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Apparent Movement in Motion Pictures
In the world of Harry Potter, one of the magical peculiarities readers are introduced to is that of living images.  Photographs and paintings move and talk for anyone who has the time to watch and listen (Rowling 1997).  In the real world, that is fantasy: we know in reality photographs are static, paintings don’t talk and moving images aren’t really moving at all.  That is, they are merely a series of sequential still images, projected at such a speed that somehow an illusion of a real, continuous moving image is created.  How this illusion comes about is not nearly as simple as many film scholars claim.  It seems that the technological method of creating the illusion of moving images came about long before we understood how or why the illusion worked.  The theory that developed to explain the phenomenon of apparent motion has been called the ‘persistence of vision,’ but perceptual psychologists put forward a different theory, claiming that virtually every other account to explain the phenomenon is wrong (Nichols & Lederman 1980, p96) and that ‘persistence of vision’ is nothing more than a myth (Anderson & Fisher 1978).  In this essay, I look at the different optical and psychological theories explaining apparent movement in motion pictures before contrasting apparent and real movement and exploring the implications of the issue today.  After all, ‘upon [the persistence of vision] rests the fortune of the entire motion-picture industry’ (Knight in Anderson & Fisher 1978).
The term ‘persistence of vision’ can be found in most explanations of apparent movement, but in itself is a very loosely defined term.  It essentially refers to after-images, that is, the retention of an image on the retina of the eye for a fraction of a second, claimed to be responsible for the illusion of motion in film (Ascher & Pincus 1999, p3).  This is an entirely optical definition, which ignores any interpretive role by the brain of the images.  Another definition of ‘persistence in vision’ is sometimes offered, claiming the images merge psychologically to maintain an illusion of motion (Monaco 1981, p73).  Although these two definitions do refer to a fusion of the images, they seem to over-simplify the question of how the fusion occurs.  It is inarguably clear that, for a high quality moving cinematic image, a fusion of the individual still images must occur at some point, otherwise, audiences would perceive the distinct images instead of a single motion picture.  There are, however, two different perceptive illusions taking place: firstly, the various still images are merged into one continuous moving image; secondly, the blank period between each frame is not perceived.  In this context, we can see the meaning of the title ‘Flicker and Motion in Film’(Nichols & Lederman 1980) the ‘flicker’ refers to the unseen blank periods on the screen and motion refers to the illusion of apparent motion.
It is perhaps clearer today to understand the two issues because there are many more technologies to screen moving images than before.  Cinema projectors required blank periods to allow the next frame to be moved into position for projection.  Originally, this was perceivable by the human eye, but later, projectors projected at higher speeds of twenty-four frames per second (effectively 48fps because each frame is projected twice by using a 2-blade shutter) and the ‘flicker’ became imperceptible by the human, whether optically or psychologically.  The advent of the Cathode Ray Tube (CRT) in Televisions and later in Personal Computer Monitors brought another way of displaying a moving image, but the reliance on the inability of humans to perceive ‘flicker’ remained, because of the way the image ‘scans’ the screen.  The latest display technologies, notably LCD televisions, projectors and TFT monitors, are different in that they do not have a blank period between each frame.  Essentially the image itself is persistently visible, so there is no need for persistence of vision to hide the blank periods, so systems without blanking periods also create the illusion of apparent motion. (Herbert nd)
This is not to say that the illusion associated with the blanking periods (flicker fusion) is not relevant to the discussion of apparent motion, despite claims of some that ‘it can hardly be considered important.’ (Herbert nd)  To overlook the fact that in the cinema we overlook forty-eight periods of nothing on the screen every second (24fps with a 2-blade shutter) and then try to understand how we can overlook small static changes, perceiving them as motion, must be a mistake.  Certainly flicker fusion fails to explain apparent movement in its totality not just because of the existence of non-blanking systems, but also because ‘[flicker] fusion occurs regardless of whether motion is perceived or not,’ (Nichols & Lederman 1980, p97) put simply: a continuous still image can be seen on the screen.  But surely it could point to a better understanding of the perceptions of the viewer, so should it really be dismissed so quickly?
Now I return to ‘persistence of vision,’ or, for more clarity, ‘after-images’ as a possible explanation of flicker fusion.  As has hopefully been shown, this theory can not sufficiently explain apparent motion and, ‘at best it names the fact we do not [perceive the flicker on the screen]’ (Hochberg 1987, p604).  The after-image theory proposes that our eyes retain the image on the retina for a sufficient time to cover over each period of darkness.  Essentially, the theory states that our eyes are unable to see the periods of darkness and the signals sent to our brain give absolutely no indication that any flickering is going on at all.  This kind of attitude brings to mind the technological determinist image of a passive viewer being injected with the images, taking no active role in perception or interpretation, but sitting brain-dead before the screen.  This should not be a reason for rejecting the theory.  Wanting to promote the idea of an active audience who interpret what they see is fair enough, but it should not overcome evidence on how our perception works, but this issue is explored later.  I only mention it now to be aware of other possible reasons for rejecting the after-image theory, which is precisely the direction in which this essay is about to proceed.
The theory of after-images to explain flicker-fusion is precisely the same as when ‘persistence of vision’ is used to explain apparent movement in the sense that it explains the illusion by the retention of the image on the retina.  Nichols and Lederman rather cautiously say that it is ‘very unlikely’ after-images contribute to flicker-fusion (1980, p99).  They are rightly cautious, because, in all sincerity, not enough is known surrounding this issue, but their argument is more solid than many other firmly asserted arguments in this field.  Looking at what has actually been tested and is known about after-images on the retina, they point out that the image does not occur until fifty milliseconds after the stimulating image is removed from vision.  This is simply too slow for cinema: in the this time interval not only will there be a blank period on the screen, but also another two or three still frames of the film will have been projected.  Although this could be successive, there would immediately be a perceivable blurring of the motion on the screen and there would be no such thing as a clean cut, because previous frames would keep flashing back in the viewers’ vision.  After-images are also fixed on the retina, so any rapid movement of the eye would completely blur the position of the perceived screen and from Yarbus’ work on tracking eye movement, we can see how our eyes rapidly build up pictures by searching for recognisable visual cues.  There is no valid reason to think that this eye movement should be any different for a moving image.
In his essay, Herbert explains the argument against flicker fusion from Nichols & Lederman, but jumps very quickly to a definitive answer, without the aid of explanation or evidence.  He declares that flicker-fusion occurs, ‘[q]uite simply because [the blank periods] are dark periods of nothing, and are sufficiently short that they do not register in our brain.’ (Herbert nd) But this seems very short-sighted, especially given more recent understanding in this field.  And after all, why should a theory be so quickly be embraced, especially in the case of this illusion, where the prevalence of unfounded theory is treated as common knowledge?  What is certain then is just this: there are two distinct illusions, flicker-fusion and apparent motion.  We don’t know why they happen, but we do know that they do happen and how to make them happen.  In his book on film history, Parkinson recognises and points to these two illusions working together: ‘Flicker fusion prevents us from seeing the lines between each frame, while the phi phenomenon or stroboscopic effect […] provides a mental bridge between the frames to permit us to see a series of static images as a single continuous movement.’ (Parkinson 1995, p7)

It is with this in mind that the focus turns to the illusion of apparent movement specifically, or what has been termed by psychologist as the ‘stroboscopic effect,’ or the ‘phi phenomenon.’  Again, as with persistence of vision, there is a general confusion as to what these terms mean and their differences.  The Online Medical Dictionary defines ‘stroboscopic’ as: ‘the illusion of motion […] produced by visual images observed intermittently in rapid succession.’  This then serves as a general term to describe the illusion of apparent motion in the cinema, but then it is also linked to flicker fusion, because it refers to images being observed intermittently and so not appropriate for systems without blanking periods.  The term ‘phi phenomenon’ is perhaps the most appropriate term in this filmic context, because it refers to the specific type of perceived movement seen in the cinema, but it does not describe other types of apparent motion, for indeed, there is more than one.
The three primary stages of apparent motion, isolated by Wertheimer and sighted in Anderson & Anderson (1993) are beta movement, partial movement and phi movement.  Beta movement happens where movement is entirely seen, but it is perceived to have taken place.  In its simplest form, if two lights are switched on and off with the correct timings and distance, a ‘jump’ can be perceived, that is, we look at the light as if it is the same light having moved from one place to another, but we don’t see the movement itself take place. (Rock 1995, p194-195)  Partial movement refers to the perceived movement of objects that are seen to move a short distance.  Phi movement is termed as objectless or pure motion.  This means that it goes beyond the isolated singular or multiple objects of a psychological experiment and appears as pure motion, almost as if it is real motion we are seeing.
In a completely unrelated book, Higgins makes an interesting statement about films: ‘Movies can reveal the truth twenty-four times per second’ (2003, p256).  This statement is obviously based on the frame-rate of a film (as he notes in his text).  But the way he words it almost suggests that the audience is watching a very fast slideshow and that each slide shows the truth.  But if he was aware of the phi phenomenon, maybe it would have been that instead of the image of a very fast slideshow, he could have said: ‘Movies can reveal the truth continuously.’  And so I introduce the final question of this essay: what if the illusion of apparent motion in motion pictures is actually so similar to what we see in reality, that visually we perceive it as real movement?
This brings the discussion to recent findings in the arena of perceptual psychology.  In research by Paul Kolers, two different systems are identified for processing motion information from our eyes: one for processing still objects and another for processing moving objects.  When we move around and what we see changes, but because we are moving, not because what we see is moving, our brains perceive it as motionless.  When something is actually moving we perceive it as moving and so process it differently from what is still.  To justify the separation of these two different types of motion perception in the real world, Anderson & Anderson examined a condition called akinetopsia, which is characterised by an inability to perceive objects in motion, while being perfectly capable of seeing still objects.  More interestingly than that, and with repercussions for the whole of the discussion in this essay, is the opposite form of imperception of which some people suffer, where what is still is not perceptible, but what is moving is.  People suffering from this condition can, however, see still images on a television screen (Anderson & Anderson 1993).  This is very strong evidence that points to understanding that we perceive apparent motion in the same way as we perceive real motion.

And so it seems that when we see motion pictures on the screen, we perceive them as entirely that, moving images.  Or more precisely a motion picture, because although we know that it is merely a sequence of static images, we visually perceive them as a single, real, moving image. This of course reflects on the role of the audience and the image of the passive viewer.  Now the viewer has become active in the way the image is ‘seen:’ not merely just seen by the eye, but processed, understood and interpreted by the mind.  In the real world we seek meaning in what we see: in signs and symbols and trying to comprehend the dangers and wonders of the world around us.  In the same way then, we are actively seeking meanings in the moving image, trying to understand what it is showing and also, unlike the real world, finding meaning in how the image has been purposefully and restrictively shown to us in the specific techniques of film and programme making.  How we can see what is truly real in a small window that only shows someone’s personal vision of what is real.
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