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       Is aesthetic sensibility strictly a matter of cognitive information processing? Is there a computational theory that drives the particulars of human perception, interpretation (meaning-making), and reaction to visual images across media
 – painting, illustration, photography, sculpture, and digital displays?  Put another way, do humans share a “body” of aesthetic knowledge, innate or learned, that produces a common set of heuristics and value judgments, enabling anyone to access and extract meaning from a chosen image?   How is emotional valence implicated in the process by which we judge the quality, aesthetics, and memory of images?       
       While neuroscientists today have made significant strides in understanding many of the lower-level functions of visual perception – for example, the retinal detection
 and dendritic signaling systems for vision – they have yet to link neurological data with a unified theory of how cognitive aesthetics actually works – in short, how and why the mind processes information to produce models of beauty and taste.  Advances in functional magnetic resonance imaging (fMRI), positron emission tomography, computerized tomography, and near infrared spectroscopy have produced exquisite maps of brain activity.  Scientists have also traced the intricate neural pathways enabling the recognition of visual features and objects; including line, edge, and optical contrast detection, figure-ground detection; and discernment of gratings and Mach bands (Solso, 1994).  A theory of dual imaging pathways has also been proposed, citing the quick-and- dirty, “fight or flight” communication pathway mediated through the thalamus and amygdala, the emotional center of the brain, which provides an instantaneous and unconsciously applied “emotional coloring” to visual percepts processed in the visual cortex (Barry, 2005).   Scientists have also documented the neurology of optical illusions in various media, including the effects of lateral inhibition, perceptual scotomas (New &  Scholl, 2008), Necker cubes (bistable perception in neural networks) and contralaterality.   What is poorly understood and certainly disputed is the role that top down information processing plays in defining how and why we see things as we do; and even more, how and why we apply various intelligences and feelings to assign value and meaning(s) to what we see.  As cognitive scientists Steven Pinker and Alan Prince pointed out:
Everyone hopes that the discoveries of neuroscience will help explain 
human intelligence, but no one expects such an explanation to be done in a 
single step.  Neuroscience and cognitive science, it is hoped, will converge on an intermediate level of ‘cognitive architecture,’ which will specify the elementary information processes arising as a consequence of the properties of neural tissue and serving as the building blocks of the cognitive algorithms that execute intelligent behavior.  This middle level has proven to be elusive.  Neuroscientists study firing rates, excitation, inhibition, and plasticity; cognitive scientists study rules, representations, and symbol systems.  Although it’s relatively easy to imagine ways to run cognitive symbol systems on digital computers, how they can be implemented in neural hardware remains obscure.  Conversely, it is easy to get neural networks to execute simple forms of associative learning, but learning a language or engaging in logical reasoning is quite another thing.  Any theory of this middle level faces a formidable set of criteria: it must satisfy the constraints of neurophysiology and neuroanatomy, yet supply the right kind of computational power to serve as the basis of cognition (Pinker & Prince, 2003, p. 307).

The purpose of this paper is not to settle the biological or even information processing questions that Pinker and Prince outline.  However, this paper does examine and integrate existing cognitive theories associated with the aesthetic perception and processing of mediated images, especially news images.  I will define “cognitive aesthetic processing” as an unspoken rule book of the mind – one that enables a reader/viewer quickly to understand and make judgments about “great” and even beautifully constructed news images.   Viewers may invoke cognitive schema – and the internal wheels of experience and historical context – to consciously understand what images mean, even when those meanings polyvalent.  Thus, this paper attempts to show how and why mediated images, especially the ‘exceptional’ and ‘aesthetic’ images of art and photojournalism, affect us as deeply as they do. It is entirely plausible that different forms of media -- painting, illustration, photography, and digital imagery, in particular -- share more commonalities of composition, color, form, and psychological impact than differences. One reason for the commonality of response (which may be based on an aesthetic ‘template’ within the brain) is information processing efficiency; another is effectiveness. Great images, even though they may introduce complex material, instantiate streamlining effects, making them more comprehensible and possibly more accessible and affecting to a range of viewers. Further,  news images appear to “echo” or instantiate  archetypes -- original, uniquely patterned "models" of human character, aptitude, and behavior in the extreme, enabling readers and viewers to produce both primary (nuanced) and secondary (coarse) responses to aesthetic stimuli (a distinction outlined by process philosopher William James). These responses appropriate both reactive (limbic) and deliberative/reflective dual-system cognition to efficiently identify images and position their meanings within the viewer's contextual frames of reference. Coarse response (e.g., "sadness') to painful news imagery may induce stronger image recall and attention only to salient figures within a news image; i.e.,  the most forceful archetype and easily recognized figure producing the strongest viewer empathy and emotional affect.
       Though Pinker and Prince originally were addressing the challenges of a cognitive architecture that works equally well on digital computers or in human neural systems, their points apply to news imagery and to the specialized branch of cognition known classically as aesthetics.  Aesthetics, by definition, is the branch of intelligence that critically reflects on the nature of beauty and ugliness, Nature (i.e., natural processes and states), taste, and art. In the modern view, aesthetics is very much driven by the cognitive processing of vision in all the senses.3  Immanuel Kant in 1790, writing in his Critique of Judgment (1790/1951), observed that aesthetic judgment which relies partially on sensory information belongs neither to the faculty of sensation nor to the faculty of reasoning alone.  Instead, it appears unique, a separable bridging faculty that presents “judgments [that] are singular, and yet announce themselves as universally valid for every subject” (Kant, 1790/1951, p. 82).  Kant links human apprehension of beauty and sublimity:  “The beautiful and the sublime agree in this that both please in themselves. Further, neither presupposes a judgment of sense nor a judgment logically determined, but a judgment of reflection” (p. 82).
      The modern day take on visual perception and aesthetic judgment is complex.  In the era of Carl Jung and his mid 20th century brand of psychological humanism, art and aesthetics expressed not only the vagaries of personal consciousness but the symbolic and highly visual aptitudes manifesting humankind’s collective unconscious (Jung, 1958, 1964, 1974).  The collective unconscious, Jung believed, expressed the knowledge and experience internalized as part of the human struggle over the ages.  This inheritance also produced archetypes – repeated motifs and symbols of art, literature, and dreamscapes.  Archetypes worked across cultures, manifesting as commonly understood symbols (e.g., “the Sun God; Mother spirit, etc.) or mythic/idealized stock characters (“the wise old man,” “the divine couple,” the “hero”) who served as visitors producing interventions at critical plot points in stories, dreams, and visual narratives.  Some of Jung’s interpreters suggested that archetypes induced emotional resonance in audiences by invoking pre-existing mental schema, enabling the mind to grasp quickly the particulars and significance of both image and textual narratives in varying forms while resolving internal conflicts. Jung suggested the archetype was actually a psychic aptitude.  He saw archetypes as essentially empty (akin to “molds” or original forms) but culturally individuated, expressed as characters and symbols embodying the “universal laws of human fate break[ing] in upon the purposes, expectations, and opinions of the personal consciousness…stations along the road to the individuation process…the spontaneous realization of the whole man” (Jung, 1974, pp. 77-78).4
      Post-modern critics have more or less dispatched Jung.  At the same time, his archetype concept has morphed into the more empirically testable prototype theories of cognitive linguistics and visual arts.  Developed in the 1970s and 1980s largely by Eleanor Rosch and George Lakoff, prototypes reinterpret Wittgenstein’s “family resemblances” and basic-level categories, arguing that cognition produces a set of canonic categories (mental schema) that aid memory by producing somewhat abstracted or idealized feature sets of an object or object class (birds, for example) (Lakoff, 1987).  A prototype schema, according to Solso in his Cognition and the Visual Arts (1994), express central tendencies; they are “abstractions of stimuli against which similar patterns are judged” [embodying] “the most frequently experienced features of a class of objects” (p. 251). These features are restructured and stored as an abstraction that is the “canonic form,” an idealized form, he writes, enabling the brain to conserve billions of cortical neurons in long-term memory while efficiently accessing the category schema required to make matches between the prototypes and new images or word/concepts.  Solso and McCarthy showed in 1981 that experimental subjects’ memory of an idealized prototype face was stronger than the memory for actual perceived faces and was derived from frequently seen features rather than from a single face that contained all the features” (Solso, 1994, p. 251).   To the category and neuron-conservation arguments, Lakoff and Rosch added many important nuances, including the concepts of membership and centrality gradience, polysemy as categorization, and generativity.”5  Prototypes, Lakoff argued, are experientially based and express embodied cognition which he described as imaginative, visually and linguistically ecological, and capable of producing “gestalt properties”/holistic understandings in rapid fashion.  Lakoff counter-posed the embodied cognition view against the objectivist, Turing school that posited the mind as an abstract symbol making machine.  Palmer, Rosch, and Chase in 1981 tested the model of canonic (“idealized” or “most typically encountered”) prototypes – in this case, images of horses – and found that experimental viewers’ ability to recognize and name them reflected the rated ‘typicality’ of the object; in fact, the canonic horse was most rapidly named, indicating faster access in subjects’ memory.  Solso suggests that prototypes influence our ideas about “canonic” (aesthetic) preferences in art (pp. 242-251).  Whether or not a visual prototype is conservational (memory-saving), empirical evidence strongly suggests that “categorical” schema play a strong role in cognitive organization and meaning making.  The modern-day take on image schema, in particular, might be that it reduces neural processing time and saves storage space; it may also influence our notions about visual economies in the objects we perceive, judging what is beautiful and ‘ideal’ in visual works of sculpture, painting, photography, and art.
            The cultural turn in media and art criticism has had its own effect on aesthetics.  Much of it is negative, pointing to the subjective quality of taste, the vicissitudes of the individual, the notion of cultural and ethnic preferences and “relativity” (see Gans, 1999, pp. vii-29, for his descriptions of high and low “taste cultures”).6  In effect, aesthetics might be chiefly a matter of cultural values, social negotiation, and genetically encoded instinct.  Dutton (2009) observes that such things as taste and creative impulse toward beauty (both appreciating beauty and making beautiful objects in the form of art) are in fact survival mechanisms to make humans more attractive to the opposite sex, hence more “reproducible” and fit for continued evolution. But for Gans, aesthetics seems not a matter of cognition, innate or intuitive faculties, artistic creativity, or even an expression of evolutionary moxie. Aesthetics is a social construction, given to high levels of variability in standards as defined by discrete “taste cultures.”  There is no “good” and “bad,” only such putative distinctions as “high brow,” “middle brow,” and “low brow.” 
        Frankfurt culture industry critic Theodore Adorno expressed the height of cynicism about aesthetic judgment (see Danto, 2003, p. 17) when he apparently gave up on the pursuit in 1969. “It is self-evident that nothing concerning art is self-evident anymore, nor its inner life, nor its relation to the world, nor even its right to exist” (p. 17). 
      Adorno clearly was expressing a crisis of confidence in Western popular culture.  In the era of Jesus Christ Superstar, Andy Warhol’s Campbell’s soup cans and Marilyn Monroe silkscreens, Leonard Bernstein’s long side-burned rock operas (“Mass”), the rise of Kurt Vonnegut’s Cats Cradle and Philip Roth’s Portnoy’s Complaint, Betty Friedan’s Feminine Mystique, The Dave Clark Five and Ali McGraw in Love Story, there seemed little for the classically annoyed Adorno to like.  Ironically, too, Adorno’s assessment may have been prescient.  Today’s media critics who study reader/viewer response theory and conduct research in perception, representation, and visual semiotics seem to have all but abandoned the pursuit of “aesthetics” as a valued field of study. The word is omitted from the indices of many popular media studies textbooks. Paul Martin Lester’s Visual Communication: Images with Messages (1995) critiques the possible connection between computer-based information processing theory, visual perception and aesthetic sensibility:   

         The cognitive theory of visual communication has moved past its computer-model roots.  Such a development is a positive sign because comparing the mental activities of the brain to the workings of a computer at best is naïve and at worst is misleading.  The human mind is an infinitely complex living organism that science may never fully understand.  More meaningful connections between what people see and how they use those images arise when they view mental processing as a human rather than a mechanical process (Lester, 1995, p. 72).
     While Lester’s assertion of neural complexity is correct without question, experimental evidence does suggest that the brain and vision structures such as the retina are information processing engines that drive our aesthetic sense and also produce a series of decompositions/analyses of perceived objects into “primitives.”  The initial retinal analyses constitute the “the primal sketch” of human vision, as the late David Marr described in his 1982 work, Vision (see also Triesman, 1986, p. 114-125).  Sensory data are processed in different areas of the brain with considerable specialization, Marr showed experimentally.  One area concerns itself with orientation of lines and edges, another with color, still another with direction or moving.  This explanation may account, in part at least, for the “seemingly effortless ability to perceive meaningful wholes in the visual world” (Marr, p. 42). Features of objects are automatically extracted from a scene and then assembled into objects.  Certain visual processing tasks occur simultaneously while others appear to be accomplished serially, “as if a mental spotlight were being moved from one location to another” (p. 42).  Triesman postulates a pre-attentive level of visual processing which segregates figures from ground so that a subsequent “attentive” level of processing can detect particular objects (pp. 114-125).   Further, Marr’s “primal sketch” in 2D constitutes a “first stage of processing” within the retina, in which patterns of light, detected as intensity changes, representations and analyses of local geometric structure, detection of illumination effects like light sources and highlights, and viewpoint, reach an array of receptors (42).7  These patterns are then converted into a coded description of lines, spots, blobs, or edges along with their locations, orientations, and colors.  According to Marr, “a number of processes operate on the primal sketch to derive a representation –still retinocentric, of the geometry of visible surfaces” (p. 42).  Consequently, this second-stage representation is in 2 ½ D; it includes analysis and representation of local spatial relationships within “a coordinate retinal frame.” The “frame” is not strictly Cartesian, but gives relative locations (for example, point A is 5’ from point B in the direction of 35 degrees). Marr cautioned that the coordinate frame is only a rough approximation the retina abstracts from object distances and spatial relationships.  Representation of surfaces and volumes and finally object identification begin only after initial coding.  Thus the brain exhibits a “features, then objects” orientation that allows it to deconstruct and reassemble visual data into semantically rich forms with some kind of spatial orientation.    
     What exactly do those forms take? Using a Marr and Gibsonian information paradigm8, the brain’s statistical processing algorithms  would not only be instrumental in extracting invariants of shape, color, depth, motion and form, but then would produce the algorithms for recoupling the data along with emotional and/or linguistic informatoin gleaned from memory.   The data would pass through distributed processing centers and then reintegrate into semantically meaningful units to be stored or appended to existing units.   Steven Pinker, the researcher and author of The Language Instinct, believes the brain actually uses a minimum of four different formats for representing thought, including visual imagery encoded as 2D mosaics (these 2D mosaics must somehow be retranslated, algorithmically into 3D representations that we “see”); phonological representations that act like tape loops; hierarchical trees of grammatical forms and parts; and the more abstract “language of thought” or lingua mentis (see Barry, 2005, pp. 52-53).  This form, known abstractly as mentalese, (and envisioned possibly as a coordinated or clustered firing of neurons in synchronicity) has won some support in recent years.  Zenon Pylyshyn in his 2003 work, Seeing and Visualizing, doubts that most experiments on conserved mental imagery are accurate.9  He writes that “there are very good reasons for believing that thought takes place not in natural languages or images, but what has sometimes been called the ‘language of thought,’ lingua mentis. (Lot).  He suggests cognitive researchers may be confusing which properties are constitutive or intrinsic to the process of having or using mental images vs. those that arrive out of belief, intention, or imagination.  Pylyshyn also asserts that cognitive architecture likely produces an abstract coding system (shades of Marr) by which mental states can represent the world.  Oddly, he seems to agree with the Jungian idea that the mental pictures we “see” in our minds are not as they seem; they come disguised as abstract semantic units and do not resemble what the mind is actually depicting at all.
         At the visual processing level, several different scientists have tried to describe what image schema look like. Biederman (1987, 1998) postulated the existence of an “alphabet” of visual object primitives he called “geons”11 (geometrical ions) which could be assembled rapidly to describe more complex objects.   He believed that while 36 of his geons were required to make up an object primitive, only 3 were actually required (he showed this in empirical experiments) for the brain to ‘recognize’ familiar objects – a data point that suggested pre-existing image schema against which a new object could be matched. Hastie (1986) described several possibilities for non-verbal, semantic encoding.  He identified representational formats for mood (affect) as a set of semantic tags which corresponded to emotional states.  The brain might embody a hierarchical storage of information in several alternate structures which might consist of mental image constructs or schema.  When a schema is activated by the occurrence of a relevant event (i.e., when the schema’s entry conditions are satisfied), the schema functions as a scaffold for the orderly encoding of incoming information.  Hastie further hypothesized the existence of ‘slots’ (opening connecting points) in the schema, representing a place for missing or still to be acquired information.  A second possible episode schema would be invoked in the comprehension of narrative discourse, and serve to summarize parts of the explicit text and indicate relations between them.  Hastie further argued that information in memory would be made available according to “simple spreading activation principles, from a current active location in a knowledge structure to proximate locations; and that in turn would predict the direction and speed of changes in the active mental content” (Hastie, 1986, p. 23).
         Today, the hippocampus (Greek for seahorse) is believed to be the warehouse of pictorial memory and the place where new image primitives are compared with the old.  It is also possible that the heuristics implicated in our attraction to memorable images may involve interactions of the more primitive limbic system, including the thalamus and amygdala, along with the hippocampus, and other neural structures (Di Dio, Macaluso & Rizzolatti, 2007).   Le Doux and Carter have elucidated the secondary, but quicker “emotional” or limbic pathway for visual inputs that might be deemed threatening or unpleasant (see Barry, 2006, pp. 47-51).  Lester reports that “nerve impulses in the cortex travel about seven miles an hour, but an image can travel from the retina through the thalamus and to the cortex in only one-tenth of a second” (1995, p. 30). This pathway is construed as a remnant of reptilian “first line of defense” but has been modified over the years to accomplish behavioral goals associated with survival and reproduction (Barry 2005, p. 50). Recent fMRI research, though, has also shown that the amygdala is associated with aesthetic processing and subjective appreciation of beauty – including positive emotional feelings and attitudes toward visual percepts presented in painting and sculpture.  Di Dio et al. (2007) found that among naïve subjects asked first to observe, then judge the aesthetics of “canonic” vs. modified Greek statuary (see “Visual Rules and Cognition” below), distinct emotional, analytic, and motor processing centers of the brain consistently “lit up” depending on task demand, producing strong feelings of pleasure in these subjects.   The production of discrete neural patterns associated with aesthetic response suggest that “objective” feelings of beauty and ugliness are not produced simply as the result of cultural artifact or subjective taste, the researchers stated.12,13  Rather, these positive responses to classically aesthetic Greek images appeared to be biologically engrained.  
In biological terms…human beings are endowed with species-specific mechanisms that resonate in response to certain parameters present in works of art,” the researchers wrote. “The main question we addressed in the present study was whether there is an objective beauty, i.e., if objective parameters intrinsic to works of art are able to elicit a specific neural pattern underlying the sense of beauty in the observer. Our results gave a positive answer to this question”(Di Dio et al., 2007, p. 7). 14   
Visual ‘Rules’ and Cognition

       If these and other neural research studies are indeed correct, both aesthetic and compositional “rules” that have long been encoded in artists’ and photographers’ minds may in fact have strong cognitive information processing correlates.  An example is the “Rule of Thirds,” which has been accepted since the end of the 18th century as a guideline for “good composition (whether portrait or landscape doesn’t matter; neither does the medium; the rule applies to painting, illustration or photography).  The Rule of Thirds states that an image is best divided up into a tic-tac-toe grid of three equidistant columns and rows.  Points of interest and tension lie at the intersection of these lines, so that artists, photographers, and designers should position their most important visual subjects at the intersection points (see below).   These points may facilitate holistic (gestalt) processing efficiency, along with faster initial analysis of primitives.  Further, the grid has its cognitive processing analog in the “viewer centered coordinate frame” that Marr outlines in his primal and 2 ½D  “sketch.”  
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The process by which the vision system separates primitive geometries, figure from foreground, luminance values, depth cues, and differential signal intensities, among other parameters, also suggests that the Rule of thirds or “grid-like” analysis of a 3D image – whether in the brain, a landscape painting, or in Photoshop  -- makes for efficient “early-stage” 2 and 21/D retinocentric processing.  The “implicit” or “hidden” heuristic supporting the Rule of Thirds is that salient visual objects or horizons are ill-positioned for effect when they are placed smack in the “center” of the frame, ostensibly “cutting” the picture in half and forcing the eye to fixate on one central object.15   Composition of this sort is believed to lend a static feeling images that otherwise would seem dynamic from a different perspective; moreover, the “weighted” position at the center “counters” the implied trajectory of embedded path-to-goal image schema allowing the viewer to follow the path of the object to its ‘resting point’ or position of stability (Gibbs & Colston, 2006):
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Static vs. dynamic composition – the depth cues are more salient in the right image featuring a ski-lift supporting structure and horizon off-center; viewers complete the “trajectory” implied by the ski lift and traveling figures.               

          Another frequently cited rule of compositional proportion and “balance” is the Golden Ratio.  Also termed “divine proportion,” or “golden mean,” the ratio apparently has its origins in Greek mathematics, architecture and sculpture, appearing frequently in geometric entities. 
        Mathematicians such as Euclid and Pythagoras found that line segment or quantities expressed the “golden ratio” if the ratios of the larger + smaller quantities (a+b) to the larger (a) were equivalent to the ratio of the larger to the smaller quantity a/b, as follows:
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This equation produces an irrational number:
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o= 1+2 ~ 1.6180339887.




  Source:  http://en.wikipedia.org/wiki/Golden_ratio
          Euclid, Pythagoras, and allegedly, the Greek sculptors Phidias and Polykleitos explored applications of the ratio in mathematics and sculpture.  Later, the ratio was incorporated into musical compositions and the paintings of Da Vinci and Salvador Dali, among others.  As I mentioned above, in 2007, Italian researchers Di Dio, Macaluso, and Rizzolatti used fMRI to test naïve subjects’ observational, aesthetic, and proportional responses to 2D images of several different “canonic” sculptures, both male and female, originally produced by the artist Polykleitos.  In every comparative group of three images,
 a canonic sculpture was shown that maintained the Golden Ratio’s canonical proportions (1:1.618; see images below).  Two other images of the same sculpture were digitally modified so that their proportions deviated substantially from the original. The model below left, for example, showed a short-legs, long torso version of the original while the one on the right displayed long-legs and a short torso.  Brain scans were performed during three activities: observation, aesthetic judgment and proportion judgment.  Perhaps no surprise, but the experimental subjects judged the aesthetics of the canonic images with Golden Ratio proportions (1:1.618) as positive [76%, s.d = 0.18].16  The sculptural figures with modified portions were mostly judged negatively [63%, s.d. = 0.25].   Moreover, the researchers found consistencies among subjects in the areas of the brain that were activated (“lit up”) neuronally during  the “objective” observation period. [image: image6.png]


 Source:  Di Dio , Macaluso, & Rizzolatti (2007).  The central figure’s canonic proportions exemplify the Golden Ratio (~1.61). 
      Di Dio and colleagues concluded from the fMRI data that the brain contains  discrete centers (i.e., particularly the right insula, which is coactivated along with some lateral and medial cortical areas such as the lateral occipital gyrus, precuneus and prefrontal areas) that respond actively to the “Golden Ratio.”   The effect on the right insula was particularly strong during observation (p < .02).  Subjective measures of beauty (measured during the “judging” tasks which included viewer responses to the objects’ aesthetics and proportions of the digital sculptures) also produced differential brain activations, specifically in the right insula and right amygdala, organs mediating differential aspects of emotion.
  While the study has small numbers of subjects and is by no means definitive, it strongly suggests that the brain produces pleasurable and positive sensations as it responds to image proportions deemed “ideal.”  
     From a cognitive processing standpoint, “the Golden Ratio” makes sense:  Conclusions from studies of “embodied cognition’ in the forms of image schema (see Lakoff, 1995, pp. 12-20; Gibbs & Colson, 2006) suggests the brain may incorporate a “module” or “theory” of proportion that conforms to what is humanly most functional and reproductively attractive.  Natural selection may play a role, but certainly the early neural evidence suggests that “divine proportions” and “golden means” produce cognitive reward in the form of pleasure and positive behavioral dispositions.  Pleasure, in turn, may be derived because the brain is seeking prototypes (central tendencies), idealized or “canonic art forms” that encode the external world economically (see Barry, 2006)17; further, the brain uses prototypes and canonical views to measure other more novel real-world forms.  Pleasure may also result because of the wealth of contextual data, both emotional and sensory (including data from long-term memory) that emerge while appreciating art forms. In short, producing and receiving art can be construed as a creative, emotionally arousing, knowledge-producing act.  
Toward a Unified Theory of Media Aesthetics.    
       Why is it important, then, for media theorists to understand aesthetics?  For one thing, aesthetics impact viewer reception.  Aesthetics may even impact an audience’s “belief” in the truth of what they see (Goodnow, 2005, p. 352; Zettl, 2005, p. 365).   A knowledge of aesthetic and compositional choices promotes the production of more salient and high-impact imagery.  An ignorance of aesthetics can produce viewer turn-off. In addition, there may be distinct differences in the processing, and cognitive effects, of various media. For example, do the compositional rules of painting, illustration and sculpture equally apply to the taking of great photographs, digital images or film?  Are there significant differences in the apprehension of textures, colors and forms on various imaging displays, whether canvas, emulsion plate, bas relief, or LCD screen?  Yes, a medium produces its own textures and forms.  One striking difference between painting, illustration and sculpture is how their functions have changed since the advent of photography.  For example, the “representational” or “truth-telling” function of painting as a “record” of human personalities and events changed completely with the advent of the documentary photograph.  Sculpture, which produced the Aristotelian mimesis of the human form, gave way in modern times to interior and abstract depictions of the sculptors’ personality and social ideas.  Illustration in early magazines, newspapers, and journalism, by the same token, produced imaginative suppositions of what might have taken place, vs. what “actually” took place, which quickly became the province of representational photography (Newhagen, Personal Communication, May 1 2009).18  But are the aesthetic principles of each medium significantly different?  Yes and no.  Rules of human proportion, for example, may be universal, while depictive rules of proportion, surface treatment and texture, depth, reflectance, and illumination are likely to be very different depending on the medium and display units (sculpture vs. painting or photography, for example).  Can we measure other differences: information density, cognitive load (processing time?), affective performance, cultural influence, emotional intensity, viewer attentiveness, impact of individual education, training, and taste?  How would a cognitive theory account for these and other differences?  And what would it consist of?  
          Within a neuroscience framework, first off, visual systems rely on nothing more or less than neuronal transmission, including the winnowing and processing of retinal signals through the amygdala and specialized vision areas (consisting of cells) within the visual cortex.   As Marr (1982) explained, neuronal analysis only goes so far. A higher order computational theory is required to account for what “actually happens” during visual processing.  Such a theory must specify the goals and strategies of the brain’s statistical computations.  A complete theory would also designate another conceptual layer: an operational algorithm to produce the codes and rules for physical implementation.  Finally, the physical implementation (in neural tissue, the lowest layer) would be internally consistent with the higher levels of information processing. We would understand, for example, how the mind encodes nonverbal ideas or other types of symbolic or representational phenomena – their inputs and outputs, whether symbols or “weighted” neuronal loads.   We would see, as Marr does, that vision exists first and foremost as an information delivery mechanism. “Vision is a process that produces from images of the external world a description that is useful to the viewer and not cluttered with irrelevant information,” he wrote (Marr 1976, 1982).  A computational theory would also account for a “profusion of color, form, beauty, motion, and detail.”  Thus, investigations into vision should perform two tasks: “[examine] how the brain extracts from images various aspects of the world that are useful to us” and also describe “the nature of internal representations by which we capture information and make it available as a basis for decisions” (1982, p. 24). 19  

       Marr did not mention the word “aesthetics” in his explanation of vision. However, by 1982 he had produced the most holistic information processing model for vision yet.  His work, in many respects, challenged the assumptions of Rumelhart and McClelland’s theory of parallel distributed processing (PDP), the  connectionist model that represents vision states, learning, and memory not by symbolic transformations, but by the cumulative effects of assemblies of weighted (i.e., “lit”) neurons (Marr, p. 349). Marr argued that PDP was actually a theory of physical implementation at a neuronal level rather than a high-level cognitive architecture specifying the vision tasks and algorithms necessary to perform them. His grasp of these tasks – statistical pattern recognition and association, surface and edge detection, construal of figural geometries, reflectances, illumination, viewpoint anomaly, among others – allowed him to suggest that perception required considerable information ‘pruning.’  He lauded Gibson’s original research agenda (pp. 29-31) – to find invariants from image surfaces that would enable the mind to extract permanent knowledge of forms from streams of constantly changing sensory data.  If Marr had been alive today, he might have also agreed that information aesthetics is another form of  invariant detection – this time, the brain discerning lasting elements of color, form, depth, detail, and motion, and associating them meaningfully with other cognitive units that produce holistic comprehension, empathy, and knowledge of the external and internal worlds.  This, he and Gibson both believed, was the true agenda of the mind -- to discern the “constant, lasting, and enduring” elements that would enable humans continuously to learn more about their environment.  
Below:  Aesthetics Mapped to Marr’s 3 Tiered Cognitive Model © Arielle Emmett
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          To Marr’s vision model, Allen Newell’s Unified Theories of Cognition (1990) can add several important concepts.  One is the idea that the brain processes information in a hierarchy of system layers (layers of aggregation, which also implies that information about particular units is lost upon aggregation to the next highest level).20  He refers to events in various levels as bands (i.e  biological/cellular, cognitive, rational, social).  Further, he argues, information is processed and acted on at different levels of speed.  The speed question is an important one, because neural signals that take too long to process can be lost, and the host organism may not survive.  Newell established that the neuronal circuits fire at roughly 10-2  seconds.  He also developed the mathematics to show that a system at level N that takes t time to generate a response given its change in inputs will, in effect, slow down when K such systems are connected together as components to form a system at N+1 levels.  (“If the K components are arranged in a series it would take Kt times as long.  If they were arranged in a big loop, in which L (Kt), for as many iteration s(L) as necessary; this could be indeterminately longer than t.  [But] if they were arranged in a binary discrimination net they might take only (log2K)t” (Newell, 1990, p. 120).  As the system scales up to a higher level of processing, everything decelerates, thus molecules behave more slowly than atoms; and macromolecules behave more slowly than molecules, and so forth.  Citing experimental evidence, Newell postulates that a factor of 10 is the minimum required to advance to the next level of system organization.   If the hierarchical arrangement of processing systems within the brain is in fact applicable, it means that there is almost no time to act on information. For example, neural transmissions in the CNS can be as slow as  ~~ 1m/sec  and as fast as 100 m/sec in large peripheral nerve fibers.  At the cognitive level – that, is making associations and decisions out of neurally transmitted information – elementary reactions may take seconds – often ~2 to 3 seconds.    In more ‘deliberative’ activities, an action could take 10 seconds or more to execute.  Newell describes this as “a real-time constraint on cognition,” i.e., the processing required to act (p. 129).  He claims there is almost no time available for the neural system to produce fully cognitive behavior.  As he states:

           The base level for the cognitive band must be where the architecture starts…In particular, the base level has to provide distal access to the symbol system.  For a symbolic architecture, the symbols, with their ability to accomplish distal access, must sit at the bottom.  Thus, distal access must be accomplished at the neural-circuit level…..Cognitive architecture itself has to be at the 10 ms level at least.  This is looking at the architecture from above, as the beginning of the symbol level.  Seen from below, what we call symbol structures must be patterns of neural signals and symbol tokens must be things that open up access paths to distal parts of the brain….[We conclude] that the function must occur at the lower level (here ~10 ms) because if it occurred at the next level up (here ~100 ms) there would be no room for other functions to be performed in order to get cognitive behavior (~1 s)” (p. 132).
       Newell defines deliberative behavior as coming from access to remote distal knowledge (presumably symbolic encoded) in the system.  “Within the local circuit, there cannot have been preassembled all the knowledge that is relevant, for it was not yet known what knowledge to assemble.  Furthermore, deliberation cannot be limited to a single distal access” (p. 133).  Newell’s point is fairly simple:  deliberation takes more time than neuronal circuit signaling. Deliberation requires access to distal parts of the brain to work. Symbolic decoding activity is required, in serial, before a cognitive decision can be made.  All of these steps take time.    
     Newell thus introduces automatic behavior – generally thought to occur rapidly, through fast parallel processing, and independent of cognitive load.  He argues that when perception is automatic, the human subject is not aware of the processing that goes on; the perceptual target “pops out,” whereas in a controlled deliberative process, generally serial in nature, the subject can self-terminate the search, is aware of processing, and may take much longer because here, cognition is load-dependent.  Load can be characterized as anything from a set of letters to memorize (Newell’s experimental model) to a set of abstract concepts to absorb. Load can also refer, presumably, to an information-rich image that challenges the viewer with many different and possibly conflicting visual references.  In Newell’s specific experiments with memory and mapping of letters on displays (pp. 136-138), he found that when variable mapping protocols denied subjects reference letters, then processing time increased with total load (numbers of letters) because a viewer had to check memory characters against display characters.  Bottom line:  the layered systems architecture and presentation of a particular perceptual task constrains reaction and deliberation time, Newell contends, such that active cognitive decisions cannot be made in less than 1 second or more.  For more complex tasks requiring preparation or practiced skill, time frames can increase to 10-50 seconds or more.  And when subjects process information in the rational band (the level at which more problems are solved, where the organism responds directly to the complex demands of the environment), time frames for adequate response may take minutes or hours.
        What do these formulations (both Newell and Marr’s) have to say about visual image processing times?  My hypothesis is that the cognitive system will do everything it can to process images most efficiently and effectively, especially given the constraints of neural distances and highly distributed brain architecture (I’m referring, again, to the actual physical implementation – the neurological distribution of different visual, verbal, and emotion processing centers in the brain, many of them located distally from other perceptual organs).   Demands for efficient processing suggest that certain imaging information will in fact be “lost” to conscious awareness as it is aggregated at higher cognitive levels to produce a “gestalt” (holistic impression). For example, ‘lost’ data might be local texture features such as fine brushwork, pointillistic (pixilated) camera work, or even high resolution pixels on a screen image; in addition, faces are processed holistically, rather than in segments and contours, producing faster, more effective viewer recognition.  However, the cognitive system should also give the viewer an affective boost –possibly an ‘automatic, gut’ response -- a fast, exhaustive response, in which the perceptual target “pops out” in terms of salience and emotional valence  (see Cacioppo & Bernston, 1994)21 -- especially when the viewer perceives highly aesthetic images exhibiting the heuristics of strong composition and figural power.
       This is not to say that cognitive load will necessarily decrease with this automatic response to aesthetic, meaningful images, including categories of images we might describe today as “iconic,” “classical,” “haunting,” or even “archetypal,” in the Jungian sense.  Many of these high-impact images, whether they are produced by painting, illustration, or photography, can be extremely dense in information content and narrative/symbolic complexity, demanding prolonged viewing (Dorothea Lange’s Migrant Mother comes to mind.)
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Some images will be less dense in information content, somewhat “blurry” and “impressionistic” in tone (an example is the Robert Capo 1936 iconic image of the death of a loyalist militiaman, producing, perhaps, a lower cognitive load on the viewer --and perhaps less credibility).
 [image: image9.png]


  In either situation, though, the “fast, automatic response,” if it is triggered, should be independent of cognitive load.  The reason is that these uniquely aesthetic and newsworthy images exhibit powerful stimulus qualities (Dake, 2005)22 that trigger emotional response and imaginative (aka “embodied”) participation (presumably positive and/or negative either in reciprocal or in decoupled or nonreciprocal relation as Cacioppo and Bernston [1994] describe in their model of the bivariate evaluative plane).  Such images produce high levels of attentiveness regardless of how many minutes or hours it may take viewers to “contemplate” the image.
      There are limits to this prediction, however.  As Hebb (1955) pointed out in his classic analysis of human motivation and the CNS, cortical synaptic function that undergoes diffuse bombardment of the arousal system may reach an optimal level of arousal for, in his case, affective behavior.  However, when arousal becomes too high, Hebb argued, bombardment may interfere with the fine adjustments required in cue functions.  If we apply this general rule to naïve viewers’ apprehension of powerful images, those that are too powerful, graphic, violent, gory, or evocative of some aspect of personal pain may produce such “automatic” negative emotional valence that the viewer “shuts down” and refuses further contact.  It is probably not accidental that “iconic” or popular “archetypal” images almost always eschew graphic violence for suggestiveness that shows, principally, conditions of life and life’s turning points.  If death must be portrayed, as it is, say, in the now iconic photos of the Hindenburg disaster, the exploding World Trade Center or the Challenger accident, death is portrayed on such an epic scale (Kant would likely call these images “sublime”) that the human figures disappear entirely.  The rest is left up to imagination (part of the deliberative stage resulting in cognitive behavior).  These images may be said to “resonate” with large swathes of audience.  They embody visual economies, archetypes, or prototypes, at very least, of fear and awe, producing emotional valence that actually “trades off” loss of detail in the automatic stimulus mode for a “pay back” of pleasure and/or pain, deliberation and bonding with the image. This payback should contribute to recall and long-term memory of the image (Zechmeister & Nyberg 1982, pp. 198-226). A viewer may also report a strong feeling of resonance and empathy with both the emotional and implied content in the image.
       The viewer, of course, brings his or her own consciousness, cultural background, training and taste to every image. Even with the existence of several neuroanatomy and fMRI studies suggesting that “objective” aesthetics are biologically engrained, some viewers will certainly not respond, or respond tepidly to images that others might find beautiful, sad, or meaningful.  Put another way, subjectivity is part of the response equation. If images are highly contextual and peculiar to cultures without embodying exceptional aesthetic performance and archetypal themes (a Bollywood equivalent to Elvis, for example, probably wouldn’t cut it in Rwanda), the chances are that cognitive load will rise too swiftly without the “automatic” emotional payback.  In short, only the most performative images (both aesthetically and cognitively) will produce the desired (“compelling”) effect.
   
[image: image10]
Image Performance in “First Visual Encounters”: Cognitive load and processing burden may be reduced through fast (limbic) emotional payback and processing.  Emotional engagement remains high. System aggregation “hides” some information to optimize quick emotion and attention response.
Conclusion
         The purpose of this paper is not to settle the biological or even information processing questions required to explain cognitive aesthetics.  But it is to establish a theoretical schema for more consciously understanding how and why mediated images, especially the ‘exceptional’ and ‘aesthetic’ images of art and photojournalism, affect us as deeply as they do.  It is entirely plausible that different forms of media -- painting, illustration, photography, and digital imagery, in particular, --  share more commonalities of composition, color, and form than differences.  One of these reasons is information processing efficiency; another is effectiveness. Great images, even though they may introduce complex material, instantiate streamlining effects, making them more comprehensible and possibly more accessible and affecting to a range of viewers.   For example, a pen and ink drawing of a Civil War battle scene published during the period of illustrated newspapers might exhibit a strong directional alignment of enemy ships into the (imagined) horizon, enabling the viewer to “picture” a formidable foe (alignment produces economy and visual organization). A newspaper layout of Hitler’s henchmen Goebbels, Goering, and Himmler shows them in close proximity to each other, each of them speechifying and posturing in ways that make them a cognitive “unit,” at once ludicrous and terrifying.  Such compositional “tricks” of perspective, control of direction, repetition of gesture, and high figural or optical contrast (big/small, light/dark, etc.) produce visual processing advantages that instantly clarify object and figural relationships for the viewer.  These economies produce emotional payback, and, presumably, higher levels of understanding.
              At the same time, images can introduce blurs: complex and contrary stimuli, ambiguity, incongruity, discord, tension.  These, too, have their purposes.  They may challenge the viewer to experience both positive and negative feelings simultaneously, reciprocally, or in sequence (in effect, invoking co-activation stimuli).  They may stimulate the brain’s use of image schema to “complete an action” along an implied path-goal.  In addition, an image may induce illusions, or force a viewer to evaluate a “novel” event, object, or portrait against an existing cognitive prototype or even a higher-level image “archetype”  produced by repeated exposures and perceptual experience.  The interrelationships of parts to wholes, eyes to face, legs to trunks, may also contribute to efficient processing.  An artist’s or photojournalists mastery of these depictive relationships -- closure, attachment, extension, along with sequence facture (Maynard, 1997, pp. 299-305) -- the property of producing sequential traces showing how an image is progressively made may contribute to an image’s immediate “graspability” and ease of access for viewers. 
          At the same time, there appear to be considerable gaps in our knowledge of how compositional/aesthetic elements produce changes or “improvements” in cognitive processing.   Specifically, neuroscientists note an evident operational/algorithmic “gap” between higher order cognition and the lower level detection and transmission of object ‘invariants’ (e.g., image surfaces and contours) and the mental descriptions of them.  Such descriptions must invoke, at the algorithmic level, some kind of symbolic and/or representational system by which to translate perceptual inputs into meaningful outputs that compress or extract knowledge into units that can be further processed, compared, and stored (i.e., semantic/syntactic units).  The algorithm, in short, should drive the engine of visualization and create opportunities for generating new knowledge from visual percepts.  It should, further (if we can discover it), explain the mystery of semantic or synesthesic associations -- layers of meaning and sensation, both connotative and denotative, producing an instantaneous palimpsest of emotions and impressions.  Is the palimpsest accidental?  Does the mind operate according to a computational theory or “model” of goals or ‘plans’ to produce extending learning, memory empathy, knowledge?  Such phenomena as “gut reaction” to a photograph depicting human decapitation; instant attraction to a Cezanne; “energizing” of the mind as it seeks out novel and discordant images while becoming “riveted” to scenes and portraits that seem oddly familiar:  These manifestations of aesthetic experience present huge challenges to those seeking a unified theory of cognitive information processing.  At the same time, they present tantalizing opportunities for us to study how and why aesthetics are so important to cognitive processing and visualization in all its mediated forms. ▪
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1  See Marr (1982).  He states:  “We have already seen that a [vision] process may be thought of as a mapping from one representation to another, and in the case of human vision, the initial representation is in no doubt—it consists of arrays of image intensity values as detected by the photoreceptors of the retina” (p. 31). 





2 See Pinker & Prince, A (2000). Their excellent critique defines the ontological gap between neuroscience findings and cognition theory.





3 Aesthetics must take into account all sensory inputs, including auditory, tactile, smell, and taste. Mary Mothersill (2004) described aesthetics as a combination of faculties, including emotions and senses, intellectual opinions, will, desires, culture, values, subconscious behavior, conscious decision, personal preferences, training, instinct, and sociological institutions.  





4. For an extended discussion on the “empty skin” and diverse manifestations of the Jungian archetype in art, dreams, and mathematics, see Robertson (1995).





5. See Lakoff, 12.  Lakoff energetically answers challenges to prototype theory.  He defines the following terms: “Membership gradience: The idea that at least some categories have degrees of membership and no clear boundaries.” “Centrality gradience: The idea that members (or subcategories) which are clearly with the boundaries may be more or less central.” “Polysemy as categorization: The idea that related meanings of words form categories and that the meanings bear family resemblances to one another.”  “Generativity as a prototype phenomenon: This idea concerns categories that are defined by a generator (a particular member or subcategory) plus rules (or a general principle such as similarity).  In such cases, the generator has the status of a central, or “prototypical,” category member.





6. Gans (1999) notes that aesthetics have been democratized to include the broad and putatively non-value-laden “taste cultures” and “taste publics.” He argues that “high culture” and “low culture” are not relevant aesthetic dividers.  His Preface states: “…that popular culture reflects and expresses the aesthetic and other wants of many people (thus making it culture and not just commercial menace) and…all people have a right to the culture they prefer, regardless of whether it is high or popular” (p. xi). 


 


7. Marr describes “four main factors” responsible for the intensity values in an image: geometry, reflectances of the visible surfaces, illumination of the scene, and viewpoint.  All these changes are ‘muddled up,’ in his words, so the goal of early processing is to sort out which changes are due to which factors and “hence to create representations in which the four factors are separated.”  (42)





8. See Marr (1982, pp. 29, 41-44) & Gibson (1979). Gibson initially described the importance of extracting perceptual ‘invariants’ from image surfaces in order to make sense of constantly changing streams of sensory data.  


9. Pylyshyn (2003) states that in too many mental simulations, experimental subjects’ “tacit knowledge” of a particular task demand (e.g., “create a mental map of significant features of your neighborhood”) might produce distortions of results.  The opposite view, espoused by Stephen Kosslyn (2006), is that neurological data supports the depictive (i.e., mental imagery), rather than descriptive, propositional nature of visual representations. Kosslyn states that that mental imagery makes it easier or more accessible for the mind to ascertain the nature of a near-infinite number of spatial relations among portions of shapes/objects (p. 12).


10.  See Hastie, R. (1986). A Primer of Information-Processing Theory for the Political Scientist. 


In R. R. Lau, D.O. Sears, eds., Political Cognition (pp.11-39). Hillsdale, NJ: Lawrence Erlbaum. 


11. See Kirkpatrick-Steger, Wasserman, & Biederman (1998).  In 2D perception experiments conducted on pigeons, the authors define geons as  “primitive components that can be modeled by generalized cones (Marr, 1977, 1982). They are typically simple, symmetrical volumes lacking sharp concavities (e.g., cylinders, wedges, cubes)” (p. 36).  The authors’ experiments support previous work showing that picture recognition is largely viewpoint invariant (� HYPERLINK "http://web.ebscohost.com.proxy-um.researchport.umd.edu/ehost/detail?vid=4&hid=6&sid=f313aa51-9a37-42be-9f03-eda91416d558%40sessionmgr11&bdata=JmxvZ2lucGFnZT1Mb2dpbi5hc3Amc2l0ZT1laG9zdC1saXZl" \l "c27#c27" �Wasserman et al., 1996�) and that it “requires more than just individual pieces of contour or vertices—these features must appear in the appropriate spatial concatenation (� HYPERLINK "http://web.ebscohost.com.proxy-um.researchport.umd.edu/ehost/detail?vid=4&hid=6&sid=f313aa51-9a37-42be-9f03-eda91416d558%40sessionmgr11&bdata=JmxvZ2lucGFnZT1Mb2dpbi5hc3Amc2l0ZT1laG9zdC1saXZl" \l "c23#c23" �Van Hamme et al., 1992�) (p. 44). 


12. See Di Dio, Macaluso, & Rizzolatti (2007): “The most striking result was that the observation of original sculptures, relative to the modified ones, produced activation of the right insula as well as some lateral and media cortical areas (lateral occiptal gyrus, precuneus and prefrontal areas)….Most interestingly, when volunteers were required to give an overt aesthetic judgment, the images judged as beautifully selectively activated the right amygdala, relative to those judged as ugly” (p. 7).


13. As Di Dio et al remark: “One of the most debated issues in aesthetics is whether beauty may be defined by some objective parameters or whether it merely depends on subjective factors. The first perspective goes back to Plato's objectivist view of aesthetic perception, in which beauty is regarded as a property of an object that produces a pleasurable experience in any suitable viewer. This stance may be rephrased in biological terms by stating that human beings are endowed with species-specific mechanisms that resonate in response to certain parameters present in works of art. The alternative stance is that the viewers' evaluation of art is fully subjective” (p. 7). 





14. “We conclude that, in observers naïve to art criticism, the sense of beauty is mediated by two non-mutually exclusive processes: one based on a joint activation of sets of cortical neurons triggered by parameters intrinsic to the stimuli, and the insula (objective beauty); the other based on the activation of the amygdala, driven by one’s own experiences (subjective beauty)” (Di Dio, et al., p. 7)





15. Designers and photographers can “bend” these composition rules and still produce astonishing images.  Witness, for example, Sandro Botticelli’s Birth of Venus, an “iconic” painting. Notice how the figure of Venus bifurcates the canvas, yet the image maintains a swirling, highly kinetic visual focus. � HYPERLINK "http://upload.wikimedia.org/wikipedia/commons/4/47/La_nascita_di_Venere_%28Botticelli%29.jpg" �� INCLUDEPICTURE "http://upload.wikimedia.org/wikipedia/commons/thumb/4/47/La_nascita_di_Venere_%28Botticelli%29.jpg/800px-La_nascita_di_Venere_%28Botticelli%29.jpg" \* MERGEFORMATINET ���� An iconic photo below, “Kent State Massacre,” by John Filo, 1970, also shows bifurcation without loss of dynamism, possibly by a triangular alignment of three students in the foreground. �


16. See the methods section of the Di Dio study.  Partipants included fourteen healthy right-handed volunteers, 8 males, 6 females, mean age 24.5, range 12 years.  None of the volunteers had background in art theory.  Stimuli included 15 2-D images of Classical and Renaissance sculptures meeting canonical portions of 1:1.618 between body parties; researchers also presented 15 modified image versions, including 7 presented with ‘long trunk, short legs’ (1:1.47-1:1.59) and 8 with the opposite pattern (1:1.64-1:1.82).  “Twenty sculptures represented male bodies and 10 represented female bodies.”


17. Even with neuronal conservation as a motive, the encoding process is enormously complex, as it is controversial and incompletely described (Barry, 2006); it certainly involves massive parallelism and multiple centers of the brain, and also functions under constraints of time and layers of signal processing that must ultimately result in cognitive decisions





18. The suppositional distinction is a contribution of Dr. John Newhagen, Associate Professor, Philip  Merrill College of Journalism, University of Maryland. 





19. Marr (1982) argued that the brain was a symbolic and/or representational processing engine, its central mission to conduct statistical pattern recognition and association  Experiments have shown that a single neuron can precisely detect visual pattern elements, discriminating the depth of objects, and even ignoring irrelevant causes of variation while giving prominence to what is informationally important.  However, Marr insisted that even with neuronal ‘intelligence,’ vision still requirs a high level computational framework that would enable the brain to construct an internal model of the world – a prerequisite, he wrote, for carrying out any visual task (p. 24).





20. As a hierarchical systems model, this makes sense from a standard engineer perspective; however, from a neural perspective, actual physical implementations may be highly distributed and invoke inhibitory stimuli that make function in ‘hierarchical’ or distributed feedback scenarios.





21.  See Cacioppo, J. T., & Berntson, G.G. (1994). “Relationship between attitudes and evaluative space: A critical review, with emphasis on the separability of positive and negative substrates,” Psychological Bulletin, 1994, 115:410-423. Ciaoppo’s model of a decoupled positivity and negativity may be the correct prediction here.  At very least, a powerful image may coactivate both positive and negative “gut responses,” producing feelings of ambivalence. These feelings may also be coactivated nonreciprocally, as Cacioppo and Berntson discussed in their bivariate evaluative model.


 





22 Dake (2005) and Berlyne (1974) identified compositional stimulus qualities as complexity, ambiguity, incongruity, uncertainty, surprise, novelty and indistinctness. Dake suggested that viewer sensitivity to subliminal or implied messages within the visual image – what he described as ‘emergent subshapes’ [or induced geometries] in a pictorial or photographic composition could in fact produce interest and unexpected visiospatial information available to the brain.”   
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