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Abstract. The main thesis developed in this chapter is that in order to make progress 
in managing network-based group collaboration by means of more or less intelligent 
IT, a broad concept of what makes groups function needs to be at the basis. In 
reviewing some of the current collaboration management tools, it is concluded that 
these are often very good in supporting the problem-solving function of groups. 
Other functions of groups have been identified in psychological and organisational 
research and some of the more important findings are reported. As these findings 
stress the importance of helping group members to monitor the group’s 
performance, we report the outcomes of two empirical studies that looked into the 
effectiveness of providing this sort of monitoring information to groups.  

 
 
Various forms of learning in groups are increasingly often employed in net-based scenarios 
where students ‘meet’ in ‘virtual’ form independent of location and – in the case of 
asynchronous communication – independent of time. Building on an extensive knowledge 
base that results from many years of experience with group learning forms in classrooms 
[1, 2] as well as from  theory building and research contributions [3], the e-learning 
community has begun to embrace collaborative learning in a major way [4]. In particular, 
Internet technology has been employed for group learning in various forms [e.g. 5, 6-8].  

For groups to realize their potential as a learning resource,  more needs to be done 
than just providing them with a manner to exchange information. Groups have a number of 
functions and not all of them are related to accomplishing a learning goal, getting a task 
done or solving a problem. Other functions relate to managing the interaction, keeping the 
group stable and taking care of individual members’ concerns [9]. The move to net-based 
forms of interaction among group members makes it even more important to attend to these 
group functions. We will look in this paper at the current state of the art in supporting 
learning groups and identify areas where support for net-based groups is still missing, but 
important.  

1. Tracking, Mirroring, and Guiding: Approaches to (Intelligent) Collaboration 
Management Support 

Following Jermann, Soller and Muehlenbrock [10] as well as Barros and Verdejo [11] we 
can distinguish between support that takes the form of structuring the collaboration versus 
managing the collaboration. In order to structure collaboration, the designer (or teacher, 
trainer) can make decisions with respect to a number of parameters: the allocation of 
members to groups (taking into account gender, status or expertise level, for instance) and 
the selection of tasks to work on in groups (well-structured vs. ill-defined for instance) both 
comprise important didactical aspects [2]. For groups whose interaction is mediated by 



communication technology,  media selection is another important design dimension. Even 
when using simple classification schemes such as the ‘location x time’ quadrangle, the 
possibilities become manifold and theoretical models to guide the selection procedure are 
still in development (such as media richness theory [12] and media synchronicity theory 
[13]). Related to, but not identical with media selection issues are decisions regarding 
representational guidance [14]. Given that a given representational notation expresses 
certain aspects of one’s knowledge better than others do, an instructional designer (of 
collaborative learning activities) should attempt to provide representational tools that 
incorporate constraints and saliences which fit both task and learner characteristics [15, 16]. 
A final dimension along which collaboration can be structured focuses on roles and 
information flow; both can be scripted to various extents,  for instance by assigning group 
members to roles such as ‘producer’ and ‘reviewer’  and by regulating who  can interact 
with whom over time [17].  

Since research has focussed on the issues involved in structuring collaboration for 
quite some time and much is published, I shall not devote here more space to this topic. 
Rather, I want to draw your attention to an additional (not alternative) manner of supporting 
collaboration, one that concentrates on the management of collaboration.  

1.1 Managing the Collaboration 

Managing on-line collaboration by means of intelligent support can take a number of forms 
(cf. Figure 1). They all require to trace the interaction going on among the team members in 
some level of detail (data collection,  [10]) and computing higher level indicators to 
represent the current state of interaction. These indicators can be more or less model-based; 
for instance, computing a plot of the number of members’ contributions over time involves 
only a simple transformation of data collected, whereas indicating that a group grapples 
with ‘unbalanced contribution behaviour’ requires a more complex transformation.  In this 
case, it requires to instantiate a model of interaction (a pattern or procedure describing what 
‘unbalanced contribution’ means) with data from the collection step.  
 
Collect Interaction Data Mirroring/Awareness Tools 
Construct Model of Interaction 
Compare with Desired State 

Metacognitive Tools 

Intervene, Advise, Guide Advising/Moderating Tools 
 

Figure 1: Forms of Collaboration Management [10] 
 
These indicators can be displayed to the group members without further information, in 
which case it is left to the group (or a moderator/tutor/teacher in the loop) to pick up on 
them or not. Or additional information can be provided along with displaying the indicator, 
such as referring to an ideal model of interaction. Again, it is up to group if it elaborates on 
this or simply goes on with its task. Alternatively, the management system itself can kick in 
and provide advise to the group as a whole or to individual members.  

In short, three types of tools can be used to support collaboration management: 
Mirroring, metacognitive and advise tools (cf. Figure 1). An example for a management 
system that performs very few transformations on the data collected is SimPLE  [18]. 
Records are kept of the learners manipulations of a computer simulation and are displayed 
in graphical format below the simulation interface. These histories can be shared with other 
learners. Jermann [19] provides an example for an approach where not only the interaction 
with a simulation is traced, but in addition data on the interaction of (two) learners are 



displayed in form of dynamic graphs. In situations where a number of people interact, bar 
charts and the like can quickly become hard to discern. In this case, social networks and 
similar techniques can be employed to display interaction behaviour. These methods, 
originally developed to help researchers analyze social interaction in large communities 
such as newsgroups etc. [e.g., 20, 21], can also be used to provide information for groups 
who are ‘live’ on-line.  

An example for an approach that not only traces and displays the quantitative 
aspects of interaction, but tries to identify the meaning of such interactions is action-based 
collaboration analysis [22]. Muehlenbrock [23] developed within this framework an 
activity recognition approach where actions are conceptualized as occurring in the context 
of some state (situation) and in the context of other actions. Taking a stream of action 
messages from the shared workspace and a set of operators as an input, activity recognition 
automatically and incrementally infers abstract notions of group activity and interpretations 
of problem-related conflicts and coordinations. Recognized activities are fed back as an 
input to the recognition mechanism to derive even higher concepts,, progressing for 
instance from identifying a ‘insert and delete’ action to a potential ‘conflict’ between two 
collaborators.  

It is a logical step to go from identifying such patterns to comparing them with 
normative models of interactions and to offer advise or guidance when discrepancies 
between the descriptive and the prescriptive side occur.  Barros and Verdejo [11] in their 
DEGREE system do not analyse in great deal the semantics of students’ contribution to an 
(asynchronous) forum, but force students to classify each contribution in terms of certain 
categories (contribution types) and provide advise to contributors based both on 
quantitative as well as qualitative indicators. One of the most advanced advise systems is 
COLER [24]. Based on tracking actions in a graphical collaboration environment (i.e., 
action-based as pioneered by Muehlenbrock and  Hoppe, this time the actions correspond to 
entity-relationship modelling for data base design as the learning domain), COLER 
computes advise suggestions much in the spirit of a ‘classical’ ITS coach module and 
provides hints and guidance on a number of collaboration parameters relating to discussion, 
participation, self-reflection, and general characteristics of good entity relationship 
modelling practice.  

Clearly, as we step down in Figure 1, the approaches to collaboration management 
become more advanced. This does not mean, however, that we should feel forced to aim at 
the highest level of technical sophistication automatically. A number of questions can be 
raised to come to more systematic decisions. An obvious one is the cost-benefit ratio: Do 
learning teams really perform significantly better when being advised as compared to just 
being informed about their performance? Or is it sufficient to just add mirroring 
information? Do groups pick up this sort of meta-cognitive information when it is presented 
to them without further turning it into advise? Another issue is that of agency: Will groups’ 
learning opportunities be substantially reduced if a guidance system takes over some of the 
functions a group normally has to realize by itself? And we have to deal with the question 
just where the prescriptive models for groups interaction and problem solving activities do 
come from.  

One possible – and elegant - answer to the last question is given by Soller, Wiebe, 
and Lesgold [25]. They use machine learning techniques to identify patterns that 
distinguish successful from less successful groups (the success criterion in this case being 
the amount of knowledge sharing that was observable among group members). There 
answer, then, is empirical: Prescriptions can be based on observations of groups behaviour. 
While this approach has its merits, it has limitations as well. As with all inductive 
techniques, the models identified are dependent on sampling and size of the learning set; 
there’s always the possibility that groups not observed yet would, if accounted for, lead to 



substantial changes in the model. Besides this principle problem, there’s the problem of 
what counts as success (i.e., the criterion) and what aspects of the group behaviour are 
recorded and fed into the induction algorithm. Both kinds of decisions will affect the 
outcome of the machine learning exercise quite a bit.  

In a number of studies we have conducted in the last two years, we address some of 
the issues just raised. In particular, we looked into just how effective more or less simple 
tracing and mirroring methods are in order to support groups’ collaboration management. 
In addition, we tried to identify aspects of “optimal” group performance, based on research 
in social psychology.  

2. Towards a Prescriptive Model of Collaboration: Psychological Aspects of Groups 

If we look from a psychological perspective onto the suggestions put forward in the fields 
of CSCW and CSCL as to how to support groups in their problem solving and learning, it 
becomes obvious that research in both areas is often based on an over-simplified 
understanding of what groups and teams are about. In particular, groups are frequently seen 
as being mainly engaged in problem solving tasks, in getting their task done.  Although it is 
acknowledged that interaction in groups are sometimes not about the task, these exchanges 
are classified as ‘off-task’ that should be reduced as much as possible.  

2.1 Social Dilemma Research 

Important insights on the nature of groous can be gleaned from research on social 
dilemmas.  This line of research reminds us of the fact that ‘collaboration’ is often 
problematic for humans: “At the root of the problem of cooperation is the fact that there is 
often a tension between individual and collective rationality. This is to say that in many 
situations, behaviour that is reasonable and justifiable for the individual leads to a poorer 
outcome for all” [26]. This is even the case for the simplest possible case of a social 
dilemma,  involving two people faced with the decision of whether to cooperate or behave 
selfishly. Both can gain by cooperating, but there is a temptation to be selfish. If both 
people behave selfishly, however, they are both worse off than they might have been 
otherwise. Studying such simple, yet prototypical situations, Axelrod [27] came to the 
conclusion that three conditions need be met for even the possibility of cooperation: (1) it 
must be likely that two individuals will meet again in the future: (2) the individuals must be 
able to identify each other; (3) individuals must have information about how the other 
person has behaved in the past. Godwin [28] makes a similar point when stressing the 
importance of promoting continuity in online groups and when suggesting that online 
communities should provide for institutional memory – durable records of the events and 
history of the group. Important contributions also come from Ostrom [29] who found 
among other things that in successful communities most of the people affected by the 
communities’ rules were able to participate in modifying them. She also found that even the 
most successful community requires a system to monitor and sanction members’ behaviour, 
but that this works best when the monitoring is carried out by the members themselves 
rather than an external authority.  

For the case of CSCL, a number of lessons can be drawn from social dilemma 
research. For one, you can try as hard as you want, it is highly unlikely that any group 
support tool will have much effects as long as Axelrod’s minimal conditions are met; in  
particular not in situations where ‘virtual’ learning groups where members are brought 
together on suggestion of a learning management system because they work at the same 
assignment . Such ‘groups’ may be more ‘virtual’ than we like them to be. A second 



message is that tracing and mirroring can, if nothing else, provide for the kind of group 
memory that is identified by many dilemma researches as important. Finally, advise 
systems which are seen as an authority external to the group may have positive effects in 
the short term but – if Ostrom is right – may not be as successful as they could be in the 
long run.  

2.2 Small Group Research 

When sociologist and psychologists speak of ‘successful’ groups, they mean not 
necessarily only those that perform best on whatever task, but also those that manage to 
keep their interaction going over some time period. Looking at the dropout rate of distance 
education in general and net-based courses in particular, this is not a small accomplishment. 
They manage to do so not only because they get their tasks done, but also because they take 
care of the group and its members. However, with respect to technology-mediated groups, 
comparatively little attention has been devoted to study how groups accomplish this – and 
how they can be supported: “Research on technology and groups to date has focused almost 
exclusively on the production functions of those groups. Relatively little attention has been 
paid to how, and how well, those groups socialize, train, and support their members, and to 
how, and how well, those groups take care of their own system of maintenance” [30].  

To mention at least one theory with roots both in group research and organisational 
psychology, we focus on a general framework called time, interaction, and performance 
(TIP) developed by Joseph McGrath [9]. TIP theory regards groups as continuously and 
simultaneously engaged in three major functions: production – getting the tasks done; 
member support – contributions of the group to its participating members; and group well-
being – “contributions of the group to its own continued functioning as an intact social 
unit” [30]. In addition to stressing that groups are engaged in multiple functions, TIP theory 
also takes into account the fact that groups go through different phases – or modes as they 
are called in TIP – when working on a task. Four modes are distinguished: Inception of a 
project (goal choice), solution of technical issues (means choice), resolution of conflict, and 
execution of the performance requirements of the project. McGrath speaks of ‘modes’ 
rather than ‘phases’ because these modes are not occurring in a strict sequence; groups may 
be oscillating between these modes. The modes are related to, but do not exhaust temporal 
aspects of groups. Important issues in this respect are processes of coordination and 
synchronisation amongst group members and amongst the group and its (organisational and 
social) environment. Also, issues of change in membership and the question of how 
newcomers are integrated into teams belong to the temporal dimension. Finally – and this is 
a contribution of McGrath which has been well received in the CSCW community – TIP 
theory includes the task dimension, paying respect to the fact that group interaction and 
performance is greatly affected by the type and difficulty of the tasks the group is 
performing. The task classification schema suggested in [31] distinguishes between four 
performance categories: to generate ideas or plans, to choose a correct answer or a 
preferred solution, to negotiate conflicting views or interests, and to execute, possibly in 
competition with opponents or against external standards.  

Again, a number of valuable lessons for those like us who want to support learning 
in groups (and learning groups)  come from this kind of research: Do take into account the 
nature of the (learning) task – a lesson that seems to have slipped out of the CSCL research 
picture. Keep in mind that groups are not static, but are developing over time (members 
become more knowledgeable, the group interaction patterns change, members leave the 
group, new ones join the group). And cater to the fact that groups are working in multiple 
functions and modes. Management of groups’ collaboration will need to be more than 



management of the interaction around the learning task, it will need to take into account the 
other aspects of interaction and coordination as well.  

3. Empirical Studies on Tracking and Mirroring 

Our own work is influenced by TIP theory in particular. Important characteristics of our 
approach include the the extraction of data from collaboration and the provision of 
abstracted views (indicators) as a substitute for missing communication and organization 
cues. In particular, we investigated how interaction and problem-solving feedback can 
support the interaction and performance of students in small problem-based learning groups 
that cooperate via Internet technologies in a highly self-organised fashion. Since the 
possibility of tracking and maintaining processes of participation and interaction is one of 
the advantages of online collaboration, ephemeral events can be turned into histories of 
potential use for groups.  

We chose two ways to analyze how such group histories can be used for learning 
purposes. Firstly, parameters of interaction such as participation behaviour, learners' 
motivation, and problem solving capabilities were recorded and fed back in a 
computationally aggregated manner. This acts as an additional information resource for the 
group. This data could thus be used to structure and plan group coordination and to enhance 
group well-being (well-being function). Secondly, we tracked group members' problem 
solving behaviour during design tasks and provided feedback by means of problem-solving 
protocols. These protocols can be used to enhance a group's problem solving process in 
further tasks (production function). In order to establish these functions, we developed a 
collaboration platform integrating interaction and problem-solving feedback.  

Both for pedagogical reasons and to make it easier to trace interactions without 
having to analyze natural language, we use construction or design tasks in our studies.  
Learning-By-Design [ 32, 33] requires that a problem always be linked to creation of an 
artefact (design product). This kind of learning requires students to externalize their 
knowledge,  discuss different possible solutions and  provide arguments for a single design 
product, all of which are effective learning mechanisms. Not only do students have to 
discuss different aspects of and solutions to a problem, they also have to develop an artefact 
(such as a plan, a design document) that assembles representations of the original problem 
and possible solutions. To instantiate this methodology, we developed a number of more or 
less authentic problems in the area of instructional design [34]. Two studies, one focussing 
on asynchronous, the other on synchronous communication, are reported next.  

3.1 Study 1: Asynchronous Document Exchange 

Figure 2 shows the collaboration platform developed for a distributed university course that 
was taught in a ‘blended’ fashion, requiring face-to-face as well as on-line participation 
[34]. The communication facility is based on a Lotus Notes platform, merging tools for 
document management with automatic display possibilities for interaction parameters and 
problem-solving protocols. During collaboration each group member had to fill in a form 
stating his or her motivation in regular intervals. This data was aggregated over time and 
visualized in a line graph, showing all group members’ motivation (one curve for each 
learner; see Figure 2 top right). The contribution behaviour of each learner was recorded by 
the system itself and, in relation to all other group members’ contributions, quantitatively 
represented as a pie chart (Figure 2 lower right part). Both of these feedback mechanisms 
(the “interaction history” of a group) can help to identify problems in motivation as well as 



participation. This provides a diagnostic means by which to give member-support and thus, 
help to maintain the well-being of the group members.  

Another type of support is given by means of aggregated problem-solving protocols 
that contain  groups’ essential steps of solving previous design problems and link them to a 
normative model of instructional design. These meta documents (“design histories”) are 
produced manually by a tutor or instructor and provide an insight into the problem solving 
process of a group by showing them milestones of their previous work. By means of such 
feedback, learners are able to identify strengths as well as weaknesses in their production 
function and can easily re-use existing solutions and modify them for further problems. 
 

Figure 2: Notes database with additional collaboration information 
 

 
In a course lasting over 4 months we evaluated our methodology concerning group-

well being and production function. In a controlled experiment we examined the influence 
of our feedback techniques on groups from three to five members – a total of 33 
participants. These groups participated in a problem-based course about Instructional 
Design that was a combination of Problem Based Learning (PBL) and Learning-By-
Design. Learners were required to design several online modules for a fictitious company. 
Tasks were presented as problems including a cover story. Each problem had to be solved 
over a period of two weeks (i.e., an Instructional Design solution including sample lesson 
blueprints had to be presented). All materials were accessible online and, additionally, 
tutors were available during the whole course to support the students. At the end of each 
task, the groups presented their results to other groups.  

The groups were randomly assigned to one of four treatment conditions: interaction 
history only, design-history only, with both histories and without any feedback histories, 
i.e., a 2x2 design with the factors interaction history and design history used. We employed 
several quantitative and qualitative measures before, during and after the experimental 



phase in order to assess  motivation, interaction, problem solving, and learning effects. Our 
measures included the student curriculum satisfaction inventory [35] and an adapted 
version of the critical thinking scale [36]. 

We attempted to answer one major question: how far does the provision of feedback 
in the form of design and interaction histories, as well as their different combinations, have 
an influence on students' learning? Generally, we assumed that groups with any form of 
histories would perform better than those without, especially regarding the motivational 
and emotional aspects supporting the well-being function and the production aspects 
supporting the production function of a group. 

In terms of the outcomes in favour of the application of feedback within group 
processes, the results are encouraging. Groups provided with design history feedback had 
significantly better results in knowledge tests, created qualitatively better problem 
solutions, produced more contributions to the task, and expressed a higher degree of 
reflection concerning the groups' organization and coordination (Figure 3). At the same 
time, the presence of interaction histories influenced group members' emotional attitudes 
towards the curriculum and enhanced their motivation for the task.  

Based on our data, it seems reasonable to conclude that the different kinds of 
feedback positively influence different aspects of group behaviour. Feedback in form of 
interaction histories seems to have an effect on the group's well-being function, whereas 
feedback in form of design histories seems to influence a group's production function 
according to McGrath's (1991) conception of group functions. 

 

 

Figure 3: Outcomes in cognitive parameters 
 

3.2 Study 2: Synchronous and Activity-Based 

In this study [37] we cooperated with the Collide group at the University of Duisburg and 
used their JavaMatchMaker server [38] to develop a specific synchronous collaboration 
tool. JavaMatchMaker is a very flexible system by providing dynamic and partial 
synchronization of user interfaces. It is possible to start and stop the synchronization at any 
point of the application’s lifetime and to synchronize each component of an application’s 
interface individually with a component of another application’s interface, thus allowing 
the synchronization of applications with completely different interfaces. The MatchMaker 
server is a core component of open distributed learning environments [39] that are 
characterized by the provision of opportunities for group interaction, the combination of 
intelligent support with interactive learning environments, and a distributed component-
based architecture.  



The application EasyDiscussing (Figure 4) is based on JavaMatchMaker and has 
been developed for this study. Its main component is a shared workspace with a set of 
typed cards that can be dragged from a palette below the workspace and dropped at an 
arbitrary position within the workspace. In this application, cards are text cards or are 
annotation cards according to the IBIS notation [40] and they can be linked by means of 
directed edges. Further components of the application are an overview panel providing a 
bird’s eye view on the workspace, a chat interface with typed contributions corresponding 
to the annotation cards, and a feedback component, which visualizes quantitative measures 
such as the number of each user’s contributions in the chat and the shared workspace.  
 

Figure 4: EasyDiscussing Interface 
 

 
For the control condition, the chat interface and the feedback component can be 

switched off. In addition, the feedback component also includes visual representations of 
qualitative aspects such as an interpretation of constructive and destructive effects of user 
actions as described in [22]. These have not yet been used in the empirical investigation. 
Furthermore, all user actions are logged to a file in a XML-based format. 

This study was designed to examine parameters influencing group processes during 
a co-constructive learning task using the shared workspace environment as described 
above. The main idea of the study is the investigation of how groups can be influenced by 
feedback of their own socio-emotional parameters and what kind of interaction patterns 
take place during a co-constructive design task. We use here a combined top-down/bottom 
up analysis: On the one hand, we collect data by using traditional psychometric methods. 
On the other hand, the collaboration platform itself allows a detailed tracking of user 
behavior and a semantic analysis of interaction patterns during collaboration. We wanted to 
examine the effects of the combination of collecting data about collaborative behavior and 
socio-emotional data in real time as well as its re-use as direct feedback for supporting 
small group interaction. Beyond the specific experiment, there is also a methodological 
interest in exploring the potential of combining different techniques of tracking and 
analysis.  



Learners have to develop an online screen version of a linear text. Basically this 
task requires to chunk the linear text into coherent parts, add or delete parts, provide 
adequate headings and develop a navigation structure.  

Subjects were randomly assigned to small groups of three members each. Nine 
subjects (= three groups) participated in an experimental condition with the tracking of 
interaction as well as motivational and emotional parameters directly displayed as feedback 
to each whole group. The other nine (also three groups) subjects in the control condition 
did not get any automatic feedback about interaction, motivational and emotional 
parameters. The task for all groups was the same: To collaboratively re-design a linear text 
into a didactically structured online-text. This design task had to be fulfilled by using the 
EasyDiscussing tool. In order to provide further information a hypertextual information 
base for didactical screen design was available online. All subjects had to perform a 
multiple-choice pre- and a post-test assessing knowledge about didactical screen design.  

As collaboration platform for the study the application EasyDiscussing as described 
above has been used. While the experimental group (EG) could use the full functionality of 
EasyDiscussing, the control group (CG) had the same interface but without the feedback 
component and chat interface. In the CG, only annotation cards which had to be erased 
after their use were available for discussing decisions. Parallel to their collaboration task 
subjects emotions and motivation have been surveyed. In intervals of 30 to 40 minutes they 
were asked to fill in a 5-point Likert-scale in reaction to the question “How do you feel?” 
and “To which degree are you motivated to work on this task?”. The values of each entry 
and each subject were displayed to experimental group members using a dynamic graph. 
These graphs were not shown to the control group. Figure 5 shows a typical diagram. In 
order to assess subjects knowledge concerning the task we developed a multiple choice test 
with 16 items that was used as a pre- and post-test. 

 
Figure 5: Graphical display of motivation and emotion over time 

 
 
We expected influences of the feedback we provided for the experimental groups in 

this experiment. In particular, we expected that providing dynamic feedback on the 
members participation behaviour should lead to an increased and equally distributed 
participation. Furthermore we expected that the feedback of emotional and motivational 
parameters should influence how intensively the groups reflected on its well-being and on 
problems specific members might have. 

The results of subjects’ performance in the pre-test concerning domain knowledge 
revealed no significant differences. There were also no difference between both groups in 
post-test performance. Both groups mastered the post-test significantly better than the pre-



test. Interaction between both tests and groups was not significant (F (1, 16) = 0,19, p = 
0,67; see Figure 6) 
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Figure 6: Effects on Knowledge and Motivation 

 
 
We found no significant differences between both groups in pre-test and post-test 

regarding the emotional state. There was not pre-post effect as well as no significant 
interaction between repeated measurement and experimental condition (F (1, 16) = 0,8, p = 
0,78). The groups also showed no differences in pre- and post-test regarding the 
motivational parameter. There were also no differences between pre- and post-test. The 
interaction of repeated measurement became significant (see Figure 6). 

For analysis of group communication patterns an overall value of all objects 
(“cards”) created in EasyDiscussing was computed and compared. This includes in the EG 
all postings in the chat-window and the shared workspace, in CG all nodes created in the 
shared workspace. An ANOVA revealed no significant difference between overall number 
of postings in both conditions. A more detailed view on subjects’ discussion structures 
showed a more frequent use of pro and contra postings in the experimental group. There 
were no significant differences in use of idea and question postings. The analysis of 
subjects’ distribution of contribution behaviour was computed by subtracting each 
individual’s number of postings from the corresponding group mean. Subjects in EG 
showed a more equally distributed contribution behaviour than those in CG although the 
difference became not significant. 

4. Conclusions 

Comparing Study 1 and 2, we can conclude that mirroring group interaction has relatively 
small effects when applied in ad-hoc groups that work together for only short amount of 
time and will not meet again in this combination. This supports Axelrod’s point [27] that 
minimal conditions must be met before an assembly of people starts to see each other as a 
group or community and begins to cooperate. Time was also an important factor in Study 1. 
In an analysis  not reported here (but see [34]) we found that the effects of mirroring 
decreased over time: it was particularly helpful for groups in their first encounters (2-4 
weeks) and became less so in their continuing work. It seems most plausible to assume that 
monitoring and mirroring information is most helpful in the “storming and norming” phase 
of a group’s development and becomes less important once this phase is over ( provided 
there are no changes in group membership).  

Returning to the taxonomy for collaboration management tools depicted in Figure 1 
and the question we raised on how to come to a rational decision which kind of tool to 



employ, we can conclude that tracing and mirroring is effective (for groups that work/learn 
together for some time) when compared to the “no further support” condition. Our studies 
do not allow to answer the question if significant gains can be established by introducing 
additional measures, in particular those of the advise type. Further research is needed to 
look into this issue.  
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