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Abstract

A distributed drawing service for collaborative editing of Mindmaps and
contextual maps.

The report presents a prototypical software implementation of a client /server
application for group based brainstorming using Mindmaps for communicat-
ing ideas. Using a standard theoretical framework potential benefits and
disadvantages of this approach are compared and it will be shown that
collaborative mindmapping can lead to productivity improvements in the
brainstorming process. The report gives recommendations for developing
collaborative software and outlines a testing scenario for the software devel-

oped in this project.
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1 INTRODUCTION

1 Introduction

My research will explore possibilities to use collaborative technology to facil-
itate brainstorming and team discussions using the mind-mapping technique
to structure ideas, discussions or projects.

Using latest technology in project based classes and team based design
and development projects can help students and project participants work
together more effectively and possibly improve quality of resulting designs
and improve the learning process for students. Past projects at CMU in this
direction include the development of the Handy Andy suite of utilities: A set
of programs for collaboration using mobile computers in a wireless network.
So far Handy Andy features PhD location services for locating things and
people and a digital whiteboard application IdealLink.

Idealink resembles commercially available tools in that it only allows
sharing of unstructured (image) data. Other available programs including
some that follow the T.120 standard for information and application sharing
allow sharing of applications but merely allow users to pipe several input
devices to one application and distribute the output to an arbitrary number
of participants.

During the design phase of significant developments however, while un-
structured sketches play an important role, a more formalized way to an-
alyze and structure information is helpful. A number of techniques have
been developed to facilitate the brainstorming and idea gathering process.
One favorite method for quickly capturing, visualizing and structuring in-
formation is the MindMapping (or contextual maps) technique (even UML
diagrams can be seen as - very formal - instances of contextual maps.

Mindmapping allows team members to structure information and link it
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with related information. When mindmapping computer support is helpful
especially in a group context since redrawing or modifying maps on paper
adds additional work and overhead to the process. Existing computer pro-
grams that facilitate the mindmapping process or similar technigues however
provide no means for collaborative work. Instead they are single-computer
applications making it impossible to collaborate on one map.

Since a recorded mind mapping session represents much more structured
information than simple whiteboard drawings, information from such a ses-
sion can be fed to a project database, can automatically be analyzed for
links to existing data and is partly searchable, as it basically contains a tree

structure of text, images and contextual links.

1.1 Structure of this report

The next section will cover the problem domain and raise some questions
that were used as guidelines in the project research. The report will then
present a walkthrough through a small usage scenario and a formal de-
scription of the system based on use-cases. Using an existing theoretical
framework to evaluate benefits or disadvantages of the software developed
during the project research, a plan for testing user performance will be out-
lined and the report will be concluded with a round-up of the benefits of
the method proposed here, recommendations for developing collaborative
software applications'a,nd some rough performance measurements demon-
strating the practical usability of the tool even over slow networks or with

computers with limited capabilities.
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1.2 Research work

Based on this description of the mindmapping technique this work describes
the development of a software to allow an arbitrary number of users to
work on a map at the same time. The software shall facilitate drawing the
map and collaboratively editing it in a same-time computing environment.
As a possible future extension it linking to other contextual information
including web documents, sound file, meeting schedules and minutes or video
as already offered by commercially available tools is desirable but out of the
scope of this project.

The following list of issues is meant to identify areas of interest. It
served as a guideline for the project research but not all these issues have

been approached within the limited timeframe of this project.

Issues:

e Synchronization and locking: Who is allowed to change information
at which time, how does the system handle simultaneous requests?
How can non-conflicting concurrent changes be merged and visualized

without confusing users?

No focus on details of visualizing change. Also in my implementation
all users have full rights to change all nodes. Locking is implemented on
a per node basis. Once a user starts editing a node (e.g. adding a sub-
node or moving a node) that node will be locked and the display of that
node will change for all other users. When the change is completed,

the node will be unlocked again.

o Branching and merging: How can users work on their own version of
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a document /structure and the merge it with the group’s effort?

Since this is a part that is more useful in e.g. project planning or when
working with diagrams out of a brainstorming context (e.g. working
with UML models) it is not covered in this report. Users can however

work on a map without a connection to the server.

How to handle joining/leaving a session in a mobile environment?

This question is very much related to branching and merging doc-
uments. When a user is not connected to the network and works
on a graph/mindmap she is in effect creating a branch of the main
document. Thus in addition to shared drawing in the current imple-
mentation it is only possible to use the otol as a stand alone drawing

tool.

How well are certain types of computers suited for this task?

Notebooks will require mouse interaction, which can be cumbersome
and also might block face-to-face communications. The software will
be usable on Tablet PC type computers which might be better suited

for the task at hand.

How to handle different semantics (e.g. UML, Mindmapping ... )7

Structured graphs are being used in a number of contexts. This re-
port focusses on the use for brainstorming with mindmaps. The results
could however be applied to other contexts as well. It would be inter-
esting for example to see the use of similar software for collaborative
editing of UML diagrams. Ideally the software will be so flexible that
adding the capability of adding new types of graphs will be very easy.
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However it will not be possible to completely parametrize the soft-
ware, so some assumptions about the graph structure will be made

when developing the software.

In addition a set of recommendations for the development of collabo-
rative applications will be developed. These concern bath the software
development side as well as the user interface side and can server as a

reference of possible pitfalls in future projects.

1.3 Prior Work
1.3.1 Paper-Based Brainstorming

Numerous studies have focussed on the group performance of brainstorming
using different brainstorming techniques. While different in focus they gen-
erally agree that group brainstorming without additional tools or techniques
for structuring the brainstorming session is less effective that brainstorming
in "nominal groups”, i.e. team members working individually on their ideas
and then collecting and combining individual results into group results.
Main reasons for this poor group performance are ”evaluation apprehen-
sion” — the fear of group members to express their ideas openly — , "social
loafing” or ”free-riding” due to the fact that individual contributions are

? when

not measured or rewarded appropriately and ”productivity blocking
group members are forced to wait for others before being able to present
their own ideas. [Ste00]

To improve the brainstorming process various techniques involving pa-

per, the use of blackboards or moderation have been developed and are in

widespread use.
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1.3.2 Electronic Brainstorming

Given the apparent weaknesses of traditional group brainstorming much
research went into electronic brainstorming (EBS). EBS systems were de-
signed to overcome some of the problems with face-to-face brainstorming.
EBS systems usually consist of a set of networked computers ~ often, but
not necessarily in the same room — and software that aﬂows entering and
reviewing ideas. They also allow group members to enter ideas in parallel,
reducing waiting periods, allow for a certain degree of anonymity where de-
sired and because users can review other participants’ ideas duplicate entries
can be avoided and additional stimulation occurs.

Despite of the fact however, that EBS systems were designed towards
eliminating or at least reducing the shortcomings of face-to-face brainstorm-
ing and although they were for some time actually considered superior to the
traditional approach, in an evaluation of several user studies with groups of
different sizes and additional independent user testing [PBGH99| they were
found inferiour to standard group brainstorming and even morc inferiour to
nominal groups.

These results were attributed mainly to the distraction caused by group
members reading other participants’ ideas. At the same time generation
ideas prevents users from following other participants’ input and the overall
higher cognitive complexity slows down the generation of new and unique
ideas. A full discussion of the problems can be found in [PBGH99|. The
study. found however that users were more satisfied when using a group
based EBS system compared with users working in nominal groups. This is
an important point as it might raise the overall group productivity out of

the brainstorming session, though it does not have any impact on the results

10
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of the study.

More discussion-oriented EBS systems have been proposed and proto-
typed, though no quantitive data was available on these systems. One typical
approach is the MindPool system described in [Ste01]. The system allows
users to create, review, annotate and discuss ideas and proposals on a web
interface or by email simultaneously. While these systems move away from
the traditional brainstorming approach and closer resemble groupware or
discussion systems, they were proposed as viable non-realtime collaboration

tools for brainstorming and idea finding.

1.3.3 Mindmapping

Mind mapping is both an organizational tool as well as a technique for
fostering creativity during brain storming session. If used for note-taking
during brain storming, mind mapping introduces some level of evaluation
and discussion because new ideas are not just written down but expressed
in a graphical context.

Mind mapping is also heavily used in meeting support (note taking),
project planning and education. It was developed in its current form by
Tony Buzan [Buz91].

While mind mapping on paper has a very low procedural overhead it
is rather inflexible in a team setting as changes are virtually impossible to
incorporate into a complex map. Commercially available mind mapping soft-
ware addresses this issue by allowing users to draw mind maps in a graphics
application. This software is very well suited for re-drawing mind maps for
publication (e.g. meeting notes). When used for actually capturing ideas

as with any electronic tool there is an additional procedural overhead over

11
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using pen and paper. Commercially available software [Min03a], [Min03b]
is widely used for meeting support and project planning purposes, but does
not have any advanced collaboration features, though vendors are moving
into that direction by adding publishing features, e-mail notification systems
and integration with groupware systems. Mindjet also offers a live collabo-
ration mode that allows several users to work on one mind map at the same
time but requires a global lock (only one user owns the mind map at a point
in time, others can only observe the editing process and request editing priv-
ileges). Also no data is available on the productivity of this solution. The
locking process creates both additional procedural overhead (request lock,
lock, release lock) and causes production blocking because users are forced

to wait for the current ”owner” of the map to finish his changes.

1.3.4 Related software

1.3.4.1 Digital Whiteboards

Microsoft Netmeeting is a software that allows access to a shared pixmap-
based whiteboard and also allows users to share applications. It does not
provide means however for locking or conflict detection since it is application
agnostic, i.e. does not make any assumptions about the application used /the
context of a collaboration session.

Older research software for digital whiteboards (without application shar-
ing) includes MIT’s Clearboard, that allows to edit unstructured graphics an
a transparent glass board [{Ish94] and the MediaBoard [CF], a PDA white-
board application similar to Idealink, for the purpose of shared note taking.
The Mediaboard research suggests that users in an informal user-study con-

sider the shared drawing space as a useful support for running effective

12
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meetings and would prefer it over a real (physical) whiteboard.
The Performing Graphics Company (PGC) offers products and services
that allow a meeting facilitator to gather notes and sketches and present

them to participants of a video conference (graphic meeting recording) [Lak00].

1.3.4.2 Structured Systems

Corel Grafigo is a recently released software for Tablet PCs running Mi-
crosoft Windows that allows to create structured drawings using the stylus
pen device as the primary input method. One unique feature of the soft-
ware is the advanced shape recognition. With this function users can simply
draw using the stylus and the software converts the drawing into a vector
format, detecting rectangular structures, circles or straight lines. Grafigo’s
collaboration features are limited to asynchronous editing or annotation in

seperate graphic layers.

2 System Walkthrough |

This section will present a walkthrough of a minimal mindmapping session.
The session will demonstrate the capabilities of the software in a session
with two participants only working on a very limited mindmap.

The walkthrough in this section assumes a running server and will not
show server or console debugging output, but will focus solely on the user
interaction side of the graphical user interface. The walkthrough also does
not show the session initiation steps (dialog based) and works on a very
simple map containing two nodes only. Figure 1 also shows a more complex

brainstorming mindmap created in the project software.

13
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User A

1 indian

With the drag-draw tool the user
creates a new node that is connected
to the existing main node.

L

tdindrmap

When user b makes a change to a
node, it appears as locked (shaded)
in all other users’ displays
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User B connects to the server choos-
ing to join an existing session.

Kindma)

Second wuser’s display is updated
with the Mindmap of the active ses-
sion.
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A complex mindmap.

Figure 1
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3 System Design
3.1 System Architecture

Trom a user perspective the system will consist of a client software - de-
veloped in C++ using Trolltech’s QT-Toolkit [Tro03] and a collaboration
server that the clients connect to and that handles communication and syn-

chronization between different clients.

Figure 2: System architecture: Users’ view.

3.2 Requirements Elicitation

3.2.1 Usage Scenarios

”A scenario is a [...] description of what people do [...] as they

try to make use of the [...] systems and applications [BD00]”

I have identified the following scenarios for the use of the proposed soft-

ware:
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