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Abstract: By investigating the direct effect of the ‘3T’s (the creative class; tolerance; technology)
and their interactive effects on GDP per capita, based on the data collected from 279 cities over
the period of 2002–2014, the aim of this study is to explore the practical value of the creative class
theory to the sustainable economic development in China. Using econometric estimations; the results
suggest that agglomeration of the creative class; improving tolerant milieu and increasing technology
investment have positive explanatory powers in understanding the disparities in GDP per capita
between different cities in China. However, the complementary effects on GDP per capita are only
observed between the creative class and technology or technology and tolerance, while there is an
interference effect between the creative class and tolerance. These findings suggest that Florida’s
advocacy for generating creative competitiveness across cities and regions by building up selected
amenities may be arguable, but that the creative class is substantially contributing to regional economic
growth. However, the creative class may have a unique mix with other innovative elements in
different contexts. Therefore, instead of extensively focusing on a ‘one-size-fits-all’ solution that
praises ‘cultural consumption’, the present study suggests a ‘three-phrase theory’; which has quite
generic and flexible policy focuses on different development stages.

Keywords: the creative class; tolerance; technology; economic growth; Florida

1. Introduction

In the context of intensified global competition for innovation, the capacity to mobilize, attract and
utilize innovative talent has become an important factor in determining the potential for innovation and
sustainable development for a region or country. When formulating innovation-driven development
strategies, decision-makers have shown a strong demand for, not only a few selected people with
superior talents, but also many other knowledge-based workers during the production process.
Therefore, strengthening the ‘group effect’ and ‘growth effect’ of innovative talents on socio-economic
development and understanding how to enhance their innovation and career vigor has widely attracted
the attention of scholars [1].

Under this dominate milieu, the creative class theory, with many attractive claims, such as
fully exploring the potential of different occupations (e.g., scientists, university teachers, high-tech
technicians, artists, journalists, mangers or other types of knowledge workers) as a joint force of
creativity or building-up selected ‘cultural’ amenities to attract creative workers which in turn acts
on the sustainable economic growth of a city or region, has become a focus. Since Richard Florida
put forward the theory of the creative class in 2002, numerous studies have explored the relationship
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between improving innovation capacity and socio-economic development from the perspective of
‘occupation division’ ([2–4], etc.). In recent years, such a concept has increasingly been favored by
decision-makers with the proliferation of the concept of creative city and regional innovation system
(e.g., [5,6], etc.).

The growing visibility and popularity is accompanied by the intensive criticism regarding many
of the policy standpoints held by Florida that cannot be approved in the socio-economic reality [7–12].
For instance, Glaeser [13] claimed that the effect of the creative class on economic growth is empirically
similar to that of the traditional human capital measure. Boschma and Fritsch [14] further added that
the causal relationship between economic performance and the presence of the creative class cannot be
identified by simple statistic models, such as an Ordinary Least Square (OLS) regression. In addition
to these technical issues, it seems that some of the basic assumptions of the creative class theory are
also not plausible [15,16]; the relationship between the spatial distribution of the creative class and
the level of tolerance can be bi-directional and may not be verified in the context of non-metropolitan
areas. All these evidences imply that the original theoretical framework proposed by Florida needs to
be further revised and improved.

Compared to the early debate that intensively focuses on Florida’s policy stand points, such as
building up a ‘tolerant’ environment, the notable feature of the present research is that the concept that
the creative class has been considered as an important theoretical point of integration, which links
different socio-economic development theories together. There are plenty of studies from this
perspective, such as Stolarick and Currid-halket [17], who revealed the creative class is more resistant
to unemployment, compared to other work groups, and Luger [18] and Trillo [19], who held a positive
attitude towards the role of the creative class in the optimization process of the economic network.
The latest research is Zhao et al. [20], who found that there is a complementary relationship between
the regional density of the creative class and the use of ICT in Europe. In this sense, the on-going and
intensive debates regarding regional development have not avoided the concept of the creative class.
Rather, we have to envisage that the creative class thesis has had a profound influence on the empirical
and theoretical development of regional studies, only opening up new lines of discussion regarding
how the concept of creativity can be applied in a broader context of socio-economic development.

Along this line of thought, the purpose of this paper is to embed the idea of the creative class in a
more standard economic growth framework and to verify the practicability of the creative class theory
based on the reality of China’s economic development. Therefore, we seek appropriate answers to the
following research questions: (1) How does the creative class impact on regional economic growth
in China? (2) are there links between the use of creative inputs and other economic determinants
that Florida advocated, such as technology and cultural environment? It is important to state at the
outset that our analysis does not focus on validating the theoretical framework of the creative class
thesis in a non-western context. Instead, based on the context of China, we expect to bring more
insights about how a particular talent group plays decisive roles at different stages in converting
a new idea or creativity into a successful innovation and concrete economic outcome; in which
aspects of the development of the innovative talent group are currently restricted by immature urban
construction, networking mode and innovation incentive system; and finally how policy makers can
solve these issues.

Compared to existing research, this study provides four main contributions to the current
literature. First, China is used as the prime example, as it is now experiencing dramatic socio-economic
changes that appear to be deeper and more significant compared to developed countries over the
last 2–3 decades, but few studies have explored the possible effect of talent group on its economic
development [21]. Given the significant cultural and institutional differences, the findings mainly
based on the northern America or Europe may be not generalizable to China. Second, a macro-model
that integrates the creative class with other dimensions of the knowledge economy incorporating the
idea of factor complementarity is adopted. We highlight the reconstruction of the original creative
class theory, and that the values of the creative class depend on its level of contact with other factors
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within the eco-social system. In other words, creativity on its own is not sufficient for growth and
social change, but needs to be seen in light of the use of other factor inputs, production processes
and technological progress. To the best of the authors’ knowledge, this is one of the few studies that
discuss the collaborative mechanism and optimization path of the newly emerged innovative group
from the perspective of sustainable growth. Third, although some Chinese studies have investigated
the role of the creative class at the provincial level or based on a selected group of cities (e.g., [22,23]),
issues, such as different statistical range and missing data have impeded the interpretation of the
findings. In comparison, this study constructs a novel measure to elucidate the differences between
the creative class and non-creative workers based on the available data in China, providing viable
directions for future research. Finally, this study provides meaningful references for policy makers
either, in China or worldwide for guiding and inspiring local occupational groups to form ‘innovation
communities’, which can further integrate and improve innovation networking and allocation of
resources in various contexts, such as building up smart cities and open innovation systems or
developing creative industries.

The remainder of this paper is organized as follows. The next section provides a literature review
on the creative class. Section 3 introduces the methodological approach employed in the paper and
describes the data. Section 4 demonstrates the main results from various perspectives and Section 5
concludes the paper.

2. Literature Review and Hypothesis Development

2.1. Historical and Theoretical Background

Human capital is defined as the ability attached to the workforce, which can further generate
economic value and increase productivity. However, ‘ability’ as an abstract concept is difficult to
quantify concretely, so the measurement of human capital has evolved into various forms in both
theoretical and empirical studies, such as the degree of education [24], entrepreneurship [25], individual
and collective human capital [26]. Apart from these studies, there is another strand of literature that
focuses on the role of occupational groups in economic development (e.g., [2,25,27–29]), exploring
a ‘joint force’ of innovative ability of different occupations to regional and urban development.
For instance, creativity is described by Florida [2] as creativeness, and he believes that only with
the division of labour can people unite firmly to form a ‘community’, and perform the function of
social resource integration, so that occupational groups can interact frequently in production and life,
produce cooperative and shared values, and ultimately promote social and economic development.
With this in mind, the creative class thesis may be similar to the traditional human capital theory to
some extent, but its elaboration on the innovation ability based on the diversity and complexity of the
social structure is rather novel. The creative class is not a simple division of occupational groups, but a
consistent and concentrated expression of self-cognition and values in the new economic status.

Florida divides the overall workforce into the agricultural class, the service class, the manufacturing
class and the creative class, and the creative class is further divided into the super creative core,
the creative professionals and the bohemian people according to the level and feature of creativity
(See Appendix A). The creative class yearns for multiple experiences, advocates a multidimensional
lifestyle, and is able to work in a constantly changing and innovative environment with ease, which will
eventually produce great innovative economic value [30]. If the creative class is attracted by the
high-quality soft and hard environment and gathers together to work and live in a region, then
innovation-driven resources, such as high-tech industry and other types of human capital will also
interact with the creative class, fully display their own potential, and gradually form an innovative
economy system with scale. This system will become a stronger magnet that will attract more people of
all kinds to work and live, and eventually create a virtuous cycle of constant innovation and job growth.

To sum up, the core content of the creative class theory can be summarized as follows: (1) At
the formation level: The formation of the creative class is significantly different from other social
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groups, that is, the creative class has a more detailed boundary of class behavior, and has formed the
corresponding class cognition, economic function and social identity; (2) at the collaboration level: The
richness of innovation-driven elements, the density of the creative class and the complementary effects
between them are important determinants in the development of urban or regional economy; (3) at the
optimization level: What determines the sustainability of economic development is the composition
and the quality of the innovation network which intertwines the creative class with other important
factors. Although various studies, in the past 15 years, have shown significant differences in terms of
research motivation, methodology, modelling or variable definition, the strand of literature can still
basically be classified into these three categorizes.

2.2. Research on the Formation Mechanism of the Creative Class

The research on the formation mechanism mainly includes the following two aspects: The first
is about exploring the formation process of the creative class, including the historical background,
geographical connection, economic development, the necessity and feasibility of the formation, and the
like. A large amount of literature shows that, whether in North America, Europe or other parts of the
world, due to the development of the creative economy and the urgent desire for an economic transition,
the regional density of the creative class has been increasing in the past two decades, and has brought
about significant economic and social benefits. For example, during the 11 years from the publication
of The Rise of the Creative Class in 2002 to 2013, the number of people employed in manufacturing
in the United States fell from 32 million to 26 million, while the number of people employed in the
creative class rose by 2.8 million. Even during the economic crisis in 2008, the unemployment rate of
the creative class was only half other types of jobs [30], reflecting its strong market survival ability and
adaptability [17]. The second is about examining the externality of the agglomeration of the creative
class. Florida believes that the formation mechanism of the creative class is fundamentally different from
that of traditional human capital, so the expression of economic contribution is also different: Human
capital measured by higher education is more suitable for the measurement of income change, while the
creative class defined by creativity has more say in the change of productivity [27]. McGranahan
and Wojan [31] and Marlets and Van Woerkens [32] also hold a similar view that the formation of the
creative class is indeed important in explaining regional economic development from quite a different
perspective. However, much literature believes that early research on the formation mechanism of the
creative class shows many issues in model specification and indicator selection. The original theoretical
model, for example, is difficult to prove the causality Florida claims in the empirical analysis [14],
and there exist econometric issues, such as endogeneity or multicollinearity [33]. Therefore, it is not
easy to portrait the evolving pattern of the creative class from a spatial-temporal perspective.

2.3. Research on the Collaborative Mechanism of the Creative Class

At the same time, many scholars focus on how to collaboratively link the presence of the creative
class with other socio-economic factors in the context of urban and regional theories [7,10,34,35].
This strand of literature can be generally summarized as follows:

First, the philosophical underpins of the creative class concept are discussed. The definition of the
creative class includes both white-collar workers, with higher education and senior technicians who
put practical experience and operational skills, which is not significantly different from the traditional
definition of the high-skilled group [13,36,37]. However, it has to be admitted that accurately capturing
the contribution of creativity is also a challenging task for both academics and policy makers.

Second, the values of the creative class are heterogeneous. There is yet no consistent conclusion
about whether the creative class, based on various occupations, shares the same values and preferences.
It seems that only people can better understand its value orientation by dividing the creative class
into smaller labour units [10,38]. For example, Asheim and Hansen [39] proposed and analyzed the
concepts of creative occupation, comprehensive creative occupation and symbolic creative occupation,
which were respectively matched with scientific atmosphere, commercial atmosphere and artistic
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atmosphere. Kratke [40] further excluded the employees related to finance and politics, and defined
the remaining creative subgroups as scientific and technological creators, occupational creators and
artistic creators. Third, we analyzed whether the cultural environment promotes the ‘innovation
growth’ effect of the creative class. Many empirical studies have found the hypothesis that ‘highly
tolerant society attracts more creative talents’ can only be verified when the samples selected are large
cities in North America [10,41,42]. Many small and medium-sized cities do not have the basis to
develop social diversity and variety, but the innovation economy has also developed rapidly in the
past 20 years [43,44].

There are many similar studies (e.g., [45]). However, even though these studies show the
preliminary idea of constructing the collaborative development mechanism with the creative class,
due to data or model constraints at that time, the specific investigation has not been completed. Also,
some studies pay too much attention to the relationship between building up a cultural environment
and economic innovation, thus to a certain degree, neglecting the mediating effects of other important
socio-economic drivers, such as institution or technological progress on the creative class.

2.4. Research on the Optimization Mechanism of the Creative Class

Compared with the research on formation mechanisms and collaborative mechanisms, the research
on the optimization mechanism of the creative class was formed relatively late, which is more likely to
be a summary of the issues reflected in previous literature, and aims to further expand the application
dimension of the creative class theory from the perspective of interactive and optimizing effect of
the creative class on innovation networking. It is not surprising to see that research regarding the
creative class theory evolves in this way, as many studies have provided solid evidence that the
growth momentum does not derive from the simplistic accumulation of production factors, but from
well-organized and coordinated innovative activities [46]. For instance, Yun and Lee [47] proposed a
‘city × connectivity × entrepreneurship’ model for developing Smart 4.0 city, and entrepreneurship, as a
particular type of creativity embedded to creative occupations such as creative professionals, is essential
in connecting different innovative factors together. Krishna [48] suggested that creative education,
as an important part of national innovation system, can produce knowledge workers with creative
skills, thus should be clearly supported by innovation and science policies. Kodama [49] claimed that
the creation of new business model accelerates the industrial transformation of automobiles, but again,
the dramatic technological change is supported by experienced workers and managers. Even though
these studies have different perspectives, such as increasing productivity or building an innovation
system, they converge where there is an urgent need to have an appropriate institutional setting. In this
sense, openness or inclusion, is not only a fundamental condition to attract all socio-economic agents,
but more importantly, to create an innovation system with less clear borders that individuals, firms and
industries can share and coordinate resources to realize innovation and associated outcomes [50].

With this in mind, the recent creative class literature starts to only take some of the concepts as
theoretical ‘puzzles’, which are combined with other economic and innovation theories, to explore
the ‘usefulness’ of the creative class theory on the optimization of innovation structure and the
realization of sustainable development. For example, Wu [51] argued that integrating the creative
class theory with the creative industry theory and the theory of global production networks is an
effective approach to better understand the high-quality regional economic development, as the creative
class owns creativity based on the nature of work and task, which is able to increase the ‘thickness’
of production organization’s structure(i.e., knowledge is open to flow), and help to accelerate the
interactive process regarding learning, innovation and economic and social value transformation.
Mellander et al. [52] found that, compared with non-creative labour groups, the creative class,
with characteristics of openness and tolerance, is able to improve work efficiency and obtain higher
salaries in a social networks, using creative and communication skills. Based on the definition of the
creative class occupation, Batabyal and Yoo [53] built a smart city innovation ecosystem, incorporating
factors, such as creative occupations, competitive market, government’s innovation policy and R&D
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investment. One of the conditions to achieving a balanced growth path (BGP) was found to be R&D
investment in different innovative occupations, otherwise growth is not balanced. Trillo [19] also
holds a positive attitude towards creative class features in the optimization process of knowledge
‘network’. In summary, the present creative class theory has expanded its research frontier to the
context of innovation synergies, also to a certain extent, enlightens the present research domain of open
innovation with an empirical and theoretical possibility that could detail the powers of alternative
innovative factors, such as tolerance, in addition to the focus on human’s creativity.

2.5. Research Hypothesis Development

Overall, the evolving trajectory of the creative class theory can be generally divided into three
stages, since its initialization in 2002: At the first stage, early research started with verification of the
original framework of the creative class theory, and emphasized the study of its formation mechanism;
at the second stage, the focus on the collaborative mechanism was no later than the research on the
formation mechanism. However, as long as the concept of quality development and collaborative
development is becoming increasingly popular, the amount of related research significantly increases.
Finally, the interdisciplinary study of optimization mechanism, points out a new direction for the
development of the creative class theory.

By contrast, the creative class research in China is at a primary stage and characterised by:
First, due to historical reasons, scholars tend to claim ‘creative talents’ and ‘creative industries’

instead of ‘creative class’, where there was no clear distinction between these concepts despite the
early literature more or less mentioned the principle of the creative class, which has led to a lack of
understanding about the formation mechanism of the ‘specified’ creative class. Although, these studies
simultaneously involved the concept of creative talents, industries or talent group, the creative class
theory was not directly used to clarify the logic of how the presence of creative talents could bring
about their economic effects. Hence, we propose Hypotheses 1 as below:

Hypotheses 1 (H1). A higher level of the regional density of the creative class, in association with other
socio-economic factors that Florida advocates, is positively related to the economic growth in China.

This is a first step in extending the previous studies to qualify the magnitude of the creative input
and explore whether the agglomeration of the creative class do exist and that it has a significant and
direct effect on regional growth in China.

Second, since 2006 the research in the true sense on the creative class theory and its practice
began to appear in China (e.g., [21], etc.). However, due to a lack of a deep understanding of the
connotation of the creative class theory, most studies did not make a dialectical analysis of the original
theoretical framework, ignored the discussion on the formation mechanism and jumped directly to
the level of collaborative mechanism. For example, Hong et al. [22] analyzed the preferences of the
creative class. Based on the research on the panel data of 30 provinces in China from 2003 to 2007,
cultural opportunities, higher education and high-tech indicator were considered as the determinants
of the location of the creative class. Wang et al. [23] made an empirical analysis of the creative class,
knowledge externality and urban innovation in 21 large cities in China. The findings revealed that the
rise of the creative class can bring new social wealth, and can serve as an important force affecting the
innovative growth of urban economy. However, there are still various issues, such as vague analytical
method or scattered focus and the existing literature has not yet involved optimization mechanism
research, thus it lacks recognition with regards to allocating innovation resources by the creative
class, and then building an efficient adaptation mechanism for talent groups. This study thereby
hypothesizes the following:

Hypotheses 2 (H2). The effect of the creative class on economic growth is likely to be strengthened through
technological progress and building up a ‘tolerant’ milieu.
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In this second step complementarity between the presence of the creative class and the development
level of technology or tolerance is investigated. We use Florida’s ‘3T’ (talents, technology and tolerance)
concept, but with a quite different perspective and econometric framework, to evaluate the interactive
effects between these factors. This approach tests both how the concept of the creative class can be
situated in China’s reality and how the quality of innovation system can be improved through the
cooperation of innovative factors. We expect to bring more insights on how the concept of the creative
class can be revised and further integrated with other theoretical domains, thus enriching the literature
on factor complementarity and optimization in regional economic development.

3. Research Specification

3.1. Theoretical Framework and Model Specification

Following Widen et al. [54], the present study constructs the analytical model based on the theory
of urban innovation system. It assumes that urban innovation system needs not only the creative
inputs, but also specified combinations of actors. As Figure 1 shows, the model considers the regional
economic development can be achieved through four mechanisms: (1) The emergence of talent groups,
such as the creative class; (2) spatial and institutional environment, such as reputation, historical
background, the level of technological development, social provision and tolerant milieu; (3) networks,
namely the complementary relationship between talent groups and institutional variables; (4) external
factors, such as market opportunities and policy interventions. Therefore, we explicitly construct the
basic model that can effectively reflect the features of an urban innovation system mentioned above as:

GDP per capitai,t = αi + β1The creative classi,t + β2Tolerancei,t

+ β3Technologyi,t + β4Interative termsi,t + β5Universitiesi,t

+ β6Theatersi,t + β7Green landi,t + β8Wagei,t
+ Year dummies + City dummies + εi,t

(1)
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Equation (1) shows that GDP per capita, namely the economic performance, is expressed as the
function of institutional actors including density of the creative class, the level of tolerance, the level of
technological progress, the number of universities per 10,000 population, the number of theaters per
10,000 population, the square hectare of green land per 10,000 population and macro factors represented
by average wage for city i at time t, and with a further inclusion of year dummies and city dummies.
Year dummies were used for controlling common time trend effects. Cites dummies were added to
control the heterogeneous individual effects among different administrative cities. Theoretically, spatial
environment related factors, such as historical background shall be also incorporated in the model,
but they are difficult to access at the city level and the fixed effects model (i.e., with city dummies) was
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expected to eliminate the potential endogeneity caused by these unobservable time-invariant factors in
the error terms.

Concerning the role of networking within a regional innovation system, the interactive terms
between technology and the creative class, technology and tolerance, and the creative class and
tolerance were further included in the model, respectively, for the purpose of examining the interactive
effects between these factors on the growth of GDP per capita. The addition of interaction variables
dramatically changed the interpretation of all of the coefficients. The total effect of a variable depended,
not only on its own coefficient, but also on the coefficient of the interactive term and the values of its
interacted variable.

Regional analysis always involves many econometric issues, particularly for a longitudinal dataset.
Therefore, dynamic GMM model, which is commonly used in regional studies, is employed in order to
efficiently tackle endogeneity, heterogeneity and simultaneity. The typical fixed effects model may
suffer from the problem of model misspecification, thus the basic model can be further extended to an
autoregressive panel model such that:

GDPpercapitai,t
= αGDPpercapitai,t −1
+ β1Thecreativeclassi,t + β2Thecreativeclassi,t −1 + β3Tolerancei,t + β4Tolerancei,t −1

+ β5Technologyi,t + β6Technologyi,t − 1 + β7Interactivetermsi,t + β8Interactivetermsi,t − 1

+ β9Universityi,t + β10UniversityI,t −1 + β11TheaterI,t + β12TheaterI,t −1

+ β13GreenlandI,t + β14Greenlandi,t −1 + β15Wagei,t + β16Wagei,t −1 + Yeardummies
+ µi,t

(2)

where the dependent and independent variables in Equation (1) are no longer only determined by
their current levels, but are also pre-determined by the levels in the past.

3.2. Data

Unlike previous research, this study is unique in employing a comprehensive approach to a better
extension of depth and breadth of dataset, which in turn, facilities the in-depth econometric analyses
mentioned above. The dataset used in this study when generating variables at the city level came from
the China City Statistical Yearbook and contains a large sample based on 279 cities over the period
of 2002–2014. However, only the data of urban districts was included, due to the reclassification of
spatial units over the time period. Given the inconsistency in the occupation classification standard
between the United States and China, the creative class defined in the Statistical Yearbook could
not completely match Florida’s construction. Although survey-based datasets, such as The Labor
Force Survey in China and China Health and Retirement Longitudinal Study, have provided a similar
category of creative occupations, the samples were limited to the city level. In other words, to our best
knowledge there are no existing estimates of creative occupations at the regional level which could
enable calculation of talent index in China.

The regional density of the creative class: the variable of ‘Persons Employed in Various Units by Sector’
was used to calculate a proxy measure. As the data description shown in Appendix A, this measure
included most of the creative workers, such as scientists, higher education teachers, artists, employees
in social services and finance sectors, without significantly overlapping with non-creative occupations.
However, it is worth mentioning that a few creative occupations defined by ISCO (International
Standard Classification of Occupations) may be not included. For instance, chief executive officer
(ISCO-88 code: 121) may exist in different sectors, whereas senior government officer (112) and social
work associate professionals (346) belong to the sector of social service, but most employees within this
category are not creative workers.
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GDP per capita: the deflated value of GDP per capita was based on the year of 1990 and
log-transformed. It is defined in a usual way as the natural logarithm of the total GDP divided by the
total population for city i at time t.

Tolerance: the debate regarding how to accurately define the level of tolerance has arrived at mixed
conclusions. Florida et al. [55] used the ratio of gays and lesbians to the total population as an indicator.
In addition, this factor was also measured by the locational quotient of ‘bohemians’ (e.g., [56]) or the
ratio of foreign born workforce [34] in the European context. In an initial analysis on the creative
class in China, Florida et al. [55] replaced the index of gay and lesbian population with a ratio of
non-household population over total population, but this indicator is difficult to collect at the city
level. Hence, following Lorenzen and Anderson’s approach [57], the tolerance at the city level in China
was measured in this paper according to the locational quotient of employees engaged in cultural,
education, broadcasting and movie sectors.

Technology: the development level of technology is commonly measured by the ratio of output of
high-tech industries to the total output [27] or patents number per 1000 population [14]. Given that
data for constructing these indicators is unobtainable at the city level in China, the present study
adopted the ratio of technology expenditure to total financial expenditure of local government as a
proxy. This could be deemed realistic in China’s context, as the support from local government and
research institutions, rather than the contribution of enterprises and individuals, is the vital factor in
determining the local technological improvement.

Cultural opportunity and social provision: The significance of these indexes was to account for
the effects of the social welfare system and other factors that Florida advocated in determining the
creative ‘milieu’. It is assumed that a city with more green space, universities, theaters and education
institutions provide local residents with better working and living environment. The number of
universities, square meters of green space and the number of theaters for city i at time t are measured
in the unit of per 10,000 population

Macroeconomic condition: In addition, we include a variable of average wage to account for
macroeconomic shocks for different cities. A higher level of average wage implies a more stable
economic situation, in general, with an improvement in employment and enterprise benefit, which in
turn, acts on the economic performance of a city or region. Due to data constraints, it is difficult to
incorporate other commonly used indicators.

4. Econometric Results

4.1. Statistic Summary and Correlation Test

Table 1 presented a statistical summary of the variables included in the regressions. The logarithmic
value of GDP per capita varied from 9.19 to 4.56 with the standard deviation being 0.70. Some of
the independent variables exhibited even greater variation. For example, the value of technology
index varied between 9.93 and 0.010 and the value of tolerance between 7.81 and 0.017. On average,
creative workers only accounted for 3.9 percent of all workers, with a large standard deviation. Hence,
as described below, analytical models were adopted from different perspectives to obtain robust results.
The correlation test (Table 2) suggested that most of the variables were positively correlated to GDP per
capita, reaching the level of significance (p < 0.01). The small size of coefficients implied that the model
employed in this study was unless likely to encounter multicollinearity issues. The only exception,
however, was the coefficient of the creative class ratio and the location of bohemians. The reason might
be that, as Florida argued, workers following artistic occupations were the bohemians who favored
local amenities. Hence, they indicated a region’s capacity to attract other creative workers.

4.2. Descriptive Analysis

The main goal of this section is to assess the spatial distribution of the main variables, namely
the density of the creative class, the level of technological development and the level of tolerance
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at the city level in China. The overall level of these variables was outlined before considering their
variation over time so as to provide useful information. Figures 2–4, respectively, show the locational
quotients of the average ratios of the creative class, bohemians and technological investments over the
period of 2002–2014. Figure 2 demonstrates that first-tier cities and provincial capitals employ far more
creative workers in eastern and southern regions. A similar pattern could be captured in a few capital
cities in western regions, such as Urumchi, Yinchuan and Lanzhou. In particular, the density of the
creative class was much higher in first-tier cities, including Beijing, Shanghai, Guangzhou or Shenzhen
than that in other regions. Next, the quality of regional milieus was considered, as shown in Figure 3.
The findings revealed that the distribution of bohemians was, to some extent, similar to the distribution
of the creative class. It is not surprising to see that eastern and southern regions also had significantly
higher proportions of the bohemian population. However, among other regions, only a few could
be identified as being rich in a bohemian climate, and the majority could only be characterized as
being extremely unfavorable, comprising merely 20 percent of the national average. Finally, the spatial
distribution of the technological investment in response to economic scale seemed straightforward.
Figure 4 showed that the level of technological investment in coastal provinces was significantly higher
than the national average and in western regions. Specifically, the most ‘technological’ region was
Shanghai, followed by other regions including Zhejiang, Guangdong and Beijing. This distinct regional
division manifested that the local government in developed regions has the ability and intention to
invest in technology.

In summary, the descriptive analysis in this section suggested that Florida’s arguments were
suitable in the context of large regions, particularly for those first-tier mega-regions (e.g., Beijing,
Shanghai or Guangzhou). Clearly, a high share of bohemians and high level of technological investment
co-existed with a high amount of creative workers. However, this tendency was much less obvious for
the rest of the regions.

Table 1. Summary statistics of the variables included in the regressions.

Variable Scale Mean Max Min Std

GDP per capita (1990 = 100) ln 6.69 9.19 4.56 0.70
Technology index (TE) % 1.13 9.93 0.010 1.63

Locational quotient of bohemians (TO) LQ 0.90 7.81 0.017 0.42
Creative population (CR) % 3.96 39.98 0.20 2.31

Average wage (W) ln 10.03 16.81 1.31 0.92
The number of universities (per 10,000 population) (UNI) ln −3.39 4.54 −3.36 0.80

The number of theaters (per 10,000 population) (THE) ln −3.17 −0.05 −5.57 −0.05
Per capita green area (hectare) (GEN) ln 2.14 8.90 −3.88 1.08

Note: ln = natural log transformed, LQ = locational quotient. Source: China City Statistical Yearbook (2002–2014).

Table 2. Correlation tests of variables included in the analyses.

GDP per Capita TE TO CR W UNI THE GEN

GDP per capita 1
TE 0.416 *** 1

(0.000)
TO 0.270 *** 0.079 *** 1

(0.000) (0.000)
CR 0.522 *** 0.243 *** 0.753 *** 1

(0.000) (0.000) (0.000)
W 0.583 *** 0.259 *** 0.077 *** 0.364 *** 1

(0.000) (0.000) (0.000) (0.000)
UNI 0.381 *** 0.169 *** 0.415 *** 0.427 *** 0.153 *** 1

(0.000) (0.000) (0.000) (0.000) (0.000)
THE 0.154 *** 0.030 * 0.112 *** 0.118 *** −0.008 0.044 *** 1

(0.000) (0.079) (0.000) (0.000) (0.659) (0.009)
GEN −0.0301 * −0.124 *** 0.114 *** −0.103 *** −0.331 *** 0.191 *** 0.189 *** 1

(−0.065) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Note: Sig: * p < 0.1, *** p < 0.01.
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4.3. Econometric Analysis

In this section, econometric models are included in Table 3, which directly estimate the impacts
of creative labour in association with another innovation driven factors such as technology, milieu,
social provision, etc. to economic performance. First, only the key independent variables, namely the
creative class, tolerance and technology, were included in the baseline model regressions (Model I) to
avoid bias caused by multicollinearity or mediating effects of additional control variables. As can be
seen in Model 1, the time and city dummies were also included in Models 2 and 3. The results showed
that the coefficient of the density of the creative class was 0.121 and that of the development level of
technology was 0.118, both reaching the level of significance (p < 0.01). By contrast, the influence of the
overall tolerant climate on regional economic performance was not significant until the between-group
and with-in group variations were controlled. As shown in Model 2, the coefficient of tolerance was
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−0.223, whereas it was 0.048 in Model 3. This opposite result indicated that a higher tolerant climate
was associated with more GDP per capital at the city level. However, such a ‘magnet effect’ could not
be observed at the aggregate level. Next, the control variables, including average wage, number of
universities and theaters and per capita green space were added to Model 4. The findings indicated
positive relationships between regional growth and these ‘soft’ environmental elements, while the
strong and evident effects of the creative class, technology and tolerance remained unchanged.

This study further investigated the interactive effect between different ‘T’s on regional economic
growth. The interaction between the creative class and technology was significantly positive in Model
5, whereas the coefficients of the main variables were both insignificant. This result indicated that
the total effect of each interacted variables only depends on the level change of creative labour or
technological investment. In this case, a higher level of creative labour flows exerted a significantly
higher effect on the GDP per capita growth with a higher level of technological investment than with a
lower investment level. Similarly, the positive effect of investment in technology was magnified with
a higher population density of the creative class. Moreover, the interaction between tolerance and
technology was also significantly positive (Model 6), while only the coefficient of the tolerance reached
the level of significance. This finding implied that the total effect of tolerant milieu on economic growth
depends on not only the present ‘stock’ of tolerance in a city but also the level change of technological
investment. In comparison, the total effect of technology is only determined by the level change of
tolerance. Finally, despite the significantly positive effects of the density of the creative class and
the level of tolerance, their interaction was significantly negative in Model 7. This signified that the
positive effect of a higher level of the creative class density on economic growth was weakened with
a higher level of tolerance in a city, while a city with a higher level of tolerance also did not receive
economic benefits from being featured as ‘creative class-intensive’.

4.4. Robustness Test

4.4.1. The Creative Class versus Non-Creative Workers

In Table 4, we further develop the different econometric models to test the sensitivity of our results
with respect to research variable definition and simultaneity. First, the measure of the creative class
in this study is based on the sectoral data, which may not reflect a unique position of the creative
occupations in relation to production. Given this, the category of non-creative workers, namely the
share of employees who work in the sectors that are not included in Equation (1), was also incorporated
within the analytical model. These categories were used to analyse, not only the creative class, but
also the associated effects from non-creative workers. If the indicator of the creative class exhibited a
stronger power in explaining economic growth, then the magnitude of the coefficient is likely to be
larger than that of non-creative workers too. As Model 8 shows, even though with a higher share,
the coefficient of non-creative workers was 0.005, whereas the creative class was 0.009; all reached
the level of significance. This finding implies that changes in regional creative labour demonstrated
stronger explanatory power when explaining GDP per capita growth, in comparison to changes in
non-creative labour. Similarly, further incorporating the interactive term between non-creative works
and tolerance or non-creative workers and technology in Model 9 and 10 did not change the previous
conclusions: The co-existence of the creative class and technology can result in a greater change
to output through a positive interactive effect. The density of the creative class is still negatively
associated with the level of tolerance. However, the interactive effect between non-creative workers
and technology was significantly negative, and an interactive effect between non-creative workers and
tolerance was even unobserved.

4.4.2. Dynamic Effects Control

Next, we turn to the model specification shown in Equation (2). As the normal demeaning
process, based on the fixed effects model further creates a correlation between lagged dependent
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variable and the error term on the right side of the regression, endogeneity still cannot be removed.
In this case, a dynamic GMM estimator is employed to deal with this issue and all coefficients are
interpreted as long-run effects. Model 11 shows that the long-run coefficients of the creative and
tolerance were (0.041 − 0.061)/(1 − 0.883) = −0.171 and (0.056 − 0.164)/(1 − 0.883) = −0.958, whereas
that of the interactive term was (−0.005 + 0.020)/(1 − 0.883) = 0.128; all reached the level of significance.
The current coefficient of the interactive term is −0.005. Because its 1 period lagged coefficient was
0.020, the total effect became a positive value. This finding shows a different pattern compared to
Model 7, but the relationship between the creative class and tolerance is still consistent with the
fixed effects model predicted. A positive effect of the creative class on economic growth can be only
observed at the cities where the value of tolerance is above (0.171/0.128 = 1.335). Similarly, if a positive
effect of tolerance on economic growth is maintained, the density level of the creative class has to be
greater than (0.958/0.128 = 7.484). However, the cities that achieved this standard only account for
403/3619*100 = 11.1%, and 226/3619*100 = 6.2%, respectively over the total sample. By the same token,
the short-run coefficients of the creative class, tolerance and the interactive term were 0.031, 0.077 and
−0.006 respectively in Model 7. If the positive effect of the creative class and tolerance on economic
growth can be maintained, the ‘stock’ of tolerance and the creative class must be greater than 5.167
and 7.667. Once again, qualified cities with a such a high level of tolerance is hardly observed and
there is only (209/3619*100 = 5.7%) of cities that have enough creative labour. Therefore, it is believed
that the conclusion obtained from the dynamic GMM estimator is similar to previous findings based
on the fixed effects model, that is, the co-existence of people climate and the creative class failed to
well explain the uneven level of economic growth at the city level in China. By contrast, the results in
Model 12 and 13 were not significantly different compared to the fixed effects estimators predicted
in Model 5 and 6. For instance, the long run coefficient of the interaction between the creative class
and technology was (0.002 + 0.003)/(1 − 0.838) = 0.031, while the long run coefficient of the creative
class became significant compared to Model 5, with a coefficient of (0.022/(1 − 0.838) = 0.135), and the
long run coefficient of the interaction between technology and tolerance was (0.008/(1 − 0.857)) = 0.056.
Overall, it is believed that the results are robust across different model specifications.

Table 3. Empirical results for testing the direct and interactive effects of the variables included.

GDP Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

CR 0.121 ***
(0.007)

0.178 ***
(0.011)

0.015 ***
(0.004)

0.012 ***
(0.005)

0.003
(0.005)

0.009 *
(0.005)

0.031 ***
(0.002)

TO −0.014
(0.035)

−0.223 ***
(0.047)

0.048 ***
(0.017)

0.050 ***
(0.022)

0.075 ***
(0.023)

0.043 ***
(0.022)

0.077 ***
(0.022)

TE 0.118 ***
(0.006)

0.110 ***
(0.006)

0.005 ***
(0.003)

0.007 **
(0.003)

−0.005
(0.004)

−0.004
(0.006)

0.007 **
(0.003)

W 0.037 ***
(0.013)

0.040 ***
(0.011)

0.038 ***
(0.013)

0.035 ***
(0.013)

UNI 0.150 ***
(0.011)

0.151 ***
(0.011)

0.150 ***
(0.011)

0.145 ***
(0.011)

THE 0.019 ***
(0.006)

0.019 ***
(0.006)

0.019 ***
(0.006)

0.018 ***
(0.006)

GEN 0.024 ***
(0.007)

0.025 ***
(0.007)

0.024 ***
(0.007)

0.022 ***
(0.007)

CR × TO −0.006 ***
(0.001)

TO × TE 0.013 **
(0.006)

CR × TE 0.003 ***
(0.001)

Constant 6.094 ***
(0.024)

5.769 ***
(0.042)

6.106 ***
(0.055)

6.405 ***
(0.144)

6.398 ***
(0.143)

6.407 ***
(0.144)

6.340 ***
(0.144)

Year dummies No Yes Yes Yes Yes Yes Yes
City dummies No No Yes Yes Yes Yes Yes
Observation 3618 3618 3618 3116 3116 3116 3116

R2 0.28 0.32 0.93 0.93 0.93 0.93 0.93

Notes: Robust standard errors in parentheses; Sig: * p < 0.1, ** p < 0.05, *** p < 0.01, dependent variable:
GDP per capita.



Sustainability 2020, 12, 1304 14 of 21

Table 4. Empirical results for testing variable definition and dynamic GMM model.

GDP

The Creative Class vs. Non-Creative Workers Simultaneity

Fixed Effects Dynamic GMM

Model 8 Model 9 Model 10 Model 11 Model 12 Model 13

L.GDP 0.883 ***
(0.029)

0.838 ***
(0.031)

0.857 ***
(0.028)

CR 0.009 *
(0.005)

0.025 ***
(0.006)

−0.004
(0.006)

0.041 **
(0.012)

0.022 **
(0.010)

0.028 **
(0.009)

L.CR −0.061 **
(0.025)

−0.027
(0.017)

−0.022
(0.016)

NCR 0.005 ***
(0.001)

0.004 ***
(0.001)

0.008 ***
(0.001)

TE 0.006 ***
(0.003)

0.005 **
(0.003)

0.005
(0.004)

0.006 ***
(0.002)

−0.002
(0.004)

−0.002
(0.005)

L.TE 0.005 ***
(0.002)

−0.001
(0.002)

−0.002
(0.004)

TO 0.055 **
(0.022)

0.062 **
(0.023)

0.077 **
(0.023)

0.056 **
(0.034)

0.028
(0.038)

0.003
(0.039)

L.TO −0.164 **
(0.062)

−0.084
(0.062)

−0.010
(0.063)

W 0.047 ***
(0.013)

0.045 ***
(0.013)

0.044 ***
(0.013)

0.033 **
(0.016)

0.044 **
(0.018)

0.041 **
(0.007)

L.W 0.015
(0.018)

0.025
(0.019)

0.022
(0.018)

UNI 0.143 ***
(0.011)

0.138 ***
(0.011)

0.141 ***
(0.011)

0.101 ***
(0.021)

0.109 ***
(0.022)

0.109 ***
(0.022)

L.UNI −0.072 ***
(0.021)

−0.076 ***
(0.022)

−0.078 ***
(0.022)

THE 0.018 ***
(0.006)

0.017 ***
(0.006)

0.017 ***
(0.006)

0.015 ***
(0.005)

0.017 ***
(0.005)

0.016 ***
(0.004)

L.THE 0.003
(0.005)

0.003
(0.006)

0.003
(0.005)

GEN 0.021 ***
(0.007)

0.019 ***
(0.007)

0.022 ***
(0.006)

0.047 ***
(0.016)

0.053 ***
(0.016)

0.051 ***
(0.017)

L.GEN −0.020
(0.014)

−0.018
(0.015)

−0.022
(0.015)

CR × TO −0.005 ***
(0.001)

−0.005 **
(0.002)

L.(CR × TO) 0.020 **
(0.007)

NCR × TO 0.001
(0.001)

CR × TE 0.006 ***
(0.001)

0.003 **
(0.002)

L.(CR × TE) 0.002 **
(0.001)

NCR × TE −0.001 ***
(0.002)

TE × TO 0.009
(0.007)

L.(TE × TO) 0.008 ***
(0.005)

Constant 9.127 ***
(0.145)

9.089 ***
(0.146)

9.100 ***
(0.145)

0.975 ***
(0.252)

1.125 ***
(0.307) omitted

Arellano-Bond test AR(1) z = −4.51 z = −4.48 z = −4.56
Prob > z 0.000 0.000 0.000

Arellano-Bond test AR(2) z = 0.48 z = 0.52 z = 0.45
Prob > z 0.628 0.605 0.650

Sargan test chi2(269) = 711.26 chi2(339) = 701.49 chi2(339) = 772.55
Prob > chi2 0.000 0.000 0.000
Hansen test chi2(269) = 258.77 chi2(339) = 257.66 chi2(339) = 255.75
Prob > chi2 0.662 0.991 0.985

N 3116 3116 3116 2528 2528 2528
R2 0.95 0.95 0.95

Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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5. Discussion and Conclusions

5.1. Subsection Discussion

5.1.1. General Findings

This paper has examined the creative class theory in the Chinese context. Rather than being a
simple replication of the previous analyses, this study has introduced several new indicators that
differ from those employed by Florida in an attempt to capture the key perspectives of the creative
class thesis. Consequently, the main research question of this study has been related, not so much to
how the presence of the creative class facilitates GDP per capita growth, but as to how the concept of
creativity can be employed in a broader context. The answer to the research question is that many of
the relationships proposed by Florida [2,30] have also been evident in China. The presence of ‘3Ts’ has
exerted significantly positive effect on economic growth at the city level in China. The complementary
effects have been evident between technology and the creative class, and technology and tolerance.
These results have been robust when further taking into consideration dynamic effects. Therefore,
positive relationships can be found between economic growth and technological improvement,
the location of the creative class, and tolerant climate respectively on average. Hypothesis 1 can
be confirmed.

The present study might also capture the effect of skill-biased technological change (SBTC)
during the period of economic transition in China. Along with the constant technological progress,
many traditional, routine occupations will be replaced by new technologies. However, as long as
artificial intelligence cannot do nearly what our minds can, it can be only complementary to creativity
involved in non-routine tasks [58]. Similarly, if the creative class, as Florida suggested, mainly
consists of skilled workers who can use creativity to produce socio-economic values, it should have
a complementary rather than substitutive relationship with technology. As a result, our finding
supports this assumption. Moreover, the positive relationship between technology and tolerance
can be deemed realistic, as a tolerant working environment facilitates cooperative innovation within
organizations and among individuals, thus improving the social-economic benefit of technology
investment eventually [59]. Over the last decade, many city or provincial authorities in China have
adopted antidiscrimination policies that prohibit discrimination on the grounds of gender identity,
household registration, non-communicable diseases or even sexual orientation. Despite the fact that no
such national policy has been on the legislative drawing board, the actual effects of these early attempts
on economic activities were observed in this study. However, we still cannot accept Hypothesis 2,
as the strengthened effect of the creative class on economic growth through building up a ‘tolerant’
milieu is not evident.

5.1.2. The Creative Class, Tolerance, and Open Innovation

In this section, particular attention has been given to the links between the presence of the creative
class, the concept of tolerance and open innovation system. As Rasiah [50] emphasized, a mature
innovation network should be (1) efficiently open to stimulate knowledge flows, transfer and creation;
(2) can facilitate innovation agents to coordinate and exchange knowledge, ideas and experiences.
Therefore, if the regional open innovation system in China is generally efficient, a co-location of
tolerant climate, creative workers and positive socio-economic outcome should be evident. However,
this network cohesion is not observed at the city level. The finding reveals that unlike many studies
that asserted the positive effects of such a milieu, interacting the creative class and the level of tolerance
interferes with economic growth. This suggests that, when analyzing the interactions between
innovation driven factors, the current creative class thesis is not a completely relevant theoretical
framework for the purpose of understanding the preferences and actual needs of highly skilled workers
and the overall economic growth in China. It is possible that the creative class has different channels
for realizing economic and social values, which have not been mentioned by the creative class theory.
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According to Asheim and Hansen [39], one plausible explanation is that the sub-groups of the creative
class may share different preferences and values. Analytical occupations are related to a scientific
climate, yet business climate and artistic climate are likely to be preferred by synthetic and symbolic
occupations respectively. Therefore, it is possible that the tolerant climate is not the first choice for
all creative workers to realize their social and economic values on average. Another reason might
be that the household registration system constraints the flow of population, and weakens the role
of the creative class within the knowledge intensive economy. In China, the spatial distribution of
knowledge and technology intensive industries to a great extant is still determined by production,
assembly and processing costs rather than by the quality of cultural environment. Thus, contrary to the
assumption of ‘jobs follow people’, a large number of firms are located in regions with low density of
creative population. Consistent with the findings of previous studies, the result suggested a negative or
insignificant relationship between the location of the creative class and the corresponding contribution
ratio of high-tech industries to the total GDP growth in China (e.g., [55]). In other words, the complex
interplay between social life and urban amenities has not yet been connected with economic growth.
Finally, from the perspective of building up an open innovation system, this result may also imply that
the network cohesion between different economic agents is weak and the associated institutions have
yet played crucial roles to strengthen these links. In the context of the co-location between tolerance
and the creative class, this particularly means that the present innovation system is not open enough to
attract creative talents, firms and other organizations, and to help them more effectively interact with
each other. Here, the concept of tolerance takes on new meaning too, which represents an essential
aspect of functional needs of an innovation system, in addition to the cultural consumption of a group
of specific workforce only.

5.2. Theoretical Implications

Based on the above findings, this paper, to a great extent, explored the future development
path of the creative class theory. Instead of extensively focusing on a ‘one-size-fits-all’ solution,
the present study suggests a ‘three-phrase theory’, which has quite a generic and flexible focus from
different perspectives. We expect that different policy packages will be effective in different stages of
creative economy development, including: (1) On the formation stage, increasing the level of regional
attractiveness is the primary policy focus. The perspective should be shifted to several essential
aspects of economic and social progress regarding the identities of the creative class such as spatial
and institutional conditions; (2) on the collaborative stage, the number of factors including the creative
class within the regional innovation system can be brought together through several dimensions of
proximity. The more proximity (e.g., location, talents, technology, institution, etc.) is established,
the more efficiently factors would communicate and exchange innovative ideas and stay ahead of
Schumpeterian creative destruction. When research is applying and testing this concept, the policy
question is ‘to what extent a shortage on one dimension of proximity can be compensated by a higher
level proximity on another dimension’ [50]; (3) on the optimization stage, providing incentives for
improving networking within a regional innovation system is very important. This requires smart
and flexible innovation governance at the city level, such as financing and encouraging collaborated
innovation projects or providing physical convenience for information exchange and sharing.

5.3. Policy Implications

Florida’s advocacy of generating creative competitiveness across cities and regions, by building
up selected amenities may be arguable, but the creative class is substantially contributing to regional
economic growth. However, it has to be admitted that the creative class may have a unique mix of
formation mechanism, coordination and optimization mechanism with other innovative elements in
different contexts. Therefore, compared to the creative class theory’s original emphasis on ‘cultural
consumption’, the creative class theory with Chinese characteristics signals that the existing theoretical
research on talent development should not only pay attention to socio-economic preferences of



Sustainability 2020, 12, 1304 17 of 21

individuals, but also pay attention to the collectivistic effect of the ‘class’ on the social order and
innovative resources. For example, while the government management system, science and technology,
culture and the market as the auxiliary elements of the creative class, and its social and economic
characteristics as the core element, a development theory framework can be established to break
through the barriers between innovation subjects, and fully release the vigour of innovation elements,
such as talent, capital, information and technology.

Our findings have a range of policy and managerial implications. First, the present research and
relevant policies are not clear enough in defining the innovative talent group, and using the ‘professional’
background as the standard cannot appropriately explain the current formation mechanism of
innovative talents. Therefore, discussing the connotation and definition of innovative talents is
significant for the research on innovation-driven economic growth, and the retention and encouragement
of innovative talents in organizations. The definition on the connotation of innovative talent group
by creative class theory will provide a practical basis for policy intervention in talent structure
improvement of regions and cities in China, and supplementing highly-skilled and inter-disciplinary
talents. Second, the development mode of innovative talents in China lacks a delicate depiction at
present, and a large number of policymakers from regions and cities are keen to a ‘bidding war’.
This sort of policy intervention to a certain extent, wastes a lot of public resources, and caused the vicious
competition between cities by constantly offering favorable terms. Taking the creative class as the
representative index for measuring the innovative group, and exploring its relationship with other main
innovation-driven factors, helps to further clarify that the key to the talent development mechanism
is not ‘favorable terms’, but an excellent policy, social, industrial and institutional environment.
Third, the creative class theory helps to refine the mechanism between collaborative innovation and
sustainable urban economic development. Having been enlightened by the seminal work on the
innovative network optimization, which takes the creative class as a core driver, and other major
innovation-driven elements as auxiliary drivers, the priority of urban innovation development in
China must be identifying key constraints, and optimizing the existing implementation framework of
collaborative innovation.

The main limitation of the research was that the creative class is measured by the data available
at the sector level. Also, other factors which can contribute to economic growth were not taken into
consideration in a temporal order, such as basic infrastructures, R&D investment, FDI, etc. However,
the harmonised data was not readily available at the city level. These limitations indicate two viable
research directions: (1) Directly focusing on the creative occupations to conduct a deeper analysis
regarding the role of the creative class within the regional innovation system in China; (2) compiling a
detailed database for regional analysis in China.
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Appendix A

Table A1. Matching ISOC-88 codes with the industry classification standard in China.

The Industry Classification Standard in
China

ISCO-88
Code The Definition of the Creative Class

Type I: the number of employees
employed in health, sports and welfare
sectors

322 Modern health associate professionals (except
nursing)

323 Nursing and midwifery associate professionals
223 Nursing and midwifery professionals
324 Traditional medicine practitioners and faith healers
346 Social work associate professionals

Type II: the number of employees
employed in finance and insurance sectors

341 Finance and sales associate professionals
342 Business services agents and trade brokers

Type III: the number of employees
employed in cultural, education,
broadcasting and movie sectors

231 College, university and higher education teaching
professionals

233 Primary and pre-primary education teaching
professionals

232 Secondary education teaching professionals
234 Special education teaching professionals
235 Other teaching professionals
245 Writers and creative or performing artists

347 Artistic, entertainment and sports associate
professionals

521 Fashion and other models

3131 Photographers and image and sound recording
equipment operators

114 Senior officials of special-interest organisations

Type IV: the number of employees
employed in scientific research and
integrated technological services sectors

211 Physicists, chemists and related professionals

212 Mathematicians, statisticians and related
professionals

213 Computing professionals
214 Architects, engineers and related professionals
221 Life science professionals
222 Health professionals (except nursing)

243 Archivists, librarians and related information
professionals

244 Social science and related professionals
247 Public service administrative professionals

321 Life science technicians and related associate
professionals

311 Physical and engineering science technicians

Type V: the number of employees
employed in different sectors

121 Directors and chief executives
122 Production and operations department managers
123 Other department managers
131 General Managers
241 Business professionals
242 Legal professionals
312 Computer associate professionals
112 Senior government officials

Type VI: others

113 Traditional chiefs and heads of villages
313 Optical and electronic equipment operators
314 Ship and aircraft controller and technicians
315 Safety and quality inspectors
343 Administrative associate professionals
345 Police inspectors and detectives

Source: Anderson et al. (2010) [60].
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