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Abstract:

The ecological fallacy is an error in the interpretation of statistical data when one ascribes to
an individual the qualities of the group to which that individual belongs. In this article I show that
using the average shot length (ASL) leads film researchers to commit the ecological fallacy due to the
skewed nature of shot length distributions. The ecological fallacy can be avoided when analysing motion
picture shot length data using methods that assess the stochastic equality of films’ shot lengths.
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For nearly 50 years (Salt 1974), film scholars have employed the average shot length (ASL)
as a statistic of film style to describe and compare the editing of motion pictures. The ASL is the
mean duration of the shots in a film (where a shot is a continuous sequence of frames) and is
calculated as the sum of the durations of the shots in a film divided by the number of shots,
though many scholars do not, in fact, measure the duration of individual shots in a film and
simply divide the running time of a film by the number of shots to arrive at the same result.
Conventionally, the ASL is interpreted as a measure of the cutting rate of a film, and when
comparing the editing of two films, to answer the question ‘do the shots in film X tend to have longer
duration than the shots in film Y,’ the difference between their ASLs is understood to be an
estimate of the size of the difference in their editing style.

In this article I demonstrate that the use of the average shot length (ASL) as a statistic of film
style leads researchers to commit an ecological fallacy by making inferences about a low-level variable
(the duration of shots in motion pictures) based on a statistic (the ASL) that aggregates shot length
data at a higher level (a film). I show that film scholars can avoid the ecological fallacy by assessing the

stochastic equality of shot lengths when comparing editing data from motion pictures.

The ecological fallacy

The ecological fallacy is an error in the interpretation of statistical data that arises from ascribing
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to an individual the characteristics of the group to which they belong (Brewer and Venaik 2014).
Wu (2007, 123) describes ecological fallacies as ‘a problem of disaggregation (or downscaling) in
which inferences about a lower level are made from knowledge of an upper level.” Consequently,
‘one commits an ecological fallacy if one assumes that relationships observed at an aggregated
level imply that the same relationships exist at the individual level’ (Jargowsky 2021, 48). There
are different versions of the ecological fallacy relating to (1) confusion between ecological and
individual correlations; (2) confusions between group averages and total averages; (3) Simpson’s
paradox, in which correlations are reversed under aggregation; and (4) the confusion between
higher averages and higher likelihood.

Here we are concerned with the fourth type of ecological fallacy, which Brewer and
Venaik, (2014, 1067) dub the ‘averaging ecological fallacy,” with high-level aggregate data in
the form of averages used to make statements about individuals at a lower level producing a
conflict between the unit of observation (i.e., the object for which data is collected) and the
unit of analysis (the object for which data is analysed and conclusions made) (Sedgwick 2015).
For example, just because a student is a member of a class that has a high average score on a test
does not mean we can assume that that student scored highly on the test. The student may be a
low scoring member in an otherwise high scoring class; or she may be a mediocre performer in a
class that includes a small number of outstanding students who scored exceptionally highly. In
this example, the unit of observation at which measurements are made are the individual
students but the unit of analysis at which inferences are drawn is the collective (i.e., the class).
It is an ecological fallacy to assume that inferences made at the level of the class can be applied
to the individual students because the average attribute of a class does not necessarily apply to all
members of that class.

A conflict between the level of the unit of observation and the level of the unit of analysis
is evident in the use of the ASL in Film Studies. For example, Adelheid Heftberger (2018, 148)

states that

a high ASL thus means that on average, the film contains longer shots with fewer cuts.
Similarly, Kaire Maimets-Volt (2013, 67n19) states that

along ASL means the film uses, on average, longer shots and fewer cuts.

It is clear from these interpretations of the average shot length that a high-level aggregate
(the ASL) at the level of the unit of analysis (the film) is used to make inferences at the lower
level of the unit of observation (the individual shots in a film), where a ‘high’ or ‘longer’ ASL
means ‘longer shots.” As we shall see, this will lead film scholars into error when they conclude
that the shots in a film tend to have greater duration than shots in a second film because that film

has a higher ASL.
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Une femme mariée (1964) and Week-end (1967)

To illustrate how the ASL leads us to commit an ecological fallacy I compare the shot
lengths for two films directed by Jean-Luc Godard — Une femme mariée (1964) and Week-end
(1967) — using data from the Cinemetrics database (Salt 2007a, 2007b).

Table 1 presents a statistical summary of the shot lengths in the two films, including the
number of shots, the ASL, and the five-number summary comprising the minimum shot length,
lower quartile, median shot length, upper quartile, and maximum shot length for each film. The
lower and upper quartiles cut off the lower and upper 25% of a data set, while the median divides

the range of the data into two equal parts.

Table 1. Summary of shot length data in two Jean-Luc Godard films.

Statistics Une femme mariée Week-end

Shots 211 231

Running time (s) 4750.3 6170.3
Average shot length (s) 22.5 26.7
Minimum (s) 0.8 0.2
Lower quartile (s) 6.0 2.0
Median (s) 13.0 6.7
Upper quartile(s) 33.7 26.0
Maximum (s) 119.5 474.0

From Table 1 we see that Une femme mariée has an ASL of 22.5 seconds and that Week-
end has an ASL of 26.7 seconds. Going by the conventional use of the ASL in Film Studies,
this would be interpreted as meaning that IWeek-end contains ‘longer shots with fewer cuts’ than
Une femme mariée. However, this is clearly not true. Looking at the number of shots in each
film in Table 1 shows that Week-end has 231 shots and that Une femme mariée has 211 shots.
The conventional interpretation that a higher ASL means that a film will have fewer cuts is
obviously false. In fact, it is not possible to arrive at any conclusion about which film will have
fewer cuts based on the ASL.

From Table 1 we can also see that, although the ASL for Week-end is greater than that of
Une femme mariée, the minimum, lower quartile, median, and upper quartile shot lengths of
Une femme mariée are greater than those of Week-end, while the maximum shot length in Week-
end is much greater than that of Une femme marice. This is a clear sign that the ASL is leading
us towards an erroneous conclusion because, as the five-number summary indicates, the majority
of shots in Une femme mariée have longer duration than those of Weck-end, while the latter film
has some shots with very long duration.

It is easier to see the difference between the shot lengths of the two films if we visualise the
data. Figure 1 plots the empirical cumulative distribution functions (ECDF) of the shot lengths
in Une femme mariée and Week-end. The ECDF plots the proportion of shots in a film that have

duration less than or equal to a specified value (X):
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where #(x < X') is the number of shots (x) with duration less than or equal to X and N is the total
number of shots in a film. Visually comparing the shot lengths in two films is straightforward
because the ECDF of a film that has a greater proportion of shots less than or equal to some value
X will lie to the right of the other film.

From Figure 1 we see that the ECDF of Une femme mariée lies to the right of that of Week-
end for shot lengths up to 43.8 seconds, indicating that it tends to have longer shots up to this
value, but that the ECDF of Weck-end lies to the right of that of Une femme mariée for shot
lengths greater than 43.8 seconds, which accounts for 15% of the shots in these films. We can
therefore conclude that shot lengths in Une femme mariée tend to be greater than those of Weck-
end, though the longest shots in the latter film have much greater duration. As we saw when
looking at the five-number summary, this is clearly very different picture of the style of these two

films provided by comparing their respective ASLs.
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Figure 1. Empirical cumulative distribution functions of shot lengths in Jean-Luc Godard’s Une femme
mariée (1964) and Weck-end (1967).

Why does the ecological fallacy occur for shot length data?
As we have seen above, summary statistics can ‘sometimes conceal or even misrepresent
what may be the most informative aspects of the data’ (Hartwig and Dearing 1979, 9), and film

scholars place too much trust in the ASL as a summary statistic of film style. The ecological
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fallacy occurs when we uncritically apply a group-level aggregate (i.c., a film’s ASL) to the all the
individuals in that group (i.c., the shots in that film), ignoring the variation that exists within
that group.

To understand why using the ASL leads us to commit an ecological fallacy, we therefore
need to grasp the concept of a shot length distribution. A distribution is a representation of the
variation in a data set and is the lens through which we investigate the patterns in the data (Wild
2006), attending to attributes including the centre (where is the mass of the data located?),
modality (how many peaks are there?), spread (how much variability is there?), skewness (is the
distribution symmetrical?), peakedness (are the peaks flat and broad or tall and pointed?),
tailedness (how much data is located in the tails relative to the centre?), and deviations from the
overall pattern of the data (e.g., the presence of outliers).

The data set of shot lengths collected from a film exhibits variation: the shots in a film
have different durations, they vary, and a shot length distribution is a representation of the
variation of the shot lengths in a film. It may seem unnecessary to make such a simple
observation but few film scholars applying quantitative methods to editing in the cinema
employ the concept of a shot length distribution. One reason for this is that many films scholars
do not collect any shot length data and calculate the ASL by dividing the running time
of the film by the number of shots. They cannot understand the variation in their shot length
data because they have no data. But even when scholars do collect shot length data, they
typically report only the ASL and fail to attend to the variation in the data. Consequently,
film scholars discuss the shot lengths of films in terms of their average as if they exhibited no
internal variation (Wenkert 1961) and do not address key features of the distribution of
their data set. Without knowledge of the distribution of shot lengths in two films
(i.e., information about the unit of observation) concluding that a film with a higher ASL
tends to have shots of longer duration raises the dangers of committing an ecological fallacy
because it is possible that the likelihood of randomly selecting a shot with greater duration
in the film with the lower ASL is not reflected by the average shot length.

The averaging ecological fallacy occurs because the distributions of the shot lengths
in motion pictures are, heavily and differentially, positively skewed. That is, they are not
symmetrical with most of the data points concentrated in the left tail of the distribution with a
long right tail. Figure 2 plots the distribution of shot lengths in Ure femme mariée and
Week-end. We can clearly see that the shot length distributions of both films are positively
skewed. Week-end has a small number of shots that are over 150 seconds in duration that are
much longer than the longest shots in Une femme mariée. Because the ASL is based on the
arithmetic mean, it is highly sensitive to shots with very long duration which cause the value of
the ASL to be pulled in the direction of the outlying data points. This is also evident in Table 1,
which shows that the ASL in Week-end (26.7 seconds) is greater than even the upper quartile
(26.0 seconds).
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Figure 2. The distributions of shot lengths in Jean-Luc Godard’s Une femme mariée (1964) and Week-end

(1967) are positively skewed with the mass of the data concentrated to the left of the scale and long right tails.

The great variability in duration of shots within a film has important implications for the
significance attached to the ASL. The ASLs of Une femme mariée and Week-end do not capture
anything meaningful about the distribution of the shot lengths in these films. They do not locate
the centre of the distributions. They tell us nothing about the spread of the data. They contain
no information about the symmetry or tailedness of the distributions. The ASL is a vacuous
statistic of film editing that forces us to make inferences about the individual shots in a film
based on an aggregate at a higher level of data, creating a conflict between the unit of observation

and the unit of analysis.

The stochastic equality of shot lengths

We can avoid committing the ecological fallacy when comparing the shot length data of
two films by applying methods based on evaluating the stochastic equality of motion picture
shot length data. This means we will analyse the shot lengths of our films directly and will not
employ summary measures such as the ASL.

We can determine the likelihood that the length of a shot in Week-end is greater than or
equal to the length of a shot in Une femme mariée by directly comparing the length of each shot
in one film with length of each shot in the other to calculate Vargha and Delaney’s A4 statistic
(Vargha and Delaney 2000). The A statistic is equal to the number times the length of a shot in
Week-end is greater than the length of a shot in Une femme mariée (#( WE > UFM)) divided

by the product of the number of shots in Une femme mariée (Nurm) and the number of shots
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in Week-end (Nwe) plus half the number of times a shot in Une femme mariée and a shot in Week-
end have equal lengths (#(WE = UFM)) divided by the product of the number of shots in each film:

_ #(WE > UFM) s #(WE = UFM)
N'}VE X NUFM - NE-VE X NL’FM I

If 4 = 0.5 then there is no tendency for shots in one film to be longer: i.e., shots in Weck-
end as equally as likely to have longer duration than shots in Une femme mariée as they are to
have shorter duration. A value of 4 greater than 0.5 tells us that shot lengths in Week-end have a
higher likelihood of having longer duration than shot lengths in Une femme marice, while a
value of A less than 0.5 will indicate that shot lengths in Weck-end have a lower likelihood of
having longer shot lengths.

The 4 statistic for Une femme mariée and Week-end is 0.38. This means that if we select at
random a shot from Une femme mari¢e and we select at random a shot from Week-end, the
probability that the latter will have longer duration that the former is 0.38. In other words, shots
in Weck-end have a lower likelihood of having longer duration than shots in Une femme mariée
even though it has the higher ASL.

A limitation of the A statistic is that it is not intuitive because stochastic equality occurs
when 4 = 0.5. We can apply a simple linear transformation to obtain Cliff’s d statistic (Cliff
1993): d = 24 — 1. Cliff’s d statistic is equal to proportion of shots IWeek-end that have greater
duration than shots in Une femme mariée minus the proportion of shots in Weck-end with

shorter duration than shots in Une femme mariée:

_ #(WE > UFM) #(WE < UFM)

NDFE X NUFM NE—VE X NUFM

d is more intuitive to understand than A because stochastic equality occurs when d = 0. The sign
of the d statistic will then tell us the direction of the difference. For Une femme mariée and
Week-end, d = —0.24, indicating that shots in Week-end tend to have shorter duration than those
in Une femme mariée.

The conventional interpretation of the ASL is that the difference between two films’ ASLs
is an estimate of the difference in their styles. Subtracting the ASL of Une femme mariée from
the ASL of Week-end gives us a difference of 26.7 — 22.5 = 4.2 seconds, indicating that, on average,
shots in Week-end are much longer in duration than those in Une femme mariée. However, we
know that this cannot be correct because shots in Week-end tend to have shorter duration than
those in Une femme mariee.

We can estimate the size of the difference between the shot lengths in these two films by

calculating the Hodges-Lehmann median difference (Hodges and Lehmann, 1963), which is the
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median of all the pairwise differences produced by subtracting the length of every shot in Une
femme mariée (UFM;) from the length of every shot in Week-end (WE)):

HLA = median(WE; — UFM,) .

For these two films, the Hodges-Lehmann median difference is —3.9 seconds. The sign of
HLA is the opposite of difference between the ASLs and again tells us that shots in Week-end
tend to be shorter than those in Une femme mariée, which aligns with the fact that shots in the
former have a lower likelihood being of longer duration. Note that HLA and Cliff’s 4 have the
same sign.

A key advantage of using 4, d, and HLA is that they allow us to make inferences about the
duration of shots by analysing the duration of shots. Unlike the ASL, which forces us to make
inferences about shot lengths at the aggregated level of the film, the units of observation and
analysis are identical. Consequently, these methods allow us to answer the question ‘do the shots

in film X tend to be greater than the shots in film Y2’ and to estimate the size of any difference.

Conclusion

The average shot length is considered to be a straightforward statistic of film style, a ‘rather
obvious concept’ (Salt 1992, 146), deployed routinely by film scholars with a straightforward
interpretation; but contrary to the definition of the average shot length used in Film Studies, a
high ASL does not mean that, on average, a film contains longer shots with fewer cuts.

As the example of Une fermme mariée and Week-end demonstrates, had we used the ASL as
a statistic of film style we would have committed an ecological fallacy when interpreting the shot
length data of these films, incorrectly concluding that shots in Week-end have longer duration
than those in Une femme mariée when in fact the opposite is the case: Week-end has the higher
ASL but the likelihood that a shot will have greater duration is higher for Une femme mariée.
If our goal is to answer the question, ‘do the shots in film X tend to be greater than the shots in
film ¥?,” then we must recognise that the ASL cannot answer that question.

Using statistics such as the five-number summary that describe shot length data, visualising
the distribution of shot lengths in films, and using statistics such as 4, 4, and HLA to compare
the style of films we are able correctly identify differences in style between films because when
we make statements about shot lengths they actually will be statements about shot lengths. We
will avoid committing the ecological fallacy because we will not be forced to make inferences
about a lower-level variable based on aggregates at an upper level and we will not ascribe to
individual shots the characteristics of the film to which they belong. We will be able to answer

the questions about film style we wish to ask.
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