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for economic growth at different development
levels? New evidence from China

This research paper investigates the relationship between education and economic growth
in China from 1989 to 2019 across 27 provinces. The study classifies education into two
categories: aggregate education (average years of schooling) and disaggregated education
(education divided into compulsory, high school, and higher education). The data is analyzed
based on pre- and mid-industrialization periods, and East and West regions, with and with-
out pre- and mid-industrialization, for both levels of education. The findings indicate that
the impact of education on China’s economic growth varies by period (pre- and mid-indus-
trialization), region (East and West), and regions with periods (Eastern pre-industrialization,
Western pre-industrialization, East mid-industrialization, and West mid-industrialization)
in both aggregate and disaggregated education. According to the research results, the central
government should revise its current educational policies to prioritize compulsory education
and increase investment. Furthermore, local governments should have more administrative
authority to create local educational policies catering to the specific needs of each locality.
Keywords: China; education; years of schooling; economic growth; industrialization.
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1. Introduction

ince the early 1960s, when the American economist Theodore Schultz (1961) developed
the human capital theory, it has been widely proven that human capital plays a significant
role in economic growth. According to Schultz (1961) and Becker (1964), human capital can
be understood as the collection of knowledge, skills, competencies, and abilities inherent in indi-
viduals and acquired through various means, such as health, migration, and education?. Education
is widely recognized as a critical investment in human capital linked to economic growth through
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2 Education can be measured by various factors, including years spent in schooling, e.g. (Zhang, Zhuang, 2011;
Yan, Yudong, 2003). Intuitively, the more years a person spends in school, the more knowledge, skills, competencies,
and abilities they acquire. In other words, there is a positive correlation between education and the number of years
spent in schooling. For more detailed information on the measurement of education, see Appendix B. However, other
indicators of human capital, such as health and migration, are outside the purview of this study. For more information,
refer to (Bloom et al., 2018; Monterubbianesi et al., 2017; Faggian et al., 2018; Gagliardi, 2015).
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the augmented neoclassical model and the new endogenous growth theories. The former model in-
cludes education as an additional input (Adnans, Muda, 2018; Mankiw et al., 1992; Masoud, 2013),
and the latter argues that an increase in education leads to an increase in productivity growth rate
(Benhabib, Spiegel, 1994; Li, Wang, 2018). Further research has shown that education impacts
economic growth through three channels. Firstly, through factor accumulation and labor produc-
tivity improvement (Adnans, Muda, 2018; Mankiw et al., 1992), an increase in the population’s
educational attainment directly increases labor productivity. Secondly, through technological in-
novation (Aghion et al., 2005; Cinnirella, Streb, 2017; Li, Wang, 2018), where access to educa-
tion enhances the innovation capacity of workers for economic growth. Lastly, by applying sci-
ence and technology and knowledge diffusion, education facilitates the diffusion of knowledge
necessary to understand and process new information and successfully apply new technologies
(Benhabib, Spiegel, 1994; Li, Wang, 2018).

Despite the literature’s well-documented relationship between education and economic growth,
there has been an ongoing debate regarding the nature of this relationship and the role of differ-
ent levels of education (Cheek et al., 2015; Sianesi, van Reenen, 2003). This raises the question,
“What factors lead to the different impacts of education on economic growth?”” A potential factor
contributing to this difference is the role of economic development level in the impact of educa-
tion on economic growth.

Studies by Mingat and Tan (1996), Petrakis and Stamatakis (2002), Sianesi and van Reenen
(2003) have shown that the impact of aggregate education, as well as of each disaggregated educa-
tion level, on economic growth varies depending on the economic development level. In the early
stages of economic development, primary education contributes more significantly to economic
growth due to limited opportunities for labor specialization. Higher education becomes more valu-
able to economic growth as production techniques, economic processes, and business models be-
come more complex. Therefore, as a country’s economic development level increases, the benefits
of education can be realized to a greater extent, and the contribution of higher education to eco-
nomic growth will become more prominent.

China’s over 40-year reform and opening to the global market has brought about significant
progress but also resulted in uneven development across its province (Lu et al., 2019). Over time,
China’s industrialization has transitioned from a pre-industrialization period (1978-2000) domi-
nated by the light industry to a mid-industrialization period (2000-present), where heavy industry
has taken the forefront (Lin, Jiang, 2021). Real GDP per capita is a reliable indicator of the shift
in the industrialization and economic development stages. As illustrated in Fig. 1, China’s real
GDP per capita grew steadily from 1989 to 2000 and increased after 2000. In the pre-industrial-
ization period, China’s real GDP per capita was 4650 CNY. However, during the mid-industrial-
ization period, it increased over seven times (refer to Fig. 2).

The Eastern provinces had a competitive advantage in policy and geography, thus leading
to their development and becoming the most developed regions of China. Meanwhile, Western
provinces have remained underdeveloped (refer to Fig. 1) (Rong, 2010). The unbalanced develop-
ment has continued throughout industrialization, with the Eastern region developing significantly
better than the Western region (refer to Fig. 2). Education has been identified as a crucial factor
contributing to this disparity (Zhang, Zhuang, 2011). These raise the question of whether education
matters for economic growth differently across various stages of development and to what extent
each education level affects economic growth at different levels of development. Our data shows
that the education years and each level in China vary across industrialization periods and regions
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Fig. 1. Regional divide in real per capita Fig. 2. Real GDP per capita in different

GDP stages of industrialization

(refer to Table 1). This makes it necessary to investigate the role of economic development level
in the impact of education on economic growth across China.

To our knowledge, only one study has delved into the impact of economic development level
on the correlation between education and economic growth in a single-country context. Zhang
and Zhuang (2011) conducted a study spanning 31 provinces in China from 1997 to 2006, where
they concluded that higher education is essential to China’s economic growth. Additionally, they
found that more developed provinces benefited more from higher education, and less developed
provinces relied more on primary and secondary education. However, their finding did not align
with that of Whalley and Zhao (2014), who found that despite an almost fivefold increase in uni-
versity enrollment in China between 1997 and 2007, GDP growth rates remained virtually un-
changed after 1999. This inconsistency may stem from China’s shift from pre-industrialization
to mid-industrialization in 2000 (Lin, Jiang, 2021). Therefore, analyzing this relationship in this
narrow timeline (1997-2006) amid a significant economic transition in 2000 could lead to mis-
leading results. Thus, the role of different economic development levels in the relationship be-
tween education and economic growth needs to be further explored.

There are three contributions to this paper. First, we examine the relationship between education
and economic growth in China, emphasizing the impact of economic development levels, as mea-
sured by industrialization development, on this relationship, which has been overlooked in previ-
ous studies. To accomplish this objective, we use the interaction between industrialization devel-
opment and schooling years to examine the role of the economic development level in the impact
of education on economic growth, and both aggregate and disaggregated education data are uti-
lized in the empirical model.

Second, compared to most empirical studies using the provincial panel data of China (L4,
Wye, 2023; Liu et al., 2021; Zhang, Zhuang, 2011), which cover between 9 and 19 years, our
dataset is a much longer panel containing 31 years of time horizon. Using this long panel data
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allows us to account for the cumulative impact of education over time since it may take nu-
merous years to sufficiently influence the much larger stock of human capital in society, which
in turn affects GDP (McMahon, 2000). Therefore, compared to most empirical studies using
provincial-level panel data, this long panel data gives us greater confidence in obtaining more
trustworthy and realistic results. Moreover, this long panel data covers two landmark eras
of industrialization, which opens up new ground from a substantive point of view in exploring
whether the impact of education on growth differs across subsamples based on the level of eco-
nomic development.

Third, the data is categorized based on the significant shifts in China’s industrialization, with
the pre-industrialization (1989—2000) and mid-industrialization (2000—2019) periods analyzed.
We also group the data into the Eastern and Western regions, with and without dividing the data
into pre- and mid-industrialization, providing insight into the role of industrialization in the re-
lationship between education and economic growth across regions. In contrast to most studies
that group provincial data based on the location (Fleisher et al., 2010; Fraumeni et al., 2019;
Zhang, Zhuang, 2011), our approach includes grouping the provincial data with and without di-
viding the data into pre- and mid-industrialization stages, which helps identify the possible het-
erogeneous effects of the economic development level of a region or the different stages of its
development level on the relationship between education and growth. The study’s findings can
aid the government in devising national education policies for different regions in different de-
velopment stages.

2. Literature review

Numerous studies have been conducted to determine the impact of education on growth but
have produced conflicting results. The majority of this literature deals with cross-country eco-
nomic growth regressions. It uniformly considers the impact of using average years of schooling
as a proxy for an economy’s human capital. For extensive reviews of the literature, see (Kubik,
2015; Krueger, Lindahl, 2001; Pritchett, 2006).

After analyzing various studies, it has become clear that there are mixed findings regarding
the connection between education and economic growth. To clarify this relationship, we have con-
sidered the role of economic development level (measured by industrialization) on the relation-
ship between education and growth, previously overlooked in the literature. Psacharopoulos (1994)
compared the return on investment for each level of education for 78 regions classified as low-,
lower-middle-, upper-middle-, and high-income regions. The study revealed that primary educa-
tion was a high-priority investment for developing countries and that social and private educa-
tion returns decrease as national per capita income increases. This relationship between education
and economic growth has been confirmed by Mingat and Tan (1996), who found that investments
in primary, secondary, and tertiary education yield the highest returns in low-, middle- and high-
income countries, respectively. They further argue that the benefits of education are best realized
when a skilled workforce can be fully exploited. Petrakis and Stamatakis (2002) found that while
primary and secondary education plays a more significant role in the economic growth of the least
developed countries, OECD countries are largely dependent on higher education. Similarly, Deme
and Mahmoud (2020) found that primary education was significantly related to economic growth
in low and middle-income African countries. Pedroni (1999) and Psacharopoulos and Patrinos
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(2004) also found that the impact of educational investment varied with the countries’ develop-
ment levels.

To our knowledge, only one study investigated how a country’s economic development level
affects the relationship between education and economic growth. Zhang and Zhuang (2011) car-
ried out an inquiry covering 31 Chinese provinces from 1997 to 2006, aiming to scrutinize the ef-
fects of human capital on economic growth across regions with varying levels of development.
Their discoveries imply that, while higher education holds greater significance for China, more
developed provinces exhibit more benefits from it, while less developed provinces depend more
on primary and secondary education. This contradicts the findings of Whalley and Zhao (2014),
according to which, despite a nearly fivefold increase in university enrolment in China between
1997 and 2007, GDP growth rates remained virtually unaltered after 1999. It must be noted that
these conflicting outcomes could be attributed to the criteria for classification adopted by the World
Bank and China’s economic status in transition during this period, which may lead to erroneous
results when assessing the relationship between education and economic growth over such a lim-
ited timeline (1997-2006) featuring a significant economic transition.

Most education-to-growth studies in China have used panel data at the provincial level. For ex-
ample, from a financial development perspective, Li and Wye (2023) explore the impact of education
on economic growth using data from 31 provinces in China from 2005 to 2019. Many other studies
similarly used provincial-level panel data to study education and growth (Haini, 2020; Liu et al.,
2021; Zhang, Zhuang, 2011), and one of their commonalities is that the time horizon of the study
was limited to the period between 9 and 19 years. On the other hand, the instantaneous impacts
of education are minimal, even in the short term. Education takes a long time to accumulate before
its impact is significant enough to affect society’s more extensive stock of human capital and then
impact GDP. These periods are sometimes as long as 10 to 25 years, as it takes time for individu-
als to graduate and gain experience and productivity (Appiah, McMahon, 2002; McMahon, 2000).

Research on the connection between education and economic growth has predominantly uti-
lized the Generalized Methods of Moments (GMM) method to address potential endogeneity is-
sues (Deme, Mahmoud, 2020; Zhang, Zhuang, 2011). Studies have also employed the autore-
gressive distributed lag model or autoregressive distributed lag cointegration technique to an-
alyze the short and long-run relationship between education and economic growth (Bassanini,
Scarpetta, 2002; Ishchy, 2019). Additionally, some scholarly works have implemented fixed ef-
fects models (FE) and the feasible generalized least squares (FGLS) approach (Akbari, Haider,
2018; Gyimah-Brempong et al., 2006; Kocourek, Nedomlelova, 2017). As this paper deals with
long panel data, we have used the FE and FGLS methods instead of the GMM method, which
is more suitable for studying short panel data. The subsequent section will discuss the estimation
methods employed in this study.

3. Data and empirical model
3.1. Data
We gathered data from three primary sources: the China Statistical Yearbook, the China Foreign

Economic Statistical Yearbook, and the China Population and Employment Statistical Yearbook.
However, we only obtained a comprehensive long-panel dataset that spans 31 years (1989-2019)
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Table 1. Descriptive statistics for the overall data, pre- and mid-industrialization periods
classified by regions

Variables All regions Eastern region Western region

Overall Pre-indus- Mid- Overall Pre-indus- Mid- Overall Pre-indus- Mid-
data trializa- industrial- data trializa- industrial- data trializa- industrial-

tion ization tion ization tion ization
v (%) Mean 14.01 17.30 11.74 14.09 18.09 11.44 13.93 16.57 12.03
Std. Dev. 7.417 9.008 5.190 7.359 8.661 4.883 7.478 9.283 5.452
AE Mean 7917 6.743 8.585 8.376 7.148 9.079 7.490 6.367 8.126
(years)  Std. Dev. 1.397 0.981 1.115 1.423 0.930 1.130 1.228 0.873 0.883
HE Mean 1.215 0.480 1.630 1.598 0.659 2.129 0.859 0.315 1.167
(years)  Std. Dev. 1.111 0.449 1.149 1.375 0.572 1.402 0.602 0.170 0.529
HSE Mean 1.650 1.351 1.821 1.882 1.592 2.050 1.434 1.126 1.608
(vears)  Std. Dev. 0.562 0.546 0.492 0.568 0.603 0.468 0.461 0.364 0.412
CE Mean 5.114 5.072 5.133 4.971 5.092 4.899 5.247 5.054 5.350
(years)  Std. Dev. 0.605 0.605 0.599 0.609 0.460 0.665 0.570 0.715 0.428
IN Mean 37.30 37.87 36.91 39.05 40.33 38.28 35.68 35.59 35.64
(%) Std. Dev. 8.064 8.164 7.983 8.280 8.274 8.131 7.510 7.384 7.639
N 837 324 540 403 156 260 434 168 280

Note. y — annual growth rate of real GDP per capita;

AE — aggregate average years of schooling;

HE — stock of schooling years resulting from higher education;

HSE — stock of schooling years resulting from high school education;

CE — stock of schooling years resulting from compulsory education;

IN — ratio of industrial added value to GDP.

Appendix A shows the descriptive statistics for the rest of the variables in the empirical model.

and 27 provinces due to limited data availability for all provinces in China®. Table 1 reports de-
scriptive statistics for the key variables used in this study*.

To measure economic growth (y), we use the annual growth rate of real GDP per capita. During
the 31-year period, China has maintained a high trend in real GDP per capita growth rate, espe-
cially in the pre-industrialization period, with an average growth rate of 17.3%. China’s economy
has also seen a significant increase in the aggregate years of education, with an average of 7.9 years
over the 31-year period, compared to less than seven years in the pre-industrialization period?.
During the mid-industrialization period, the average years of schooling increased significantly,
especially for higher education; the average years increased 3.4 times for all regions, 3.2 times
for the East, and 3.7 times for the West. High school education increased 1.3 times for all regions,
1.3 times for the East, and 1.4 times for the West. Compulsory education increased 1.01 times
for all regions, 0.96 times for the East, and 1.06 times for the West. However, the industrialization

3 This study uses the China Statistical Yearbook as an official data source for China’s economic growth. Although
other sources are available, such as the Total Economy Database, we could not obtain provincial data from it as it only
provides national-level information. For further details, please refer to Appendix C.

4 Appendix A shows the descriptive statistics for the rest of the variables in the empirical model.

5 See Appendix B for details on measuring average years of schooling.
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development level during this period was 0.96% lower for all regions and 2.05% lower for the East
than the pre-industrialization period. The Western region had a similar industrialization develop-
ment level to the pre-industrialization period. Overall, the Eastern region outperforms the Western
region in all economic development and education aspects.

3.2. Empirical model

Based on the augmented neoclassical growth model by Mankiw et al. (1992), founded on
the production function, education is regarded as a production factor that can enhance labor pro-
ductivity, promote factor accumulation, and lead to economic growth. Many papers support this
concept, including Deme, Mahmoud (2020), Mankiw et al. (1992), and Zhang, Zhuang (2011).
It can be written as:

Y,=A,F(H,K,L)y=A,HK’L (1)

it it 2
where Y represents output, 4 is the total factor productivity (TFP), H denotes education, K is capi-
tal, and L is labor, the subscript it represents cross-section unit i at time . We assume that
a+ B +y =1, which means the equation (1) follows the constant return to scale. Then, the per
capita production function derived from (1) is:
Vo= A f(hk)y= ARk @

it it

where y is output per capita, / is education per capita, and & is capital per capita. Based on
the assumption of equation (1), equation (2) also operates in constant return to scale. According
to Abramovitz (1986), TFP growth consists of multiple factors, such as technological progress,
institutional change, omitted variables, and measurement errors. As a result, equation (2) shows
that any omission of independent variables or errors in measuring the variables will directly spill
over into the TFP growth.

Based on the model (2), some studies reported a positive correlation between education
and growth (Ishchy, 2019; Yang et al., 2006). In contrast, studies conducted by Pritchett (2001),
Abdullah (2013), and Hamdan et al. (2020) have presented evidence that there is little to an in-
significant or negative relationship between education and economic growth. The mixed findings
may stem from neglecting the role of economic development level in the relationship between ed-
ucation and economic growth (Deme, Mahmoud, 2020; Petrakis, Stamatakis, 2002; Sianesi, van
Reenen, 2003). The primary contribution of this paper is to investigate the role of economic de-
velopment level on the relationship between education and economic growth. To achieve this, we
extended model (2) by adding an interaction term between education and industrialization, which
measures the level of economic development, to assess the role of economic development level
on the relationship between education and economic growth.

6 Assuming a constant return to scale with « + S+ =1, we can derive L’ = L' ™. By substituting L” = L'™*
in model (1), we obtain model (2), which also assumes a constant return to scale. Models (3) and (4) are extensions
of model (2) and also operate under the assumption of constant return to scale.
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Our model incorporates two methods of measuring education, aggregate and disaggregated ed-
ucation, along with control variables to minimize bias. Equations (3) and (4) represent the aggre-
gate and disaggregated education models, respectively.

yit = C + 0‘12(:—1) + azlit +a3AEit +(Z4AE; +a5 (AEit X[Nit) + a6]Nit + ﬁXit + 771‘ + 8t +Viz > (3)

where y, represents the annual growth rate of real GDP per capita. Y, is the logarithm of one-
period lagged real GDP per capita and is generally incorporated into growth models to examine
conditional convergence to steady-state growth, as in (Deme, Mahmoud, 2020; Zhang, Zhuang,
2011). I, denotes the physical capital per capita and is calculated by the ratio of the total in-
vestment in fixed assets and GDP. AE, is aggregate education, measured by the average years
of schooling (as described in Appendix B), while AE’, is the square term of aggregate education
used to capture the potential non-linearly (Ramcharan, 2004). Additionally, to investigate the role
of industrialization development in the impact of education on economic growth, this specifica-
tion includes an interaction of aggregate education (4E,) and the level of industrial development
(IN,), which is measured by the ratio of industrial value-added and GDP. X, is a vector of control
variables, including import and export (XM,), foreign direct investment (FDI,), government ex-
penditure (G,,), birth rate (b,), and inflation rate (/nf, ). It is crucial to note that each control vari-
able is measured by its ratio value to GDP.

We used equation (4) to analyze how different levels of education impact economic growth.
The variables used are the same as those in (3), but the AE, variable is separated into three
levels: compulsory, high school, and higher education. This specification helps determine if the im-
pact of the level of disaggregated education on economic growth depends on industrialization
development.

v, =C+ alYi(,_,) +a,l, +o,HE, +a,HSE, + a,CE, + a HE, X IN, +

4
+a,HSE, X IN, + a,CE, X IN, + a,IN, + X, +n,+¢, +v,, ¥

where HE,, HSE, and CE, are the stock of schooling years resulting from higher education, high
school, and compulsory education correspondingly (as described in Appendix B). , are the time-
invariant unobserved effects such as geographic landscape and administrative systems. €, are
the time-variant unobserved effects such as total factor productivity, education quality, health,

skill, experience, and behavior of the age cohort.

The correlation between the unobserved effects and the independent variables, e.g., educa-
tion level, results in the endogeneity problem (Martin, 2017). Thus, the two-way fixed effects
(TWFE) model is appropriate, see (Baltagi, 2005). Moreover, for long panel data, due to the ex-
tensive time span, the random shock or idiosyncratic disturbance term (v,), such as changes
in education policies, financial crises, or industrial policies, can induce the problem of hetero-
skedasticity, autocorrelation, and cross-sectional correlation (Chen, 2014). For example, changes
in education policies may affect household education investment, or a financial crisis reduces
household education investment; these random shocks would spill over to the next period.
Furthermore, any modifications made to policies, including adjustments to different industrial
development plans across various provinces, have the potential to boost growth and stimulate
labor migration significantly. Conversely, a decline in growth in certain provinces may trigger
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labor emigration. Hence, heteroscedasticity, autocorrelation, and cross-sectional correlation
problems must be tested to ensure reliable estimation results. To that end, the Modified Wald
test (Laskar, King, 1997), the Wooldridge test (Wooldridge, 2003), and Pesaran’s test (Pesaran,
2004) are employed to detect these issues, respectively. If the problems are present, two-way
fixed effects of the feasible generalized least squares (FGLS) will be adopted as in Chen (2014)
and Akbari, Haider (2018).

4. Empirical results
4.1. Results of using overall data 1989-2019

Table 2 displays the estimation results using overall data, demonstrating the TWFE results
of aggregate and disaggregated education models in the first and second columns, respectively’.
For both models, the Modified Wald test results indicate that the p-value is 0.000, leading
to the strong rejection of the hypothesis of homoskedasticity and the acceptance of heteroskedas-
ticity. The Wooldridge test also has a p-value of 0.000, which means the hypothesis of no auto-
correlation can be rejected, suggesting the presence of autocorrelation. Similarly, Pesaran’s test
has a p-value of 0.000, leading to rejecting the hypothesis, and the presence of the cross-sectional
correlation can be inferred. Hence, the FGLS with two-way fixed effects is utilized to overcome
these issues, providing reliable results for the empirical model, as shown in the third and fourth
columns of Table 2.

Regarding the findings of the aggregate model in column three, it is observed that the coeffi-
cient of aggregate education is positive and significant. In contrast, the coefficient of the square
term of aggregate education is significantly negative. That is, aggregate education positively im-
pacts economic growth but is diminishing. Additionally, industrialization has a significant positive
effect on economic growth. The coefficient of the interaction term between aggregate education
and industrialization is significantly negative, indicating that the effect of education on economic
growth depends on the level of industrialization. This is because when higher industrialization
in the economy leads to the adoption of more sophisticated equipment and machinery, ceteris pa-
ribus, these can substitute labor, forcing this human capital to transfer to lower-level production
sectors, self-employment, or even unemployment (Farmer, Schelnast, 2021).

Based on the findings derived from the disaggregated model presented in column four, the co-
efficients of each level of disaggregated education are positive and significant. In particular,
compulsory education exhibited the greatest effect on economic growth, followed by higher ed-
ucation, while high school had the weakest positive effect on economic growth. This indicates
a diminishing effect of education from compulsory to high school education. Industrialization
development still has positive effects on China’s growth. The results show that the coefficient
of the interaction term between industrialization level and higher education is insignificant,
implying that the impact of higher education on China’s economic growth does not depend
on the industrialization level. Conversely, the interaction terms between industrialization level

7 This study focuses on examining the impact of education, industrialization development levels, and education
interaction with industrialization on China’s economic growth. Therefore, the results will solely display the influence
of education and industrialization development levels. The complete results are available upon request.
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and disaggregated education in high school and compulsory education have a significant negative
and positive coefficient, respectively. This result indicates that a higher high school edu-
cation level leads to higher reductions in economic growth when industrialization is higher.
This confirms the results from Min and Xiuwen (2001) and Li et al. (2012) that skills acquired
in high school education under a test-oriented education system are less productive in the work-
place. In contrast, a higher compulsory education level leads to higher enhanced economic growth
when industrialization increases. It confirms that the status of China’s industrial is labor inten-
sive, or China is known as the “World Factory”, hence, low-skilled labor (e. g., compulsory ed-
ucation) plays a critical role in driving economic growth (Deme, Mahmoud, 2020; Hatakenaka,
2008; Petrakis, Stamatakis, 2002).

Table 2. Parameters estimate using overall data 1989-2019

Variables TWFE FGLS with TWFE
Aggregate Disaggregated Aggregate Disaggregated
education education education education

AE 7.240%** 5.765%%*

(1.864) (0.498)
AFE? —0.263** —0.190%**
(0.127) (0.030)
AEXIN —0.041 —0.018***
(0.030) (0.007)
IN 0.263*** 0.272%** 0.327*** 0.330%***
(0.072) (0.076) (0.017) (0.015)
HE 2.208%* 2.066***
(0.921) (0.147)
HSE 1.002 0.814%%*
(1.466) (0.178)
CE 5.410%*** 4.595%**
(0.826) (0.172)
HEXIN 0.008 0.001
(0.038) (0.007)
HSEXIN —0.123 —0.076***
(0.092) (0.013)
CEXIN 0.080 0.049%%**
(0.092) (0.014)

N 810 810 810 810

Modified Wald test (p-value) 248.7 (0.000) 249.0 (0.000)

Wooldridge test (p-value) 76.95 (0.000) 69.38 (0.000)

Pesaran’s test (p-value) 28.11 (0.000) 24.62 (0.000)

Note. Standard errors are in parentheses. *, **, *** denote significance at 10, 5, and 1%, respectively. Following Hayes
(2013), we centralize the interaction terms to improve interpretation and reduce the correlation between explanatory
variables and the influence of multicollinearity. The observations in the table are 27 fewer than those shown in the de-
scriptive statistics in Table 1 because we used a lagged term of one period lagged by the real GDP in our model. This
is true for all observations shown in other tables in the paper.
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4.2. Results of pre- and mid-industrialization periods

After reform and opening to the world, China’s industrialization development can be catego-
rized into two distinct stages, namely, the pre-industrialization (1978-2000) and the mid-industri-
alization (2000—present) (Lin, Jiang, 2021). Economic growth in the pre- and mid-industrialization
periods was dominated by light and heavy industry, respectively. China’s industrialization history
clearly shows that the demand for human capital and technology research and development var-
ied during different phases of development. In the pre-industrialization period, primarily domi-
nated by the light industry, there wasn’t much need for human capital or technology. However,
in the mid-industrialization period, China implemented a new industrialization strategy that em-
phasized high technological content, good economic efficiency, low resource consumption, and less
environmental pollution while maximizing the advantages of human resources. As a result, higher
human capital and technology requirements were put in place. Hence, it is crucial to investigate
whether the impact of education on economic growth varied based on the stage of industrializa-
tion development.

4.2.1. Results of pre-industrialization periods

Table 3 reports the results of the aggregate and disaggregated models for the pre-industrializa-
tion period (1989-2000). Similar to the overall data results, the TWFE results exhibit heteroske-
dasticity, autocorrelation, and cross-sectional correlation problems for both models. Therefore,
the FGLS with two-way fixed effects is used to achieve reliable results for both models, and the re-
sults are shown in the third and fourth columns of Table 3.

Based on the data obtained from the pre-industrialization period, the results derived from the ag-
gregate model indicate that the coefficients of both aggregate education and its square are insig-
nificant, which implies that in the early stages of industrialization development, the impact of ag-
gregate education on economic growth was not critical. Furthermore, the coefficients of the in-
dustrialization level and its interaction term with aggregate education are negatively significant,
implying that industrialization during the early stages of economic development may not be suf-
ficient to translate into growth during the period under review. In other words, the early develop-
ment of the industry did not meet the economic growth of China’s massive population.

The results of the disaggregated education model indicate that the impact of education is di-
minishing, with compulsory education having the highest positive impact on economic growth.
While high school education does not impact growth, higher education negatively impacts eco-
nomic growth. These findings are consistent with previous studies, which suggest that compul-
sory education is more effective in promoting economic growth in the early stages of economic
development (Keller, 2006; McMahon, 1998). The negative impact of higher education on eco-
nomic growth may be due to limited opportunities for labor specialization and relatively simple
production technologies and businesses in the early stages of economic development (Mingat, Tan,
1996). Thus, the increase in the number of highly educated people may hurt overall economic per-
formance. Krueger and Lindahl (2001) point out further possibilities that higher education in de-
veloping countries is positively associated with unemployment and that higher levels of education
may reduce output. The coefficients of the interaction terms between each disaggregated education
and industrialization are insignificant, indicating that the effect of disaggregated education on eco-
nomic growth is not associated with the industrialization level in the pre-industrialization period.
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Table 3. Parameters estimate of pre- industrialization periods (1989-2000)

Variables TWFE FGLS with TWFE
Aggregate Disaggregated Aggregate Disaggregated
education education education education

AE 3.447 5.320

(6.249) (3.447)
AE -0.026 -0.229
(0.406) (0.252)
AEXIN —0.082 —0.185%*
(0.076) (0.084)
IN -0.261 —0.454%*%* —0.286%** —-0.009
(0.184) (0.199) (0.096) (0.168)
HE 0.692 —2.882*
(2.739) (1.538)
HSE —0.380 2.453
(2.600) (2.309)
CE 2.354 2.557**
(2.183) (1.229)
HEXIN —0.389** 0.182
(0.153) (0.221)
HSEXIN 0.071 —0.180
(0.236) (0.166)
CEXIN 0.208 0.175
(0.149) (0.187)

N 297 297 297 297

Modified Wald test (p-value)  227.8 (0.000) 147.9 (0.000)

Wooldridge test (p-value) 41.84 (0.000) 27.42 (0.000)

Pesaran’s test (p-value) 21.60 (0.000) 22.44 (0.000)

Note. Standard errors are in parentheses. *, ¥*, *** denote significance at 10, 5, and 1%, respectively. In the empirical
model, the independent variable has a one-period lag. This means there were 297 observations during the pre-industri-
alization period from 1989 to 2000 across 27 provinces.

4.2.2. Results of mid-industrialization periods

Table 4 shows TWFE and FGLS with two-way fixed effects results for aggregate and disag-
gregated models for the mid-industrialization period (2000-2019). Similar to the pre-industrial-
ization periods, the previously mentioned econometrics problems occur by the method of TWFE;
hence, the results of the FGLS with two-way fixed effects are used and presented in the third
and fourth columns of Table 4. The findings indicate that the results of the mid-industrialization
period for aggregate education are consistent with the overall data. For the disaggregated educa-
tion model, the diminishing effect of education exists in this period, where compulsory educa-
tion has the highest positive impact on economic growth, followed by high school and higher ed-
ucation. As a country becomes more industrialized, high school education becomes more critical
for economic growth. It is a foundation for higher education, which is essential for high-technology
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industries. We find that industrialization development still has a positive effect on China’s eco-
nomic growth, and only the interaction of compulsory education with industrialization has a sig-
nificant positive impact on China’s economic growth.

Table 4. Parameters estimate of mid-industrialization periods (2000—2019)

Variables TWFE FGLS with TWFE
Aggregate Disaggregated Aggregate Disaggregated
education education education education

AE 13.216%* 13.120%**

(5.484) (0.914)
AF” —0.742%* —0.662%**
(0.304) (0.052)
AEXIN —0.093* —0.050%**
(0.053) (0.015)
IN 0.585%** 0.540%** 0.726*** 0.739%**
(0.112) (0.118) (0.031) (0.045)
HE 1.199 2.157%**
(1.102) (0.378)
HSE 0.786 2.618***
(1.411) (0.616)
CE 5.354*** 5.715%**
(1.674) (0.606)
HEXIN —0.032 —-0.001
(0.059) (0.020)
HSEXIN -0.079 —-0.032
(0.090) (0.041)
CEXIN 0.044 0.009***
(0.129) (0.002)

N 513 513 513 513

Modified Wald test (p-value) 165.4 (0.000) 142.7 (0.000)

Wooldridge test (p-value) 41.54 (0.000) 40.22 (0.000)

Pesaran’s test (p-value) 23.96 (0.000) 21.69 (0.000)

Note. Standard errors are in parentheses. *, **, *** denote significance at 10, 5, and 1%, respectively. In the empirical
model, the independent variable has a one-period lag. This means there were 513 observations during the mid-industri-
alization period from 2000 to 2019 across 27 provinces.

4.3. Results of Eastern and Western regions

China has witnessed rapid growth over the past four decades by embracing globalization; how-
ever, the distribution of this growth across provinces is uneven (Lu et al., 2019). Eastern prov-
inces have benefited from competitive advantages in policy and geography, soared in development,
and become the most developed regions of China. Nevertheless, Western provinces need to catch
up in development and remain backward in Chinese regions (Rong, 2010). With the apparent
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regional disparities, it is desirable to examine the impact of education and its interaction with in-
dustrialization on the economic growth of regions at different development levels and industrial-

ization periods.
4.3.1. Results of Eastern region

Table 5 reports the estimation results of the Eastern region for overall data. As in the previous
analysis, we utilize the FGLS with two-way fixed effects results to interpret our empirical model,
and the results are shown in the third and fourth columns.

Table 5. Estimation results of Eastern region overall data

Variables TWFE FGLS with TWFE
Aggregate Disaggregated Aggregate Disaggregated
education education education education

AE -0.321 -1.571

(5.463) (2.556)
AE? 0.231 0.239%*
(0.281) (0.139)
AEXIN —0.011 0.013
(0.044) (0.021)
IN 0.296* 0.312%* 0.255%%* 0.306%**
(0.149) (0.110) (0.062) (0.055)
HE 3.065%** 1.531%
(0.982) (0.813)
HSE 3.443%** 2.121%*
(1.062) (0.967)
CE 3.310 1.341
(2.005) (1.178)
HEXIN 0.010 —0.008
(0.062) (0.025)
HSEXIN —0.305%* —0.251***
(0.102) (0.056)
CEXIN 0.073 0.042
(0.118) (0.055)
N 390 390 390 390
Modified Wald test (p-value)  59.96 (0.000) 109.8 (0.000)
Wooldridge test (p-value) 49.33 (0.000) 30.30 (0.000)
Pesaran’s test (p-value) 10.97 (0.000) 10.85 (0.000)

Note. Standard errors are in parentheses. *, **, *** denote significance at 10, 5, and 1%, respectively. The empirical
model utilized a one-period lag for the independent variable. This resulted in a total of 390 observations being collected
from 1989 to 2019 across 13 provinces in the Eastern region.

Based on the results of the aggregate education model in column three, the industrialization level
positively affects economic growth in the Eastern region. The results show that while the impact
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of aggregate education on economic growth in the Eastern region is not statistically significant,
the positive effect of the square term of aggregate education suggests a rising trend in the rela-
tionship between aggregate education and economic growth in this area. This may be attributed
to the Eastern region’s status as China’s most advanced region, with a concentration of cutting-
edge technology and significant physical capital. The combination of aggregated education and ad-
vanced technology has the potential to accelerate economic growth in this region. Additionally,
the interaction term coefficient between aggregate education and industrialization is insignificant,
indicating that the impact of aggregate education on economic growth in the Eastern region is not
dependent on the level of industrialization development.

The results of the disaggregated education model are presented in column four. It is consistent
with the finding in the aggregate education model in that there is an increasing pattern of education
on economic growth; in other words, the impact of higher education and high school education are
positive and significant for the Eastern region, while the impact of compulsory education is insig-
nificant. Regarding the interaction terms, only the interaction term between high school education
and industrialization is negatively significant, indicating that the contribution of high school edu-
cation to economic growth decreases as the industrialization level increases. Consequently, higher
and high school education levels bolster the Eastern region’s economic growth.

Table 6 shows the results of the Eastern region during the pre-industrialization and mid-indus-
trialization periods. Based on the FGLS with two-way fixed effects results of pre-industrializa-
tion in columns three and four, the aggregate education model indicates that the impact of aggre-
gate education on economic growth is not significant in the initial stage of economic development,
given insignificance of aggregate education, its square term, and the interaction term. The coeffi-
cients of disaggregated education levels are negatively significant for higher and compulsory ed-
ucation, while interaction terms of all education levels and industrialization are also negatively
significant. Industrialization still harmed economic growth in the pre-industrialization period.

Columns seven and eight in Table 6 report the FGLS with two-way fixed effects results of the mid-
industrialization period for the Eastern region. Consistent with all regions’ results in Table 4, the rela-
tionship between aggregate education and economic growth for the Eastern region in the mid-indus-
trialization period is positive, significant, and diminishing. Additionally, the interaction term of ag-
gregate education and industrialization is significantly harmful. The results of the disaggregated
education model are consistent with all regions’ results in the mid-industrialization period of Table
4, except that the interaction term between industrialization and higher education of the East region
in the mid-industrialization is positively significant. Compulsory education greatly impacts eco-
nomic growth, followed by high school and higher education. The positively significant interaction
between the industrialization level and the higher and compulsory education implies that when in-
dustrialization increases, more people with higher and compulsory education are the key factors driv-
ing the economic growth of the East region of China.

4.3.2. Results of Western region

Table 7 reports the estimation results of the Western region using overall data. The FGLS with
two-way fixed effects of the aggregate and disaggregated education models gives reliable results,
shown in columns three and four, respectively. Similar to the finding in Table 2, we find that the ef-
fect of aggregate education is increasing at a diminishing rate in the Western region. We also find
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Table 7. Results of Western region overall data

Variables TWFE FGLS with TWFE
Aggregate Disaggregated Aggregate Disaggregated
education education education education

AE 17.595%%* 15.224%%**

(5.429) (1.514)
AE —1.180%*x —0.946%**
(0.374) (0.116)
AEXIN 0.075 0.128%%%*
(0.070) (0.029)
IN 0.343*** 0.341%*** 0.360%*** 0.319%***
(0.109) (0.103) (0.048) (0.048)
HE —-1.158 0.540
(1.781) (1.042)
HSE 1.318* 2.075%*
(1.860) (1.011)
CE 5.116%** 4. 45TH**
(1.011) (0.647)
HEXIN 0.081 0.071
(0.147) (0.068)
HSEXIN —0.036 —0.004
(0.204) (0.074)
CEXIN 0.027 0.084*
(0.153) (0.051)

N 420 420 420 420

Modified Wald test (p-value)  62.73 (0.000) 57.71 (0.000)

Wooldridge test (p-value) 46.77 (0.000) 42.997 (0.000)

Pesaran’s test (p-value) 19.70 (0.000) 18.27 (0.000)

Note. Standard errors are in parentheses. *, ¥*, *** denote significance at 10, 5, and 1%, respectively. The empirical
model utilized a one-period lag for the independent variable. This resulted in 420 observations being collected from
1989 to 2019 across 14 provinces in the Western region.

the coefficient of the interaction term between aggregate education and industrialization is sig-
nificantly positive, which means that industrialization plays a great role in moderating the impact
of education on economic growth in the Western region; the higher level of aggregate education
in a higher level of industrialization will lead to a faster enhance economic growth. Furthermore,
the impact of industrialization on economic growth is significantly positive.

Based on the results of the disaggregated education model in the fourth column, we find that
compulsory education and high school education have a positive and significant effect on eco-
nomic growth, with compulsory education having a greater effect. For the interaction terms, only
the interaction term between compulsory education and industrialization is significantly positive,
indicating that the higher compulsory education level leads to higher enhanced economic growth
when industrialization increases. Therefore, in the Western region, the contribution of compulsory
education to economic growth is outstanding and critical.
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Table 8 shows the results of the Western region during the pre-industrialization and mid-in-
dustrialization periods. Based on the FGLS with two-way fixed effects results in columns three
and four, only the coefficients of aggregate education and industrialization are significant and pos-
itive for the Western region in the pre-industrialization period. For the results of the disaggregated
education model in column four, only compulsory education has a significant positive effect on
economic growth. Additionally, the interaction between high school education and industrializa-
tion showed significantly positive, indicating that as industrialization increases, high school edu-
cation contributes more to economic growth. This can be explained by the fact that China imple-
mented nine-year compulsory education in 1986, significantly impacting the Western region that
previously lacked access to education and quality of education. Improving educational opportuni-
ties in the Western region resulted in better access to and quality of high school education, thereby
explaining the higher positive effect of high school education during the early stages of industri-
alization in the Western region.

Columns seven and eight in Table 8 report the FGLS with two-way fixed effects results
of the mid-industrialization period for the Western region; the impact of education on economic
growth became more pronounced in the mid-industrialization period than in the pre-industrializa-
tion period, and the results of the aggregate education model are consistent with the overall data
of the Western region in Table 7, where the aggregate education has a positive but diminishing im-
pact on economic growth. This relationship is contingent on the level of industrialization devel-
opment. Notably, the coefficient of the interaction terms between high school education and in-
dustrialization turns significantly negative during the mid-industrialization period, suggesting that
the impact of high school education on economic growth weakens as industrialization increases.
The impact of aggregate education on economic growth in China over three periods and regions
is summarized in Table 9. Table 10 shows the effects of different education levels on economic
growth in various regions and periods.

5. Conclusions and discussion

This research delves into how education impacted China’s economic growth in 27 provinces from
1989 to 2019. The study categorizes education into aggregate education (average years of school-
ing) and disaggregated education (education grouped by compulsory, high school, and higher edu-
cation). Moreover, the data is analyzed based on pre- and mid-industrialization periods, and East
and West regions with and without pre- and mid-industrialization for both aggregate and disaggre-
gated education levels. The two-way fixed effect feasible generalized least square is the appropri-
ate method to estimate the parameters for both models.

In the study of the impact of aggregate education on economic growth in China over three dis-
tinct periods and regions, the findings suggest that education had a diminishing impact on eco-
nomic growth during the 31-year and mid-industrialization periods but no effect on pre-indus-
trialization. However, when combined with industrialization development, aggregate education
negatively impacted economic growth, suggesting a misalignment between aggregate education
and industrialization development in China.

When comparing the Eastern and Western regions, the study found that the impact of aggre-
gate education on economic growth is diminishing in the Western rather than in the Eastern. That
is, the success of management in aggregate education in the Eastern region supports economic
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growth, although there is no significant effect on the interaction between aggregate education
and industrialization level in the Eastern region. On the other hand, in the Western region, the pos-
itive significance of their interaction terms indicates that aggregate education is in line with indus-
trialization development. However, in the pre-industrialization period, education had no impact
on economic growth in both Eastern and Western regions, except for a positive linear relationship
between aggregate education and economic growth in the Western region. In the mid-industrial-
ization, education had a diminishing impact on economic growth in both Eastern and Western re-
gions. Nevertheless, the aggregate education in the Western region aligned with industrialization,
but not for the Eastern region.

The study of the effects of different education levels on economic growth in various regions
and periods found that compulsory, high school, and higher education all positively impacted eco-
nomic growth during the 31-year and mid-industrialization periods. However, during the pre-in-
dustrialization period, compulsory education had a positive impact, while higher and high school
education had a negative and no impact on economic growth, respectively. When looking at each
education skill combined with the industry, it was discovered that higher education did not affect
economic growth, while high school education does not align with the industry. On the other hand,
compulsory education skills align with industry, particularly in the mid-industrialization periods,
indicating a need for a low-skill labor force during this time.

Higher and high school education positively affected economic growth in the Eastern region,
but compulsory education did not. Skill in high school education indicated a misalignment with
industry, negatively impacting economic growth. Neither higher nor compulsory education was
aligned with industry, with no impact on economic growth. The study suggests that the gov-
ernment should adjust the skill levels of all education levels to better align with industrializa-
tion. In the Western region, higher education did not impact economic growth, but high school
and compulsory education had a positive impact. This indicates that low-skill labor was needed
in the Western region. Only compulsory education, when combined with industrial development,
positively impacted economic growth, confirming the need for low-skill labor in the Western
region.

In the pre-industrialization periods of the Eastern region, all education levels had a negative
or no impact on economic growth, even when combined with industrialization development.
However, during the mid-industrialization period of the Eastern region, all education levels posi-
tively impacted economic growth, indicating the success of education in aligning with economic
and industrial development. In the Western region, only compulsory education positively impacted
economic growth during the pre- and mid-industrialization periods. Skills in high school education
had aligned with industry in the pre-industrialization but not in the mid-industrialization.

The research findings emphasize the crucial role of economic development levels in the rela-
tionship between education and economic growth. In the case of China, it is recommended to in-
crease investment in compulsory education to align better with the country’s level of industrial-
ization. However, China’s current educational policy does not align with this recommendation.
The central government’s funds are mainly directed toward schools beyond compulsory educa-
tion. While the “Compulsory Education Law” ensures financial support for compulsory education,
the county and township governments generate the most funds (Fu, Ren, 2010). Due to China’s
strict bureaucratic hierarchy, these lower-level governments lack bargaining power with higher-
level governments (provincial and central) to allocate educational funds (Wang, 2003). The mis-
match of educational investment is evident in Table 1 of our data. Higher and high school education
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have seen significant improvements with government support, while compulsory education has
not received adequate attention. This imbalance in educational investment might be the factor
contributing to the mismatch between aggregate education and industrial development in China.

It is essential to consider that for China, which has internal imbalances, education policies
should vary based on the economic development of each region. In more developed Eastern re-
gions, investment in higher education should be emphasized to match their advanced level of indus-
trialization, while in less developed Western regions, it is crucial to focus on improving the qual-
ity of compulsory education. To achieve this, the central government should grant more admin-
istrative power to local governments, allowing them to create education policies tailored to their
region’s specific needs. This approach will effectively stimulate economic growth.

This study has some limitations. Although we calculated the average schooling years and the three
levels of education by the stock of schooling years resulting from higher, high school, and com-
pulsory education completed by the population aged 15 to 64 each year in each province, respec-
tively, the potential effect of human capital heterogeneity in age, or the potential impact of expe-
rience accumulation on human capital, may remain unaccounted for. Future research is recom-
mended to consider including these factors in the study. Moreover, our paper concerns the effect
of years of schooling on economic growth; we failed to estimate the effect of education quality on
economic growth due to a lack of available data. It may be beneficial to consider the effect of ed-
ucation quality in the model for comparison to the results of this study in the future.
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Appendix A
Descriptive statistics for the rest of the variables in the empirical model

Table A1. Descriptive statistics

All regions Eastern region Western region
Overall Pre- Mid- Overall Pre- Mid- Overall Pre- Mid-
data industrial- industrial-| data industrial- industrial-| data industrial- industrial-

ization ization ization ization ization ization

Y(®) Mean 22803 4650 32997 | 31250 6519 45157 | 14959 2914 21705
Std. Dev. 25676 4369 26842 | 31745 5468 31679 | 14462 1695 13948
1 (%) Mean 53.89 32.00 66.06 49.32 34.38 57.54 58.14 29.79 73.98
Std. Dev. 29.48 8.195 29.88 24.37 8.401 26.27 33 7.359 30.88
G (%) Mean 18.13 12.10 21.50 14.87 10.41 17.36 21.16 13.67 25.34
Std. Dev. 10.17 4.501 10.84 6.911 3.136 7.156 11.68 4.991 12.20
b (%) Mean 13.16 16.18 11.32 11.68 14.19 10.12 14.54 18.02 12.43
Std. Dev. 4.398 4.698 2.940 4.161 4.824 2.702 4.164 3.742 2.711
XM (%) Mean 30.58 27.17 32.52 52.46 46.20 56.15 10.27 9.497 10.59
Std. Dev.  38.99 39.52 38.44 47.01 50.21 44.40 4.934 5.293 4.609
FDI (%) Mean 2.813 3.147 2.635 4.214 5.006 3.785 1.513 1.420 1.567
Std. Dev.  3.170 4.050 2.492 3.922 5.034 2.991 1.264 1.407 1.147
INF (%) Mean 4.746 8.484 2.279 4.750 8.693 2.183 4.741 8.290 2.367
Std. Dev. 6.114 8.259 1.928 6.168 8.256 1.784 6.071 8.283 2.051
N 837 324 540 403 156 260 434 168 280

Note. Y indicates the real GDP per capita; / implies the ratio of investment in fixed assets to GDP; G is the ratio of gov-
ernment expenditure to GDP; b is the birth rate; XM is the ratio of exports and imports to GDP; FDI is the ratio of for-
eign direct investment to GDP; INF indicates the inflation rate.

Appendix B
Measurements of education

Due to the intangible nature of education, the correct measurement of education is still a chal-
lenging problem in empirical research. In the experience growth literature, several methods
have been used to measure education. Typical indicators are the proportion of enrollment rate,
education expenditure, the average years of schooling, student-teacher ratio, literacy rate, or
some test (Afzal et al., 2011; Ganegodage, Rambaldi, 2011; Hanushek, Kimko, 2000; Kocourek,
Nedomlelova, 2017; Zhang, Zhuang, 2011).

When conducting cross-border data research, utilizing school enrolment and education expen-
diture to measure education seems to have comparative advantages among countries. However,
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when analyzing a country’s education to economic growth, especially in China, the enrollment rate
alone cannot fully encompass interregional education due to the implementation of nine-year free
compulsory education and widespread high school and higher education — moreover, using ed-
ucation expenditure to measure education level results in reverse causality, as the region’s public
education expenditure level is directly affected by the financial resources available to local gov-
ernments, indicating the more developed the region tends to invest more in education.

Recent studies have shown that ignoring the differences in education quality will significantly
distort the correlation between education and economic development. Hanushek and Kimko (2000)
emphasized the crucial role of education quality. While compared with the education quantity (such
as education enrollment) and investment, education output better reflects a country’s education qual-
ity. As a result, some researchers measure education quality by metrics such as student-teacher ratios,
literacy rates, or test scores (Afzal et al., 2011; Ganegodage, Rambaldi, 2011; Hanushek, Kimko,
2000). Unfortunately, relevant data is lacking, especially at the provincial level used in this paper.

The average years of schooling have been widely used in the literature on education and eco-
nomic growth in China (Zhang, Zhuang, 2011; Yan, Yudong, 2003). Given the above consider-
ation, we also use it to measure education in this paper to facilitate comparative analysis with
the relevant literature. According to the relevant definition in the China Education Monitoring
and Evaluation Statistical Indicator System (Education Development [2015]) issued by China’s
Ministry of Education, China’s average years of schooling is calculated by the following formula:

_ PEstock X 6 + MEstock X9 + HSEstock X12 + HEstock X16
B POP

AE

b

where AE is the average years of schooling for a group of people, POP is the total number of peo-
ple aged 15 to 64, PEstock refers to all people who have completed primary school but not higher
levels. MEstock refers to all group members who have completed middle school but not higher
levels. HSEstock refers to everyone who has completed high school but not higher levels. HEstock
refers to all people who have completed college, university, or higher education. Based on the
current Chinese school system, education consists of six years of primary school, three years of
middle school, three years of high school, and four years of college or university.

Next, to investigate the impact of the specific level of education on the economic growth of
China, we measure higher (HE), high school (HSE), and compulsory education (CE) as the stock
of schooling years resulting from higher, high school, and compulsory education completed by the
population aged 15 to 64 in each year in each province respectively. It is worth noting that com-
pulsory education in China includes primary and middle school education. Furthermore, these dif-
ferent levels of education would test the non-linearity of schooling. Hence, we have:

HE

HE. X1 HSE xX12 PE X 6+ ME X
_ stock 6’ HSE = SEstock CE= stock X 6 stock X9
POP POP POP

As each level of education is not fully accessible to the population, and the higher the level of
education, the lower the level of accessibility, it follows that the stock of schooling years result-
ing from a particular level of education decreases as the level of education increases. Moreover,
since the aggregate and disaggregated education levels of individuals in the labor force are deter-
mined based on their compulsory education, high school, and higher education, if workers leave
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a province, it will affect the measurement of education levels in the labor force as they will no
longer be included. However, if new workers migrate to a province and join the labor force, their
education level will be added to the overall education stock in that province.

Appendix C

Comparing China’s economic growth between
the China Statistical Yearbook and Total Economy Database

Ideally, we would like to use the growth data in real GDP per capita from the alternative ap-
proaches to estimating GDP growth for China, such as the Total Economy Database, to conduct
a robustness check on our results. Unfortunately, we could not obtain the provincial data from the
alternative datasets, which are generally available only at the national level. Therefore, we com-
pared the difference between the data from the Total Economy Database and the corresponding
data from the China Statistical Yearbook we used in this paper. A comparison of the two datasets
is shown in the Fig. C1. It should be noted that the dotted line shows the data that we used in our
paper, which is calculated by the average of the provincial data of the 27 provinces in mainland
China. The solid line presents data from the Total Economy Database.

Growth in real GDP per capita
35

30
25
20
15

10

@ Data from the Total Economy Database == == = Data from the China Statistical Yearbook

Fig. C1. The growth rate of real GDP per capita in different datasets

Intuitively, it can be seen from the figure that the trends of the two datasets are basically the
same. We believe that this similarity in trend does not affect our argument of the role of economic
development levels on the relationship between education and growth but may have some effect
on the magnitude of the results. As to how large this magnitude of impact is, we encourage further
research as future available data allow.

In addition, one of the reasons for the differences between the two datasets may be that we used
provincial data for 27 provinces in mainland China, while we lack data for the Xizang Autonomous
Region, Sichuan Province, Chongqing Municipality, and Hainan Province. China’s provinces have
different levels of development, and the four provinces we are missing are among China’s less
developed regions. Thus, this may partly explain why our dataset has a larger order of magnitude
than the Total Economy Database.
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