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3.

How to Link an ICT Web-based Laboratory
with Sakai CLE, Technical Issues.

4.

Enable tracking the utilization of the resources put under the control of each
learner (the number of devices used and their types).
Log the learners’ activities (what devices have they accessed…).

Work-in-progress report
In certain phase of the development, we realized that accomplishing these tasks requires
that both NVLab and Sakai be aware of and exchange information related to the learner in
focus and that is why the simple web-contents tool in Sakai would not be adequate for our
system. We also found that it is necessary to write a new application (NVLabManager) to be
inserted between Sakai and NVLab to control access to the laboratory resources. This
application will also be responsible for tracking certain events triggered by the learner send
some basic information on these events back to Sakai. A new planned web-service will get this
information and save it in Sakai’s log.
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Abstract—in this contribution, we demonstrate our technical approach towards linking a
web-based ICT laboratory system (NVLab) with Sakai CLE. When this link between the
two systems is fully functional, instructors using Sakai will have a new tool for
incorporating practical activities into their online courses and tracking the learners’
progress. To accomplish the goal we propose adding some software pieces into Sakai and
using its “linktool”to connect to the laboratory devices. By the time of writing this, we
have successfully managed to launch an initial version of the intended system that can be
used within course in Sakai and enables logging partial information about the learners’
work. In the next stage, our plan is to develop the tracking functionality to enable saving
more information on the utilization of the resources put under the learners’ control.

Till the moment of writing this contribution, we succeeded in linking NVLab with Sakai
through the linktool that Sakai has. We wrote the application for the controlling access to the
laboratory resources from Sakai, and were able to log the network diagrams the learners
create by integrating the application used for producing them as a new tool in Sakai.

Keywords— Sakai CLE, web-based laboratories, ICT.

1.

1INTRODUCTION

As part of our work towards developing a web-based laboratory (NVLab) for supporting
Information and Communication Technologies (ICT) online courses, we launched and
successfully tested a stand-alone version of the laboratory [1] in which we used Virtualization
and Virtual Network Computing as core technologies. In this version we introduced to the
learners tools for: producing network diagrams, realizing them on host servers, and managing
the networks created. The management tool was subject to modifications after analyzing the
results of a test that we run in cooperation with a number of remote learners [2].
In later stage, we set ourselves to linking NVLab with Sakai Collaborative Learning
Environment (CLE) in order to:
1. Make it possible for instructors to introduce practical activities beside the
course-contents in the same context.
2. Leave the administrative tasks to be handled by Sakai rather than the laboratory
system.
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Fig. 1 NVLab structure
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In this paper we want to show what we achieved and how we did that, so we organized it in
sections as follows: section 2 includes a description of the original NVLab system in its
current state and the motivation to change, and in section 3 we demonstrate the technical
aspects of the new system and its components. Finally, we give our conclusions and future
work plans in the last section 4.

2. BACKGROUND
NVLab is a stand-alone web-based laboratory we designed for supporting ICT courses. It
consists of three main parts: the Virtual Network, the network generation module (Designer
and Builder), and the network management module (virt-manager) as shown in Fig.1.
A learner uses the network generation module for creating a network (the Virtual Network)
that matches the exercise requirements. This network is created on a single server that
supports Virtualization technology and the machines included in it are instances of prototype
Virtual Machines prepared in advance. When the network has been created, learners use the
management tool for controlling the devices in their networks. By this way, students learn by
applying what they have read about in the course document.

Fig. 2 Results of testing NVLab with a group of learners

3. BRINGING WHAT NVLAB OFFERS TO SAKAI

As mentioned in the introduction, a group of students volunteered to try this laboratory and
provided us with feedback on their experiences (Fig. 2). This experiment indicated that the
system was well accepted by the participants, but we also noted that improvements need to be
added on the management tool and that is what we focused on in the next stage. The result
was a new management tool with enhanced functionality.

Putting in mind all possible scenarios for arranging the link between the two systems, we
decided to approach this issue in the following way which is illustrated in Fig. 3:

Learners could use the laboratory facility separately from their courses; however, in
contexts where carefully-designed dynamic-contents/practical-activities were combined with
the course static-contents it was proven that learning-performance was better in engineering
and medical sciences [3] [4]. This, in addition to the success of conventional laboratory-based
courses [5], indicates the importance of building a tool for either integrating
practice-acquiring facilities into the online-course, or linking the stand-alone laboratory with
the LMS. Besides integrating the laboratory activities into the online course, achieving this
will enable us use many of the services provided in the LMS to enhance our system and
introduce new functions that may be of great use for the instructors such as tracking their
learners’ advancements.

2

1.

On a single server that supports Virtualization technology (NetworkManager),
we installed the necessary tools for realizing the Virtual Network (netCreator) and
managing the machines included in it (netManager). Then create a pool of similar
servers to be assigned separately to the individual learners. By this way, we
guarantee that each learner will get enough resources to work on and at the same
time be totally separated from others.Moved the application used for designing a
network (Designer) into Sakai and modify it in order to enable logging all network
designs each learner creates. In this way, we became able to start tracking what the
learner is doing.

2.

To manage the server-pool previously mentioned and control access to the
servers included in it, we decided to introduce a new management tool
(NVLabManager) that keeps records of the users with privilege to use the system
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designed for including contents from external resources in the course. These tools
include the web-contents and the linktool. A main difference between them is that
the later has been designed for enabling external applications to use Sakai’s
web-services to perform a certain task related to the user invoking it. This is done by
providing certain parameters in the call this tool makes as displayed in Fig. 4 which
displays a trace of a session where the linktool was invoked by the user admin.
To enable tracking the resource utilization and the learners’ activities, we found it
necessary that the Virtual Network management tool contacts Sakai and send such
information to be logged. With the use of the linktool, sending this information was
possible because the management tool was aware of the user connecting to it and
where is he/she connecting to; however, the thing necessary for that to be done is to
develop some web-services for Sakai to receive this information and save it in the
history location.

4.

“GET
/JLabMgr/Manager?user=admin&internaluser=admin&site=JavaNET&role=Ins
tructor&session=baab0872ff0e71998e86f817ea15f20148da9d76f523665ca379
e8458a489642eb00e1f2b0526430&serverurl=http%3A%2F%2Flocalhost%3A8080
&time=1270446597667&placement=b78bac7b-6272-49d3-a8bf-3a56d3554c87&p
anel=Main&sign=7ce2857ae1736c5e1f227ef5d53e140b056477aa”

HTTP/1.1

Host: 133.95.4.118:8080
User-Agent: Mozilla/5.0 (Macintosh; U; Intel Mac OS X 10.6; en-US;
rv:1.9.2.3) Gecko/20100401 Firefox/3.6.3
Accept:
text/html,application/xhtml+xml,application/xml;q=0.9,*/*;q=0.8
Accept-Language: en-us,en;q=0.5

Fig. 3 Our approach to including laboratory activities in Sakai courses.

Accept-Encoding: gzip,deflate
Accept-Charset: ISO-8859-1,utf-8;q=0.7,*;q=0.7

and the available resources. This allowed us to have a single point of access to the
servers in the pool and gave us flexibility in adding/removing resources to it.

Keep-Alive: 115
Connection: keep-alive

3.

Referer:

To bring all previously mentioned elements to work together, it was necessary to
introduce a new component (createNetwork) for sending the network diagrams
produced by the learners to the hosting server via the server-pool management tool,
and to develop the link responsible for bringing the interface of the Virtual Machine
management tool to the course in Sakai. We took time to decide whether to use one
of Sakai tools to achieve this step or not, but we found that there are tools in Sakai

http://133.95.43.140:8585/portal/tool/b78bac7b-6272-49d3-a8bf-3a56d3
554c87?panel=Main

Fig. 4 Invoking linkttol in sakai produces this call with many useful parameters.
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5.

To enable tracking the resource utilization and the learners’ activities, we found it
necessary that the Virtual Network management tool contacts Sakai and send such
information to be logged. With the use of the linktool, sending this information was
possible because the management tool was aware of the user connecting to it and
where is he/she connecting to; however, the thing necessary for that to be done is to
develop some web-services for Sakai (saveToLog) to receive this information from
the other peer in NetworkManager and save it in the history location.

3) Holzinger A., Kickmeier-Rust M., Wassertheurer S., Hessinger M., “Learning Performance with
Interactive Simulations in Medical education: Lessons learned from results of learning complex
physiological models with the HAEMOdynamics SIMulator” in Computers & Education, vol.52 no.2,
pp.292-301,(February, 2009).
4) Holzinger A., Kickmeier-Rust M., Albert D., “Dynamic Media in Computer Science Education;
Content Complexity and Learning Performance: Is Less More?” in Educational Technology & Society,
vol. 11 issue 1, pp. 279-290, (2008).
5) P. Mateti, "A Laboratory-Based Course on Internet Security," in Proc. of the 34th SIGCSE Tech. Symp.
on Computer Science Education, Reno, NV, pp.252-256(2003)

Until the time of writing this paper, we could achieve most of the targets we set for
ourselves. The system now (as demonstrated in Fig. 3) includes all intended functions except
for logging information related to the resource utilization and learner’s activities.

4. CONCLUSIONS AND FUTURE PLANS
In this contribution we demonstrated our technical approach towards linking a web-based
laboratory system (NVLab) with Sakai CLE to enable integrating laboratory activities into
courses in Sakai. The way we worked this out suggests keeping the space where learners
actually work on a separate module and linking this module to Sakai in a way that also
enables logging the resource utilization by the learners (like the number of devices he/she
used and their types) and their activities (which devices did they access and what
configurations did they try…). This involved creating new tools for Sakai and using the
linktool as a main component for achieving our targets since it provides external applications
with the user id necessary for relating the activity information to a certain user.
Until the time of writing this, an initial version of the new system has been introduced with
almost all intended functions except logging the learners’ activities which we plan to include
in the coming future.
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