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1 SHARED WORKSPACE SYSTEM S

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-congtructive activities. This type of systems is usad in face-to-face settings as well as in
distant settings with additional communication means such as chat tools or video conferencing
systems. Simply speaking, a shared workspace is an electronic version of a sheet of paper or a
blackboard that is jointly used by a group of people for writing and drawing. However, shared
workspaces have a number of additional features in comparison to paper and pencil
representations. On the one hand, there are general features such as computer-based storing and
retrieving of shared workspaces. On the other hand, shared workspaces can provide some sort of
component-based structure, which is visuadized graphically and can be modified flexibly by direct
manipulation. A learning situation is promoted by the provision of problem-related workspace
materia that has a potentia for stimulating discussions and for supporting 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 & Teadey, 1995).

One of the first shared-workspace systems that has been developed for collaborative learning is
the system G-Chene, which provides a graphical structure for the joint modeling of energy chains
(Baker & Lund, 1996). The shared workspace provides components that represent domain
concepts such as sources and drains of energy as well as links between components that are to
represent the flow of energy. This system is designed for a specific problem, which isreflected by
the closed sets of links and symbolic representations for domain objects. It can be regarded as a
specific redlization of a concept-mapping tool (Novak, 1990; Cicognani, 2000) for the domain of
energy chains. Another well-known shared-workspace system for collaborative learning is the
system Belvedere (Suthers, Weiner, Connelly, & Paolucci, 1995). Belvedere provides labeled
components for textua statements and links to represent argumentative relations. In contrast to C-
Chene, in Belvedere the shared workspace is not used to jointly model domain relations but to
collaborate in a scientific inquiry process. Both C-Chene and Belvedere provide component-based
structures for specific problems. They can be regarded as specific instances of distributed graphical
environments that provide generic visua languages for collaboration (Lakin, 1990; Stefik, Foster,
Bobrow, Kahn, Lanning, & Suchman, 1987).
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The application CardBoard is a generic shared workspace system that features two-dimensiona
visud representations (Hoppe, Gassner, Muehlenbrock, & Tewissen, 2000). These visud
languages consist of pre-defined typed objects, so-caled cards, which contain information in the
form of text or images. Users can freely add cards to a workspace from a paette, or drag and drop
cards from a workspace to another one. Cards can as well be moved within the workspace or be
deleted. Furthermore, card nets can be constructed by connecting cards with graphica links.
Figure 1 shows the CardBoard user interface with two shared workspaces (top left and bottom
right), a palette with predefined cards (bottom left), and a popup menu to select a visua language
for a new workspace. In addition to shared workspaces, each user can create private workspaces
for individua problem solving, before entering a collaborative session in which the users combine
their individua results in a shared workspace. An agent-based framework system adds components
for problem-specific interpretations of card nets and intelligent support functions (Muehlenbrock,
Tewissen, & Hoppe, 1998). As a benefit, the computerized form of traditiona paper and pencil-
based collaboration not only alows for a better storage and re-use of intermediate and final results
of the joint problem solving, but it aso makes possible an automatic monitoring and anaysis of
the group interaction in the shared workspace.
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Figure 1. Shared workspace application CardBoard.

2. AUTOMATIC ANALYSSOF COLLABORATIVEACTIVITIES

When users communicate and collaborate via a computer system, the system usually has no kind
of awareness of the interaction that is going on. This means that information on the communication
and collaboration is not accessible by the system in terms of a descriptive representation. However,
such a descriptive representation is a necessary pre-requisite for any kind of intelligent system
support. For instance in audio and video conferencing, the system usually is unaware of the course
of interaction that it broadcasts. In chat interfaces with text input, the datais in a machine-readable



format and could in principle be used for an automatic interpretation, but up to now few have
bothered with the complexities of natural language processing. Instead, some collaborative
learning systems use additiona descriptive labels to characterize textua contributions. However, a
problem is that the user has to provide these labels, and which necessitates an additiond action in
the course of the creation of atext message. For instance, for each contribution users are asked to
sdect a label from a list of labes such as proposa, contra-proposa, question, comment,
clarification, and agreement (Barros & Verdgo, 1999), or to fill in incomplete sentences (Harrer,
2000), or text input is required in a forma language (Tedesco & Sdf, 2000). A more subtle
characterization of contributions can be done by providing sentence openers that ease text typing
and that are related to speech acts (Soller, Linton, Goodman, & Lesgold, 1999). However, a
generd problem with having the user selecting a label for his contribution is that this additional
step is a potentia source of error and misclassification, e.g. when labels are used other than
intended by the system developer (Robertson, Good, & Pain, 1998).

Shared workspaces with structured graphical representations are frequently used to enrich chat
or face-to-face communication. It has been observed for a chat interface combined with a shared
workspace that task-related communication via the chat interface was progressivly reduced to a
minimum and users interaction appeared to be mostly action-based through the shared workspace
(Dillenbourg & Baker, 1996). For instance, two users can disagree by controversia utterances or
by opposed actions in the shared workspace. Jointly building up and maintaining shared workspace
representations is regarded as being helpful for the externalization of problem related and possibly
conflicting conceptions (Roschelle & Teadey, 1995). However, most research concerning shared-
workspace interaction has not investigated the collaboration in the shared workspace itself, but has
focused on analyzing the verba interaction that additionaly took place (Veerman, 2000, Derry &
DuRussdl, 1999).

A primary goa of automaticaly analyzing collaboration in shared workspaces is to provide an
advanced monitoring of group interactions, which is a main item on the CSCL research agenda
(Dillenbourg, 1999). There are two different ways in which the result of the analysis could aso be
used in an automatic way to influence the learning (Jermann, Soller, & Muehlenbrock, 2001). On
the one hand, the protocol with inteligible higher-level information about the course of the
interaction could be displayed to the users in order to stimulate self-reflection and meta-leve
discussions (Hoppe & Ploetzner, 1999). On the other hand, the information could be used to guide
the learning process by means of suitable system interventions. For this remediaion to be
beneficia, the system has to unambiguoudy identify the learning problem and to incorporate
pedagogic knowledge for the remediation. In the approach presented here, we pursue a
conservative strategy that leaves intervention to human interpretation, be it a tutor or the group of
learners themsalves (Muehlenbrock, Tewissen, & Hoppe, 1998).

A typicad example of a problem solving setting with two users in a faceto-face situation is
shown in Figure 2. The user interfaces are comprised of private and shared workspaces, and the
users collaborate by moving tiles from their private workspaces with initialy different subsets of
necessary cards to the shared workspace and by freely arranging the cards in the shared workspace
to solve the puzzle in form of a three times three square. For this task there are a number of sub-
optima solutions in which most but some cards match. Therefore, in the course of the problem
solving the users are frequently faced with impasses and have to coordinate their individud steps
in solving the problem in order to come to a solution. This puzzle problem is only one example of
avariety of tasks the can be represented by visua languages in the shared workspace application.
Other worked examples include visual languages for discussion, planning, and rule-based agent
programming among others.

Figure 3 shows a sequence of actions in the shared workspace in the course of some problem
solving. In this sequence, the actors take turns in adding further objects and in re-arranging



existing objects. Each action by an individual user can be regarded in the context of preceding and
subsequent actions by the same user or by another user. Some actions form segquences of actions
that solve some sub-task. In addition, group interactions can be interpreted as a coordination or a
conflict. Coordinated actions in constructing a problem solution indicate mutual agreement,
whereas conflicts indicate different strategies or different point of views that may initiate
negotiation to maintain a shared understanding (Doise & Mugny, 1984). In fact, a maor
characteristic of the co-congtructive problem solving is the negotiation of different strategies and
solutions. For instance, users can disagree by uttering contradictory \erbal statements, but also by
activating opposed commands. That is, negotiating the next action can be performed through
discourse or by simply doing it (Dillenbourg, Baker, Blaye, & O'Malley, 1995).

Figure 2. Sdting with two users working together to solve a puzzle problem by using the shared-workspace application
with one synchronised workspace and a different private workspace each.

confiict coordination [

Figure 3. Excerpt of a collaborative problem solving interaction.

In the example in Figure 3, sequences of actions can thus be interpreted as exhibiting conflicts
and coordinations between the users. At first, each user adds an object. The two new cards match
with the existing arrangement of cards, but they do not match with each other. Therefore these two



actions are in conflict with each other. To overcome the conflict, one user removes the card that
has just been added by the other user. Then both users re-arrange cardsin order to revisethe partial

solution, which can easily been interpreted as a coordination.

3. A FRAMEWORK SYSTEM FOR INTELLIGENT SUPPORT

From a systems engineering point of view, automatic processing and anaysis should be clearly
separated from the group-interactive functiondity and particularly from the user interface.
Whereas interactive technology will typicdly make use of Ul and windowing toolkits, eg.
implemented on a Java platform, automatic processing or intelligent functions may benefit from
udng rule-based inference engines, eg. based on Prolog. A unifying principle for such
heterogeneous architectures is the notion of “agents’: We can conceive a groupware environment
which is combined with intelligent analysis mechanisms and support functions as an ensemble of
interacting human and machine agents (Muehlenbrock, Tewissen, & Hoppe, 1998).

Reasonabl e feedback from the system to the users can only be given if the signature of avisua
language, i.e, its syntactical structure, is extended with a mechanism for the interpretation of its
card symbols. A genera mechanism is providing operationa semantics for types of card nets, i.e.
an inference engine assigns operaions to symbols introduced by some visud language
specification. This approach for operationa semantics serves the following goals.

— Rules or congraints can impose redtrictions on the combination of cards or help resolving
conflicts.

— Semantic values can be represented by card attributes such as colour, shape or content. These
vaues are propagated on the basis of the types of linked cards. On this basis, the consequences
of card manipulations can be shown to the user.

— The interpretation of cards in terms of prepositional logic or first order logic prepares the
ground for standard student modelling techniques and intelligent support.

— Inasdf-referentiadl manner, avisua language can be interpreted in such away that it modifies
the interpretation of another language at runtime.
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Figure 4. Framework system with plug-in support components for intelligent support.

Operational semantics and intelligent support are added to a shared-workspace application by
using a framework system called CardDalis (Muehlenbrock, Tewissen, & Hoppe, 1998). Different
components for interpretation and support can be plugged in as agents into the distributed
CadDdis system. This is comparable to the approach of Ritter and Koedinger (1996) for
incorporating tutoring elements into pre-existing software packages. The CardDalis architecture is



based on the design principle of mirroring the topology and interactivity of the red learning group

by a Prolog-based agent system. It is composed of specialised agents for monitoring and modelling

the human participants. It is quite smple to add arbitrary Prolog programs as new types of agents
to the environment. CardDalis establishes a federation architecture that facilitates the message

flow between its internal agents and the shared-workspace applications that are connected to a

central synchronisation server called MatchMaker (see Figure 4).

Within this framework system, three kinds of agents have been developed particularly for
shared workspaces with visua languages: mediator, analyser, and visuaizer agents (see Figure 4):
— The mediator relates the visua card language to the underlying interpretation by trandating

card nets into specific interpreter representations and vice versa. In addition, it aggregates and

explicates information implicit in the user interface, such as time of user actions and spatia
card structure.

— The analyzer provides operational semantics for the card environments and tracks the user
interaction in the shared workspace. It relates lower-level actions to higher level activities that
are relevant in terms of the collaboration.

— The visualizer displays results of the analyser in the shared workspace by temporarily inserting
additional cards and links to existing cards.

The shared-workspace application and the mediator communicate by means of basic message
primitives for the creation, deletion and modification of card objects. Each message specifies the
identifier of the workspace object and the identifier of the user who performed the particular
action. Further arguments relate to object-specific atributes. The mediator monitors continuoudly
al the modifications in the card workspaces and incrementaly reconstructs a descriptive
representation of the state of the card environment. Conversaly, the visualizer produces messages
that result in the addition or deletion of cards and links for indicating interaction analyses.

4. ACTIVITY RECOGNITION

For andyzing collaborative problem solving activities in shared workspaces, a process-oriented
perspective has been adopted for providing feedback to the learning group and to stimulate sdlf-
reflection. In the case of individua 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 & Self, 1996).

The analysis approach is based on the idea of tracking user actions and indicating specific
patterns of activity and interaction. Activity recognition (Muehlenbrock, 2001) is formally based
on the situation calculus and on approaches for plan and task recognition (Kautz, 1990, Hoppe,
1993). The recognition and interpretation of user and group actions is organized hierarchically,
starting from basic actions in the shared workspaces, and successively deriving higher-level
activity from these. This is achieved by observing user actions in the context of the problem
solving product as well as by relating actions to preceding and potentidly subsequent actions.
Typica 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 automaticaly and incrementally infers more abstract concepts
related to group activities and interpretations of conflicting and coordinated action sequences.

In activity recognition, actions are conceptualized as occurring in the context of some state and
in the context of other actions. These relationships are specified by means of operators. An
operator is atuple that defines an action

operator(<action>



pres: <preconditions>

posts: <postconditions>
backgrs: <backgrounds>
decomps: <decompositions>
constrs. <constraints>)

Preconditions of an operator are prerequisites that need to hold kefore the action in the header
can actually be applied. Postconditions are effects that hold after the action has been successfully
executed. Backgrounds are statements that refer to additional background information.
Decompositions refer to other actions, i.e. an action may be complex by being decomposed into
basic actions and complex actions. Also associated with each operator is a set of applicability
conditions called condtraints.

These operators are applied in the following way: Taking a stream of action messages from the
shared workspace and a set of operators as an input, activity recognition automaticaly and
incrementally infers abstract notions of group activity and interpretations of problemrelated
conflicts and coordinations. Activity recognition maintains an explicit description of the current
workspace state and a set of action sequences that have potentialy been initiated but have not yet
been completed. The approach does not rely on domain or task knowledge, though it can use
possibly available background information to complement its results.

A shared workspace with a visual language is conceptualized as a collection of objects and
directed edges between these objects. Typica basic actions like the creation, modification, and
deletion of objects and links are represented e.g. as

create_object(object8, turtle, pos(187, 163), dim(89, 87), ‘Andreas')
modify_pos(object2, pos(240, 24), ‘ Andreas’)

delete object(object8, ‘Lars’)

create_link(before, object13, object 3, 'Lars’)

delete_link(before, object13, object 3, ‘Andreas’)

All actions relate to corresponding actions schemas, which group types of actions under the
heading of predicate names. In contrast to approaches with only propositional expressiveness such
as Kautz (1990), the relational representation covers a potentialy infinite number of actud actions
and greatly smplifies the formulations of rules for the analysis. The corresponding action schemas
for the actions above are (with capitd initid letters indicating variables):

create_object(O, Type, pos(Xpos, Ypos), dim(Xdim, Ydim), Actor)
modify_pos(O, pos(Xpos, Ypos), Actor)

delete_object(O, Actor)

create_link(Label, O1, O2, Actor)

delete_link(Label, O1, O2, Actor)

For each action schema (for simplification reasons aso caled action in the sequel), there are
one or more operators defining its preconditions, postconditions, backgrounds, and constraints.
Operators for higher-level actions aso include decompositions to other actions, whereas operators
for basic actions include decompositions to externa actions, i.e. workspace messages. The first
action listed above, i.e. the creation of a new object with a given type, position, and dimension by
acertain actor, is for instance defined by the following operator

operator (create_object(O, Type, Pos, Dim, Actor)



pres: not object(O, Type, Posl, Diml)
posts: object(O, Type, Pos, Dim)
decomps. external_create object(O, Type, Pos, Dim, Actor))

The operator specifies that before the action is performed the object does not exist (precondition),
that afterwards the object exists, and that it relates to (is triggered by) an external action, i.e. a
message send from the shared workspace. The second action in the list above is the movement of
an object to another position, which is defined by an operator as

operator(modify_pos(O, Pos, Actor)
pres: object(O, Type, Posl, Dim)
posts: not object(O, Type, Posl, Dim),
object(O, Type, Pos, Dim))
decomps. external_modify _pos(O, Pos, Actor))

The precondition states that the respective object has to already exist before the action is
performed, and the postconditions state that the object is no longer at position Posl, but at position
Pos. Both Posl and Pos are variables, which means that this single operator covers all movements
of objects on al potentia positions in the workspace.

The definition of basic actions such as these provides the ground for specifying more complex
actions. For instance, by arranging cards close to each other, an implicit relaion between these is
created by the user. This is expressed by the following operator, which incorporates the
background knowledge that these objects can in fact be related by spatia arrangement (predicate
composable). Moreover, there are further operators for establishing relations between objects, e.g.
by creating a visud link.

operator(create_relation(Dir, O1, O2, [], Actor)

pres: object(O1, Typel, Pos3, Diml),
object(02, Type2, Pos2, Dim2)

posts: relation(Dir, O1, 02, [])

backgrs:  composable(Typel),
composable(Type2)

decomps. modify_pos(O1, Posl, Actor)
constrs: adjacent(Dir, Posl, Dim1, Pos2, Dim2))

Having defined what creating (and deleting) a relation means, an action can be defined that
incorporates a sequence of two actions with the first one creating a relation and a second one
deleting the very same relation (expressed by identical variable names), which descriptively
specifies an immediate rejection of the relation, i.e.

operator(immediate_relation_rejection(Functor, [ Actorl, Actor2])

decomps. create_relation(Functor, O1, O2, , Actorl),
delete relation(Functor, O1, O2, , Actor?2))

Finaly, this actions sequence can be interpreted as a conflict if two different users have performed
the actions of creating and deleting the relations, i.e.

operator (interaction_conflict(immediate_relation_rejection, Actors)
decomps: immediate relation_rejection(Actors),



constrs: different(Actors))

These are some simple examples of operators, which are the basic building blocks for the activity
recognition. A number of operators have been pre-defined in form of an activity library for shared-
workspace analysis.

S. ACTIVITY LIBRARY

By composing actions into higher-level activities, a hierarchy of actions for the analysis of shared-
workspace interaction has been developed. This activity model is composed of six leves, with
actions on each level being defined by actions on lower levels.

— External actions. creation, deetion, 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 dl its connections to other objects.

— Relation actions: they 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: they indicate uninterrupted sequences of actions that are constructive or
deconstructive in nature concerning the combination of cards and indicate an aggregation or
revison phase in the problem solving.

— Transrelation actions. they describe the effects of actions on the transitive closure of
relations, and also indicate the creation or deletion of circular structures.

— Sequence actions: they represent multi-user problem-related action sequences, e.g. successive
actions performed by different users that reveal an ambiguity in the sub god that is to be
achieved next.

— Interaction actions: they interpret group-related action sequences in terms of conflicting or
coordinated problem solving activities and indicate the initiator of the interaction sequence.

The library defines an overdl number of 32 different actions by providing more than 80
operators. This hierarchical activity model does not dtrive for an unambiguous anadysis of the
workspace interaction. It is possible that more than one analysis is produced by the system, which
is seen as to simulate further interpretations and discussions among the learners and with their
teacher.

The activity library abstracts from specific problems by using action schemas and background
knowledge is a genera mechanism for incorporating task specific properties. In addition to the
problem of solving the turtle puzzle, it has been used to andyze collaboration in solving other
puzzles, but also to analyze interaction by using visual languages specific for discussion tasks and
for planning tasks (Muehlenbrock, 2001). An example interaction from a planning task is shownin
Figure 5. In the course of activity, the actors take turns in adding and deleting objects and relations
in the shared workspace. The example interaction includes sequences of actions that can be
interpreted as exhibiting conflicts between the group members. First, one user adds a link that
contradicts the link created by the other user, then the other user deletes an object and thereby also
the link created by the first user.

The system provides different ways of visuaizing the analysis results. One option for the
visualizer is to directly act in the workspace in which the collaboration takes place. Therefore the
visualizer uses the same type of actions that are used by the users, but potentialy with card types
adapted to giving feedback such as text cards. For instance, a conflict from different goals between
the users (sequence action goal_ambiguity based on horizontd constraints on the problem



representation adjacent_left) is indicated in the shared workspace by selecting the cards involved
in the analysis (as if selecting cards for moving or deleting them altogether; the selected cards are
marked by a thicker border) and be creating a text card that describes the analysis (see Figure 6).
Another way the system can present the analysis results is by creating an additional workspace
with atime stamped protocol of relevant activities.
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Figure 5. Example interaction in a shared workspace in the planning domain
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Figure 6. Feedback by the system in the shared workspace.



6. SYSTEM EVALUATION

One output of the system is the presentation of constructive and destructive action sequences
concerning the intermediate state of the problem solution. Constructive actions aggregate el ements
in the workspace, whereas destructive actions are part of some revision process, eg. in case of
some impasse in the problem solving or in case of conflicting strategies on how to proceed. Figure
7 and Figure 8 bdow show sequences of constructive and destructive actions from two
collaborative sessions with different users. In both sessions the users start by a number of actions
that construct a partia problem solution. In both sessions, after a few actions, some loca impasse
is encountered, which give rise to a number of actions in which the intermediate product of the
problem solving is revised. Then, the sessons continue by an aternation 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 (Figure 7) is characterized by a frequent turn taking between
the users, whereas the second session Eigure 8) shows only a few alterations between user
initiatives and the dominance of single users on the problem solving.

DUser 1
User 2

revision construction

Figure 7. Example of a high-frequent turn taking pattern.

EUser 1
User 2

revision construction

Figure 8. Example of alow-frequent turn taking pattern.

Video recordings that have been done in a number of collaborative sessions showed different
modes of usages of the sharedworkspace system in connection to verbal interaction. Sometimes
the participants used exclusively the shared workspace for all communication purposes and did not
tak to each other in addition. Sometimes the users were deeply engaged a verbal discussion and
did not use the system for awhile. However, mostly the users talked and collaborated in the shared
workspace at the same time. The transcription of a portion of the video recordings showed that
there are coordinative and conflicting action sequences indicated by the activity analysis that



correspond to coordinative or conflictive verba interaction, respectively. An example for a
coordination is illustrated in Figure 9, which shows the actions in the shared workspace, the

corresponding segment in the video, and a transcription of the dialogue.
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that one fits
over there

If we put this
one here

Figure 9. Verba interaction that reflects the coordinative action sequence that has been recognized in the shared

workspace.
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40% A coordination
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Testla Testlb Test2a Test2b Test3a Test3b Testd4a Test4b

8 university students 8 university students 12 school pupils 12 school pupils
a) turtle puzzle a) turtle puzzle a) Donald puzzle a) Donald puzzle
b) turtle puzzle b) turtle puzzle b) turtle puzzle b) turtle puzzle
without video with video without video without video

Figure 10. Results of the tests concerning the conflicts and coordinations in different user groups.

In a series of experiments, the interaction of university students and of primary school pupilsin
a computer-integrated classroom (cf. Muehlenbrock, Tewissen, & Hoppe, 1998) has been
investigated (see Figure 10). Dyads of users worked together to solve the turtle puzzle. The



university students had to solve the puzzle twice with a different initid distribution of cards in the
private workspaces, whereas the school pupils firstly solved an easier puzzle (Donad puzzle).
Altogether there were 16 university students and 24 school pupils, with half of the dyads being
recorded by an additional video camera. In general it was noted that dyads that worked well with
each other progressively reduced redundancy between verbal and action-based interaction in their
second round. 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 on rather the same level with the primary school students. As a side effect, the
video recording had an apparent influence on the proportion of coordinative action sequences with
the university students, which were more coordinated in its presence.

1. SUMMARY AND OTHER WORK

In this chapter, a system for automaticaly analyzing collaboretive interaction in shared
workspaces has been presented. The system has been implemented as components for intelligent
support that are plugged into the sharedrworkspace application that provides visua languages to
feature collaboration concerning given problems. The anaysis of the collaboration is based on
activity recognition, which is defined as a plan recognition approach, relating basic workspace
actions to higher-level action sequences. In addition to identifying relevant action sequences, the
activity library aso provides operators that indicate conflicts and coordinations. However, the
approach is seen only as a sarting point in developing intelligent computer-based support for
collaborative learning, and much more work needs to be done in order to understand and
automatically support collaboration in shared workspaces extensively and effectively.

Up to now, collaboration in shared workspaces has been investigated by focusing on the verbal
interaction between the users (e.g. Roschelle & Teadey, 1995, Derry & DuRussdl, 1999, Veerman,
2000). With the tools developed here, it is possible to combine this type of investigation with an
automatic analysis of what is smultaneoudly going on in the shared workspace. Recently, a
number of approaches have combined chat tools with shared workspaces for analyzing aspects
such as discussion intensity, participation balance, and time on task (Angeles Congtantino-
Gonzales & Suthers, 2000), belief revison (Tedesco & Sdf, 2000), and knowledge-sharing
episodes (Soller, this book). Furthermore, in a recent interdisciplinary project, the influence of the
system feedback from the activity recognition on the group interaction has been investigated. The
analysis system has been plugged into a more recent, Java-based implementation of the shared-
workspace system, and the system feedback is presented to the user groups in form of diagrams
(see Figure 11). Initia results indicate some effects of tracking parameters of group interaction
and feeding them back to the goup members (Zumbach, Muehlenbrock, Jansen, Reimann, &
Hoppe, 2002).
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