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Analysing the timeline of US, UK, German and Dutch
music charts, we find that the evolution of album lifetimes
and of the size of weekly rank changes provide evidence
for an acceleration of cultural processes. For most of the
past five decades, number one albums needed more than a
month to climb to the top, nowadays an album is in contrast
top ranked either from the start, or not at all. Over the last
three decades, the number of top-listed albums increased as a
consequence from roughly a dozen per year, to about 40.
The distribution of album lifetimes evolved during the last
decades from a log-normal distribution to a power law, a
profound change. Presenting an information—theoretical
approach to human activities, we suggest that the fading
relevance of personal time horizons may be causing this
phenomenon. Furthermore, we find that sales and airplay-
based charts differ statistically and that the inclusion of
streaming affects chart diversity adversely. We point out in
addition that opinion dynamics may accelerate not only
in cultural domains, as found here, but also in other settings,
in particular in politics, where it could have far reaching
consequences.

1. Introduction

Music charts constitute a valuable source for the study of
extended timelines of culturally and socially relevant data.
One of the most influential collection of music charts, the
US-based Billboard charts, has been used in this context to
examine the evolution of popular music and to test theories of
cultural change [1]. Other approaches concentrated on
the fractional representation of race and gender [2,3], on the
distribution of blockbusters among superstars [4], on linguistic
and psychological aspects [5,6] and on the question whether
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there is a trend towards a converging global popular music culture [7]. For the UK charts, a correlation [ 2 |
analysis between musical trends, acoustic features and chart success has been performed [8]. On a
general level, the interplay between significance and popularity has been investigated for the case of
online music platforms [9].

An especially interesting aspect of music charts is that they allow to study if and how time scales that
are potentially relevant for cultural and sociological developments have changed over the last five
decades. This is a central theme for the theory of social acceleration [10], which presumes that social
and cultural time scales have seen a continuing acceleration [11]. The pace of time is also a key
determinant for liberal democracies [12], which are based on reliable temporal ties between politics
and electorate [13].

Empirical studies attempting to determine quantitatively the long-term evolution of political, social
or cultural time scales are rare [14], (H Rosa, personal communication). Here, we point out that music
charts allow to investigate the long-term evolution of a given cultural time scale. For the US, the UK,
the German and the Dutch charts, we find that several core chart characteristics, such as the overall
chart diversity, the album lifetime and the entry position of number one albums, indicate that the
pace of the underlying generative processes has accelerated substantially over the last decades, by a
factor of two or more, in particular since the rise of the Internet. The evolution of the US Billboard
and the German music charts are very similar, with the Dutch charts showing a time lag of roughly a
decade. The UK charts are, on the other side, more conservative, in the sense that their statistics
changed less dramatically since the early 1980s.

For number one albums, we find a complete reversal between the early decades, from the 1960s to the
1980s, and the situation as of today. In the past, essentially no number one album would start at the top
of a chart. Reaching the top was instead a tedious climbing process that would take on the average an
entire month, or more. Nowadays, the situation is the opposite. If an album is not the number one the
first week of its listing, it has only a marginal chance to climb to the top later on. We believe that
these empirical findings constitute quantitative evidence that the time scales determining cultural
penetration and opinion formation processes have shortened substantially, in particular since the
early 1990s.

Besides averaged quantities, we examine in detail the distribution of album lifetimes. The probability
distribution that an album is listed overall for a certain number of weeks has seen a conspicuous
evolution over the last three to four decades, with a log-normal distribution changing continuously
into a power law. This evolution can be interpreted as a self-organizing process unfolding slowly over
the course of several decades. This is a unique observation, as one can study, in general, only the
dynamics of critical states, the end state, but not critical states in the making, viz. while they are
forming [15].

The formation of log-normal and power-law distributions can be interpreted within an information—
theoretical approach to human activities that we present. Within this approach, human activities are
assumed to produce maximum entropy distributions, that is distributions for which the information
content is maximal. The exponential distribution, which is entropy-maximal under the constraint of a
given mean, becomes a power law once the Weber—Fechner Law is taken into account, namely that
the brain discounts sensory stimuli, numbers and time logarithmically [16-18]. Considering next that
people differ with respect to their preferences, which includes having distinct expectations for the
mean of the distribution to be generated, one obtains a log-normal distribution. Using this framework,
we propose that the observed change from a log-normal lifetime distribution to a power law is due to
a decoupling of the individual time horizons from decision-making. There is no need to plan a trip to
the next music store, to illustrate this statement, when an album can be bought on the spot, online,
once somebody has discovered a song of her or his liking.

Music charts come in two varieties. As weekly sales charts, which is typically the case for albums, and
as airplay charts, for which the number of times a song is aired by radio stations is counted. For airplay
data, which are often included for single charts, the underlying generative process is the decision-making
of a restricted number of radio operators. Sales statistics results in contrast from the collective behaviour
of a potentially very large number of individuals. It is hence not surprising that the statistics of airplay
and sales charts differs, as we find, on a fundamental level. The tendency to self-organize observed for
sales charts does not manifest for airplay charts. In this study, we concentrate on sales, viz. album charts.

Within the last decade, most algorithms used to determine chart rankings have been updated with
respect to the inclusion of streaming and downloads. We find that streaming tends to reduce both the
number of albums making it to a chart, the chart diversity, and the inner mobility, that is the average
weekly rank changes.
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Figure 1. Chart diversity. The evolution of the chart diversity, which is defined as the fraction d = N,/N; of the number of distinct
albums N, listed in a given year and the number N; of slots available. Lines are thin for periods for which less than 100 chart
positions are available, and dashed once streaming was included. For a top 100 chart and 52 weeks per year, there are
N; =100 x 52 slots. One observes that the chart diversity has increased steeply for the US and the German sales charts, in
particular since 1990. For the Billboard album charts, the original sales-based rankings metric is available under a new name
(full line), as of 2014/15, together with the updated version that is based on a multi-metric consumption rate (dashed line).
The average number of weeks a song remains in the chart in a given year is of the order of 1/d, compare figure 2.

2. Results

The US Billboard charts, the UK charts, the German and the Dutch music charts were obtained from
public Internet sources [19-22]. An important parameter is the length of a chart, which typically
increased over the years. For quantities that can be normalized with respect to the number of entries
available in a given year, the entire timeline can be examined. For other features, quantities that
depend on absolute and not on relative rankings, we restricted the analysis to charts that list at least
the top 40/100 albums, which has been the case since 1963/1967/1978/1979, and, respectively, since
1963/1982/1993 /1990, for the Billboard, the UK, the German and the Dutch album charts. Somewhat
special are the US Billboard album charts, which increased to 200 in 1968. In the graphs we indicate,
when suitable, whether top 100 or less chart ranks were available.

The algorithms used for the compilation of the individual charts have been adjusted over time,
mostly in minor ways. A major update occurred for the Billboard charts in 2014/15, when the
traditional sales-based ranking was substituted by a ranking based on a multi-metric consumption
rate, which includes weighted song streaming. This update, which took effect at the end of 2014,
affected the chart statistics profoundly. Streaming data were included since 2014/2016/2017 for the
Dutch, the UK and the German charts, respectively.

The original Billboard album chart, the Billboard Top 200, was retained after the 2014 /15 metric update
under a new name, as ‘“Top Album Sales’. Data continuity is consequently achieved when using, as we have
done, the Top Album Sales charts from 2014/15 on. Whenever possible, we will show the results obtained
from both the Billboard Top 200 and the Top Album Sales charts, where the latter are compiled according
to the unaltered sales-based ranking rules, albeit only for 100 ranks. For the UK, German and Dutch
charts, only the version including streaming is accessible after the respective metric changes.

2.1. Chart diversity: the negative effect of streaming

For a first understanding of the data, we examine the evolution of the overall number of albums making
it to the charts in a given year. As a gauge for the chart diversity, we normalize the number of distinct
albums N, listed in a given year by the overall number N; of available slots. A top 100 chart could list, to
give an example, a maximum of N, =100 x 52 distinct albums per year. The average number of weeks
w an album is listed in a given year is then just of the order of the inverse chart diversity, @w ~ 1/d.
The overall chart lifetime of albums will be discussed further below.

In figure 1, the evolution of the chart diversity is presented on a year to year basis. One notes that the
US and German charts follow qualitatively and quantitatively similar trends and that the chart diversity

6061 19 s ado 205 <y sosy/jeunol/bioBusygndisaposeror [



15

—@— Billboard album charts

—@— UK album charts

—@— German album charts
@— Dutch album charts

top 40 mean lifetime (weeks)

1985 1990 1995 2000 2005 2010 2015
last of 5-year period

Figure 2. Album lifetime. The top 40 mean lifetime, namely the number of consecutive weeks an album is listed on the average
among the top 40. The data have been pooled for trailing 5-year periods.

increases rapidly since the early 1990s. The average number of weeks w an album was listed in a given
year in these two countries decreased correspondingly from about 1/0.075~ 13 in 1990 to 1/0.2=5 in
2014/15. For this instance, cultural processes were accelerated by a factor of more than two.

The Billboard charts data were split in 2014/15, when the traditional sales-based ranking was
supplemented by a multi-metric consumption rate that includes streaming. For the latter, the trend to
become more diverse reversed. Similar but less pronounced effects can be observed for the UK and
the Dutch charts, but not for the German music charts. Note in this respect, that there are different
routes, as detailed in the Appendix, on how to include streaming and song downloads.

Over their entire histories, the diversity of the British and Dutch music charts does not show
pronounced trends. However, as visible in figure 1, a measurable increase in diversity is observed for
the last two decades. The underlying reason for the otherwise distinct behaviours of the Dutch and
UK charts with respect to the US and German charts is at present not evident.

2.2. Album lifetimes: a self-organized critical state in the making

For all charts, we have evaluated the number of weeks 1, a given album remains within the listed range,
the lifetime of an album. The lifetime is an absolute number which is not easily normalizable relative to
the number of ranks available. To be able to compare the four charts over a comparatively long time span,
we analyse only the top 40 albums. This restriction allows us to go back till 1979, the year when the Dutch
charts increased their length to 40 ranks. For the Billboard charts, we checked also the long-term
evolution for the top 100 albums, finding very similar trends.

The mean album lifetime pooled over trailing 5-year periods is presented in figure 2. The top 40
lifetime is roughly inversely proportional to the chart diversity shown in figure 1, which is, however,
normalized to the chart length on a yearly basis. For the Billboard charts, the mean lifetime has seen a
reduction by more than a factor two over the last 25 years.

Our main focus is the lifetime distribution, which is defined as the probability P(11y) for an album to
remain listed n,, weeks. We find that P(ny) can be fitted quite accurately by a log-normal distribution,

2
P(?’lw) ~ e—aln(nuy)fbln (nw)’ 2.1)

as shown as a log-log plot in figure 3 for the US Billboard charts. One observes that the lifetime
distribution evolves steadily over the course of roughly four decades, from a quadratic to a
linear dependency in a log-log representation. The lifetime distribution reduces to a power law
P(n,,) ~1/(n,)" in the limit b — 0, an indication of a critical state.

In figure 4, the evolution of the fit parameters 4 and b entering (2.1) are shown for all charts
investigated. One observes that b tends to become small, in particular during the last 30 years, with
the exponent a approaching 2. We note that an exponent of 2 is marginal, as the mean of P(n,)
diverges formally for a <2 and b=0. Nearly marginal exponents are, however, not uncommon, with a
well-known example being the in-degree of domains in the World Wide Web [23].
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Figure 3. Lifetime distribution. On a basis 10 log-log plot, the top 40 lifetime distribution, namely the distribution of the number of
weeks a given album is listed among the top 40 on the Billboard chart. The data (circles) have been pooled for successive 5-year
periods and fitted quadratically (lines), compare (2.1). One observes that the lifetime distribution evolves over the years from a log-
normal distribution towards a power law, which corresponds, respectively, to a quadratic and a linear dependency in a log-log
representation.
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Figure 4. Coefficients of the lifetime distribution fits. The time evolution of the fit parameters a (left panel) and b (right panel) for
the top 40 album lifetimes (circles), which correspond to the number of weeks n,, an album is listed among the top 40. The lifetime
distribution has been fitted by exp (—a In(n,) —b Inz(nw)), as illustrated in figure 3 for the Billboard charts. This functional form
corresponds to a log-normal distribution for b > 0 and to a power law for b — 0. The data are for trailing 5-year periods. Over time,
the lifetime distribution becomes more power law-like, with the exponent a approaching the marginal value @ — 2. For the German
music charts, the trend is less clear. The lines are guides to the eye.

The occurrence of power laws in evolving systems indicates the emergence of a self-organized critical
state [24]. In general, it is to be expected that social systems, like the well-studied network of scientific
collaborations [25], are characterized by evolving parameters. The data for the lifetime distribution
presented in figures 3 and 4 are, however, unique, in the sense that it allows us to examine not only
the final state, but the entire self-organizing process. A derivation of (2.1) based on an information—
theoretical analysis will be presented in §3.

2.3. Number one albums: the start determines the fate

Commercial performance in terms of weekly sales varies vastly between albums. Of key importance is in
this regard the first rank an album attains, the entry position. In figure 5, we present the probability that a
number one album started as such. In the past, essentially no album started on the top, and albums
succeeding to reach the top could take a month or more to do so. Today, the situation is reversed,
with the reversal being nearly complete for the US, the German and the Dutch charts, and somewhat
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Figure 5. Number one albums. (a) The probability Py, that a number one album started as such. The fraction of albums managing
to reach the top when starting form a lower entry position is 1 — Pyne. (b) The average number of weeks number one albums
needed to reach the top. Starting at the top corresponds to zero weeks.

reduced in magnitude for the UK charts. A time lag of about a decade is furthermore observable between
the Billboard and the Dutch charts.

The rising predominance of number one entries is reflected in the number of weeks an album needs
on the average to climb to the top, the climbing time. The zero for the data shown in figure 5 is set to the
top, which implies that the climbing time for albums entering at the top is zero. It is quite remarkable
that the average climbing time has seen, modulo fluctuations, a dramatic decrease for both the
Billboard and the German music charts. This observation holds to a certain extend also for the Dutch
charts, but not for the UK charts, which changed less over the last three decades. This more
conservative evolution of the UK charts is consistent with the results for the chart diversity shown in
figure 1. Overall, we believe that the data presented in figure 5 provide convincing evidence that the
market penetration of new albums is now very fast, taking on the average a week or less, depending
on the country. Three decades ago, the same process took about two to three weeks in the UK and
more than the double in the US.

In table 1, we present for the Billboard album charts a compendium of statistical data that describes
the dynamics of number one albums. For the order of the average first- and second-week ranks, one
observes a reversal in the ordering. Before the mid-1990s, albums climbed; afterwards, the rank could
only decay. Also evident is a substantial shortening of the number of weeks at the top, which was
defined here as the number of weeks from the first to the last time an album was listed with a rank of
one, hence including interruptions, which are of the order of 10-20%. As of today, albums are given
little time to stay at the top, as number of albums attaining the top rank in a given year has increased
so strongly, by a factor of 3—4 since the 1980s, that the number of yearly number one albums starts to
approach the maximum of 52, compare table 1.

2.4. Entry and exit positions: ongoing symmetrization

How likely is it that a given album manages to climb at all, once in the charts? The evolution of the mean
entry ranks is shown in figure 6 for the Billboard charts, together with the mean exit positions. For the
full entry and exit distributions, also included in figure 6, Gaussian-broadened violin graphs have been
generated, with the horizontal width being proportional to the probability of finding an entry/exit
position within the respective five-year period. The data for the UK, German and Dutch charts are
similar, but in part less pronounced.

The first-listing ranks are due to external effects, such as the quality of the album and the size and the
penetration speed of publicity campaigns. The distance of the average exit ranks to the bottom, located at
100 in our case, is on the other side determined by the size of the average inner mobility, for which we
will provide a specific definition in the next section. Here, we point out that the exit ranks are in general
rising, which means that the inner mobility is accelerating.

The full entry rank distribution presented in figure 6 is consistent with the data for number one albums
shown in figure 5, in the sense that the probability of higher entry positions has been continuously increasing
since the early 1990s. A remarkable and somewhat astonishing result is the symmetry the entry distribution
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Figure 6. Entry and exit distributions. For the top 100 Billboard album charts, the distribution of entry (blue) and exit ranks
(orange), averaged over five-year periods. The width of the violin charts measures the respective probabilities. Also included are
the mean entry and exit positions (lines). Note the dramatic increase in top-ranked entries in the 1990s. The corresponding
rise in exit ranks has been more sequential. Checking for different chart lengths, top 40 and top 200, we found a qualitatively
similar behaviour that is rescaled according to the chart length considered.

exhibits nowadays with respect to 50, the half-way rank between the bottom and the top. We checked that
this observation holds also for the entry distribution of top 40 and top 200 albums.

2.5. Inner mobility: accelerating rank decay

Once an album makes it to a chart, it may go up and down on a weekly basis. We define the relative inner
mobility M; as
M, = <R(t - 1) —R®

R > and R = max(R(), R(t — 1)), 2.2)

where R(t) is the rank a given album has in week ¢, and where (-) denotes the average over all
albums within a certain period. Entry and exit weeks are not included. The max-function in (2.2)
ensures that | M;| <1. For the sign, we have two cases.

— Climbing: R(t) <R(t —1). The contribution to (2.2) is (R(t — 1) — R(¢))/R(t — 1), which is positive.
— Descending: R(t) > R(t — 1). The respective term is (R(t — 1) — R(#))/R(t), which is negative.

Instead of M, one can study the absolute inner mobility R(f — 1) — R(t), which would, however, weight an
increase from 90 to 80 equal to an advancement from rank 11 to rank 1.

The data for the inner mobility presented in figure 7 shows that albums mostly lose rank on the average,
namely that M; <0. It is also evident that the weekly rank loss tends to increase in size over time before
streaming was included. Modulo substantial fluctuation, this is the case for all four charts investigated,
with the German and the US charts trailing each other surprisingly closely. Similar downward trends are
also observable for the Dutch and the UK charts, which was not the case for the chart diversity shown in
figure 1. The timeline for the Dutch music chart can be interpreted by a time lag of roughly a decade. For
the UK charts, M, decreased in contrast earlier, already during the 1970s and 1980s.

With M; being equivalent to a weekly decay rate, we can define the decay time T;~1/M,, which
measures the time scales of the inner dynamics. Between 1990 and 2010, T; increased by about a
factor of three for the the Billboard, the German and the Dutch charts, with a similar acceleration
happening for the UK charts 20 years earlier. In terms of the inner dynamics, all four charts indicate
that cultural time has been accelerating, albeit not necessarily at the same time and at the same pace.

The observation that albums move down on the average implies that the average exit position is
below the mean rank of first listings, which is consistent with the average entry and exit positions
presented in figure 6. Recently, a class of model describing unidirectional growth processes that are
terminated by a hard reset has been studied [26]. It is an interesting question whether the inner
mobility, as presented in figure 7, could be described by an analogous but inverse dynamics.
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Figure 8. Single lifetimes. On a basis ten log-log plot, the top 40 lifetime distribution for the Billboard single charts, which are
based in part on airplay data. Included are, as for figure 3, least-square quadratic fits, which correspond to log-normal and power-
law distributions (2.1). It is evident that the single lifetime distribution cannot be approximated faithfully by log-normal
distributions or power laws.

2.6. Billboard single charts: why airplay statistics differ

The Billboard single charts are based on a mix of sales data, jukebox playing and airplay, where the latter
counts the number of times a song is aired by radio stations. The relative contributions have been
adapted over the years, with a major change occurring in 2013, when streaming was included. We find
that the Billboard album and single charts differ substantially with respect to their statistical properties,
presumable because the single charts include airplay, whereas the album charts do not. Album sales are
the result of a large number of individual decisions, whether to buy or not, which reflects an extended
range of individual preferences. It is on the other side up to a relatively small group of radio operators to
select the mix of songs that is likely to induce the targeted audience of the radio station to remain tuned in.

One can see that the lifetime distribution of singles and albums is distinct when comparing figures 3
and 8. The log-log plot of the top 40 single lifetimes presented in figure 8 shows that quadratic fits are
very poor, which implies that single lifetimes cannot be described by (2.1) and that there is no
evolution from a log-normal distribution to a power law. A certain tendency for the data to become
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more straight is, however, present, possibly due to a crossover effect. Radio programme directors will be
aware, in general, of the commercial success of the respective albums. Songs from top-ranked albums can
hence be expected to enjoy a higher chance to be aired.

2.7. International statistical convergence

The picture emerging from our statistical analysis, like the inner mobility, see figure 7, is that the charts of two
countries, Germany and the US, show very similar trends. This would be trivially the case if most of the songs
making it to the charts in Germany and in the US were identical. A previous comparative study of American,
Dutch, French and German popular music charts found, however, no evidence for an ongoing
internationalization of popular music [7]. With regard to this question, which is not at the heart of our
present investigation, we note that a comparison of the all-time most successful albums yields, as listed in
table 2, a similar result. Among the all-time top five German albums two feature, to give an example,
German ‘Schlager’, by Helene Fischer, with another one being a compilation of German action songs for
the Kindergarten, ‘Die 30 besten Spiel ... ". There is, on the other side, more overlap between the all-time
top 5 of the UK and the US album charts, even though these two charts differ to a certain extent with
respect to their overall statistical properties. A more thorough investigation of this subject is left to future
studies.

3. Information theory of human activities

A large-scale study of the statistics of data files publicly available on the Internet showed that the size
distribution of formats having a time dimension, like videos and audio files, differs from static
formats, such as jpeg and gif images [23]. The difference is that videos and audio files are log-normal
distributed, with the file-size distribution of images following a power law. As a tentative explanation,
it was suggested that the time domain corresponds for data files to a second dimension, in addition to
resolution, and that the statistical distributions resulting from human activities may be analysed in
many instances from an information-theoretical perspective [23]. Here, we suggest that the results
presented in figures 3 and 4, namely that the statistics of album lifetimes evolved from a log-normal
distribution to a power law, may be analysed along an analogous line of arguments.

Our underlying hypothesis is that there is a feedback loop between the activities carried out by a large
number of individuals and the statistical ensembles produced by these activities. For the case of music
charts, this presumption implies that there is a feedback between the lifetime distribution, which
results from people buying music, and the individual decision to acquire a certain album. E.g. the
decision to go for an album may be influenced by the number of weeks the album is already on
the chart, and hence playing on the radio. If this hypothesis holds, it is reasonable to assume that the
resulting distribution should maximize information in terms of Shannon’s information entropy [27].

3.1. Human logarithmic discounting generates power laws

The neurophysiological processes that give rise to the ability of the human brain to process and record
information determine a subjective value one attributes to an information source [16,17,28]. This relation
is known as the Weber-Fechner Law. It states that the neural representations of sensory stimuli [16],
numbers [17,29,30] and time [18,31] scale logarithmically, respectively, with the intensity of the bare
stimulus, the number of objects and the length of a time span.

The Weber-Fechner Law determines which type of distribution, say of perceived stimuli s, is
perceived to carry maximal information. Consider that the neural working regime prefers a certain
mean for the perceived stimulus intensity, s. The probability distribution p(s) of perceived stimuli s
maximizing entropy is then an exponential, p(s) ~ exp ( —s/s). The Weber-Fechner Law implies that
the external, the physical measurable stimulus S, is logarithmically discounted, namely that s=s,
In (S), where s is a characteristic scale. Using p(s) ds = p(S) dS, one then finds

e 50 In(S)/s 1 S0

ds
p(S) = p(S)ﬁ, p(S) ~ —5 " and a= 5 +1, 3.1)

for the maximal entropy distribution when expressed as a function of the afferent stimulus
S. Maximization of information entropy under a logarithmic cost function hence yields generically a
power law, as shown here for the case of a single relevant variable. This viewpoint is complementary
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Table 2. The top five albums with the longest lifetimes (overall weeks on charts), for the Billboard charts (taking into account [}
either the top 200 or the 100 ranks), and for UK, German and Dutch album charts. Listed is also the respective number of

to dynamical approaches, such as the reinforcement loop via preferential attachment, that is the ‘the rich
get richer’ principle [32]. For the case of music charts, one has in consequence that the lifetime
distribution with the maximal information content is a power law.

3.2. Entropy maximization with variable mean
A maximum entropy distribution exp (—a s) is obtained by maximizing the objective function
D(p) = — st p(s)In(p(s)) —a st sp(s), (3.2)

where p(s) is the probability density of s. The first contribution to @(p) is the entropy and the second the
weighted average s = [ dssp(s). The Lagrange parameter a corresponds therefore to the relative weight of
the average, the constraint. When 4 is large, the constraint dominates maximization of @.

consecutive weeks and the achieved top rank, respectively from 1964/1957/1979/1970 until 2018. i
weeks weeks top L ®
chart artist title (all) (con) rank ;é_:
Billboard (200) P|nk Fond The Dark Slde of the Moon 939 593 1 %
' Bob Marley and the Legend The Best Of .. s %0 5 2_‘2
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Metallrca e g
Lo GmsNRses  Geteths 40w 3
Billboard (100) Metallrca Metallrca 286 163 1 e
Bob Marley and the Legend: The Best of ... 247 31 5 %
 Kendrick Lamar Good Kid, m.A.A.d City 236 56 2 2
Imagine Dragons 7 Night Visions 232 12 2 %
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We now assume that individuals differ with respect to how much importance they give to album [ 12 |
lifetimes s, which will hence be reflected by the weight of the mean album lifetime s. For this, we
introduce a hidden variable #, such that individuals dispose of varying Lagrange parameters a — (a + xh),
where « is a coupling parameter. The joint distribution is then

p(s, h) ~ e @ sp@p), (3.3)

where p(h) is the distribution of I, viz. the distribution of individual preferences. If we are interested only in
the marginal distribution p(s), which is typically the case when the hidden variable & is not observable, as in
our case, we obtain

p(S) oc [dh e—(ﬂ+:<h)sp(h) ~ [dh e—(u-%—xh)se—(h—ft)z/(Zaﬁ), (3.4)

when assuming that / is normally distributed with mean 1 and standard deviation ;. We set 1 — 0 and
absorb the mean / into the Lagrange multiplier a4, which can be done without loss of generality. One

*sosi/Jeunof/6106uiysgnd/aposjedos

finds that a Gaussian p(h) leads to a Gaussian marginal p(s),
—as—bs? (Ka-h)z
p(s) ~ e , b= — socIn(S), (3.5)

which turns into a log-normal distribution, see (2.1), once the Weber—Fechner log-discounting s «In (S) is
taken into account.

This result, equation (3.5), suggests that distributions of observables generated by the activity of a large
number of individuals are log-normal when there is a substantial variability o, of the perceived individual
means 1/(a + kh). One may view (3.5) as an alternative interpretation of the well-known result that Gaussians
are maximum entropy distributions when both the first and the second moment, mean and variance, are
given [27]. A maximum entropy distribution with an optimized mean and variance is hence equivalent to
a maximum entropy distribution for which the optimized mean is variable.

The log-normal distribution (3.5) evolves into a power law for b — 0, viz. in two cases, ¥ — 0 and o}, —
0. The first case, k¥ = 0, implies that the hidden variable does not couple to the observable in the first place,
having hence no effect. All individuals are identical in the second case, o, =0. We note that @(p) is a
functional of p(s), which implies @(p) acts as a generating functional, akin to the role generating
functionals take in the context of guided self-organization [33,34], such as for attractor relict networks
[35] and Hebbian learning rules [36].
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3.3. Time horizons are less important when time accelerates

People differ substantially in behavioural relevant traits, such as the perception of time [37]. The
observation that individual likings are caused, in general, by a multitude of factors [38] suggests that
the distribution of preferences can be approximated by a Gaussian and that (3.4) constitutes a faithful
representation of a maximum entropy distribution when individual expectations vary.

For the case of music charts, we concentrated on the album lifetime as our primary observable. Chart
rankings and the lifetime are determined by weekly buying decisions that depend not only on a range of
external factors, such as prominent marketing campaigns, but also on the performance of albums on the
chart. We postulate here that the hidden variable entering the information—theoretical interpretation via
(3.4) is related to the individual perception of time, the time horizon. A log-normal distribution would
then be observed when a substantial coupling «x to the individual time horizons is present. In this
case, it would matter, for a buying decision, how long the album in question has already been listed,
and hence aired by radio stations and on the Internet. A power law is recovered on the other side
when the coupling to the individual time horizons ceases to be relevant.

The presumption of a decreasing relevance of the time domain implies that one-time effects suffice
increasingly to influence buying decisions. This scenario is not unlikely, given that the rise of the
Internet opened the possibility to buy music essentially on the spot, e.g. directly after one has heard
or discovered a song, online or on the radio. There is no need to plan for a trip to the next music
store on a free afternoon, an undertaking that easily led in the past to delays of days and weeks, and
with this to a coupling between buying and the personal time horizon. We stress, however, that the
arguments for a progressive decoupling of the time horizon are at present only circumstantial and
that we cannot rule out that other drivings may cause the observed changes in the chart statistics.

Our argument that personal time horizons may have seen a decoupling from buying decisions draws
support also from the increasing relevance of top entry ranks, as shown in figure 5 for number one



albums. Before 1990, only very few albums succeeded to enter the charts as number one, which implies [ 13 |
that publicity and commercial success needed time, several weeks at least. The situation has changed
since the advent of the Internet, which allows news about new releases to spread very fast via social
media channels. For most people, buying an album will not affect the monthly budget substantially,
which is hence a decision that can be carried out without further evaluation once taken. The influence
of the time domain on buying albums is hence reduced.

4. Discussion: political time scales and stability

One may ask whether the acceleration of the information flow observed here for the case of music charts
may be the reverberation of an equivalent speed-up of societal and political processes at large. In this
regard, we point out that democracies rely in general on a stable and continuous evolution of public
opinion [39] and that it has been suggested that not only the content of the political discourse is what
matters, but in particular also the speed at which public opinion changes [40].

Cultural and political processes condition each other [41], which implies that the respective time scales
couple [42] and that social acceleration will induce, if present and ongoing, a growing mismatch between
political time delays, which are entrenched in a representative democracy by the electoral cycle, and the
accelerating pace of opinion dynamics. This is an observation with potentially far reaching consequences,
as it is known from dynamical systems theory that a mismatch of instantaneous and delayed feedback
induces instabilities [27]. The outlook is then, from a dynamical systems perspective, that modern
democracies become inevitably unstable once the time scale of public opinion formation is shorter than
the time delays characterizing the interaction between electorate and political decision-making [40].
Whether democracy as such is already in crisis is a question of debate [43—45].
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5. Conclusion

Book, music and other charts are compiled in order to satisfy the unabated interest [46,47] in the
commercial and artistic success of music albums, as well as in other products of popular and classical
culture. They provide a valuable source for long-term socio-artistic studies as their fundamental
ranking criterion, success, has not changed over the last 50 years, albeit modulo technical adjustments.
Given the continuity of the ranking metric, changes of the chart statistics occurring over the time span
of several decades are, therefore, reflecting long-term socio-cultural developments.

We find three major trends. Firstly, one observes a substantial increase in the overall number of albums
making it to the chart on a yearly basis, the chart diversity. The number of number one albums increased
even more strongly; it is nowadays around 40 per year for the Billboard album charts. Secondly, the route
to become a number one hit has changed dramatically. Instead of climbing arduously from a modest
entry rank, number one hits start nowadays as such. Finally, we observe that the statistics of album
lifetimes has seen a conspicuous change, evolving over the course of several decades towards a critical
state. To our knowledge, this is the first instance that the self-organization process as such may be studied
explicitly [27]. Within a proposed information-theoretical approach to human activities, the resulting
power-law distribution of album lifetimes is due to the growing irrelevance of individuality, in the sense
that the time necessary to form an opinion on whether to acquire an album, and to buy it, is now very
low. It does not matter if somebody needs only a few minutes to decide to download an album, or as
long as a few days, as both time scales are below the chart frequency of one week.

From an additional angle, one can interpret the acceleration of chart processes found in this study as a
measurable indication that the cultural and social exchange of information occurs nowadays at a
substantially faster rate than it used to. While intuitive, this observation could imply that the pace of
opinion formation may have accelerated likewise over the past five decades. This would be a
worrisome result, as it has been reported that representative democracies need to deal with the
growing mismatch between the time delays inherent in political decision-making and an ever faster
opinion dynamics [40], or face an uncertain future.

Data accessibility. The paper deals with an analysis of music charts. The source of the data is given explicitly [19-22].
Readers can access the data source, as it is publicly available.
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Appendix A

In table 2, the top five most successful albums are listed, according to the overall lifetime, the number of
weeks on the respective charts. For the US Billboard charts which have a length of 200, the album
lifetimes have been evaluated taking into account either 100 or 200 ranks. For the UK, the German
and the Dutch album charts, the respective entire data have been evaluated. Also given is the number
of consecutive weeks and the respective highest rank reached.

Complementing the major rule updates given in §2, we present here for completeness an extended
history of the Billboard album charts [48,49].

1963:
1967:
1991:
2010:

2014:

The Billboard album charts start with top 150.

Extension first to 175, and then to 200.

Data source changed from phone call sampling of record stores to ‘Nielsen SoundScan’.
Catalogue albums (older than 18 months, rank below 100, no single) are included. Previously they
were dropped.

Metrics changed from a sales-based ranking to one measuring multi-metric consumption, which
includes streaming. Sales-based album chart takes the name “Top Album Sales’.

The weighting of streaming can be performed along several routes. When introduced for the Billboard
album charts, 10 song sales or 1500 song streams from an album were treated as equivalent to one
purchase of the album. This changed in 2018, when 1250 premium audio streams, 3750 ad-supported
streams, or 3750 video streams were consider to equal one album unit. For the UK charts, only the
12 most streamed songs of an album contribute instead, and not all. The weekly revenue and not
the number of downloads enter on the other side the German charts.

Interiano M, Kazemi K, Wang L, Yang J, Yu Z,
Komarova NL. 2018 Musical trends and

number line. Trends Cogn. Sci. 7, 145-147.
(doi:10.1016/51364-6613(03)00055-X)

References
Mauch M, MacCallum RM, Levy M, Leroi AM. predictability of success in contemporary songs 18.  Howard MW. 2018 Memory as perception of the
2015 The evolution of popular music: USA in and out of the top charts. R. Soc. open sdi. 5, past: compressed time in mind and brain.
1960-2010. R. Soc. open sci. 2, 150081. (doi:10. 171274. (doi:10.1098/rs0s.171274) Trends Cogn. Sci. 22, 124-136. (doi:10.1016/j.
1098/rs05.150081) 9. Monechi B, Gravino P, Servedio VD, Tria F, tics.2017.11.004)
Lafrance M, Scheibling C, Burns L, Durr J. 2018 Loreto V. 2017 Significance and popularity in 19.  Billboard Charts. http:/www.billboard.com/.
Race, gender, and the Billboard Top 40 charts music production. R. Soc. open sci. 4, 170433. 20.  Official Charts. http:/www.officialcharts.com.
between 1997 and 2007. Popular Music Soc. 41, (doi:10.1098/rs05.170433) 21.  Official German Charts. http:/www.
522-538. (doi:10.1080/03007766.2017. 10.  Rosa H. 2013 Social acceleration: a new theory offiziellecharts.de.
1377588) of modernity. New York, NY: Columbia 22. Dutch Charts. http:/dutchcharts.nl.
Flynn MA, Craig CM, Anderson CN, Holody KJ. University Press. 23, Gros G, Kaczor G, Markovi¢ D. 2012
2016 Objectification in popular music lyrics: an 1. Vostal F. 2017 Slowing down modemity: Neuropsychological constraints to human
examination of gender and genre differences. a aitique. Time Soc. (doi:10.1177/ data production on a global scale. Eur.
Sex Roles 75, 164-176. (doi:10.1007/511199- 0961463X17702163) Phys. J. B 85, 28. (doi:10.1140/epjb/e2011-
016-0592-3) 12.  Scheuerman WE. 2004 Liberal democracy and 20581-3)
Ordanini A, Nunes JC. 2016 From fewer the social acceleration of time. Baltimore, MD: 24, Bak P, Tang C, Wiesenfeld K. 1987 Self-
blockbusters by more superstars to more JHU Press. organized criticality: an explanation of the 1/f
blockbusters by fewer superstars: how 13, Goetz KH. 2014 A question of time: responsive noise. Phys. Rev. Lett. 59, 381. (doi:10.1103/
technological innovation has impacted and responsible democratic politics. West Eur. PhysRevLett.59.381)
convergence on the music chart. Int. J. Res. Mark. Polit. 37, 379-399. (doi:10.1080/01402382. 25.  Barabési AL, Jeong H, Néda Z, Ravasz E,
33, 297-313. (doi:10.1016/j.ijresmar.2015.07.006) 2014.887880) Schubert A, Vicsek T. 2002 Evolution of the
Nishina Y. 2017 A study of pop songs based on 14. Ulferts H, Korunka C, Kubicek B. 2013 social network of scientific collaborations.
the Billboard corpus. Int. J. Lang. Linguist. 4, Acceleration in working life: an empirical test of Physica A 311, 590-614. (doi:10.1016/50378-
125-134. a sociological framework. Time Soc. 22, 4371(02)00736-7)
Nunes JC, Ordanini A, Valsesia F. 2015 The 161-185. (doi:10.1177/0961463X12471006) 26.  Biro TS, Neda Z. 2018 Unidirectional random
power of repetition: repetitive lyrics in a song 15. Markovi¢ D, Gros C. 2014 Power laws and self- growth with resetting. Physica A 499, 335-361.
increase processing fluency and drive market organized criticality in theory and nature. (doi:10.1016/j.physa.2018.02.078)
success. J. Consum. Psychol. 25, 187-199. Phys. Rep. 536, 41-74. (doi:10.1016/j.physrep. 27. Gros C. 2015 Complex and adaptive dynamical
(doi:10.1016/j.jcps.2014.12.004) 2013.11.002) systems: a primer. New York, NY: Springer.
Achterberg P, Heilbron J, Houtman D, Aupers S. 16.  Hecht S. 1924 The visual discrimination of 28.  Buzsaki G, Mizuseki K. 2014 The log-dynamic
2011 A cultural globalization of popular music? intensity and the Weber—Fechner law. J. Gen. brain: how skewed distributions affect network
American, Dutch, French, and German popular Physiol. 7, 235-267. (doi:10.1085/jgp.7.2.235) operations. Nat. Rev. Neurosci. 15, 264-278.
music charts (1965 to 2006). Am. Behav. Sci. 17.  Dehaene S. 2003 The neural basis of the (doi:10.1038/nrn3687)
55, 589—608. (doi:10.1177/0002764211398081) Weber—Fechner law: a logarithmic mental 29.  Nieder A, Miller EK. 2003 Coding of cognitive

magnitude: compressed scaling of numerical
information in the primate prefrontal cortex.

6061 9 s tado 205y sosyjewmol/biobunsyqndfaanosiedor [


http://dx.doi.org/10.1098/rsos.150081
http://dx.doi.org/10.1098/rsos.150081
http://dx.doi.org/10.1080/03007766.2017.1377588
http://dx.doi.org/10.1080/03007766.2017.1377588
http://dx.doi.org/10.1007/s11199-016-0592-3
http://dx.doi.org/10.1007/s11199-016-0592-3
http://dx.doi.org/10.1016/j.ijresmar.2015.07.006
http://dx.doi.org/10.1016/j.jcps.2014.12.004
http://dx.doi.org/10.1177/0002764211398081
http://dx.doi.org/10.1098/rsos.171274
http://dx.doi.org/10.1098/rsos.170433
http://dx.doi.org/10.1177/0961463X17702163
http://dx.doi.org/10.1177/0961463X17702163
http://dx.doi.org/10.1080/01402382.2014.887880
http://dx.doi.org/10.1080/01402382.2014.887880
http://dx.doi.org/10.1177/0961463X12471006
http://dx.doi.org/10.1016/j.physrep.2013.11.002
http://dx.doi.org/10.1016/j.physrep.2013.11.002
http://dx.doi.org/10.1085/jgp.7.2.235
http://dx.doi.org/10.1016/S1364-6613(03)00055-X
http://dx.doi.org/10.1016/j.tics.2017.11.004
http://dx.doi.org/10.1016/j.tics.2017.11.004
http://www.billboard.com/
http://www.billboard.com/
http://www.officialcharts.com
http://www.officialcharts.com
http://www.offiziellecharts.de
http://www.offiziellecharts.de
http://www.offiziellecharts.de
http://dutchcharts.nl
http://dutchcharts.nl
http://dx.doi.org/10.1140/epjb/e2011-20581-3
http://dx.doi.org/10.1140/epjb/e2011-20581-3
http://dx.doi.org/10.1103/PhysRevLett.59.381
http://dx.doi.org/10.1103/PhysRevLett.59.381
http://dx.doi.org/10.1016/S0378-4371(02)00736-7
http://dx.doi.org/10.1016/S0378-4371(02)00736-7
http://dx.doi.org/10.1016/j.physa.2018.02.078
http://dx.doi.org/10.1038/nrn3687

30.

31

32.

33

34.

35.

36.

Neuron 37, 149-157. (doi:10.1016/50896-
6273(02)01144-3)

Nieder A, Freedman DJ, Miller EK. 2002
Representation of the quantity of visual items in
the primate prefrontal cortex. Science 297,
1708-1711. (doi:10.1126/science.1072493)
Takahashi T. 2005 Loss of self-control in
intertemporal choice may be attributable to
logarithmic time-perception. Med. Hypotheses
65, 691-693. (doi:10.1016/j.mehy.2005.04.040)
Barabési AL, Albert R. 1999 Emergence of
scaling in random networks. Science 286,
509-512. (doi:10.1126/science.286.5439.509)
Prokopenko M. 2009 Guided self-organization:
inception. Berlin, Germany: Springer.

Gros C. 2014 Generating functionals for guided
self-organization. In Guided self-organization:
inception (ed. M Prokopenko), pp. 53-66.
Berlin, Germany: Springer.

Linkerhand M, Gros C. 2013 Generating
functionals for autonomous latching dynamics
in attractor relict networks. Sci. Rep. 3, 2042.
(doi:10.1038/srep02042)

Echeveste R, Gros C. 2014 Generating functionals
for computational intelligence: the Fisher

37.

38.

39.

4.

information as an objective function for
self-limiting Hebbian learning rules.

front. Rob. Al 1, 1. (doi:10.3389/frobt.
2014.00001)

Bartholomew AJ, Meck WH, Cirulli ET. 2015
Analysis of genetic and non-genetic factors
influencing timing and time perception. PLoS
ONE 10, e0143873. (doi:10.1371/journal.pone.
0143873)

Gravetter FJ, Wallnau LB. 2016 Statistics for the
behavioral sciences. Boston, MA: (engage
Learning.

Enns PK, Koch J. 2013 Public opinion in

the US States: 1956 to 2010. State Polit.
Policy Q. 13, 349-372. (doi:10.1177/
1532440013496439)

Gros C. 2017 Entrenched time delays

versus accelerating opinion dynamics: are
advanced democracies inherently unstable?
Eur. Phys. J. B 90, 223. (doi:10.1140/epjb/
€2017-80341-y)

Street J, Inthorn S, Scott M. 2015 Politics and
popular culture. In From entertainment to
citizenship. Manchester, UK: Manchester
University Press.

4.

4.

4,

45,

46.

47.

48.

49.

Rosa H. 2005 The speed of global flows and the m

pace of democratic politics. New Pol. Sci. 27,
445-459. (doi:10.1080/07393140500370907)
Plattner MF. 2015 Is democracy in decline?.

J. Democracy 26, 5-10. (doi:10.1353/jod.
2015.0014)

Schmitter PC. 2015 Crisis and transition, but not
dedline. J. Democracy 26, 32-44. (doi:10.1353/
j0d.2015.0004)

Hug A, Ginsburg T. 2018 How to lose a
constitutional democracy. UCLA L. Rev.

65, 78.

Fraiberger SP, Sinatra R, Resch M, Ried| C,
Barabdsi AL. 2018 Quantifying reputation and
success in art. Science 362, 825-829. (doi:10.
1126/science.aau7224)

Liu L, Wang Y, Sinatra R, Giles CL, Song C, Wang
D. 2018 Hot streaks in artistic, cultural, and
scientific careers. Nature 559, 396—399. (doi:10.
1038/541586-018-0315-8)

Trust G. 2009 Billboard 200 Undergoes
Makeover. Billboard Mag. 11/17.

Staff B. 2014 Billboard 200 Makeover: album
chart to incorporate streams & track sales.
Billboard Mag. 11/19.

sos1/JeuInof/6105uiysignd/aposjesos

W606L 9 /)g o 305 H v.<..


http://dx.doi.org/10.1016/S0896-6273(02)01144-3
http://dx.doi.org/10.1016/S0896-6273(02)01144-3
http://dx.doi.org/10.1126/science.1072493
http://dx.doi.org/10.1016/j.mehy.2005.04.040
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1038/srep02042
http://dx.doi.org/10.3389/frobt.2014.00001
http://dx.doi.org/10.3389/frobt.2014.00001
http://dx.doi.org/10.1371/journal.pone.0143873
http://dx.doi.org/10.1371/journal.pone.0143873
http://dx.doi.org/10.1177/1532440013496439
http://dx.doi.org/10.1177/1532440013496439
http://dx.doi.org/10.1140/epjb/e2017-80341-y
http://dx.doi.org/10.1140/epjb/e2017-80341-y
http://dx.doi.org/10.1080/07393140500370907
http://dx.doi.org/10.1353/jod.2015.0014
http://dx.doi.org/10.1353/jod.2015.0014
http://dx.doi.org/10.1353/jod.2015.0004
http://dx.doi.org/10.1353/jod.2015.0004
http://dx.doi.org/10.1126/science.aau7224
http://dx.doi.org/10.1126/science.aau7224
http://dx.doi.org/10.1038/s41586-018-0315-8
http://dx.doi.org/10.1038/s41586-018-0315-8

	Five decades of US, UK, German and Dutch music charts show that cultural processes are accelerating
	Introduction
	Results
	Chart diversity: the negative effect of streaming
	Album lifetimes: a self-organized critical state in the making
	Number one albums: the start determines the fate
	Entry and exit positions: ongoing symmetrization
	Inner mobility: accelerating rank decay
	Billboard single charts: why airplay statistics differ
	International statistical convergence

	Information theory of human activities
	Human logarithmic discounting generates power laws
	Entropy maximization with variable mean
	Time horizons are less important when time accelerates

	Discussion: political time scales and stability
	Conclusion
	Data accessibility
	Authors' contributions
	Competing interests
	Funding
	Acknowledgements
	Appendix A
	References


