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Abstract 

This project is concerned with the cinematic form of scientific visualizations and the hyper-realistic style 

it utilizes. The research attempts to answer the questions of what elements make up a hyper-realistic style, 

what are the techniques and software applications utilized in creating this style and what are the 

underlying concepts and theories that provide insight into why this style is so successful at attracting 

audience interest. The production requirement of this exegesis  will  be the development 

of hyper-realist ic imagery format ted using rules of  logic borrowed from postmodern 

teaser t rai lers .  

Current examples of scientific visualization will be examined to determine the elements that create the 

hyper-realistic style they employ and several 3D animation, fluid dynamic, compositing and rendering 

software will be explored to examine their implementation in this type of production. 

Elements of cognitive theory relating to cinema and perception were reviewed and considered as was an 

aesthetics based in current digital visual culture; relevant elements were used in the production process. 

The project is concerned with a complex subject that intersects science, digital technology and art and a 

methodology providing a systematic approach is explored. 

The practical production of this exegesis, the 3D animated vignettes, combine elements derived from the 

artistic and scientific approaches reviewed. The overall goal of these animations was to explore the 

application of various software's in creating and applying the elements of the hyper-realistic style. 
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Creating Cinematic Scientific Visualizations 

Introduction 

Communicating science involving concepts and invisible realities outside the human scale is an 

important but difficult task. Not only is the subject often abstract and esoteric but it must compete with a 

digital deluge of information and entertainment that inundates modern society and appeals to its craving 

for novelty and spectacle in its visual media, this has given rise to a digital video culture (Darley, 

2014) with an aesthetic based on a hyper-realistic style; a style founded on the ability of computers to 

manipulate, fabricate and seamlessly integrate both created and real images. 

This exegesis analyzes the element of this hyper-realistic style, considers aspects of its conceptual 

basis, and experiments with the various CGI (computer generated imagery) software and processes used 

to produce imagery in this style. The skills and techniques developed during this exegesis can be applied 

to producing digital imagery for scientific visualizations, in particular web sites, geared to the current 

digital video culture. 

Whether at the nano-scale or cosmic scale, from micro-biology to lightning induced gamma rays, 

science routinely explores worlds beyond our perceptual system. Digital technology and sophisticated 

software allows the creation of vivid, convincing imagery implied from the interpretation of 

research data and conceived visually through artistic input. This technology can produce a hyper-realistic 

or photo-realistic style that is cinematic in its realism; it blurs the border between reality and conjecture 

with technology that can produce realism so convincing as to create the appearance of truth. 
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Cinema acts as a model for many current scientific visualizations. Cognitive film theory provides a  

conceptual foundation for understanding the perceptual and psychological systems through which  

humans interact with visual information, both real and cinematic; its explorations into cinematic  

concepts, techniques and visual elements can be utilized to understand the attraction of hyper-realism.  

These examples of scientific visualizations adopt cinematic techniques as well as filmmaking production elements:  

BBC: Walking With Dinosaurs (https://www.youtube.com/watch?v=fVPclPzRJk4), 

Harvard University: The Inner Life of the Cell (https://www.youtube.com/watch?v=wJyUtbn0O5Y ) 

NASA (http://svs.gsfc.nasa.gov/Gallery/) 

Initiating interest and arousing curiosity is a primary concern in the movie industry, they want viewers 

to anticipate and pay to see their movies and they use trailers to advertise and create an interest in coming 

attractions. This research will look at the use of a specific type of trailer, the postmodern teaser trailer, and 

attempt to borrow their rules of logic as a model to provide a suitable format for exploring production 

techniques. 

Science and technology are an integral part of our modern society; this integration creates critical issues 

that will affect our daily lives. There is therefore a need for communicating science both in the general 

public and within the expert field (scientists and researchers). We are all required to make informed 

decisions about integrating science and technology into our personal lives and society. Scheufele (2013) 

discusses the concept of post normal science which is technological and scientific breakthroughs in which 

“scientific facts are uncertain, values in dispute, stakes high and decisions urgent”. These sciences include, 

among others, nanotechnology, synthetic biology, genetic manipulation, biotechnology, and information 

sciences. From these fields  emerge issues such as the uncertainties of the toxicity of nano-materials, the 

legal dimensions of patenting genes, the ethics of creating artificial life, accessing and security of 

information to name a few. 

https://www.youtube.com/watch?v=fVPclPzRJk4
http://www.youtube.com/watch?v=wJyUtbn0O5Y
http://svs.gsfc.nasa.gov/Gallery/)
http://svs.gsfc.nasa.gov/Gallery/)
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Casadevall (2014) discusses the problem of researchers tending to pay less attention to research outside 

their specialized area noting that as the amount of scientific knowledge in a particular field increases, the 

specialization of the researchers also increase. Scheufele (2013) points out that in the public sphere, for 

most, the importance of spending time understanding scientific knowledge is low. The STM report (2013) 

gives an estimate of 3.6 million scientific papers/articles published yearly. This deluge of scientific research 

in the expert community and the vast range of entertainment available to the public have created an 

economy of attention; within the limited time available to us we must prioritize what we pay attention to 

(Lanham, 1997; Franck, 1999). For most this means paying attention to what interests us and ignoring the 

rest. 

The information that needs to be communicated may differ in content and detail between researchers and the 

public but the basic requirement of getting the audience’s interest in order to deliver the content is the same. 

This research project was initiated by the question of why a significant advance at KODE, a molecular biology 

laboratory, involving a bio-film process was not receiving the attention it deserved by researchers. The lack of 

dynamism of the imagery on their web site visualizing the process was thought to be part of the problem and 

the use of a more cinematic, hyper-realistic style could result in capturing more attention. This exegesis was 

undertaken to examine this hyper-realistic style and the postmodern teaser trailer was seen as a production 

format suitable to present the results of experiments with applying CGI techniques to produce this style. 

The imagery of the interior of a cell in ‘The Inner Life of the Cell’ (hyperlink above) is engaging the viewer 

through the use of a hyper-realistic CGI style, realistic despite the fact that the imagery has no visual 

relationship to the reality of a cell interior, the  realism is a result of creative artistic interpretation of scientific 

data. Like all movies the images provide the same cues that we use in interpreting our real, physical world. 

The form and style of visualization arises from its function. The function of most scientific visualizations is 

that of explaining the science in the most understandable and accurate manner, providing details in as concise a 
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manner as possible. This is done using charts, graphs, illustrations, narration, and animations; whatever form or 

style that presents the research data and the results as coherently and comprehensibly as possible. However if 

the goal is to capture the interest and attention of the viewer, to tempt them into exploring the subject further, 

then a different approach is required; one that is aimed less at explaining and more at arousing curiosity. 

3D animation is the primary media for presenting imagery of subjects implied, conceptual, abstract, or 

beyond human scale, perception or time frame. Watching the most engaging scientific visualizations is like 

watching a movie, the illusion of reality arises from the simulation of a three dimensional space and the 

application of cinematic techniques such as storytelling, stylistic forms, camera shots, angles and movement, 

controlled lighting, editing, and numerous other visual and audio elements and effects. 

The questions arise as to what exactly are the visual elements and techniques producing the illusion of 

realism, how are they applied and integrated, and why is the resulting illusion so interesting? 

Figure 1 – The Continuum of Realistic Style 

 

    

a b c d 

These images show a continuum of style from a) diagrammatic, 2D image, b) diagrammatic and shaded to 

create depth, c) added details of background texture, shading and perspective to enhance depth, d) 3D with 

shading, lighting, color and background, artistic input enhancing the 3D effect and creating a more cinematic 

image
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Realism 

The myth of photographs and film as objective recording devices has created what Andrew Darley (2000) 

called “second order realism” which is a realism based on our familiarity and acceptance of the myth of cinema 

(and photography) as ‘real’; techniques and artifacts that are cinematic conventions such as shotgun zooms, lens 

flare, grain, and anthropomorphic camera movement to name a few, have become associated with this myth that 

cinema and photography are recording medias of reality, and show the true physical  world. 

Prince, in looking at realism in CGI, uses the term “perceptual realism” which refers to how the CGI object, 

event or scene, the referent, would have looked like if it had actually existed in the real world. His research 

explores how “even unreal images can be perceptually realistic” (Prince, 1996, pg. 32). These images are 

referentially fictional in that what they represent is not actually visible, often not even real, but are nonetheless 

visually realistic in that they appear as they would if they were real, he provides the examples of ‘The 

Terminator’ character and the dinosaurs in Jurassic Park. The abilities of CGI to manipulate live footage, to 

create and combine photo-realist images of real and imagined scenes and objects, to integrate it all into 

seemingly real imagery “challenges indexical based notions of photographic realism” (Prince, pg. 29). With the 

advent of CGI cinema’s (and photography’s) value as authentic recording of visible reality is lost. 

This ability of digital technologies to create photographic images, to combine seamlessly live footage and 

created images, and to create the perceptual and cinematic cues that we interpret as being of the ‘real world’ 

allow this sense of realism to be applied to totally unreal images. Manovich (1999) notes with these abilities of 

CGI that cinema is “no longer distinguishable from animation, no longer an indexical media technology but, 

rather, a sub-genre of painting” (Manovich, 1999, pg. 3). He notes that since the beginnings of the 1980’s 

cinematic forms such as music videos and video games no longer presented themselves in traditional cinematic 

linear narrative forms but use live footage and CGI to create images “beyond the norms of traditional cinematic 

realism”.  In the move into the digital realm CGI has usurped traditional cinematic processes and allowed the 

manipulation of perceptual elements, it has enabled animation to move beyond the traditional cinematic narrative 
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form. 

Cognitive Film Theory 

Cognitive film theory provides one approach for understanding why realism garners so much attention. 

Traditional film theory, a combination of psychoanalysis, politics and semiotics (Plantinga, 2000) focused on 

the human condition and followed traditional narrative structures; cognitive film theory, on the other hand, deals 

with the human perceptual system and human mind, a more biological approach not so focused  on the human 

social condition but more on human perceptual and cognitive processes. 

In broad terms cognitive theory focuses on the mental processes of the human mind; perceiving, thinking, 

remembering, problem solving, and attending to one stimulus over another. Cognitive science is interested in the 

processes underlying how the human mind performs these functions (Plantinga, 2002). Cognitivists view people 

as rational beings that do not merely respond to stimuli; their behavior is a result of thinking, an indication of 

what is occurring in the mind. Cognitivists explore intelligence and behavior, focusing on how information is 

represented, processed and transformed in abilities such as perception, language, memory, reasoning and 

emotion. 

Anderson (1998) presents a biologically based approach to cognitive film theory that implies film can be 

understood best by applying the methods of science within the context of ecological evolution; human beings 

universally share certain elements of visual perception evolved for survival; “…we were not born to watch 

movies. We develop perceptual systems to perceive the world, and movies simply exploit them” (Anderson, 

1998).  He approaches the spectator as a physiological and cognitive system hardwired through evolution to 

respond to cues in particular ways and that a movie and the audience’s response to it can be understood best by 

utilizing the methods of science within this evolutionary ecology; it builds on the belief that the brain, sensory 

systems, our sense of self and mind itself, exist as a result of evolution which selected for these capacities. The 

act of watching a movie interfaces our evolved biology with technology. Film cognitivists seek to understand 

how film cues and triggers the viewer’s responses; how viewer’s derive conclusions that are not actually 
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warranted by what is on screen, such as seeing depth on a flat screen. 

We perceive the world as patterns of stimuli (primarily light and sound) that are sensed directly by the 

perceptual system, these stimuli are processed immediately and continuously and require no deduction or 

inference, and they are direct perceptions (Gibson, 1979, cited in Anderson, 1998, page 19). Research indicates 

that “processing is carried out at a low level in the perceptual system by neurons that programmatically excite 

and inhibit other neurons, not by logic, but by computational strategies built into the molecular system itself” 

(Ramachandran, 1986; cited in Anderson, 1998, page 33). All incoming stimuli are processed separately in two 

anatomically and functionally different processing systems for vision in such a way that motion is the primary 

cue, it precedes pattern recognition of form, color, and texture (Livingston & Hubel, 1988, cited in Anderson, 

1998, page 63). This is relevant information for understanding what attract our initial attention, for 

understanding how a viewer’s interest can be cued and manipulated. 

It is the perceptual act of viewing a movie that is the common denominator in viewers. “While movies use 

a viewer’s knowledge of movie conventions, cultural assumptions, and so forth… It is the perceptual basis of 

the filmic experience that gives a movie a palpable sense of reality” (Anderson, page 52). The processing of 

these perceptual stimuli is inherently slow as they require transformation from electrical to chemical and back 

to electrical at every neural synapse, but shortcuts have selectively evolved to speed up our ability to perceive 

and deal with the real world. These short-cuts can however lead to non-veridical perceptions (illusions) which 

can be taken advantage of (Anderson, page 34). One example of such a short-cut is the assumption of a 

continuous existence of an object and its movement despite temporarily being out of sight which is the basis 

of various types of continuity editing in filmmaking. 

Another accounts for the perception of motion in a movie which is not based on the traditional persistence of 

vision explanation but rather a result of the visual system being unable to distinguish between the small 

frame-to-frame changes in a movie which leads it to interpreting them as a continuous changes as occurs in 

the real world. This short-cut deals with the limited field of view resulting from forward looking eyes, humans 
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perceive in segmented views yet interpret a continuous reality (Anderson, page 61).  

While Anderson presents a specifically biological approach to cognitive film theory, Bordwell’s (2008) 

approach provides a detailed exploration of the cinema and its aesthetics. Using a cognitive approach that 

analyzes concepts (story structure, style, etc.) and cinematic devices (camera shots, angles, movement, lighting, 

music, mise–en–scène) he explores how they are employed to create a structured experience for the viewer. He 

considers patterns and how humans constantly seek patterns in their environment, both normal patterns and 

discontinuities in the norm; like other researchers (Bombrich, Gibson, and Neisser, cited in Anderson, 1998) he 

sees the human mind as having a meaning-seeking nature. Works of art build on this intuitive and dynamic 

pattern seeking quality of the human mind. They are the creation of a pattern that stimulates and appeases the 

human desire for form; the artist creates a pattern to give their ideas form so that the spectator can participate 

in a structured experience of the artist’s design. 

Form, basic in all artwork, cues us to perform a specific activity, to evoke and encourage our involvement. 

The cues for this activity are organized into systems which are made up of elements that depend on and affect 

one another. In a painting it could be colour, line, repetition, etc. working together to create an image that 

initiates a response from the viewer. Form in a film is the overall system of relations perceived among the 

elements in the whole film; it consists of patterns that function to communicate with an audience through the 

three elements of story, visuals and sounds. These elements include narrative (story), the physical objects and 

their arrangement in a scene (mise–en–scène), cinematography (camera movement and angles), editing, 

dialogue and sound effects. How they are manipulated is key to capturing, maintaining and controlling interest 

and attention in the audience. Bordwell presents a detailed examination of these elements, how they interact 

with each other to create a movies form and style and he explores how they function to capture the attention 

and create the viewer’s experience. 

It is through the successful control of the components of these elements that a great cinematic experience 

involving the emotional response of the audience to what they see and hear i s  c o m m u n i c a t e d .  
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Understanding, controlling and applying these components is critical to creating an engaging audience 

experience. This is as true for a Hollywood blockbuster as it is a scientific visualization. Of course the nature of 

a Hollywood movie, with human characters, a human scale world and human based stories is very different 

from a scientific visualization that may deal with abstract concepts or realities and with no human characters 

for the audience to identify with. These cognitivist film theories provides us with biological cues (Anderson) as 

well as conceptual devices (Bordwell) that can be used to further understand and implement a realistic style in 

3D animation. 

Realistic style, by presenting the same cues as the real world, provides in the viewer a high level of coping 

potential (Silva 2005), “Coping potential refers broadly to estimates of resources, power, abilities, and control 

in relation to an event” (Bandura, 1997; Lazarus, 1991; Scherer, 2001a; cited in  Silva, 2005). That is, the 

more capable you feel in dealing with an event the more novelty initiates interest rather than anxiety. Novelty 

and complexity affect interest, it is one of the first judgments in an appraisal sequence of an event; is it “new, 

ambiguous, complex, obscure, uncertain, mysterious, contradictory, unexpected or otherwise not understood” 

(Berlyne (1960, 1967, 1971, 1974a, cited by Silva, page 2). In biologic terms: is it predator, prey, opportunity? 

Anderson’s evolutionary considerations speak to the survival advantage of paying attention to something 

novel. 

The ideas of these cognitive film theorists provide a basis to explain the interest a realistic style elicits. It 

provides the same cues to our perceptual system as the physical world, cues that are real and require our 

attention. These cues provide a sense of familiarity which can be manipulated and altered to create a novel 

image that will increase interest. With the help of digital technology novelty can be created through various 

methods such as viewing the familiar from impossible angles, through the juxtaposition of incongruous 

objects or through the creation of invisible objects (atoms, molecules, etc.) and scenes of un-seeable  realities 

(distant galaxies, events from the past , gamma rays, interior of cells, etc.). 
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Cinema as a Model 

The cinema is an exemplary model of a system successfully capturing people’s attention. The box office 

returns for films released globally reached $35.9 billion in 2013, an increase of 4% over 2012 and Netflix has 

40.4 million subscribers (Theatrical Market Statistics, 2013). Everyone seems to like watching movies. 

The teaser trailer is a primary method the film industry employs to generate interest in coming attractions. 

Kernan sees them as being a narrative and promotion, a hybrid genre (Kernan, 2000, page 7), “a brief 

promotional film text that usually displays images from a specific feature film while asserting its excellence” 

(Kernan page 37). Its single purpose is to get the audience to want to see the film. The goal of a trailer is to 

attract the viewer’s attention rather than maintaining narrative coherence. She sees a trailer as a “cinematic 

attraction par excellence” and she comments on audience’s positive responses to trailers as “an appreciation 

of the unique visual and narrative/promotional qualities of these short film texts.” people enjoy and pay 

attention to trailers (Kernan, 2000, page 8). 

While traditional trailers utilize cinematic techniques, mainly editing, to produce a spectacular short story 

with the aim to excite and intrigue the audience there is a problem with the traditional trailer as a format for our 

experimental animations. The images used consist of sequences edited directly from the existing movie and 

that supports the movies narrative. They are seen as being only significant relative to the movie being 

promoted and they are not considered as being able to function as a production on their own. Tolson (2010) 

discusses a different and more suitable type of trailer, a ‘postmodern’ teaser trailer.  

Postmodernism was first used in Jean-Francois Lyotard publication of The Postmodern Condition, it is 

characterized in that it has a ‘multiplicity of perspectives,’ meaning there is no single way of looking at a 

thing, an event, art, etc. Postmodernism is dynamic, it is characterized by diversity. Tolson uses the term 

‘postmodern’ in the sense that it refuses narrative in its form and content; that is there is no traditional story (in 

the sense of being a linear narrative) in the production. The postmodern teaser trailer uses all the same 
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cinematic techniques that go into producing a movie and it uses material created just for it, not drawn from an 

existing movie. This format is closer to the goals of our productions which have no pre-existing movie, no 

human based story or human visible objects. 

Baudrillard (1976), a major guru of French postmodern theory, discussed postmodernism and the 

hyper-real explaining that “in postmodernism, hyper-reality is the result of the technological mediation of 

experience, where what passes for reality is a network of images and signs without an external referent, such 

that what is represented is representation itself. “From now on,” says Baudrillard, “signs are exchanged 

against each other rather than against the real” (Baudrillard 1976, 7), so production now means signs 

producing other signs. The system of symbolic exchange is therefore no longer real but “hyperreal.” Where 

the real is “that of which it is possible to provide an equivalent reproduction,” the hyperreal, says

Baudrillard, is “that which is always already reproduced.” The hyperreal is a system of simulation

simulating itself”. (Baudrillard 1976, 73, cited in Stanford Encyclopedia of Philosophy, 2015). 

      Tolson characterizes postmodern teaser trailers as having the following rules of logic: 

• They don’t have a clearly expressed argument, message or narrative, but are more conceptual, less

explicit, they don’t tell the story just allude to it. 

• The camera is often actively part of the scene which tends to pull the audience into the scene as well

(see the video example below – The Hills Have Eyes 2). 

• They use ‘high concept’ techniques; that is using a singular image or idea to represent the entire

film in an abstract way. 

• They are short (20 to 50 seconds) and while they do have structure it is not the tradition narrative

film structure (exposition, conflict, climax, resolution). 

• They don’t attempt to present a rundown of the plot and characters.

http://plato.stanford.edu/index.html
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• At their beginning they present no expectations and at their ending they are unresolved, indefinite

and uncertain. 

     “The postmodern teaser trailer acts much like a display in an art gallery” (Tolson, 2010, page 19); it can be 

viewed as an animated movie poster. This is an excellent model for the goals of the production component 

of this exegesis for the following reasons: 

• They are of a short duration so it works well within the time and resource limits of this research

project. 

• Their nature is conceptual and abstract which works well with the nature of many subjects of

scientific visualizations which are often conceptual, visualizing them requires the use of a great 

deal of creativity. 

• Due to its abstract, conceptual nature using a ‘postmodern teaser trailer’ model means

avoiding the complexity of using human characters. 

• Their abstract, invisible and conceptual nature can be addressed using special effects.

The difference between traditional trailers and the ‘postmodern’ teaser trailer can best be illustrated by 

example: 

Traditional Trailer - The Dark Knight 
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This aggressively persuades through the spectacular imagery, the inclusion of narrative, and editing of 

sequences to create a montage taken directly from the movie. The editing and transitions are the only new 

components utilized. It is of average length for traditional trailers, 2 to 3 minutes. 

Teaser Trailer - The Dark Knight 

The imagery is abstract and intangible and both it and the voice over are created just for this teaser, they 
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are not from the movie. There is no narrative conveyed, no story, no synopsis and no editing of existing 

sequences, no resolution or expectations are presented. 

Teaser trailers have a transient, non-permanent nature that is different from that of narrative, it is 

announcing an expected event, one that isn’t currently present, its’ goal is to focus the interest, attention and 

anticipation of the viewers. These attributes of the postmodern teaser trailer make it a very suitable format for 

this researches production element. 

Below is an example that illustrate a technique common to teaser trailer, that of using camera techniques 

to draw the audience into the movie. In this example the viewer becomes the body being dragged by a simple 

camera movement. 

The Hills Have Eyes 

Watch for camera becoming active in the scene at about three-quarters through. 

Other examples of teaser trailers: 

Saw II: https://www.youtube.com/watch?v=ur0avmWbeVY 

The Da Vinci Code: https://www.youtube.com/watch?v=BNQ0ExXOWW0 

http://www.youtube.com/watch?v=ur0avmWbeVY
http://www.youtube.com/watch?v=ur0avmWbeVY
http://www.youtube.com/watch?v=BNQ0ExXOWW0
http://www.youtube.com/watch?v=BNQ0ExXOWW0
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The Amazing Spiderman 2: https://www.youtube.com/watch?v=f_BM6PnHsN8 

A Digital Aesthetic 

Like Scheufele (2013) and Casadevall (2014), Darley views the effect of the extensive growth of media as 

resulting in  “an oversaturation of information, an overloading or overexposure” that has “switched people 

(the  masses) away from meaning, attention is transferred instead into pure fascination with surface spectacle, 

and the movement and play of detail and forms” (Darley 2000, page 69). He looks at several aspect of today's’ 

visual digital culture (digital cinema, computer games, music videos, TV advertisements and simulation rides) 

that have come to dominate the media of the modern world. He examines how the ability of computers to 

create entirely new images that are photo-realistic and to incorporate them seamlessly into live footage has 

created “a shift to a new aesthetic from one concerned with content, meaning and reference to one focused on 

spectacle, superficiality and the artifice of detail, the intimacy of the technique” (Darley 2000, page 67). 

There are two crucial factors in the development of this new emergent aesthetic. The ability of computer 

graphics to allow all aspects of production to be digital as mentioned above, leading to the development of 

image manipulation and image synthesis. The other is the “preoccupation with heightened realism”, this 

preoccupation began as a goal of producing ‘photographic’ imagery through digital means, encouraged and 

supported by the commercial possibilities seen by Hollywood, industry and the military. This ability of 

image manipulation and synthesis created the possibility of creating novel, visual impossibilities aimed at 

capturing the attention of the viewer not only in movies but also, and even more so, in the fields of 

advertising, gaming and music video. Of course the nature of novelty is that with repetition it is no longer 

novel and this requires a continuous search for new, unusual and arresting imagery. 

      In this digital visual culture novelty arises from several factors: 

• The ability to create surface accuracy which creates a sense of realism whether as a means of

integrating synthesized imagery unnoticeably or making unreal images seem real. 

• The ability to create spectacular objects and scenery that appear real though obviously not (alien

http://www.youtube.com/watch?v=f_BM6PnHsN8
http://www.youtube.com/watch?v=f_BM6PnHsN8
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species and worlds). 

• The creation of images manipulated and modified “to confound and scramble immediate referential

meaning and sense” to create “responses of puzzlement, fascination or simple bedazzlement”, common 

in TV advertisements and music videos. (Darley, page 92). 

• The ambiguity of incongruent juxtaposition of elements.

All are means of creating spectacle and can be used to create viewers interest. Darley sees novelty and 

spectacle as primary factors in this new aesthetic genre created by digital technology and the computer’s ability to 

control and manipulate the various elements that underpin our perception of realism. It is these elements that can 

be used to create a sense of realism in imagery of an object or subject beyond our perception. 

The elements that can be controlled include: 

• 3D space and temporal conditions.

• Natural and artificial lighting conditions and effects.

• Surface textures.

• The full spectrum of colors.

• A sense of solidity and weight.

• Movement of objects and of the camera.
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Methodology Rationale 

This research project will look at exploring the principle of contrast and affinity (Block, 2008) as the 

basis for a process of developing the animated products for this research. Blocks approach provides a 

systematic approach for examining the numerous considerations that are required in the complex endeavor 

of creating a cinematic animation. Blocks examination of the elements involved can function as a 

framework or checklist of considerations for this type of production. 

Block refers to seven main visual elements (space, line, shape, tone, color, movement, rhythm) and 

numerous sub-components. Bordwell adds to these with more specifically cinematic elements such as 

story, plot, character, style, mise-en-scene, dialogue, sound effects and music, camera attributes and 

atmosphere (Bordwell, 2008). Darley’s digital visual culture provides an aesthetics within which these 

elements can be manipulated to create interesting novel imagery. 

Blocks principle of affinity and contrast states that “the greater the contrast in a visual component, the 

more the visual intensity or dynamic increases. The greater the affinity in a visual component, the more the 

visual intensity or dynamic decreases.” (Block, 2008, page 11). 

Contrast = Greater Visual Intensity 

Affinity = Less Visual Intensity 

In Blocks explanation the viewer’s reactions are based on the stimulation elicited from the visual 

experience. This could be the emotional reaction to the excitement of a scene of an acrobatic plane ride 

(screams, tense muscles, closed eyes) or the opposite reaction of boredom and falling asleep in a less 

exciting scene. According to Block the greater the intensity and dynamic of the component, the greater the 

intensity of viewer reaction. 

The goal of the teaser trailer format, arousing curiosity, stands in contrast to traditional scientific 

visualization in which the goals are to maintain narrative integrity in telling the story of the scientific 
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subject, to present the story as accurately as possible, to communicate detailed information, and to present 

unambiguous imagery. While any outstanding visual production is more than the product of an adherence 

to a set of rules, a systematic approach like Block’s can help in designing the complex interrelationships 

between story, the elements and  their components and can serve as a check list of considerations during 

the design and production  processes. 

Methodology 

The principle of contrast and affinity can be utilized to: 

• Provide a system for visualizing the story structure of a movie. 

• Relate visual components to the story structure. 

• Design these components to support the story structure. 

This is done using graphic visual representation of relative intensity over time, this provides a shaped 

curve showing how intensity changes over time. These shaped curves can be used to plot when the 

intensity of the various elements change to support the point of view of the artist. 

While human reactions are individual and varied nonetheless a measure of relative intensity can be 

established by starting with the most basic of visual set-ups. 

Diagram 1: Image and resulting graphs 

 

The left frame has no contrast just a gray uniform tone presenting complete visual affinity 

within the frame, the right frame has contrasting lines creating visual intensity 
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Diagram 1a: Graphed visual intensity of Diagram 1 

 

The intensity graphs for these frames would show the Gray Frame’s graph to have a low visual intensity 

with a measure close to zero as there is high affinity and no contrast. The Line Frame graph would show 

higher visual intensity created from the presences of contrasting lines and the two tones, black lines and 

white background. 

Story structure can also be graphed to intensity. In traditional storytelling story intensity refers to the 

degree of conflict or the level of excitement in the plot. The traditional story structure consists of: 

• The beginning or exposition which provides the facts needed to begin the story (location, 

character, plot situation, etc.) 

• The middle where conflict is introduced there is an increasing intensity leading up to a climax 

where intensity reaches the maximum. 

• The end is where the story is completed; character issues and plot situations are resolved and 

the intensity decreases to the stories end. 
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Diagram 2: A generic story structure intensity graph 

Of course an actual story would have variation in its story structure with many ups and downs 

throughout the unfolding of the plot resulting in story intensity making a jagged line as below. 

Diagram 3: Typical story line 

Once the story structure has been graphed the visual components can be designed to relate to and 

support the story structure. Using our example of a generic story structure consisting of exposition, conflict, 
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climax and resolution the graph showing the relationship of contrast and affinity to this story can be 

designed to support it as illustrated below. The exposition stage would have a low intensity, perhaps an 

establishing shot showing the scene, as conflict or action builds the intensity rises by introducing elements 

with dynamic characteristics, the climax would see the dynamism at it maximum and the resolution would 

see the dynamism slowly reduce. 

Diagram 4: Relating visual components to story structure 

A. Traditional Story Structure B.   Supporting Visual Component 

     

The graph visually relates the story and visual structure together at specific times in the story. In creating 

the movie the correct visual components must be selected for use to create the best visual structure at that 

particular point in the story. For example when establishing a scene that is to have a low intensity we may 

consider color (pastels, warm), lighting (uniform, soft), camera moves (slow, stable) and editing (long shots, 

gentle transitions between cuts). A high intensity scene would perhaps use primary colors, strong lighting 

and quick, short edited shots. It should be noted that this process can be applied at the level of a shot, a 

sequence or the entire movie. 

How the correct visual components are selected requires the understanding of how the artist wants the 

audience to react to the story, the artist’s point-of-view (Block, 2008, page 254). The desired response 

forms the basis for all the decisions made in a production and is the initial step in creating a visual structure. 

For example advertisements usually have strong and specific point- of-view:  
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This cereal will make you an athlete. 

This hair product will make you sexually attractive. 

If the story doesn’t come with a specific point-of-view then the artist needs to decide how the 

audience should react to the story at specific points. This becomes even more important when there is no 

human character for the audience to identify with as is common in scientific visualizations. 

The production element of this research is presented as a series of animated vignettes: a collection of 

explorations into various digital technologies, cinematic techniques, concepts and processes formatted within 

the rules of logic of teaser trailers and interpreting scientific subjects. 

Applying the Principle of Contrast and Affinity 

The Jet Stream sequence will be used to illustrate an application of Blocks method. The story structure is 

very simple: the stream of water comes into existence, streams across space into the distance. None of the real 

mechanisms involved in the actual process are shown (the ink jet printer initiating the stream, the water 

container, the paper where the splash occurs), in keeping with the concept of the postmodern teaser trailer the 

end result will provide a very abstract visual representation of the sequence. This story structure, simple as it 

is, can be graphed as to intensity at its beginning, middle and end. In these experiments our concern is with 

showing the story structure and the development and application of visual elements to support it, the graphs 

The story structure based on the artists' point of view is to have the beginning reaction, the 

exposition stage, to be a jolt of surprise, bewilderment and curiosity – a novel image that initiates 

curiosity as to what was just seen. The goal is to get instant interest as a response to this initial image. 

The climax will occur as intensity increases  as the stream moves through space towards the camera and 

various elements and effects are introduced, the resolution is the stream receding into the distance. 

should not be seen as a direct measure of intensity but as means of visualizing the pattern in the elements 

occurrence over the story length. 
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Diagram 5: Jet Stream sequence - story structure intensity graph 

The beginnings high visual intensity is achieved using a shockwave effect followed by a rising  slope as the 

jet stream approaches the camera. The climax is the close-up as the jet stream passes the camera then a 

slope to lowest intensity as it moves away, intensity at the climax is created with audio effects (Doppler 

Effect and running water sounds) and detailed, animated surface texture. 

The actual development of the sequence is presented here as a series of stages to illustrate the 

systematic approach in the application of Blocks method. In practical application the artist’s point-of-view 

will define the set of visual and audio components that are most relevant and the entire process would take 

place in the pre-production phase of story creation. 

The enormous possibilities available through 3D animation due to the absolute control over all 

elements and attributes makes some kind of systematic approach valuable as the potential possibilities are 

endless. Block discusses over 38 visual sub-components, in addition there are h u n d r e d s of audio and 

visual special effects and cinematic and 3D animation components that can be explored. The need for a 

planned structured approach to such a complex production is necessary not only for controlling the 

visual and audio design but also for controlling the production process i t s e l f . The production 
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procedure is not a focus of this research but a slightly modified, generic production pipeline has been 

followed. It broadly consists of: 

 Pre-production: concept, concept drawings, storyboard

 Production : 3D modeling, animation, lighting, texturing, dynamics, rendering

 Post-production: editing, compositing and movie formatting and creation

Block states that line produces contrast and affinity through orientation, direction, and quality. 

Orientation is created by stationary objects; the edges of scenery, walls, doors, windows. In Animation 1, 

there is no scenery, no background. The component of line is created by the objects shape and apparent 

movement relative to the image frame. Orientation can be horizontal, vertical, and diagonal and is defined 

as the linear motif. 

Animation 1: Jet Stream Horizontal Movement 

This clip illustrates the elements of horizontal movement, tone and shape. A basic animation with few 

attributes, little complexity and as a result a low level of intensity. 
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In Animation 2 the linear motif has been changed to diagonal and, according to Block’s principle of 

affinity and contrast it should have a higher intensity. 

Animation 2: Jet Stream Diagonal Movement 

This clip illustrates the change to diagonal direction. 

Research has indicated that there is a relationship between complexity and interest. Interest increases 

with increasing complexity up to a point after which it decreases, this point is where rising interest is offset 

by the effort required to process the increasing complex information (Wolholm, 1968). Silva (2002) 

described this point in terms of coping potential which is the point at which the individual no longer feels 

they can comprehend and assimilate the increasing complex information, up to this point the response is 

one of interest, at this point the response now turns to anxiety. 

By adding complexity to the jet stream sequence the level of interest can be increased to where it is less 

ambiguous. To examine this in the following animation complexity is increased by using more visual 

components. Block suggests that deep space is inherently more intense then flat space; contrasts between 
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scale and texture at different viewing distances are greater and this increases visual intensity. In our 

example, with no background, flat space becomes deep space by changing the viewing angle of the camera 

creating perspective and allowing exploring the use of a diagonal in the depth axis. The cues are contained in 

the changing scale, direction and textural detail of the jet stream as it approaches the camera; cues our 

perceptual system utilizes to interpret the distance of a viewed object. 

Movement is added to the camera to keep the stream in view and maintain the directional component 

which creates the illusion of deep space and to the object itself as secondary animation in the separation of 

blobs of water as it moves through space. Adding these elements increases the complexity of the animation 

and as a result the interest level has increases. 

Animation 3: Jet Stream Increased Movement Complexity 

Complexity is increased by adding elements of movement to both the camera and object. 
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Animation 4 below illustrates a further increase in complexity with the addition of the element of color, 

adding more textural detail, and another level of movement in this texture. The primacy of motion in human 

perception seems to be at play in increasing the interest level of this progression. 

Animation 4: Jet Stream Added Elements Increasing Complexity 

Increasing contrast and complexity is created using the addition of more visual elements. 

Animation 5 increases complexity by adding yet another level of motion as well as audio. Almost all 

our media is bimodal, both visual and audio. While this research is focused on the visual aspect of digital 

media the importance of sound cannot be understated. Music, dialogue and sound effects have a great 

effect on getting our attention and sustaining interest in the visual media. The importance of sound has 

been addressed at the biological level by Anderson (page 80) and at the cinematic level by Bordwell 

(1997, page 264 - 300) but while used in these animations it will not be analyzed. 
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Animation 5: Jet Stream Adding Textural Movement and Sound 

The addition of motion to the texture and of audio that utilizes the Doppler Effect to support the depth cues 

(perspective and changes in level of detail). 

Realism is a key factor in attracting the interest of the modern audience. In common with other 

researchers (Scheufele, 2013, Casadavall 2014 Lanham 1997, Franck 1999) Darley (2002) observes that 

“media growth has resulted in an oversaturation of information, an overloading or overexposure”. He sees 

this   resulting in people pulling away from content and meaning, their interest is now focused on “pure 

fascination with surface spectacle … of seeking the ephemeral and superficial over permanence and depth, 

of a focus on the image itself rather than the image as a referent” (page 69). This desire for novelty and 

spectacle is not new to the digital age; it has a history in the Roman coliseum, circus, theatre, magic shows, 

and cinema. While this current manifestation of digital spectacle doesn’t make up the entire visual culture it 

has become prevalent enough to be seen as a new genre. 
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Digital technology supplies the ability to totally manipulate, fabricate and seamlessly integrate photo-

realistic visual and audio elements to create novel and spectacular imagery, given this ability “it is clear that a 

formidable and novel technology of image fabrication has emerged” (Darley, page 133). 

Darley presents digital video culture as being “into the image at a more corporeal, tactile and visceral 

level, the image touches them not with affective, symbolic or meaningful manner, but more directly as a 

playful simulation that excites the senses” (Darley, page165). Digital cinema, TV advertisement, music 

video, video games and simulation rides are all part of this digital video culture catering to the public desire 

for novel experiences by creating ever more heightened realistic photographic and cinematic impossibilities.  

Photo-realism is accomplished through control and manipulation of: 

• 3D space and time 

• Natural and artificial lighting conditions and effects 

• Surface textures of photographic accuracy 

• Solidity and weight 

• Natural movement of objects 

• Movement of cameras 

“The search for novelty involves using ambiguous images; opposition of genuine and false, the 

recorded and contrived, the paradox of natural and artificial lies at the heart of this techno-aesthetic as is the 

use of montage particularly by the incongruent juxtaposition of objects and scenes.” (Darley, page 95). 

The following animation sequences or vignettes are formatted using the rules of logic of the 

postmodern teaser trailer which has little or no narrative, based instead on conceptual ideations drawn 

from science. Each sequence is structured in story and supporting visual and audio elements using the 

principle of contrast and affinity. The goal is to experiment with various software solutions to create the 

hyper-realistic style that could be applied to web page presentations of scientific subjects. 

The software used and their specific abilities of interest are: 
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 Maya 2015 provides control over 3D space, the fabrication of any conceivable object and control 

of lighting and lighting effects, control of the appearance of solidity and weight and over the 

movement of objects and cameras. This is the primary software used in the movie industry. 

 Maya’s dynamic modules provides control over the physics of the real world such as mass, 

resilience, friction as well as providing fields to control gravity, turbulence, drag, etc. 

 Real Flow is a specialized fluid dynamic software used to create the fabrication and natural movement 

of fluids. 

 ZBrush provides the fabrication of high resolution models and the creation and application 

of photographic textures. 

 After Effects is used to composite and edit elements and sequences created in these programs as 

well as providing extensive special effects that can reproduce cinematic realism. 

Productions 

Jet Stream Movie 

The final version of this sequence used previously to illustrate the progression of complexity has been 

modified to follow the story structure. It shows the addition of high intensity visual and audio elements at the 

start and the addition of slow motion in the middle section to highlight the surface detail creating the 

impression of surface accuracy. 
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Animation 6: Jet Stream Final Sequence 

Here is the final jet stream sequence which is the conceptual visualization of the delivery of the bio-film by an 

ink jet printer. 
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Choreographed Molecule 

Molecular biology has embraced the use of 3D animation to illustrate molecular processes. This 

integration has led to the production of accepted icons representing molecules, with visualization so 

established novelty is difficult. To attempt to introduce some novelty this animation approaches the 

visualization of bonding molecules as a musical with the molecular bonding choreographed to the Blue 

Danube. This iconic representation is modified using a Maya texture to create a surface accuracy as that seen 

through a scanning electron microscope. This is done by creating a Fresnel texture in Maya then adding 

effects to it in post-production using After Effects. The co-ordination between music and animation is done in 

Maya and also further modified in After Effects. 

Some examples of this integration in scientific visualizations showing molecular movement in 

animation (some with audio): 

https://www.youtube.com/watch?v=Y7XAroFgVQs&index=3&list=PLB3954EC6D0E32305 

https://www.youtube.com/watch?v=WPz_2dwqG6A&list=PLB3954EC6D0E32305&index=4 

Animation 7: Choreographed molecular bonding 

http://www.youtube.com/watch?v=Y7XAroFgVQs&amp;index=3&amp;list=PLB3954EC6D0E32305
http://www.youtube.com/watch?v=WPz_2dwqG6A&amp;list=PLB3954EC6D0E32305&amp;index=4
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This sequence modifies the rhythm, implementing a slower pace than in the Jet Stream animation and using 

music to determine beat for the movement. 

Animation 8: Micelles Attaching to Cell 

This animation is a concept visualizing micelles interacting with a cell and eliminating it.  Hyper- 

realism is achieved by utilizing: 

 Second order visual effects:

o The caustic pattern on the ground plane which reads as being underwater.

o Use of depth of field keeping the focus on the blob, achieved through the use of a

programming script that attaches the rendering camera’s focal distance to the distance of 

camera to the cell which is the center of focus. 

 Solidity and weight are achieved through the use of nCloth, a Maya tool which creates objects that

have flexible surface membranes creating an organic movement. It provides a sense of solidity and 

weight through adjusting attributes such as thickness of membrane, internal/external pressure, 

bounciness, stickiness, friction, collision attributes and many others (over 70 attributes can be used 

to manipulate the appearance and movement of nCloths). 

o Photographic surface accuracy or ‘realism’ is achieved through the use of surface texture,

shadowing and edge detail on the large cell contrasted with the perfect spheres, highly 

specular and semi-transparent surface of the attacking micelles. 

o The inclusion of lens flare.
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Animation 8: Micelles Attaching to Cell  

The imagery of a ‘pack’ of micelles attacking another cell is an attempt to create 

novelty by creating an exciting/novel story that, while not scientifically accurate, 

does create interest. 

Micelles Forming 

Maya’s Paint Effects are ideal for situations in which a very large number of objects need to be seen 

from a distance, in this animation it is lipids making up the surface of the membrane (Eric Keller: 

http://www.molecularmovies.com/). In this sequence Paint Effects is used to create a mass of molecules that 

form a micelle, instead of distant shots close-ups are used to present cryptic images that only become 

identifiable as micelles at the end. Post-production (After Effects) is used to explore enhancing these close-

ups shots. 

The story structure begins with a high intensity shot, a close-up of a mass of molecules and then proceeds 

through a series of close-ups of the formation of the micelle, high surface detail but abstracted enough to 

http://www.molecularmovies.com/)
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remain ambiguous and arouse curiosity as to what they are. 

Research into attention span does not strictly support the commonly held (in advertising) 8-second rule. 

Some research (Dukette, D. & Cornish, D., 2009) suggests that there are different types of attention and the 

spans can range from 8 seconds to 20 minutes, other research suggests, in web site viewing, the waiting time 

for information retrieval is approximately 2 seconds (Nah, F. (2004). Many factors will determine the attention 

span of a person in a specific situations, needless to say the faster the spectators attention is captured the 

more likely they are to continue to view the media being presented. In this sequence the initial image and 

subsequent animation is an attempt to maintain interest using ambiguous but high detail imagery, abstract but 

structured and edited into a series of interesting movements. 

Animation 9: Micelles Forming 

This animation uses Paint Effects to develop an abstract but still hyper-realistic style. 

In animation 10 and 11 fluid dynamics are employed at two extreme scales, human and cosmic scale.  The 

scale is defined not by the fluid effect but by the background, the surface of water and the star field, and the 

sound effects and music. The association of Richard Strauss’s ‘Also Sprach Zarathustra” w i t h  2001: A Space 

Odyssey connects and reinforces the visual cosmic imagery through the audio channel  as does the drip 

sound effect. Maya’s fluid structure is extremely flexible but requires extensive experimentation with the 
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numerous attributes that influence its behavior and appearance. 

Animation 10: Mixing Molecular Solutions 

This animation is the conceptualization of the mixing of solutions. Three colored solutions being mixed in water 

using Maya’s fluid module and turbulence fields, the water surface was created using the ocean fluid effect with 

various settings and shooting from below. Contained turbulence fields create the effect of a drop hitting the 

surface and producing ripples. Turbulence and other field were used to create the motion of the colored 

solutions. 
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Animation 11: Volumetric Nebula 

A giant astronomical cloud with a mass of 107 times that of the Sun is visualized using the same fluid 

technology. Once again a sound track that has become associated with space has been used. 

Using ZBrush’s ability to paint a photograph directly onto modeled geometry produces a photo-realistic 

surface on a high resolution model that can be integrated into live footage photographs or video and the 

resulting digital imagery manipulated in Maya to produce novel imagery. 
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Animation 12: Carnivorous Magnolia 

Conclusions 

This research shows that hyper-realistic cinematic scientific visualization can be produced using current 

digital technology but it requires very sophisticated software with long learning curves and the use of 

powerful computers. 

The literature review indicated the importance of the hyper-realistic style and provided a basis for 

understanding its development and attractiveness. This importance influenced the line of research 
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directing it into an analysis of this style and its use of novelty and spectacle. These became key concepts 

in the production process. 

The methodology based on the principles of contrast and affinity was explored and found to be useful 

following the creative stage. It functioned to provide a framework to approach the creative concept from 

different angles and in doing so could initiate creative considerations. The use of intensity charts 

functioned well as a design tool providing a visual overview of the structure of the piece. Once 

established this visual could be referred back to when considering whether or not a sequence was 

producing the required level of interest. For example in the Jet Stream sequence the shockwave at the 

beginning was added afterwards when it was observed that the beginning of the sequence started at too 

low an intensity level and did not grab initial interest. 

      Some problematic issues arose in the production phase of this research. The nature of 3D  

animation requires enormous amounts of time to be spent to produce a very small length 

of high resolution product. The initial goal of applying the hyper-realistic style to produce a cinematic 

visualization for the KODE website showing the entire bio-film process was seen to be untenable within 

the time and processing limitations, instead the model of the postmodern teaser trailer was seen as a 

useful format allowing much more experimentation in applying the hyper-realistic style to several shorter 

productions. 

Other problems arose in applying fluid dynamic using RealFlow and Bifrost. These two fluid dynamic 

software were to be compared for their application to develop liquid imagery. This was seen to be an 

important form of imagery for this project as the nature of bio-film is liquid; however both programs tested 

the limits of the computers processing power and could only be used sparingly as they slowed or often 

crashed the computer. The animated sequence ‘Jet Stream’ was created in RealFlow. The details of the 

surface and movement add enormously to the creation of a hyper-realistic image indicating that the extra 

processing power and learning required to use this software is well worth it. 

What I wanted to find out through this research was how to produce attention grabbing imagery of 
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scientific subjects. The research lead me to experiment with the hyper-realistic style and while the 

productions vary in their success at creating novel and enticing cinematic quality imagery in this style, as 

the production element of this exegesis they were successful. 

In an exegesis “your project is research” (Miles, 2014), it is the process of framing a problem to investigate 

and through the projects production process learning skills and acquiring knowledge; "you don’t only know 

more about it, but you understand it differently than you did before" (Miles, 2014). In the process of 

producing this exegesis I have developed more sophisticated skills in applying the relevant digital 

technologies, especially in the area of particle and fluid dynamics. I also developed a deeper 

understanding of an aesthetic particularly suited to creating imagery that attracts attention in a media 

saturated culture. 

Future studies would be needed to explore more practical software in the area of fluid dynamics, such as 

Houdini as well as exploring the application of this research into creating more interesting and attention 

grabbing web sites. In addition future research could examine how subjective perception might be 

tested  to determine if affinity and contrast are increasing intensity and eliciting interest.
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