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Abstract 
Making a reference in a common frame of reference, known as pointing, is an important 
part of communication between collaborators. We research a pointing mechanism called 
semantic pointing in collaborative applications where the collaborators’  representation of 
the interface varies. A telepointer, commonly used for pointing in a collaborative 
application, is not adequate. We demonstrate semantic pointing with the Deep View 
system, which supports collaboration between a sighted person using a visual interface 
and a blind person using an audio interface. Sync is an object-oriented replicated 
infrastructure used to construct collaborative applications. The Deep View 
implementation demonstrates how to integrate semantic pointing into applications created 
with the Sync infrastructure. 

1 Introduction 
Collaborative applications provide people separated geographically with a rich 
environment to work together in. We refer to the people working together as 
collaborators. In addition to having a discussion, such as in a phone call, the collaborators 
can explore a shared workspace provided by the collaborative application.  For example, 
software engineers at remote locations can have a more thorough design discussion while 
viewing the design’s UML diagrams in a collaborative application. Each engineer views 
the application on her own computer. Some ideas might be easier to illustrate by editing 
the diagrams rather than explaining them. 
 
The collaborative application interface must give collaborators mechanisms for smooth 
communication, such as conversing, in order for the collaborators to successfully 
complete their task.  Our research focuses on designing an interface to support 
communication through pointing. By pointing we mean that the collaborators have a 
common frame of reference when one person indicates part of the shared workspace to 
another person. For an example of communication through pointing, consider the 
software engineers meeting face-to-face and one engineer using a finger to gesture (point) 
at a class in a UML class diagram and say, “ I would change this class.”  The particular 
class the engineer is referring to when saying “ this” , is specified through the pointing 
gesture. Pointing is helpful in communication because it can be easier and clearer to 
reference an item than giving a description of it [1]. 
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The typical pointing mechanism for a collaborative application – a telepointer – is not 
sufficient for the collaborative application interfaces we research. A telepointer is a 
mouse cursor used for pointing that appears on all collaborators’  interfaces.  Pointing 
with a telepointer requires that collaborators see identical visual arrangement of the 
interface. Otherwise the collaborators do not have a common frame of reference; the 
same mouse cursor location on the collaborators’  interfaces corresponds to different 
items in the interfaces. 
 
We research pointing mechanisms for collaborative applications where each 
collaborator’s application interface representation differs in some way. 
These interfaces are useful to accommodate the flexible working style of the 
collaborators. For example collaborators can independently control their interfaces; 
otherwise, they have the overhead of coordinating control of the application interface. 
Another flexibility is that each collaborator can customize the view of the data; software 
engineers might view a UML diagram or an equivalent script version. For these interfaces 
we use a semantic pointing technique. In semantic pointing one person selects an object 
to point at and the corresponding object is pointed out (“highlighted” ) in the other 
collaborator’s interface. 
 
We have prototyped a collaborative application named Deep View to demonstrate 
semantic pointing where it is necessary for collaborators to use different representations 
of the interface: mainly to support collaboration between a sighted person and a blind 
person. The task is to view and edit state UML diagrams. The blind person uses a screen 
reader, which is an audio interface the blind person uses to interact with a computer in 
general. The sighted person uses a visual interface; in particular the Rational Rose 
software engineering tool that features UML diagrams. We use Rational Rose to 
demonstrate how collaborative applications can be integrated into tools that software 
engineers are already using.  Through the Deep View system, the collaborators access the 
same UML diagram, although each person uses a separate computer.  
 
We use the Sync [2] infrastructure to enable the collaborator’s Deep View instances to 
access the same diagram. Sync is object-oriented replicated infrastructure design to 
construct collaborative applications. The Sync server maintains a common model of the 
application among all Sync clients (each collaborator’s instance of Deep View). The 
model represents the common data of a UML diagram that the collaborators interact with.  
The collaborators’  interfaces representing the application model is implemented 
separately and can be customized for each person. As a person modifies the model 
through the interface, Sync propagates the model changes to other clients, whose 
interfaces are updated.  
 
Sync is particularly suitable for implementing collaborative applications such as Deep 
View. Our description of the Deep View system demonstrates Sync’s features, such as 
adaptability. It is straightforward for developers to create a collaborative application from 
a single user application with a few Sync related modifications. Sync can also be 
integrated into an existing standalone application, such as Rational Rose, given some 
requirements explained later. Further adaptability is that once Deep View is constructed 
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for a blind person and a sighted person, Sync enables any number and any combination of 
blind and sighted persons to collaborate. Therefore, two sighted persons could collaborate 
on UML diagrams each using an instance of Rational Rose.  
 
The following sections emphasize semantic pointing in collaborative applications with 
varied interfaces for each collaborator. Section 2 reviews work related to semantic 
pointers and Sync. Section 3 describes the collaborators’  interaction with Deep View. 
Section 4 explains Deep View system design using Sync.  

2 Related work 
The collaborative applications we develop are based on two areas of related work. First 
we build on the concept of semantic pointing used in other collaborative applications. 
Second our prototype implementation is constructed with the Sync infrastructure.  

2.1 Semantic pointing  
Researchers have applied semantic pointing to a variety of collaborative applications. 
Semantic pointing is applied when the collaborators’  interfaces vary. Precisely how the 
semantic pointer is realized in the interface depends on the application. The basic concept 
is that one person selects an object to reference (point at) and the object is highlighted 
(brought to the other collaborators’  attention). Collaborators use pointing as part of their 
communication as one way of referring to an object they want to discuss.  
 
Following are two independent examples of applications that require semantic pointing 
because the collaborators are using different computer devices with different displays. 
One person views the collaborative task on a PC in a desktop application while the other 
person uses a different interface. In [3] the other person views the collaborative task 
immersed in a Virtual Environment (VE). In [4] the other person views the collaborative 
task on a mobile device, although implementing semantic pointing is part of future work. 
Semantic pointing is similar in both systems. One person selects an object and the 
corresponding object is visually highlighted in the other person’s interface. Highlighting 
in the VE/PC system is done by changing the color of the selected object.  
 
On the other hand, Greenberg [5] developed a semantic pointer for desktop collaborative 
applications where collaborators can have interfaces with different visual appearances. 
An example is a collaborative task of viewing a web page in a browser; each person can 
adjust the width and height of the browser window. Thereby the text and images will 
align differently.  
 
Greenberg’s semantic pointer is based on a telepointer. Each person points by placing 
their telepointer over an object to be pointed at. A simple telepointer, however, is not 
sufficient; because of the different alignment of the text and images, the same telepointer 
location might refer to different objects in each collaborator’s interface. Instead with 
Greenberg’s semantic pointer, the telepointer cursor is repositioned to point at the same 
object in each collaborator’s interface; the absolute telepointer position might be different 
in each case.  
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A drawback of Greenberg’s semantic pointer is that using the telepointer metaphor a 
significant feature of a traditional telepointer is not available. With a traditional 
telepointer collaborators can communicate with simple gestures, such as gesturing at a 
group of objects by circling them. A characteristic of the gesture is that the circle is made 
in a smooth continuous motion. With the semantic pointer, a circular trace in one 
interface might result in a jerky motion in another interface as the telepointer is 
repositioned to each of the objects in the first interface.  

2.2 Sync infrastructure 
Sync is a Java based infrastructure for developing collaborative applications. Sync 
provides an object-oriented replicated model between instances of a collaborative 
application connected  over the network. A model’s replicated objects are comprised of 
arbitrary Java objects designed by a developer for a given application domain. In the 
client-server Sync model, clients are the instances of the collaborative application; each 
client stores a local copy of the replicated model. The server collects changes to the 
model from a client and propagates the changes to the remaining clients. The interface 
representing the model is implemented separately and a developer can customize them 
for the needs of a collaborative application.  
 
Sync was originally designed to support multi-user mobile applications, although Sync’s 
features are more broadly suited to collaborative applications. To support mobile 
applications, Sync’s emphasis was on devices with intermittent network connectivity. 
The general benefit is that it is straightforward to switch the application from running 
stand-alone to running as a collaborative application.  
 
Sync also minimizes network bandwidth to accommodate the limited network resources 
of mobile devices. This is accomplished by synchronizing changes at the lowest level of 
granularity to the level of basic Java types (e.g. int). A general benefit is that changes can 
be tracked in detail and when updating the interface only the part corresponding to the 
changed data has to be updated instead of updating the entire interface. It is also possible 
to capture events that trigger specific behavior in the interface.  
 
A single user application can easily be modified into a Sync collaborative application by 
following a few patterns. Sync maintains the replicated model through Java introspection, 
Java Bean property change events, and Java Bean property change listeners. Sync 
automatically identifies the properties of an arbitrary replicated object through Java’s 
introspection; that is Sync identifies the getter/setter procedures corresponding to an 
object’s properties. Sync uses the Java Bean listener to capture a change to an object’s 
property, which are triggered in the property’s setter procedure. Sync asynchronously 
propagates the change to the remote clients and invokes the corresponding setter 
procedure for the changed property. 
 
Sync also supports replicated Java style hash tables and vectors, significant in creating a 
replicated model with a complex data structure. Sync provides a custom listener pattern 
because Java Beans does not support these data structures by default.  
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The Sync server and clients exchange messages to manage changes to the shared model. 
The server and clients control each other through Java Remote Method Invocation (RMI). 
The server features various synchronization mechanisms, such as merging changes to the 
same object and forwarding changes only when the property is set to a different value 
(not just set to the same value again). 

3 Using Deep View and Semantic Pointing 
Deep view is an example of a collaborative application where collaborators use interfaces 
with different representations. We use Deep View to demonstrate how collaborators 
interact with semantic pointing. The Deep View interfaces illustrate features of general 
collaborative interfaces. Before describing the interaction model with our semantic 
pointer, we give an overview of the Deep View collaborative application.  

3.1 Overview of Deep View interface 
The purpose of Deep View is to support collaboration on the task of viewing and editing 
state UML diagrams. We focus on collaboration between a blind person and a sighted 
person, although the collaborative application could be used by any number and 
combination of blind and sighted persons. We choose a collaborative task involving 
diagrams to help members of the blind community participate in these tasks because with 
a visual impairment it is difficult to access the diagrams. Access to the diagrams is vital 
for participating, for example, in a team of software engineers. UML diagrams are a 
ubiquitous form of communication for the team in all stages of the process from design 
and documentation to testing.  
 
The technology of collaborative applications is particularly applicable for collaboration 
between a blind person and a sighted person. In comparison, two people without 
disabilities can use a single user application to view the same information and 
communicate face-to-face. A blind person and sighted person can not easily collaborate 
on a single user application. The conventional screen reader a blind person uses to control 
the computer is difficult to use with two people; when one person control’s the computer, 
it is difficult for the other person to follow. Instead collaborative applications such as 
Deep View enable both persons to access the same diagram through the most appropriate 
interfaces (visual and audio).  
 
In Deep View the blind person and sighted person interact with a diagram at the same 
abstract level, although they control their custom interfaces differently. In respect to the 
diagram, the collaborators can equally add, remove, and change states and transitions of a 
state diagram. One person’s changes are immediately reflected in the other collaborator’s 
interface. The language the collaborators use to describe the diagram is in the same frame 
of reference, such that referring to a specific state or transition is understood the same by 
both persons. To avoid confusion, the collaborators should not refer to details in the 
specific interface, for example, the sighted person referring to colors of states and 
transitions. After a general description of the sighted and blind persons’  interfaces, we 
explain how semantic pointing is used in these interfaces.  
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The Deep View system does not provide an audio connection between the collaborators, 
Instead the collaborators can use other technology, such as a telephone call or an audio 
connection through instant messaging programs.  

3.1.1 Sighted person’s inter face 
The sighted person uses the visual Rational Rose interface to interact with UML 
diagrams. Figure 1 shows a UML state diagram loaded in Rational Rose (the colored 
nodes are related to pointing as will be explained later). A user uses Rational Rose as 
originally intended, i.e., as a single user application. A user controls the diagram similar 
to other diagram interfaces, for examples dragging, dropping, and clicking with a mouse.  
 
 
 
 

 
 

Figure 1: Rational Rose state UML diagram for  a sighted user . Two users are pointing at different 
items as indicated by green and purple colored states!! 
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A user controls a diagram the same way when collaborating with a blind person on a 
diagram. However, a user takes some initial steps to connect to a collaborator through the 
Deep View system, which is integrated into Rational Rose. The Deep View system is 
started from the “Deep View” menu item in the main “Tools”  menu group. This starts a 
separate window (shown in Figure 2) that can be controlled at the same time as Rational 
Rose. Connecting to the collaborator is as simple as selecting the “Connect”  menu item in 
the “Colab”  menu group. For simplicity, a user does not specify parameters for the Deep 
View system; these are fixed. A Rational Rose user can connect to Deep View anytime to 
collaborate with other collaborators connected to Deep View. Now the Rational Rose 
user is in collaborative mode.  
 
It is straightforward for a Rational Rose user to start sharing a diagram with other 
collaborators. A user simply selects a diagram and uses the context menu to load it into 
Deep View. All collaborators can edit the diagram and changes are reflected in the 
Rational Rose diagram.  
 
A unique feature is that the shared diagram does not capture spatial layout of a diagram’s 
states and transitions. Each Rational Rose user lays out the diagram independently. So as 
other collaborators add nodes, the nodes appear always at the same fixed location and the 
user repositions them.  
 
Other collaborators can share diagrams too. In this case, a new diagram is created in 
Rational Rose, which a user can manipulate similar to other diagrams.  

3.1.2 Blind person’s inter face  
The GUI representation of a blind person’s interface for the diagram is shown in Figure 
2; it consists of standard GUI widgets, such as menu, tree view, and combo box. The 
widgets are designed for the blind person to conveniently access the information through 
a screen reader. A blind person uses keyboard commands to control the interface and 
have the screen reader read the textual information associated with the GUI widgets. A 
sighted person could use the interface but it would not be as practical as the visual 
interface. 
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Figure 2: Blind user  inter face to access a UML state diagram. 

 
The metaphor of the blind person’s interface is a hyperlinked document to facilitate fast 
navigation of the diagram. The states of the UML diagram are “documents”  and the state 
transitions are links between documents. Selecting a link of one state brings the focus to 
the linked state. So the blind user can navigate between the states and learn the 
relationships between them.  
 
The blind user can edit the diagram by adding, deleting, and editing states and transitions 
through keyboard commands. A more detailed explanation of the interface, however, is 
beyond the scope of this document.   
 
A blind person can use the diagram interface in two modes. The most basic form is to run 
it in stand-alone mode. The other mode is to run in Rational Rose; starting this mode is 
part of the described process for the sighted person to start Deep View system. This way, 
a blind person has complete access to Rational Rose diagrams for which Rational Rose 
itself provides limited access.  
 
In both modes it is possible to connect to other collaborators. The process is the same as 
for the sighted person. As for the sighted person, the blind person can share a diagram by 
opening it after connecting to other collaborators. Also, when another collaborator loads a 
diagram, the new diagram is loaded into the blind person’s diagram.  
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3.2 Semantic Pointing in interfaces 
Semantic pointing helps collaborators focus their attention to the same part of a 
collaborative application. One person selects an item to point at and the item is 
highlighted in the other collaborator’s interface. This assumes that an item pointed at is 
realized in each collaborator’s interface. Currently the interfaces in the Deep View 
system support pointing at states in the UML state diagram, although there are other 
objects like transitions.  
 
A feature of semantic pointing in the Deep View system is that multiple collaborators can 
point at multiple items at the same time. A group of items pointed at for one collaborator 
are distinguished from items pointed at for other collaborators. 
 
Although the sighted and blind persons’  diagram interfaces are specifically tailored for 
the diagram application, they demonstrate the range of situations for which semantic 
pointing has to be handled. In brief, the sighted person’s interface demonstrates semantic 
pointing in a custom drawn interface component. The blind person’s interface 
demonstrates semantic pointing in an interface consisting of standard GUI widgets, which 
encompasses the majority of Sync collaborative applications.  
 
Explaining semantic pointing involves describing how items pointed at are highlighted 
and what the user’s interaction is in order to select the items. Semantic pointing is 
explained for the Deep View system and generalized to collaborative applications overall.  

3.2.1 Semantic pointing in custom drawn component 
The concept of pointing in a custom drawn interface component is to change the default 
characteristics of an item pointed at, such as the item’s font of any text or the item’s color 
of the background, foreground, or outline. Each collaborator should have a unique 
characteristic to distinguish her items from items that the other collaborators are pointing 
at. As a collaborator points at items, the interface should immediately be updates. That 
assumes changing the visual appearance of items pointed at does not interfere with the 
user’s interaction with the interface.  
 
In Deep View, the described form of semantic pointing is used in the Rational Rose 
interface. A state pointed at has a different background color corresponding to the 
collaborator who is pointing at it. A Rational Rose user points at one or more states by 
selecting them and using a context menu to activate pointing at them. States are marked 
as pointed at until the user explicitly clears the selection with another context menu. 

3.2.2 Semantic pointing in inter faces with standard GUI  widgets 
We continue to expand semantic pointing for collaborative application interfaces 
consisting of standard GUI widgets as is the case for most Sync based applications.  
Techniques to point at items in these widgets could be accomplished similar to pointing 
in the blind person’s diagram interface in the Deep View system. 
 
The Deep View diagram interface has a novel technique to support semantic pointing for 
a blind user. It is straightforward for a blind person to point at states in the diagram; the 
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user selects the items to point at and issues the “Point at”  keyboard command. It is more 
complicated when another collaborator points at some states. The blind user has to 
identify the states pointed at without being interrupted from her current task. For the 
blind person to access anything in the interface, the blind user has to explicitly navigate 
to it with a keyboard command. It would be impractical for the blind user to search all 
GUI widgets for items marked as pointed at. Furthermore, it is confusing for the blind 
person if her interface interrupts her current task to notify her of the items pointed at. It 
would be as confusing as listening to two people speaking at the same time. 
 
Our technique to point at these items is as follows. When another collaborator points at 
some items, the blind person’s interface provides a brief audio tone notification. The brief 
tone will not interrupt the blind user from listening to text currently read by the screen 
reader. When the blind person is ready to examine the states pointed at, the blind user 
issues the keyboard command to list only items pointed at. Figure 3 shows the states that 
the blind person and another collaborator are pointing at.  
 
 

 
 

Figure 3: Semantic pointing mode for  blind user   

 
There are two scenarios where a sighted person might encounter similar difficulties to 
identifying items pointed at as the blind person.  
 
In the first scenario it might not be possible to point at items by changing the visual 
appearance of the item in the GUI widget it is displayed in. Some GUI widgets support 
semantic pointing by highlighting the item pointed at by changing the visual appearance 
of an item in a widget. These widgets include a tree view, a label on a button, and a check 
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box label. Other GUI widgets do not have this functionality, such as list boxes, text 
fields, and combo boxes. 
 
Consider an interface with a standard list box listing items that could be pointed at. 
Semantic pointing by modifying the visual appearance is not possible; the individual list 
items cannot be customized. An alternative technique would be to mark the items pointed 
at by making the items “selected” . This has two drawbacks. The first drawback is that all 
items pointed at would look identical and it is not possible to distinguish which 
collaborator is pointing at which items. The second drawback is that marking the items as 
selected could interrupt the user’s current actions; for example if she were currently 
making a selection herself, her selection would be invalidated by the selection of the 
items pointed at.  
 
In the second scenario, the items pointed at might not all be visible; for example, some 
items pointed at might be scrolled out of view in a large spreadsheet. As for the blind 
user, it is inconvenient for the sighted person to search the entire spreadsheet to find all 
items pointed at. 
 
Both scenarios can be addressed by using a pointing technique similar to that used in the 
blind person’s interface. The items pointed at can be listed in a separate view. Also a 
sighted person should be notified that items are pointed at so that she can direct her 
attention to them. 

3.3 Advantages of Semantic Pointing  
A telepointer is an excellent tool for pointing in many situations; however, semantic 
pointing can improve on a telepointer in two ways as described below. Dependning on 
the system it might be possible to integrate the telepointer with a semantic pointer.  
 
First, an item pointed at with a semantic pointer is persistent until the selection is cleared. 
Persistence enables collaborators to verify again which items were pointed at. With a 
telepointer, the person controlling the telepointer uses it to point and to control the 
computer. Soon after a person points at something, she might have to move the 
telepointer again to control the interface. Also the telepointer gesture might be ambiguous 
if it is too brief for an observer to distinguish which item was pointed at.   
 
Second, multiple items can be clearly pointed at simultaneously. A telepointer points at 
only one item at a time and marking multiple items requires the telepointer to be moved 
between all of them; the list of items pointed at might be too long to remember.  

4 Deep View implementation  
Our implementation of semantic pointing in the Deep View prototype has two parts.  
The first part is realizing semantic pointing in the collaborators’  interfaces; that is the 
user interaction to point and the mechanism to indicate objects that are pointed at. The 
second part is designing an infrastructure to store and control the information related to 
semantic pointing in the collaborative application. We do not further discuss the first part 
because it is domain specific and related to implementing the interface with a GUI 
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infrastructure. Our discussion focuses on the second part. The infrastructure to support 
semantic pointing prototyped in Deep View could be generalized for supporting semantic 
pointing in Sync applications in general.  
 
The infrastructure to support semantic pointing in Sync is an extension of the shared 
model Sync maintains for the instances of the collaborative application. We use the Deep 
View system to illustrate the concepts. Therefore we describe the Deep View shared 
model in general and how to integrate semantic pointing. Our discussion of semantic 
pointing deals with the related data to maintain and the commands available to an 
interface to control it. 
 
The Deep View system integrates the shared model into a model-adapter-view paradigm 
as shown in Figure 4. This design supports various features of the Deep View application. 
Deep View can be run as a single user application or as a collaborative application. The 
shared model is the same in either case, except that in the collaboration mode, Sync 
transmits the model changes from other collaborators. The adapter provides a view for a 
sighted person and a view for the blind person as described. The adapter also maps 
between the local IDs of items in each view and the items’  global ID in the Deep View 
system. 

Deep 
View 3

Sync(Internet)

Deep 
View 2

Deep View 1

Rose 
View

Adapter

Blind 
View

Shared 
Model

Rational 
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Rose 
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Adapter
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eventupdate

event

update

API

API

 
Figure 4: Deep View model-adapter -view paradigm 
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4.1 Overview of Deep View Shared Model  
The main purpose of the Sync infrastructure is to maintain a collaborative application’s 
shared model among all the instances of the application. The shared model captures the 
domain specific information of the application.  
 
In Deep View the shared model stores the information about a UML state diagram 
including states, transitions, and their attributes. The shared model is actually more 
abstract to capture node-link diagrams in general. Therefore in the shared model, states 
are referred to as nodes and links referred to as links.   
 
The Deep View collaborative application illustrates the implications of a shared model. A 
shared model constrains the content of the collaborators’  discussion. The information in 
the shared model is the lowest common denominator; the collaborators might not share 
the same representation of the application interface. For example, if collaborators would 
conceptually discuss a state machine without a corresponding diagram, they would refer 
to states and transitions between the states. Of course, with Deep View the collaborators 
can create or edit a diagram and each person can verify that their idea is represented as 
intended.  
 
The actual implementation of the Sync shared model is through Java class objects. The 
main class objects are the overall model, nodes, links, and attributes. The model stores 
collections of nodes, links, and attributes in hash tables so that they can be referenced by 
an ID unique among all Sync clients. Nodes, links, and attributes are related to each other 
and each object stores the unique ID of the objects they are related to. The relationships 
between the objects are as follows.  
 

·  A node stores references to its links. The references are stored in a vector to 
maintain an order to the links. However, using link order is part of future work 

·  A link stores references to the nodes it connects. A link is directional. The 
references to the nodes are stored in a vector and the vector index identifies the 
start node and destination node of the link. 

·  Nodes and links reference corresponding attributes. Attributes are used in node-
link diagrams in general, but not in UML state diagrams specifically.  

 
Hash tables or vectors are specific Sync versions necessary for Sync to monitor changes 
made to the data structures.   
 
Figure 5 is a UML class diagram of the shared model. The diagram is a simplification of 
the actual implementation to emphasize aspects of the Sync model. For example, an 
object’s getter/setter method pairs are the properties of the shared model that Sync 
maintains among all Sync clients.  
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Figure 5: UML Class diagram of Deep View shared model. 

4.2 Shared Model and Semantic Pointing  
The infrastructure to support semantic pointing is an extension of an application’s shared 
model. Items collaborators point at will be those in their common frame of reference; 
which includes the items stored in the shared model. Otherwise, if one person refers to an 
item outside the common frame of reference, the item will be unknown to the other 
person and cause confusion. To point at items in the shared model, however, an item 
should be realized in each collaborator’s interface. In Deep View the items pointed at are 
only states, because of limitations in the Rational Rose interface.  
 
We describe the infrastructure of data related to semantic pointing to store in the shared 
model and the commands available to an interface to control it. Overall, the infrastructure 
stores the multiple items that multiple collaborators are pointing at. The items pointed t 
are determined on-the-fly as the collaborators use the collaborative application.  

4.2.1 Infrastructure Data 
In the Deep View prototype, a hash table stores an entry for each collaborator referenced 
by a unique ID. The entry for a collaborator stores a vector of the items pointed at by that 
collaborator. In Deep View the vector stores the unique ID of states pointed at. The actual 
item can be looked up in the shared model’s hash tables storing all nodes. Of course, in 
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general, the vector could store any reference to the item pointed at including the instance 
of the Java object.  
 
A hash table entry also stores characteristics distinguishing items the collaborator 
corresponding  to the entry is pointing at from other items. The interface uses these 
characteristics to mark the items pointed at. The Deep View system stores a color 
characteristic and name entered by the collaborator. The color characteristic is used to 
mark items pointed at in the sighted person’s interface. It is beneficial to have a set color 
for each collaborator in every sighted person’s interface. In case two sighted 
collaborators refer to the color, the referenced items will be the same for all collaborators. 
The sighted collaborators can identify a collaborator from an index listing the 
collaborators’  names and corresponding color.  
 
The interface for the blind Deep View collaborator uses a collaborator’s name to identify 
the items the collaborator points at. The tree view in the interface (Figure 3) groups the 
items pointed at by collaborator.  

4.2.2 Infrastructure control 
The items a collaborator points at change as she interacts with the application interface. 
There are a few commands for the interface to control the semantic pointing data stored 
in the shared model.  
 
The main command for the interface is to mark the items to point at or to clear the 
selection of items. In the Deep View prototype, items pointed at are added to the 
semantic pointing data structure one at a time along with the ID of the corresponding 
collaborator. The selection is cleared with one command.  
 
As items are pointed at, the other collaborators’  interfaces should update the items 
pointed at. In Deep View the notification for the other interfaces to update is a separate 
command. This means there is one notification for a group of items pointed at. 
Otherwise, an interface would not know when the group of items pointed at is complete. 
Also for the Deep View application it would be inconvenient for a blind person to be 
notified for each state pointed at if there are many states.  

5 Future work  
Semantic pointing infrastructure could be applied to any Sync collaborative application. 
The data structures store references to objects in the shared model and these could be 
anything. The characteristics distinguishing the collaborators stored in the shared model 
can be determined based on the interface design. Also the domain specific design of the 
interface would determine the appropriate items to point at.  
 
The shared model infrastructure for semantic pointing could be migrated to the core Sync 
infrastructure. Developing a Sync application with semantic pointing would then be 
simpler. A developer would not have to add the semantic pointer data structures to the 
application’s shared model. Instead, the developer would use a Sync API to control 
semantic pointing data structure.  
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Furthermore semantic pointing could be integrated into Sync applications which use 
Object Editor to create the user interface. Object Editor automatically creates an interface 
consisting of standard GUI widgets from a model. Object Editor could automatically 
provide semantic pointing for these interfaces. The properties of the model are 
deterministically realized in the user interface.  
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