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Abstract

This paper explores the potential of a novel generative visualisation technology that attempts 
to respond to affective changes of the user through reading their eye gaze. In this affective 
visualisation the interaction is based on an aestheticisation of the interplay between techno-
logical effect and affective human response; this implies to create a semantic framework of 
visual elements that exploit the affective capacity of the user. In order to introduce this novel 
application the paper draws on critical investigations of aesthetic experience and studies of eye 
movement, with the aim of introducing a constructive model of affection in aesthetics. Finally, 
the paper suggests that such critical reflection is crucial for new modalities of experience in 
human-computer interaction. This is exemplified within the author’s recent practice, which 
explores the interconnectivity of visualisations of swarm intelligence and dynamic affective 
changes of the user’s immersive experience.

The Philosophy of Eye: The Eye-Mind Problem

Throughout the study of eye movement researchers have attempted to provide comprehensive 
models of how eye gaze can serve as a display of the mind, however, most research outcomes 
have failed to provide inclusive explanations. Early research has conveyed two significant but 
very different claims that have remained relevant, particularly in their accounts of the relation-
ship between attention and eye movement. Both challenge an importance of the eye in process-
ing information and give significance to the underlying voluntary processes of the mind as the 
control mechanism of attention or imagination.

Hermann von Helmholtz was one of the first scholars who attempted to explain how the mind 
is instrumental to the patterns of eye movements. He states that the eye’s optical characteristics 
and information gathering is rather poor. Therefore, vision is only possible with some form of 
unconscious inference that makes sense of the information based on prior experiences of the 
world. [1] Studying the relationship between eye movements and visual attention, Von Helm-
holtz discovered the phenomena of ‘covert attention’, which explained that visual attention is 
not always where eye ‘fixation’ (holding eye gaze on a single location) is directed to; he points 
out that one can attend to stimuli without shifting visual focus. Observing letters on a screen 
that was too large to view at once, he noticed that without moving, his eyes could ‘covertly’ 
attend any location of the screen. Although von Helmholtz’s observation on visual attention 
introduces significant questions about the relationship between eye movements and cognitive 
processing, it can be stated that eye movements most commonly reflect a will to attend to objects 
in detail (‘overt attention’).
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William James, reflecting on von Helmholtz account, provides an explanation of a very different 
aspect of visual experience in his discussion of the ‘embodied eye’. James suggested that atten-
tion “is the taking possession of the mind, in clear and vivid form, of one out of what may seem 
several simultaneously possible objects or trains of thoughts… It implies withdrawal from some 
things in order to deal effectively with others.” [2] He claims that attention and imagination 
are directly related; when attention does not regulate one’s sense organs it consist in imagining 
the things or actions that one is attending to, or looking for. James states that paying attention 
to what one is doing often consist of a similar kind of anticipatory imaginative engagement. As 
with Von Helmholtz’s covert attention, James’ ‘imaginatory’ attention gave prominence to the 
complexity of the eye-mind relationship, acknowledging that although the quality of motion 
and fixations might be measurable, their cause is not fully determinable.

The Physiology of the Dynamic Eye

In order to better understand the physiological capacities of the eye in reference to aesthetic 
experience, this section elaborates on the eye’s basic functionalities and characteristics. It is well 
known that the size of the visual field is limited and can be divided into ‘fovea vision’ (encom-
passing 2 degrees at the centre of the visual field) responsible for the sharp detailed sight, and 
‘parafoveal vision’ (2-10 degrees off centre), responsible for low-resolution compressed informa-
tion next to the ‘peripheral field’ (>10 degrees off centre) (Fig.1). Since the visual field cannot be 
processed from one single fixation (lasting between180 and 275 ms), as a result of the limited 
acuity of the retina, rapid eye movements are necessary to bring the retinal image of an object 
of interest to lie on the fovea (saccades; lasting between 10ms and 100ms). Attention initially as-
signs a target before saccade eye movements happen. During saccades, vision is dormant and 
new information is acquired only during fixation. [3] (Fig.2)

Fig. 1. The picture on the left hand-side is Luc Desnoyers’ [4] re-interpreted Ernst Mach’s drawing of the visual field [5]; 
the white circle attempts to show the eye’s fixation point and the spectrum of density in the environmental detail of 
parafoveal vision. Fig. 2. On the right hand-side the image shows a scan path of expert judge’s review of chest radiograph. 
The lines represent scan paths (saccades) between fixation points; it shows the temporal order in which the viewer fixates 
on the particular part of the image and acquires information. How the information is acquired through the review is 

based on prior (expert) knowledge. [6]



 Zics • Eye Gaze as a Vehicle | 3

For eye movement analysis there are three types of movements that might be modelled to un-
derstand the overt localisation of visual attention (when attention and eye location are matched). 
Fixation, ‘smooth pursuits’ and saccades are all under ‘voluntary’ control and as such they are a 
result of intentional decision making (whilst ‘involuntary’ movements, such as micro-saccades, 
are unconscious). [7] Whilst saccades are rapid jumps of the eye to shift gaze to the object of 
interest, fixations and smooth pursuits occur during the intermission between saccades. In smooth 
pursuits the eye tracks a moving object and compensates from the velocity of the moving on 
the retina. Some of these voluntary eye movements can be practiced and improved with control, 
however a saccade cannot be disrupted. Involuntary eyelid movements, such as blinking of the 
eye, are recurrently applied for the measurement of affective states of the user. [8]

Aesthetic Experience and Eye Movement Research: A Critical Revisit

Although there is a long history of research into the relationship between eye movement and 
aesthetic experience, the methods applied often reduce the viewer’s act to a mechanistic agency 
and, as such, makes the aesthetic claims of such work questionable. This section critically analy-
ses this work, demonstrating that an investigation into the relationship between the viewer’s 
eye movement and viewing act of art can be only meaningful when considering the enactive 
comprehensions of the viewer’s agency.

 

Fig. 3. When observers were asked to ‘give the ages of the people’ (on the left), their gaze was focused only on people; 
whereas if they were asked to simply look at the picture many more fixations occurred in different areas (on the right). 
The reason might have been that the viewers could engage with an aesthetic dimension of the pictures without the dis-
turbance of a task. The two images are an updated version of Yarbus’ original images [11] that now show the image and 

scan path as an overlay. [12]

Since eye movement research and its methods of recording often lends itself to reducing aesthetic 
experience to characteristics of behaviour, psychological accounts have subsequently been popular. 
An early example is Alfred L. Yarbus who used a ‘scan path’ (a graph of saccades and fixations) 
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and the visual recording of eye movements (fixations and saccades) to study complex scenes to 
identify mainly task-dependent patterns of fixations. Yarbus’ well-known study of ‘An Unex-
pected Visitor’ proposes that the interpretation of a composition can be based merely on where 
the viewer looked on the image. [9] (Fig.3) Similarly to Donald W Graham, who described the 
composition that guides the viewer’s eye on a pleasing path of visual elements of the scene [10], 
he implies that compositions facilitate the artist’s decision in the viewers’ experience of looking. 
Yarbus explained the viewing process more as a task to be solved, and showed that the viewer 
reinvestigates elements of the painting that promise to explain the image. He acknowledged 
that: “these elements show that they give information allowing the meaning of the picture to 
be obtained. Eye-movements reflect the human thought processes.” [9] Yarbus’ approach ne-
glected the multidimensionality of aesthetic quality of the image resulting in a limited account 
of aesthetic experience that only focused on the visual attention in the viewing experience.

An often-used concept in the study of eye movement research is Daniel Berlyne’s description of 
‘diversive-specific’ behavioural patterns of the viewer. [12] Berlyne’s approach has been largely 
disregarded in contemporary psychology, yet topical eye movement research still applies his 
method. [14] [15] [16] According to these studies ‘diverse exploratory behaviour’ takes place 
when the viewer seeks out stimulation that has appealing collative properties (such as complex-
ity, novelty, surprise and uncertainty; that can trigger hedonic effects of arousal [13]) regardless 
of the content or source; ‘specific exploratory behaviour’ takes place when viewers’ curiosity is 
aroused through the uncertainty or lack of perception of particular information in the image. 
[14] The two types of accounts exhibit diverse patterns of eye fixations; the earlier shows dif-
fuse clusters of fixations; the later contains high density of fixations. (Fig. 4) The initial use of 
Berlyne’s work by François Molnar suggested that whilst knowledge based exploration is slow 
and purposeful, therefore specific, pleasure based exploration is diverse. [17] He furthermore 
proposed that good and bad composition can be shown by the number of transitions on the 
scan path of the image before the exploration comes to equilibrium; he concluded that aesthetic 
engagement happens at early engagement and good composition needs fewer transitions.

 

Fig. 4. Nodine et al. argued that art-trained viewers (on the left) and untrained viewers (on the right) have different ways 
of viewing the image. Whilst the left image (Seurat’s painting of ‘Les Poseuses’, which has been modified for the purpose 
of the study) shows diverse exploration in the viewing (small group of fixations of dots) the right image, with its dense 
fixations (longer duration of eye gaze), shows specific exploration. Nodine et al. argued that expert knowledge impacts 

on the way of looking and therefore the aesthetic experience itself. [23]
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Following these foundational studies, there have been many valuable contributions investigat-
ing aesthetic experience based upon discrete characteristics of viewing experience; for example, 
evaluating aesthetic appreciation between art-trained and untrained viewers, [18] [19] [14] [16] 
or understanding artists’ perception in drawing, [15] or developing multidimensional methods 
inclusive of verbal recordings, [16] task-directed recording [22] and recordings of hand move-
ments. [20] However, the major methodological problems of such research remained the same, 
which is the limited capacity of scan path applications that are forced to evaluate dynamic 
experience of the viewer based on the analysis of static values. As a consequence, the applica-
tion of reductionist conceptions of human experience has generated a fragmented account of 
aesthetics that broadly influenced the understanding of eye movements in aesthetic experiences 
and limited in its future applications.

Towards an Affective Eye: Eye Movement as Aesthetic Interaction

Mark Johnson declared that: “aesthetics must not be narrowly constructed as the study of art and 
so-called aesthetic experience. Instead, aesthetics becomes the study of everything that goes into 
human capacity to make and experience meaning.” [24] Following the words of Johnson, this 
research also attempts to explain aesthetic experience (and aesthetic interaction) as the creation 
of meaning of an embodied mind. Applying Johnson’s approach, human capacity in experience 
is explained here as affection when “meaning grows from our visceral connections to life and 
the bodily conditions of life… the bodily sources of meaning.” [25] In a similar manner Brian 
Massumi referring to Deleuze and Guattari, describes affection as “an ability to affect and be 
affected. It is a prepersonal intensity corresponding to the passage from one experiential state of 
the body to another and implying an augmentation or diminution in that body’s capacity to act.” 
[26] As such the aim of an aesthetic experience is to understand the meaning of one’s everyday 
‘affections’ in order facilitate effective engagement of the user with novel meaning creation. 
John Dewey explains this as follows: “to understand the meaning of artistic products, we have 
to forget them for a time, to return aside from them and have recourse to the ordinary forces 
and conditions of experience.” [27] He goes on to state “that experience becomes conscious, a 
matter of perception, only when meanings enter it that are derived from prior experiences.” [28]

Following up on these arguments, in order to understand eye movements, it is crucial to com-
prehend them as an enactive capacity that produces embodied meaning through its actions. 
In this sense to understand an affective eye we have to understand the ‘augmentations and 
diminutions’ of the body and its affective states. [26] The dynamicity of an eye, in this sense, is 
crucial for understanding aesthetic experience; any kind of attempt to represent this dynamic 
action can lead to a reduction of its characteristics. Therefore, in the framework of this research 
it is suggested that eye gaze in aesthetic interaction should be applied as a real-time property 
rather than as a static value. As such, this investigation disregards the scan path-based methods 
of eye movement analysis and introduces “aesthetic interaction” for aesthetic meaning creation.
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Aesthetic interaction moves away from common conceptions of human-computer interfaces that 
focus on the ‘invisibility’ of the interface as most imperative facet of the human and computer 
relationship. Rather, aesthetic interaction requires a view where the system is a framework to 
facilitate user’s expression and interpretation, promoting serendipity, provocation, surprise or 
how Umberto Eco referred to it: “wonderment”. [29] In this sense aesthetic interaction acknowl-
edges the ability of the user to appropriate technology and instead of immediate invisibility it 
offers an intellectual reflection process where the user’s interpretations are instrumental to the 
system. As Graves Petersen et al. explains, aesthetic interaction “promotes improvising to be 
the key modality in how the user explores the worlds around her and learn new aspects.” [30] 
Similar to the approach presented in this paper, they take Dewey’s pragmatic approach further 
and explain bodily experience as a significant aspect of the interaction adding that: “we have 
to move beyond ideals of meeting human sensor motor skills and somatic sensing, to include 
among others human intellectual capacity to grasp and make sense of complex, contradictory 
and even ambiguous systems and situations.” [30]

In summary, it is argued that real-time dynamic processes allow a meaningful exploitation of 
eye movement for particular aesthetic production. As a result, an open system is established 
where meaning is enacted through an indirect response mechanism where the user’s curiosity 
and imagination drives the interaction towards immersive states. The aim of such interaction is 
not to gain full control or full invisibility of the technology but to engage the viewer in a self-
explanatory process of interaction through the movement of their eyes. As a result aesthetic 
interactive systems are designed to respond to ‘augmentations and diminutions’ of the body [26] 
(in this case the eye) and produce responses to the anticipated affective state; meaning emerges 
through the continuous cognitive loop between the eye and the system.

Eye Gaze Driven Affective Visualisation and Swarm Behaviour

Having explored the aesthetic meaning of eye movement, this section introduces the concept 
of affective visualisation; a visual display that facilitates aesthetic experience through eye gaze. 
Data visualisation is generally described as “computer-supported, interactive, visual representa-
tions of abstract data used to amplify cognition.” [31] An affective visualisation is an interactive 
system where real-time data of users is collected and fed back to them after an evaluation of their 
affective state. The feedback mechanism is crucial to the interaction as the real-time flow of 
data is visualised to provoke an aesthetic experience for the user. In this sense the visualisation 
is not specifically aimed to represent data but reflect on the dynamic qualities of the data flow.

An affective modeling of the user in affective visualisation is an aesthetic exploitation of the 
feedback mechanism between technological effect and affective human response. Coupling the 
dynamic flow of visual elements (effect) with the eye movements as passage of experimental 
states of the body (affect) here will be explained as a ‘cognitive feedback loop.’ [32] Such cou-
plings imply an augmentation in the body’s capacity to act, which promotes users’ involvement 
toward unexplored states of immersion. In application, a cognitive feedback loop is an open 
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system where instead of discrete values for affective states the system allocates meaning to the 
changes in affective qualities of the user. This approach is similar to the so-called ‘affective 
loop’ concept [33] introduced in HCI research as both concepts emphasise an affective input and 
output modality in order to facilitate unique and individual experiences of the user. However, 
cognitive feedback loops specifically build upon the real-time dynamicity of interaction where 
aesthetic qualities do not represent affective states but trigger affection in real-time; this is a 
significant distinction as meaning here is linked to dynamic events rather than passive qualities.

An exemplary application of the model described above is that developed for the ‘Mind Cupola’ 
biofeedback installation work. [32] The main aesthetic concept of the display is to generate an 
open system that organises information along the user’s eye movements in such a way that it 
reflects their behaviour. The underlying mechanism of the visualisation is to guide the user 
towards a state of equilibrium, where the user’s interaction is balanced between control and 
visual aesthetic satisfaction. There is no particular goal in the system other than to explore 
whether this process of interaction might activate imaginary capacities in the user experience 
by the engagement of meaning creation.

 

Fig. 5. This is a concept image of the swarm behaviour in the affective visualisation of Mind Cupola. The visual simula-
tions of swarm behaviours such as fish shoals (on the left) and a flock of birds (on the right) are linked to the user’s eye 

movement to generate feedback of the user’s affective state in the aesthetic experience. [33]

The affective modelling of the user is based on three characteristics: aesthetic engagement with 
the screen (level of engagement); task driven interaction (as level of attention, engagement, 
performance) and measurement of involuntary responses such as eyelid movements (blink 
rate, blink closure duration). The system incorporates all voluntary eye movements such as sac-
cades, smooth pursuit and fixations, involuntary eyelid measurements and also captures users’ 
responses over time.

The visual display consists of a particle system (collection of independent objects) that responds 
to the user’s eye movement in a way that they represent three different intelligent behaviours ac-
cording to the user’s responses. This intelligent behaviour can be described as a form of ‘swarm 
intelligence’, [28] designed to visualise the natural phenomena of fish shoals, flocks of birds 
and swarms of insects. (Fig. 4) The particular patterns (from ellipsoids to vortex arrangements) 
with emergent qualities such as speed, density and colour, are dynamically appointed to the 
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changes in the user’s evaluated affective states. For example fish shoal patterns are appointed 
to low engagement level, flocks of birds to optimal performance and insect swarm behaviour 
to engagement level. The particle system not only produces swarm behaviour but also forms 
simple messages such as affective texts or recognisable shapes with affective meaning. They 
serve as a feedback mechanism for the participant, informing them of their performance over 
time enhancing their experience. As a result, aesthetic experiences are encouraged through the 
dynamic and affective quality of patterns and their responsive characteristic to eye movement.

A significant aspect of the aesthetic experience is the relationship between these emergent pat-
terns and eye saccades. The swarm might follow or avoid the focus of the eye, which can be 
described as ‘predator’ or ‘guider’ behaviours. This is further used as a feedback mechanism 
for the user; in such a situation the system starts to distribute the swarm in such a way that it is 
shifted to the parafoveal vision and the peripheral field. This returns to Von Helmholtz’s concept 
of covert attention, which implies that the user is asked to distribute or move their attention to 
the outside of their fovea vision. Task-driven aspects of interaction are when the user is asked 
to guide a swarm. Smooth pursuit eye movements are applied here to follow a particular path, 
or fixation when users are asked to focus to keep the swarm in a particular spot of the display 
to avoid, for example, objects with predator behaviour. In equilibrium the patterns become 
more harmonic with no predators, the aim is a pleasurable interaction based on the aesthetic 
engagement of movements.

Conclusion

The aim of this paper has been to discuss a non-reductive model of aesthetic experience that 
produces an affective engagement of the user based on information of the eye gaze. The semantics 
of this affective visualization, based on voluntary movement of the eye whilst both voluntary 
and involuntary responses, were evaluated in order to generate a cognitive feedback loop. It 
has been proposed that the collective behaviour of swarms might well simulate affective states 
or consciousness. As Johnson explained before, aesthetic qualities aim to trigger new meaning 
through the body; by the use of the relative quality of visual information and affective intel-
ligence the user re-evaluates their everyday experiences of viewing and attaches new meanings 
to their actions. The critical evaluation of this research hopes to stimulate further ways of ap-
plying theories of aesthetic experience and affective visualisation that aims to generate an open 
system for unique immersive experience.
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