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Abstract—Development, packaging and deployment of 
educational games following e-Learning standards has benefits, 
such as improved reusability and interoperability of contents. 
Moreover, standards can facilitate that games exchange data 
with other software agents (e.g. Learning Management Systems - 
LMS) in a standardized manner, which opens up a wide range of 
possibilities for next generation Game-Based Learning 
experiences. However, the application of standards to games 
poses a technical challenge. There is a clear need for tools that 
simplify this process for teachers and educators with limited 
technical background. In this paper we present how the <e-
Adventure> platform is addressing this problem, with special 
focus in the exchange of data to/from the games. Tools being 
developed for facilitating packaging, deployment and debugging 
of educational games with standards are described. On the one 
hand, these tools facilitate testing and debugging since they allow 
simulation of game deployment with active communication 
without needing a back-end LMS. On the other hand, they 
smooth the learning curve that is needed to understand the 
standards and their possibilities when combined with games. 
Finally a case study focusing on the SCORM standard is 
presented. 

Keywords-<e-Adventure>; educational games; SCORM; 
standards. 

I.  INTRODUCTION 

Current research in e-Learning is now trying to determine 
new ways to use serious games for education that take 
advantage from all their potential, assuming that their value as 
learning tools is no more under discussion, thanks to recent 
works in the field [1-4].  

In this line, there is interest in exploring the application of 
e-Learning standards to educational games [5], [6].  Publishers, 
teachers and educational organizations can expect benefits 
from development, packaging and deployment of educational 
games following e-Learning standards, like the improved 
reusability and interoperability of Game-Based learning 
courses, protecting the investments in contents that are 

expensive to produce compared to other materials [7].  

There are also works pushing this research line forward by 
addressing the active communication between games and 
Learning Management Systems (e.g. Moodle, Sakai or 
Blackboard) [8], [9]. The argument is that as games are highly 
interactive, they can be used for student tracking and 
assessment, if they are connected to a back-end (LMS) that 
allows educators to access the information. Also the games can 
use relevant data that is available in the LMS (e.g. student 
profile and achievements) to improve the game experience. For 
these purposes educational gaming stakeholders can profit 
from standards like ADL SCORM, that specify communication 
protocols and data models between contents and LMS, thus 
investment is still protected. 

But e-Learning standards are technically complex, 
especially if they also address active communication like 
SCORM. To fully exploit these opportunities, teachers, 
educators and other stakeholders need specialized tools that 
simplify packaging, deployment, debugging and testing the 
educational games with standards. 

This paper is structured as follows: section II provides a 
brief overview of current research in games and e-Learning 
standards. Section III introduces the <e-Adventure> game 
authoring platform, its current compliance with e-Learning 
standards (e.g. IMS Content Packaging [10], ADL SCORM 
v1.2 and 2004 [11]), and integrated tools for testing and 
debugging game deployment with communication. Section IV 
exemplifies these ideas through a case study. Finally section V 
provides conclusions and future work. 

II. EDUCATIONAL GAMES AND E-LEARNING STANDARDS  

Section II.A provides a short introduction to recent research 
in the field of educational games. This section is linked to II.B, 
which covers the e-Learning standards that are particularly 
relevant to the reuse of educational games. 

A. Educational Games 

The interest in the application of digital games to education 
is not new, with first experiences and seminal works dating 
from the 70's and 80's [12], [13]. However, it has grown 
exponentially in the last decade, both at research and market 
levels, aiming at providing students with more attractive, 
engaging and meaningful content.  

The Regional Government of Madrid (Spain), through the eMadrid
Network of Excellence in e-Learning (S2009/TIC-1650), and the European
Commission, through the Network of Excellence in Serious Games GALA
(Games And Learning FP7-ICT-2009-5-258169) and the LLP program
(SEGAN 519332-LLP-1-2011-1-PT-KA3-KA3NW, CHERMUG 519023-
LLP-1-2011-1-UK-KA3-KA3MP and the ProActive 505469-LLP-1-2009-1-
ES-KA3-KA3MP) have partially supported this work. The Spanish Ministry
of Industry, Tourism and Trade (grants TSI-020312-2009-27 and TSI-020110-
2009-170), the Spanish Ministry of Science and Innovation (TIN2010-21735-
C02-02), and the Complutense University of Madrid (e-Learning research
group no. GR35/10-A)  have also supported this work. 
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Although using games for education does not always mean 
an improvement in learning [14], and no few scholars have 
pointed out barriers that limit the potential of Game-Based 
Learning [15-17], recent research proves that educational 
games can improve both students' motivation [18] and learning 
outcomes [3]. 

So, now that the community starts to accept games' 
educational potential, other authors have started to consider 
multiple ways to enhance education with educational games. In 
this line, the potential of games to support adaptive learning 
and improve personalization in learning is an active topic [19]. 
Besides, other authors are interested in using the valuable user-
interaction information that games can generate to evaluate 
student knowledge and skills put into practice as part of the 
game play [20], [21].  

B. e-Learning Standards 

A key aspect for the success of the learning process in e-
Learning courses is the availability of good quality materials. 
However, the creation of high-quality digital contents usually 
requires the involvement of technical experts, educators and 
domain-experts, thus increasing the development costs. This 
situation is even worse for educational games, where game 
developers and graphic artists are also required. So, finding 
ways to ensure the reuse of the contents developed while 
reducing the risks presented by future platform migrations 
becomes a problem of the utmost importance. 

The Learning Object paradigm [22] opened a broad range 
of opportunities to facilitate the distribution, sharing and reuse 
of learning materials, at least from the technical point of view. 
As a result of this new paradigm, several specifications and 
standards were proposed in order to avoid a vendor lock-in to a 
specific platform or tool, and to facilitate the interchange of the 
learning contents between tools. 

As part of the implementation of this LO development 
model, content developers must deal with the proposed e-
Learning specifications and standards. The e-Learning 
specifications and standards deal with different interrelated 
aspects of the LO model, in particular: 

 Packaging. This aspect is related to the creation of 
interchangeable content units that can be understood 
by different tools and platforms, thus facilitating the 
migration of content between platforms, or the 
collaboration of tools made by different vendors. 

 Tagging. Learning content repositories were created in 
order to facilitate the interchange of learning materials 
among educators. In order to facilitate content 
classification and retrieval, it is needed to associate 
metadata information to the learning materials 
describing different aspects like the educational 
purpose, the target audience and technical 
requirements, among others. 

 Learning Management System communication. 
Some educational contents can extract assessment 
information about student performance. Besides, some 
contents can adapt its content to specific student needs 
using the student's profile. For these reasons, a 

communication link between content and LMS is 
needed to exchange this kind of information. 

There are different specifications and standards that cover 
the different aspects described above, some of them are: IMS 
Content Packaging (IMS-CP) [23], IEEE Learning Object 
Metadata (IEEE LOM) [24] and ADL Shareable Content 
Object Reference Model (SCORM) [25]. 

The IMS Content Packaging specification (IMS CP) [23] 
defines a means for packing self-contained educational 
resources as LO. IMS CP is flexible enough to allow the 
packaging of educational resources of different levels of 
granularity. Particularly, version 1.2 has been taken as starting 
point for the ISO/IEC 12785 standards family for content 
packaging. 

The IEEE Learning Object Metadata (LOM) standard is 
part of the IEEE 1484.12 standards family [24] and defines a 
common set of metadata categories and vocabulary that can be 
used to describe and catalogue learning resources. 

The ADL Shareable Content Object Reference Model 
(SCORM) [25] is an application profile of other e-Learning 
specifications, particularly IMS-CP and IEEE LOM. This 
specification has strongly focused on active content. The ADL 
SCORM 2004 3rd edition has been actually adopted as 
technical recommendation (de-facto standard) by the ISO/IEC 
JTC1 SC36 committee in the form of ISO/IEC TR 29163 
family. The SCORM specification covers the three aspects of 
packaging, tagging and communication above described.  

However, there is no wide accepted specification or 
standard that deals with the integration of educational games in 
general and in particular when games are used in collaboration 
with a LMS. 

III. <E-ADVENTURE> 

<e-Adventure> is an educational game authoring platform 
developed by the e-Learning research group from Complutense 
University of Madrid (http://e-adventure.e-ucm.es). Although it 
was originally focused on point-and-click adventure games and 
simulations [26], it has evolved and matured allowing the 
development of other 2D highly interactive contents (Figure 1) 
[27], [28].  

The core of the <e-Adventure> platform is the game editor 
(Figure 2), that allows the development of games and 
simulations in a teacher-oriented way. In this manner games 
can be developed without coding. Besides, games' educational 
value can be enhanced by configuring education-oriented 
features like assessment and adaptation profiles.  

The assessment profiles are the means for filtering the large 
amount of information produced by the tracking system that 
<e-Adventure> includes. The assessment profiles use this 
information to generate two assessment reports: one is human-
readable that can be delivered to the teacher or the student as 
feedback; the second is designed to be easy processed by an 
application like a LMS [29]. 

The adaptation profiles allows to customize the game 
experience for the student according to data gathered from 
outside the game (e.g. from a LMS) [30].  
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