by the largest number of hard-
ware readers, it is easily used.
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Fig. 1. Structure of an EPUB (Source: edrLAB)

2.2. Interactivity in EPUB using xAPI standard 
As pointed out by (Arenas, Richards, & Barr, The IEEE Actionable Data Book: 

A platform for inclusive education, 2013) the evolution of eBook readers’ devices 
leads to be considered as the new runtime environment where learner interactions 
are tracked and learner behaviour is structured using xAPI capabilities to formalize 
user interactions.

In this work, EPUB has been selected precisely because it allows to use JavaS-
cript embedded code to describe the user actions by means of xAPI statements. 
Surprisingly, a traditionally passive eBook can be turned into a rich interactive ed-
ucational platform tracking learner activity by means of the Learning Record Store 
(LRS) that holds the structured interactions in a cloud-based model. 

In the specification Experience API8) (or xAPI) is described as a next generation 
e-learning standard, which combined with SCORM allows e-learning to use mod-
ern technologies in an interoperable way. The xAPI is based on specification Activ-
ity Streams, which capture the activity on social networks, created by companies 
like Google, Facebook, Microsoft, IBM, etc. It will basically obtain the learning 
traces of the students by tracking and storing their learning experiences (Nouira, 
Cheniti-Belcadhi, & Braham, 2018).

A couple of the most important characteristics of the xAPI are:
– Operates with disconnected or occasionally connected environments;
– Provides the learning content outside of the Learning Management Systems 

(LMS);
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– Provides data, which can be used to design better interactive and adaptive 
learning experiences;

– Delivers opportunities to create multi-modal learning experiences by analys-
ing the provided data;

– Reports data from team-based training;
– Reports data from multiple tests (scores) and many test attempts.

Fig. 2. xAPI statements (Source: ADL1)

The xAPI collects data about the wide range of experiences a person has done 
online or offline in statements in the form of “Noun, verb, object” or “I did this” 
(see Fig. 2). The xAPI gets data in a consistent format about a person or group’s ac-
tivities from many technologies. In this way very different systems could securely 
communicate by this stream of activities. 

Interaction is achieved by a system that not only presents static data to students, 
but takes into account the actions they perform on it and their progress throughout 
its content (Amrieh, Hamtini, & Aljarah, 2015). User activities are saved as state-
ments in the LRS. Further reports and data mining techniques can be applied to 
them at a later stage (Chakravarthy & Raman, 2014) or the LRS can share these 
statements with other LRSs. The LRS can exist on its own, or inside an LMS.

3. Building a Moodle plug-in for conversion of e-course to EPUB book
The main goal of this attempt is to create a plug-in for Moodle4), which converts 

e-learning courses into EPUB files. The major challenge is the conversion to inter-
active EPUB course.

The module is used to create learning resources, suitable for mobile devices 
where students can study learning content in a different format, answer questions/
assignments, get feedback from a teacher or the system and in overall tracking and 
storing their learning traces (Nouira, Cheniti-Belcadhi, & Braham, 2018).
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3.1. Learning resources and activities in Moodle
Moodle is a free online LMS, which is widely used. Moodle can meet needs 

of different users (teachers, students, authors and administrators), customizing its 
core features. Moodle proposes a variety of resources and activities to construct one 
dynamical learning course, using any exciting methodology:

– Resources – file, folder, URL, label, page, book, etc.;
– Activities – lesson, quiz, assignment, workshop, database, wiki, glossary, 

chat, forum, external tool, etc.
Activities require sometimes students to interact with other actors in the learn-

ing process and like in (Amrieh, Hamtini, & Aljarah, 2015) the system needs to 
store and analyse the performed actions. Such formal learning in Moodle can be 
executed with the help of a plugin5) that emits events from the system logs and 
sends them to a LRS as xAPI statements.

3.2. eLearning platforms and EPUB conversion
There are only a couple of adds-on6) for the e-learning platforms, that realize 

some conversion from/to EPUB: Lucimoo, custom plugins for Moodle and SHEilds.
The EPUB format is not supported by Moodle. Lucimoo3) consists of two plug-

ins for the Moodle book module. One plug-in that provides functionality to import 
material from EPUB e-books into a book in the Moodle book module, and another 
plug-in that provides functionality to export books from the Moodle book module 
as EPUB e-books. The import adds-on, in addition to importing an entire book, 
can import chapters as individual books. The EPUBs can be imported from files 
and from URLs. The export adds-on can export a book even with imported EPUB 
e-books in the content.

EPUB book export tool for Moodle6) is a plug-in that adds the possibility to ex-
port a book module inside a Moodle course. It adds a link inside the book settings 
which will download the generated EPUB file. There is also an option to include 
an image to the book.

The plug-in, used by SHEilds eLearning platform7) allows lesson modules to be 
exported to EPUB documents. The plug-in is capable to export document pages and 
question pages (although some answers are not shown, such as short answer ques-
tions). This SHEilds plug-in is presented in Moodle6) as Lesson Export EPUB tool.

Wiki export plug-in for Moodle6) adds the ability to export Moodle wikis as 
either PDFs or EPUB documents. Originally plug-in was commissioned by the 
Judicial Institute for Scotland for their Totara LMS. The plug-in allows to order the 
pages in the export.

The drawbacks in Lucimoo come with the scope of exportable content. The 
option to only export and import book modules greatly restricts the data that can be 
used in a generated EPUB as Moodle courses have in times several different types 
of modules. There are courses in Moodle that consists only of book module, but 



464

Martin Takev, Miguel Rodríguez-Artacho, Elena Somova

they are a small excerption. Book modules contain only static content and cannot 
incorporate interaction into the created EPUB file, thus making the content not so 
appealing to the learners.

The main drawback of SHEilds is that it wasn’t made specifically for Moodle 
and its usage is not optimal. Exporting a whole lesson module, as well as question 
pages provides the level of completeness of the EPUB file and the interactive part 
of it. But there are still areas to improve like range of exported modules and display 
of questions.

3.3. Exporting e-course to EPUB book
In order to create an easily accessible and usable module, a plug-in is done 

to create a new block. This block could be then added on every Moodle page. It 
lists all the courses available for exporting and contains links to download them in 
EPUB format.

In the current, first version of our plug-in (Fig. 3), we succeeded to transform 
the following Moodle components: file, folder, URL, label, page, book, lesson and 
quiz with certain types of questions. Conversion of file, folder, URL, page, label 
and book gives the static part of the EPUB course.

Fig. 3. View of the developed plug-in for export of Moodle courses to EPUB

The plug-in takes the data directly from the corresponding tables in the Moodle 
database and creates the HTML view, showing all available exportable courses. 
The courses are exported to an e-book, that lists all the course activities one after 
another and in the end of the document there is a table of contents (ToC).

Lesson and quiz create the more complicated interactive part of the EPUB 
course, including both lessons’ document and question pages. The quiz contains 
a great assortment of questions/assignments; therefore, the assessment of the 
student can be made as said in (Nouira, Cheniti-Belcadhi, & Braham, 2018) 
with a limited number of common question types: multiple choice question, 
multiple answer question, essay, matching, short answer, true/false question 
and cloze test/gap fill.
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The processing of quiz questions is done, using JavaScript. The correct answer 
is hidden in the file content and then compared with the answer given by the stu-
dent. Besides being evaluated, the answers are at the same time captured and send 
as xAPI activity statements, so the quiz data can be interpreted (like in (Chakravar-
thy & Raman, 2014)) at a later point in time. The lesson module consists of parts 
that are shown conditionally. The user may see one learning content or another, de-
pending on the actions he/she takes during the interaction with the lesson content. 
The workflow in the document is accomplished again with the use of JavaScript. 
Specific parts of it are hidden, so to be later made visible and the other way around. 
Additionally, the student’s progress thru the learning material is stored with another 
one of xAPI’s ‘endpoints’ – the State API, which describes the connection between 
a user and a material, saved in a given “state”. This is especially helpful when the 
learning material is accessed thru different devices or if the device does not have 
its own internal storage9).

4. Model for recording learning activities using xAPI
An xAPI profile10) offers documentation of specific vocabulary and statement 

templates for implementing xAPI. Profiles follow practices, keeping them discov-
erable and reusable. It is common to see different profiles meant for reflecting the 
same activity, thus complicating the use of the data mined. Other complications, 
presented in (Corbi & Burgos, 2014), occur with the missing abilities of xAPI to 
record consistent and interoperable data. Institutions adopt xAPI to continue track-
ing students learning process beyond the normal course, where they are physically 
present.

Finally, we are going to propose a xAPI profile and define some verbs. The xAPI 
profile for an interactive EPUB learning content could consist of the following ac-
tions: content oriented and interaction oriented.

4.1. Content oriented actions
Tracking a user as he/she is accessing and viewing the content can be useful for 

checking whether enough time is being spent on the learning content:
– User has accessed page x;
– User has left page x;
– User has stayed x minutes on page y.

Furthermore, implementation of statements that track users highlighting specific 
parts of the learning content or adding comments to specific sentences and phrases, 
can lead to insight on which are the most valuable parts of the study content or parts 
not written well, that aggregate into misunderstood content, misleading students 
learning process or simply generate more questions in students.

There are visible markers that show if a student had interest in a learning mate-
rial like actions, performed on the learning content:
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– User highlighted text in document;
– User added comment to text in document.

Knowing the assessment score of the student, several conclusions can be 
made using the data stored on how long he/she has spent on the educational 
materials:

– User knew the content from before – If there is little or no time spent on the 
material and the assessment score is high, then the student must have known 
the material and has studied it before;

– User has learned the content – If the assessment score is high and there’s suf-
ficient time spent on the material present, then the student must have spared 
time on the material and learned it;

– User did not study the content – No time spent on the material and a low score 
means student did not have any interest in learning the content neither in 
studying for the assessment;

– User had difficulty learning the content – Student having a low score 
with a considerable time spent on the material means that there were 
problems comprehending it and maybe rewriting the part of the material 
that’s being assessed or giving some support to the student is appropri-
ate.

Finally, tracking opening files and links inside the EPUB file helps determine 
whether the user has gone through all of the content. Only students actively en-
gaged in the study material search for additional learning content besides the one 
that’s obligatory:

– User opened file;
– User accessed link.

4.2. Interaction oriented actions
Interaction activities in the xAPI Specification12) define how to process struc-

tures for interactions and assessments in traditional e-learning. They are intended 
to provide a simple and familiar utility for recording interaction data. Listed below 
are different kinds of interactions that may aid in the assessment of the learners and 
understanding their behavior:

– User selected answer x – Marking an answer without then submitting 
it could either mean that this happened by mistake or in some cases – 
that the user is unsure of the correct answer and is hesitating between 
answers. Then after analysing the users’ behaviour, if there is data that 
several people have been in fact hesitating between the same answers, 
then it can be concluded that the learning content does not provide good 
instructions, the question is poorly written or just too complicated. There 
may be questions that are purposely written this way to require more ef-
fort from the learners in answering them.
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– User completed question/test x in y minutes – data for question/test comple-
tion time gives great understanding of material complicity level and whether 
learners found it easy or hard to complete it. In relation to the time spent on 
the learning content, several conclusions can be made like how much time is 
needed to assimilate the new material.

– User answered correct/wrong – influences the flow in which the learning 
material is shown to the learner (show additional learning resources if users 
have scored high on tests/questions and vice versa).

The following standardized verbs can be used for the above-mentioned actions11:
– attempted – indicates the actor made an effort to access the object. An attempt 

statement without additional activities could be considered incomplete in 
some cases;

– commented – indicates the actor provided digital or written annotations on or 
about an object;

– completed – indicates the actor has finished or concluded the activity normal-
ly;

– exited – indicates the actor intentionally departed from the activity or 
object;

– failed – indicates the actor did not successfully pass an activity to a level of 
predetermined satisfaction;

– initialized – indicates the activity provider has determined that the actor suc-
cessfully started an activity;

– interacted – indicates the actor engaged with a physical or virtual 
object;

– launched – indicates the actor attempted to start an activity;
– passed – indicates the actor successfully passed an activity to a level of pre-

determined satisfaction;
– progressed – indicates a value of how much of an actor has advanced or 

moved through an activity;
– scored – indicates a numerical value related to an actor’s performance on an 

activity.
The following standardized activities can be used for the above-mentioned ac-

tions11:
– course – represents the learning material of an entire “content package”. The 

largest level of granularity. Unless flat, a course consists of multiple mod-
ules;

– module – represents any “content aggregation” at least one level below the 
course level. Modules can exist for layering purposes. Modules are not con-
tent. Modules are one level up from all content;

– question – part of an assessment and requires a response from the learner, a 
response that is then evaluated for correctness.
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  
Fig. 4. Example statement, sent to xAPI, when a user answers a question in a 

test 

On the base of these verbs and activities are written statements, which are sent 
to xAPI to show user activity. Fig. 4 shows an example statement that will be sent 
to xAPI when a user answers a question in a test.

5. Conclusions
In this paper we have shown that xAPI is a promising architecture to carry out 

an educational experience and to implement student tracking. We have also pre-
sented the use of a tool to map Moodle courses into EPUB3 format using xAPI as 
the runtime environment.

EPUB capabilities have not been fully explored yet. We plan to implement a 
more abstract modelling of the educational content, not only using Moodle struc-
ture of courses, but using an educational modelling language to explore the author-
ing process in EPUB, as we have already done with web based environments in the 
past.

Current effort of existing special interest groups (SIG) in ADL and IEEE to 
develop interactive EPUBs are also a promising reference, and will be helpful 
in the achievement of these goals. This work illustrates a little piece in the 
overall puzzle of learning devices and interactions. Our further work will try to 
provide a more structured authoring and enriched modelling of statements and 
interactions.
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