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Abstract
This research investigates the potential of eye tracking as
an interface to parameter search in visual design. We
outline our experimental framework where a user’s gaze
acts as guiding feedback mechanism in an exploration of
the state space of parametric designs. A small scale pilot
study was carried out where participants influence the
evolution of generative patterns by looking at a screen
while having their eyes tracked. Preliminary findings
suggest that although our eye tracking system can be
used to effectively navigate small areas of a parametric
design’s state-space, there are challenges to overcome
before such a system is practical in a design context.
Finally we outline future directions of this research.
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Figure 1: a) Textural output
consisting of overlapping entities,
b) Output consisting of distinct
entities

Parametric Design
The use of generative processes for the discovery of novel
forms and patterns is not uncommon to the practices of
contemporary artists, composers and designers. In
architecture, parametric or ‘morphogenetic design’ [4] is a
‘form finding’ strategy where designers initiate (often
biologically inspired) computational generative processes
to yield novel forms or patterns. Such form finding
consists not only of the specification of the generative
algorithm, but also of a search for appropriate parameter
values to input into the algorithm. This can be difficult
when the generative processes are complex or the output
is determined by numerous inter-connected components; a
small change in parameters can have difficult to predict
consequences. Moreover design involves exploration and
discovery; designers may not know a priori what the
features of a desired output are. The present research
explores the potential of eye tracking as an interface in
the search for desirable parameter values.
Eye Tracking as Design Tool
Eye tracking data is often used as feedback to inform the
designs of user interfaces, web pages, advertisments and
products on the supermarket shelf. Additionally, there has
been a considerable amount of research into using gaze
tracking as a control interface [1, 6, 7]. Research on eye
tracking in image search tasks suggests that information
in gaze patterns can be used to make inferences about
human interests [3]. Eye tracking as the interface to a
genetic algorithmic process has also been explored [8]. In
such work, one of a number of discrete stimuli is selected
and these selections determine their evolution. This occurs

Our framework seeks to enable a continuous navigation of
a generative system’s state space. We use real-time eye
tracking as the feedback mechanism to ‘steer’ the
navigation of parameter space. This is a variant on
gaze-contingent methodology, which is used widely in
visual perception research [1].
Instances of a class of visual artefacts populate the screen.
The output can either consist of individual distinct
generative artefacts, or can be used to evolve textures that
are the result of spatially overlapping entities. To increase
variety, we apply noise to the parameter values: a process
of differentiation. The feedback from the eye tracker
drives a process of integration, where the parametric
variety of the output decreases. The user’s gaze
counterweights the noise processes, and this interaction
determines the path traveled through state-space.
Outputs
Essentially any visual generative system can be used, as
long as: a) the output is local to an area of screen, b)
small changes in parameter values do not cause sudden
changes in the visual output (otherwise the sudden
changes will attract gaze), and c) the output can be
rendered in realtime.
In Figure 1a is an example of a parametric output that
consists of many overlapping simple entities, creating
textures. It takes three parameters; the size of a circle, its
offset in x, and its offset in y. Figure 1b shows a simple
output that consists of a few spatially distinct entities, in
this case ’Pepsi’ logos, the parameters define their Bezzier
curve.

(a)

Parameter Space
In the software each of the parameters of our generative
output is represented as a two-dimensional plane, virtually
existing behind the screen. Thus if our artefacts have
three parameters, there are three planes. For an artefact
at a given screen location, its rendering parameters are
drawn from the parameter planes at the same screen
position (Figure 4).

Each frame, Perlin noise is added to the values in the
parameter planes. This ensures that changes in the output
are continuous and neighbouring instances of the output
artefacts remain similar. How much the Perlin noise
affects an area of the screen at any one time is
determined by the eye tracking data, as explained in the
next section. When no gaze is detected, the system does
a kind of random ‘drunken walk’ through the space of
possible parameter values.

(b)

(c)
Figure 2: Changing parameter
values(a) are mapped to a trivial
output; the size of circles(b).
Temporal blur is applied(c)

Figure 3: Perlin noise changing
over a short period of time

Differentiation
At any one time a range of parameter values is
represented on screen, the values changing each frame.
To ensure that that there are no sudden and salient
changes in parameter values, three dimensional1 Perlin
noise[5] is used to drive the change. Perlin noise is a
method of efficiently generating graphical textures. Often
used to model water, smoke and clouds, it is an elegant
way to provide both temporally and spatially continuous,
yet random, values across a plane (Figure 3). The Perlin
noise algorithm relies on a deterministic pseudo-random
number generator, allowing for the possibility to replay an
exact evolution and repeat experiments.

Figure 4: Parameter planes - values on planes map to
parameters of artefacts on corresponding area of the screen

The parameter planes contain floating point values
between 0 and 1, however, using them can require a
scaling to discrete integers (for instance the radius of a
circle is measured in pixels). In these cases discrete
boundaries appear in the visual output across the
population of artefacts. Since edges and sudden changes
are salient and attract the gaze, we apply a temporal blur
to the output, turning the discrete changes into smooth
transitions (Figure 2).

Integration - Interpreting Gaze Data
To determine which parameter values are being attended
to more than others, the streams of eye-tracking data is
processed to calculate a continually moving ’heat-map’
representing the fixation areas in the recent past
(approximately 1 second, see Figure 5). This process acts
like a de-noising, high pass filter, smoothing out rapid
saccadic eye movements and emphasising fixations. This
‘heat-map’ is mapped to the parameter planes to
determine the parameter values of the artefacts most
attended to.
1 interpreted

as two spatial dimensions and one temporal

Each frame, the further an area is from these values, the
more it is affected by the Perlin noise. This has the effect
of slowing and eventually freezing the parameters of
artefacts similar to the ones most looked at. Additionally
there is a weak ‘gravitational pull’ or bias in the change of
parameter values in the direction of the average value for
each parameter plane. This constrains the range of
parameter values represented on screen at any one time.
If gaze is fixated at just one point, gradually the range of
parameter values represented decreases until all the
artefacts on screen are identical. Gaze fixations thus
engender a kind of ‘zooming’ in the abstract plane of
parameter values, enabling a small area of parameter
space to be explored in greater detail. A similar zooming
process is employed in the text input system Dasher[7],
when using gaze for character selection. By gazing
towards the desired character, the interface zooms and
the area around the fixation grows, making it easier to
select the intended character. In our system gaze also
drives a zoom, but in parameter space.
Figure 5: Heat map representing
a rolling average of gaze fixation
in recent past

Implementation
The eye tracking system used is Face Lab 5 by Seeing
Machines, a non-contact optical tracker. It sends in
real-time the screen coordinates of the subject’s gaze to
the application driving the visual output, developed in
C++.

Pilot Study
Gaze is understood to be ”both simultaneously
bottom-up, stimulus-driven as well as top-down,
goal-oriented”[2]. This distinction between volitional and
non-volitional gaze informed the design of the study so
that both scenarios could be observed. The first part of
the study had the participants passively observe the

happenings on screen, in the second part of the study
participants they were told to look for a particular pattern.
The participants were not told that their gaze affects the
output until after the end of the experiment.
The output for this study was a very simple parametric
design consisting simply of overlapping circles (see Figure
1a, it has three parameter planes, one for the size of the
circle, the offset in x, and the offset in y. Even though it
is a very simple design, it can exhibit very many visually
distinct outputs as the circles overlap with each other and
form patterns.
For all participants the Perlin noise sequence was the
same, and the system started in the ‘middle’ of the
state-space. The study was carried out with 6
participants, and each task lasted 5 minutes. However
some participants reported getting fatigued, so this meant
that only 3 out of the 6 participants felt comfortable
completing all tasks.
Part 1: Passive Observation
In this part, participants were asked to observe a video on
screen. This was repeated three times, how strongly the
gaze affects the output being varied from ‘strongly’,
‘moderately’, to ‘not at all’. In addition to getting some
first insights into the dynamics of the system in use, an
aim was to see if multiple subjects end up taking similar
routes through state space. Although numerical analysis
of the data of this not yet complete, users reported
finding their gaze clearly attracted to some outputs and
repelled by others.
In these five minute navigations through the
parameter-space, the participants never travelled far from
the starting point in the middle of the state-space. The
design of the system, which relies on making changes in

(a)

(b)
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Figure 6: Outputs of the
parmetric design used in the pilot
study. (a)The output at the
starting position at the middle of
the state space. (b) The ‘near’
search target. (c) The ‘middle’
search target. (d) The ‘far’
search target.

the output almost imperceptible, made for a slow, but
detailed exploration of a small sub-set of the parameter
space. To do an exhaustive exploration through this
modest three-parameter design would take a prohibitively
long time with this interface.
Part 2: Search Task
In this part of the study, participants were asked to search
for specific patterns. There were three search targets (see
Figure 6). Each target is a point in parameter-space, and
the Euclidean distance between these and the starting
point in the middle of the parameter-space varied from
‘short’, to ‘medium’, to ‘far’. The participants were told
that the pattern they are looking for ‘might or might not’
appear, but if it does to try to spot it as soon as possible.
Again they were not told that their gaze affects the
output. Each search had a time limit of five minutes, if
the target was found the experiment would stop.
All four the participants who under took this part of the
study ended up steering the system to the ‘short’ search
target (though one participant didn’t notice that they
had). None of the participants reached the ‘far’ target.
One reached the ‘middle’ target with another getting
close.
Because the parametric design used in this experiment
consisted of overlapping entities there is no guarantee that
visual similarity coincides with parametric proximity.
Consequently there are cases where the output at a certain
point in parameter space is visually similar to one far away.
(This is less frequently the case with non-overlapping
designs such as in Figure 1b). So searching based on
visual similarity could lead to a ‘dead end’ in the
navigation, and the number of such ‘dead ends’ increases
the greater the parametric distance to the search target.
However over short parametric distances, visual similarity

coincides with parametric proximity, and our study seems
to indicate that at these scales it easy to lead system to a
target output just by visually searching for it. Designers
don’t have clear search targets in mind when working with
parametric designs (then they would have already finished
their design!), but if they ‘know it when they see it’,
perhaps our framework could assist in a design context.
Evaluation
Fatigue as an issue has been noted in other studies, and it
is suggested that eye-tracking may be better suited as an
assistive and supporting interface, rather than as the sole
means of control[6]. In our case, it is likely that the choice
of parametric output contributed further to the fatigue, as
the output in the tasks was reported as being ‘trippy’ and
‘intense’ and as consisting of “too much input”.
Participants expressed that some of the fatigue could have
come from the cognitive load of trying to work out what
the animation was doing. One participant reported for
instance that “I knew it was changing, but I couldn’t
actually see it change, I was trying to work it out”.
Interestingly most participants found that the search tasks
were less tiring than the passive observation.
After the experiment, the participants were debriefed, and
only then was it revealed how their gaze was controlling
the animation. They were then shown how to use their
gaze to consciously ‘will’ the patterns at one area of the
screen to spread to the rest, which all participants could
then do easily. This indicates there is potential for the
system being a consciously controlled design interface,
however it is clear from the pilot study that this interface
is not suitable for traveling across a large state-space
quickly. These consideration inform the direction of future
work.

Further Developments
We are currently exploring the potential of this system as
a practical tool for parametric design. To achieve this,
eye-tracking is no longer the sole means of control, but is
just one way for the user to interact with the system. A
physical controller, motorised sliders (see Figure 7), allows
the designer to quickly navigate to any point in the state
space with their hands. Each slider is assigned to a
parameter value, and can either be moved by the designer
or will move by themselves to reflect the state of the
system. The framework will allow the designer to control
which parameters they want under eye tracking control,
and which under manual control. The designer could for
instance find an approximate design manually, and then
put one or more of the parameters under gaze control to
explore a detailed area of the state-space. Spatially
distinct entities will be used as outputs, like the logos in
Figure 1a. This is a much less visually busy output, and
will help reduce fatigue.
Figure 7: Motorised slider
interface to allow for navigation
of state space with the hands.

Conclusions
We outlined an experimental framework where a user’s
gaze acts as guiding mechanism in a navigation of the
state space of parametric designs. A small scale pilot
study was carried out where participants influence the
evolution of generative patterns with their gaze. Though
there were flaws in the study, it seemed to indicate that
this system can be used to effectively navigate small areas
of a parametric design’s state-space. We outlined future
directions of this work, including developing the system
into a more practical design interface with the
incorporation of a physical controller.
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