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Executive Summary 
WP1 includes support for process-based development environments focused on Web 
applications. While Web applications evolve towards ubiquitous, enterprise-wide or multi-
enterprise information systems, their features must cover new requirements, such as the 
capability of managing complex processes spanning multiple users. Process-centred Web 
applications exhibit much more sophisticated interaction patterns than traditional Web 
applications: they are developed to support well-defined processes, consisting of activities and 
their execution constraints, serving different user roles, whose joint work is coordinated by the 
application; and they may be distributed across different processor nodes, due to organizational 
constraints, design opportunity, or existence of legacy systems to be reused. 

Methods and tools for Web design already support dynamic Web page generation and 
personalization, by using information describing the user and the execution context of the user 
at a given moment. However, less attention has been paid to formalizing the relationship 
between Web hypertexts and the process they support. The proposed methods therefore do 
not provide comprehensive design methodologies, integrating advanced techniques for Web 
application design (such as conceptual design methods), and classical business process 
analysis method. Process-centred Web applications demand novel methodologies for their 
analysis, specification and implementation, because they are more complex than either 
process-based systems, or pure data-centric Web applications [5]. 

The WP1 activity aims to support the design of team management processes that are most 
suitable for enabling project-centred learning. The emphasis of this WP is on the specification 
of a reference framework for project-centred learning, from here on called the Cooper 
framework, which encompasses and generalizes the needs of the three user institutions, as 
produced by WP5 [10]. Emphasis is on project management, covering all its phases, which is 
the issue characterizing the Cooper activity. Also, process descriptions will be coherent with the 
format, which is amenable to transfer to the technological platform produced by WP4 [11]. 

The present deliverable illustrates the results of the task T1.1 activity, which consists in the 
definition of a methodology for the specification of cooperative teamwork processes. The 
starting point of such activity is an existing model for Web application design, WebML (Web 
Modelling Language) [6], and the associated CASE tool, WebRatio [www.webratio.com], that 
have been both field-tested for many years in the implementation of data-centric Web 
applications. Starting from such foundations, the T1.1 activity has consisted of: 

·  The identification of a process modelling methodology, consisting in the selection of a high-
level notation for process specification and the definition of new methodological steps 
extending the traditional WebML development cycle. The new process modelling activities 
relies rely on the new process-specific primitives defined in the context of WP4 [11]. 

·  The study of the requirements for teamwork processes stemming from the use case 
scenarios identified in the Deliverable 5.1 [10], and the identification and specification of the 
main data assets of the framework, by means of some modelling abstractions called Web 
Marts [8]. 

·  A characterization of the teamwork processes to be supported in the Cooper Framework, 
which is based on the capability to predict at design time the flow and the execution 
constraint of the process activities, as well as their assignment to specific actors.  
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This document thus illustrates the methodological tools adopted for the specification of 
processes and then shows how such tools can support the definition of the Cooper framework. 
Part 1 introduces the concepts and notations adopted for the specification of teamwork 
processes. In particular: 

·  Chapter 1 gives an overview of the WebML notation and development process for data-
intensive Web applications;  

·  Chapter 2 describes the Web Mart abstraction, as a tool for identifying the main data assets 
around which the overall structure of the hypertext interface can be built; 

·  Chapter 3 clarifies how the WebML development methodology is extended for coping with 
process specification. 

Part 2 then illustrates how the WebML methodology described in Part 1 can support the design 
of the framework for the execution of the COOPER teamwork processes. In particular: 

·  Chapter 4 clarifies how Web Marts has allowed us to identify a preliminary organization of 
the framework data source. 

·  Chapter 5 then introduces some considerations about the teamwork processes to be 
supported by the Cooper framework and also outlines the way we will approach their design 
by means of the WebML method. 

Chapter 6 finally draws our conclusion and outlines our future actions. 
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Part I: Conceptual Tools 
This part of the document introduces the conceptual tools that constitute the foundations of the 
methodology that will be adopted for the design of the Cooper framework and of the teamwork 
processes. It opens with an overview of the main concepts underlying the WebML notation and 
the development process suggested by the WebML methodology. It then introduces i) the Web 
Marts abstraction, as a method to identify the main data assets and the overall organization of 
the hypertext interface, and ii) some new modelling concepts and activities required for 
approaching the specification of processes. 
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1 The WebML Method for Web Application Design 

In this chapter, we summarize the method for designing Web applications described in [6]. 
Developing a Web application, as any other kind of software system, is a complex achievement 
that requires the ability to master a broad spectrum of tasks jointly performed by a number of 
persons with different skills. Following a well-organized development process, centred on the 
appropriate modelling concepts, is essential to overcome such complexity. The classical 
incremental and iterative development process advocated by the modern software engineering 
methodologies can be adapted to the specificity of data-intensive Web applications. 

1.1 Overview of the Development Process 

The phases of the development process of a data-intensive Web application are shown in 
Figure 1. In line with the classic  Boehm’s Spiral model [2], and in line with modern methods for 
Web and software engineering (see for example [9]), the development phases must be applied 
in an iterative and incremental manner, in which the various tasks are repeated and refined until 
results meet the business requirements.  

Application development undergoes several cycles of problems of discovery/design 
refinement/implementation, and each iteration produces a prototype or a partial version of the 
system. At each iteration, the current version of the system is tested and evaluated, and then 
extended or modified. Such an iterative and incremental approach is not exclusive of Web 
application development, but appears particularly appropriate for this class of systems, because 
Web applications must be deployed quickly (in “Internet time”), and their requirements are often 
subject to changes.  

 Business Requirements 

HYPERTEXT DESIGN 

DATA DESIGN 

ARCHITECTURE DESIGN 

REQUIREMENTS SPECIFICATION 

IMPLEMENTATION TESTING  &  EVALUATION 

MAINTENANCE  & EVOLUTION 
   

Figure 1. Phases in the development process of data-intensive Web applications.  

 

Figure 1 shows the main phases in the development of data-intensive Web applications.  

Requirements specification is the activity in which the application analyst collects and 
formalizes the essential information about the application domain and expected functions. This 
aspect does not significantly differ from requirement collection for traditional applications. 

Data design is the phase in which the data expert organizes the main information objects 
identified during requirements specification into a comprehensive and coherent conceptual data 
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model. Data modelling is a well-established discipline and may be addressed through well 
known models like Entity-Relationship and UML, although data modelling for Web applications 
does have a special flavour, due to the role that information objects play in such a context.  

Hypertext design is the activity that transforms the functional requirements identified during 
requirements specification into one or more site views embodying the needed information 
delivery and data manipulation services. Hypertext design operates at the conceptual level, 
possibly exploiting high level models, which let the hypertext architect specify how content 
elements are published within pages, and how hypertext elements are connected by links to 
form a navigable structure.  

With respect to the development of conventional Information Systems, Web application design 
especially capitalizes on Hypertext design. Of the entire lifecycle, hypertext design is the phase 
that could benefit most from a conceptual approach, because its application results in a more 
consistent and qualitative design. Several model-based design methods have been proposed 
so far [6, 7, 13, 14, 16, 18], with the aim to capture the structure of the hypertext front-end and 
the navigation primitives, represented by such concepts as pages, content nodes, and links. 
One such model is WebML (Web Modeling Language), described in [6]. WebML allows 
designers to specify a Web site on top of existing data sources. As illustrated in more detail in 
the following sections, WebML’s conceptual specification consists of a data schema, describing 
application data, and of one or more hypertexts (called site views), expressing the Web 
interface used to publish and manipulate such data. 

The other phases of Figure 1 are outside the scope of this document, and we briefly cite them 
for completeness. Architecture design defines the hardware, network and software components 
that make up the physical architecture, by establishing the mix of these elements that best 
meets the application requirements; implementation is the activity of producing the software 
modules and database schemas necessary to transform the data and hypertext design into an 
application running on the selected architecture; finally, testing and evaluation is the activity of 
verifying the conformance of the implemented application to the functional and non-functional 
requirements. Maintenance and evolution comprises all the modifications effected after the 
application has been deployed in the production environment.  

We point out that the development cycle illustrated in Figure 1 is just an abstraction of what 
happens in real contexts, where the different development activities are not totally independent 
of each other and have blurred boundaries. However, a reference development lifecycle based 
on a formal methodology and on appropriate high level modelling concepts is useful to better 
incorporate change management into the production mainstream, and greatly reduces the risk 
of breaking the software engineering process due to the occurrence of changes. This is 
fundamental in the Web environment, where applications are subject to fast evolution. 

1.2 WebML Data Model 

The WebML data model is the standard Entity-Relationship model, widely used in data design. 
We use a simplified Entity-Relationship notation, in which entities are represented as rectangles 
(including the entity name and the list of attributes) and are connected by binary relationships, 
represented as straight lines labelled with the relationship name. Relationship specification 
includes the minimum and maximum cardinality of participation of each entity to the 
relationship, denoted by the cardinality values (0, 1, or N) attached to the relationship line 
(cardinality constraints are positioned close to the entity to which they refer). As an example, 
Figure 2 shows a simplified Entity-Relationship schema representing some contents needed for 
managing courses and projects in a Master program. 
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Figure 2. An example of data schema expressed in the Entity-Relationship notation. 

1.3 WebML Hypertext Model 

The main ingredients of the WebML hypertext model are site views, areas, pages, units, 
operations, links and session/application variables.  

A site view is a graph of pages, possibly grouped into areas, allowing users of a given group to 
perform their specific activities (e.g. users browse the information, while managers update it). 
Pages contain content units representing atomic pieces of information to be published. Content 
units can be connected by links, representing both navigations and transportations of some 
parameters. Consider for instance a simple scenario: tutors of the Master program browse a 
Home Page, from where they can navigate to a page showing the index of available courses. 
After choosing one course, tutors are lead to a page with the project details and the list of 
available course projects. The WebML specification for the described hypertext is depicted in 
Figure 3. 

 

 Figure 3. WebML specification of a simple hypertext for browsing course projects information and creating the 
description of new projects for a given course. 

We assume that the Home Page contains only some static content, which therefore is not 
modelled. A link from this page leads to the Cour ses page, containing an index of all courses, 
graphically represented by means of an index unit labelled Cour ses I ndex. When the user 
selects a course from the index, s/he is taken to the Chosen Cour se page, showing the 
course details. In this page, a data unit, labelled Cour se Det ai l s, displays the attributes of 
the course (e.g. the course title and a short textual description), and is linked to another index 
unit, labelled Pr oj ect s I ndex, which displays all the projects proposed within a course. In 
general, a unit displays some of the attributes of one or more instances of a given entity; the 
entity name is specified at the bottom of the unit. Below the entity name a predicate (called 
selector) can be specified, to express a filter condition on the instances of the entity to be 
shown.  

Contextual links. The content of units displayed in a page is often related to that of other units; 
this connection is achieved by contextual links, carrying data between the related units. An 
example of contextual link is the link from the Cour ses I ndex unit to the Cour se Det ai l s 
unit in Figure 3: it transports the OID of the course chosen in the index unit and displayed in the 
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data unit. The data carried by a contextual link is not always shown in a WebML diagram 
explicitly, because in many cases it can be inferred from the context. For example, a link exiting 
from an index unit always carries the identifier of the chosen object; a link going out from a data 
unit carries the identifier of the object displayed by the unit, etc. Thus, links exiting from the 
Cour ses I ndex and Cour se Det ai l s units in the example implicitly carry as context a 
Course OID.  

Transport links. WebML distinguishes between normal links (denoted by solid arrows) and 
transport links (denoted by dashed arrows). Normal links enable navigation and are rendered 
as hypertext anchors or form buttons; they can be contextual or not. For example, from the 
Home page in Figure 3, a user can follow the link to the Cour ses page. This particular link is 
not contextual, since it carries no information, and simply enables a change of page. In 
contrast, transport links are always contextual. For example, the link from the Cour se 
Det ai l s data unit to the Pr oj ect s I ndex unit is a transport link: when the user enters the 
Chosen Cour se page, the Cour se Det ai l s unit is displayed and, at the same time, the 
content of the Pr oj ect s I ndex unit is computed and displayed without user©s intervention. No 
navigable anchor is rendered for transport links. 

Selectors. The content of a unit may depend on selectors, which are (possibly parametric) 
predicates. As an example, the Cour se OI D transported from the Cour se Det ai l s to the 
Pr oj ect s I ndex unit is used to select the projects associated with the course by the 
relationship role Cour seToPr oj ect . This selection is expressed by the selector condition 
[ Cour seToPr oj ect ]  below the unit’s entity, which ensures that only the projects instances 
connected to the chosen course via the Cour se_Pr oj ect  relationship are retrieved to build 
the index. In general, conjunctive logical conditions can be used, where each conjunct is a 
predicate over an entity’s attribute or relationship role. 

Operations. WebML allows designers to specify update operations on the data underlying the 
Web application. Basic update operations are: the creation, modification and deletion of 
instances of an entity, or the creation and deletion of instances of a relationship. Other 
operations may include sending e-mail or also invoking Web services [15]. Unlike units, 
operations do not display data; therefore, they are not included in a page.  

Figure 3 illustrates also an example of entity creation. The Chosen Course Page contains an 
entry unit, representing a form collecting user data. When the user submits the data by clicking 
on the outgoing link of the entry unit, the entered data is used to create a new Project instance 
in the data repository. Data creation is represented by a create operation. After the creation, the 
new instance is connected to the currently selected Course, by means of a connect unit. 
Connect units create a new instance of a relationship. 

WebML includes several other units and operations (such as Modify unit for data updates, and 
Disconnect unit for relationship removal), a customizable mechanism for dealing with run-time 
failures, and is extensible by the user, who can add his/her custom units [6]. 
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2 Data and Hypertext Design with Web Marts 

2.1 Web Marts 

Modelling content is perhaps the most important aspect of data-intensive Web applications. 
When content is used for specific purposes, it is possible to recognize special “patterns”, which 
facilitate both the organization and the interpretation of a Web application’s content and 
hypertext. For example, data warehousing experts have invented the notion of Data Mart as a 
particular conceptual schema having one entity, describing “facts”, surrounded by multiple 
entities, describing the “dimensions” of data analysis. For this particular topology, data marts 
are also known as “star schemas”. Users employ dimensions for selecting facts, and suitable 
tools for computing their aggregate properties; a fixed topology enables the definition of specific 
data management operations, such as “slicing and dicing” (progressively adding and dropping 
dimensions for a given data analysis) or “pivoting” (turning the data mart along its dimensions). 

In analogy with Data Marts, within data-intensive Web applications, we have recognized a 
repeating pattern, which can also facilitate the definition and organization of information; we call 
it Web Mart [8]. Web Marts have a central entity, the core concept, and several surrounding 
entities: access entities, enabling “selection through navigation” of core concepts, and detail 
entities, describing core concepts in greater detail.  

Figure 1 illustrates the difference between a Data Mart and a Web Mart. While in Data Marts all 
dimensions have an equivalent role, in a Web Mart access entities and detail entities have 
distinct roles. Moreover, while in “star schemas” all the information about access dimensions is 
factored into a single entity, Web Marts have access dimensions organized hierarchically, 
typically with two or three levels, and the detail entities may show interconnections – sometimes 
evolving in a structured subschema.  
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Figure 4. Data Marts and Web Marts, represented according to the Entity-Relationship notation. 

Single Web Marts need further concepts for making the navigation among them possible. Such 
concepts globally constitute the “interconnection schema”, which serves the purpose of 
enabling the navigation between core concepts. With such additional ingredients, the Entity-
Relationship (E-R) schema of a data-intensive Web application can be therefore described by 
highlighting its (few) core concepts, each with an access subschema (including access 
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entities) and a core subschema (including detail entities), and the interconnection 
subschema linking core concepts.  

We have observed many conceptual models of data-intensive Web applications, and 
discovered Web Marts within the most intricate E-R graphs. Their occurrence as recurrent 
patterns within Web applications is also recognized by the findings on “Web self-similarity” [12], 
describing the Web as a repeating structure whose levels include “centres of gravity” 
(representing the core concepts) with “highway links” interconnecting them (representing the 
interconnection schema) and links incoming to the centres of gravity (connecting access 
entities to them) or outgoing from the centres of gravity (connecting core concepts to detail 
concepts). These empirical findings match well with the assumption of Web Marts as underlying 
ingredient of Web applications. 

Web Marts are effective tools for shaping and interpreting at a high level of abstraction the 
information to be delivered by a data-intensive Web application, as well as the hypertext 
interface enabling its access. For this reason, as it will be shown in Chapter 4, in this document 
we will adopt Web Marts for describing the common design requirements of the three Cooper 
case studies, which will form the basis for the design of the Cooper framework. 

2.2 Data Design 

The WebML method is data-driven, meaning that the whole development method is based on 
data design. In order to enhance the quality of the application hypertext and in particular 
content accessibility, data design must address Web marts discover and definition, according to 
the following activities:  

1. Identify the core concepts. Every data-intensive Web application has few core concepts. 
Think of a company Web site, whose main published information include: company profile, 
products, success stories, vendors, personnel, and community. Core concepts should be 
“data-intensive”, i.e., have several instances; those concepts having one or very few 
instances are best described by textual files and should not be regarded as core concepts. 
For instance, the company profile is not data intensive, and so are the company founders, if 
they are limited to few well-defined individuals.  

2. For every “ data-intensive”  core concept, build a Web Mart. “Data-intensive” core 
concepts are then modelled as entities with a rich collection of attributes. Then, the focus 
moves to determining their surrounding entities, representing both core concepts access, as 
well as further details (i.e., core-concept components).  

Domain attributes, in the first place, are sources of inspiration to define access entities. 
Think of the “city” of a vendor in a company Web site: it becomes an obvious access entity. 
Further grouping of cities into “regions” yields to a classical access hierarchy, 
“region/city/vendor”. Well-established criteria for access design can be adopted for defining 
the access path depth and the density of instances to be shown at each node of the access 
chain.  

Finally, core concepts might need to be further described, leading to detail entities. For 
instance, each product can be associated with a multiplicity of technical features; thus each 
feature needs to be modelled as an instance of a separate entity, as the relationship 
between products and technical specifications is one-to-many (every product has multiple 
details depending on several options).  

3. Build the interconnection schema. Once Web marts are completed, the designer should 
think of possible interconnections between them, and build the interconnection schema. 
Interconnections may relate different instances of the same core concept, or instances of 
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different core concepts. As a well-known example, consider Amazon.com; assume that 
“Book” and “Author” are core concepts. Then, the link “authorship” from a book to its authors 
is a classical relationship belonging to the interconnection schema that can be used bi-
directionally to present all authors of a book and then all the books of a given author. 

2.3 Coarse Hypertext Design 

Having a systematic method to identify and organize the data of a Web application also leads to 
a systematic method for organizing the hypertext interface publishing such data. We therefore 
turn now to coarse hypertext design, by illustrating the steps required to define the organization 
“in-the-large” of hypertexts on top of Web Marts.  

By coarse hypertext design, we denote design activities that go up to the page level, thus 
architecting the Web site structure. As mentioned in Chapter 1, a Web application may feature 
different hypertexts (site views), each one providing a different view on the same data, 
addressing different users or roles. Given a site view, the following steps are required for 
defining its structure based on the Web Marts previously identified: 

4. For each Web Mart, define an area of the site view, and then identify the main pages of 
each area. This is a classical top-down design; while area definition is almost immediate, 
page identification requires deciding about the pages that are placed within each area, but 
this design decision is subject to reconsideration throughout the process. Normally, within 
each area one core page should be dedicated to each core concept; then other auxiliary 
pages may be required for accessing detail entities. The area core page is designated as the 
“top page”, and it is the first page being accessed when entering the area. Finally, note that 
complex Web applications may also require hierarchies of areas.  

5. Identify landmarks. By this term, we denote pages that must be “visible” and “reachable” 
throughout the site, typically by means of persistent navigation bars. Generally, the landmark 
property is associated with areas’ top pages. Being areas associated with core concepts, this 
implies that landmarks facilitate core concept access. Additionally, some notable pages, 
such as the Home Page, login or search pages are also defined as landmarks. Landmark 
definition can results into hierarchy of navigation bars: for example, higher level global 
navigation bars provide access to the site areas; then, within each area, a local navigation 
bar may provide access to some notable area’s pages.  

2.4 Detailed Hypertext Design 

Detailed hypertext design consists in determining how pages display information by means of 
content units or enable the launch of operations such as “register”, “download”, etc., each one 
started by clicking on a link, possibly after providing input via a form. Also, each page must 
include navigation mechanisms for accessing and browsing contents.  

In order to enhance navigation and content accessibility, indexes supporting navigational 
access and input form enabling direct search must be carefully included within pages. These 
two mechanisms are complementary; both consist of building access pages, whose primary 
purpose is publishing access entities contents, to locate core pages. Navigation occurs along 
the access entities, by selection of specific index entries, e.g. “Course Program Edition” and 
“courses” for a master program. Search occurs by entering given parameters within given forms 
associated to queries, e.g. searching “courses available for a given topic”. The result is typically 
a ranked list of core objects.  
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Once core pages are reached, navigation-based mechanisms are still needed for browsing the 
detail entities, and for moving among different core concepts.  

2.5 Presentation design 

Web Marts also influence presentation design, whose aim is to define how contents and 
navigation controls must be placed and presented within pages. Presentation design consists of 
the following steps:  

1. Specify the page layout. This step consists of defining the page grid, i.e., a table containing 
a specific arrangement of rows, columns, and cells, which represents the layout in which 
contents and navigation controls must be organized. Pages displaying the same type of 
content should comply with the same page layout. However, several page grids can be 
defined for pages of different type, i.e., core, access and auxiliary pages.  

2. Identify elements positioning within pages. Rules must be established for assigning page 
elements, such as contents, navigation bars, login and entry forms, to selected positions in 
the page grid. The aim is to obtain a consistent positioning across different pages of 
elements with similar semantics, with the effect of increasing orientation and reducing the 
users cognitive overhead while identifying the meaning of contents and navigation control. 

3. Define the graphical style. Formatting rules must be defined for page graphic elements 
(e.g., fonts and colours), which apply to such recurrent page elements as text, headings, 
anchors, tables, and so on. The definition of such rules also requires considering guidelines 
for accessibility, such as those prescribed by W3C-WCAG [20], for ensuring accessibility by 
different users, devices and user agents. In order to increase consistency across the whole 
site, formatting rules can be expressed by means of style sheets. 
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3 Process Specification  
Even if existing data-centric Web design methods do possess enough expressive power to 
capture the requirements of business process modelling [6], describing process-aware Web 
applications solely in terms of data and hypertext modelling concepts leads to a poor separation 
of concerns and hard-to-maintain specifications and implementations. This opens the way to 
extending hypertext design notations with ad hoc primitives for explicitly representing the 
process-related issues of a multi-actor business process. 

In this section, we discuss how to extend the WebML methodology from data-centric Web 
applications to data- and process-centric ones. Integrating hypertexts with processes means 
delivering Web interfaces that permit the execution of business activities and embody 
constraints that drive the navigation of (groups of) users. The required extensions to the 
WebML language are the following: 

·  Business process model: a new design dimension is introduced in the methodology. It 
consists in a workflow diagram representing the business process to be executed, in terms 
of its activities, the precedence constraints, and the actors/roles in charge of executing each 
activity; 

·  Data model: the data model representing the domain information is extended with a set of 
objects (namely, entities and relationships) describing the meta-data necessary for tracking 
the execution of the business process, both for logging and for constraints evaluation 
purposes; 

·  Hypertext model: the hypertext model is extended by specifying the business activity 
boundaries and the kinds of business-dependent navigation links. 

Besides the data and hypertext models, the proposed extension affects the following aspects of 
the WebML methodology: 

·  Development process: some new phases are introduced in the development process, to 
allow the specification of business processes and their integration in the models. 

·  Design tools: new modules shall be introduced in the CASE tools supporting WebML for 
allowing the design of the workflow models.  

·  Automatic generation tools: a new transformer is needed for translating workflow diagrams 
into draft WebML specification of the Web applications implementing the diagram. 

The newly introduced concepts and methodological steps rely on the new model primitives for 
hypertext and process design, and on the corresponding WebRatio extensions for the design 
and the automatic generation of process-aware Hypertexts, which are the focus of the WP4 
activity and are described in the deliverable 4.1 [11]. Therefore, in the following sections we will 
not concentrate on such concepts; rather we will give insights into the new methodological 
steps extending the original WebML methodology described in Chapter 1.  
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3.1 Extending the Development Process 

 

Figure 5. Phases in the development process of data- and process-intensive Web applications. 

As illustrated in Figure 5, with respect to a purely data-centric Web application, the 
development process is enriched by new design tasks and automatic transformations that 
address the workflow aspects of the application. In particular, the Conceptual Design phase of 
process-intensive applications includes the Process Design task, focusing on the high-level 
schematization of the processes underlying the application.  

Process design influences data and hypertext design, which should take into account process 
requirements. However, depending on designer sensibility, process design can be postponed 
with respect to data design, if data assume a more central role in the application. Process 
design exploits the diagrammatic representation of processes by means of standard workflow 
notations, like BPML/BPMN and others [1, 19, 23]. 

 

Figure 6. Steps of the proposed methodology: square boxes represent the design steps and the involved tools; 
bubbles represent expected results of each step. 

Figure 6 shows the new expected development steps, the results of each steps and the 
involved tools: through a visual workflow editor, the analyst specifies the business process 
model to be implemented; the designed workflow model can be processed by an automatic 
transformation that generates a set of WebML hypertext skeletons implementing the specified 
behaviour; the produced skeletons can be modified by designers by means of the WebRatio 
CASE tool for conceptual Web application modelling; the resulting models can be finally 
manipulated automatically by the WebRatio code generator that produces the running Web 
application. 
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3.2 Workflow model and design tool 

Many standard notations have been proposed to express the structure of business processes. 
For our purposes, we adopt the Business Process Management Notation (BPMN) [22], which 
covers the basic concepts required by the WfMC (Workflow Management Coalition), and is 
compatible with Web service choreography languages (e.g., BPEL4WS) and standard business 
process specification languages (e.g., XPDL).  

In our methodology the design of business processes will be covered by a visual design tool, 
which allows designers to specify BPMN diagrams. The tool is also complemented with a 
transformer that is able to translate workflow diagrams into draft WebML specifications of the 
Web applications implementing the diagram, as illustrated in the Deliverable 4.1 [11]. 

Figure 7 show the screenshot of a first prototype of the visual design tool. More details on such 
prototype can be found in [3]. 

 

Figure 7. An example of process represented in BPMN in the business process design tool 

3.3 Data Model Extensions: Workflow Meta-data 

The extensions to the data model include some standard entities for recording activities 
instances and process cases, thus enabling to store the state of the business process 
execution and enacting it accordingly. The adopted meta-model is very simple (see Figure 8): 
the Case entity stores the information about each instantiation of the process, while the 
Act i v i t y  entity stores the status of each activity instance executed in the system. Each 
activity belongs to a single case. Connections to user and application data can be added, at the 
purpose of associating domain information to the process execution. A typical need consists in 
the specification of the assignment of application objects to activity instances and in the 
tracking of the relation between an activity and its executor (a User).  
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Figure 8. Workflow meta-data added to the data model. 

It is worth noting that the proposed meta-model is just a guideline. The designer can adopt 
more sophisticated meta-data schemas or even interact with underlying workflow engines 
through appropriate APIs (e.g., Web services) for managing the process instance 
advancements. 

3.4 Hypertext Model Extensions: Activities and Workflow Links 

The hypertext model is extended by some new primitives (see Deliverable 4.1 for a detailed 
description [11]): 

·  Activity: an activity is represented by an area tagged with a marker “A”. The whole 
contained hypertext is the implementation of the activity. 

·  Workflow link: workflow links are links that traverse the boundary of any activity area. They 
are used for hypertext navigation, but their behaviour includes workflow logic, which is not 
explicitly visible in the hypertext. Every link entering an activity represents the starting of the 
execution of the activity; every outgoing link represents the ending of the activity. The actual 
behaviour of the links is specified by an annotation.  

Incoming links can be classified as: Start links, enabling to start an existing activity from 
scratch; Start case link, allowing to create a new case and a new activity, and starts them both; 
Create link, allowing to create a new activity and start it; Resume link, allowing to resume the 
execution of an activity once it has been suspended. 

Outgoing links can be classified as: Complete link, that closes the activity and sets its status to 
completed; Complete case link, that closes the activity and the whole case, setting their status 
to completed; Suspend link, that suspends the execution of an activity (that can be resumed 
later through a resume link); Terminate link, that closes the activity and sets its status to 
terminated (e.g., for exception management). 

Notice that if and switch units can be used to express navigation conditions. Moreover, a 
specific approach has been studied for managing exceptions within workflow-based Web 
applications [4]. Furthermore, by combining the workflow extensions and Web services 
extensions, design of distributed processes can be obtained [5]. 

3.5 Mapping Workflow Schemas to Hypertext Models 

Workflow activities are achieved in the hypertext model by suitable configurations of pages and 
units, enclosed within an activity area. Workflow constraints must be turned into: 

·  Navigation constraints among the pages of the activities;  
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·  Data queries on the workflow metadata for checking the status of the process, thus 
ensuring that the data shown by the application and user navigation respect the constraints 
described by the process specification.  

The description of how the precedence and synchronization constraints between the activities 
can be expressed in the hypertext model is specified in the deliverable D4.1, where the 
mapping between each workflow pattern and the corresponding hypertext is described in detail. 
A flexible transformation, depending on several tuning and style parameters is also provided, to 
transform workflow models into skeletons of WebML hypertext diagrams.  

The produced WebML model shall consist of an application data model, workflow metadata, 
and hypertext diagrams. The transformation supports all the main WfMC precedence 
constraints, which include sequences of activities, AND-, OR-, XOR- splits and joins, and basic 
loops.   

Since no semantics is implied by the activity descriptions, the generated skeletons can only 
implement the empty structure of each activity, and the hypertext and data queries that are 
needed for enforcing the workflow constraints. The designer then remains in charge of 
implementing the internals of each activity. Additionally, it is possible to annotate the activities 
with a set of predefined labels (e.g., create, update, delete, browse), thus allowing to map the 
activity to a coarse hypertext that implement the specified behaviour on the specified data. 

Once the transformation has been accomplished, the result can be opened automatically within 
WebRatio, thus allowing the designer to refine the generated hypertext and to implement the 
internal of each activity. 
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Part II: Designing the Cooper Framework 
In this part of the document we will show how the conceptual tools previously illustrated can 
support the design of the Cooper framework enabling the execution of teamwork processes 
emerged from the analysis of the three Cooper case studies [10]. 

In accordance with the WebML “philosophy”, we will adopt a data-driven approach, and 
therefore we will start from the identification of the main data assets characterizing the three 
Cooper applications. We will then discuss some issues about the design of the Cooper 
teamwork processes, whose distinctive feature is the remote cooperation about the involved 
actors and the adoption of some services for the synchronous communication.  
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4 Web Marts in the Cooper Applications 

This chapter aims at: 

1.  “Understanding” the design of the Cooper case studies (ASP, ALaRI and CoWare 
applications), trying to describe at a high-level of abstraction their most relevant 
information assets. The process of discovery and description will make use of the Web 
Mart (see Chapter 2), which allows us to identify the core information objects in the 
application data source, the access paths defined over them, the auxiliary data that 
provide further details about core concepts, and the interconnections associating core 
concepts. 

2. Identifying some commonalities in the data design of the analyzed case studies, and 
defining a Common Data Schema, i.e., a schema covering the essential data 
requirements that can be the basis for the design of Cooper applications.  

 

The chapter is organized as follows: Section 4.1, 4.2 and 4.3 respectively describe ASP, ALaRI 
and CoWare Web Marts. Section 4.4 then highlights the common features identified in the 
three applications and proposes a Common Data Schema covering the most relevant needs of 
the Cooper teamwork processes.  

4.1 ASP Web Marts 

The ASP data design is organized along four Web Marts, centred on the following core 
concepts:  

-  User: such concept represents the different users (Student, Teacher, Guest, Administrator) 
that interact with the application, who have different features and access rights. The data 
schema includes several entities representing such users (one entity for each user class), 
which store contents that can be accessed by users, depending on their role. For example, 
Students may access Teacher and Guest data, while Teachers may access Student data. 
Users’ entities also support access rights management. 

-  Course Module: it stores contents about course modules offered by the master program. 
-  Event: it describes possible different events planned for a teaching session. 
-  Project: it represents the projects that students are required to work on.  

 

Further information entities, playing a minor role in the ASP design (at least in its current 
version), are related to papers, which are produced by students as class works, and news.  

4.1.1 Users’ Web Marts  

Different access, core and interconnection sub-schemas characterize the three user Web Marts 
(Student, Teacher, Guest). Student is the most articulated Web Mart. Its access and core 
sub-schemas are illustrated in Figure 9; their organization also influences the structure of the 
hypertext, and in particular the organization of contents in the student’s pages.  
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Figure 9. Student Web Mart and the corresponding content organization in page Student. 

As illustrated in Figure 10, the Student interconnection sub-schema consists of entities and 
relationships that associate students with Project, Course Module and Event. In particular:  

-  The entity Team provides the association with the core entity Project.  
-  The dotted line represents an “indirect” connection with Course Module, which is derived by 

the association between Student and Cycle. The meaning is that all the students registered 
for a given cycle are “automatically” registered for all the course modules planned for that 
cycle. The entity Paper provides a further association with Course Module.  

-  The entity Event Registration provides the association with the core entity Event. 
-  The entity Teaching Session Registration provides the association with the entity 

Teaching Session. Thus, as explained in Section 4.1.3, it represents an additional 
association with the Event Web mart. 

 

The Teacher and Guest Web Marts have a simpler schema, each one consisting of a single 
entity that stores core contents about the users in the corresponding user class.  

Teacher is then interconnected with Course Module, Event and Project, while Guest is 
interconnected with Event and Project. 

 

 

Figure 10. Interconnection schema for the Student Web Mart. 

It is worth noting that a fourth group of user, Administrator, is represented within the ASP data 
schema through a User sub-entity. However, since the purpose of this entity is mainly to 
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manage access rights for the application administrators - not to store contents to be published 
in pages, we will not treat it as a core entity. 

4.1.2 Course Module 

Figure 11 illustrates the organization of the Course Module Web Mart.  

   

Figure 11. Course Module Web Mart 

Each course module is accessible through an access chain addressing the cycle of the master 
program, then the courses in a selected cycle, then the course modules within a course, until a 
single module is reached. The core contents of a course module are then complemented with 
the associated Didactic Material. 

Figure 11 also illustrates the Course Module interconnections with the Web Marts Student, 
Teacher and Event. In particular, the interconnection with Student is achieved by means of the 
intermediate entity Paper, which represents manuscripts produced by students as class works. 

4.1.3 Event 

The organization and the interconnections of the Event Web Mart are illustrated in Figure 12. 
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Figure 12. The organization and the interconnections for the Event  Web Mart. 

The access to each event occurs by choosing a cycle, then one of the teaching sessions 
planned for the cycle, then one of the events organized within a teaching session. The event 
core contents are complemented by the learning materials adopted during the event. The 
event’s materials are also associated to the course module the event refers to. 
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Each event is associated to a Teacher and/or to a Guest, to a Course Module, and to 
Students (by means of the intermediate entity Event Registration). A further association 
between the Web Marts Event and Student is provided by the entity Teaching Session 
Registration, which in particular connects the two entities Teaching Session and Student. 

4.1.4 Project 

The organization and the interconnections of the Project Web Mart are illustrated in Figure 13. 
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Figure 13. The organization and the interconnections for the Pr oj ect  Web Mart. 

Each project is accessed by means of the Cycle it refers to, and is complemented with contents 
related to the Didactic Material used for carrying out the project, and the Institutions 
supporting it.  

The Project Web Mart is connected with: 

1. Student, by means of Team (which groups students working on the project);  
2. Teacher, representing the internal tutor; 
3. Guest, representing the external tutor. 
 

4.2 ALaRI Web Marts  

The ALaRI data design is organized along four Web Marts, centred on the following core 
concepts:  

-  User represents the actors (faculty, students, industrial and academic collaborators, 
sponsors) playing a role within the Master Program. 

-  Course Edition stores contents about the offered courses in each master edition. 
-  News represents news messages related to the provision of courses. 
-  Project represents projects (in different domains) ALaRI is involved in, together with their 

milestones. It also covers master projects students are required to work on. 
-  Document represents the “centre” of a set of objects supporting knowledge management. 

Documents can be papers, master theses, or any other document that must be made 
available to the ALaRI community. 

-  Forum Message refers to messages within the forum discussions. 

 

The previous concepts are strictly related to the management of courses and projects of the 
master program. The ALaRI design also includes other “satellite objects” that refer to book 
loans, part-time job offers, career centre, and alumni. Although their contents are core with 
respect to some activities carried out within the Master, they cannot be considered core with 
respect to the provision of courses. For this reason, they will not be taken into account in our 
discussion. 
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4.2.1 User 

It consists of a single entity, representing data about the different (classes of) users interacting 
with the application. It has interconnections with all the other Web Marts. 

4.2.2 Course Edition 

Figure 14 represents the organization of the Course Edition Web Mart and its connections. 

The Course Edition access occurs by selecting one course program, then one edition of the 
selected course program, then one course edition.  

 

 

Figure 14. The organization and the interconnections for the Cour se Edi t i on Web Mart. 

Each Course Edition is then detailed by means of the Lecture Schedule and the available 
Course Resources. 

Each Course Edition is interconnected with Teacher and Student (as already described 
above), and with News. 

4.2.3 News 

It is a very simple concept, represented by means of a single core entity, interconnected with 
Course Edition. 

4.2.4 Project 

Projects are categorized according to their Guiding Theme. The project core contents are 
complemented with: 

-  ALaRI Document, representing documents relevant for the project, also including Master 
theses (in future releases, this entity will be merged with the Document Web Mart).  

-  Project Milestone, outlining the activities scheduled within the project. 
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Figure 15. The organization and the interconnections for the Master Project Web Mart. 

The Project Web Mart is interconnected with User, for representing the involvement in projects 
of ALaRI people, and with Document, for representing the association with documents that can 
support the project management. 

4.2.5 Document 

Documents can be accessed by means of Virtual Folders (associated to Users). Each 
document is detailed with data about Authors. It is associated with the user that supplies it. 

 

Figure 16. The organization and the interconnections for the Document Web Mart. 

4.2.6 Forum Message 

Each message is categorized by the Discussion it refers to. It is connected to the User posting 
it in the forum. Discussions are also associated to the users that create them. 

 

Figure 17. The organization and the interconnections for the Message Web Mart. 
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4.3 CoWare Web Marts 

Unlike ASP and ALaRI, CoWare is not an institution that provides courses, i.e., the primary 
focus is on providing solutions and products rather than education. However, the product 
application requires the understanding of not only the product function but also the underlying 
design methodology. Teaching the methodology and its concrete application with the products 
is the key application for the Cooper project and shapes the requirements. Beyond educating 
customers, who are generally less willing to learn as, for instance, students enrolling for a 
course, the application engineers are the target audience for teaching the products. 

The Cooper methods are expected to apply here with particular regard to project-based, 
collaborative learning. This includes the creation of an environment that supports collaborative 
learning in a geographically distributed company like CoWare. 

The CoWare data design is organized along four Web Marts, centred on the following core 
concepts:  

-  Training Course represents the different course organized around components of a 
product line. 

-  User represents the internal and external actors (application engineers, development 
engineers, training developers, customers) that receive or provide information about 
products. 

-  Message represents an object used for distribution and exchange of product-related 
information, e.g., availability of new product releases, training material, papers and other 
important data related to the products. Message may be a general announcement or 
information exchanged within a restricted set of users. 

-  Document is an object that stores product-related information. Documents may be 
manuals, presentations, tutorials, whitepapers and other information that describe function, 
feature and application of products. 

 

Beside the previous concepts, it is important to note that products and their details play a 
central function within the CoWare domain. In fact, the roles of the different users, as well as 
the available messages and documents strictly depend on the activities performed around 
products, and on the material produced as documentation during products development. 
However, within the learning context, products represent just a source of learning materials; in 
some cases they can also play the role of access mechanism over the available training 
courses. 

The Web Marts build upon the previously listed core concepts and their interconnections are 
described in the following sections.  

4.3.1 Training Course 

The Training Course is the central core concept representing the learning activity to be 
organized around a particular product of the CoWare portfolio. A course can be accessed by 
selecting a particular application (e.g., processor design, system simulation), then a product, 
and then the available course. 

Each course has interconnections with: 

·  User, i.e. development engineer that owns the related product in the CoWare R&D 
department, and that therefore has competences to be used for the course 
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organization, training developers that are in charge of training, and application 
engineers and customers that are the recipient of the course. 

·  Documents concerning the product that is the object of the course. 

·  Product-related Messages in the forum. 

 

Figure 18. The organization and the interconnections for the Training Course Web Mart. 

4.3.2 User 

The User core concept represents people with different (product- related) roles inside the 
company or external to the company. Internal persons are application engineers that present 
products and support customers, product development engineers that develop product and take 
ownership for individual products and customers that use the products. Such different roles 
about the product development and use also imply different role in the learning process. 
Different roles imply different access rights. 

 

Figure 19. The organization and the interconnections for the Person Web Mart. 

Users are accessed by selecting a user group the User belongs to. Users are further detailed 
by their role and contact information. Each user has interconnections with provided 
Documents, with Messages contributed in discussions in the forum and with the Training 
Course s/he is involved to, due to her/his involvement in the product development and use. 
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4.3.3 Message 

A Message is a form of product-related communication. A message can be a broadcast, e.g., 
an announcement of availability of new products, documents and courses, or part of a 
discussion. Messages describe communication between users with different roles. 

Messages can be accessed by choosing a particular discussion or selecting a category of 
announcements. The categories may be derived from product groups. 

A message is connected to the person who has posted the message in the forum. Discussions 
and announcements are associated with the User that started the discussion or made a specific 
announcement. 

 

Figure 20. The organization and the interconnections for the Message Web Mart. 

4.3.4 Document 

Documents provide product-related information. Documents are accessed from Virtual Folders 
that are associated with users and products. They represent materials in support of courses 
addressing products.  

Each document contains further details, which are the author, defects (mistakes, planned 
extensions, etc) of the document and related documents. Related documents might be 
application notes to reference manuals or training slides to data sheets. 

Documents are linked to the User that contributed it and to the Training Courses organized for 
the Product the document is about. 

 

Figure 21. The organization and the interconnections for the Document Web Mart. 
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4.4 Defining the Common Data Schema 

4.4.1 Identifying Schema Commonalities 

The following table shows the mapping among the core concepts identified for the three case 
studies. Such a mapping is the basis for the identification of the commonalities to be 
represented in the data schema of the Cooper Framework. 

ASP ALaRI CoWare 

User (different roles) User (different roles) User (different roles) 

Course Module Course Edition Training Course 

Event News Message 

Project Master Project Training Course 

News News (with a major emphasis than in ASP)  Message 

Paper  Document Document 

? Forum Message Forum Message 

Table 1. A possible mapping between ASP and ALaRI Web Marts. 

In order to understand the correspondence of concepts it is worth noting that:  

·  In ALaRI, organized events just require their advertisement through news message - they 
did not require storing further contents. For this reason, ASP events are comparable to the 
concept of News. 

·  ASP Papers constitute the deliverables deriving from the team activity in a project. As such, 
they can be considered documents, as represented in the Web Marts of the other two 
institutions. 

4.4.2 Deriving the Common Data Schema 

From the analysis of the three case studies and their commonalities, it emerges that the most 
relevant concepts charactering the information content to be managed are related to: 

·  Users (and their roles) 

·  Projects 

·  Documents 

·  Messages and News 

·  Courses 

Figure 22 show the organization of the corresponding Web Marts and the possible 
interconnections. The resulting schema suggests the high-level organization of the Cooper 
framework data source. Figure 23 then reports the common data schema that derives from the 
Web Marts integration. It comprises three main clusters of data: 

·  Project-based cooperation entities: they represent the data required for the management of 
projects and for user cooperation. This fragment of the schema, together with the process 
management metadata, will be the basis for the design of the project-based teamwork 
processes. 
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Figure 22. Integration of the Web Marts identified in the Cooper case studies 

 

 

Figure 23. The Common Data Schema. Yellow-coloured entities refer to projects management and therefore 
represent the focus of the process design activities. Entity attributes and relationship cardinalities are not shown for 
sake of clarity. 
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·  Process management entities: they include the metadata needed for process control, as 
described in Section 3.3. 

·  Generic e-learning entities: they represent additional data, not strictly related to the 
management of projects and project-based cooperation, which however are of some 
interest with respect to the e-learning context in which the three user institutions, especially 
the two academic ones, operate. 

It is worth noting that the schema reported in Figure 23 represents a reference model, which is 
the starting point for the definition of the Cooper framework data source. This schema can be 
modified and extended, depending on the peculiar data requirements that must be covered by a 
specific application. This means that a customization activity might be required within each 
specific institution, to adapt the schema to some “local” requirements not conveniently covered. 
For example, it can be noticed that the defined data schema is particularly suited for 
representing academic domains. However: 

·  A mapping with concepts in the CoWare learning context can be defined. For example, the 
core entity Teacher can represent the application engineers supporting customers, or any 
other internal user that has the responsibility of giving support and teaching the methodology 
for a given product. Also, the entity Guest can represent CoWare (internal) users that have 
some role in the training activities of a product, although not directly related to the training 
course.  

·  When a mapping cannot be established, then information entities can be removed from the 
schema, and/or the minimum cardinalities of relationships can be modified for representing 
optional associations. 

Some further schema refinements are also planned, which depend on the needs that will be 
exposed by the ongoing activities in the other Cooper work packages. For example, some new 
elements (mainly relationships) will be introduced in the schema for supporting knowledge 
sharing and recommendations requirements, as planned within WP3, and for supporting the 
assessment of virtual team activities, as planned in the WP2. 
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5 Process Design in the Cooper Applications 
As emerged from [10], the scenario of use driving the COOPER project is the support of team-
based, project-centred learning processes. Such scenario can be decomposed into three 
phases: pre-project phase, project development and post-project phase. 

We envision a pre-project phase where individuals and projects are described. Individuals are 
“applicants” who provide initial information regarding their knowledge, skills and competencies, 
possibly mapped onto one competence map. Applicants then indicate in which competence 
they want to improve. In order to do so, projects are analyzed in terms of tasks and these are 
related to competences required to perform the tasks. Applicants are then matched to tasks, 
thus building teams. Teams are  provided with the required infrastructure in terms of mentors 
(e.g., assigning both the academic tutor following the project on behalf of the user and the 
external mentor following the project on behalf of an external stakeholder committing the 
project).  

We then envision a project development phase, which covers all the standard phases of 
project management. Events such as project’s kick-off, evaluation workshops, milestones, and 
conclusion are scheduled, project deliverables are defined and then produced, and the classical 
project management artefacts are included or integrated. The distinguishing aspect of the 
delivered processes is a tight integration between synchronous and asynchronous components, 
which means the ability of scheduling and performing activities, such as distant presentations or 
lectures, videoconferencing, portfolio co-browsing and co-editing sessions, and so on - whose 
results become immediately part of the framework. Additional features are related to:  

i) Recommendations coming from active experts for advice, or deriving from past 
experiences for similar projects and from similar problems solved in project running 
in parallel;  

ii) Knowledge- and context-sharing between peers and groups;  

iii) Assessment of the team and individual team members. Depending on the scenario 
this may involve professional standards (“deliver in time” and budget) and/or 
academic standards. 

We also believe that the post-project phase is even more important than the pre-project 
phase, and therefore we dwell on its management in greater detail. The post-project phase can 
be seen as a knowledge management opportunity for the purposes of further projects, which 
includes the delivery of project results, its dissemination, and the persistent storage into a 
repository describing the full history of the project, available at the user organization premises 
and perhaps exported to the stakeholder premises. Besides management of the project results, 
learners can add own reflections and their opinions on the project results. Project results must 
become the asset for:  

-  The alumni, who can revisit its achievements, show them, and include them into the 
personal portfolio; 

-  The project’s stakeholder, as an artefact which maybe should further evolve – but can 
evolve as it is available, well documented, accessible through public or private sections 
depending on the agreements with the stakeholder; 

-  The “user” organizations, who can indeed evolve it into a profile for follow-up projects, 
describe it as a success story, and present the relationship with the project stakeholder. 



  

   Page 35 of 39 

    

Given the previous scenario, it is possible to distinguish between two classes of processes to 
be supported by the Cooper Framework, which are characterized by the predictability at design 
time of the flow of their constituent activities, of possible execution constraints, and of the 
assignment of such activities to specific (groups of) users. As detailed in the following sections, 
we therefore distinguish between structured and unstructured processes. 

5.1 Structured Processes 

In structured processes the constituent activities and their flow, the execution constraints, as 
well as the activity assignment to users can be envisioned and specified at design time. For 
example, the Project assignment process in the pre-project phase of the COOPER scenario 
(see Figure 24 for its BPMN representation) generally encompasses a structured activity flow, 
since the activities to be tackled by the different actors (project definition by teachers, 
application for projects by students, etc.) adhere to procedures that are established by the 
institution. Therefore flow, synchronizations, constraints and actors can be precisely defined at 
design time. 
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Figure 24. BPMN specification of the Project Assignment process in the pre-project phase of the Cooper scenario. 

The design of structured processes will follow the method described in Chapter 3. Therefore, 
based on the analysis of the Cooper application requirements, a high-level BPMN-based 
specification of processes will be defined for the three institutions; such specifications will be 
then transformed into hypertexts through which the different actors will execute their activities. 

5.2 Unstructured Processes 

Unstructured processes still consist of a set of typical and predictable activities for which the 
independent behaviour as “atomic activities” is well-know, but it is impossible to predict their 
composition within composite processes, since their interaction and synchronization with other 
activities may depend on users’ choices at enactment-time. Sometimes, even the assignment of 
such activities to enrolled actors cannot be anticipated at design time.  

We in particular observed that cooperation processes occurring during the project development 
phase are typical examples of unstructured processes: in order to reach a common goals (e.g., 
producing deliverables required by a project milestone), team participants execute some 
cooperation activities, mainly synchronous communication acts (e.g., virtual meetings, chats, 
audio/video conferences, etc), but the flow of such activities and the actors triggering their 
execution do not follow a standard policy. Therefore it is difficult to anticipate at design time 
both the process and the activity assignment to specific users. 
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As an example, Figure 25 illustrates some activities that students and tutors might need to 
execute to produce a deliverable during the project development phase. To some extent, the 
precedence of some activities with respect to others and their assignment to some actors can 
be envisioned, as it happens for example for the student’s submission of a document to the 
team tutor, followed by the tutor review and the successive document finalization by students. 
On the other hand, users can start some cooperation activities opportunistically, without 
following a precise protocol, as soon as they need to interact with the other team members. For 
example, depending on the work to be performed for the completion of the project deliverable, 
Students might: 

·  Download some relevant documents from a document repository; 

·  Invoke some communication services to open a discussion with all (or with some selected) 
team members, including or excluding the tutor involvement;  

·  Plan a team schedule through the definition of milestones addressing some team members. 

 

Figure 25. BPMN specification of some unstructured project development activities. 

Depending on the team cooperation policy, tutors might also take part to the delivery 
production. For example, they might as well open a discussion, or might decide to assign some 
activities to the team members by defining milestones. All such activities can be invoked by 
students as well as by tutors, in any order, and without respecting constraints. Also, they can 
address all the team members, or alternatively only some actors selected by the invoking users.  

Within the Cooper Framework, such unstructured processes will be supported by a cooperation 
environment, where users can invoke and configure the involved activities, depending on the 
needs arising during the team cooperation. In order to achieve such environment: 

·  Typical cooperation activities within typical unstructured processes will be identified starting 
from the Cooper usage scenarios [10], as well as from typical pedagogical scenarios, as 
they will be defined in the activity of the Work Package 2. 

·  Each activity will then be designed as an application module, i.e., a hypertext area or even a 
single page for simple activities, supporting the invocation of the activity (e.g., initiating an 
audio/video conference), as well as some possible configurations (e.g., selecting the actors 
the audio/video conference is addressed to). Such modules will shape-up a groupware 
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environment, through which enrolled users will be able to invoke and configure cooperation 
activities.  

It is worth noting that, coherently with the management of structured processes, the execution 
of unstructured processes shall instantiate the process meta-data within the application data 
source. This enables:  

i) The assignment of users and resources (from the domain information) to the activity 
execution. In particular, each activity is stored in the application data source; thus it 
can be related to instances of the User entity and/or to some application objects 
(e.g., some documents), to record the users in charge of executing it and/or possible 
associated work items. 

ii) The traceability of the team activities. This last issue will be further explained in the 
following section. 

5.3 Tracing Process Execution 

The management of processes (both structured and unstructured) through meta-data stored at 
data level can support the tracing of the users activity. Process meta-data indeed keep trace of 
the executed activities, as instances of the Activity entity (see Section 3.3), as well as of the 
relationship with the user executing it. 

Tracing activity enables: 

·  The assessment of the team aptitude and willingness to cooperate and organize the project 
activities. In some measure, this aspect can be useful to verify the validity of the proposed 
cooperation tools. 

·  The level of involvement of each team participant. This can be useful for the evaluation of 
individual team members. 

·  New (unexpected) cooperation process patterns can be identified and re-proposed within 
the originating institution as successful cooperation patterns. 
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6 Conclusions 
This document has presented the methodology adopted for the design of the Cooper 
Framework. In particular, the document has presented the WebML modelling abstractions, and 
the methodological steps to be accomplished for the WebML-based data and hypertext design.  

We have also shown how the methodology originally defined for the design of data-intensive 
Web applications [6] can be extended for coping with the requirements deriving from process 
modelling. The document also sketched how this methodology can be applied for the design of 
the Cooper framework, and in particular for the identification of the main data assets, the 
specification of some structured processes and the provision of cooperation activities within a 
groupware environment.  

The methodology and the conceptual tools illustrated in this document will provide the basis for 
the successive WP1 activities, and are amenable to the integration with the results of the other 
WPs. In particular: 

·  The methodology and the modelling abstractions are coherent with the Web design 
technologies provided by WP4. 

·  The process modelling primitives encompass the specification of processes (both structured 
and unstructured) so far emerged from the users’ analysis conducted within WP5.  

·  The conceived process management also enables the logging of teams’ activities, which 
can be useful both for the evaluation of the Cooper framework planned in WP5, and for the 
assessment of cooperation strategies as planned in WP2. 

·  The data assets identified so far can be adequately extended to integrate mechanisms for 
knowledge sharing and recommendation services, as planned in WP3. 
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