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Preface


With an invisible finger we move through the space around us, go out to the distant places where things are found, touch them, catch them, scan their surfaces, trace their borders, explore their texture. Therefore, perceiving shapes is an highly active occupation. Primitive optics and the experience from which it sprang became explicit in poetical description.1


It would be impossible to produce or understand art without a visual brain. Hence understanding the workings of the brain in general, and the visual brain in particular, should make an important contribution to understanding visual art, and to the long standing debate among philosophers about the nature of art – how it is related to judgment, to pleasure, to reward, to pain and much else besides.2


Semir Zeki2 pointed out that the function of the visual brain is, of course, to see – with the more precise definition: It is an apparatus for acquiring knowledge about the world. There are other ways of acquiring that knowledge, and those who are blind are forced to use the sense of touch and smell and hearing. But for the sighted, the visual brain happens to be the most efficient way of acquiring knowledge, reflected in the fact that such a large part of our brains is visual.


Compared to the visual brain, eye movements may appear simple. But even eye movements when viewing a scene or a work of art are not quite straightforward. The scanpath theory developed by Larry Stark and his colleagues3 4 5 6 7, supposes that whenever we make eye movements to view a picture, the brain stores the paths of the movements and uses them again to view that picture, or similar ones at a future time, through its mental image 8 9 . Indeed, the eye movements of an artist or an expert in art are predictably different from that of a novice10. With modification through exposure and learning, the development and presence of plastic neuronal mechanisms are highly important.


Seeing means grasping some outstanding features of objects – the blueness of the sky, the curve of the swan’s neck, the rectangularity of the book, the sheen of a piece of metal, the straightness of the cigarette. A few simple lines and dots are readily accepted as a “ face”, not only by civilized Westerners, who may be suspected of having agreed among one another on such “sign language”, but also by babies, savages, and animals”.1 Therefore the conclusion is: Vision is an active grasp of the essentials, it tries to take hold of the basic visual features and their relationships.


The brain is an active participant in acquiring knowledge about the world and in creating what we perceive and thus creating the knowledge that we have, rather than a passive recorder of external events. As such, the visual brain must be an important vehicle for communication in diverse ways: Communication of emotions such as joy, fear, pathos, between individuals even without spoken words. As a second constituent, ambiguity is the certainty of many different interpretations, each one of which is sovereign at any given moment and none of which is superior2, and therefore constitutes the definitive interpretation. Hence there is no correct solution, and all solutions are equally valid. It is a clue to the projection of brain concepts on to the incoming visual signals: What is finally seen at any given moment is shaped as much by the concepts of the brain. The artist does not invent ambiguity: Instead he uses the brain’s capacity to project multiple concepts to create his works.


Now what is painting, but a communication channel for the message between artist and viewer? Artists first imagine a painting, using their mind’s eye image of a segment of their world. Next, using their genius, techniques, and skill, they transfer their mental representations onto the canvas. What is then the function of the externalised painting? It is to communicate a message to a viewer. This book is about viewing art as communication channel, and how we differentiate art from non-art pictures; in particular, how do contemporary naïve people look at pairs of art and similarly looking snapshots, where the analysis of their eye movement recordings could reveal a difference in neuro-aesthetic perception between artful picture and snapshot? Remarkably, a significant difference between viewers’ eye movement scanpaths of artful pictures compared to snapshots was not found. Naïve viewers did not show an ‘intuitive’ distinction in perception of art versus non-art. From this we conclude that for naïve subjects examining the pictures without a clear definition of art in mind, it was impossible to distinguish art from non-art.


The view of art as communication between the artist’s internal models and the viewer’s internal models reflects the nature of brain control of human vision, and the nature of the role that active eye movements play in neuroaesthetics. This book is for those who want to understand the real world implications of scientific advances concerning the process of visual communication. Since now in postmodern times, there is no clear consensus about ‘what is art’, only with the help of a clear definition accompanying the viewing task about ‘what is art’ our naïve subjects might have been able to make that distinction.


This book approaches the worlds of art criticism, art history, and the philosophy of art, from the point-of-view of recent studies on the nature of brain control of human vision, and of the role that active eye movements play. It is for people seriously interested in art, whether they be artists or students of art or nonartists having a deep personal interest in the subject, and for those who want to understand the real world implications of scientific advances concerning the process of visual communication.
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Introduction – Global scanpath strategy in viewing abstract compared with realistic images


An artist is not necessarily more sensitive than an art-lover, and is often less so than a young girl; but his sensitivity is of a different order. To be romantic is not to be a novelist, to indulge in day dreams is not to be a poet. Just as a musician loves music and not nightingales, and a poet poems and not sunsets, a painter is not primarily a man who is thrilled by figures and landscapes. He is essentially one who loves pictures.


“Those to whom art as such means nothing see it as a means of recording life’s poignant moments, or of conjuring them up in the imagination. Thus they tend to confuse story-telling with the novel, representation with painting. Most men would have no more ideas about painting, sculpture and literature than they have about architecture – which to their eyes, as painting often does, seems merely decoration on the grand scale-, were it not that sometimes they have fleeting intimations of that “something behind everything” on which all religions are founded; when gazing, for example, into the vastness of the night, or when they are confronted by a birth, a death, or even a certain face. Ignorance may partly explain the masses’ dislike for modern art, but here is also a vague distaste for something in it which they feel to be a betrayal.” from Malraux, The voices of silence11 .


Professional art historians and critics, in most instances, do not want the world of empirical neuro-psychology and information science infused into the world of art, its history, and its complexities, be they social, artistic, historical, or media dependent. They believe these sciences to be superficial, and of lesser help in “understanding” art. C.P.Snow12 in is famous REDE lecture on “The Two Cultures” in Cambridge 1959 pointed out some basic differences between scientists and literary intellectuals: “The non-scientists have a rooted impression that the scientists are shallowly optimistic, unaware of man´s condition. On the other hand, the scientists believe that the literary intellectuals are totally lacking in foresight, peculiarly unconcerned with their brother men, in a deep sense antiintellectual, anxious to restrict both art and thought to existential moment.”


It may appear that in the last 60 years some of this controversy has vanished, and rightfully so. Besides the two cultures there has grown a third culture13 linking to both neuroscience and the humanities. The many trials to relate modern, particularly conceptual art with scientific processes as well as the link of philosophy and neuroscience in more recent times by neuroscientists and philosophers demonstrate that. On the other hand, there are still similar reservations by literary intellectuals as noted in the citation by C.P.Snow against the mixture and “shallow” interpretation of artistic work by applying scientific methods. These works on scanpath trials on works of art and nonart explain the link between the active visual mind and its use of eye movements while viewing artistic pictures. From the perspective of art history and art critique, the qualities of paintings are of course manifold, and in many instances so complex that even artists, as well as art historians, fail to explain why a particular painting is so good and how we should look at it and eventually enjoy it.


In science, an explanation can take unexpected forms, but their is always a clearcut relation between explanans (what explains something) and explanandum (what has to be explained). Or in other words, what is to be explained i.e. by some recording, causally unquestionably depends on it. If the explanation holds, it does not depend on to the perspective of someone who judges its importance etc.,- unless we deal with subatomic particles. In art, if someone claims that our interest in e.g. a painting by Caravaggio can be traced to eye movement recordings, then that person has, of course, not explained Caravaggio, but something having to do with eye movements. Wether this something is important or irrelevant clearly depends on the question we ask. If we ask the very general but important question „what is the meaning of this picture? “ the eye movement recordings appear rather irrelevant. But if we ask the question „how is our brain using our eyes to perceive and eventually „understand“ the artist´s message resulting in the viewed picture?“, the eye movement recordings become highly interesting: Interesting, because they can tell us a lot about the workings of the active looking brain, as it matches its models to the picture, to communicate through the picture with the artist.


By enumerating historical, sociological, or formal (i.e. formal contents of the picture) reasons, art historians might explain why we prefer one painting to another. But they will not be able to really prove this, even with the fruitless application of formalistic „art theories.“ Nor will historians be able to accurately describe the fine instruments and tools we have as human beings,- tools and instruments used in viewing and perceiving artistic pictures. These are the tools that artists, throughout human history, have used and experimented with – like scientists, certainly not like art historians. Therefore we may ask: How can we better understand visual art by using our neurological scientific knowledge?


Using photographic and photoelectronic methods, Buswell14 and Yarbus15 explored eye movements of human subjects viewing works of art. The patterns of eye movements projected on to the pictures showed an alternation between fixational periods of around 300 msec and rapid saccadic eye movements lasting only tens of milliseconds. This pattern appeared to have constrained, deterministic fixational sequences embedded in stochastic eye movements, which overwhelmed initial analysis beyond the experimenters’ own pattern recognition capabilities. Similar to Helmholtz16 they believed in a high level ‘outflow’ control of eye movements effected by the viewer’s mental image. Both Buswell and Yarbus suggested that changing the subject’s instructed task changed their pattern of viewing. The repetitive nature of the eye movement patterns for a subject continually viewing a picture was explained as a consequence of the ‘scanpath theory’ by Noton and Stark3 17 18 to which eye movements are guided through an eye movement scanpath by a perceptual sensory and motor representation. This representation was related to the ‘schematic diagram’ of Hochberg19 20. Noton and Stark used more realistic art, namely a figure of Klee’s, while Stark and Ellis5 used realistic art and ambiguous figures, to provide further evidence that cognitive models, rather than peripheral vision, control the scanpath in perceptual processes involving active viewing. Brandt and Stark9 compared sequences of eye movements of subjects viewing the actual visual stimulus and then its mental image. Using string-edit analyses they were able to demonstrate firm evidence for scanpath sequences of their subjects’ eye movements in both conditions. Groner et al.21 proposed that global scanpaths adhere to the Noton Stark proposal, while smaller intermixed local scanpaths may be controlled peripherally. More recently short-term adaptation training effects in scan- and search-paths of hemianopic patients could be differentiated with respect to the visual field loss22 23 24. Patterns of eye movements of subjects under several instructed tasks showed scanpaths, the repetitive sequences of saccadic eye movements, that occurred when subjects viewed slide projections of both realistic and abstract art 10. Variance analysis demonstrated that global/local eye movement indices were low for local scanning by professional art viewers who relied on more global viewing, particularly in abstract images. They were high in non-professional, unsophisticated subjects who carried their local scanpath patterns from realistic images on to abstract images. In addition, the blink rate of professional subjects viewing abstract images was also significantly lower, indicating increased visual effort. Non-professional viewers showed no difference in blink rates.
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Fig. 1 (a-e): Five pictures ranging from realistic to less realistic and less abstract to more abstract, were chosen as representative of various styles. The selection of rather unknown works avoided contamination through familiarity. The selected paintings were (see Fig. 1, starting top right): “Deadeye”, Lane Terry (a), 1971; “Surveillance”, Stefanie Stark (b), 1977; “Table with Fruit and Coffeepot”, Hans Hofmann (c), 1955; “Fantasia”, Hans Hofman (d), 1958; “Spring Cool”, Ken Noland (e), 1962. The first three works were considered “realistic”, the other two “abstract”10.





Experiments included varied tasks given to cooperative subjects in the form of explicit, written instructions. The first task (E), or easy looking, was simply to look at the pictures without further instruction. The second task (R), or recollection looking, was to look at the works carefully in order to be able to remember them and recall their specific features1. Afterwards the subjects had to describe the picture’s content and give some details on request. The third task (D), or detailed lookinq, was to look at the pictures carefully in regard to artistic, artful1 details and to concentrate on aesthetic details. Subjects were then asked about their aesthetic impressions after each run. The subjects were unaware that their eye movements were being recorded, as they had been told that their pupil size was being measured. The six naive voluntary subjects participating in the study were recruited amongst bioengineering graduate students working in the laboratory. None were trained in art history, practical painting or self-reported frequent art appreciation. The four sophisticated subjects were acquaintances of the authors. They were either art collectors (two) and as such highly knowledgeable about art, or long-time museum and gallery visitors with a great and active interest in art. The four professional subjects were long-time practicing artists (painters) living in the Bay Area of San Francisco. All subjects had normal vision or corrected visual acuity and had no difficulty adjusting to the apparatus used. Measurement techniques for recording eye movements and eye blinks have been described earlier25 26 27 28 29. Eye movements were measured using an I.R. video camera in connection with special-purpose computer boards allowing pattern recognition of video image and providing measurement of horizontal and vertical eye movements as well as eye blinks.


Differences between scanpaths of professional and sophisticated subjects while viewing realistic and abstract images.


Professional and sophisticated subjects scanned abstract images more globally than realistic images. This was found not only in the significantly increased g/1 ratios but also directly in the scanpath patterns of the eye movements. This was best confirmed through comparison of the most realistic with the most abstract image . A characteristic individual example demonstrates the more globally oriented scanpath vectors of the professional subject compared with the fixational clusters around a very limited number of points of the naive subject. This difference was less pronounced in viewing abstract images. A second way to ascertain global/local patterning was in terms of probability density of saccadic amplitude. Plots of probability density of eye movements’ amplitude and fixation duration were assigned to each image.


Certain eye movement patterns varied according to the relative percentage of time the eye spent in making a global scan or a local scan, involving smaller eye movements for a particular region of the stimulus. These observations could be measured and confirmed quantitatively in two different ways. First, we determined the ratio of global vs local viewing for each subject in each presentation. The assumed boundary between local and global eye movements was initially assumed at 1.6°; that is, eye movements of the order of 1.6 ° in amplitude or less were considered local eye movements, whereas eye movements greater than 1.6 ° were considered more global eye movements. However, it was also possible to change this boundary from 0.6 ° to 4.6 °, 7.9 ° or 11°. Increasing the size of the regions defined as “local” decreases the global/local (g/l) ratio and thus the discrimination capability30, see Table 1. The ratio of global over local viewing was determined for the three groups in each presentation as the g/l ratio.
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Table 1. Global local viewing indices


Fixation durations showed no correlation with experimental parameters. However, size histograms showed highly-peaked, exponential monotonic distributions for naive subjects, indicating large numbers of small saccades, i.e. a small global/local index. Conversely, histograms of eye movements’ size of sophisticated and professional subjects showed a wider distribution with peaks for mid-sized saccades and reliance on larger saccades to overview the paintings, i.e. a large g/1 index. This effect is strongest in viewing abstract paintings. A task effect was only found in regard to the g/l ratio. Here, the professional and sophisticated viewers demonstrated a significantly increased g/1 ratio for the recollection and detailed viewing task. This effect was only present when viewing abstract images. The professional painter who viewed “Spring Cool”, 1962, by Ken Noland (Fig. 1e) gave a characteristical example of this. With the “easy” task both the blink rate and the local scanpath trajectories were high (upper right). During the ‘detailed looking’ task less blinks and many more global scanpath trajectories could be observed.


The analysis of the effect of task instructions on viewing patterns for professional subjects did not show significant changes of scanpaths with respect to saccadic amplitudes and fixation duration. A generally large amount of mid-sized to larger saccades was evident for all pictures and all tasks indicating high g/ l indices or global viewing by professional viewers.


Viewing task, eye movement patterns, and blink rate.


In our experiments the fixation durations when compared through analysis of variance did not differentiate between tasks or groups. Qualitative visual inspection of single experimental sets without the underlying picture of all subjects comparing the three tasks did not show obvious differences with respect to the task. Through a simple observation of the graphical depictions of the sequential eye movements without the underlying picture no clear differences could be found between professional, sophisticated and naive viewers, neither between tasks or styles. In particular, blink artifacts from lid movements appeared to be quite similar for the three tasks too. These negative findings were most obvious in the naïve subjects.


Observational and statistical studies on blink rate of our subjects showed no significant differences between the recollection and the detailed tasks. These two tasks were then merged and considered as requiring high internal perceptual effort. Blink rate was significantly higher during the easy task than for the merged recollection and detailed tasks (P<0.001, Wilcoxon non-parametric test31 32). Blinks in the raw data did not correlate with number of saccades, size of saccades, or global/ local ratios.


Global vs local scanning


Since the underlying hypothesis for the scanpath theory is that an internalized cognitive model drives the eye movements, we inferred that in our experiments such an internalized cognitive model would drive the eye movement patterns for both sophisticated and naïve subjects viewing both realistic and abstract artworks, independent of task. Indeed, a particular eye movement pattern differed according to the relative percentage of time the eye movements spent in making a global scan or a local scan, using smaller eye movements in a particular region. These observations were confirmed in two ways. One was the evaluation of the g/1 ratio of each subject for each artwork and task. Then, a statistical analysis of variance was performed between realistic vs abstract styles, tasks and groups. Figure 2 gives a graphical overview and Table 1 (ANOVA analysis of variance) the statistical results.
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Fig. 2. Global vs local ratio of our professional, sophisticated, and naive subjects viewing realistic pictures (1, 2) (left three columns), and viewing abstract pictures (3,4,5) (right three columns) in three tasks: easy, recollection and detailed. Eye movements of 1.6 ° or smaller were considered local, whereas larger eye movements were considered global. Note the large g/l ratio for abstract pictures, particularly in sophisticated and professional subjects, whereas naive subjects show similar g/1 ratios in all tasks for both realistic and abstract pictures.





Because of the highly significant lack of three-way interactions it was necessary to repeat the evaluation using a two-way ANOVA with repetition of measurements within the single groups (Table 2):
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Table2. ANOVA for evaluation of differences within single groups with significance levels for picture (realistic vs abstract), condition (easy, recollection, detailed) and P & C (picture and condition)


Here, it became evident that the statistically most significant effects occurred within the professional group and, slightly less, with the sophisticated group. The naive group however, caused no significant differences. This statistical evaluation demonstrated, that the differences displayed in Fig. 2 were indeed highly significant in respect to global/ local indices. Naive viewers neither differentiated between realistic and abstract pictures nor between tasks. Amongst sophisticated and professional subjects however, about a two-fold increase of global/local ratios occurred. Highly significant differences were found between all indices for realistic and abstract pictures, whereas this tendency was even more pronounced in professionals. Finally, a highly significant difference was found between the easy task and both the ‘recollection’ and the ‘detailed’ task for professional and sophisticated viewers. In conclusion, the most important statistical result was that all subjects viewed abstract artworks basically similar to realistic works. This confirmed our expectations. However, an equally important but lesser expected finding was that the sophisticated and professional subjects demonstrated a particular, more global scanpath strategy in viewing abstract images. This would evidently not be surprising for artists who painted abstract pictures such as Kandinsky33 34
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Group Picture Condition P&C
Naive 0.799 0459 0.772
Sophisticated 0.246 0.0005 0.010
Professional 0.004 0.0003 0.0003
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g Bound. Viewing profess. Naive profess. Naive
in) () task (n=8) (n=6) (n=8) (n=6)

1 16 Easy 2,68 (0.24) 141 0.16) 239 (0.22) 148 (0.16)
1 16 Recall 280 (0.27) 129 (0.14) 5.67 (0.44) 126 (0.13)
1 16 Detail 3.15 (0.29) 127 (0.13) 6.28 (0.45) 131 (0.15)
3 48 0.63 (0.07) 0.35 (0.04) 0.84 (0.09) 037 (0.04)
3 48 0.50 (0.06) 0.40 (0.05) 0.73 (0.08) 0.55 (0.06)
3 48 050 (0.04) 0.38 (0.04) 0.57 (0.07) 0.40 (0.04)
5 79 028 (0.02) 0.16 (0.01) 0.25 (0.03) 0.12 (0.01)
5 79 0.18 (0.02) 0.15 (0.01) 021 (0.02) 0.16 (0.01)
5 79 021 (0.02) 0.14 (0.01) 0.19 0.02) 0.11 ©.01)
7 10 0.12 (001) 0.06 (0.007) 0.11 0.01) 0.05 (0.007)
7 10 0.3 (0.004) 0.06 (0.007) 0.18 (0.03) 0,07 (0.008)
7 10 0.09 (0.008) 0.08 (0.006) 0.07 (0.008) 0.05 (0.006)

Upper rows with g/1 boundary equal to 1 in. or 1.6° for these 32° diagonal paintings, turned out to provide the
most discrimination. As one increased the g/l boundary, in lower and lower triplets of rows, the g/l discrimination
subjects n=4, subjects n=4, naive subjects n=6; +S.E. in brackets.
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