
Abstract— This paper explains how a software architecture 
was planned, designed and implemented to help in the support of 
eLearning activities within a virtual laboratory inside the Second 
Life Virtual World. It delves into the problems related to this 
kind of systems and architectures and detects the possible benefits 
they could provide to eLearning processes. The paper shows how 
the software engineering principles and procedures are applied in 
order to solve problems like data gathering from Virtual Worlds, 
data analytics of information related to interaction between a user 
and a 3D environment, and how they can be applied to enhance 
the students’ learning process and teachers’ assessment of this 
learning process. This paper also shows the software product 
resulting of this engineering process, as well as the outcomes from 
the application of the solution in a real context during two 
academic years involving postgraduate students and subjects of 
Pharmacy and Quality Assurance. To end this paper, the authors 
explain some considerations and knowledge retrieved after this 
experience, focusing on the utility from the learning point of view, 
innovation and possible future work that could be done to 
improve the solution implemented. 

Index Terms—Software Architectures, Virtual Worlds, 
Technology-Enhanced Learning, Usage analytics 

I. INTRODUCTION 
NGINEERING as a discipline is, according to [1], “the 
systematic application of scientific knowledge to build 

solutions, in an effective and economically viable way, for 
practical problems in the service of humanity”; moreover, in 
the case of software engineering, it is sometimes defined as 
"the application of a systematic, disciplined and quantifiable 
development, operation and maintenance of software; i.e. the 
application of engineering to software " [2]. 

Engineering is a sort of Swiss Army knife that gives those 
who use it (engineers) the necessary tools to solve problems by 
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varying these tools depending on the area where engineers 
apply their knowledge or the nature and complexity of the 
problem to be solved. Still furthermore, the application of this 
Swiss Army Knife is not banned to non-engineers: Engineers 
use it and know better than anyone how to use it, but its use 
can benefit the whole society. Even more specifically, it can 
benefit communities of individual users or work teams 
regardless of their status, area of knowledge and experience, to 
solve different kinds of problems. 

This article, entitled "Usalpharma: A Software Architecture 
to Support Learning in Virtual Worlds," presents how 
engineering has been used to solve a real problem in an 
educational context. It describes how a multidisciplinary team 
composed of profiles in the world of Computer Engineering 
and the area of Health Sciences (specifically the area of 
Pharmacy) have been able to solve a complex problem, a 
priori, such as monitoring student activity within the context of 
a Virtual World to assist in the evaluation of educational 
activities worldwide, through the application of technical and 
engineering tools (in this case software engineering) [3]. 
Related to the application of software engineering in a 
multidisciplinary context and in educational settings still in 
development, it should be noted that this project is neither 
unique nor pioneer in this type of collaboration and expansion 
of the application spectrum of technology solutions to service 
education, but it brings its vision and specific solutions within 
the set of the current generation of education systems 
enhanced by technology and current trends in technology to 
support processes of acquisition of knowledge and skills in 
heterogeneous learning environments.  

To illustrate this particular case, this article is divided into 
the following sections (in addition to this first introductory 
section): the second section, Usalpharma: Educational 
Environment in a Virtual World, accurately describes the 
context of the problem to be solved, introducing the reader to 
the virtual environment where the teaching of students in the 
knowledge area of pharmacy is developed, helping to 
understand the rest of the article. The third section, The 
Problem: Proposal, Objectives and Requirements, poses the 
challenges faced by the multidisciplinary team, as well as the 
objectives and requirements that the solution must meet. The 
fourth section, Solution and Product Developed, specifies the 
theoretical solution that was proposed after applying an 
approach of software engineering to the problem, and the 
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translation of this theoretical solution in a tangible software 
product and which can be used in a real context as presented. 
The fifth section, Exploitation and Results, presents the 
experience gained after applying this software solution for two 
academic years in the activity carried out within the context of 
the virtual world Second Life, as well as a number of 
indicators of use and usefulness of that solution. The sixth 
section, Discussion, comments on the main aspects of the work 
that has been carried out, trying to enlighten the reader about 
the satisfactory and unsatisfactory aspects of the proposed 
solution and the experiment carried out, always from a 
standpoint of reflection and awareness of the results and their 
significance. Finally, the seventh section, Conclusions and 
Future Work, summarizes the results in general and a series of 
lines that open future work on this project.  

II. USALPHARMA: EDUCATIONAL ENVIRONMENT IN A 
VIRTUAL WORLD  

Usalpharma Lab is a virtual laboratory built by the teaching 
innovation group Usalpharma and the Department of 
Pharmacy and Pharmaceutical Technology of the University of 
Salamanca, which is within the Virtual World Second Life [4]. 
The laboratory simulates the facilities, equipment, 
documentation and tools afforded by a real laboratory of the 
pharmaceutical industry that complies with GLP (Good 
Laboratory Practices) regulations and has been used in 
teaching since 2011 to train graduate students in subjects 
related to Quality in the Pharmaceutical Industry [5, 6]. The 
reason for building a virtual scenario of this type of laboratory 
is the economic cost and physical space that must be used, 
non-asumible for a university or any other institution that 
would not get any direct economic profit from it. 

 The training that students receive in this virtual scenario is 
based on learning methodologies, standards and audit 
processes in laboratories of the pharmaceutical industry in a 
practical way (and not merely theoretically, as had been usual), 
through interaction with a 3D scenario that replicates a 
laboratory that represents a real case. To do this, students act 
within virtual facilities as true external auditors who are 
responsible for assessing compliance with the laboratory of 
these GLP measures, generating a report outlining compliance 
(or not) of the rules at the end of practical sessions, flaws 
identified in it (there are always a number of deficiencies 
brought intentionally by teachers), critical nature, etc. This 
type of training has been included since 2011 as part of the 
subject Quality Assurance in the Laboratory Analysis in the 
Pharmaceutical Industry within the Master in Drugs Evaluation 
and Development of the University of Salamanca (Spain). 

III. THE PROBLEM: PROPOSAL, OBJECTIVES AND 
REQUIREMENTS 

This section presents the problem proposed by teachers and 
technical personnel responsible for the Usalpharma Lab and 
the specific objectives to be met by the solution, as well as the 
software requirements developed to solve the problem. 

A. The proposal of the problem 
Between 2011 and 2013 this scenario was used in teaching 

under the direct supervision of teachers of the course and staff 
involved in the development of 3D environments. That is, 
practice work used to be developed in the laboratory (in a 
single session and call for all students), was guided by a 
teacher and was supervised by the rest of the team, so that if a 
student had any questions or appreciation of the 3D scenario, 
content resources, possible variations or disagreements 
regarding present rules or any other aspect they could 
immediately make a query, getting instant feedback and 
sometimes very specific help. This stage, as far as results are 
concerned, was very positive for the initiative, students got 
good grades in their practice and showed satisfaction with the 
methodology and resources used in this virtual learning [7]. 

After this first stage in the implementation of this type of 
system to support teaching, the teaching innovation team 
wanted to go a step further, through implementing a system 
that would replace the teacher's guide during the students’ 
practical sessions, controlling whether students were doing or 
not the practice within the virtual world, as well as to include a 
number of requirements on the feedback that students receive 
when participating in their practical work. That is, a system 
that allows taking advantage of the potential of virtual worlds 
in terms of the ability of autonomous learning, the possibility 
of not depending on the time and physical space (time, 
physical location of students) to leverage resources provided 
by virtual learning environments as well as presenting better 
immersive experiences to students within the 3D environment 
[8-12]. 

B. Specific objectives 
Then, the proposed objectives for this system (both 

objectives proposed in the first version of the system, as well 
as those proposed for successive versions) are as follows: 

• The system should be able to monitorize what students
do in the virtual laboratory, discriminating who clicks 
on any object, when they do, and what object or part 
of the particular installation is used. 

• This system should allow the teacher to know the
actions carried out by each student, showing him or 
her some kind of report associated with each student 
or user registered by the system. These actions can be 
consulted unformatted (or in minimum formats such 
as lists or tables) and be filtered using temporal 
parameters (date range), by object type, etc. 

• The system should control if the student is carrying out
the necessary checks on those sensitive elements to 
breach the rules, especially those that teachers 
marked incorrectly on the virtual stage. The result of 
these checks should be included in the report on the 
activity of each student. 

• The system should provide general reports on the
activity of a group of users at any given time, not only 
individually for each registered user. 
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• The system must be able to transmit real-time feedback
to students on their progress in their practical work. 

C. Software requirements 
Among the determined requirements for this system the 

following were mainly specified: 
• The system should store for each action performed in

the virtual world (click on objects) the name of the 
user performing the action, the name or descriptor of 
the object that receives the action, the specific time 
when that has been done (timestamp) as well as the 
specific location where the action was performed.  

• The system should show teachers a report of students'
actions regardless of device and operating system 
from which the report was accessed. 

• The system should provide in-world feedback to
students, that is, it must have the necessary tools not 
only to extract information from Virtual World, but 
also to provide input. 

• The system must efficiently store the required data.
The data layer should allow varying the model and 
the data types that support, in anticipation of possible 
changes suffered by the system in the future, or 
additional features that should be contemplated. 

• The system must be prepared to incorporate new
sources of data (student grades, personal data, 
integration with other platforms, etc.) in the possible 
future. 

Regarding other possible requirements to be specified 
(functional, non-functional or others for information) as the 
technology that must be employed, modeling specific data, or 
aspects of extensibility and modularity of the system, all the 
team members agreed to request these aspects to the 
engineers,, so they evaluated what might be the best option in 
each case. 

IV. SOLUTION AND PRODUCT DEVELOPED

In this section are detailed three fundamental parts of the 
search process of a proper solution to the proposed problem: 
previous considerations, the theoretical solution proposed and 
the final developed product that is currently on production. 

A. Previous considerations to the design of the solution 
Before designing and developing a viable and optimal 

solution for this problem, researchers had to take into account 
a number of specific preliminary considerations of the problem 
to be solved, among which are highlighted: 

• The problems posed by the interconnection of a
private and closed system such as Second Life with 
any external platform. Not only does it present 
problems regarding integration, there are no public 
resources, logs, APIs or other tools to integrate 
with other systems [13, 14] beyond basic 

information on number of users per day, etc. [15]. 
It presents additional problems because of the rigid 
characteristics regarding the ownership of the 3D 
objects, which hinders the usage for the described 
purpose. Even more, Second Life is provided "as 
is", which prevents any claims about failures, 
changes, etc. and requires users to modify the 
system behaviour [16]. 

• The system that would be proposed as a solution
must be able to coordinate the response to the 
whole problem, from data collection to the 
presentation of the same on any device or within 
the Virtual World. This implied drawing on well-
known open technologies, standards that have an 
almost complete presence in every possible system. 
These standards must be present in the 
technological solution as well as communication 
protocols, data collection, etc. [17, 18].  

• The technology that supports the management of
processes, such as layer data management, must be 
able to withstand peaks of activity (many students 
interacting simultaneously in the 3D laboratory), 
possible massive load at certain time intervals 
(while carrying out the practical work) and 
concurrency in the interaction with the resources 
that provides performance without excessive 
erosion.  

B. Theoretical solution proposed 
Since 2013 the authors have been working to address the 

problem in a satisfactory manner, and in early 2014 a viable 
solution was finally proposed [14] (at least from a theoretical 
point of view) that provided an adequate framework and a 
proof of concept for the final development of a product. This 
solution could remedy the problem regarding integration of a 
system that monitorizes, analyzes, reports and helps the 
evaluation of teaching activities within the virtual laboratory 
Usalpharma Lab. 

This solution is based on an architecture that could be 
deployed in a cloud environment so that the architecture, based 
on the typical client-server schemes, consisted of a number of 
layers (data collection, data persistence of analysis, 
presentation, etc.) connected to each other in the same way 
(client-server depending on which requires the services of 
other interactions), enabling the deployment of each layer even 
in different clouds (with the potential to scale only those 
resources required, apply different technologies to each layer, 
etc.) due to the fact that the layers simply interact among them 
using services (Figure 1). 
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Fig. 1. Simplified representation of the architecture of the proposed solution [14] 

Regarding the standards and technologies proposed in this 
theoretical solution, the following can be outlined: 

• Use of a (simplified) variation of the semantic standard
RDF and its triples [19, 20] to transmit structured and 
rich information about the interaction in the Virtual 
World to the data collection layer. 

• Use of the HTTP protocol [21] for the transmission of
messages between the Virtual World and the layers of 
data collection and provision (in both directions, the 
Virtual World to the system, and the system to the 
Virtual World), specifically using the part of the 
protocol concerning operations, requests, status 
codes, and headers. 

• Intensive use of web technologies to return information
to users (teachers and students) regardless of device, 
operating system or software (such as Second Life 
viewer). 

• Using NoSQL documents-oriented databases
(MongoDB [22] specifically) that allow modification 
of data architecture transparently and without penalty 
arising from the persistence of the layer architecture 
(only possible penalties in the logical layer derived 
from changes in its own data models [23]), and 
maintaining good performance in information 
processing, and high scalability in production 
environments. [24].  

• Use of server technologies that have demonstrated their
capacity for data processing HTTP requests and 
adequate performance under heavy demand. In this 
case, the technology proposed was the web 
framework Django [25], which develops robust 
solutions using Python and has many libraries of its 
own (and others of the language) to facilitate the 
development of stable agile projects. 

This solution provides a flow of activity as proposed in the 
activity diagram shown in Figure 2, which is an updated 

version of the software’s architecture of the version currently 
implemented. In this diagram, the interaction can be seen 
between the system and the actors (stakeholders) involved in 
it, and serves as a summary of the workflows of the whole 
process. 

C. Product developed 
In this third part of the section are detailed the various major 

components of the product developed from the theoretical 
proposal for solving the problem. This product consists of 
three main parts, architecture and server itself, as well as Web 
clients (for teachers) and client embedded in Second Life (for 
students): 

Software Architecture: As previously discussed, it is 
implemented using the web framework Django, and consists of 
a series of applications that are responsible for collecting the 
HTTP requests that launches the Second Life client for 
recording data interaction, cleaning and processing such 
information, contacting the persistence layer data and database 
MongoDB data, serving requests such as "display information" 
depending on the context / client from which they are 
requested (the same information is not served when the user 
launches requests from the web application or from the Virtual 
World), calculating data associated with user interaction: 
measures of the time spent by each student to complete their 
practical work [26], calculating the most relevant key points 
achieved [27], reporting for each user or group of users, etc. 
These applications and the multiple layers composed 
architecture are responsible for maintaining the logic of the 
whole system as well as the bulk of the functionality. 

Web Client: From the Web client, teachers can consult all 
data concerning students and their work progress. Among the 
metrics that can be known should be available the number of 
collected interactions, time spent by students performing, the 
achievement by the students of the inspection of the various 
elements (review of safety measures laboratory, review of 
equipment to be audited, documentation, etc.) as well as 
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comprehensive reports for each class of students, so that a 
teacher can know in a detailed way the performance of each 
student, or acquire an overview of the group of students in 
their practicals. This web client is developed to be used from 

any device (PC, tablets, smartphones, etc.). Figure 3 presents 
some data visualization of various metrics that teachers can 
know about student performance in Usalpharma Lab. 

Fig. 2. Activity diagram among users, Virtual World and system. Updated version of the proposed in [14] 
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Fig. 3. Some data visualization presented in the Web client. They show different metrics related to student activity in the 2015 practice 
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Second Life client: This client is somewhat different from 
the web client because it can be used by any avatar (user in 
Virtual World) that is in the laboratory. The client is used 
through interaction (click) on an object in the laboratory, so 
that the student will see a dialog showing in real time the 
percentage of critical points assessed, both in the day when a 
query is made and, in general, making suggestions on what the 
student should re-audit. In the first year of practice the system 
showed only feedback about the particular day of the request, 
without giving an overview of the development of the practical 
on different days given to audit. Figure 4 shows this type of 
activity report. 
At the same time, the Second Life client has an even more 
essential role, and that is to send data to the system, so that it 
registers every evidence of interaction between the user and 
the virtual laboratory (data entry to the platform). To do this, 
all 3D objects to be audited by students in the virtual 
laboratory have an associated script that throws a HTTP 
request to the application, which is responsible for collecting 
information about user interaction to record the action that is 
occurring at the moment. This request is carried out silently 
and transparently for the user; the object itself is responsible 
for collecting the data on the date and the exact moment of 
interaction (timestamp), with what the user has interacted, 
where in the virtual lab it is, etc., so that the user is not aware 
of being transmitting that information to the system, although 
all students are previously notified of the monitoring carried 
out in the laboratory. 

D. Evolution and improvement of the proposal 
As mentioned, in 2014 a first formal proposal was made and 

published, explaining how to address the problem [14]. In that 
first proposal a system was presented that would allow the 
collection of learning evidences and that could offer teachers 
some level of information about what students performed 
within the virtual laboratory environment. It also focused on 
the problems that such proposal must face from the point of 
view of software engineering to obtain information from the 
virtual world and take proper advantage of it as an evidence of 
learning by defining and using RDF simplified schemes, 
making data collection through structures and information 
architectures flexible enough to vary the type of information 
retrieved, and allowing the interoperability of the data schema 
to other systems (new developments or third-party systems) in 
a simple and transparent way. 

After this initial proposal, the project came under 
development and, based on the first results and observed 
possibilities, the authors saw the opportunity to expand the 
system functionality, including a few months after the first 
enforcement and feedback mechanisms within the 3D 
laboratory [27] and opening the way for learning 
personalization and adaptivity of learning (referred as part of 
future work, as will be discussed at the end of the paper). 

Once implemented these features and having a sufficiently 
functional system, it was tested with real users (years 2013-
2014 and 2014-2015). These tests were helpful to verify the 
actual usefulness of the system and its operation. Likewise, 
once the system had been put to production, the authors made 
improvements in the reporting of users (students in the Virtual 
World, teachers using the Web client, etc.).  

Fig. 4. Real-time information that students can get in Second Life about the audit performed. In the Spanish text that appears in the figure, the system informs 
the student about the performance (% of the goals in the day and in all the days of the practice) and suggests the different elements where the student has not 

completed the audit. 
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V. EXPLOITATION AND RESULTS 
The solution developed has been in production since 

February 2014, monitoring continuously since that time 
(excluding time spent on upgrading the system to the latest 
versions) any relevant activity that has occurred in the 
laboratory. Specifically, the system has already monitorized 
two real practicals with students, one in the course 2013-2014 
(between 6 and 24 March 2014) and another in 2014-2015 
(between 5 and 12 March 2015) of the aforementioned subject 
Quality Assurance in the Laboratory Analysis in the 
Pharmaceutical Industry within the Master in Drugs Evaluation 
and Development of the University of Salamanca (Spain). The 
system has also monitorized the interaction that other users 
have had during the time elapsed between such practicals. 
These have involved 18 students (9 in the 2013-2014 year, 9 in 
the 2014-2015 year) that were enrolled in the subject. 

In such practice sessions, these tools presented here have 
been taken into account for the assessment of the subject, 
because teachers have decided to give a part of the evaluation 
of practice to the data provided by the system. Specifically, 25 
percent of the practice mark directly depends on the 
percentage of critical points assessed by the student in the 
laboratory (% checkpoints achieved in Figure 3). The other 
75% of the practice mark corresponds to the audit report 
presented by students at the end of their practice sessions, and 
where they really show their knowledge about the GLP 
regulations and the elements of the laboratory that meet them 
or not. Other data taken into account when assessing the 
practicals are: a) if the student has carried out work on the 
agreed dates, b) if the student has made more than 1 hour of 
audit (in one or more sessions), c) if they have reached more 
than 12% of checkpoints revised. The teaching staff sets these 
three elements as the minimum requirements to show that 
students have actually audited and evaluated the laboratory. 

Among the different results that can be shown to illustrate 
the operation of the entire system, it is possible to distinguish 
between two vectors of data to help test whether the system 
works, and to indicate if the system may be accepted for its 
actual use in teaching: 

• Data concerning the validity of the system to help
students practice and somehow replace a personal 
support teacher in the virtual lab. 

• Data about measurements that show the usefulness of a
system of collection, sorting and processing of data in 
a case like this. 

In the first case (validity of the system to help students 
practice and somehow replace personal support teachers in 
the virtual lab), in order to judge the results it is possible to 
compare the average marks obtained by students in the 
different years that the virtual laboratory has been used for 
practicals (years with direct support of the teachers as well as 
years with the implementation of this architecture and software 
tools). Table 1 shows a summary of the marks: 

TABLE I 

STUDENTS AND THE AVERAGE MARKS CORRESPONDING TO THE COURSES 
WHEN PRACTICALS WERE REALIZED  

Course Number of 
students 

Average mark 
obtained (0 to 

10) 

Standard 
deviation 

2011-2012 14 7.28 1.38 
2012-2013 16 7.5 1.27 
2013-2014 9 7.81 0.7 
2014-2015 9 8.54 0.56 

Based on these results, it is possible to see how students 
have increased their average mark (and decreasing the 
standard deviation) in each year, showing no significant 
changes in the trend between the different years –namely, the 
disparities observed between those years where the practice 
was conducted as a single session with teachers' guidance and 
the other years where the practice was aided using the 
complementary technological tools developed within the scope 
of this project. As will be discussed in the discussion section, 
these data do not have to convey that the use of this 
architecture and the tools provided improve the results of 
practical sessions (this may be due to many factors, such as the 
decline in number of students, the possible prior habituation of 
students to similar tools or 3D contexts, etc.), but it illustrates 
how a trend of improving results is maintained even though the 
method of help, support and evaluation of the practicals varies. 

As for the second information vector, about the usefulness 
of this type of system for monitoring, reporting results and 
aiding in the evaluation and development of practical work, a 
series of metrics can be displayed collected by the platform 
that illustrate the reader about the volume of information that 
the system has collected in these two academic years (2013-
2014 and 2014-2015, specificly between 18 February 2014 
and 20 March 2015), saving teachers from: 

• 24276 interaction evidences (clicks in the
laboratory). 

• 249 sessions by 47 different users (teachers, students
and visitors to the facilities). 

• 354269 seconds of interaction registered (total time
of use of the system by the users, measured in 
seconds). It is more than 98 hours of interactions 
retrieved, stored and analyzed for use by teachers. 
Of this usage time, 137454 seconds (over 38 hours) 
of use of the laboratory correspond with students 
who carried out their practical work in the year 
2013-2014 and 136581 seconds (almost 38 hours, 
again) of usage correspond to the time students 
who participated in the year 2014-2015 (in total, 
these students have registered almost 78% of total 
usage time in the laboratory). 

These data are only a sample of what the Usalpharma 
architecture has contributed to the development of practice 
and the enormous task of knowing what happens in the 
virtual laboratory These data are particularly relevant when 
analyzed in context: the data retrieved represent all the 
users' interactions over a long period of time, regardless of 
the time zone of the visitor, the specific time of connection. 
The data provide metrics that teachers would never know or 
control without the help of the system. 
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VI. DISCUSSION

This section focuses on commenting the main points 
shown in the article, highlighting both the lights and the 
shadows cast by this experience, the tools developed, and 
the utility that the system acquires in a learning context such 
as the one shown. To do so, a number of subsections are set, 
each of which presents a question, key in the author’s view, 
which will be answered as concisely as possible: 

A. Is this proposal innovative? 
It is true that in the field of serious games there are 

already initiatives for the interconnection with systems like 
MOOCs, PLEs, VLEs, Learning Analytics platforms, etc. 
[28-33], but in the realm of virtual worlds there are not 
many such initiatives [34], since a review of the current 
literature reveals that there is a tendency in the approach to 
proposals for the integration of different systems like VLEs, 
PLEs, architectures and applications together with Virtual 
Worlds  [28, 35-39], but not with systems that analyze the 
performance of students within virtual practicals, or 
analyzing (however basic it may even be considered) the 
interaction and the evidences collected from student usage 
of 3D learning scenarios and practices. The literature mainly 
describes the interconnection of Virtual Worlds 
environments like OpenSim or Second Life with widespread 
platforms in the current teaching (Moodle, mainly) by using 
Sloodle and other platforms, so that these 3D environments 
extend their horizons of educational usage based on the 
support of systems and platforms where teachers already 
perform constant work creating materials and using them as 
an aid to teaching.  

In fact, the authors of this paper believe that this system is 
a true innovation in the field of teaching in virtual worlds 
(and even more in the field of education in Health Sciences) 
because of its features and vision outside the mere 
connection with systems that provide learning objects or 
materials created by teachers, but as an aid to the evaluation 
and understanding of how students perform in such complex 
and dynamic environments like these [40]. Even in the most 
recent literature it is possible to find authors (Griebel et al 
[41], for example) that describe the proposal of this 
Usalpharma architecture as an interesting contribution that 
can open up new possibilities in the use of external systems 
completing the educational use of virtual worlds through the 
evidence collection system, the real-time responses both 
within the Virtual World and outside it, and its possibilities 
of use for the evaluation of activities. Therefore, for the 
authors it is possible to consider it a real, innovative and 
viable proposition for help in teaching. The interconnection 
of this architecture (using the services already available and 
others to be built) with other applications extends its field of 
education and eLearning, and could help to achieve better 
results in learning scenarios arranged in 3D environments of 
this type. 

B. Is this proposal helpful? 
The usefulness of such systems, from the point of view of 

the authors, depends primarily on the problem that it helps 
to solve. In the case of Usalpharma laboratory, this proposal 
provides information that cannot be achieved otherwise 
within a virtual world like Second Life, but it is necessary to 
consider whether this information is vital or not in a process 
of teaching and evaluation of students. In this case, the 
authors agree that, in the present case, the information is not 
vital, since evaluation depends mostly on the report 
submitted by the students (it represents 75% of the final 
mark); therefore, this system only provides extra assessment 
elements. What must be noted is that, in this particular case, 
those extra elements are also designed to establish a right to 
assessment or not (the reader will remember the conditions 
set for the assessment of the practical, of at least 12% of 
proven elements and a minimum time of interaction with the 
virtual laboratory of one hour). Moreover, the authors also 
wish to state that the contribution made by the system in the 
form of information for students and teachers is a faithful 
overview of what happens in a environment like a virtual 
world, allowing teachers to measure aspects such as 
dedication (hours used), effort (number of sessions, number 
of actions to detect all elements that must be evaluated) or 
persistence (number of sessions used, evolution of the 
completion of the activity in each session, etc.), for 
example. This type of data, although not taken into account 
in the specific assessment for this practical work (and 
therefore the architecture is not decisive in the present 
evaluation) could be considered as catalyst values for the 
final evaluation. The data were part of the rubric for 
assessing practice work, giving specific metrics to aspects 
that are not typically measured in a clear way. In summary, 
although the system has not a vital utility for the practical 
work, it is increasingly being consolidated as a helper to the 
teacher. Additionally, the system is aligned with the current 
trends of tools, applications and utilities that are opening 
new paths in new learning contexts that will be relevant in 
technology-enhanced learning in the future.. 

C. Does it help to improve teaching? 
In this sense, it is difficult to provide a clear answer. By 

the data in Table 1, it is possible to say that the shift of 
paradigm and support in this case from classroom guidance 
to a system that provides feedback to students automatically, 
has not broken the trend of improved results,  even when the 
results were improved significantly in the last year. The 
paradigm shift provided by this system is helping to 
improve teaching in a context such as a Virtual World, 
allowing students to experience completely immersive 
environment like Second Life and avoiding the guidance of 
the teacher in real time. However, venturing this conclusion 
would be going too far as it is possible that other factors 
affect results. Among the factors that could be relevant for 
the improvement of the results, can be highlighted the 
smaller number of participant students in the last years, the 
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students' better predisposition towards such tools, the 
previous experience of some students with this kind of audit 
simulation, etc. 

In any case, time will determine whether this system or 
others like this will significantly and unequivocally improve 
the students’ learning and results, or automation of certain 
tasks previously performed by the teacher, are not really 
replaceable, and these systems simply must serve teachers as 
an aid in the acquisition of knowledge and decision making. 

D. Can the system have more applications in addition to 
those described? 

This proposal is, even today, a proof of concept on the 
use and application of such systems and platforms related to 
eLearning. The authors strongly believe that this proposal 
could have a more intensive usage and increased 
functionality through integration with other systems and 
eLearning platforms, besides using more advanced 
algorithms and analysis techniques than those currently 
applied, so that they could get to perform complex learning 
analysis, behavioral analysis (which is already done in 
Virtual Worlds in other ways [40]), determination of  the 
learning path for each student, personalizing learning, 
development of adaptive systems within Virtual Worlds, 
copy-detection among practices performed in 3D 
environments, etc. 

VII. CONCLUSIONS AND FUTURE WORK

In this last section are presented the conclusions and future 
lines of work that arise within the project Usalpharma. 

A. Conclusions 
This article shows how a software architecture has been 

conceived, designed, implemented and tested that helps 
support an educational activity in a learning environment like a 
Virtual World. The article delves into the problems that such 
systems can solve as well as the benefits, profit, exploitation 
thereof, or the improvement achieved from current systems 
and methodologies. 

From a standpoint of software engineering, this paper 
describes how a team of engineers has been able to develop an 
innovative solution to a problem of some complexity, showing 
what tools and methods they followed to overcome the 
difficulties, how they planned the development and use of the 
solution from a multi-platform view. 

From a standpoint of eLearning, this work shows how a 
multidisciplinary team has been able to design, build and put 
in use a solution to a real and specific learning problem of 
graduate students from the branch of knowledge of Health 
Sciences and Pharmacy. In addition, from this point of view, 
this work shows the results that have been achieved in the first 
two years that the proposal has been used, and how these 
results have been satisfactory and provide real value to the 
activity of teachers and students. 

B. Future work 
As future work to improve and expand this architecture and 

its use, it is possible to distinguish three major ways: 
• In the short-term the authors plan to increase the

metrics shown and calculated (e.g., see how many 
times a student consults his or her progress, the 
distribution over time of the students’ effort with their 
practicals, etc.). The authors will also continue using 
the solution described in this article in successive 
editions of the subject Quality Assurance in the 
Laboratory Analysis in the Pharmaceutical Industry 
within the Master in Drugs Evaluation and 
Development of the University of Salamanca and 
expand its use to other subjects that use this type of 
teaching methodologies through Virtual Worlds, to 
continue testing the solution in different contexts and 
assess more users (getting better measures on 
usefulness of these tools for teachers). 

• In the medium term, the authors want to create a set of
APIs and utilities, allowing the interconnection of this 
system with other platforms, so that the proposed 
architecture will serve as a facilitator of data and 
metrics that can be expanded, used or integrated into 
current or future eLearning systems to help close the 
loop between the various technological tools that help 
learning any subject. 

• In the long term, the authors plan the possibility of
integrating the system with other standard RDF 
specifications and recommendations. Among them 
they propose the integration of the description of the 
interactions, the description of objects and users 
through Open Linked Data [42], following the 
schemes of the Linked Data Platform 
recommendation of the W3C [43]. Thus, the 
architecture and its components could eventually 
contain all the information concerning the activity 
and can have descriptions associated with each 
object, each target, maintaining user profiles under 
specific linkable URIs, etc., allowing mapping the 
domain of the problem and exploiting all the 
information from clients and developed platforms as 
well as from potential third-party applications 
connected to services that will provide the 
architecture. 
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