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In eLearning, shared workspace systems with structured graphical representation provide new 

functions for jointly constructing problem solutions. Tracking the workspace activity and analyzing 

the group interaction provides information for intelligent support and to stimulate self-reflection. 

 

1. Collaborative learning in shared workspaces 

 

In recent years, shared workspace systems have been an active area of research and development in 

computer-supported collaborative learning. A particular type of shared workspace systems provides 

graph-oriented visual representations for synchronous interaction, which are well suited for co-

constructive activities. This type of systems is used in face-to-face settings as well as in distant 

settings with additional communication means such as chat tools or video conferencing systems. A 

learning situation is promoted by the provision of problem-related workspace material that has a 

potential for stimulating discussions and supports the objectification of inherent problem structures. 

This means that in collaborative learning, the activity is joint problem solving, and learning is 

expected to occur as a side effect (Roschelle and Teasley, 1995).  

 

 

Figure 1 – Shared workspace application CardBoard 

  

The application CardBoard is a generic shared workspace system that features two-dimensional visual 

representations (Hoppe, et al., 2000). These visual languages consist of pre-defined typed objects, so-

called cards, which contain information in the form of text or images. Users can freely add cards to a 



workspace from a palette, or drag and drop in cards from another workspace. Cards can as well be 

moved within the workspace, or may be deleted. Furthermore, card nets can be constructed by 

connecting cards with graphical links. Figure 1 shows the CardBoard user interface with two shared 

workspaces (top left and right bottom), a palette with predefined cards (bottom left), and a popup 

menu to select a visual language for a new workspace. In addition to shared workspaces, each user 

can create private workspaces for individual problem solving, before entering a collaborative session 

in which the users combine their individual results in a shared workspace. An agent-based framework 

system adds components for problem-specific interpretations of card nets and intelligent support 

functions (Muehlenbrock et al., 1998). As a benefit, the computerized form of traditional paper and 

pencil-based collaboration not only allows for a better storage and re-use of intermediate and final 

results of the joint problem solving, but it also makes possible an automatic monitoring and analysis 

of the group interaction in the shared workspace. 

 

2. Analyzing collaborative activities in shared workspaces 

 

In the case of individual problem solving in an interactive learning environment, a process-oriented 

learner model has shown to be useful for providing intelligent support in open tasks (Akhras and Self, 

1996). For collaborative problem solving in shared workspaces, the process-oriented perspective has 

been adopted for providing feedback to the learning group and to stimulate self-reflection. 

Furthermore, a human tutor can observe the progress of the joint problem solving and see impasses 

that the learners are not able to overcome. A major characteristic of the co-constructive problem 

solving is the negotiation of different strategies and solutions. For instance in a face-to-face situation, 

users can disagree by uttering contradictory verbal statements, but also by activating opposed 

commands; that is negotiating the next action can be performed through discourse or by simply doing 

it (Dillenbourg et al., 1995).  

 

The approach of analyzing collaborative activity in shared workspaces is based on the idea of 

observing and recognizing user actions and indicating specific patterns of activity and interaction. 

This activity recognition has been formalized in the situation calculus for planning and is based on 

approaches to plan and task recognition (Muehlenbrock, 2001). Typical basic actions in card 

workspaces are the creation, modification, and deletion of cards and connections between cards. 

Taking a stream of action messages from the shared workspace as an input, the activity recognition 

automatically and incrementally infers more abstract concepts related to group activities and 

interpretations of conflicting and coordinated action sequences. Operators allow for defining higher-

level actions and their parameters by means of preconditions that have to hold before the actions can 

actually be applied, postconditions that hold after the actions has been successfully executed, 



background properties that refer to additional problem-related information, applicability constraints, 

and decompositions into further lower-level actions. 

 

By composing actions into higher-level activities, a hierarchy of activities for the analysis of shared-

workspace interaction has been developed. This activity model is composed of six levels, with actions 

on each level being defined by actions on some of the respective lower levels. 

 

·  External actions: Creation, deletion, and modification of any kind of workspace object, 

together with their parameters such as position, size, and content (interface to the shared-

workspace application). 

·  Basic actions: Identification of relevant actions and some of their consequences, e.g. the 

deletion of an object implicitly also deletes all its connections to other objects. 

·  Relation actions: Represent the underlying structuring principle of the workspace such as 

relating cards by direct connections, by using special connector cards, or by spatial adjacency. 

·  Phase actions: Indicate uninterrupted sequences of actions that are constructive or 

deconstructive in nature concerning the combination of cards and indicate an aggregation or 

revision phase in the problem solving. 

·  Transrelation actions: Describe the effects of actions on the transitive closure of relations, 

and also indicate the creation or deletion of circular structures. 

·  Sequence actions: Represent multi-user problem-related action sequences, e.g. successive 

actions performed by different users that reveal an ambiguity in the sub goal that is to be 

achieved next. 

·  Interaction actions: Interpret group-related action sequences in terms of conflicting or 

coordinated problem solving activities and indicate the initiator of the interaction sequence. 

 

The hierarchical activity model does not strive for an unambiguous analysis of the workspace 

interaction; ambiguous analysis results may be produced by the system, which can be subject to 

further interpretations and discussions by the users themselves. 

 

3. Evaluation of the interaction model 

 

A possible output of the system is the presentation of constructive and destructive action sequences 

concerning the partial representation of the problem solution. Constructive actions aggregate elements 

in the workspace, whereas destructive actions are part of some revision process, e.g. in case of some 

impasse in the problem solving or in case of conflicting strategies on how to proceed. Figure 2 shows 

sequences of constructive and destructive actions from two collaborative sessions with different users. 



In both sessions the users start off by a number of actions that construct a partial problem solution. In 

both sessions, after a few actions, some local impasse is encountered, which give rise to a number of 

actions in which the intermediate product of the problem solving is revised. Then, the sessions 

continue by an alternation of constructive and destructive actions. However, in the two sessions, the 

users are involved in quite different ways in the problem solving. The first session is characterized by 

a frequent turn taking of the users, whereas the second session shows only a few alterations between 

user initiatives and the dominance of single users on the problem solving. 
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Figure 2 - Different patterns of problem solving 

 

A series of experiments was done on the one hand with a number of university students and on the 

other hand with a number of primary school students in a computer-integrated classroom that has been 

developed in an Esprit project on experimental school environments. In general, it was noted that 

dyads that worked well with each other progressively reduced redundancy between verbal and action-

based interaction. This was a problem for the validation of the activity model by relating patterns of 

workspace activities to verbal indicators that occurred at about the same time in the face-to-face 

communication. A comparison of the ratio between conflicting and coordinated problem solving 

activities showed that the coordination among pairs of university students increases in consecutive 

tasks, but remained rather stable with the primary school students. In a recent interdisciplinary DFG 

project in a special priority program on net-based knowledge communication in groups, the influence 

of the system feedback on the group interaction has been investigated. For a collaborative task of text 

summarization, task-analytic parameters have been combined with socio-emotional parameters to 

provide a broader range of feedback types (Zumbach et al., 2002). 
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