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 Shaping Edits, 
Creating Fractals
A Cinematic Case Study
James E. Cutting and Karen Pearlman

Abstract: We investigated physical changes over three versions in the pro-
duction of the short historical drama, Woman with an Editing Bench (2016, 
The Physical TV Company). Pearlman, the fi lm’s director and editor, had also 
written about the work that editors do to create rhythms in fi lm (Pearlman 
2016), and, through the use of computational techniques employed previously 
(Cutting et al. 2018), we found that those descriptions of the editing process 
had parallels in the physical changes of the fi lm as it progressed from its fi rst 
assembled form, through a fi ne cut, to the released fi lm. Basically, the rhythms 
of the released fi lm are not unlike the rhythms of heartbeats, breathing, and 
footfalls—they share the property of “fractality.” That is, as Pearlman shaped a 
story and its emotional dynamics over successive revisions, she also (without 
consciously intending to do so) fashioned several dimensions of the fi lm—
shot duration, motion, luminance, chroma, and clutter—so as to make them 
more fractal.
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The authors of this article came together to exploit a felicitous opportunity. 
Karen Pearlman is a fi lmmaker and, among many other things, has produced, 
directed, and edited a short historical drama, Woman with an Editing Bench 
(2016). Example frames are shown in Figure 1. Pearlman (2016) has also written 
about how editors shape the rhythm of fi lms. James Cutting is a psycholo-
gist and cognitive scientist who, with his students, has empirically analyzed 
hundreds of popular fi lms and written about how the temporal fl uctuations 
of shot structure, motion, luminance, clutter, sound, and other dimensions 
are distributed in those movies. He has also investigated how those patterns 
have changed, or not, over the last century (Cutting 2016a, 2016b; Cutting et 
al. 2010, 2018). The current opportunity arose when Cutting asked Pearlman 
whether he might analyze her fi lm and, more importantly, analyze some pre-
vious “drafts” of that fi lm.

This article analyzes several material elements of fi lm that, although not 
consciously so designed, became patterned in a particular mathematical way 
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Figure 1. Stills taken 
from Woman with 
an Editing Bench 
(2016, The Physical 
TV Company) show-
ing Elizaveta Svilova 
(Leeanna Walsman) 
at work.

as a consequence of Pearlman’s construction of the rhythms of story, emo-
tion, image, and sound. It asks fi rst: do the rhythms of the surface materi-
als from which moving images are made in any way mirror the rhythms of 
human physiology? Understanding that for an editor and an audience the 
experience of cinematic rhythm arises from the shaping of the movement 
of events, emotions, images, and sounds, it asks second: is there a material 
rhythm that mirrors or reiterates in some way the creation of the cinematic 
rhythm? In other words, could it be that the patterns of events, emotions, 
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Could it be that the patterns of events, 
emotions, and images correlate 
with the patterns in the physical 
material of a composed fi lm—its shot 
durations, motion, luminance, clutter, 
and sound amplitude?

and images correlate with the patterns in the 
physical material of a composed fi lm—its shot 
durations, motion, luminance, clutter, and sound 
amplitude? This article tests not simply whether 
this is the case in a fi nished fi lm, but whether, in 
the process of shaping the fi lm’s logic, the editor 
also unconsciously moved toward fractal struc-
tures in these material elements as she cut suc-
cessive drafts. Before delving into the specifi cs of the analysis, however, let us 
fi rst consider the dynamics underlying the goals of making a fi lm.

Rhythm and Related Concepts
There are several words used in the arts, sciences, and common parlance that 
concern progression in time. Among these are “rhythm,” “pulse,” “timing,” and 
“pacing.” All are pertinent to fi lmmaking. Defi nitions of rhythm are diverse 
across various artistic disciplines and have been the subject of discussion 
among fi lmmakers and the subject of theorizing among fi lm scholars since 
early on in the history of fi lm—see, for example, Griffi th (1926) and Münster-
berg (1916). And rhythm is central to discussions of editing in the Soviet mon-
tage era—see Eisenstein (1949), Vertov (1984), and Shub (Kostina and Dyshluk 
2016). Rhythm continues, throughout the twentieth and twenty-fi rst centuries, 
to excite much discussion in the philosophy of fi lm (see, for example, Deleuze 
1989; Merleau-Ponty 1964; Mitry 1990; and Sobchack 1994, 2008). Among fi lm-
makers, it is often discussed as a matter of “intuition” (see, for example, Old-
ham 1992, 2012, and her interviews with fi lm editors), whereas neo-formalists 
and those in the digital humanities may seek to defi ne and measure its partic-
ular, observable properties (see Salt 2009).1

This article does not aim to add to defi nitions or discussions of rhythm 
in fi lm in a general sense. Rather, it will selectively work with some empiri-
cally observable properties of a particular fi lm. The main question concerns 
whether these properties become identifi able patterns even though the edi-
tor, by her own admission, is working not on them but on aspects that may be 
called “intuitive,” such as story rhythms and emotional rhythms.

One property that most defi nitions of rhythm include is the notion of pat-
terned movement over time. This movement may be empirically measurable, 
such as when it is physical/physiological, molecular/biological, visual, and 
aural. However, it may also be conceptual, verbal/written, and even in some 
cases what might be considered spiritual or metaphysical (see Henriques et 
al. 2014). In the case of measurable properties, the pattern of movement over 
time may be regular or irregular, occurring in nature or consciously or intui-
tively devised. Something changing over time—for example, pixels—will have 
an observable pattern and may also be combined perceptually with the pat-
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terns of many other material elements, such as sound amplitude and lumi-
nance, to create the impression of rhythm.

One element of a rhythm is often called the pulse. We will not, however, 
consider the “pulse” of story or emotional movement. Instead, we will consider 
pulse as a repeating series of short-duration events measured across points in 
time (Winold 1975). The other element on which we will focus is pace. When 
discussing editors’ tools for shaping rhythm, the word pacing “is used to refer 
to three distinct operations: the rate of cutting, the rate or concentration of 
movement or change in shots and sequences, and the rate of movement of 
events over the course of the whole fi lm” (Pearlman 2009: 47). In this context, 
the last of these operations will be the most important one.

Measuring Variations in Rhythm
Enough Time and Enough Data
Along with this collection of ideas about progressions in time, two other ideas 
are worth considering in more detail. The easier issue concerns Pearlman’s 
“rate of movement of events over the course of the whole fi lm” (our empha-
sis here). This is important because, to measure with reasonable accuracy the 
fl uctuating patterns that we are interested in, we need quite a lot of data. 
What this means is that, regardless of how interesting it might be to measure 
pace in a particular scene or some other fragment of fi lm—an idea present in 
the literature at least since D. W. Griffi th (1926)2—there are really not enough 
data points to do that in a statistically meaningful fashion. However, whole 
fi lms of suffi cient length afford an analysis of the shape of a rhythm and allow 
the capture of that shape in a single numerical value.

It may seem bizarre to convert the measures of a whole fi lm into a string 
of numbers and then reduce that string to a single number, but we believe 
that it is worthwhile doing this. We hope that it seems somewhat less odd to 
convert, for example, a suitably lengthy pattern of heartbeats or some other 
physiological measure into a single number. Thus, there is no particular reason 
why the same procedure could not be done for a given dimension of a movie, 
as long as one realizes that one is temporarily leaving content and emotional 
impact behind and stripping the fi lm down for analysis to the temporal cor-
relates of those features.

In the context of this meeting of fi lmmaker and cognitive scientist, it is this 
“temporarily leaving content and emotional impact behind” that gives rise to 
a key question. Content and emotional impact are generally central to fi lm-
theoretic analysis and are certainly central to most fi lmmakers’ intentions. 
Few fi lmmakers would gladly entertain the reduction of fi lm data to a number. 
So, is it possible that, when cutting to refi ne the unique and impossible-to-
scientifi cally-measure content and emotional impact of a fi lm, the editor also, 
without conscious awareness of doing so, shapes the scientifi cally measurable 
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[T]he deviations from perfectly 
regular pulses in heartbeats, breaths, 
and footfalls all have the same 
general property. They are all fractal. 
Indeed, health itself appears to 
depend on fractal variation.

data into a pattern that can be reduced to a number? Cautiously, we say “yes.” 
Our rationale here is that across various academic disciplines this question is 
not as unusual as it may fi rst appear. For example, certain results in linguistics 
and psychology over the last seventy years suggest that one can indeed fi nd 
relations between underlying meaning and surface form (e.g., Christiansen 
and Chater 2008; Cutting 2019).

Rhythmic Variation
The second issue concerns measuring variations in rhythmic pulse. Pulse is 
not a metronomic beat, not even in music. Indeed, Levitin and colleagues 
(2012) showed specifi c deviations from even beats in the within-composition 
rhythms of composers from J. S. Bach to Scott Joplin. Similarly, Rankin and 
Large (2009) found them in piano performances of works by Bach, Beethoven, 
Chopin, and Gershwin. This latter variation is important here because music 
performance involves body movement, which is a foundation for rhythm. But 
such variations are not just found in music. They are found, quite literally, in 
people.

Three pulses dominate human physiology—the beats of our heart, the 
breaths of our lungs, and the fall of our feet. These are all considered bases of 
rhythm in the temporal arts—poetry, music, dance, and fi lm.3 These rhythms 
also have somewhat different scales. Adult resting heartbeats are typically 
between fi fty and one hundred per minute; respiratory rates are between 
twelve and eighteen per minute; and footfalls vary with one’s goals but have 
a typical range between about forty and one hundred and twenty steps per 
minute. In other words, heartbeats and steps have a mean of around one per 
second, and breaths of about one every four seconds. Although we would not 
claim any direct causal connection, it may not be entirely coincidental that 
shot durations in contemporary movies overlap with these scales. Discernable 
shots in movies have a lower-range limit of about half a second, which is in the 
upper-normal range of heartrates and footfalls; and shots in contemporary 
popular movies have a mean duration of about four seconds (Cutting et al. 
2011; Salt 2009), which is about the mean adult respiratory rate.

More importantly for us, we also know that these human rhythms are not 
completely regular. Indeed, evenly spaced heartbeats (Goldberger et al. 2002) 
and breaths (Hoop et al. 1996) are symptoms of 
disease, and evenness of gait is a prediction for an 
upcoming fall (Hausdorff 2007). As it turns out, the 
deviations from perfectly regular pulses in heart-
beats, breaths, and footfalls all have the same gen-
eral property. They are all fractal. Indeed, health 
itself appears to depend on fractal variation (Van 
Orden 2007).



6  /  P R O J E C T I O N S

Temporal fractal patterning seems 
to arise when different mechanisms 
at different scales (some large, 
some small, some in between) 
both cooperate and compete in 
the production of outcomes.

What Are Fractals?
The word fractal is a neologism. It was devised by the mathematician Benoit 
Mandelbrot (1983) and is related to fractus (Latin for “broken”). It is also a short-
ening of the term “fractional” from the phrase “fractional dimension.” Counter-
intuitively, Mandelbrot created a conceptual continuity of spatial dimensions 
moving across the three-dimensionality of a solid, to the two-dimensionality 
of a plane, to the one-dimensionality of a line, and to the zero-dimensional-
ity of a point. This conceptualization can occur because of the property called 
self-similarity. Small sections of an object can look like larger sections in the 
way that a twig looks like a branch looks like a limb looks like the whole tree. 
A tree can be said to be volume-fi lling, and the dense crown of a pine tree 
(including its needles) has been measured to have a fractional dimension of 
about 2.5 (Zeide and Pfeiffer 1991), which is halfway between a plane and a 
solid. Mountains have stones upon rocks upon outcroppings upon ridges upon 
massifs that all tend to look somewhat alike. It happens that the most rug-
ged mountains on earth tend to have a fractal dimension near 2.15 (Mandel-
brot 1983), erupting from a two-dimensional plane into the third dimension 
toward the sky. But such mountains, unlike pines with their needles, only go 
a small way toward fi lling up three-dimensional space. Thus, their fractal di-
mension is much closer to 2.0 than to 3.0.

No one really knows why fractals are so commonplace. They arise with com-
plexity. Outside of human physiology, they can be found in the measurement 
of coastlines, the fl uctuations in stock markets, the variations in the height 
of tides, and so forth (Mandelbrot 1983; Newman 2005; West 2017). Fractals 
are so common that fractality might be considered the default hypothesis for 
naturally or socially occurring complex structures.

Moreover, fractals are not just patterns in space. Fractals can also occur 
across time. Their existence is gleaned from the measurement of what is 
called a time series—an array (or list) of numbers taken as measures over time. 
There is some evidence that our neural systems prefer temporal fractal stimuli 
(Yu et al. 2005), yielding stronger responses than to other time-varying stim-
uli, and there is stronger evidence that the fl uctuations of our attention are 
fractal over time (Gilden 2001, 2009; Gilden et al. 1995), ebbing and fl owing in 
complex, irregular patterns.

Temporal fractal patterning seems to arise when 
different mechanisms at different scales (some large, 
some small, some in between) both cooperate and 
compete in the production of outcomes (Van Orden 
2007). This is an idea that we fi nd useful in this con-
text. In music, this seems to be allied with the fre-
quent descriptions of alternating predictability, or 
expectation (a kind of cooperation between the fu-
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ture and the patterns of the present and the recent past) and surprise (a kind of 
competition between the patterns of the present and those of the recent past).

This cooperation and competition of the present and future with patterns 
of the past is understood somewhat more colloquially by fi lmmakers. It is the 
process of shaping a screen story where alternating predictability and sur-
prise is explicitly and implicitly embedded in the practices of writing, direct-
ing, shooting, and editing narrative drama. The images and sounds that carry 
and express these patterns of “cooperation and competition” are, of course, 
made up of materially measurable entities such as pixels and decibels. How-
ever, barring technical anomalies, these rarely enter into the editor’s consid-
erations when designing the audience experience of narrative and narration. 
Thus, for us the question arises: in the case of Woman with an Editing Bench, 
do we see—through successive attempts to design a coherent and compelling 
experience of patterned and varied events, emotions, images, and sounds—a 
corresponding patterning of the material that carries them?

In the temporal domain, we are only dealing with one dimension—a string 
of numbers. However, these numbers can also have patterns that “fold over” 
and repeat within themselves, and thus would have self-similarity. The degree 
to which they repeat at different scales increases their fractal dimension. This 
self-similarity can be measured by techniques of autocorrelation and Fourier 
analysis. Somewhat magically, the latter guarantees that any waveform (se-
ries of numbers) can be decomposed into sine waves (smoothly undulating 
patterns) of different frequencies, amplitudes, and phases. Think of these as 
potential component rhythms—larger and smaller, sometimes in concert and 
sometimes in competition. Skipping over technicalities, some feeling for the 
structure of temporal fractals and their underlying sine-wave components 
can be gleaned from Figure 2.

Figure 2. The upper panel shows a 
collection of different sine waves 
that could, when added together, 
represent a fractal pattern in time. 
It shows the (self-) similarity of the 
components that would make up a 
more complex, fractal (pink noise) 
signal. The bottom panels show 
three exemplars of these types 
of noises. White, pink, and brown 
noises can have an indefi nitely 
large number of particular patterns. 
Alpha (α) values represent the expo-
nents from power analyses of these 
patterns (1/f α)), creating a contin-
uum of numbers between one and 
two that will be useful here.
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White, Pink, and Brown Noise
The term noise in this context comes from engineering. Noise is typically dis-
cussed as the background of a transmitted signal. That background can be 
shaped in different ways, sometimes as a high-frequency hiss and sometimes 
as a low-frequency rumble. But that noise can also be studied for its own sake. 
Here, we will be interested in three kinds of noise signals—white, pink, and 
brown.

The upper panel of Figure 2 shows a series of overlapping sine waves. Ig-
nore their apparent depth and consider them to be lying on a fl at plane. Notice 
that all the sine waves are similar but differ in size. In particular, the height of 
the waves and their length (the distance between their peaks) are in a con-
stant ratio—some waves are big, some small, but they are all the same shape. 
To get a temporal fractal pattern, one could simply add all of these waves 
together across each vertical slice of the image. The result might look some-
thing like the pattern in the lower panel immediately below it. It is called pink 
noise.

Pink noise contrasts with the two other noises on either side. The one to 
the left is called white noise; the one to the right is called brown noise. To-
gether, these three are odd terms. The idea of white noise comes from white 
light, much like that from an incandescent light bulb, which has roughly equal 
energy throughout the visible spectrum. The idea behind brown noise is not 
about color but comes from Brownian motion (sometimes called a random 
walk, or a drunkard’s walk). Pink noise is “in between,” and the term comes 
from the appearance of a pale, reddish light spectrum shaped halfway be-
tween those of white and brown noise.4

The differences among these noises turn on how much the current value in 
the temporal string of numbers depends on its previous value. In white noise, 
the current value is completely independent of the previous value—indeed, all 
previous values—and all subsequent ones. In brown noise, the current value 
is extremely dependent on the previous value and strongly controls the sub-
sequent one.5 Every value in this type of series is randomly predicted around 
the previous value, which then serves as the baseline for the next. But in pink 
noise, the current value is dependent on the collection of many previous val-
ues, not an individual one, and it and its previous cohort have infl uence on 
(but not control over) many subsequent values. Because they extend over 
time, such dependencies are called long-range; they assure that there will be 
a rhythm in the sequence that persists for some period of time, but it will not 
be identical at all times.

These three noises can be placed on a numerical continuum based on the 
value of the exponent (alpha, or α) of its power spectrum, as in 1/fα. The f stands 
for frequency, and 1/f is the same thing as wavelength (the distance between 
sinusoidal peaks). The expression 1/f 1 for a power spectrum is a way of stating 
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that all the component waves of a complex signal have the same proportional 
measurement of height (in this case power) to length (or wavelength). Thus, 
they all have the same shape, as in the upper panel of Figure 2. Exponents 
less than 1.0 mean that the smaller waves, while maintaining their wave-
lengths, get relatively “higher” (or “peakier”). Exponents greater than 1.0 mean 
that smaller waves maintain their lengths, but they get relatively “lower” (or 
“fl atter”). Importantly, in this context only pink noise (1/f 1) is a true fractal, but 
more broadly all nonordinal dimensions (e.g., 1/f 0.7 and 1/f 1.6) are fractional. The 
tendency of an array of numbers toward being fractal is the focus here.

The power spectrum for a particular waveform can be derived through 
Fourier analysis, reversing the sequence discussed for Figure 2 and going from 
pink noise to something like the various sine waves in the panel above it. It 
is also important to note that the measurement of the complexity of these 
noises is inexact. That is, each measurement is surrounded by a statistical 
margin of error.6 Thus, for us in this context, white noises occupy a band of 
measured numerical values around zero in 1/f 0; pink noises fi ll a band around 
the value of the exponent 1 in 1/f 1; and brown noises are banded around a 
value of 2 in 1/f 2. Such noises can also have values below zero and above two, 
but those need not concern us here.

Again, the patterns of heartbeats, breaths, and footsteps—our most nat-
ural and health-related pulses—are roughly fractal (alpha ~ 1.0). It is not an 
exaggeration to say that we live and breathe these patterns. Since temporal 
patterns in the arts are often linked to these three rhythms, we might expect 
fractal patterns to occur elsewhere among human products—not only in 
speech and music but perhaps even in movies. Indeed, Cutting and colleagues 
(2018) found that over the last sixty years and longer, popular movies have 
increasingly approximated fractal patterns in several dimensions—shot du-
rations, scene durations, motion, and sound amplitude. Again, the purpose 
of this investigation is to see whether such patterns exist in Woman with an 
Editing Bench and, more importantly, to determine whether they developed 
over the various drafts in editing that fi lm.

Fractals and Three Versions of Woman with an Editing Bench
Woman with an Editing Bench—hereafter WWAEB—is a fi fteen-minute histor-
ical drama about Elizaveta Svilova. Svilova was the wife of, and editor for, Dziga 
Vertov (Ukrainian roughly for “spinning top” and the adopted name of David 
Kaufman). Together and separately, they produced fi lms from the mid-1920s 
through the 1940s, although they fell out of favor with the Soviet government 
in the early 1930s, which caused substantial diffi culties for them in getting 
their work produced. Among the fi lms that they created together is Man with 
a Movie Camera (1929)—hereafter MWAMC—which the contributors to Sight 
and Sound, the international fi lm magazine, voted as the number one docu-
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mentary of all time.7 Vertov has been justly celebrated for MWAMC, but Svi-
lova, who literally made the fi lm, has received much less notice. One purpose 
of WWAEB is to raise awareness of Svilova’s contributions to fi lmmaking.

There are several striking aspects of WWAEB for the purpose of this anal-
ysis. First, it includes many very short (one- and two-frame) shots. Indeed, the 
mean shot duration for the whole fi lm is only 1.5 seconds, well below the 4 
seconds of contemporary popular movies (Cutting et al. 2011; Salt 2009).8 Sec-
ond, it interleaves generally longer and more narrative shots that are in color 
(mean = 2.7 seconds, median = 1.81 seconds) with generally shorter and more 
subjective shots in black-and-white (mean = 0.6 seconds, median = 0.08 sec-
onds). We will call the distinction between color and black-and-white shots by 
its technical name—chroma.

Methods
For this project, we analyzed the shots of three versions of WWAEB, which we 
will generally discuss in the order of their creation—the “assembly” version 
(Assembly; the fi rst version of the fi lm, in which the rough-edited parts are 
assembled into their tentative order), the last of the “fi ne cut” versions (Fine 
Cut; the fi lm before the fi nishing touches are put in place); and the Released 
Film. Assembly has opening text superimposed on live-action shots, Fine Cut 
has no text or credits, and the Released Film has an opening written prologue, 
a written epilogue, and closing credits all as white-on-black title shots. Follow-
ing earlier procedures (Cutting et al. 2010, 2018), in our analyses we retained 
the shots with written text overlaid on live action in Assembly, but trimmed 
off the written prologue, epilogue, and credits from the Released Film because 
they did not include live action. The resulting three versions had 607, 499, 
and 563 shots and mean shot durations of 1.79, 1.61 and 1.50 seconds per shot, 
respectively.9

A problem immediately arose as to how to deal with the “fl icker” se-
quences. These average 0.06 seconds per shot.10 Because WWAEB was partly 
modeled on MWAMC, these are signature sequences of rapidly crosscutting 
shots of only one and two frames each—a technique that Svilova pioneered 
and perfected. In the Released Film, for example, there are thirty-nine pairs of 
black-and-white images of an old typewriter shot from above as its keybars 
move toward the platen (one, two, or three frames each) and a character (Ver-
tov) pivoting while carrying a camera and tripod (one frame each). An exam-
ple pair from WWAEB is shown in Figure 3; it is modeled on similar pairs seen 
in MWAMC. After a color shot of the Svilova character, there follow fi fty-four 
black-and-white pairs of sifted and falling fl our (one or two frames) and Vertov 
turning in a hat (one frame). These sequences have different content in Fine 
Cut (bakery scenes and Vertov looking around) and in Assembly (a variety of 
pairings that test out the context and impact of the technique).



Figure 3. Stills from 
Woman with an 
Editing Bench (2016, 
The Physical TV Com-
pany) in the “fl icker” 
sequence, which 
show single frames 
of Dziga Vertov 
(Richard James Allen) 
rapidly alternating 
with two frames of 
the moving keybars 
of a typewriter.

Across the three versions, the fl icker sequences are also of different dura-
tions—20.3 seconds in Assembly, 8.7 seconds in Fine Cut, and 4.2 and 4.5 sec-
onds in the Released Film. Because there are 327, 184, and 186 of these short 
shots in the three movies, respectively, and because the movies only have 281, 
315, and 377 other shots, respectively, any shot-by-shot analysis would be un-
duly dominated by these sequences, which comprise 54%, 37%, and 33% of all 
shots, respectively, across the three versions (Assembly, Fine Cut, and Released 
Film), but comprise only 1.8%, 1.2%, and 1.2% of their duration.

Instead, then, we decided to treat these sequences as single shots.11 Indeed, 
given visual persistence and given the general spatial nonoverlap of their con-
tent within the frame, they give the impression of a unifi ed visual overlay of 
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Figure 4. Waveforms of six dimensions of the Released Film. 
The asterisks near the ends of the shot duration and motion 
waveforms denote the longer of the composite “shots” con-
taining the fl icker sequence. The term chroma distinguishes 
color from black-and-white.

two events accompanied by a roughly 8 Hz fl icker (twenty-fi ve frames/second 
divided by three frames in the repetition pattern).12 Since the longest dura-
tion shots in the three versions of the fi lm are 62.8, 24.5, and 16.9 seconds, re-
spectively, treating these aggregations as a single shot does not by any means 
make them the longest shots of their respective fi lm versions. After consoli-
dating the fl icker sequences into single shots resulting mean shot durations 
in the three versions of the fi lm are 3.85, 2.55, and 2.14 seconds.

With this modifi cation, we downsampled the fi lms so that each frame was 
256 by 256 pixels in size (Cutting et al. 2010, 2018), and we measured six values 
in each of the three versions of the fi lm: (a) the duration of each shot, (b) the 
amount of motion (correlating pixels in adjacent frames) in each shot, (c) the 
mean luminance within each shot (fi nding the median eight-bit value of each 
frame and then averaging frames within a shot), (d) the chroma of each shot 
(a binary code for whether each shot was in color [1] or in black-and-white 
[0]), and (e) the clutter within each shot (using an edge-fi nding algorithm to 

detect objects and textures; Cutting and Arm-
strong 2016; and see Cutting et al. 2018 for the 
general technique). Since sound patterns do 
not follow shot boundaries, we divided each 
fi lm into uniform time-duration bins that were 
equal to its number of shots and calculated (f), 
the sound amplitude within those bins.

This process yielded six arrays of numbers, 
or vectors, for each version. Their raw patterns 
in the Released Film are shown in Figure 4. The 
vector patterns of all three versions were then 
analyzed using an Exact Local Whittle Estima-
tor (see Cutting et al. 2018 for details). Whittle 
values, named after a New Zealand–Finnish 
statistician, have been shown to be the most 
stable estimates of fractional dimension in 
measuring a time series (Stadnitski 2012). Us-
ing values from simulations in Cutting and 
colleagues (2018, Study 3), these were then con-
verted back to fractional values between zero 
and two.

Results and Discussion
Among our results, we found that the black-
and-white sequences had somewhat more 
motion in them than the color sequences, and 
that shorter shots had somewhat more motion 



S H A P I N G  E D I T S ,  C R E A T I N G  F R A C T A L S  /  1 3

in general (a result found in contemporary popular movies; Cutting et al. 2011). 
But more importantly, it should be obvious from Figure 4 that the waveforms 
of shot duration, motion, luminance, chroma, clutter, and sound amplitude 
in the Released Film are not closely related. Indeed, the average correlation 
among the fi fteen possible pairs of these measurements is near zero (r = .04). 
Overall, then, the general lack of correspondence among these measures de-
notes that each vector is substantially different from all the others and, by 
inference, that the fl uctuation patterns (or rhythms) that run through them 
are all different. Thus, the Released Film has many independent, simultaneous 
patterns.13

The fractal-like results are shown in Figure 5, with data arrayed between 
the values of white, or random, noise (alpha = 0.0); pink, or fractal, noise (alpha 
= 1.0); and brown noise (alpha = 2.0). The darker regions around these values 
can be taken as refl ecting potential measurement error. Again, each result is 
necessarily a bit inexact; that’s just the nature of measurement and statis-
tics. Thus, anything falling within each band could be taken as being “close 
enough” to, and indistinguishable from, the whole number values represent-
ing the noises. Alternatively, the dots representing the measurements should 
be taken as estimates, which might go up or down by the width of the darker 
regions.

Figure 5. Six dimensions across the three versions of WWAEB plotted as a function of their frac-
tional measure, with 0.0 and the gray region around it corresponding to white noise (or random 
variation), 1.0 and the gray region around it corresponding to pink (or fractal) noise, and 2.0 and 
the region around it corresponding to brown (random walk) noise. The width of the gray regions is 
two standard deviations of 1000 simulations of fractional patterns (see Cutting et al. 2018, Study 3). 
Again, chroma is the term used for the categorical difference between the black-and-white versus 
color shots in the fi lm. Technically, in this context, fractal patterns have values of 1.0, and fractional 
patterns can have a range of values between 0.0 and 2.0.
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That said, consider the results in the order that they appear in Figure 5. 
The fi rst set of patterns concerns shot duration. Across the three versions—
Assembly to Fine Cut to the Released Film—we fi nd little difference between 
the fi rst two, and we fi nd that both are near white noise, whereas the Released 
Film evolved to more than halfway toward a fractal. Thus, the fractional value 
of the shot-duration pattern changed markedly between the last two versions. 
Tentatively, we assume that the goals of fi lmmaking as manifest between Fine 
Cut and the Released Film, polishing the fi nal form, are refl ected in the move-
ment of the shot-duration results toward pink noise.

The second set of patterns concerns motion and change, as measured 
by the correlation of pixels across adjacent frames within, but not between, 
shots. Here, the pattern starts near white noise in Assembly. The progression 
toward Fine Cut takes the motion patterns into the fractal domain, and the 
tuning that occurred in the Released Film only modestly changed this. But, 
in terms of the concepts of cooperation and competition mentioned above, 
it could be that the perceived needs in other dimensions (like shot duration) 
worked to lessen the fractality of motion. The result could be thought of as 
a compromise—that is, hypothetically and outside of her consciousness, the 
editor may have been working toward a particular rhythmic pattern in shot 
durations (where the goal happens to coincide with being fractal), but this 
may simultaneously constrain the pattern of motion measurements (which 
then may happen to become slightly less fractal).

The values of luminance were calculated by fi nding the median eight-bit 
value (zero to 255 representing the brightness of each pixel) within a frame 
and the average value across all frames within a shot. The luminance pattern 
starts nearer brown noise in Assembly and then settles within the fractal 
range in the next two versions.

Chroma is refl ected in a simple, binary coding of the shots as to whether 
they were in color or in black-and-white. In other words, the input vector is 
nothing but a series of ones and zeros. The patterns across the three versions 
(the fl uctuations of color versus black-and-white), like luminance, also start 
closer to brown noise than to pink noise, but then settle within a fractal do-
main for the fi nal two versions. The importance of this analysis is that, un-
like most other aspects being measured, the chroma was being consciously 
manipulated. It functions as a device in the fi lm to create the effects of the 
objective/in-the-story world (which are in color) against the subjective/in-
the-character’s-mind states (which are in black-and-white).

Clutter is next. The physical measure of clutter is the number of pixel con-
trasts that represent edges in each frame, with small and smooth changes 
being ignored. Our assumption is that edges represent people, objects, and 
textures and that these things may fi ll up (clutter) the image. The progression 
across the three versions proceeds from near white noise to centrality in the 
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fractal domain. We initially thought that this could be a secondary effect of 
luminance and chroma. That is, given enough difference in luminance, darker 
images will necessarily have fewer distinct edges and thus have less clutter. 
However, across shots in the Released Film the luminance differences between 
the color and black-and-white shots is not large and the shot-by-shot correla-
tion between clutter and luminance is almost zero. Thus, we suggest that our 
measure of clutter is independent and is a correlate of what fi lmmakers call 
frame composition, which is the arrangement and fi lling of the frame of each 
shot—which can either be sparse or crowded. The stills shown in Figure 3 are 
examples of the lack of clutter.

Finally, we considered sound amplitude. In the fi rst two versions, the value 
of each pattern stays closer to pink noise than to white noise, and then in 
the released version it burgeons to the region between pink and brown noise. 
Many other sound changes occurred at this point—the adding of some dia-
logue, sound effects, and remixing. Part of these changes may be due to the 
fact that a bakery sequence in the middle of the fi lm has music of a generally 
greater amplitude than the rest of the fi lm, as can be discerned in the low-
er-right panel of Figure 4. This section is critical to the fi lm because it shows 
Svilova and Vertov immersed in onsite fi lming and the joy that they get from 
it. The result could again be considered as part and parcel of the cooperation 
and competition of the various aspects of fi lmmaking.

Conclusion
Most objects or events in the natural and social worlds are measurably either 
fractional or not, but they do not seem to change with time. We know of only 
three cases in which there is progression from near white or brown noise to 
near fractality (1/f 1). One case is here with WWAEB, where several dimensions 
of the movie progress toward being fractal over the course of making the fi lm. 
A second occurs with simple motor movement over training (Wijnants et al. 
2009), where a subject moves an arm between two targets. Expertise in the 
task brings fractality. And the third occurs over a much longer stretch of time 
in the development of several aspects of popular movies from the 1940s and 
earlier to 2015. Sustained cultural practice, in this case, has also brought frac-
tality to popular fi lmmaking (Cutting et al. 2018).

General Discussion
The purpose of this article is to bring together two quite different accounts of 
rhythm in fi lm, one that is intuitive from a fi lmmaker (Pearlman 2016) and one 
that is computational from a cognitive scientist who analyzes fi lm (Cutting 
et al. 2010, 2018). The unique opportunity here was to see whether, in the de-
velopment of her fi lm Woman with an Editing Bench, Pearlman’s statements 
about the goals and process of editing (Pearlman 2009, 2016) might have a 
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The linchpin of the analyses 
here is that pulses in fi lm, 
like those in heartbeats, 
breaths, and footsteps, are 
not metronomic. Instead, 
they vary—and they vary in 
ways that can be captured 
through fractal analysis.

correlative expression in the physical materials from which fi lms are com-
posed across the drafts of her fi lm.

Compromises, of course, needed to be made. Many broader aspects of 
Pearlman’s (2016) insights seemed diffi cult to implement numerically. There-
fore, the question was not “Did Pearlman shape the motion, luminance, etc., 
toward more fractal patterns over successive cuts?” Rather, it was “Did Pearl-
man’s crafting of the movement of events, emotions, images, and sounds to-
ward what she considered to be a more compelling audience experience have, 
as a consequence (intended or otherwise) the effect of making the measur-
able patterns in the fi lm’s material form more fractal?” And the answer ap-
pears to be that it did.

The linchpin of the analyses here is that pulses in fi lm, like those in heart-
beats, breaths, and footsteps, are not metronomic. Instead, they vary—and 

they vary in ways that can be captured through fractal analy-
sis. Basically, it seemed plausible to us that, since these phys-
iological variables are fractal, and since they are a bedrock for 
discussions of rhythm, the goal of producing rhythms in fi lms 
might result in crafting them to be fractal too. Previously, Cut-
ting and colleagues (2018) found a number of aspects of pop-
ular movies that have become increasingly fractal—namely, 
shot durations, scene durations, motion, and sound ampli-
tude. Nonetheless, fractal patterns in physiology are found in 
human bodies, so perhaps it is not surprising that the “bodies” 

(the material aspects) of narrative fi lms, which are created by humans with 
the intention of communicating a message to other humans, might share the 
same tendency toward fractality.

More importantly, we found several incremental, fractal-like results. That 
is, across three versions of Woman with an Editing Bench—the fi rst assembled 
version (Assembly), the fi ne cut version (Fine Cut), and the released version (Re-
leased Film)—there were progressions toward fractality. A rhythm that is frac-
tal was nearly achieved for shot-duration patterns between the second and 
third versions; for motion, it appeared between the fi rst and second versions 
only to be modifi ed somewhat in the last version, for luminance and clutter, 
it was gradually created across all three versions; and for sound amplitude, it 
was never quite attained. More globally, Assembly had one of six dimensions 
in the fractal domain, Fine Cut had two, and the Released Film had three.

Perhaps the most important physical aspect of this particular fi lm is the 
variation in chroma—the sequences that are in color (which carry the nar-
rative) versus those in black-and-white (which carry the thoughts and re-
fl ections of the protagonist, Elizaveta Svilova). Between the fi rst and second 
versions, the patterning of how the color and black-and-white sections inter-
leave became more fractal-like. This measure is of particular interest because 
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Measuring shot durations, motion, 
luminance, chroma, [and] clutter . . . 
across three versions of Woman with 
an Editing Bench, we found . . . an 
increasing fractality in these material 
elements as successive edits of the 
fi lm moved the story and emotional 
dynamics closer to the fi lmmaker’s 
intentions for the audience experience.

the change from color to black-and-white was explicitly crafted to be variation 
in the holistic pattern of character, narrative, and emotion. Thus, it functions 
as a measurable aspect of elements that are otherwise unmeasurable using 
scientifi c instruments.

Summary and Conclusion
Measuring shot durations, motion, luminance, chroma, clutter, and sound 
amplitude across three versions of Woman with an Editing Bench, we found 
that, with the exception of sound amplitude, the data suggests an increasing 
fractality in these material elements as successive edits of the fi lm moved the 
story and emotional dynamics closer to the fi lm-
maker’s intentions for the audience experience. 
We deem this important because the central hu-
man pulses of the heart, the lungs, and the feet 
share a fractal basis, and all the temporal arts 
have looked toward these rhythms as founda-
tional sources of inspiration.

These results raise further questions, but fi rst 
let us issue a cautionary note. There is a temp-
tation in the volatile and uncertain creative in-
dustries to look to science for formulas that can 
reduce risk of failure—in this case making a bad 
movie. However, fi lmmakers should beware: we have not asked, nor can we 
answer, whether increasing the fractality of shot durations, etc., will make 
your movie better. Fractals are a class of patterns, not a single pattern. It is 
easy to imagine that taking the exact fractal shot-duration pattern from one 
movie and applying it rigidly and uncritically to another movie would likely 
create a horrible, if not incomprehensible, fi lm. Moreover, one could not know 
whether the patterns of a given movie are fractal until after postproduction 
and editing, at which point it is too late. And furthermore, there appears to be 
no correlation between fractality and box-offi ce success (Cutting et al. 2010). 
The creation of fractals among the physical parameters of movies appears to 
be something akin to adding production value to a fi lm. It’s nice but not com-
pletely necessary to have.

Nonetheless, our results suggest that it would be interesting to ask 
whether the fractals that appear over the course of refi ning the editing have 
any effect on audience experience. It seems unlikely that audiences would re-
port being affected by the fractality, or otherwise, of these computationally 
measured elements. That said, however, edits are also rarely reported by audi-
ences as having infl uenced their affective experience, and yet we know that 
they do. The statements by Pearlman (2009, 2016, 2017) on shaping the edits 
of a fi lm are reasonably well matched by the changes in her fi lm, Woman with 
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an Editing Bench (2016, The Physical TV Company) across three of its versions 
as measured by the computational techniques employed by Cutting and col-
leagues (2010, 2018). Further, although fractality was not a goal in her editing 
process per se, she does work—as all editors do—with shot durations, motion, 
luminance, clutter, and sound amplitude as a means of shaping a fi lm’s fl ow 
so as to make it “feel right.” Could it be that the fractality of these computa-
tionally measurable elements plays a role in making something feel right? If 
so, that would be part of the audience experience, too.
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Notes
1 See also the work of multiple scholars that is accessible through the Cinemetrics web-

site: http://www.cinemetrics.lv.
2 See Mike Baxter and colleagues (2016) for a further analysis of Griffi th and of pace in 

movies.
3 Discussions of rhythm in poetry are often defi ned in terms of feet; singing, wind, and 

brass performances are structured by breath groups; and expressive dancing is also done in 
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consideration of breathing. And of course—although it is generalized to all manner of arts—
the fi rst defi nition of the term pulse in any dictionary refers to the heart.

4 Brown noise was originally called red noise because in a light spectrum the longer (red) 
wavelengths are emphasized. Thus, pink really is between red and white.

5 Since a given value is strongly determined by the previous, the previous is also strongly 
determined by the one before that, ad infi nitum; and since the subsequent one going for-
ward strongly constrains the one that follows it, ad infi nitum, the constraints run both for-
ward and backward in time for a long time.

6 The main reason for this inexactness is that the string of numbers is fi nite in length. 
The degree of inexactness is negatively correlated with the length of the string (Cutting et 
al. 2018, Study 3).

7 See http://www.bfi .org.uk/sight-sound-magazine/greatest-docs.
8 ASL (average shot length) is the general term for “mean shot duration” found in the 

literature (e.g., Bordwell 2006; Salt 2009). We fi nd this term confusing, since long shots are 
about cinematography (showing much of an environment) rather than about editing, and 
long-duration shots are called long takes.

9 Normally, time series under about 1000 shots would be too short for a fractal analy-
sis because of measurement noise. However, through the work of Thomas Karagiannis and 
colleagues (2002) and Tatjana Stadnitski (2012), Cutting and colleagues (2018) discovered a 
way to reduce this noise using the Whittle Estimator. Through simulations, they discovered 
that time series as short as 300 elements and less were suffi cient for determining their 
dimensionality.

10 Because of the fl icker sequences, we had originally decided to divide the fi lm into 
equal-duration bins, as done by Cutting (2016a, 2016b) for different reasons. This proved 
problematic because results were unstable. That is, small variations in the size of the bins 
created great variation in the measured fractal dimension of the results. This forced us to 
revert to the technique used by Cutting and colleagues (2010, see also Cutting et al. 2018) of 
making the measurements within shots.

11 Normally, the most appropriate analysis for this mixture of shot durations would be 
multifractal detrended fl uctuation analysis (e.g., Ihlen 2012; Kandelhardt et al. 2002), which, 
as the name implies, looks for fractals within fractals. However, there are too few elements 
in the released-fi lm sample (563) for a stable, statistical analysis (which needs more data 
than does a fractal analysis: 1000 samples or even a lot more; Ihlen 2012). Importantly, there 
is no shortcut through the use of the Whittle Estimator. We performed the analysis anyway 
and, unsurprisingly, found that the shot-duration pattern with the fl icker sequences is mul-
tifractal. However, the multifractal spectrum has its peak at 1.0, a Hurst exponent value only 
a bit higher than when the fl icker sequences are not included. Thus, no extra empirical or 
theoretical purchase is attained by including the individual fl icker shots in the shot vector or 
in employing multifractal detrended fl uctuation analysis.

12 The Released Film also exploits the slight difference in perceptual experience of fl icker 
versus an actual overlay in fi lm. The slightly more erratic but still unifi ed perception of the 
“fl our and Vertov in a hat” is followed by an actual overlay of Svilova and Vertov together 
under falling fl our. The frame-by-frame construction creates the impression of something 
that Svilova has created in her editing suite, whereas the composite could only exist in her 
mind.

13 We also performed extensive simulations showing that, after adding (or averaging) 
two or more 1/fα vectors with the same alpha value, the result is a vector with essentially 
the same alpha value as the inputs. Thus, adding different fractal patterns yields a fractal 
pattern.
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