How do “blockbusters” emerge: Understanding the emergence of popularity by
analyzing movie revenue data
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Understanding how certain products or ideas become popular (i.e., gets adopted by a large
section of the population), in comparison to many other qualitatively similar competitors,
remains one of the most challenging questions in the social sciences. The availability of large
volume of high-quality sales data and the ability to analyze this data using computational
algorithms implementing sophisticated statistical techniques has meant that it is now possible
to obtain detailed empirical picture of the above process. Commercially released motion
pictures (movies) offer one of the most visible products where the dynamics of popularity
can be investigated. Revenue collected by a movie during its theatrical run provides a
well-defined quantitative measure of its popularity; it has the additional advantage that
high-quality sales data is publicly available through multiple sources. Analysis of movie
revenue also provides interesting comparison with other popularity distributions, such as,
that of scientific papers in terms of the number of citations [1].

We have considered both the opening gross income (i.e., the revenue obtained by a movie
in the first week after it is released in theaters) and the total gross income (i.e., the revenue
collected over the entire period during which the movie was shown in theaters). Although
total gross may be a better measure of movie popularity, the opening gross is often thought
to signal the success of a particular movie. The rank-ordered distribution for the opening, as
well as the total gross, show an approximate power law in the region where the top grossing
movies are located [2]. However, when the data are aggregated together we observe the
distribution (Fig.1, left) is better fit by a log-normal (similar to the observation of Redner
vis-a-vis citations). The maximum likelihood estimates of the log-normal distribution pa-
rameters yield 4 = 3.49 and o = 1.00. Further, we observe that the total gross distribution
is just a scaled version of the opening distribution, which essentially implies that the pop-
ularity distribution of movies is decided at the opening itself [4]. An additional feature of
interest is that both the opening and the total gross distributions are bimodal (Fig.1, left,
inset), implying that most movies either do very well or very badly at the box office.

We next investigate whether the popularity of individual movies can be seen to be a func-
tion of their production quality (measured by the production budget). Although movies with
higher budget tend to earn more, we see no significant correlation (the correlation coefficient
is only 0.62). Further the determination of success of a movie on its opening implies the
key role of pre-release advertising. Although the data for advertising budget is often un-
available, the data about the number of theaters where the movie is initially released gives
an estimate, since the advertising cost will scale with this quantity. The correlation here is
worse, indicating that advertising has often very little role to play in deciding the success or
otherwise of a movie.

Finally, we look at how popularity evolves over time by analyzing the gross income per
theater (Fig. 1, right). This better represents the dynamics of movie popularity compared
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Figure 1: (Left) Cumulative distribution of total gross income for movies released across theaters in USA
during 2000-2004, fitted with a log-normal curve. Inset shows the distribution of opening weekend gross.
(Right) Average weekend gross per theater for a movie after it has run for W weekends. The initial decline
follows a power-law with exponent 3 ~ —1. Inset shows the probability that a paper will be cited ¢ years
after publication, which also shows a power law decay with exponent —0.94 [1].

to the time-evolution of the weekly overall gross income, because a movie that is being shown
in a large number of theaters has a bigger income simply on account of higher accessibility
for the potential audience. Unlike the overall gross that decays exponentially with time, the
gross per theater shows a power-law decay [3] in time with exponent 3 ~ —1. This has
a striking similarity with the time-evolution of popularity for scientific papers in terms of
citations. It has been reported that the citation probability to a paper published ¢ years
ago, decays approximately as 1/t [1]. In a very different context, namely, the decay in the
popularity of a website (as measured by the rate of download of papers from the site) over
time ¢ has also been reported to follow an inverse power-law, but with a different exponent. It
therefore suggests universal mechanisms at work in the popularity dynamics of very different
objects. Indeed, our analysis reveals that the two key properties of popularity distributions
that explain most of our observations are fairly general: (i) the bimodal log-normal nature of
the distribution, and (ii) the power-law decay with time of sales. This provides benchmarks
for future models of the emergence of popularity through self-organization in agent opinions.
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