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Executive summary 

 
The technical specification of SCY-Lab describes the architectural design and the 

technical challenges of the SCY server components and the SCY-Lab client. This 

document is divided into two parts. The first part describes the low level technical 

architectural approach with respect to the server and the communication between the 

clients and the server. The second part deals with SCY-Lab as the end user environment. 

 

Users of this document will find a detailed description of the whole SCY-Lab core 

system, ranging from a detailed server description and a description of how tools can 

access the SCY server towards the description of the SCY-Lab browser client with a 

description on how to embed tools. 
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1 Requirements 

 

The SCY system will bring a new idea of a learning environment in which learners find 

activities to undertake, tools and services with included scaffolds that support them in 

these activities, communication channels to peers to discuss similar tasks, and 

collaboration facilities for joint work. 

 

The SCY system, as a highly distributed system, will have two main parts: the front end 

and the back end. The front end for the learner, SCY-Lab, will be available in different 

facets. The classical SCY-Lab will be an application that will run inside the browser (cf. 

chapter 4). It will allow the learner to access SCY-Lab anywhere and anytime with the 

regular computer. It will provide all the functionality for the learner to undertake the 

learning activities and to communicate and collaborate with his/her peers. However, a 

personal computer is not very suitable for learning scenarios in the field, thus a mobile 

application will be provided for mobile devices that can be taken outside. It is clear that 

the mobile application will have a reduced feature set – compared to the features on SCY-

Lab – but also special features that are focused on the work in the field – like taking geo-

tagged pictures and measure different physical values. 

 
Figure 1: Different access to SCY-Lab 
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Overall the learner will access SCY in three main scenarios (cf. Figure 1): Typically from 

school with other peers and the teacher; at home alone or in collaboration with other 

peers at home; and finally in the field. 

 

The back end will be the part of the system that the learner will never see but without 

which SCY-Lab could never function. This backend will provide all services for SCY-

Lab like the learning object storage, the communication and collaboration facilities, the 

tools and more. All this will be used by multiple users at the same time so it has to be 

very scalable and flexible to be highly responsive. Otherwise the user would always have 

to wait and the system would lose a lot of attractiveness and would not be adopted by the 

learners. To allow for scalability the system should not be developed as one monolithic 

application but as different services that can be separated on several machines. This will 

lower the work load of all machines and can even provide a customized set-up for the 

SCY back end – like one centralized repository for several schools but many 

collaboration servers to increase performance. 

 

Looking back to the learner, the system must be available from different locations. It 

should be completely equal for the learner whether SCY-Lab is started at school or at 

home. The user should find the same functionality everywhere. Furthermore, the system 

must also handle mobile devices so that learners can access their learning objects, 

communicate to others and store new objects into the system – everything mobile in the 

field – for later reuse in the school or at home. 

 

As already mentioned the back end will not only be used by the PC SCY-Lab but also by 

mobile devices. Mobile devices typically have less processing power and less network 

bandwidth so the amount of information and the communication has to be adapted to the 

needs of the small devices. Moreover different mobile devices were programmed using 

different programming languages. To allow for using different mobile devices within 

SCY the architecture and the communication channels have to be open and use open 

protocols instead of proprietary and language specific communication mechanisms. 

 

The language aspect also has implications on the front end. As a big project team 

programmers have varying skills in programming languages. The programming 

languages used among the partners are Java (the main programming language in the SCY 

project), Flash and PHP and some others. This brings new challenges into the design and 

specification of the architecture to integrate tools written in different programming 

languages in one SCY-Lab. 

 

Last but not least the focus has to be on the user of SCY-Lab. To achieve an attractive 

system the user has to be integrated into the development with user acceptance testing 

and pilot runs at schools. For these runs rapid prototypes are needed to present different 

aspects of the system to the user to get first feedback. This feedback has to be 

incorporated back into the development which should be flexible to allow for quick 

changes on the user interface level as well as on the back end system. 
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In the next chapters the initial technical specifications of the different SCY system 

components will presented that have been set in the first year. Some components have not 

been specified in all details and some components – like the mobile devices – are just 

about to start in the specification and development. 

2 SCY Server 

2.1 Introduction 

The SCY server is the central backend for the whole SCY system. It is responsible for 

storing all the data like ELOs and user data in its role as a repository but also for the 

communication and collaboration between users in its role as a collaboration platform. 

The server will also host SCY-Lab as a web server and all kinds of tools and services, 

either in embedded or downloadable form. Agents will use the server to communicate 

with each other and to access user generated data like ELOs or user action log files. 

 

From this description it is already clear that the SCY server will have multiple 

functionalities. All these different functionalities will be separated into single components 

for several reasons. The first reason – that will come into account at first – is the 

distributed development of components. With clearly defined components it is easy to 

distribute the development in the SCY development team. The second reason is the better 

scalability of the system. If during first runs one component will turn out to be a bottle 

neck, it will be possible either to multiply the number of instances or to extract this 

component and run it closer to the clients – e.g., on the school server – that will use this 

component. The third reason to be mentioned is the maintenance of the whole system. All 

components will communicate by clearly defined interfaces with each other. Thus all 

components are independent of each other implementation of the interfaces. This makes it 

possible to exchange components by different implementations with better techniques, a 

faster backend or any other reason. All components can be seen as services. And all 

services communicate with each other. Thus this approach can be seen as a kind of SOA 

– Service Oriented Architecture. 

 

In the following the components will be introduced briefly and later on the more 

technical details like the API will be presented. 

2.2 Server Components 

The server is separated in multiple components. Each component has its own 

functionality and responsibility. The components communicate with each other to 

exchange data and to access others services, e.g., components will authenticate users’ 

requests using the user management component. Figure 2 shows an overview of the main 

components of the SCY server – there will also be some other components on the server, 

e.g., an agent data base. In the following each component will be described briefly, the 

detailed description can be found in subsections. 
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Figure 2: Main SCY Server Components Overview 

Emerging Learning Objects (ELOs) are the main objects in the SCY project that are 

created by learners and emerge during the learning process. Other leaning objects (LOs) 

in SCY are learning resources provided by teachers. All these objects have to be stored, 

have to be retrieved and have to be organized in an adequate way. This functionality will 

be achieved by RoOLO – the repository for open learning objects. 

 

As already mentioned the SCY system will be used by users – learners, teachers, 

administrators, and pedagogical experts. Thus a user management is very essential for the 

system. First of all it will grant users access to the system. But it will also manage roles 

of users and the rights of users to access ELOs or to perform any kind of action. 

 

Users will use SCY-Lab and its tools to create ELOs and to collaborate with each other. 

Every action performed by the student may be important for pedagogical agents (and also 

for pedagogical research) to monitor the progress of students and to support students by 

scaffolding. As the agents will communicate with the server all these student actions have 

to be logged on the server. The user action logging component will serve this requirement 

and allow for a detailed action logging and storage of user actions. 

 

Scaffolding is a very important and crucial feature of the SCY system. Pedagogical 

agents (or other entities) will measure students’ progress and initiate, if appropriate, 

scaffolding by adapting tools and services. This information has to be transmitted from 

the server to the client in a common way for all tools and all platforms. For this purpose 

the client notification service has been designed to have a common communication 

mechanism from the server to the client side – which is not only limited to scaffolds but 

can also be used for any kind of notification. 

 

Learners will work on their own ELOs using multiple tools offered by SCY-Lab. 

Sometimes they will work on the same problem producing comparable results. In such a 

situation it would make sense to offer collaboration for these users to work together and 

(maybe) achieve better results. As this scenario can be applied to a lot of tools of SCY a 

common collaboration service should be implemented to synchronize several tools and 

allow for collaboration. 
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SCY-Lab will offer learners a lot of tools to work with. Each tool can produce a certain 

type of ELO but tools may also open or import multiple ELO types. Tools are being used 

in learning activities [ref DI.1] which are part of learning activity spaces [ref DI.1]. 

Scaffolds can be applied to services and tools. So looking at all these relationships it is 

very necessary to represent them in the system so that e.g., SCY-Lab can configure its 

tools according to the learning activity or pedagogical agents support students with 

appropriate scaffolds for the used tool. All this information will be stored inside the 

ontology and will be accessible to all components (see deliverable DIV.1). 

2.2.1 RoOLO – Repository of Open Learning Objects 

2.2.1.1 Requirements 

The Repository of Open Learning Objects – RoOLO – is the central storage for all ELOs 

created within SCY, i.e. all ELOs created by learners will be stored inside and retrieved 

from this repository. An ELO is an emerging learning object which content is created 

with tools by learners and also contains metadata – the specification of ELOs will be 

described in detail in DIV.1. 

 

As the name ELO suggests, these learning objects will emerge, i.e. the ELO will be 

created by learners and elaborated – alone or in collaboration with others – in several 

stages. This has a lot of implications on the design of the repository. As the ELO will 

change during this emerging process, multiple versions of one ELO will exist. It is clear 

that mostly only the latest version of the ELO will be used by the learner and 

“overwritten” by a new version. But it is very interesting to analyse the emerging of an 

ELO thus the repository must preserve multiple versions. Also sometimes it is very 

helpful if one can get a previous version of his or her current work to rethink any steps or 

to create a new branch of the same predecessor. Thus the repository must handle 

versioning and forking of ELOs. The versioning and forking aspect is important with 

respect to when to update an ELO and when to store a new version of an ELO. 

Deliverable DIV.1 elaborates on these issues and introduces different relationships 

between ELOs. 

 

With the aspect of collaboration the question of ownership rises. The repository must also 

handle the access to ELOs according to the user rights which have to be retrieved using 

the user management. 

 

Sometimes certain ELOs or versions of ELOs are not needed anymore because they are 

replaced by later versions or should be removed from the repository. These ELOs should 

only be removed virtually – i.e. they should be removed from usual queries of the 

learners – to preserve the history of ELOs and create an ELO archive. Nevertheless 

sometimes an ELO really needs to be deleted so the repository also needs to handle that 

case. 

 

From this brief overview of possible scenarios the main actions on the repository are 

 Storing ELOs 

 Retrieving ELOs 
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 Retrieving a certain version of an ELO 

 Deleting ELOs 

 Archiving and “unarchiving” ELOs 

 Updating ELOs 

 Retrieving metadata of ELOs 

 

The following figure visualizes the main actions on the repository in the relation to the 

client. 

 

 
Figure 3: Main actions on the ELO repository 

 

From the programming perspective the RoOLO API implements the previous actions in 

the Repository interface. 

2.2.1.2 Approach 

As RoOLO is one of the most important components, a very robust and good performing 

implementation is needed. It needs to be robust to ensure the persistency of the ELOs so 

that nothing can get lost and it needs to have a good performance to handle all 

interactions with the users and not to get slow which would cause frustration and lower 

the acceptance of the system. 

 

ELOs are a specialisation of content. So RoOLO can be seen as a specialized content 

repository for ELOs. With the main programming language Java there is a standard called 

“JSR 170: Content Repository for Java™ technology API”
1
 which has been specified by 

the Java community and is a standardised Java content repository for storing arbitrary 

                                                 
1
 JSR 170: http://www.jcp.org/en/jsr/detail?id=170 
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objects. As for many APIs in the Java world there are multiple implementations. The 

most promising solution for RoOLO is the reference implementation of the JSR 170 

called Jackrabbit
2
 which is an Apache

3
 top level project and released as Open Source 

under the Apache Software License 2.0. It has a very active community and is, as the 

reference implementation, always conform to the specification and also always up to date 

with specification changes. 

 

A very important second part of ELOs is the metadata. Metadata is a common mean to 

describe data. In the case of ELOs the metadata will describe the learning object. The 

metadata schema is a reduced set of the LOM
4
 specification (cf. Deliverable VI.1). One 

can think of the metadata as a list of key, value pairs. A key indicates the nature of that 

metadata value ( e.g., “Author” and “Date” are two possible keys) and the value is the 

actual value. The metadata will be used for identifying and searching the ELOs. All the 

metadata and the content will be indexed by Lucene
5
, which is integrated into Jackrabbit. 

This index will allow for a very fast search for ELOs by metadata and also by content. 

One very outstanding feature of Lucene is the support for text extraction of binary 

documents like PDF, Microsoft Office and OpenOffice files. 

 

Jackrabbit is an implementation of JSR 170. JSR 170 is very general and the definition of 

the content is very open, thus the goal for RoOLO is to implement an abstraction of the 

repository for the SCY world, i.e. the API for the developer will not handle JSR 170 

content nodes but SCY ELOs. Also the amount of operations will be cut down to what is 

needed for RoOLO and the other operations will be added that are not defined in the JSR 

170, i.e. the method “getMetadata” is very RoOLO specific and is a new method. 

 

Overall RoOLO will use the Jackrabbit internally as the content repository and expose its 

own API for the system programmes. Jackrabbit stores the data in a relational database 

like MySQL which will guaranty for persistency. So finally Figure 4 shows the layers of 

the RoOLO approach. 

                                                 
2
 Jackrabbit: http://jackrabbit.apache.org/ 

3
 The Apache Software Foundation: http://www.apache.org/ 

4
 Learning Object Metadata is a open learning resource metadata specification by the IMS Global Learning 

Consortium http://www.imsglobal.org/metadata/ 
5
 Lucene is a free and open source information retrieval library http://lucene.apache.org/ 
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Figure 4: The 3-Layer RoOLO approach 

2.2.2 User Management 

2.2.2.1 Requirements 

The SCY user management is a very essential part of the SCY system. It is in the user 

management that new users are created and existing users are manipulated. The SCY user 

management is also used to give access to tools, data and functionality. 

 

The user management module also contains functionality for the administrators to create 

users and groups of users, and to allow the administrators to set the roles of the individual 

users.  

 

A use case in the SCY user management is the creation of users. The SCY administrator 

creates a new user and adds it to one or more groups that represent the participating 

schools or other group configuration. Within each school, one or more teachers can be 

added, and perhaps the schools are organized with a set of sub groups where all learners 

can be added as users together with their teachers. The administrator can also set roles of 

students, like group leader or researcher and consultant – depending on the mission. But 

these settings can also be done later by the learner or through the authoring. 

 

The user management tool will be available for administrators as a web based application 

and/or directly integrated into SCY-Lab. 

 

Authentication and authorization 

The user management module is not the only thing users can see when they log into the 

system and open the user management tool. The system also has vast implications on how 

the SCY-system responds to, and what it looks like to the different types of users. The 

SCY system is role based, meaning that access to tools and roles is derived from the roles 

a user has. It is through the user management one attaches roles to each user. If a user has 

the role of learner, all tools and data that has been made available for that role will 
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become available for that particular user. If a user is registered with the role of teacher, 

all teacher tools will be made available. 

 

The SCY user management module controls the user permissions that are given to users. 

With respect to this kind of a system, two concepts are essential: 

 

 authentication 

 authorization 

Authentication is the process of knowing who is logging onto a system. This is done 

through a username and a secret password. When the user logs onto SCY with a 

username and password, a set of permissions are allocated to the user based on his or her 

roles. 

 

Authorization is the process of giving a user access to tools and data. After a user has 

been logged on to SCY and has been authenticated, the system will know who the user is. 

The next step is giving the user access to the correct data and tools. 

2.2.2.2 Approach 

The SCY user management will extend the already existing SAIL
6
 portal user 

management. In SAIL, functionality has been made for authorisation and authentication 

with the ACEGI/Spring security system. This system will be extended and added as a 

module in SCY for security functionality.  

 

All data in SCY will be tagged with access permissions based on ACL
7
 lists. The 

implementation of this security system will be transparent for tool developers. The 

security system will tap into each user session and restrict the users view onto the data in 

the repository without developers of tools needing to know. This means that all queries 

that are written by developers do not need not take into consideration whether the user 

has access to the data or not. It will be automatically handled by the security system. This 

is realised through using aspect oriented programming techniques. Using these techniques 

eases the developer’s jobs when designing the system. They need not take security into 

consideration when designing business logics. This is good for two reasons. First if 

security is built into business logics, it is very difficult to know whether it is correctly and 

consistently implemented throughout the system – especially in a distributed 

development team like the one in SCY. Secondly, if security is built into business logics, 

the code becomes “cluttered” with security handling mechanisms, and it is very difficult 

to maintain and upgrade security models at a later stage. With the aspect oriented 

approach we have chosen for the SCY development, the business code is annotated with 

the correct security settings, and the rest is handled by the specific security architecture. 

This means that the security pitfalls mentioned above are avoided. 

                                                 
6
 SAIL (Scalable Architecture for Interactive Learning) is a technology, that has been provided by the 

Ontario Institute for Studies in Education is actively developed among other partners in USA 
(http://telscenter.org/confluence/display/SAIL/Home, Feb. 2009) 
7
 ACL is short for Access Control Lists. Access control lists control which operations a user can perform on 

any object in the database.  



DVI-1  SCY 

14 of 45 

 

For access to data, ACL-lists will be used. In addition all methods on the data access 

object (DAO) layer will be annotated with which roles should have access to run this 

specific piece of functionality. This way, security exceptions will be thrown if users with 

the incorrect roles try to access restricted functions within the system. 

 

Security will mainly be implemented on the server side systems. In the current prototype 

of SCY-Lab the client is a java client. It is thus the responsibility of the SCY- security 

system to make sure that the java client is handed the data it has access to, and that it 

cannot manipulate or view data that it has no access to. Security should not be 

implemented on the client side, even though it would be possible. The reason for this is 

that if security is built in the client, the security system would have to be replicated on all 

client side applications, which would increase the chance of developers making mistakes. 

The same would be the approach in an html-based client (SCY-Lab GWT example), 

where all security was handled on the server side. In the html-version this is more 

obvious, since the client itself does not have much power to manipulate objects. All 

object manipulation is directly performed server-side in such a scenario. 

 

This approach of implementing security system is of best industrial standards, and will 

provide a transparent system that enables developers to think about the business logic – at 

the same time as one knows that security will be maintained in a good way. 

 

As already mentioned, the SCY security mechanisms will be implemented transparently 

for the developer. The security system will tap into the code where it needs in order to 

fulfil security requirements to ensure that only users with sufficient permissions are 

allowed to read or modify objects. A security interceptor will intercept all method calls 

between client and the service layer. If the user does not have the correct roles and/or the 

user does not have rights to perform specific operations an exception will be thrown, and 

the service layer will never be called. If the user is granted access to the service layer, 

operations will be performed as normal (cf. Figure 5). 
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Figure 5: Illustration on how the security mechanisms work in SCY 

 

The SCY data model will model security using a classic group – user – role approach (cf. 

Figure 6). A group can contain a list of users, and a user can be member of one or many 

groups. Users will have a set of roles that eventually steers that users access rights in the 

system, and which views they will get. 

 

 
Figure 6: Classic group – user – role approach for modeling users 

 

For each model object (such as user or group) there will be implemented a DAO (Data 

Access Object) that will have the responsibilities for all CRUD
8
 operations, and other 

types of querying. The DAOs will be annotated – on both class and method level – which 

rights are required to run the functionality. This means that the UserDAO’s deleteUser 

method will be annotated with that it can only be run by users with the role 

“ROLE_ADMIN”. If users without this role try to run this functionality, the security 

interceptor will throw an exception, and the operations will not be performed. 

                                                 
8
 CRUD: Create, Read, Update and Delete 
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2.2.3 User Action Logging 

2.2.3.1 Requirements 

The User Action Logging component receives and stores all user actions logged by SCY-

Lab and its tools and services into an action repository and makes them accessible for the 

other components and pedagogical agents. It is clear that not all actions inside a tool or 

SCY-Lab are worth to be logged. All logged actions should be meaningful and have a 

value for later analysis by the pedagogical agents and pedagogical experts or e.g., to 

reconstruct the state of the learning environment in the case of a crash or other problems 

on the client side. A meaningful action could be switching the tool in SCY-Lab – could 

be a change of the LAS – whereas moving the mouse around in the tool may not be too 

meaningful and though not worth to log. This example also shows that the granularity of 

the actions being logged is also very important. It has to be decided by the tool developer 

which level of granularity is important for the tool to monitor the progress of the student 

and to generate feedback from his or her actions. Overall not too many actions should be 

logged because they will create too much “noise” in the log data and make it hard to 

select the meaningful ones and thus make it hard to detect action patterns. 

 

  
Figure 7: User Action Logging 

 

Figure 7 illustrates the flow of the logged user actions from the client side to the server 

side and finally into the action repository. This action repository will hold all actions and 

makes them accessible for later processing. In Figure 7 the action logger for the client is 

already depicted. This will ease the logging of actions for tool developers and also make 

it independent from the underlying implementation. 

2.2.3.2 Approach 

The Action Logging Service will have two interfaces. One interface will be the logger 

interface itself for the clients; the second interface will be for other components or the 

pedagogical agents to access the action repository. 
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The first interface will be accessible for clients outside the server. The clients will be able 

to store arbitrary action objects on the server for each user. This way the actions can be 

filtered and analysed user wise so that e.g., user profiles and user progress can be 

monitored. The actions logs will be very important for teachers see get an overview of 

how the students performs, how students collaborate and so forth. All this will be realized 

in a teacher “cockpit view” (see Deliverable DI.1, Section 4.4). 

 

The second interface will only be accessible inside the server mainly for the pedagogical 

agents – other components like the repository could also get access if appropriate. It will 

provide methods to get logs for certain users for a defined timeframe and for a defined 

tool. With this data deeper analysis can be done afterwards to determine user skills or 

similar properties. As an add-on to this, there will be a notification mechanism where 

components can subscribe to get notified on incoming actions per user and/or tool. This is 

important to fire any kind of action processing process instantly after an action occurred. 

In contrast to that processing can also be scheduled and run as a batch process e.g., at 

night or in certain timeframes. 

2.2.3.3 Action Log Format 

Regarding the format of the user actions logs, an XML based format will be used for both 

convenient human and machine readability. The format will mainly build on 

property/value pairs, which allows for easy transformation into tuples for the usage in 

inter-agent communication (see Section 2.3). As mentioned above, the level of 

granularity of logged actions will be above “keystroke-level”, but the log entries still 

contain any information that is needed to understand and interpret the user’s actions. 

Each action will have a type (e.g., “change_variable”, “store_ELO”, 

“send_chat_message”) and an originating tool or service within SCY. The combination of 

action type and originating tool / service will define a signature of the properties that can 

be expected. Still, the decision upon the actual properties to be stored is up to each tool or 

service. 

 

The action log format in SCY has been inspired by the Common Format, which has been 

elaborated in the Kaleidoscope NoE project on “Interaction Analysis Supporting 

Teachers & Students’ Self-regulation” (Martínez, Harrer et al. 2005) and later used in the 

ARGUNAUT project (DeGroot, Drachman et al. 2007). Within SCY, the logging format 

took up requirements that were derived from the role and mode of operation of the 

pedagogical agents, see Deliverable V.1 (especially section 2.2) on this. 

 

The tables below shows an action log excerpt with two example entries and a DTD for 

the action log format. 
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<actions>  

 <action id="bcc311b0 - f1dd - 11dd - ba2f - 0800200c9a66"  

 time=" 2008 - 02- 03T13:20:30+01:0 " type="send_chat_message"  

 user="e0ed7df0 - f1dd - 11dd - ba2f - 0800200c9a66">  

  <context>  

   <property name="tool" value="chat_tool"/>  

   <property name="mission" value="co2_house"/>  

  </context>  

  <attributes>  

   <prop erty name="message" value="hi, whats up?"/>  

   <property name="receiver" value="ba2f -

0800200c9a66"/>  

  </attributes>  

 </action>  

 

 <action id="a1c7f4a0 - f1df - 11dd - ba2f - 0800200c9a66"  

 time=" 2008 - 02- 03T13:23:32+01:0 " type="create_concept_node"  

 user="bab15dd0 - f1df - 11dd - ba2f - 0800200c9a66">  

  <context>  

   <property name="tool" value="colemo"/>  

   <property name="mission" value="co2_house"/>  

  </context>  

  <attributes>  

   <property name="content" value="energy"/>  

   <property name="color">  

    <red>123</red>  

    <green>123</green>  

    <blue>255</blue>  

   </property>  

  </attributes>  

 </action>  

 

</actions>  

Table 1: Example action log entries 

<!DOCTYPE actions [  

 

<!ELEMENT actions (action*)>  

 

<!ELEMENT action (context, attributes)>  

<!ATTLIST a ction id CDATA #REQUIRED>  

<!ATTLIST action time CDATA #REQUIRED>  

<!ATTLIST action type CDATA #REQUIRED>  

<!ATTLIST action user CDATA #REQUIRED>  

 

<!ELEMENT context (property*)>  

 

<!ELEMENT attributes (property*)>  

 

<!ELEMENT property CDATA>  

<!ATTLIST property name CDATA #REQUIRED> 

<!ATTLIST property value CDATA>  

 

]>  

Table 2: DTD of for the action log format 
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2.2.4 Client Notification Services 

2.2.4.1 Requirements 

The Client Notification Service is the mediator for the server to client communication. 

The problem here lies in the nature of web applications and the protocols used. The 

HTTP protocol, which is the bases for web browser to web server communication as well 

as for Web Services with SOAP
9
 or REST

10
, is only a unidirectional communication 

protocol – of course there are new technologies like Comet/Ajax Push to overcome this 

issue. To achieve a unified way of notifying the client from the server side this service 

will form one common way for all clients to register and to receive notifications 

independently from the underlying protocols. 

 

The best scenario for the client notification service is the scaffolding scenario. 

Pedagogical agents will analyse the learner’s knowledge level by analysing usage 

behaviour and other statistical data to e.g., determine a scaffolding level for a learner. 

Then the agent will send a notification with the scaffolding level to the client application 

that will adjust the scaffold for the current user session. 

 

The following figure visualises the scenario with an agent sending a notification to the 

client using the client notification service. 

 

  
Figure 8: Agent uses the Client Notification Service to send a notification 

2.2.4.2 Approach 

The Client Notification Service will have two interfaces – cf. the action logging 

approach. One interface will be the interface for the clients to register for notifications; 

                                                 
9
 SOAP ς originally defined as Simple Object Access Protocol ς is a protocol specification for exchanging 

structured information using Web Services 
10

 Representational state transfer (REST) is a style of software architecture for distributed systems which is 
nowadays mostly used in RESTful Web Services. 
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the second interface will be for other components or the pedagogical agents to send 

notifications to the clients using the service. 

 

The first interface will – again – be accessible for clients outside the server to register for 

notifications. As already mentioned as a requirement this notification is an active 

message sending from the server to the client. As protocols using HTTP do not provide a 

feature to create a continuous connection to the server
11

 other protocols and techniques 

are needed to achieve a continuous channel back to the client. Overall this service will 

guarantee an instant notification of all clients logged in to the server and capable of the 

notification service – which may not be implemented for all applications or devices (e.g., 

some mobile devices). 

 

The second interface will be accessible inside the server for all components and 

pedagogical agents to send notifications to the clients. It will provide methods to send 

arbitrary notifications – like scaffolds – to certain clients defined by a username, to all 

clients that currently use a certain tool, or to all clients that work on a certain mission. 

Here several combinations are possible that could be defined by specific filters that will 

be evaluated by this component. 

 

Regarding the data format of the notifications, currently a key-value map is used to 

encode notifications. These key-value maps were send serialized as XML and can be 

deserialized back to access the data. The next step will be to merge a similar format like 

the action log format and to provide a DTD for the XML (cf. Section 2.2.3.3). 

2.2.5 Collaboration Service 

The collaboration service will allow for collaborative work for the learners – also with 

the teacher – in SCY-Lab. Collaboration can be divided into two main parts: One is the 

synchronization of tools – in a WYSIWIS
12

 way – where two learners can work on 

different computers in different locations on e.g., the same model. The second part is the 

communication between learners where learners can e.g., discuss a model, get feedback 

or coordinate the activities of a group. Both aspects will be described separated although 

both parts will be covered by the collaboration service. 

2.2.5.1 Requirements of the Synchronization Service 

The collaboration service will synchronize the content of tools to allow for collaborative 

work among learners as well as synchronization of data between different tools for one 

learner. Both scenarios are visualised in Figure 9. 

 

                                                 
11

 Comet/AJAX Push actually provides such a feature through extending the timeout of the HTTP 
connection to the server ς which can be seen as a hack of the HTTP protocol. Nevertheless this connection 
will be closed some time and has to be established again and again. This technique is well suited for Web 
2.0 applications inside a browser but not for other purposes as we need them here, where other and 
better solutions exist. 
12

 WYSIWIS is an acronym ŦƻǊ ά²Ƙŀǘ ȅƻǳ ǎŜŜ ƛǎ ǿƘŀǘ L ǎŜŜέ ƛƴǎǇƛǊŜŘ ōȅ ǘƘŜ ŀcronym WYSIWYG ς ά²Ƙŀǘ 
ȅƻǳ ǎŜŜ ƛǎ ǿƘŀǘ ȅƻǳ ƎŜǘέ ς that is used to describe systems in which e.g., editing content looks very similar 
to the final output. 



SCY DVI-1  

  21 of 45 

               
Figure 9: Collaboration Service with collaboration of two learners with one tool (left) and synchronization of two 

tools of one learner (right) 

The crucial part with this component is that the SCY system offers a lot of tools and tools 

may have different models. So the collaboration service must provide an abstract way for 

synchronizing models as well as actions. Synchronizing through actions or through a 

model is a very big difference. Both approaches have pros and cons. For some 

applications it makes more sense to use the synchronization through actions (i.e. if an 

application does not have a data model or the actions are volatile) and for others it is 

preferable to synchronize them through a shared model (i.e. a mind map would have a 

model that contains all the contributions and the relations in between). As in the current 

situation not all applications are known in the SCY system – some application are still in 

the planning phase – the collaboration service must provide both mechanisms to allow for 

maximum flexibility. 

2.2.5.2 Approach for the Synchronization Service 

The collaboration service will provide a general data model that can be connected to the 

application model and will handle updates on this model transparently for the tool 

developer. Furthermore the collaboration service will provide a mean to send and receive 

messages for action based synchronisation. This will allow for the maximum flexibility of 

synchronisation with an abstract representation on the content level. 

 

For the first scenario described in Figure 9 the synchronisation data can be very tool 

specific as only one type of tool is involved in the synchronization. Looking at the second 

scenario the emphasis is on the two different tools. To allow for a synchronisation of two 

different tools a common synchronization model or language has to be created so that the 

two different tools can understand each other. One simple scenario for this collaboration 

is a generic graph visualizer that renders a data set created and modified during 
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visualization in a second tool. The collaboration here is the immediate update of the 

graph representation as values change in the data set tool. 

 

The collaboration component will provide an API to connect a tool to a certain session 

and to synchronize the tool with this session – on a shared model basis and on action 

based synchronisation. This component will need to communicate with the user 

management for managing access permissions to the different collaborative sessions. A 

server internal interface will also be provided for other components and the pedagogical 

agents to have access to the sessions for collecting or for contributing data. 

 

As the underlying communication layer two technologies have been chosen: SQLSpaces 

and JGroups. These two technologies allow for persistent data sharing among multiple 

clients. The SQLSpaces technology has been developed at the University of Duisburg-

Essen and is being constantly enhanced and extended. It is a TupleSpace implementation 

of the black board architecture that supports operations like write, read and take on a 

simple data structure – the tuple. Also more complex operations are available like 

blocking operations or notifications through callbacks. The most outstanding feature of 

the SQLSpaces is that is supports multiple programming languages – Java, .net family 

(C#, Visual Basic ...), Prolog, PHP, JavaScript (through GWT) and others through the 

web services interface – and can act therefore as a “language switchboard” to allow for 

communication between different languages. This makes the SQLSpaces very powerful 

and useful for SCY because within SCY multiple languages like Java (tools), C# (mobile 

devices), Prolog (agents) and Flash (web tools) will communicate with each other. 

 

JGroups is a toolkit for reliable multicast communication and allows synchronizing 

arbitrary data between clients. It is a Java Open Source project which is licensed under 

the LGPL. The main emphasis of JGroups is on reliability. JGroups’ communication has 

turned out to be very fast which would boost the collaboration. Nevertheless JGroups is 

limited to the Java world, thus it has to be connected to other languages manually. Both 

technologies are currently under investigation and will be tested on first prototypes. First 

results will show which technology will be better suited which will then be chosen as the 

middle ware layer for the collaboration. 

2.2.5.3 Requirements of the Communication Service 

The communication service will provide the main backend functionality to allow for 

communication between the users (students as well as teachers) of SCY-Lab. 

Communication is a crucial aspect in collaboration and can have different goals like 

general discussions about ELOs, joint negotiation of alternatives for a specific activity or 

a mission, peer support and feedback, coordination of groups and many more. In first 

place learners will chat with each other about task, their solutions, their plans, to 

coordinate the next steps and so forth. Communication can be done in different ways. 

First of all there is direct communication like text chat, and, potentially, more advanced 

voice and video chat. Here we have synchronous communication but of course 

asynchronous communication like e-mail should also be provided. It is clear that SCY-

Lab will not replace mainstream technologies like ICQ, MSN Chat, Skype or regular 

mailing. But it will provide the similar functionality well integrated within SCY-Lab in a 
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way that the learners will benefit from the integrated solution over communication 

outside also including the ability to transfer resources between students or student groups. 

2.2.5.4 Approach for the Communication Service 

The communication service will provide a common service for messaging within the 

SCY system, including synchronous messaging as well as asynchronous messaging. 

Communication will be provided for one to one and for group communication. 

 

As a possible technology for the communication service the Extensible Messaging and 

Presence Protocol (XMPP) has been identified. XMPP – also known as Jabber – is a set 

of multi-platform and multi-device open technologies for instant messaging, presence, 

multi-party chat, voice and video calls and more, has strong support and has been adopted 

by many open source projects and platforms. XMPP is an open standard and has several 

open source implementations. One very popular Java implementation of XMPP is 

Openfire
13

 which is licensed under the GPL and can be extended by a plug-in 

architecture. This platform would form the backend of the communication service. The 

strength of this approach is the wide support in the open source community. Several 

XMPP libraries exist for different languages – like Flash and others. XMPP is also 

available for mobile devices what is very important with respect to the mobile 

development within SCY. This will even allow for scenarios where learners in the field 

can communicate with others currently working on SCY-Lab. 

 

Overall, XMPP is a very promising technology for SCY that can handle the 

communication with rich features like voice and video chats and a great platform support. 

2.2.6 Ontology 

2.2.6.1 Requirements 

The Ontology component will hold the system ontology and provide access to the data. 

The main use case for the ontology is the storage of the knowledge about the system and 

the relation between tools, activities and so forth. 

 

The management of ontologies covers the problem of how to store and how to access an 

ontology. It is not sufficient to think about a good platform to develop an ontology, but it 

is inevitable to check whether this platform is also adequate for the later productive usage 

of the ontology. Since all serious technologies in this sector are capable of importing and 

exporting to XML-OWL files, it is very easy to switch the platform from the 

development phase to the usage phase. 

 

There are several ways how ontologies could be managed and they differ in several 

dimensions: First these technologies have different places where to store the data. Some 

use the working memory, which is of course quite fast but also not persistent and that 

could lead to data loss in case of crashes (hardware crashes as well as software crashes) 

and some others store their data on the hard disk, which is of course slower than an in-

memory storage, but also crash safer. Furthermore the hard disk space is usually much 

                                                 
13

 Openfire - http://www.igniterealtime.org/projects/openfire/index.jsp (Feb. 2009) 
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larger than the working memory. Therefore in-memory solutions are always more 

limited. In case of a real persistent storage there are different ways of persisting data like 

using proprietary binary files, XML files (OWL) or relational databases. However, also 

the format of storage is different from platform to platform: Some store ontologies as 

OWL files and work on internal data structures that are closely related to the OWL 

structures. Some others only provide facilities to store RDF triple and the user 

(respectively programmer) has to care himself about how to encode ontological data. Last 

there are frameworks that store the RDF triples that can be derived from the OWL axioms 

of an ontology, but construct representations that are very close the OWL abstract syntax. 

So we have here differences in the level of abstraction of the stored data. The last 

important difference between ontology management frameworks are the provided 

interfaces. The range of different interfaces of a platform depends on several factors like 

the programming language of the platform itself, the data representation and the data 

storage technique. If a framework store its ontologies as plain OWL files, it is of course 

quite simple to access it from another framework and if a framework only stores the data 

in-memory all interfaces to this data need to be encoded inside of the platform itself. 

2.2.6.2 Approach 

There are several frameworks that are capable of storing ontological data in form of raw 

RDF. There is for instance the sesame platform that has been developed during the EU 

project On-To-Knowledge
14

. It is an open source software that provides flexible means to 

store RDF graphs (in-memory, relational database, file system etc.) and to query and 

manipulate them. Then there is the Redland RDF Application Framework
15

. It is a 

combination of different C libraries that are also available via wrappers to Ruby, Java and 

other programming languages. However, most of the wrappers are not well maintained 

and therefore quite outdated. The framework also consists of means for manipulating and 

storing RDF data (Redland), an RDF parser (Raptor) and a query language for RDF 

(Rasqual). However, all of these RDF storages are not capable of providing higher level 

access to ontological concepts, so there would be an urgent need for a translation layer 

between OWL concepts and RDF triples if these frameworks would be used. 

 

Another possible candidate for a framework to store and manage ontological data is the 

Neon Toolkit (Neon TK) developed within the project NeOn
16

, which is funded by the 

6th European framework programme. Goal of this toolkit is to be a framework for 

processing large ontologies that are collaboratively being created and evolving. However, 

this project started in 2006 and will end in 2010, so there is no final platform or interface 

yet, but this project will be further monitored and its outcomes will be checked for 

usefulness in the SCY context. 

 

Another very well-known and wide-spread framework is Jena. Its Java interface allows 

easy access to create, change and store ontological data, in RDF as well as in OWL 

structures (which are being translated under the hood). It also consists of basic built-in 

                                                 
14

 http://www.ontoknowledge.org/ 
15

 http://librdf.org/ 
16

 http://www.neon-project.org/ 
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reasoners and it also features an interface to the OWL DL reasoner Pellet
17

. However, it 

has been developed to work only in-memory and so the database storage facility that has 

been implemented later has only basic features. Also the interfaces to communicate with 

the storage are only available in Java. 

 

Moreover there is the SWAT framework that has been developed within the Ontoverse 

project that has been mentioned earlier. The basic architectural decision of the Ontoverse 

backend was to use a blackboard approach. From a distributed systems point of view, the 

basic idea of the blackboard approach consists in replacing point-to-point communication 

by publishing messages onto the blackboard (broadcast). To make the public information 

easily shareable without detailed protocol definitions it is important to rely on simply 

structured data formats. 

 

Blackboard architectures can be implemented using the TupleSpaces approach. A 

TupleSpaces system consists of one server (the blackboard), that holds all data fragments 

as tuples, i.e. as ordered lists of primitive data, which can be accessed using associative 

query templates. We chose to use an implementation called SQLSpaces (Weinbrenner, 

Giemza, & Hoppe, 2007) which had been developed by the Collide Research Group at 

the University of Duisburg Essen, Germany. The SQLSpaces have advantages over other 

existing implementations such as JavaSpaces from Sun Microsystems or TSpaces from 

IBM, e.g., in terms of enhanced persistence (due to the underlying relational database, 

which may be MySQL, HSQLDB or PostgreSQL), versioning support and multi-

language support. The whole blackboard can be separated into different subspaces, if 

needed. 

 

Based on this SQLSpaces system an agent system called SWAT (Semantic Web 

Application Toolkit) was developed. Each ontology is stored in a separate space in form 

of RDF triples. Besides these ontology spaces there are several other spaces that are 

mainly used for several agents to synchronize and coordinate each other. These agents 

have mainly tasks that provide collaborative users some helping hands, but there are also 

some meta-agents that monitor the other agents and restart them in case of failures. 

 

As already mentioned there are programming interfaces to several programming 

languages (currently Java, C#, Ruby, PHP, Prolog), so it is also possible to implement 

agents in different languages, so that each agent is implemented in the language that fits 

best the needs of the task (and possibly the programmer). Moreover SWAT stores its data 

in form of RDF triples, but it is possible to access OWL-like structures via a native Java 

interface. To access these structures from other languages there is even an agent that 

encapsulates this OWL RDF translation facility and provides it to every client capable of 

accessing the SQLSpaces server. Finally, SWAT also provides a Java interface that is 

compatible with Jena's interface, so that applications that use this interface can switch 

their backend transparently. 

 

All in all there are several possible frameworks to be used in SCY. Currently a solution 

using SWAT as a backend for the final system is preferred, but it will be checked further, 
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whether it provides all features that are needed for SCY (which are in fact at least in parts 

simply not known yet). By using SWAT we get a convenient way of storing and 

accessing OWL and RDF data and additionally a language-heterogeneous platform that is 

easily extended by features in form of agents. 

2.3 Agent Architecture 

Pedagogical agents or agents for short are demon-like server components that have 

specific purposes within the SCY-Lab flow of operations. They are distinct from other 

types of software components in that they are characterized by: 

 

 Reactivity 

 Autonomy 

 Collaborative behaviour 

 Persistence 

 Adaptivity 

 

Up till now, we have identified three different types of agents. Filtering agents and 

processing agents are responsible for ELO information processing. They implement 

methods of Educational Datamining (EDM) which are necessary to accomplish the goals 

of SCY-Lab. See deliverable D V.1 for an overview of EDM methods which are relevant 

for SCY-Lab. Communication agents support information exchange between processing 

and filtering agents on one side and SCY-Lab services and tools on the other. 

 

Agents have special role in the creation of scaffolds within SCY-Lab, SCY services and 

tools. In order to develop a scaffolding – consisting of several scaffolds – several agents 

(and agents types) need to be combined and need to exchange information to inform 

SCY-Lab, SCY services or tools. Based on the information coming from agents, a 

scaffold is formed. Agents can provide general suggestions or advice for tools and every 

tool will interpret information coming from the agents accordingly and individually. In 

contrast to support provided by tools (which can be informed by agents too), agents 

inform the SCY component based on an aggregation and judgment of mining sources. 

Within SCY, different sources of information for students’ processes can be mined, e.g., 

ELO meta data, ELO content, logged user actions, self-assessment (via logged user 

input), agent generated models and data. 

 

The judgement of mining sources results in an adaptation of support based on learner’s 

experience. Various types of analysis methods (see Deliverable D IV.1 Section 3.2.5) will 

help us to determine students’ behaviour, which allows us to provide scaffolds when they 

are needed. For example cooperation behaviour, expertise behaviour, floundering 

behaviour can be detected and evaluated to provide a scaffold depending on the students 

needs. In addition, pedagogically inspired rules need to be formulated to define behaviour 

of the agents. Rules may include general features of scaffolding such as the level of 

fading or obtrusiveness of a scaffold. This needs close coordination with WP I. 

 

Overall, the agent architecture (cf. Figure 10) uses different components for storage of 

agent data and for communication. Agents use an agent database (ADB in the Figure 10) 
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to store information which they generated, that cannot be stored inside ELOs. They also 

use a blackboard architecture, called SQLSpaces (cf. description in Section 2.2.6.2), for 

communicating and processing. Agents write messages to the TupelSpace and read 

messages from the TupelSpace. The activity of an agent is triggered by special message 

patterns in the TupelSpace. 

 

The term "agents" addresses a system feature and we should be aware that the same 

surface behaviour of the system could usually also be achieved by inherent or internal 

mechanisms of the specific tools or applications. It is important to emphasize that agents 

do not communicate directly with SCY-Lab users. Agents have to work together with 

other agents and other SCY-Lab components in order to achieve their goals. We therefore 

will define agent workflows to map pedagogical procedures onto the architecture. 

 

 
Figure 10: Agent types in the SCY-Lab architecture 

2.3.1 Agent types 

The agents are until now split up in three distinctive types (see Deliverable D IV.1 

Section 3.2.5). These types are technically differentiated by how the agents are triggered 

and what component of the system they are allowed to communicate with.  

2.3.1.1 Filtering Agents 

The filtering agents wrap around the saving and updating of ELOs. They are triggered 

whenever an ELO is saved to the RoOLO. Their purpose is to automatically enrich the 

metadata of ELOs or to notify processing agents that an ELO has been saved by writing a 

message into the TupleSpace. When an ELOs is saved, it is sent through a number of 

agents before it is actually saved. It is therefore necessary for the filtering agents to be 

fast. If the calculation takes some time the functionality should be moved to a processing 

agent.  
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2.3.1.2 Processing Agents 

The processing agents are meant to implement calculations that can't be done in 

reasonable time by a filtering agent. They are triggered by a message that has been 

written in the TupleSpace and are consequently independent of the saving procedure. 

Processing agents should run in their own thread so they can do complex calculations 

without slowing down other system parts. On finishing their calculations a message 

should be written to the TupleSpace to inform other agents about the results of the 

calculations. This result could be aggregated with other result from agent calculations and 

for example trigger a scaffold.  

2.3.1.3 Communication Agents 

The communication agents provide the interface between agents and tools. As agents 

should not directly communicate with a tool the communication is redirected through the 

notification service. This tool-agent communication should be only done by 

communication agents. They are listening for messages sent by other agents, e.g., 

filtering- or processing agents, and send a notification by utilizing the client notification 

service (see section 0). It is the tools duty to react accordingly to this message. 

2.3.2 Example of a workflow 

As a first example of all agent types working together it is proposed to implement a 

simple spell checking mechanism. A visualization of the workflow can be seen in Figure 

11.  

 

Every time an ELO consisting text is saved the “Notify Checking Agent”-Agent writes a 

message into the TupleSpace that an ELO has been saved (1). The “Check Misspelling”-

Agent then retrieves the content of the ELO and checks every word for spelling 

mistakes(2). Depending on the number of words in the text this may take some time. 

After checking each word a message including the number of spelling mistakes is written 

to the TupleSpace(3). The “Notify Tool”-Agent reacts on this message (4) and notifies 

the tool/SCY-Lab by using the client notification service(5). The tool/SCY-Lab is then 

responsible to display a message to the user according to the current level of scaffold. 
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Figure 11: Example of agent workflow 

2.4 SCY Server technologies 

The SCY server will contain all presented components (cf. Section 2.2 – Server 

Components) and will make them accessible to the “outside world” using different 

technologies and protocols. As already mentioned the SCY system has different clients 

(and also some agents) using multiple programming languages as a high challenge. To 

cover all these programming languages and to allow connecting them to the system the 

server must provide flexible access points that can be used by different programming 

languages. 

 

The most famous representatives are Web Services. Web Services are applications 

(services) that can be accessed over the network and are executed on the remote system 

that hosts the requested application using a common protocol based on XML, e.g., SOAP. 

There are two kinds of Web Services: the Big Web Services using SOAP and the more 

recent RESTful Web Services. The latter are better integrated with HTTP than SOAP-

based services and do not require XML messages or WSDL service-API definitions. The 

problem with both is (cf. Section 2.2.4.2) that they are based on the HTTP protocol. This 

protocol is a unidirectional protocol, thus only the HTTP client can connect to the server 

and query data, not the other way round. Therefore all Web Service protocols are also 

unidirectional. This is enough for some of the services provided by the SCY server but 

not for the ones that require an active channel back from the server to the client (cf. 

Section 2.2.4.2). In the Java world several implementation of Web Services exist. The 

most famous ones are Apache Axis/Axis2, Sun JAX-WS RI and Apache CXF. To avoid 

going into too many details it should just be mentioned that all services have their pros 

and cons and that it is more a matter of taste to choose one or the other than a technical 
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issue. For the first version we have chosen Apache CXF and have successfully connected 

a Flash tool to the Java server. 

 

Web Services do not come for free and of course have some drawbacks when it comes to 

speed. As the web server is based on Java and there are plenty of Java to Java 

communication frameworks which are faster than Web Services, all components will be 

also available through a Java only communication channel. Basically this will only mean 

that the components will be accessible by a programming language independent channel 

– the Web Service – and a Java only way – using Java serialisation. We have chosen the 

Spring Remoting framework for this as it fits very well in the whole SCY server 

architecture and the Web Service access. The Spring Framework is a defacto standard in 

enterprise development for enterprise and web applications. Spring Remoting offers 

different protocols for remote communication. The first prototypes of the SCY server are 

using Spring’s http invoker mechanism – which uses serialised Java objects with the 

HTTP protocol. 

 

All these technologies are web technologies that need a web runtime environment. As all 

technologies can be embedded as Java Servlets, this is the common denominator. Java 

Servlets need a Servlet container as the runtime environment. Several servers with a 

Servlet container exist in the Java world, also Open Source ones like Apache Tomcat and 

Mortbay’s Jetty. Servlets and the runtime container are clearly specified so that all 

Servlet containers can be used to run the SCY server. For the first prototypes Jetty has 

been used, meanwhile the server also runs on Tomcat. 

 

Overall the SCY server is powered by a HTTP web server that runs Java Servlets which 

expose the services to the outside world using multiple communication technologies. It 

also serves common HTML pages for SCY-Lab and regular HTTP request to deliver 

regular files like jar files for Java Applets. With this technology the server is very 

scalable and could even be clustered to boost performance and avoid bottlenecks. This 

clustering could be done for the whole server as well as for single components that could 

be dragged out of one server and moved to another one, e.g., to create a common ELO 

repository for one country or even for Europe. 

2.5 The SCY Broker 

The SCY Broker serves multiple services that expose the components presented in 

Section 2.2. Each component will be connected to one broker service, e.g., the Broker 

User Management Service will talk to the User Management Component. In fact, these 

broker services will be made available with the web technologies discussed in Section 

2.4. The following figure will illustrate the SCY Broker and the broker services. 
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Figure 12: SCY Broker Services connected to components and communicating with each other 

In Figure 12 it is shown that the SCY-Lab client and the tools will talk to the Broker 

services which then will talk to the real components. Note that in the figure the 

Collaboration Service and the Ontology are not running within the server context but as 

separated processes. This may not be the case in the final SCY server but it shall illustrate 

the idea behind the SCY broker. Several scenarios are possible. First of all, all 

components can run within the server context, in one Java virtual machine and on one 

physical server. Secondly some components can run outside the server context (cf. Figure 

12). In this case the broker service for the component that runs within the server context 

will use any kind of remote communication mechanism to access the component that may 

run on the same physical machine or even on a different machine for load balancing. The 

idea behind this brokering mechanism is that the location of the real component does not 

affect anything on the client side. The client will always just communicate with the SCY 

Broker and all requests will be brokered to the actual component transparently. This 

allows for reconfiguring the server, e.g., for optimisation of server load, without any need 

to change anything on the clients. Another advantage of this architecture is that the 

components can be easily changed without having to change the client and the way it 

accesses the components. Here not only the implementation of the component can be 

exchanged – which is already possible if it implements the same component API – but 

also the whole component API could be changed because the client will always talk to the 

Broker services. 
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2.5.1 Broker Services 

The Broker services broker all requests to the actual components. Thus all requests to the 

Broker ELO Repository Service are forwarded to the ELO Repository (RoOLO). As 

already discussed in Section 2.4 the server will expose the services using Web services 

technology and similar. The problem with these technologies is that they are stateless
18

. 

Thus the services have to be extended not just do replicate the APIs of the actual 

components but they have to be enriched with user credentials for authentication and 

authorisation. Thus any access to the repository needs to be checked for permission 

against the user management. In Figure 12 this inter-service communication is illustrated 

by the black arrows in between the broker services. Another scenario is the action logging 

where the repository can directly log an ELO access action to the action logging service 

directly on the server instead of having to do that remote by the client with all 

communication overhead. It is clear that some components will never talk to each other 

but as the inter-service communication will be generally available for all components all 

combinations are possible in theory – even if they will not communicate with each other 

in the end. 

3 Connecting Tools to the SCY System 

3.1 Introduction 

The SCY system will provide multiple tools for the learner to work with. The main “tool” 

that will be omnipresent is the SCY-Lab client (cf. Section 4). This will be the entry point 

to the whole system and it will provide access to all the other tools. What SCY-Lab and 

the tools have in common is that they will have to talk to the SCY Server in order to log 

the user in, query for ELOs, log user actions and so forth. So generally speaking all 

clients will need to communicate with the services provided by the server (cf. Figure 2 

and Figure 12). The server will provide several services for different purposes with 

different communication mechanisms. The problem here is the complexity of the system. 

Clients will need to talk to different services using different communication mechanisms, 

e.g., Web Services, JGroups or SQLSpaces. As all the technologies are not fixed yet this 

could even change in the future. To ease the development of tools and to take away the 

burden from the tool developer, a simplification is needed for accessing the server. This 

is the role of the Tool Broker API. 

3.2 Tool Broker API 

The Tool Broker API is a remote proxy of the SCY Broker on the server side. The remote 

proxy acts as a local representative for a remote object – cf. (Roth, 2002). The pattern is 

based on the Proxy pattern (Gamma, Helm, Johnson, & Vlissides, 1995). Besides, the 

pattern has similarity with the Adapter pattern (Gamma, Helm, Johnson, & Vlissides, 

1995) in the sense that the proxy may hide interface transformations on the server side. 

Thus all tools will only know the Tool Broker API and talk directly to the services 

provided. The will never – except very few reasonable cases – talk directly to the 

services. 
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 Actually stateful Web Services also exist. But they are quite complicated and heavy and as we expose 
the services also by other technologies like Spring Remoting http invoker which does not support states, 
we have to assume that the interface to the services is stateless. 
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This approach has several advantages. First of all it will ease the development for tool 

programmers and will reduce the redundancy of code, i.e. tools will not have to 

implement clients for accessing the services themselves. The second very big advantage 

is that it makes the tool development independent of the development of the SCY server 

and the communication technologies in between the Tool Broker API and the server. This 

allows for exchanging the communication technologies – e.g., if a better one has been 

indicated – without the need to change anything in the tools. The only thing that has to be 

changed is the server and the Tool Broker API. Another advantage is that everything in 

the Tool Broker API is transparent for the tool, i.e. caching mechanisms could be 

implemented to allow for increasing the performance or even an offline mode for tools 

could be realized, where tools would work as online
19

 but would talk to a local cache 

provided by the Tool Broker API. 

 

Figure 13 shows the Tool Broker API and the remote proxies. It illustrates that the SCY-

Lab client and the tools directly access the proxies which are exposed by the Tool Broker 

API to the tools and which then communicate to the services on the SCY server. Note 

that again (cf. 2.5.1) the proxies can communicate with each other exchange data, e.g., if 

users are not logged in they must not access the repository (ELO Repository Proxy -> 

User Management Proxy). 

 

 
Figure 13: The Tool Broker API and the Remote Proxies 

Overall the Tool Broker API allows for a second level of uncoupling the tools from the 

server. The first uncoupling is provided by the SCY Broker that creates a single point of 

access and where Broker services uncouple the actual server components from the 

                                                 
19
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outside world. This is extended by the Tool Broker API in the way that tools do not even 

know that they were involved in any kind of remote communication but communicate 

locally and invoke operations on the services provided by the Tool Broker API. 

3.3 Tool Broker API Usage 

The Tool Broker API (TBA) is a collection of remote proxies for the SCY Components. 

For this reason they expose the same API as the actual implementations on the server side 

(cf. Proxy Pattern) (Gamma, Helm, Johnson, & Vlissides, 1995). The Tool Broker API 

consists of central interface the ToolBrokerAPI . This interface provides methods to 

access the single remote proxies. In order to use the Tool Broker API the tool needs to get 

an instance of it – the class ToolBroker  implements the ToolBrokerAPI  interface. 

This can be done in two ways: Tools can instantiate the ToolBroker  class; the 

preferred way is to use the Spring Framework to instantiate and configure a singleton 

(Gamma, Helm, Johnson, & Vlissides, 1995) of the Tool Broker API so that it can be 

shared within one Java VM by several tools. The latter will reduce the amount of 

connections between the client and the server as only one remote proxy will be create for 

each component. 

 

The following shows the Java code of the Tool Broker API interface. Note that comments 

were removed and some temporary methods exist that will not be explained here: 
 

public  interface  ToolBrokerAPI  {  

     

    public  IRepository getRepository();  

     

    public  IMetadataTypeManager getMetaDataTypeManager();  

     

    public  IExtensionManager g etExtensionManager();  

 

    public  IUserManagement getUserManagement();  

     

    public  IActionLogger getActionLogger();  

     

    public  INotificationService getNotificationService();  

 

    public  IOntology getOntology();  

 

    public  ICollaborationService ge tCollaborationService();  

 

}  

 

Tools that want to access any of these services need to have an instance of the Tool 

Broker API (see above). Then they use one of the getters to access the service and 

actually invoke any method that is offered by the service. The following code snippet 

shows how this currently looks like. 

 
toolBroker  = new ToolBrokerImpl();  

IRepository repository = toolBroker .getRepository();  

IELO elo = repository.retrieveELO(eloID);  

IMetadata metadata = elo.getMetadata();  
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In this example a Tool Broker API instance is created by instantiating the 

ToolBrokerImpl  class – note that this method is not preferred (see above) and is just 

used for demonstration purposes. In line 2 it is exemplified how to use the getter method 

to access the ELO Repository proxy. Once this is invoked, the retrieveELO  method 

can be called with an identifier for an ELO and the proxy will return the matching ELO. 

Then there is easy access to the metadata of the ELO, to modify it and to store it back to 

the repository. The usage for the other services is analogue to this one. This shows that 

from the programmers’ perspective there is no struggling with communication APIs nor 

technologies, IP addresses or ports. Everything is transparent and can be adjusted if 

needed in the configuration files. 

 

For other programming languages – like Flash – there will be either an implementation of 

the TBA in the actual language or a bridge will be provided to call the Java TBA from 

other programming language. For Flash this can be achieved using JavaScript as a 

mediator language. Furthermore a mobile TBA will be provided for mobile devices with 

a reduced and specialized set of operations. 

 

Overall the Tool Broker API will ease the development process for tool developers and 

create a unified way to access the SCY server. It will allow uncoupling the development 

of tools from the development of the server and the communication mechanisms. This it 

will be possible to exchange any currently communication technology with another one if 

it fits or performs better. 

4 SCY-Lab 

4.1 Introduction 

SCY-Lab is the visible part of the SCY system for the learner. It is the entry point and 

also the place where the learner will find all the tools to work with. SCY-Lab will exist in 

more than one version. There will be the main version that will be used on desktop 

computers and notebooks. Beside this, versions for mobile phones, smart phones and 

PDAs will also exist with a reduced feature set and designed for mobile usage. 

Nevertheless SCY-Lab will be the main application to access the SCY system. More 

descriptions on SCY-Lab and the rationale behind it can be found in the SCY style book 

(cf. DVI.2, Chapter 3). 

 

Today the trend is to move applications into the browser and provide rich designs and 

mesh-ups in the age of Web 2.0. There are a lot of reasons for doing this. First of all the 

internet is getting faster and faster which means that we are able to watch rich multimedia 

– photos, music, video – online streamed in the browser, which is also due to the browser 

technologies that get better and more impressive day by day. A second very strong reason 

for browser applications is that almost every computer has got a browser. This makes the 

delivery and deployment of internet applications almost trivial. Web applications are set 

up on a web server that is accessible on the internet and the user just has to browse to the 

web site and can use the application immediately. 

 



DVI-1  SCY 

36 of 45 

But as with all technologies there are several downsides with internet applications. 

Currently there are five main different browsers
20

 on the market with different rendering 

engines and even more JavaScript runtimes – both also depending on the version of the 

browser. The problem with all these different implementations is that they all extend the 

HTML standard and JavaScript with custom functionalities. This makes it very hard to 

implement rich internet applications that run on all browsers, because one thing that 

works very well in browser A will work different – if at all – in browser B. Different 

libraries have been successfully created to overcome the compatibility issue with 

providing an abstraction layer for programming JavaScript that is independent of the 

browser. Another recent technology called GWT – the Google Web Toolkit – has gone a 

slightly different way with the same result creating applications that run on different 

browser with no additional overhead for the programmer. 

 

But still the browser itself – with HTML 4.01 – is quite limited in running applications 

with rich multimedia functionalities. Therefore several technologies have to be plugged 

into the browser like Adobe Flash and Sun Java(FX) to allow for rich media and powerful 

applications. These plug-ins bring the video and audio support to the browser as well as 

the ability to program very rich, dynamic and fancy looking applications. 

 

In the current development of SCY-Lab two prototypes have been created: The Google 

Web Toolkit technology that compiles Java source code to JavaScript and the very new 

JavaFX technology that starts a renaissance of Java Applets. As the majority of the SCY 

developer team is mainly familiar with the Java language, these technologies have been 

chosen because both are based on the Java language. The prototypes run inside the 

browser but are completely different in the user interface. Both will be presented shortly 

in the next section as well as the underlying technologies. 

4.2 SCY-Lab Prototypes 

SCY-Lab is still under heavy design and not finally specified. Nevertheless development 

has already started so that currently two prototypes are being developed to learn 

possibilities and limitations of both technologies. The first prototype uses GWT and 

follows a more conservative design of the user interface whereas the second one based on 

JavaFX tries to implement an innovative and dynamic design (cf. D IV.2). Note that both 

prototypes are running applications and not mock-ups or design studies. 

4.2.1 GWT Prototype 

The Google Web Toolkit prototype follows a more conservative design with well known 

elements and layouts, like tabbed windows, tables and a two column layout like e.g., 

email clients. These graphical elements – called widgets – are provided by the Google 

Web Toolkit and are rendered in the browser using common techniques for rendering 

HTML and JavaScript. The particular about GWT is, that the application is developed 

using the Java language and then compiled by the GWT compiler into HTML and 

JavaScript. To overcome the browser differences GWT compiles the application for each 

rendering engine so that it is guaranteed that it will run correctly. 
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The GWT prototype is a pure HTML and JavaScript implementation of SCY-Lab that 

embeds all the current existing Java Applet, GWT and Flash tools. First of all the user has 

to log into the system (cf. Figure 14). 

 

 
Figure 14: SCY-Lab user login 

Then the user will find an overview about existing missions, his or her last missions, his 

or her last ELOs and a (currently empty) field for feedback (notifications and others 

messages) in the startup screen (cf. Figure 15). 
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Figure 15: SCY-Lab startup screen 

In the start-up screen the user can now select a mission from the mission browser, get 

information on this mission and start the mission. The user also can see a list of the last 

missions he or she has been working on and jump directly into one of them. As ELOs are 

the central element of SCY, a list with last ELOs is also presented to the user so that the 

user can directly select an ELO and continue working on the ELO. Once the user has 

selected a mission, the SCY-Lab workspace will start up (cf. Figure 16). The workspace 

is divided in several areas: The north panel gives an overview on the mission with the 

possibility to get more information if needed; the west panel is a stack panel that contains 

the tool list, the buddy list and a small task list; the central area is the working area which 

is organized in tabs. Tools are opened and organized in tabs. The tabbed organization has 

the advantage that multiple tools can be open at one time and the user can switch the tools 

easily. The north and east panel can be collapsed to increase the size of the working area. 

In Figure 17 these areas are collapsed and the CO2-Simulation tool is visible. The CO2-

Simulation tool is a proof that Adobe Flash/Flex applications can be embedded into SCY-

Lab. You can see from the tabs that also the drawing tool has been started. This is a tool 

implemented in Java that is embedded into SCY-Lab as a Java Applet. The ELO browser 

and the map tools are both implemented in GWT which is nothing more than HTML and 

JavaScript. 
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Figure 16: SCY-Lab workspace 

 

 
Figure 17: CO2-Simulation Adobe Flash tool embedded in SCY-Lab 
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The GWT prototype has already been connected to the first version of the server so that 

the tools can store and retrieve ELOs and access the user management. 

4.2.2 JavaFX Prototype 

The JavaFX prototype is innovative and experimental user interface for a learning 

environment. It follows the design study presented in the SCY style book (see 

Deliverable D IV.2). The whole area is the workspace for the learner. All elements of 

SCY-Lab are floating in the workspace thus they can be dragged and organized in 

different ways as well as organized on the x- and y-axis according to definable properties. 

Tools are surrounded by coloured rectangles that act as common window decorators (like 

the window bar with the X to close the window in common windowing systems). They 

also allow to resize the tool and to rotate the tool (cf. the green and violet rectangles in 

Figure 18).  

 

JavaFX is developed to create and program attractive looking and feature rich graphical 

user interfaces. Making a good looking application in JavaFX is a lot easier than making 

it in Java. As JavaFX can (re)use all available Java libraries, we can easy reuse all 

existing Java based tools. This is being demonstrated in the JavaFX prototype, the 

drawing tool and the SimQuest simulator are completely written in Java. There are no 

changes made to the code to use both tools inside the JavaFX environment. Even the 

moving and rotating of their windows and content works without any changes to the code 

of the tools.  

 

Note that the JavaFX prototype is running within the browser using the new Applet 

technology introduced by Sun in Java 6 Update 10. This technology introduces a lot of 

features for the Applet integration. One very noteworthy feature is that Applets can be 

dragged out of the browser and can be run as standalone applications on the desktop. The 

different methods of launching the JavaFX prototype works with the same code, as a 

result we can at any time choose the way we want users to launch SCY-Lab. In Figure 19 

the JavaFX SCY-Lab is running as a standalone application – note that the browser 

window is missing compared to Figure 18. 
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Figure 18: JavaFX prototype of SCY-Lab 

The JavaFX prototype also embeds some few tools (cf. Figure 19). The first tool is a 

drawing tool implemented in Java and running inside JavaFX as a native Java 

application. The second tool is the SimQuest simulator. The third tool is a dataset 

visualizer. These tools have already been connected to some server components so that 

they can already store and retrieve ELOs. Another tool is not really visible but can be 

seen as the whole workspace and is the ELO browser. The Search tool fires queries to the 

ELO repository and visualizes the results on the workspace. The query can be specified 

as well as the mapping on the x- and y- axis (see above). 



DVI-1  SCY 

42 of 45 

 
Figure 19: JavaFX SCY-Lab running a drawing tool and the SimQuest simulator 

Overall the JavaFX prototype is a very innovative and promising approach that will be 

further elaborated and more tools will be embedded to create a first version of SCY-Lab 

with more tools and more functionality. 

5 Outlook 

 

The document gives the technical specification for the basic components of the SCY 

system on both ends – the front end and the back end. Note that the front end is not as 

much specified as the back end as we are currently investigating on the second possible 

technology – JavaFX – for SCY-Lab. 

 

On the server side all basic components have been specified and also most of them 

implemented in first versions to allow for first prototypes to get quickly to the user and 

get feedback. Some more complex parts of the server were not mentioned and not 

specified yet. Learners will work on missions. These missions will contain different 

activities that can be undertaken with different tools. All the information about the 

relations between missions and activities and tools will be stored in the ontology (cf. 

deliverable DIV.1) and also authored by the teacher. Still the technical representation and 

specification of missions is missing. It has not been defined yet how SCY-Lab will 

organize itself to certain missions, how the learner will be guided through the missions 

and how SCY-Lab will provide awareness of the missions to the learner. 

 

A learner will work in SCY-Lab with different tools and will have a certain state of the 

learning environment. What happens if the learner leaves the learning environment and 
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later come back? What will the user see on his or her screen? There has to be some kind 

of overall SCY-Lab persistency on the server side as well as for the tools that have not 

yet saved the content as an ELO. This goes along with the idea of the SCY workspaces of 

the learners and has to be specified and integrated into the Tool Broker API. With such an 

approach the system could also recover crashed SCY-Lab instances and increase the 

overall user experience. 

 

Not all tools that will be used for SCY will be integrated into SCY-Lab. One example is 

any office tool like Microsoft Word or OpenOffice Presenter. SCY-Lab does not intent to 

replace these tools – because the users are already used to them – but allow for import 

facilities into the SCY world. This can have different levels: One very basic level could 

be that the learner can import any type of file into SCY and create an ELO with the file as 

the content. More integration could be provided with an extension or plug-in for e.g., 

Microsoft Word that would provide a “Save to SCY” menu action for the learner. This 

would allow saving ELOs into SCY from 3
rd

 party tools, but would not mean that they 

are integrated into SCY-Lab. In the next steps we need to define different level of 

integration and provide a specification. 

 

The agent architecture right now is connected to the server architecture in a way that it 

receives all the data – like saved ELOs and action logs – for processing and analysing. It 

is also connected to the notification service to allow for sending messages back to the 

learner for scaffolding and so forth. What have not yet been specified are the internal 

communication format and the format of the agent database to e.g., store user learning 

profiles and progress. This has to be done in the next specification cycle to start building 

scaffolding and other feedback to the user. 

 

Again, almost all the components presented in this deliverable have been implemented 

and are already running for first tests. The next steps will be the continuous evaluation of 

the performance of the system to ensure a nice user experience with a responsive and fast 

system. Here we always have to keep in mind the scalability and the flexibility of the 

system and the architecture to get the best possible result. 

 

The technology for the front end of SCY-Lab is currently under investigation. First mixed 

results have been achieved with the GWT-based SCY-Lab. Now the JavaFX technology 

is being used for the next month to compare the strength and weaknesses for a final 

decision on the technology for SCY-Lab. Finally, a risk analysis has to be done for both 

technologies with respect to the usage in school environments. 

 

Last but not least the mobile development has just started. We have identified three 

possible platforms as the target platforms for SCY-Lab Mobile: Sun JavaME, Apple 

iPhone and Google Android. Sun JavaME – the Java Platform Micro Edition – is a 

reduced Java environment for mobile devices like mobile phones and has been adapted 

by most mobile phone manufacturers on the market and has a huge market share. The 

iPhone has been introduced by Apple mid of 2007 and has revolutionized the phone and 

mobile internet market. The pros are the uniform platform which eases the development 

of applications with are developed in the programming languages Objective-C and the 
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Cocoa framework. Finally, the new player on the market is the Android platform 

developed by the Open Headset Alliance that has been initiated by Google. Android is 

based on Linux and allows developing applications in the java programming language 

and deploy them directly to the Android based phone. The next steps will be to explore 

the three possible platforms and to decide on the most suitable one to start the mobile 

development for SCY. 

6 Conclusion 

 

This document has presented the overall technical specification of SCY-Lab, in terms of 

the user front end learning environment and the underlying components like the Tool 

Broker API, the broker services, the SCY server components and finally the agent 

architecture. The specification gives a first overview and definition what the technical 

requirements of the SCY system are and what approaches have been chosen to fulfil the 

requirements. 

 

One outstanding approach is the broker based architecture. It will allow for a flexible and 

scalable configuration of the SCY server to achieve a good performance and a nice user 

experience during the interaction with the system. The broker pattern will access the 

components in a service oriented way that allows for distributing the single services on 

different machines and even extend the server with load-balancing features. 

 

The Tool Broker API will ease the development of SCY tools and demystify the 

development with such a highly distributed system. It will unify the access to all services 

from the tools and allow reducing the complexity for each tool. Furthermore this 

centralized access point to the server can be extended with caching functionality and 

provide e.g., an offline-mode for SCY-Lab. 

 

The agent architecture has big potential for creating different independent agents that will 

evaluate learner’s ELOs and activities, share and process data and give feedback to the 

learners and the teachers. The usage of the SQLSpaces allows for a programming 

language heterogeneous set of agents – Java, Prolog and others – to use the language that 

fits best the given problem. Moreover existing agents in Prolog can be adapted to the 

system and thereby reused. 

 

The technology for the SCY-Lab front end has big implications on the interaction of the 

user with SCY-Lab. The GWT approach represents or more classical and conservative 

interface where as the JavaFX approach introduces a new way of interacting with a 

learning environment. Finally, the goal will be to provide the best possible interface for 

the user to make SCY-Lab an attractive and beneficial tool. 

 

Overall this technical specification is the result of the first months in the SCY project and 

will be refined and extended to meet the requirements. 
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