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Abstract
The cultural capital can be as a kind of asset that embodies, stores and produces the cultural values except for
producing the economic values. With the further progress of modern civilization, scientific culture, on an economics
perspective, as a combination of intangible and tangible capital, more and more becomes the one of important engine
to make economic sustainable growth in the long run for a country. Based on the framework by Barro and Turnvosky,
this paper constructed an economic growth model including the factor of scientific culture and mainly found that the
impact of scientific culture capital growth rate on human capital accumulation is positive, and then affects economic
growth rate. And the greater scientific culture capital growth rate influences the human capital accumulation, the
higher economic growth rate is.
Keywords: scientific culture, tangible capital, intangible capital, factor input, economic growth
1. Introduction
Ernst Cassirer, a German philosopher, said that science is the last step of human intelligence development and the
highest and most unique achievement of human culture……and there isn’t any second force to surpass scientific
thought (Ernst, 2013). Scientific culture is a unity of internalization and externalization of human spirit and a typical
kind of advanced culture. Generally, scientific culture is a value system about scientific values, spirits, beliefs,
conventions, attitudes and methods within the scientific community after institutionalization and customization of
society. Pickering (1995) pointed out scientific culture factually consists of a number of different elements or even
some heterogeneous elements. Godin & Gingras (2000) pointed out that scientific culture is a form which individual
and society occupy all modes of science and technology.
Scientific culture is the crystallization of material culture and spiritual culture and its behavior criterions and values
importantly embody the progress of human civilization. Scientific culture is also a catalyst to make traditional culture
continuously updating and modernizing. Scientific culture emerged and developed based on a certain cultural
background and at the same time had become a very important element to affect the changes and evolutions of
different cultures. Considering the real value of scientific culture, Francis Bacon thought that scientific culture in fact
is a far-sighted and collaborative social activity which can effectively better people’s lives; there is nothing
significant like invention of new technologies and products in every social welfare can be given to human (Hanbury,
1998).
In addition, economists found that well understanding culture is better at understanding economic development.
David Landes pointed out Max Weber even said that if we knew everything based on history of economic
development, cultural differences made economic development history of different countries have their own
characteristics (Lawrence & Samuel, 2000). The President Xi Jinping (2017) pointed out that it must excite nation’s
culture innovation and creation vitality to build a strong socialist culture country. Yoshihara Kunio, a Japanese
economist, thought that Japan can rapidly develop because it has a suitable culture background (Lawrence, 2006).
Jeffrey Sachs, even a skeptic to culture, also recognized the cultural influences. His work The End of Poverty wrote
that the government has been making effort to develop its country but culture environment may be an obstacle to
development process (Sachs, 2005).
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2. Social Economic Function of Scientific Culture
Science & technology innovation can make a country stronger. But science & technology innovation not only needs
human capital but a better social environment. Environment can bring up and also strangle talents, at the same time,
can stimulate and also hinder innovation. In fact, social environment is a cultural background of developing science
& technology innovation and the cultural background is called “scientific culture”. Innovation is to improve the level
of science and technology. But innovation development cannot be separated from the scientific culture environment,
which is advantageous to development of cultural industries can promote economic multi-polar growth.
On a sociology perspective, scientific culture can promote social development and reform. Science & technology has
become a decisive factor in economic and social development. It has a revolutionary impact on not only social
production efficiency, product quality, diversity, production and management mode but also social economic
structure, people’s lifestyle and social concept.
In cultural economics field, there is a found that culture development - investing culture - can promote the economic
growth in the long-run and culture capital investment is one of important engines to maintain the long-run growth for
economy. Therefore, scientific culture construction is an engine to promote the development and prosperity of
cultural industries.
Early 21st century, information technology industries underwent a stage from peak to trough. After that, taking
advantage of rapid development of science & technology, the big data market scale in the world was 28.1 billion
USD in 2016, increasing by 22% compared with 2015, it is predicted that the big data market scale in the world will
be about 97 billion USD in 2027. (Note 1) Computer and mobile games have been one of the most important
entertainment industries. Anime industry, as one of mainstay cultural industries in America and Japan, embodies
directly soft power of scientific culture. In 2003, Time pointed out our world would step into a new era of digital
entertainment around 2015. So, with the development of modern cultural industries, science & technology innovation
plays an important leading role in the development of cultural industries. The scientificalization and technicalization
of culture will be an inevitable trend of coordinated development of science & technology and culture in the new era.
Therefore, scientific culture is a potential capital force to promote the development of cultural industries.
Cultural industries have become more and more important for economic development. Some large-scale production
industries, for example, movie, music, radio, publishing and printing industries have been gradually emerging
(Throsby, 2008), which directly improves economic growth. In addition, cultural industries play a potentially indirect
role in promoting economic growth (Florida, 2002, 2005; Santagata, 2002). The externality of cultural industries can
affect other production sections to stimulate economic development. Cultural value and cultural environment
generated by developing cultural industries can stimulate the emergence of other new ideas and new technologies.
Otherwise, developing cultural industries can also improve residents’ life quality and even enterprises’
competitiveness.
In fact, there were many scholars from economic and cultural field thought culture is the core of human capital.
Costanza & Daly (1992) pointed out culture capital is one of important elements consisting of human capital which
is an experience accumulation of scientific and cultural knowledge and technical ability. Zweigenhaft (1993) used
culture capital instead by human capital as in his research on how culture capital and social capital to influence
graduate behavior in Harvard University. A Chinese scholar Liu Xielin pointed out it is the R&D input and talent to
decide enterprise innovation ability in recent time, it is the strategy and management in the mid-term and it is the
institution and culture in the long run. (Note 2) In 1995, there were 3.5 million jobs provided by culture and arts
departments in Europe and over 2% labor employed in these departments (European Commission, 1998; Greffe,
1999). In 1997, there was 5.3% of urban labor working in movie industry in Los Angeles (Santagata, 2002).
It should be realized that scientific culture is as a capital, combination with other capital, can produce more products
and services. Throsby (2001) thought the cultural capital can be as a kind of asset that embodies, stores and produces
the cultural values except for producing the economic values (Throsby, 2008). But scholars still don’t totally
understand which way culture capital to affect economic growth (Sacco & Segre, 2009), so Sacco & Segre (2009)
provided a mode that can promote economic growth by sustainably investing culture. And the New Economic
Growth Theory points out human capital is a key factor in many possible elements which promote economic growth.
Therefore, based on economic growth theory, this paper tries to analyze the relationship between scientific culture, as
a capital - one of important factors influencing human capital, and economic growth.
3. Economic Growth Model Including Scientific Culture Capital
Generally, people with higher cultural level and creativity have relatively higher incomes and have more chances to
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participate in many social activities, which will increase the marginal consumption tendency of local culture products
and services and further promote the development of local economy. And the accumulation of scientific culture
capital has a positive influence on economic growth through human capital.
Recently, it is not clearly stated that what role scientific culture capital plays in economic growth in growth theory.
Usually, it is thought that the accumulation of other input factors, such as labor (technical or non-technical) and
capital (mainly physical capital, human capital and technical capital), lead to long-run economic growth except
scientific culture capital. Therefore, this paper constructed an economic growth model (Note 3) including the factor
of scientific culture and analyzed if scientific culture can promote economic growth.
3.1 Firms Behavior
Consider a closed economy. Consumption goods are the numeraire goods which are produced perfectly competition
by lots of firms with small and structurally-identical. So, the representative firm’s Cobb–Douglas production
function with technological parameter T as following:
𝛽

𝑌𝑡 = 𝑇𝑡 ∙ 𝑆𝐶𝑡 ∙ 𝐻𝑌𝛼𝑡

(1)

Where 𝑆𝐶𝑡 is the stock of scientific culture capital at t. 𝑇𝑡 > 0, is a positive technological parameter at t.
𝛼 + 𝛽 = 1 and 𝛼, 𝛽 ∈ (0,1), 𝛼, 𝛽 are respectively the human capital and scientific culture capital contribution
rates in economic growth. 𝐻𝑌𝑡 = 𝜉𝑡 ∙ 𝐻𝑡 and 𝜉𝑡 ∈ (0,1), 𝐻𝑌𝑡 is the total amount of human capital to produce goods
at t, 𝐻𝑡 is the total amount of human capital at t, 𝜉𝑡 is the proportion of human capital devoted to goods production
in total human capital at t. 𝑌𝑡 is the final output at t.
In the long-run, along the balanced growth path equilibrium, 𝜉𝑡 converges to a constant, that is 𝑙𝑖𝑚𝑡→+∞ 𝜉𝑡 = 𝑐, ∀
t, 𝜉𝑡 = 𝜉. When perfect competition, there are a large number of small, structurally-identical firms producing the
structurally-identical goods, the representative firm cannot influence the technological progress level of the whole
economy system. So 𝑇𝑡 is the average technological progress level. It assumes that 𝑇𝑡 depends on the relative
intensity of scientific culture capital at the whole economy system, that is the ratio of the scientific culture to human
capital,

𝑆𝐶𝑡
𝐻𝑡

. We assume the function with 𝑇𝑡 and

𝑆𝐶𝑡
𝐻𝑡

𝑆𝐶𝑡 𝜃
) ,
𝐻𝑡

is non-linear: 𝑇𝑡 = (

where the parameter 𝜃 ≠ 𝛼 and

𝜃 ≠ 0. If 𝜃 = 0, 𝑇𝑡 would equal 1, we don’t consider this simple case. So, the production function (1) is also
𝑆𝐶𝑡 𝜃
)
𝐻𝑡

following: 𝑌𝑡 = (

∙ 𝑆𝐶𝑡1−𝛼 ∙ 𝐻𝑌𝛼𝑡 .

Because 𝑇𝑡 is stable at average level along balanced growth path equilibrium, firms produce consumption goods
under the condition of perfect competition. The first-order conditions to maximize the representative firm's profit
function are:
𝑃𝑆𝐶𝑡 =

𝜕𝑌𝑡
𝜕𝑆𝐶𝑡

𝜔𝐻𝑌 =
𝑡

= (1 − 𝛼) ∙ (
𝜕𝑌𝑡

𝜕𝐻𝑌𝑡

=

𝛼
𝜉𝑡1−𝛼

∙(

𝑆𝐶𝑡 𝜃−𝛼
)
𝐻𝑡

∙ 𝜉𝑡𝛼

(2.1)

𝑆𝐶𝑡 1−𝛼+𝜃
)
𝐻𝑡

(2.2)

Where 𝑃𝑆𝐶𝑡 and 𝜔𝐻𝑌 are respectively the marginal contribution rates of per unit scientific culture capital or per
𝑡

unit human capital to economic growth in process of goods production. 𝑃𝑆𝐶 denotes the shadow price of scientific
culture capital in terms of goods, 𝜔𝐻𝑌 denotes the wage rate of per unit of human capital in goods production.
3.2 Household Consumption
Based on the framework of Barro (1990) and Turnvosky (2000), we postulate that the closed economy system
consists of lots of fixed households with the identical and the infinite life, each household has only one person and
population growth rate is zero.
Assume that the representative household uses all the income just for scientific culture capital investment. Therefore,
the dynamic accumulation equation of scientific culture capital is:
𝑆𝐶̇ 𝑡 = 𝑌𝑡 − 𝐶𝑡 − 𝛿𝑆𝐶 ∙ 𝑆𝐶𝑡
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Where 𝛿𝑆𝐶 ≥ 0, is the depreciation rate of scientific culture capital. 𝐶𝑡 is consumption at t.
Based on equations (2.1) and (2.2), there is:
𝑌𝑡 = 𝜔𝐻𝑌 ∙ 𝐻𝑌𝑡 + 𝑃𝑆𝐶𝑡 ∙ 𝑆𝐶𝑡
𝑡

By combining the above equation and Eq. (3), there is:
𝑆𝐶̇ 𝑡 = (𝑃𝑆𝐶 − 𝛿𝑆𝐶 ) ∙ 𝑆𝐶𝑡 + 𝜔𝐻
𝑡

𝑌𝑡

∙ (𝜉𝑡 ∙ 𝐻𝑡 ) − 𝐶𝑡

(4.1)

𝜉𝑡 is the proportion of human capital devoted to goods production in total human capital at t, so we take 1 − 𝜉𝑡 as
the proportion of human capital devoted to producing new human capital. The dynamic accumulation equation of
human capital is:
𝐻̇𝑡 = (𝜑 ∙ 𝑅𝑆𝐶𝑡 ) ∙ 𝐻𝑡 + 𝜇 ∙ (1 − 𝜉𝑡 ) ∙ 𝐻𝑡

(4.2)

Where 𝜇 > 0, is the productivity of that part of human capital devoted to producing new human capital. 𝑅𝑆𝐶𝑡 =

𝑆𝐶̇ 𝑡
𝑆𝐶𝑡

,

is the growth rate of scientific culture capital at t. 𝜑 ∈ (0, 1) denotes the influence level of scientific culture capital
growth rate on the accumulation of human capital and can measure the complementarities between scientific culture
capital and human capital. Sacco & Segre (2009) found that cultural capital investment and human capital investment
can be well linked by the complementarities.
Based on Eq. (4.2), when other conditions remain unchanged, the rapid growth of 𝑅𝑆𝐶𝑡 can effectively improve the
accumulation of human capital.
And then, there is the problem of the representative household:
+∞

𝑚𝑎𝑥 ∫
0

𝐶𝑡1−𝜎 − 1 −𝜌𝑡
𝑒 𝑑𝑡
1−𝜎

Where 𝜎 > 1, 𝜌 > 0; 𝜎is the reciprocal of intertemporal substitution elasticity of consumption, 𝜌 is the subjective
discount rate.
The constraints are Eq. (4.1) and Eq. (4.2).
The infinite cross-sectional conditions are 𝑙𝑖𝑚𝑡→+∞ 𝜆𝑆𝐶𝑡 ∙ 𝑆𝐶𝑡 = 0 and limt→+∞ λHt ∙ Ht = 0. 𝑆𝐶0 > 0 and 𝐻0 > 0.
𝜆𝑆𝐶𝑡 and 𝜆𝐻𝑡 are two co-state variables.
3.3 Competitive Equilibrium in the Long-Run
In this closed economy system, the competitive equilibrium in the long-run is that there exists a price make this set of
elements {𝐶, 𝑆𝐶, 𝐻, 𝜉} satisfy below conditions:
(1) For a certain {𝜉}, firms will maximize their profits by choosing {𝑆𝐶, 𝐻𝑌 };
(2) Households will maximize their welfare by choosing {𝐶} under the condition of satisfying their budget
constraints;
(3) Capital markets are balanced;
(4) The budget constraints are all balanced at each period.
4. Solving the Problem of Long-Term Equilibrium and Conclusion Analysis
To consider the Hamiltonian Equation (Eq. ℍ) to solve the optimization problem.

ℍ=

𝐶𝑡1−𝜎 − 1 −𝜌𝑡
𝑒
+ 𝜆𝑆𝐶𝑡 ∙ [(𝑃𝑆𝐶𝑡 − 𝛿𝑆𝐶 )𝑆𝐶𝑡 + 𝜔𝐻𝑌𝑡 (𝜉𝑡 ∙ 𝐻𝑡 ) − 𝐶𝑡 ] + 𝜆𝐻𝑡 [(𝜑 ∙ 𝑅𝑆𝐶𝑡 )𝐻𝑡 + 𝜇(1 − 𝜉𝑡 )𝐻𝑡 ]
1−𝜎

The balanced growth path {𝐶, 𝑆𝐶, 𝐻, 𝑌, 𝜉} in economy system is a competitive equilibrium: the growth rates of C,
SC, H and Y are constant and equal, we make the rate equal R. 𝜉 is also constant. So 𝑃𝑆𝐶 and 𝜔𝐻𝑌 are also
constant.
The first-order conditions are following:
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Solving the partial derivative on the control variables:

𝜕ℍ
𝜕𝐶𝑡

𝜕ℍ

Solving the partial derivative on the state variables:

𝜕𝑆𝐶𝑡

= 0 and

𝜕ℍ
𝜕𝜉𝑡

= −̇ 𝑆𝐶𝑡 and

Vol. 9, No. 1; 2018

= 0;
𝜕ℍ
𝜕𝐻𝑡

= −̇ 𝐻𝑡 .

By recalculating the above equations, we have:

𝑆𝐶𝑡 = 𝐶𝑡−𝜎 𝑒 −𝜌𝑡
𝑆𝐶𝑡
𝐻 𝑡
̇ 𝑆𝐶𝑡

𝐻 𝑡

𝜇

=

(5.2)

𝜔𝐻𝑌

= −(𝑃𝑆𝐶 − 𝛿𝑆𝐶 )

(5.3)

= −(𝜇 + 𝜑 ∙ 𝑅𝑆𝐶 )

(5.4)

𝑆𝐶𝑡
̇ 𝐻𝑡

(5.1)

Eq. (5.2) is also written as 𝑆𝐶𝑡 ∙ 𝜔𝐻𝑌 = 𝐻𝑡 ∙ 𝜇. And then solving the derivative both sides on t: ̇ 𝑆𝐶𝑡 ∙ 𝜔𝐻𝑌 = ̇ 𝐻𝑡 ∙ 𝜇,
so we have

̇ 𝑆𝐶𝑡
𝑆𝐶𝑡

=

̇ 𝐻𝑡
𝐻 𝑡

and Eq. (5.3) equals Eq. (5.4). Therefore, the Eq. (5.5) is following:
𝑃𝑆𝐶 = 𝜇 + 𝜑𝑅 + 𝛿𝑆𝐶

Based on Eq. (5.1), we have −𝜎
𝐶𝑡̇
𝐶𝑡

=

𝜇+𝜑𝑅−𝜌
𝜎

, and

𝐶𝑡̇
𝐶𝑡

𝐶𝑡̇
𝐶𝑡

−𝜌=

̇ 𝑆𝐶

𝑡

𝑆𝐶𝑡

(5.5)

, then combining with Eq. (5.3) and Eq. (5.5), there is the equation

= 𝑅, so we have the below equations:
𝑅=
𝑃𝑆𝐶 =

𝜇−𝜌

(6)

𝜎−𝜑

𝜎(𝜇+𝛿𝑆𝐶 )−𝜑(𝜌+𝛿𝑆𝐶 )

(7)

𝜎−𝜑

Based on Eq. (4.1) and Eq. (4.2), there are 𝑅𝑆𝐶 = (𝑃𝑆𝐶 − 𝛿𝑆𝐶 ) + 𝜉𝜔𝐻𝑌 ∙

𝐻𝑡
𝑆𝐶𝑡

−

𝐶𝑡

and 𝑅𝐻 = 𝜑𝑅𝑆𝐶 + 𝜇(1 − 𝜉). And

𝑆𝐶𝑡

𝑅𝑆𝐶 = 𝑅𝐻 = 𝑅, then combining with Eq. (5.3), Eq. (5.4) and Eq. (6), we have 𝜉𝜔𝐻𝑌 ∙
𝜉=

𝜇(𝜎−1)+𝜌(1−𝜑)
𝜇(𝜎−𝜑)

𝐻𝑡
𝑆𝐶𝑡

−

𝐶𝑡
𝑆𝐶𝑡

= −𝜉𝜇 and

.

Further, based on Eq. (2.1) and Eq. (7) and the value of 𝜉, we get the equilibrium ratio of scientific culture capital in
the amount of human capital at the time of t:
𝑆𝐶𝑡
𝐻𝑡

=(

(1−𝛼)(𝜎−𝜑)

)

𝜎(𝜇+𝛿𝑆𝐶 )−𝜑(𝜌+𝛿𝑆𝐶 )

1
𝛼−𝜃

𝛼

𝜇(𝜎−1)+𝜌(1−𝜑) 𝛼−𝜃
(
)
𝜇(𝜎−𝜑)

(8)

While equilibrium along the balanced growth path, the rates of income, consumption, scientific culture capital and
human capital are the same, so we have:
𝑅𝑌 = 𝑅𝐶 = 𝑅𝑆𝐶 = 𝑅𝐻 ≡ 𝑅 =

𝜇−𝜌

(9)

𝜎−𝜑

Next, it will analyze the effect of the depreciation rate (𝛿𝑆𝐶 ) of scientific culture capital on the rate of economic
growth (𝑅𝑌 ). We will calculate the value of
𝜕𝑃𝑆𝐶
𝜕𝛿𝑆𝐶

=

𝜎−𝜑
𝜎−𝜑

= 1. Then combining 𝜎 − 𝜑 =
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𝜕𝛿𝑆𝐶

. Based on Eq. (7), there is a finding: 𝜎 − 𝜑 =

𝜇𝜎−𝜌𝜑
𝑃𝑆𝐶 −𝛿𝑆𝐶

43

and Eq. (9), we have 𝑅𝑌 = (

𝜇−𝜌
𝜇𝜎−𝜌𝜑

𝜇𝜎−𝜌𝜑
𝑃𝑆𝐶 −𝛿𝑆𝐶

and

) (𝑃𝑆𝐶 − 𝛿𝑆𝐶 ), therefore,
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𝜕𝛿𝑆𝐶

=(

𝜇−𝜌
𝜇𝜎−𝜌𝜑

)(

𝜕𝑃𝑆𝐶
𝜕𝛿𝑆𝐶
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− 1) = 0,

It’s proofed that the depreciation rate (𝛿𝑆𝐶 ) of scientific culture capital has no effect on the rate of economic growth.
Based on above those results, Eq. (7) is the shadow price of scientific culture capital in terms of goods while
equilibrium in the long-run. Eq. (8) is the equilibrium ratio of scientific culture capital in the amount of human
capital in the production process. When 𝛼 ∈ (0,1), 𝜑 ∈ (0,1), 𝛿𝑆𝐶 ≥ 0, 𝜇 > 0, ρ > 0 and 𝜎 > 1, and suppose
𝜇 > 𝜌, it is to ensure that the productivity of human capital producing new human capital is much larger than the
subjective discount rate, which ensure 𝜉 ∈ (0,1), as well, the values of R, 𝑃𝑆𝐶 and

𝑆𝐶𝑡
𝐻𝑡

are all strictly positive. Eq.

(8) also shows that the value of the parameter 𝜃 (compare with 𝛼) and the value of contribution rate (𝛽) of
scientific culture capital on economic growth will influence the value of

𝑆𝐶𝑡
𝐻𝑡

while competitive equilibrium, but the

values of 𝜃 and 𝛽 will not affect economic growth rate and the shadow price of scientific culture capital of
consumption goods. Still ensuring 𝜇 > 𝜌 and no changes of other parameters, Eq. (6) shows that the value of 𝜑
(the effect of the growth rate of scientific culture capital on human capital accumulation) will affect the level of
economic growth rate, and the greater the value of 𝜑, the higher the economic growth rate when equilibrium along
the balanced growth path.
5. Conclusions
New Economic Growth Theory found that human capital investment is more and more one of key factors in many
possible elements which can promote economic growth and scientific culture is a core of human capital. Some
studies in cultural economics field pointed out, in the long-run, investing culture will promote economic sustainable
growth and the externality of cultural creative industries generally affects other production sections. Therefore,
culture capital investment becomes one of important engines to maintain the long-run growth for economy.
Based on the framework by Barro (1990) and Turnvosky (2000), this paper constructed an economic growth model
including the factor of scientific culture in the two sector economic system and analyzed the possible role on
economic growth. The results are following: under the condition of no changes of other parameters, as well, ensuring
the productivity of human capital producing new human capital is much larger than the subjective discount rate, the
effect of the growth rate of scientific culture capital on human capital accumulation will determine the level of
economic growth rate, and the greater the effect of the growth rate of scientific culture capital on human capital
accumulation, the higher the economic growth rate when equilibrium along the balanced growth path.
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Notes
Note 1. Data source: https://www.qianzhan.com/analyst/detail/220/170411-e19f6837.html, 2017-04-12.
Note 2. The book review written by Liu Xielin for the work Culture VS Technology Innovation: Cultural
Comparison of Innovative Economy and Strategy Suggestion (Chinese Edition), Beijing: Intellectual Property Press,
2006.
Note 3. Since the mid-1980s, the New Growth Theory, mainly such as Romer (1986) and Lucas (1988), emphasized
that technology progress is endogenous, capital accumulation and innovation are both important factors in promoting
economic growth. See details: (1) Romer, P., “Increasing returns and long-run growth,” Journal of Political Economy,
Vol.94, No.5, 1986, (2) Lucas, R., “On the mechanism of economic development,” Journal of Monetary Economics,
Vol.22, No.1, 1988.
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