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Abstract
In this project we are going to give the real time interactive virtual 
Learning System with teleeducation and E-Assessment experience 
which is an important approach in distance learning. However, 
most current systems fail to meet new challenges in extensibility 
and scalability, which mainly lie with three issues. First, open 
system architecture is required to better support the integration 
of increasing human-computer interfaces and personal mobile 
devices in the classroom. Second, the learning system should 
facilitate opening its interfaces, which will help easy deployment 
that copes with different circumstances and allows other learning 
systems to talk to each other. Third, problems emerge on binding 
existing systems of classrooms together in different places or even 
different countries such as tackling systems intercommunication 
and distant intercultural learning in different languages. We 
have designed and implemented generic support for assessment 
that is based on assignments that students submit as electronic 
documents. In addition to assignments that are graded by teachers, 
we also support assignments that can be automatically tested and 
evaluated, e.g., assignments in programming languages, or other 
formal notations.
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I. Introduction
The emergence of the new generation of Web based learning 
systems, traditional Assessment  mode, where teachers and 
students are face to face with each other in the same classroom 
continues to have its unrivaled advantages. Unlike many Web-
based Assessment  systems adopting an asynchronized way 
here, the teacher publishes learning content statically on the 
Internet and students obtain static learning materials at different 
times, real classroom learning follows a synchronized learning 
process, where students in and out of classroom can listen to 
the live instruction while the teacher gives the lectures. In most 
cases, synchronized learning catches participants’ attention and 
interest much more effectively than asynchronized one. Therefore, 
real-time interactive virtual Assessment  with tele-education 
experience is of indispensable significance in distance learning. 
Further, with the development of pervasive computing aimed at 
providing natural human-computer interface and multimodality 
communications, integrating pervasive computing technologies 
into classrooms enhances the experience of both teacher and 
students, where the teacher easily interacts with local and remote 
students while the students are able to give feedback to the teacher. 
There are many learning systems embedded with these features 
such as some University’s Classroom, Active Class, Class Talk , 
Interactive workspace , which successfully seek a better teaching 
and learning mode based on traditional face to face classroom 
learning. These are called class room based e-learning systems. 
These classroom-based e-learning systems help both the teacher 

and students in the learning process and have achieved successful 
results. However, with the development of pervasive computing, 
new requirements are raised for the openness of the system, 
extensibility, and scalability. Three main aspects of this issue are 
illustrated below in detail.
The development of human-computing interaction, more and 
more natural human-computing interfaces has been integrated into 
people’s daily life to enhance work efficiency. In the learning area, 
human-computing interface can facilitate the teacher to teach the 
class and help the students learn and discuss with others. Several 
projects implement special human-computing interfaces in their 
learning environment. At the same time, mobile devices such as 
mobile phone, smart phone, PDA, and laptop have been easily 
accessible for ordinary people Researchers emphasize that mobile 
devices play an important role in learning. For example, the teacher 
uses his Smart Phone to bring the presentation file and to control 
the slideshow, while the students can use a laptop to discuss with 
others. Some of these features have been incorporated in several 
projects. For example, Active Class enables the students to use 
mobile devices to give feedback to the teacher; Smart Classroom 
and iRoom support many human-computer interfaces and mobile 
devices joining in and interacting with existing applications and 
devices. Increasing human-computer interfaces and mobile devices 
demand their integration in sophisticated system architecture. The 
integration should follow a generic way rather than an ad hoc 
method for each interface and device. The architecture is required 
to provide general solution and mechanism for integrating or 
building human-computer interfaces in the learning environment. 
Also, the architecture needs to provide standard communication 
interface for mobile devices to join in and interact with other 
modules, adapting the different systems of mobile devices with 
minimal prior configuration, such as Linux, Symbian OS, Palm, 
and Windows CE.
To simplify the deployment of this kind of learning system for 
different requirements is another challenge. Referring to the idea 
and achievement of service-oriented architecture in Semantic Web 
area, encapsulating the modules into services and introducing a 
workflow mechanism into classroom-based learning system is a 
feasible solution. It requires the system to establish a mechanism 
for outside workflow designers and management tools to control 
the service of modules in the system. Thus, the system needs a 
service-oriented channel to bridge the inside and outside of the 
system. This channel not only contributes to the deployment but 
also helps the learning system to utilize outside dedicated services 
such as invoking language translation service to facilitate the 
students’ understanding. Moreover, it enables the outside system 
to invoke the internal services provided by a learning system. 
For example, the classroom could provide a student attendance 
service by which the mobile company could dynamically find out 
whether the student attends Class A and send that information to 
the administrators.

A. Open Network to Bind Class Rooms Each Other
The third challenge is to support multiple classrooms to connect 
with each other and have classes together over intercontinental 
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WAN. With the increasing requirements of intercultural and 
intercontinental communication for learning purpose, just 
enabling remote students to participate in the Smart Classroom 
and to easily communicate with teacher and local students is 
inadequate. Therefore, allowing two or more real-time interactive 
classrooms to connect with each other is one of the aims of building 
future distance learning systems. To connect these classrooms, 
we need to tackle the intercommunication problem in the open 
network, including video, voice, and controlling messages 
Besides, we need to address inter classroom human-computer 
interfaces by allowing the local human-computer interface to 
be used in binding classrooms as well. Moreover, because of 
the inevitable differences among these connected classrooms, 
necessary transformation mechanism is needed. For example, the 
classroom at Kyoto University may use Japanese, while the one at 
Tsinghua University may use Chinese. Simply connecting these 
two classrooms itself will cause a misunderstanding because of the 
differences in languages. Therefore, a robust translation service and 
other involved mechanism for intercultural communication should 
be utilized to make the people in these classrooms understood. 
Additionally, because of the differences in understanding the 
effectiveness between participants in one class rooms and those 
in other classrooms, aided tools for enhancing the communication 
and understanding, such as discussion and feedback, are also 
necessary to these connected classrooms. This simultaneously 
synchronous intercultural teaching mode that permits multiple 
classrooms in different places with different nationality students 
to behave as one class together has long-term significance for the 
research of intercultural learning and communication. 

B. Architecture 

Fig. 1:

Specification for New Classrooms to Join In Currently, Open 
Smart Platform, which is the software infrastructure for building 

Open Smart Classroom, provides its own Web-Service-Based 
publish-subscribe protocol for an outside system to connect in. 
This mechanism works well for other Open Smart Platforms and 
for other infrastructure, which follows the protocol to connect 
in. Thus, it works well for other classrooms running on above 
infrastructures to join in the Open Smart Classroom. However, 
this self-defined publish-subscribe protocol, which is mainly for 
reason of being compatible with previous Smart Platform, may 
hamper other classrooms whose message transferring protocols 
are not compatible with Smart Platform to join in. Because there 
is still no standard specification of communication between Smart 
Spaces, we are now considering protocols based on JMS or WS-
Eventing  to provide more standard specification for other Smart 
Spaces to connect with each other.Moreover, our mechanism 
also requires the new classroom to expose the same Web service 
interfaces or interfaces having the similar functions as the others 
to participate. We are also trying to improve the mechanism to 
provide more flexible mechanisms, such as invoking some Web 
service interfaces on SPAW only, for other classrooms that cannot 
expose their interfaces to connect in.  
Scalability Open Smart Classroom is developed based on Open 
Smart Platform, which provides better scalability (Section 3.3) for 
building Open Smart Space application. Besides the infrastructure, 
it is also necessary to evaluate the scalability of the applications 
in Open Smart Classroom.Scalability issue is divided into three 
aspects: load scalability, geographic scalability, and administrative 
scalability  Connecting multiple classrooms in a real-world situation 
with language barriers addresses the geographic scalability, while 
using workflows improves the administrative scalability. The load 
scalability is analyzed in the following paragraphs.
There are mainly four applications in an Open Smart Classroom: 
SameView Agent, PPTView (PPTController Agent and 
PPTDisplayAgent), Langrid Blackboard, and OSCG. SameView 
has been proven to be able to share video and audio stream for 
large-scale deployment in open network [31]. PPTView contains 
two lightweight applications scalable enough in an Open Smart 
Classroom. This is because there is only one PPTControllerAgent 
and several PPTDisplayAgent in one classroom, and only the 
controlling command will be exchanged after the PPT downloading 
process. OSCG deployed on IIS is a Web-based application, and 
as the load increases, we can involve load-balancing and cache 
mechanism to maintain its efficiency. In the current situation, 
we simulate between 10 to 100 clients (mobile devices) to view 
shared slideshow

C. E-Assessment Setup
Performance comparison between service architecture and 
nonservice architecture. Note that the time elapse is measured 
for twoway message transfer. The message size is only the 
size of the content in the message, not including the message 
header (SOAP header or Smart Platform header). With polling 
mechanism, and OSCG works well without apparently delay. The 
only bottleneck is the Langrid Blackboard. Every student has their 
own Langrid Client Agent on their laptops, which gives a real-time 
backtranslation of the user input. As the total number of users 
increases, the delay time for each user is increased apparently. In 
our experiment, the Langrid server is in Japan, thus the students 
in China need more time to wait for the backtranslation than those 
in Japan because of slower Internet speed. When the total number 
of the simultaneous users increases to about 10 students in both 
of the classrooms, the average delay time of Chinese students 
reaches 10 seconds or more for the backtranslation. 
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Fig. 2:

We also analyze the performance degradations when new 
classrooms join in. As the PPT-Prepare-Workflow is designed to 
translate and download in parallel, newly joined classrooms do not 
decrease the overall efficiency of the workflow, except for those 
who have a slower speed of network connection with the main 
classroom leading to longer downloading time. However, newly 
joined classrooms involve a number of students to use Langrid 
Blackboard at the same time, which causes degradation of the 
total system performance as the concurrent number of Langrid 
Blackboard users increases.
Both the increase in delayed time and the degradation involved 
by newly joined classroom are mainly due to two
aspects: 

backtranslation is a heavy-load task, and1. 
Langrid does not have a good load-balancing mechanism so 2. 
far, and there is no subsever in China. To address the former 
aspect, we limit the concurrent number of users allowed to 
write notes on the Langrid Blackboard to 15, which is 5 in 
Tsinghua and 10 in Kyoto, in order to ensure the performance 
of the system. Also, it is not convenient for too many students 
to compete with each other to use the Langrid Blackboard. 
Hence, we also limit the total number of students less than 5 
times concurrent number of students, which is 75. Moreover, 
once a new classroom joins in, we need to reassign the limit 
for each classrooms. To address the latter aspect, Langrid is 
now developing a loadbalancing mechanism and trying to 
deploy its subserver in China.

Due to the limited resource we have so far, we are not able to test 
the performance binding three or more classrooms with many 
communication devices (e.g., 30 to 100 mobile devices) in real 
world. Nevertheless, as the analysis shown above, we believe that 
Open Smart Classrooms consisting of less than four classrooms 
will be able to work well with limits on the Langrid Blackboard 
and the number of students. As long as the Langrid service is 
improved, Open Smart Classrooms can support more classrooms 
and more students who can concurrently write notes on the Langrid 
Blackboard.

II. Conclusion
New challenges and requirements raised by classroombased 
learning systems have been pointed out, and to meet them, we 
have developed Open Smart Classroom on Open Smart Platform 
to enable intercontinental and intercultural class with advanced 
features, such as a better experience of mobile device cooperation 
with the ability of easy deployment. Open Smart Classroom 

envisions a future learning system, where classrooms connect 
and collaborate with each other in open network, while the 
students and teachers with different cultural background using 
different languages in different countries have class together. Open 
Smart Platform, as an upgrade of Smart Platform, is still a MAS 
integrated with several extended modules, serving as the generic 
software infrastructure for Open Smart Space. It enables better 
support in three aspects: successful connection multiple Smart 
Platforms together in an open network, service invocation channel 
between the inside of Smart Spaces and outside systems, and . easy 
interaction for mobile device roaming with Users Currently, the 
Open Smart Platform does not have a service-management module 
to address the issues such as dynamical service composition or 
service arbitration. We are now studying on integrating Baton 
[8] into our system to facilitate service management. Also, in 
preliminary work, we place each Smart Space in equal hierarchy. 
However, as the emergence of more and more Smart Spaces 
increases, it is necessary to involve multilayer hierarchy for 
optimization and better management of Smart Spaces. Open Smart 
Classroom provides a novel experience for both the teacher and 
students to learn in multiple classrooms. As a prototype learning 
system, it still has some limitations that need to be enhanced, 
such as providing more standard specification for new classrooms 
to join in and improving the aided tools to be more operable 
and effective. Moreover, how to make full use of the learning 
environment provided by Open Smart Classroom to enhance 
students’ understanding in the multicultural class is still an open 
question, which needs further studying.
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