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Abstract. The interface to any visualisation application can essentially be split
into two; the visualisation itself, and the standard interface items that are
associated with any GUI. Despite the fact that the data plays a major part in
any visualisation application, this is generally accessed only through either the
interface or the visualisation. An important issue then arises over the location
of functionality in the application. To be able to provide a usable and effective
visualisation application (including data integration) where are the various
selections, filters, customisations, and interrogation mechanisms located; the
visualisation or the interface? The interaction mechanisms involved play a part
in guiding this decision, but the amount of coupling between the visualisation
and interface is also important.

1 Introduction
Visualisations are very direct interfaces to the data that forms their basis. Because of
the variety of display and representation, and the problems of multiply overloading
functionality onto glyphs there is usually a requirement for a separate, more
traditional, interface that works in conjunction with the visualisation graphics. This
can be extremely beneficial from a usability perspective; it provides an easier, more
familiar, route into using any visualisation, and there can even be replication of
functionality to support different users. The problem comes when designing such
visualisations and their interfaces; where is the best place for interaction and
functionality?
The likelihood is that there will be a split of functionality between the interface and
the visualisation, and that in order to facilitate this functionality in the visualisation
suitable interaction will be required. There is also the issue of which functionality to
place where. Whilst some of this may be dependent on the data, on the tasks being
supported, and even the user base of the visualisation it may be that general guidelines
can be developed.
This paper presents some initial guidelines that have stemmed from the process of
working with three-dimensional system and software visualisations. These have
required the use of standard interface techniques as well as the various procedures that
are concerned with visualisations. Three dimensional interfaces may suffer more
from the perceptual issues associated with interfaces because of the expectation that

much human-computer interaction occurs within the desktop metaphor, and the more
obvious separation of being in a virtual space compared to clicking on windows.
Desktop visualisation and virtual reality may lose the two-dimensionality aspect
through clever use of graphics but there is still the screen restriction and the normal
user positioning and devices to use the systems. This means that it is necessary to
have controls and input areas somewhere thus the need for the issues presented in this
paper to be considered.

2 Concatenation or Combination?
An important subject when discussing visualisations, interfaces, and for wont of a
better term, visualisation applications, is where the division actually lies. For the user
of a visualisation application (visualisation and the interface) this distinction should
be trivial and relatively transparent. Indeed it should not really concern them at all.
However, it is vital that this is considered by those who design and create
visualisation applications as this will have a direct impact on the visualisation and the
visualisation application usability [2].
There is obviously some degree of coupling between the interface and the
visualisation because they work together to create the visualisation application. There
is also the need to tailor the interface options to work with the data (as any
visualisation has to) and to allow change of those aspects considered to be parameters

graphical objects (regardless of dimension) is through selection, usually with a mouse
click, and then the selection of the required detail or data refinement. These can be
chosen through a variety of mechanisms; interface interaction with the selected
graphic, the use of drop-down menus, right or multiple clicking.
Various ways of integrating with the visualisation for navigation and data
interrogation have been summarised, but the issue for anyone who designs
visualisations is to make justified decisions as to which are integrated into a
visualisation application. An instinctive answer would be that incorporating all
variations of interaction would provide the most usable interface because it would
cater with the different demands of different users. This may not actually be the case
because there would reach a point where the interaction styles would have to be
overloaded on order to provide all of the necessary interaction. In other words, the
same actions would have different functions depending on the context. Whilst data
context may provide this (such as what detail is available from a specific type of
graphical object in the visualisation) to do this with pervasive operations like mouse
clicks is likely to cause problems for users. There is the associated issue that this then
makes the interface more confusing and it then has a steeper learning curve. If a
visualisation is too complex, compared to even rudimentary other analysis or
understanding techniques, then it is not going to be used. This means that the related
benefits that visualisation can provide of augmentation and amplification will be lost
because of unrelated issues relating to the interface.

4 Functionality Location
Regardless of the permitted interactions with the interface and the visualisation of the
visualisation application there are decisions as to be made as to where it is best to
locate the functionality. Without any functionality, it is irrelevant what interaction
and interface niceties are present as they will never have any impact on the data being
visualised. Because interaction may be duplicated between the visualisation and the
interface then it means that the functionality that is located behind that interaction
needs to be consistent. Without some degree of detailed coupling between interface
and visualisation this could not be guaranteed. They would both need to utilise the
same routines (at an implementation level) therefore encapsulating this and making it
directly accessible to both visualisation and interface, with adequate linking to enable
the impact of that interaction (such as filtering the data) to actually affect the
visualisation and interface.
Functionality can also be only available from one of the two main parts of a
visualisation application. In these cases the question becomes not one of
implementation and ensuring consistency and accuracy, but of being able to locate the
functionality in the best place for its use (usability) and most effectiveness based on
the actions it actually encompasses. There are four possible choices:
1.
2.
3.

From the visualisation only
From the interface only
From a combination of the visualisation and interface (requiring both)

4.

From both the visualisation and the interface (duplication)

Since the effectiveness of a visualisation (application) has dependencies on both
the underlying data and how well the representations reflect this, and on the tasks that
it is intended to support [4], then this may dictate which of these options applies to
each piece of functionality. It may also be there is user demand for the inclusion of
functionality in a particular place. Since the interface is generally included to
augment the visualisation, then there will probably be little functionality that is
restricted to the interface, but the same cannot be said of the visualisation. As a rule
of thumb to guide the decision making process the following applies:
1.

2.

3.

If the functionality has a local impact (such as interrogating a
graphical object) then it should be attached to the visualisation.
Duplication through interface provision is also feasible.
If the functionality has a global impact (such as over all of the
visualisation) then it is best located on the interface but combined
with the visualisation.
If the functionality is related to the application (such as preferences)
then it should only be attached to the interface.

These guidelines make the distinction between global and local. If would make
little sense if one wanted to change all glyphs representation a particular type of data
to have to do each one individually. Likewise, selecting one object in order to obtain
more detail about it does not make sense if applied to the global scale of a
visualisation. There is some crossover, such as when the detail of an object then
dictates that this should then become the focus of a new query (for example). In cases
such as this a local impact would move to having a global one and therefore the
integrated functionality guideline above would come into play. Despite all of this,
these are only guidelines and doubtless certain data sets will dictate that they cannot
be followed directly.

5 Conclusions
This paper has examined the interaction between the visualisation and interface
components of a visualisation application. This is important to be able to consider
where is the best place to locate functionality in the application. This has impacts on
usability and therefore use of the application, and also for implementation and design
of visualisations.
Related work by the authors [3] involves the development of a component-oriented
framework for visualisations and data sources. This allows for multiple data sources
to be integrated with multiple visualisations. The development of the framework so
far dictates that the various visualisation views that are applicable and their control
panel (the interface in the context of this paper) are a complete component unit. This
allows for the required level of coupling considered necessary to fulfill the various
guidelines expressed in this paper.

This framework development provides a perfect opportunity for developing further
these ideas, and for then investigation aspects such as linking between visualisation
styles and views (that are not already linked), the impact that cross data and cross
visualisation annotation has on the location of functionality, and the issues associated
with dealing with multiple data sources and multiple visualisations. This paper
provides much further work, and also seeks to try and add science to the creative
process that currently surrounds visualisations [6]. There is always going to be a
create element to any visualisation because of the graphic design involved, but there
is not reason why solutions cannot be engineered through the other aspects of
designing and creating visualisations.
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