A Mind Map for Brainstorming Sessions with
Blind and Sighted Persons
Dirk Schnelle-Walka1 , Ali Alavi2 , Patrick Ostie1 , Max Mühlhäuser1 , and
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Abstract. Accessible mind maps tools are, due to their visual nature
hardly available and, if available, they focus on rendering the structure,
not considering nonverbal communication elements in ongoing discussions. In this paper, we describe the need for this type of communication
as well as a mind map tool that is capable of processing the respective information, coming from a Leap tracking system attached to the
interactive surface.
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Introduction

Mind maps usually are tree-based diagrams that are used to outline ideas related to a central topic. “Major topics or categories associated with the central
topic are captured by branches flowing from the central image. Each branch is
labeled with a keyword or image. Lesser items within each category stem from
the relevant branches” [1]. They can be used to generate, visualize, structure and
classify ideas in a multitude of scenarios, e.g problem solving or decision making [8]. As they are predominantly visual, they are inaccessible to blind persons.
Moreover, explanatory gestures are used above the mind map on non-verbal
communication levels [2]. Consequently, an inclusive mind mapping tool must
be designed to support both (i) access for the blind participants to the artifacts
displayed on the mind map and (ii) access to the artifacts for translation tools
of non-verbal communication elements. However, these nonverbal communication elements cannot be captured anymore by sensors of the interactive surface.
Thus, additional sensors are required to precisely detect deictic gestures such as
pointing. In the following, we describe our approach to such a mind map tool
based on focus groups, where we identified relevant requirements to consider in
the design of such a tool.
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Related Work

A project started by Roy Grubb aims at helping a blind student who was forced
to use mind maps during his course3 . He, along with 30 contributors, analyzed
available tools with regard to accessibility. Here, XMind4 was considered to be
the most accessible tool. Its main advantage lies in the integration with available
text reading software like NVDA5 or JAWS6 on Windows or VoiceOver7 on
MacOSX and iOS. Another tool is FreeMind8 that can be controlled by spoken
commands using Simon with some adaptations9 . They consider “touch or sound
[. . . ] to be the only options”, e.g. to synthesize the labels. While this would work
if the blind user is working on her own, the applicability in collaborative settings
with sighted users is problematic.
One of the most interesting tools is described by Sanchez et al. in the domain of concept mapping for blind children [7]. Here, children can navigate the
tree-like structure of concept maps with the help of audio cues. They found that
blind users tend to create the maps in a sequential order rather than more elaborate structures. However, they developed an interface that was mainly meant
to be used by blind persons only. Thereby, they did not consider e.g. nonverbal
communication or problems that might occur because the interface should be
able to support both, blind and sighted participants simultaneously.
Capturing hand gestures as a main carrier of nonverbal information and
translating them to a blind user is a new approach to better integrate them in
such kind of vivid discussions. Tang et al. [9] introduced VideoArms to relate
hand gestures to artifacts displayed on the screen. VideoArms captured the users’
arms with the help of a color camera, and separated them from the screens
content employing color segmentation. This approach proved to be problematic
in presence of a dynamic background, or colors shared both by the screen content
and the users’ arms. Kunz et al. [5] overcame these issues with the CollaBoard
system, which benefits from the fact that an LC screen emits linearly polarized
light. Placing an additional linear polarization filter that is rotated by 90 ◦ in
front of the camera will blind it for the content on the screen, while the user
is still visible. This allows separating a person in front of a highly dynamic
background on the LC screen. A more recent approach by Kunz et al. [4] use
Microsoft Kinect to capture hand gestures above an interactive table. However,
in all cases the remote station receives the content of the digital surface together
with the video overlay, which is an unsuitable representation in a mixed group
of blind and sighted users.
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http://www.informationtamers.com/WikIT/index.php?title=Mind_mapping_
for_people_who_are_blind
http://www.xmind.net/
http://www.nvaccess.org/
http://www.freedomscientific.com/products/fs/jaws-product-page.asp
http://www.apple.com/accessibility/voiceover/
http://freemind.sourceforge.net/wiki/index.php/Main_Page
http://kde-files.org/content/show.php/%5BEN%2BVF%5D%2BFreeMind%2B0.9.
0RC7?content=137915
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Focus Group about Brainstorming Tools

We conducted a focus group since we were interested which nonverbal communication elements would be most interesting to be communicated to the blind
besides the artifacts.
Four persons participated (3 female, 1 male). Two persons were blind from
birth, one became blind at the age of one year and one could partially see shapes.
They distinguished three kinds of nonverbal communication elements (i) deictic
gestures, (ii) pose and (iii) facial expressions. They were generally not actively
using these and saw the danger that they are likely to be misinterpreted. On the
one hand, they feel that something is missing. On the other hand they stated
that it is hard to miss something which is unknown. However, they think that
this may change once they learn more about it. First approaches are stated by
one person. She participated in a training about nonverbal communication.
Generally, they considered deictic gestures to be the most important ones.
This category is well known known and also sometimes used, e.g. to raise the
hand to stop a bus. However, they mostly rely on someone to verbalize this kind
of communication. They feel that, since deictic gestures may happen frequently
during a conversation, an interpretation of all gestures may result in information
overload.
Postures are hardly known and considered to be of less importance. It may
be used to express the user’s affective state but is hard to interpret correctly.
Facial expressions are considered to be the least important. Also it is again
no reliable source of information.
With regard to possible translations they raised doubts that it can happen
via auditory icons alone. They prefer verbal descriptions since this is a known
world. Also, they fear an information overload. Consequently, it will be hard to
follow both, an ongoing discussion as well as the descriptions. A better solution
would be to use pauses as a human translator would do.
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Collaborative Mind Map

The focus group described in the previous section suggests that a mind map
tool should primarily support deictic gestures, e.g. when pointing at a certain
node of the mind map. Additionally, we regard collaborative settings were multiple persons can modify the mind map. General requirements to such a tool
are described in [6]. They identified requirements for such a tool as to (i) be accessible by blind people not interfere other users, (ii) always synchronize visual
and non-visual representations, (iii) offer the same functionalities as all users,
(iv) guarantee that the blind user has to be made aware of any changes done
and (v) allow tracking changes. As concluded above, such a tool must also cope
with nonverbal communication. Therefore, we developed CoME, a Collaborative
Mind Map Editor, which runs on the Microsoft PixelSense and which is available
as open source10 .
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(a) Mind Map

(b) Deictic gesture

Fig. 1. Collaborative Mind Map Editor running on the Microsoft PixelSense

CoME features communication capabilities that allows to propagate addition
or modification of nodes as well as receiving them externally and integrate them
into the current view. Here, we follow the observation from Kamel et al. [3]. They
suggest using different representations to cope with individual presentation needs
resulting in higher synchronization needs. We are using messages that are sent
over uMundo11 as ProtoBuf messages. Messages can indicate (i) a new map,
(ii) addition and (iii) deletion of a node as well as (iv) updates. A node has
the following attributes (i) the node id, (ii) the text displayed, (iii) the node’s
parent id, (iv) the issuer, (v) a time-stamp, (vi) the screen coordinates and
(vii) the color of the node. Thanks to uMundo’s publish-subscribe capabilities,
a client can receive or publish these messages as long as it knows the name of
the communication channel. A client for blind users has already been presented
in [6]. Changes of the screen coordinates are sent over another channel since they
are not relevant for each client.
These messages are also the basis to include e.g. pointing gestures as shown
in Figure 1 (b). Visually overlaying deictic gestures on digital content gives information to sighted users only, but is not useful for blind users. The visual
computation of such an overlay is complicated and also the depth information
of the pointing gestures is completely lost in a two-dimensional representation.
Thus, a new system for reliable tracking is required. In this case, a Leap Motion is used to capture the pointing and fused with knowledge about the screen
coordinates of the nodes.
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Capturing Pointing Gestures

For capturing pointing gestures above the table, we mounted three Leap motion
sensors on the sides of the table, while the fourth side (the blind user’s position)
does not require to sense pointing information (see section 3). Since tracking of
11
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pointing gestures is computationally expensive, the Leap motion sensors have to
run on separate machines. Here, uMundo’s publish/subscribe capabilities help to
ease the communication across machines. The motion sensor machines publish
their information to CoME as the subscriber. All the mentioned software is
developed for Windows 7 using C#. Since the Leap motion sensors and the
PixelSense work on the same infrared wavelength, they would interfere if the
devices see each other. However, the inclination of the Leap sensors was chosen
that neither the Leap sensors see each other, nor do they see the PixelSenses
surface. The Leaps field of view is oriented in such a way that its one edge
is parallel to the PixelSenses surface, since this orientation allows for the best
detection of pointing gestures on artifacts on the screen. The sensors capture
the pointing fingers of the users, calculating their target on the PixelSense’s
screen, and send the final results to the PixelSense. The software running on
the PixelSense displays the results as a highlighter to the sighted users. The
information is also sent to the blind user interface

5.1

Calibration and Operation

Prior to a brainstorming session, the tracking system needs to be calibrated. Although the geometric position of the sensors with regard to the table only needs
to be calibrated once, it is important to take also into account the user’s position and height, in order to achieve reliable results. For the calibration process,
every user has to touch the PixelSense’s screen several times. The touch point
is detected by the PixelSense, but also by the Leap sensor. Next, the measured
data needs to be unified, since the table and the sensor work in different coordinate systems. After performing these transformations, the system compares the
calculated touch point with the measured data from the PixelSense in order to
find constant shifts and slopes (see Figure 2).

Fig. 2. Calibration of the system

During normal operation, gestures are detected and the target point is highlighted on the screen. This will help the sighted user to perform more precise
pointing and consequently avoid wrong notifications of the blind user.
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Conclusion and Outlook

In this paper, we described CoME, a collaborative mind map editor that can
be used in collocated brainstorming sessions with blind and sighted persons.
It features communication capabilities that allow for the presentation of the
mind map in user interfaces that consider special information presentation needs.
Further, we described the results of a focus group that provided us with those
nonverbal communication elements that should be considered in the first place.
We showed, how these pointing gestures and deictic gestures are captured using
Leap sensors.
As a next step, we will work on a noise filtering of the tracking data, which
will make the detection of deictic gestures more stable. We foresee an exponential
or double-exponential smoothing of the signals. Although this will come to cost
of a slightly increased latency, we do not expect any negative impact on the users
performance, since pointing gestures are not time critical. On the other hand,
a filtering will eventually improve the stability of the highlighter and thus will
allow a smoother interaction with the system. Further, we will also work on a
data refinement using this filtered data and the knowledge about the artifacts
positions on the PixelSense. Together with other information such as audio, this
will allow an unequivocal and stable input for the blind user interface. Finally, we
also envision to also integrate other gestures then pointing to make our system
also applicable to other collaboration scenarios such as net-based collaboration.
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