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ABSTRACT : This article is an attempt to associate Baumol's Law and the Performing Arts (PAs), based on
mathematical modelling. In 1966, Americans Baumol and Bowen published for the first time an analysis
regarding the financing of live entertainment/performing arts; as this was the first analysis in this field, and
precisely because it sought to establish a mathematical-economic relationship between the needs of performing
arts and State grants, it was called “Baumol's Law”. This “law” provides a rough list of reasons for performing
arts’ inability to be self-financed; at the same time, it highlights the need to financially support institutions of
any form, size or level via external bodies, such as the state, patrons of art, and prominent sponsors. A
distinction is made between the anthropocentric and the machine sector; in the former, human labour is key,
while the latter is dominated by machines and all their derivatives.
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l. INTRODUCTION

The “cornerstone” of Baumol's reasoning is none other than the basic fact that the hitherto classic sectors of the
Economy (industry, commerce) have a huge advantage over the idiosyncrasy of performing arts: the possibility
to replace human labour with technological innovations, such as machines and robots. Thus, in these sectors, the
final product’s price can be reduced, thanks to a gradual and smooth replacement of the workforce, which is
attributable to the automation offered by technological advances (Gargalianos&Giannakopoulou, 2012: 34). On
the contrary, sectors such as the Performing Arts (PA) rely -without the possibility of an alternative- solely on
the human factor, with all the medium- and long-term implications this may have on the cost of the “product”
that is being produced. Here, the development and use of new technologies does not bring any change -
reduction- in the price of the final product, since, in PAs, human labour can only be replaced to a limited extent
by new technological advances. In this sense, and according to the same reasoning, all economic activity around
the world can be divided into two main categories, that of standard industry, the so-called “growing” sector, and
that of performing arts, the so-called “non-growing” sector (List, 2017: 178). This verbal distinction between the
two sectors is based -as mentioned above- on their ability, or lack thereof, to progressively increase productivity,
hence profits, through the utilization of technological means.

Through the Baumol’s Law, which allows the mathematical representation of the examined phenomenon, we
underline the need of financial support in the field of performing arts. For the purposes of this analysis, we
define the most important parameters that we encounter in the following mathematical presentation, such asL:
indicating the size of the workforce; Y: the quantity of final production; t: time; r: the rate of productivity
increase; W the amount of worker wages; C: the total cost of production (Gargalianos, 1994: 129).

Il. METHODOLOGY
The methodology we followed in order to write this article was the constant comparison between Baumol's Law
and the needs of the Performing Arts (PAs).We were based for that on a mathematical model, consisting of
logarithms, constants, variants and numerous equations. We knew that the development and use of new
technologies does not bring any change -reduction- in the price of the final artistic product, since, in PAs, human
labour can only be replaced to a limited extent by new technological advances. First, we took into consideration
a mathematical-economic model which explains the relationship between the needs of performing arts and the
State grants. Our mathematical analysis, in terms of methodology, is based on models and parameters such as L
(size of the workforce), Y (quantity of final production), t (time of production), r (rate of productivity increase),
W (worker wages), and C (total cost of production). Thanks to these models, and based on a distinction between
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the anthropocentric and the machine sector, we made the connection between the performing arts and the
financial support of each government.In that way, and according to the same reasoning, we examined the
economic activities around the world and we understood that they can be divided into two main categories, that
of standard industry, the so-called “growing” sector, and that of performing arts, the so-called “non-growing”
sector. We studied the distinction between the two sectors and we made reflexions on their ability, or lack
thereof, to progressively increase productivity, hence profits, through the utilization of technological means. In
that purpose we were based on the Baumol’s Law, because it the mathematical representation of the examined
phenomenon, we can underline the need of financial support in the field of performing arts. We assigned
numbers to all important equations in this model, in order to facilitate our reflexion, as well as its readability for
readers, who must take into consideration that this mathematical model is rather complex.

Baumol’s Law in Performing Arts: In order to simplify the continuity of their calculations, Baumol and
Bowen assume that the costs of both sectors are fixed and that both sectors’ product purchase price by the public
depends on labour costs, i.e. wages (Moreau, 2004: 862). This implies that families spend a fixed portion of
their income on the purchase of anthropocentric sector products -entertainment, other cultural services- because
each increase in ticket prices corresponds to a respective increase in worker wages(Rothbard, 2009: 892). These
last considerations can be represented using parameters a and bas follows

Pl=0a-Cl (1)
P2=b-C2(2)

Assuming that the ratio of labour quantities used in both sectors 1 and 2 remains constant, we obtain % =K;
2
a-Lq

b L, LY because Y; =a -L; andY, =b-
L2

(constant). Then, it's certain that the relationship % equals to
2
L, 1+t

a-Kp
b-(1+r)t

If we then replace X with K, we getﬁ =
Ly Y2

The limit of:(2 when t — oo is equal to 0, because: lim b(1+r)t=w
2 —00

50, we getlim ——~1 =
' g towob (1+r)t

This means that, in along-theoretically infinite- time period, the production Y, (industrial sector) becomes
infinite, while the production Y;-anthropocentric sector- remains constant, i.e. in the face of maximum
production in Y,, Y;could be deemed as zero.How can we react when faced with such a situation, which -let us
emphasise- will eventually lead to the absolute decline of the anthropocentric sector? It is obvious that the

relationship %must be kept constant. This can be achieved either through a high demand for cultural products -
2
namely, that the public consumes only art products, which is unrealistic- or through an intervention by public
authorities (Baumol& Bowen, 1966: 178). Therefore, we assume that? = K, (constant), thus, we getY; =Y, -
2

K,.
Assuming that the total workforce is L, we have

L=L,+L,=L,=L—-1L, 3)
The workforce L, of the non-growing sector is equivalent to

Yl_YZ'Kz_b'Lz'(1+r)t'K2

L, =
! a a a

C))

Considering equation (3), this workforce becomes
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L= —2—— (5)
1+ b (1+r)vK,

Considering thatk, is a constant, Zchan be replaced by K;which is also a constant. Therefore, we have

Ky (141 .
P71+ @+t K, ®
Regarding L,, and according to the same reasoning, we will have
Ky (1+1)t-L
L,=L-L=L-—————>—
2 : T+A+0 K,
Lo L(1+(1+r)t-K3)—K3-(1+r)t-L=>
2 1+ (1+1)tK,
L
@)

L=
2714+ 1+t K,

After mathematically calculating the value of L, and L,, we need to know what result they produce in infinite
time. Therefore

imL. =i Kz-L-(1+1)
ot T T A+ K,

Kz-L (141)t

T (1+r)t
= lim —— g
(1+r)t (1+r)t

LK, LKy
==

1+t TR
Namely,

limL, = L. (8)
Regarding the limit of L,, we will have
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@a+nt +Ks
As a result, we have
lim L, =0 9

These two mathematical results (8) and (9) imply that in an infinite amount of time and in order to maintain the

relationship % constant, and therefore> 0, all labour force -that is, all workers- will eventually end up working
2

in the non-growing sector, as the workforce in the second sector will be constantly decreasing as we move

towards more and more future time intervals. Under these conditions, let us examine what will happen to the
overall production. It is known, initially, that
Y, =a-L;
and that
Y,=b-(1+1L,

Based on the fact thatY = Y, + Y,, represents the overall quantity of final production,Y becomes

Y=a-Li+b-(1+1r)-L,(10)
But L, and L, already correspond to certain values (6) and (7). Therefore

K3(1+I‘)t'L

= - t
a 1+(1+r)‘-K3+ b(1+r)

1+ K;(1+r)t

a-K;L-(1+0)'+b(+0)'L
1+ K;(1+0)t

a‘Kg'L-(1+n)'+b-L-(1+r)" (141" L-(aK;+b)
1+ K;-(1+471)t 1+ Ky 1+t

Because L and K; are constant, we can getL(a - K; + b) = K,, where K, is a new constant that will be inserted
into the previous equation, in order to have

a1+t

T14K,-(1 +r)tK4(11)

Based on this equation, we can obtain the growth rate of the overall economy. For this reason, we must produce
the derivative of Ywith respect to t. We utilize the logarithm of Yaiming to examine the evolution of the
corresponding growth rate. Moreover, by taking the derivative of the logarithmic value, we culminate in
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| 1+t
It K (L+D)t

logY =
logY =log (1+1)t-K,—log(1+ K; (1+1)H)
=log (1+r)*+1log K, —log (1 + K3;(1+1)YH)
=t-log (1+71)+ logK, — log (1+ K;(1+1)H
(logY) = (t -log(1+71)) + (log K,) —log (1+ K; (1 + 1Y) =

K; (1+1)tlog (1+71)
1+ K; (L+ 1)t

(logY) =log(1+1r)+0—

log(1+1)-(1+K;(1+1))—K; (1+1)t-log(l+71)
T+ K (1+1)° =z

(logY) =

log(1 +r)

(og¥) = I, Ar oy

(12)

The above equation demonstrates the growth rate of the Economy which, in aninfinite time, becomes
lim(logY)' =0

because lim(l + K;(1+ 1)) =o0.
This implies that in a limited time t and in order to maintain the relationship %constant, as well as greater than 0
2

-namely: if we do not want the PAs to gradually disappear, the rate of economic growth will eventually
becomezero (Rothbard, 2009: 505).This fact highlights the emergence of significant negative effects on the
sector of performance arts, due to its constant downgrading in terms of funding. Although, the rapid
development of the technological sector leading to the marginalization of the arts sector may lead to more
general economic growth, but we must never forget the varied benefits that the arts sector offers to the
psychosynthesis of society.

1.  DISCUSSION - CONCLUSIONS

The above mathematical analysis was based on models and parameters such as L (size of the workforce), Y (quantity of final
production), t (time of production), r (rate of productivity increase), W (worker wages), and C (totalcostof production).
Thanks to these models,and based on a distinction between the anthropocentric and the machine sector, we demonstrated the
main causes of performing arts’ inability to self-finance, as well as the need to have constant financial support provided to
respective institutions of any size, form or level by the government or other bodies. The most significant difference between
the two sectors lies in the fact that, in the non-growing sector, an increase in worker wages does not imply a corresponding
increase in productivity; on the contrary, in the growing sector, always according to the analysed mathematical equations, an
increase in worker wages is combined with a rise in productivity, even if the latter is due to machines. It should also be noted
that this second increase leads to a relative stability of final product prices in that sector. Thus, we conclude that PAs, in
contrast to the production industries of the growing sector, have only three “sources” of funding: ) the public, II) the state,
IIT) the sponsors. However, these three “sources” do not always support cultural institutions to the desired degree;
consequently, the cultural products that are generated are not consumed, thus confirming Baumol’s law.
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