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This study investigates how institutional quality influences the linkage between
economic growth and factor inputs specifically physical capital, labor, human capital,
and R&D within China’s leading provinces. Drawing on annual panel data from 1996 to
2022 for Guangdong, Jiangsu, Shandong, Zhejiang, Henan, and Sichuan, a panel
threshold modeling approach is employed to identify non-linear effects of institutional
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quality on the relationship between factor inputs and growth. A robustness check is
conducted to validate the findings. The empirical results suggest that economic growth
benefits from factor inputs only when institutional quality surpasses a critical threshold.
This study provides empirical evidence that institutional quality mediates the
effectiveness of factor inputs in driving economic growth. While physical capital, labor,
and human capital remain influential across different institutional settings, R&D
contributes significantly only above a certain institutional threshold. Policymakers
should prioritize strengthening institutional frameworks to optimize the productivity of
investments in physical capital, labor, human capital, and R&D.

043; 047.

Contribution/ Originality: This study pioneers the identification of threshold effects of institutional quality in
shaping the impact of factor inputs on economic growth, demonstrating that factor inputs spur growth only when
institutional quality exceeds critical levels. Using panel threshold models provides targeted policy insights for

optimizing growth strategies in China’s leading provinces.

1. INTRODUCTION

"Economic growth" refers to the continuous expansion of the productive capacity of an economy. The
pioneering work by Solow (1957) established the foundational framework for analyzing economic growth,
emphasizing the essential contributions of capital formation, labor force growth, and technological advancement.
Since then, scholars have employed various methodologies to explore the forces behind economic growth. While
significant attention has been given to analyzing how factor inputs contribute to growth under different
circumstances, these studies often yield limited practical insights due to theoretical gaps and research design
flaws. Even analyses of cross-country growth patterns and convergence hypotheses have failed to produce
actionable or policy-relevant conclusions for China's specific economic landscape (Glawe & Wagner, 2023; Saggu
& Anukoonwattaka, 2015). Since the initiation of investment programs and market reforms in 1978, government
policies have been instrumental in advancing infrastructure development, manufacturing output, and R&D.

While these policies have led to substantial economic growth, several challenges have emerged (Brandt, Litwack,
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Mileva, & Wang, 2020). In response to the changing economic landscape, China’s government has launched
substantial endeavors to eliminate institutional barriers, aiming to stabilize economic growth in the medium to
long-term (Gill & Kharas, 2015; Zhang & Rodriguez-Pose, 2024). These initiatives have focused on reforms, such
as lowering trade and investment barriers, bolstering the rule of law, thereby increasing productivity and
spurring technological innovation (Brandt et al., 2020; Morrison, 2019; World Bank, 2022). China’s institutional
reforms aim to increase economic efficiency, yet their effectiveness remains uncertain. This study investigates
how institutional quality functions as a catalyst in strengthening the contribution of key factor inputs namely
physical capital, labor, human capital, and R&D to sustain economic growth. The findings offer meaningful
implications for policymakers steering China’s ongoing economic transformation.

The pivotal role of institutional quality in fostering economic growth has been well recognized in theoretical
perspective. Endogenous growth models position institutional quality as a fundamental determinant of long-term
economic performance (North, 1990), a view further reinforced by the empirical analyses of Acemoglu, Johnson,
and Robinson (2004) and Daron Acemoglu and Robinson (2008). Nevertheless, while the theoretical consensus is
clear, empirical investigations into how institutional quality mediates the impact of factor inputs on economic
growth—particularly in the context of China remain limited. China’s remarkable growth trajectory has been
largely fueled by the accumulation of capital, the expansion of the labor force, and continuous technological
progress. Yet, the productivity of these inputs may critically depend on the quality of institutional frameworks.
Considering China’s regional disparities and its ongoing structural and institutional reforms, exploring the
threshold effects of institutional quality is essential for designing effective policies that promote sustainable
economic growth. Empirical research has shed light on the influence of institutional quality in shaping the
relationship between physical capital and economic growth. For example, Ogbaro (2019) and Ogbaro and Oladeji
(2021) find that physical capital consistently promotes economic growth, regardless of whether institutional
quality falls below or exceeds the identified threshold, suggesting that capital accumulation remains a key driver
of growth across varying institutional contexts. In contrast, evidence from Hall, Sobel, and Crowley (2010) and
Hussen (2023) indicate that the growth-enhancing effect of physical capital is significantly amplified under
strong institutional conditions, while weak institutions tend to undermine its effectiveness, often leading to
negative growth outcomes due to rent-seeking and inefficient resource allocation. Similarly, Zergawu, Walle,
and Giménez-Gémez (2020) report a positive linkage between physical capital and economic growth in high-
institutional-quality environments, though this effect diminishes when institutional quality deteriorates.
Collectively, these studies underscore the critical role of institutional quality in unlocking the full growth
potential of physical capital investments.

Institutional quality plays a pivotal role in the labor-growth nexus. Rodriguez-Pose and Ganau (2022)
emphasize that institutional quality significantly shapes how labor contributes to productivity shifts. Similarly,
Kpognon and Bah (2019) argue that better institutional conditions enhance labor productivity, thereby fostering
overall economic performance. This view is further supported by Kpognon, Atangana Ondoa, Bah, and Asare-
Nuamah (2022), who contend that improvements in institutional frameworks are instrumental in stimulating
labor-driven productivity growth. However, Sanga, Ahouakan, and Adje (2022) present an opposite perspective,
suggesting that institutional quality may hinder labor productivity through bureaucratic inefficiencies. These
findings illustrate that the link between institutional quality and labor productivity may vary across different
institutional settings. Turning to the human capital-growth relationship, Adams - Kane and Lim (2016)
highlight that institutional quality enhances the positive contribution of human capital to economic growth by
improving the enabling environment for skills development and utilization. Similarly, Raifu, Nnadozie, and
Opeloyeru (2021) and Cooray and Nam (2025) demonstrate that strong institutional foundations are vital for
translating human capital accumulation into growth outcomes. Nevertheless, Apergis, Mustafa, and Khan (2022)

argue that the contribution of human capital to growth remains limited until a certain institutional threshold is
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reached. Furthermore, Bethencourt and Perera-Tallo (2020) suggest that variations in institutional quality may
lead to misleading negative correlations between human capital and GDP, underscoring the importance of
accounting for institutional quality context. This implies that institutional quality acts as a critical enabler or
barrier in realizing the growth potential of both labor and human capital, depending on whether institutional
quality is conducive to leveraging human capital effectively.

Institutional quality plays a central role in shaping the effectiveness of R&D in promoting economic growth.
Bekana (2021) finds that higher institutional quality not only has a direct positive effect on economic
performance but also reinforces the growth-enhancing impact of R&D efforts. Further, Alam, Uddin, and
Yazdifar (2019) demonstrate that robust institutional quality fosters R&D by encouraging technological
investments. Building on this argument, Saidi, Hakimi, and Rachdi (2024) and Duyen and Tinh (2024) argue that
the influence of R&D on growth is conditional upon the marginal effects of institutional quality. Supporting this
position. To support this view, Law, Sarmidi, and Goh (2020) highlight that strong institutions significantly
enhance the capacity of R&D to contribute to economic development. These findings underscore that
institutional quality is a crucial determinant in translating R&D investments into sustained economic gains.

This study is motivated by the important role of institutional quality in mediating the influence of factor
inputs on growth within China’s leading provinces, which provides a valuable reassessment of these dynamics for
achieving sustainable and balanced growth. Although China’s economic reform has achieved remarkable success,
recent years have seen growth deceleration (International Monetary Fund, 2023; World Bank, 2024, prompting
policymakers to address institutional barriers (Gill & Kharas, 2015; Zhang & Rodriguez-Pose, 2024). As China
transitions into a “new normal” economy characterized by slower but more balanced growth (Garnaut, Song, &
Fang, 2018) it becomes increasingly important to explore whether institutional quality exhibits threshold effects
in mediating the relationship between factor inputs and economic growth particularly in leading provinces such
as Guangdong, Jiangsu, Shandong, Zhejiang, Henan, and Sichuan. These provinces contribute substantially to
China’s GDP and global economic standing. Insights from this study will help bridge a significant gap in the
literature by providing new empirical evidence, enabling policymakers to design region-specific strategies,
optimize resource allocation, and enhance economic resilience. While institutional quality has been widely
emphasized in theoretical literature (Acemoglu et al., 2004; Acemoglu & Robinson, 2008; North, 1990), its
specific role within the context of China’s economic development remains under-explored in empirical research.
Despite not having fully functional institutional frameworks, China has achieved remarkable growth, a
phenomenon termed the “China Paradox” (Glawe & Wagner, 2023; Uddin, Ali, & Masih, 2021). World Bank
(2024) emphasizes the urgency to address this paradox by investigating the mechanisms through which
institutional quality influences the efficient utilization of factor inputs in economically critical areas.

This study aims to investigate how institutional quality mediates the impact of factor inputs and economic
growth. In doing so, it identifies threshold effects and provides empirical evidence to inform policies that enhance
economic resilience in China’s leading provinces. The effectiveness of factor inputs in promoting growth depends
on the quality of institutions, with significant positive effects emerging only when institutional quality surpasses
a critical threshold. The analysis is based on annual panel data from 1996 to 2022 for six leading provinces:
Guangdong, Jiangsu, Shandong, Zhejiang, Henan, and Sichuan.

This study contributes to literature in three key aspects. First, this investigation provide novel empirical
evidence that institutional quality serves as a critical threshold for factor inputs to effectively promote economic
growth in China's leading provinces. Second, unlike prior studies focusing on linear relationships (Brandt et al.,
2020; Glawe & Wagner, 2023) we employ Hansen (1999) panel threshold model to reveal the nonlinear nature of
this relationship, with robustness check through Kremer, Bick, and Nautz (2013) dynamic approach. These
methods effectively capture rich dynamics in the relationship between factor inputs and economic growth. Third,

this study offers practical policy insights for China’s leading provinces, suggesting that investments in physical
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capital, human capital, and R&D yield optimal returns only when accompanied by institutional improvements.
The anticipated results are expected to provide theoretically consistent and policy-relevant insights by
identifying the institutional conditions that enhance the effectiveness of factor inputs in driving economic
growth. In addition, these findings complement existing growth theories while providing valuable guidance for

growth strategies.

2. METHODOLOGY

The empirical model is a modified version of Romer (1990) endogenous growth model. Among other
researchers, this model was used by Omar (2019) and Sulaiman, Bala, Tijani, Waziri, and Maji (2015). Building on
their pioneering contributions, economists have increasingly examined how factor inputs, specifically physical

capital, labor, human capital, and R&D, empirically affect economic growth through the following linear equation:

Iny; = alnk; + flnl; + §lnH; + clnry (1)

Here, y denotes real output, while k, L, H, and r represent physical capital, labor, human capital, and R&D

respectively. The coefficients @, f§, §, and € correspond to the output elasticity of k, L H, and r respectively.

Theoretically, all factor inputs positively influence the economic growth, and thus the coefficients are expected to

have positive signs, i.e, € > 0, > 0, > 0,and § > 0.

To examine the hypothesis outlined in the previous section, this study employs the panel threshold model
developed by Hansen (1999), which is designed to detect nonlinearities in the relationship between institutional
quality and factor inputs in the context of economic growth. This approach is particularly well-suited for
identifying threshold effects, where the influence of factor inputs may differ across varying levels of institutional
quality. A notable advantage of this method lies in its ability to endogenously determine the number of threshold
values based on the characteristics of the sample data. In other words, Hansen (1999) panel threshold regression
model permits an endogenous sample split (Ndiweni & Bonga-Bonga, 2021). The general specification of threshold

regression models takes the following forms:

Iny; = u+ ayInk;: 1(1Q; < y) + aylnk;: 1(IQ; = y) + fInL; + SInH;p + elnry + e (2)

Iny; = p+ Bl I(1Q; < y) + BylnLl;:I1(1Q; = y) + alnk; + 8InH;e + elnrye + e (3)

Iny; = p+ 6, InHy I(1Q; < y) + SylnH i 1(I1Q; = v) + alnky + fInl;; + elnry + e (4)
Iny; = pu+ glnr dd(IQy < y) + eglnri 1(IQ;; = y) + alnky + fInLy + SInHy + e (5)

In this framework, institutional quality (IQ) acts as the threshold variable, dividing the sample into distinct

regimes depending on whether its value exceeds or falls below an estimated threshold parameter y. The indicator

function I (*) equals 1 when the specified condition is met and 0 otherwise. This formulation permits the marginal

effects of k, L, H, and r to fluctuate across regimes, depending on whether the institutional quality level is below or

above the estimated threshold level ¥ in each regime. In doing so, it captures potential nonlinear and regime-

specific impacts on the relationship between factor inputs and economic outcomes. Equation 2 through 5 employ
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institutional quality as threshold variables. The estimation procedure classifies observations into a low-IQ regime

(i.e., weak institutional quality) and a high-IQ regime (i.e., strong institutional quality), depending on whether the

institutional quality measure falls below or above the threshold level. The impacts ofk, L, H, and r on y are
captured by the parameters a; and ay, f; and Sy, 8; and 8y, £ and £y, which correspond to the low and high

regimes, respectively. Under the hypotheses a;=ay, fi=By, 6;=0y, and £,=£y, the model simplifies to a linear

form and reduces to Equation 1. Following Li, Tanna, and Nissah (2023) and Wang, Shao, Wang, and Wu (2021),
the initial step in employing the Hansen (1999) threshold model involves testing for the existence of threshold
effects within the specified relationship. The threshold value is identified by minimizing the residual sum of squares,

allowing for the endogenous determination of regime splits.

¥ = argmin$, (y) (6)
Hansen (1999) suggested a method involving a grid search to identify potential threshold values. This approach
calculates the sum of the squared residuals for each candidate threshold value to determine the one that minimizes
the overall sum.

This approach is equivalent to determining whether the coefficients are identical across regimes when testing

for a threshold effect. The null hypothesis Hy: f; = > (linear model) is tested against the alternative hypothesis H;:

B1 # B> (single-threshold model). The test statistic follows F-distribution:

Fl — so—s1(¥) (7)

a2

The F; statistic follows a nonstandard distribution, as threshold values are uncertain under the null hypothesis.

To address this issue, Hansen (1999) introduced a bootstrap procedure to generate asymptotically valid critical
values, thereby enabling formal inference on the presence of threshold effects.

The next step involves calculating the confidence intervals for the threshold values. In line with the Hansen

(1999) method, ¥ serves as a consistent estimator fory, and the confidence interval is obtained through the

likelihood ratio (LR) statistic. The LR statistic can be calculated as

LR]_(:V) — 51(}"):51(?) (8)

a2
The LR statistic exhibits a nonstandard asymptotic distribution under the Hy. However, Hansen (1999)
provides a formula to construct the rejection region LR;.Specifically, when LR, (¥) > c(a) = —2log(1 — V1 — ),

the null hypothesis Hg: ¥ = ¥y is rejected at the significance level a, suggesting the presence of a threshold point in

the data.
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3. DATA DESCRIPTION

This study focuses on six economically advanced provinces in China: Guangdong, Jiangsu, Shandong, Zhejiang,
Henan, and Sichuan. Annual data from 1996 to 2022 are obtained from authoritative sources, including the China
Statistical Yearbook, the World Bank, the International Country Risk Guide (ICRG), and the Worldwide
Governance Indicators (WGI). This sample period captures significant changes in economic transition,
technological advancements, and institutional reforms. It provides a robust basis for examining how institutional
quality mediates the relationship between factor inputs and economic growth, accounting for both short-term
fluctuations and long-term structural changes. This period also reflects the dynamic shifts in key macroeconomic
indicators relevant to this study, such as economic growth, physical capital, labor, human capital, R&D, and
institutional quality. The selected variables are consistent with endogenous growth theory while addressing China’s

unique institutional context. Detailed measurements of all variables are presented in Table 1.

Table 1. Detailed measurements for all variables.

Variable | Proxy indicator | Description

Dependent variable

Real output .
(y) P Real gross domestic product ¥ = Nominal GDP / Consumer price index

Independent variable

kt :kt—l(l _5) +Lt

Physical ko = io/(g +6)

capital (F) Real fixed asset investment

ky is capital stock, i¢ is real fixed asset investment in year £ g is

growth rate, § is 9.6% (Arya, Banerjee, & Cavoli, 2019; Bailliu,
Rruger, Toktamyssov, & Welbourn, 2019; Zhang, 2008)

Labor (L) Working age population L=Numbers of working age population
= OXLot6XLetOXLoH12XL1p+16XLee
- total population
Human Average years of schoolin
capital (H) gey ] & 0 for illiterate, 6 for primary, 9 for junior secondary, 12 for senior

secondary, and 16 for tertiary education. L; is persons with
schooling years (Zhang & Zhuang, 2011)

ne=e_;+ (1084

ro =€ /(g +96)
R&D (1) Real R&D expenditure
1t is the capital stock, e is real R&D expenditure, g is the growth

rate, 6 is 15% (Goto & Suzuki, 1989; Griliches & Lichtenberg,
19845 Hu, Jefferson, & Jinchang, 2005)

Threshold variable
Institutional . . .
quality [CRG 1Qicrg =corruption+law and order + bureaucratic quality
(IQ1crg) (Aluko & Ibrahim, 2020; Law, Azman-Saini, & Ibrahim, 2013)
Institul‘gitonal 1Qy¢; = (control of corruption + rule of law + government
uali
PR WGI effectiveness) /3
(IQwgr)

(Aluko & Ibrahim, 2020; Law et al., 2013)
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In line with the specification mentioned above, all variables, ie., ¥, k, L, H, and r, are expressed in log form

except for 1Q;cre and Q¢

The descriptive statistics for the study variables show in Table 2, while Table 3 provides the correlation

matrix. The correlation analysis confirms strong positive relationships between y and k, L, H, and r. Additionally,

both institutional quality variables exhibit positive and significant correlations with factor inputs as well as

economic growth, suggesting their mediating role in enhancing economic productivity.

Table 2. Descriptive statistics, 1996—2022.

Variable Unit of measurement Mean Std. dev. Min. Max.
y CNY 1996 constant price 25076.742 19215.604 2871.650 83221.039
k CNY 1996 constant price 77094.629 75277.700 4299.038 275458.202
L 10000 persons 4827.408 972.914 2612.540 7072.000
H Number of years 8.388 0.897 6.421 10.204
r CNY 1996 constant price 2595.568 3151.774 26.252 14316.631
1Q:cre Scaled from 0 to 10 8.054 0.683 7.000 9.500
1Qwar Scaled from—2.5 to 2.5 0.791 0.230 0.526 1.435
Table 3. Correlation matrix.
Variable y k L H 10,cxc 10,6,
y 1.000
k 0.761""" 1.000
L 0.862™" 0.283™" 1.000
H 0.701""* 0.874""* 0.312""* 1.000
r 0.758""" 0.756™" 0.328""* 0.761""" 1.000
1Qicre 0.576™" 0.625™" 0.181% 0.685™"" 0.613™" 1.000
e 0.677"" 0.767"" 0.188" 0.663™" 0.704""" 0.521" 1.000

Note: FHk ¥ signify statistical signi

ficance at 1% and 5% levels, respectively.

4. EMPIRICAL RESULTS AND DISCUSSION
4.1. Panel Cross-Sectional Dependence (CSD) Test and Panel Unit Root Test

Ignoring CSD may introduce significant estimation bias and distort the results.

Table 4. CSD test results.

Variable LM Scaled LM CD Bias adjusted LM
328 4%** 18.01%*%% 20.070%** 162.0%**
Y (0.000) (0.000) (0.000) (0.000)
3 261.5%** 15.86%%* 20.077H** 127.8%%%
(0.000) (0.000) (0.000) (0.000)
14:2.9%%% 10.38%%%* 8.014%%* 65.78%%*
L
(0.000) (0.000) (0.000) (0.000)
27 1.4%%% 16.4:8%%% 19.424%%% 182.4%%%
H
(0.000) (0.000) (0.000) (0.000)
. 299, 1%** 17.28%%% 20.044%** 146.8%*%
(0.000) (0.000) (0.000) (0.000)
I 405.0%%* 20.12%** 20.125%%* 201.8%%%
Qicre (0.000) (0.000) (0.000) (0.000)
I 405.0%%* 20.12%%* 20.125%%% 201.8%%%
Qwar (0.000) (0.000) (0.000) (0.000)
Note: Fxk #% and * signify statistical significance at 1%, 5%, and 10% levels, respectively.

© 2025 AESS Publications. All Rights Reserved.
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To overcome this issue, this study therefore applies four diagnostic tests: (i) the Lagrange Multiplier
(LM) test by Breusch and Pagan (1980), (ii) the scaled LM test proposed by Pesaran (2004}, (iii) Pesaran (2004)
cross-sectional dependence (CD) test, and (iv) the bias-adjusted LM test developed by Pesaran, Ullah, and
Yamagata (2008). As demonstrated in Table 4, those tests provide robust evidence of CSD among the variables
included in the panel datasets.

To obtain robust estimates in the presence of CSD, this study employs panel unit root procedures, namely the
cross-sectional augmented Dickey-Fuller (CADF) test and the cross-sectional augmented IPS (CIPS) test based on
second-generation methods. The variables exhibit mixed orders of integration, specifically I(0) and I(1), as shown in

Table 5.

Table 5. Panel unit root test results.

. Tests
Variables CIPS CADF
Level -2.016 —2.016
Vi First difference —3.628%%%* —8.628%%*
Decision I(1) I(1)
Level —3.296%** —8.230%**
k. First difference —2.899%** —3.065%**
Decision I(0) I(0)
Level —1.878 —1.259
b First difference —2.946%** —2.419%*
Decision I(1) I(1)
Level —3.899%** —2.482%*
H, First difference —5.007%** —4.258%**
Decision I(0) I(0)
Level —1.852 —1.908
T First difference —8.775TH** —3.428%**
Decision I1(1) I1(1)
Level —2.610%** —2.100%**
1Qcre First difference —2.101%%* —2.29 1%%*
Decision 1(0) I(0)
Level —2.120%** —2.210%**
{0 First difference —2.106%** —2.880%**
Decision 1(0) I(0)
Note:  *F% % signify statistical significance at 1%, 5% levels, respectively.

4.2. Hansen (1999) Panel Threshold Regression

This study uses Hansen's (1999) panel threshold regression framework, as specified in Equation 2 through
Equation 5, to examine whether institutional quality introduces threshold effects in the relationship between
factor inputs and economic growth. The estimation results, reported in Table 6, indicate that when k, L, H, and r
are regime-dependent variables, taking IQ;cpe and IQug; as threshold variables, the F-statistics and their
corresponding bootstrap p-values are calculated, with critical values at the 1, 5, and 10 per cent significance
levels derived through a bootstrap procedure based on 300 replications, a grid search of 400 points, and a
trimming percentage of 5. Table 7 presents the estimated threshold values along with their 95% confidence
intervals. The bootstrap results support the rejection of the null hypothesis of no threshold effect, thereby

confirming the existence of a single threshold.
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Table 6. Significance of the threshold effect.

Reglrl‘:z;;i:&zndent T‘f;rrtizl;;)id Fostatistic | P-value — Crltlc;})/:alues —
1Qicre 19.70%%% 0.000 5.913 7.222 11.589
ke 1Qwer 40.94%* 0.010 24.373 29.026 40.624
[Qicre 17.84%%% 0.000 8.114 9.996 12.800
. 1Qwer 89.90%* 0.023 26.571 31.515 44.211
1Qicre 20.54%%* 0.000 5.985 7.594 11.789
e 1Qwer 40.74%%* 0.006 22.277 27.586 37.938
[Qicre 21.78%%% 0.000 4.813 5.490 8.445
" 1Qwer 41.76%%* 0.010 21.755 28.835 38.245

Note:

*Hk ** signify statistical significance at 1%, 5% levels, respectively. Hy: no threshold effect, H,: single threshold effect.

As presented in Table 7, the estimation results identify two distinct regimes across model 2a and 2b, in

which physical capital (k) serves as a regime-dependent variable. Empirical evidence consistently supports the
evidence of a single threshold, regardless of whether institutional quality is measured by IQ;cgrg or IQus¢;.
Versions “a” and “b” correspond to institutional quality datasets from IQmzre and IQy gy, respectively. In Model
2a, the threshold estimate of 7.833, with a corresponding 95% confidence interval [7.500, 8.0837, divides the
low-1Q regime (below 7.833) from the high-IQ regime (above 7.833). Model 2b yields a threshold estimate value
of 0.716, with a 95% confidence interval [0.705, 0.8707. Similarly, Model 3a and 38b, 4a and 4b, and 5a and 5b

also confirm a single threshold across different specifications, confirming the robustness of the threshold effect

alternative under both IQ.?CRG and IQT—‘VGf‘

Table 7. Single threshold estimates of institutional quality.

Regime-dependent Threshold Threshold Threshold 95% confidence
variable model variable value interval

2a IQcre 7.833 [7.500, 8.083]

kt 2b 1Qwer 0.716 [0.705, 0.8707]

3a 1Qicre 7.833 [7.500, 8.083]

b 3b 1Qwer 0.716 [0.705, 0.8707

4a 1Qicre 7.833 [7.500, 8.083]

o 4b 1Qwe; 0.716 [0.705, 0.870]

5a 1Qcre 7.833 [7.500, 8.083]

"t 5b 1Qwer 0.716 [0.705, 0.870]

Note:

institutional quality datasets from IQ;cpg and IQyyq;, respe

ctively.

The second column corresponds to Model Equation 2 to Equation 5 in the model specification section; versions “a” and

“b” correspond to

After establishing the institutional quality threshold, the next question focuses on how institutional quality

influences the relationship between factor inputs and growth. Table 8 presents the threshold regression results
from Equation 2, where physical capital serves as a regime-dependent variable. Considering that the data favors a
threshold model, this study concentrates on the specifications of the threshold model. Turning first to Model 2a,
where institutional quality is measured by IQcrg, physical capital exhibits significant positive effects in both

regimes, increasing from 0.558 below the threshold to 0.565 above it. Similarly, in Model 2b, using IQyg; as the
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threshold variable, physical capital yields significant positive effects in both threshold regimes, the corresponding
coefficients are 0.626 and 0.633 in the low and high regimes. These results suggest that institutional quality
consistently enhances the growth effectiveness of physical capital, with the magnitude of enhancement exhibiting
a nonlinear pattern contingent upon threshold attainment. This evidence aligns with prior studies by Ogbaro

(2019), Ogbaro and Oladeji (2021), and Zergawu et al. (2020), confirming that institutional quality operates as

both an enabling condition and a productivity multiplier for physical capital investments.

Table 8. Regression results. Dependent variable: Economic growth; Regime-dependent variable: Physical capital.

Threshold model 2a Threshold model 2b
Institutional quality=IQcp¢ Institutional quality=IQ ¢
0.864%** 0.988%*%*
Le (0.096) Le (0.091)
0.076%** 0.027%*
H, (0.018) H, (0.016)
0.047 0.026
Tt (0.080) Tt (0.028)
0.558%%% 0.626%**
Regime 1 IQcpe< 7.833 (0.084) Regime 1 IQyyg;< 0.716 (0.084)
%k Fkk
Regime 2 IQfCRG >7.833 0(360534) Regime 2 IQ'[«'VGIZO'716 0((6)80835)
cons —4. 48 THHH cons —5.763%**
- (0.912) - (0.882)
No. observations 162 No. observations 162
N 6 N 6
Note:  **#* and * signify statistical significance at 1% and 10% levels, respectively. () denotes the standard errors.

Table 9 reports the empirical results from Equation 3, with labor serving as a regime-dependent variable.
The results indicate a nonlinear association between labor input and economic growth performance. Specifically,
the estimated institutional quality threshold, below or above which labor significantly promotes economic
growth, aligns precisely with that identified for physical capital. This result suggests that improvements in
institutional quality foster labor productivity growth, leading to the creation of productive jobs. An expanded
working-age population can serve as a driving force for productivity improvements by increasing labor force
participation rates. As a result, this group also accumulates savings at a higher rate, facilitating further
investment-driven economic growth. These findings corroborate the institutional productivity mechanisms
identified by Kpognon et al. (2022) and Rodriguez-Pose and Ganau (2022) while extending their work by

specifying the precise threshold levels at which institutional quality begins generating labor market dividends.

Table 9. Regression results. Dependent variable: Economic growth; Regime-dependent variable: Labor.

Threshold model 3a Threshold model 3b
Institutional quality=IQjcrs Institutional quality=IQ gy
0.557*%* 0.641%%*
ke (0.034) ke (0.035)
0.078%%** 0.026%*
H, (0.019) Hy (0.016)
0.048 0.023
U (0.080) Tt (0.028)
) 0.856% %% ) 0.985%%%
Regime 1 IQcra< 7.833 (0.097) Regime 1 IQyyg;< 0.716 (0.091)
o 0.865*9Hé ) 1.002***
Regime 2 [Qcre>7.833 (0.097) Regime 2 [ Qyr;=0.716 (0.092)
cons —4.482%** cons —5.878%**
= (0.917) - (0.889)
No. observations 162 No. observations 162
N 6 N 6

Note:  *¥* ** signify statistical significance at 1%, 5% levels, respectively. () denotes the standard errors.
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Table 10 reports the threshold regression estimates from Equation 4, where human capital serves as a
regime-dependent variable. The results indicate that the effect of human capital on economic growth varies
across institutional quality regimes. In Model 4a, with institutional quality measured by IQ;zgg, the coefficient on
human capital is positive in both low- and high-regime contexts, with a greater magnitude observed in the high-
regime group. Model 4b, which uses IQy¢; as the threshold variable, also shows that human capital positively
affects growth in both regimes, with estimated coefficients of 0.014 and 0.029 below and above the threshold,
respectively. These findings suggest that human capital significantly enhances economic growth when institutional quality
surpasses the identified threshold, whereas its effect is comparatively weaker in lower-quality institutional settings. This
outcome aligns with the findings of Adams-Kane and Lim (2016) and Apergis et al. (2022), providing a precise
institutional quality effect in which human capital investments yield greater growth dividends in stronger

institutional settings.

Table 10. Regression results. Dependent variable: Economic growth; Regime-dependent variable: Human capital.

Threshold model 4a Threshold model 4b
Institutional quality=IQjcrs Institutional quality=IQ gy
k 0.560%%* k 0.636%**
t (0.034) t (0.035)
L 0.867*%* L 0.999%**
t (0.096) t (0.092)
0.045 0.026
L% (0.080) Tt (0.028)
. 0.074%** . 0.014%*
Regime 1 IQjcre < 7.883 (0.018) Regime 1 IQy¢;< 0.716 (0.016)
] 0.084%%* ] 0.029%*
Regime 2 [Q;cre>7.833 (0.019) Regime 2 IQyy;=0.716 (0.016)
cons —4.512%** cons —b5.84:8%**
- (0.910) - (0.885)
No. observations 162 No. observations 162
N 6 N 6

Note: Fkk ¥ signify statistical significance at 1%, 5% levels, respectively. () denotes the standard errors.

Table 11 reports the empirical results of Equation 5, with R&D as a regime-dependent variable. This

highlights that the response of economic growth to R&D varies depending on the levels of institutional quality.

Table 11. Regression results. Dependent variable: Economic growth; Regime-dependent variable: R&D.

Threshold model 5a Threshold model 5b
Institutional quality=IQcg¢ Institutional quality=IQyy¢;
0.579%** 0.635%%*
ke (0.084) ke (0.034)
L 0.908*** L 1.007%*%
¢ (0.095) t (0.091)
0.04:5%** 0.028%
i (0.017) i (0.016)
. 0.043 . 0.010
Reglme 1 IQfCRG < 7.833 (0 03()) Reglme 1 IQW'Gf< 0.716 (0 029)
i 0.054%% . 0.026%*
Reglme 2 IQICRG >7.833 (O 029) Reglme 2 IQW'GIZO.716 (O OQS)
cons —4.808%** cons —5.902%**
- (0.911) - (0.884)
No. observations 162 No. observations 162
N 6 N 6

Note:  *¥* *% and * signify statistical significance at 1%, 5%, and 10% levels, respectively. ( ) denotes the standard
errors.

Turning to Model 5a, the coefficient of R&D is insignificant when IQcg¢ falls below the threshold level.

However, R&D significantly enhance growth once IQ;cgs exceeds the estimated threshold. In Model 5b, the
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findings are similar to those in Model 5a, suggesting that R&D has the potential to benefit from economic
growth. These benefits may not be realized in contexts with weak institutional quality. This result aligns with
previous empirical studies, confirming that strong institutional quality is a necessary condition for R&D to
positively affect long-term growth. Better institutional quality creates a reliable environment that can optimize
the positive effects of innovation (Bekana, 2021; Law et al., 2020). Based on the findings above, economic growth
responds difterently to factor inputs depending on the levels of institutional quality. All estimated coefficients for
k, L, H, and r align with theoretical expectations. Notably, the growth effects exhibit greater magnitude for
physical capital and labor compared to human capital and R&D. This pattern is consistent with previous
empirical studies, including Guo, Hu, Zhao, and Li (2023); Li, Loyalka, Rozelle, and Wu (2017); Yang (2020) and
Yang (2023). Strong institutional quality has played a critical role in enhancing productivity growth in China’s
leading provinces, functioning through both direct and indirect mechanisms. The productivity-enhancing eftects
of k, H, and r are shown to be highly contingent on the quality of institutional frameworks (Hall et al., 2010;
Law et al,, 2020; Raifu et al,, 2021). Additionally, good institutional quality can significantly contribute to
growth in labor by strengthening human capital and fostering innovation capacity (Kpognon et al.,, 2022;
Rodriguez-Pose & Ganau, 2022). In contrast, poor institutional quality may hamper productivity growth and
become a major obstacle to converting local talent and innovation into sustained economic performance (Apergis

et al.,, 2022; Bekana, 2021).

4.3. Robustness Check

To assess the robustness of the results, this study applies the Kremer et al. (2013) dynamic panel threshold
regression model (see Appendix). This method addresses endogeneity by using the lagged value of real GDP as
an instrument, while institutional quality remains the threshold variable. The estimated threshold values derived
from IQpcre and IQy¢; are 8.083 and 0.653, respectively. Table 12a through Table 12d support the findings of
Hansen's (1999) threshold regression. The results again confirm that the factor inputs-growth nexus is
contingent on institutional quality. In other words, the defined threshold value in the preceding section indicates
the influence of institutional quality that triggers factor inputs in stimulating long-run economic growth. Most
notably, physical capital, labor, and human capital contribute significantly across all institutional settings, while
R&D-driven growth becomes effective only once institutional quality surpasses the threshold level. All the

estimated coefficients for k, L, H, and r align with theoretical expectations across all regressions.

Table 12a. Robustness check. Regime-dependent variable k

Threshold model 2a Threshold model 2b
Institutional quality=IQjcrs Institutional quality=IQ ¢y
Lagged dependent variable 0(2909:;;* Lagged dependent variable 0&?)95) ::)*
0.096%** 0.092%**
Ly (0.030) Ly (0.030)
0.242%*% 0.220%%*
Hy (0.062) Hy (0.056)
0.038%* 0.021
U (0.013) Tt (0.018)
0.563%%* 0.548%%*
Regime 1 IQICRG< 8.083 (0.080) Regime 1 IQH"GI< 0.653 (0.069)
) 0.661%%% . 0.729%%%
Regime 2 IQcre>8.083 (0.065) Regime 2 IQyyg;=0.653 (0.066)
cons 102425 cons 0.818%%
- (0.291) - (0.290)
No. observations 162 No. observations 162
N 6 N 6
Note:  *¥%* ** signify statistical significance at 1%, 5%, levels, respectively. ( ) denotes the standard errors.
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Table 12b. Robustness check. Regime-dependent variable.

Threshold model 3a Threshold model 3b
Institutional quality=IQjcrs Institutional quality=IQ ¢y
9 0.8 1%%% . 0.687%%*
Lagged dependent variable (0.045) Lagged dependent variable (0.053)
k 0.110%%% k 0.118%%%
t (0.030) t (0.083)
0.385%%% 0.728%%*
Hy (0.112) Hy (0.123)
0.040%* 0.031
U (0.017) Tt (0.024)
) 0.099%* . 0.108%*
Regime 1 IQcrp< 8.083 (0.047) Regime 1 [Qyrg;< 0.653 (0.046)
] 0.106%* ] 0.111%*
Regime 2 [ Qcr;=>8.083 (0.047) Regime 2 [Qyy5;=0.653 (0.046)
P —0.830%* cons —-0.211
- (0.422) - (0.454)
No. observations 162 No. observations 162
N 6 N 6
Note:  *¥* ** and * signify statistical significance at 1%, 5%, and 10% levels, respectively. ( ) denotes the standard errors.
Table 12¢c. Robustness check. Regime-dependent variable H
Threshold model 4a Threshold model 4b
Institutional quality=IQjcrs Institutional quality=IQ gy
. 0.895%%* . 0. ek
Lagged dependent variable N Lagged dependent variable X
£ P (0.049) g p (0.055)
. . 9
k 0.039 k 0.140%%%
t (0.083) t (0.040)
L 0.051 L 0.2 10%**
t (0.062) t (0.069)
0.006 0.005
I (0.059) Tt (0.016)
. 0.162%%* . 0.105%
Regime 1 IQcrp < 8.083 (0.651) Regime 1 IQyg;< 0.653 (0.060)
] 0.188%%%* ] 0.185%%
Regime 2 [Qcre>8.083 (0.066) Regime 2 IQyyg;=0.653 (0.060)
cons —-0.152 cons —1.273%%*
- (0.508) - (0.536)
No. observations 162 No. observations 162
N 6 N 6
Note: Fkk *k and * signify statistical significance at 1%, 5%, and 10% levels, respectively. (') denotes the standard errors.
Table 12d. Robustness check. Regime-dependent variable r
Threshold model 5a Threshold model 5b
Institutional quality=IQjcrs Institutional quality=IQ gy
. 0.863%*% . 0.782%%%
Lagged dependent variable (0.047) Lagged dependent variable ((7) 054)
. Vo
k 0.097%%* k 0.160%**
t (0.034) t (0.089)
L 0.143%* L 0.261%%%
t (0.063) t (0.069)
H 0.211%%* H 0.008
t (0.068) t (0.063)
) 0.019 ] 0.016
Regime 1 IQ;cre < 8.083 (0.012) Regime 1 [Qyrg;< 0.653 (0.012)
) 0.027%% ] 0.028%%
Regime 2 IQcre>8.083 (0.012) Regime 2 [Qyyg;>0.653 (0.012)
cons —1.128%%* cons —1.618%%%*
- (0.496) - (0.527)
No. observations 162 No. observations 162
N 6 N 6
Note:  *¥% ** signify statistical significance at 1%, 5%, levels, respectively. ( ) denotes the standard errors.
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The empirical findings yield important policy implications for formulating effective growth strategies in
China. The results indicate that economic growth benefits from factor inputs only when institutional quality
surpasses a critical threshold. Policymakers should prioritize the strengthening of institutional frameworks to
maximize the productivity of investments in factor inputs. In doing so, institutional reforms that reduce
constraints on political institutions can create a more favorable environment for economic growth, enhance the
effectiveness of economic institutions, and improve investment efficiency. In other words, the transmission
channels connecting optimal factor inputs to economic growth improve resource allocation efficiency, which in
turn strengthens output growth under conditions of strong institutional quality. Additionally, the results also
indicate that R&D contributes significantly only above a certain institutional threshold. To fully leverage the
growth potential of innovation, policymakers should improve the institutional mechanisms to reap the benefits of
R&D in driving economic growth. Enhancing institutional quality can boost the effectiveness of innovation and
the transformation of R&D investments into tangible economic outcomes.

Furthermore, considering the empirical evidence that institutional quality significantly mediates the impact
of factor inputs on economic growth in China, this study recommends several targeted policy suggestions.
Central governments should prioritize enhancing the overall institutional framework, which includes
strengthening property rights protection, improving judicial efficiency, and reducing bureaucratic red tape.
These reforms would create a more conducive environment for business operations and innovation. To increase
the productivity of physical capital, policies should focus on reducing administrative intervention in investment
allocation and promoting market-oriented reforms. Such measures can address persistent issues of overcapacity
and misallocation, thereby enhancing economic efficiency. To complement these efforts, labor market reforms are

essential. Relaxing "hukou" restrictions in urban centers and expanding social service coverage can enhance
labor mobility and productivity. These reforms are particularly crucial as China’s demographic structure evolves,
with an aging population and a shrinking workforce. Moreover, the transition to an innovation-driven growth
model requires parallel developments in human capital and R&D. Targeted investments in tertiary education and
vocational training programs, coupled with incentives for skilled professionals, can address regional disparities in
workforce quality. Strengthening intellectual property rights protection and fostering collaboration among the
government, universities, and industry can shift the innovation paradigm from quantity to quality. In addition,
fine-tuning fiscal and tax policies to reward high-value innovation, rather than mere R&D expenditure, can

further enhance innovation efficiency. By prioritizing these measures, policymakers can unlock the full potential

of factor inputs, fostering sustainable growth and reducing regional disparities.

5. CONCLUSION

This study employs panel data covering China’s leading provinces from 1996 to 2022 examine whether
institutional quality exhibits threshold effects in mediating the relationship between economic growth and factor
inputs. To capture potential nonlinear dynamics, the analysis adopts the Hansen (1999) approach. To ensure the
robustness of the results, this study also uses the Kremer et al. (2013) threshold model as a complementary
approach. The consistency between models reinforces the validity of the findings, which are sensible and
corroborate the findings mentioned above. In particular, the empirical findings demonstrate a significant
threshold effect, where institutional quality critically shapes the dynamics between factor inputs and growth.
This study provides empirical evidence that institutional quality mediates the effectiveness of factor inputs in
driving economic growth. While physical capital, labor, and human capital remain influential across different
institutional settings, R&D contributes significantly only above a certain institutional threshold. These findings
offer valuable implications for policymakers aiming to strengthen economic resilience and long-term

development through institutional reform.
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However, this study is subject to several limitations that should be addressed. First, the analysis
concentrates on six provincial economies and four independent variables physical capital, labor, human capital,
and R&D. Future research should focus on identifying the determinants of institutional quality. This insight will
empower governments to implement targeted improvements in institutional frameworks effectively.
Understanding these determinants can also guide policymakers toward fostering more robust and adaptable
institutions. In addition, the methodology used in this study can also be replicated in other regional scenarios.
Second, the study is constrained by the time dimension and the limitations associated with data collection from
secondary sources, particularly in terms of data availability. The findings will be more meaningful if more data
become available in future research. Third, the findings may not be applicable across regions other than China, as
factor inputs are influenced by region-specific industrial structures or government policies. Finally, this study
adopts a macro-level perspective on institutional quality. Overall, the issue provides significant avenues for
future research, including the investigation of regional disparities, the development of robust indicators for
institutional performance, and the use of microdata tailored to evaluate specific policies of interest in both
developed and developing regions of China. This is a potentially interesting and critical issue left for future

research.
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APPENDIX

To further assess the robustness of the threshold effects of institutional quality in the nonlinear relationship
between factor inputs and economic growth, this study adopts the dynamic panel threshold regression model
proposed by Kremer et al. (2013). This model extends the original panel threshold framework introduced by
Hansen (1999) and later enhanced by Caner and Hansen (2004), offering a structure capable of handling dynamic
panel data with endogenous explanatory variables and exogenous threshold variables. In line with Lahet and
Prat (2023), the empirical specification employed in this study follows the dynamic panel threshold approach as

outlined below:

Yir = M A1+ Brifiel @ie = v) + Buifiel (qie > v) + axye + &1
In this model, y; ;-1 denotes the lagged value of y;+; the term p; captures region-specific fixed effects, reflecting
unobserved heterogeneity across regions. y represents the estimated threshold level. The variables x;;,f;;+ and
q;+ denote regime-independent, regime-dependent and threshold variables, respectively. In particular, the latter
allowed us to switch between different regimes based on specific conditions. I(-) is the indicator function, a value
of 1 is valid and 0 otherwise. This approach ensures that the impact of factor inputs, k, L, H, and r on economic

growth is captured by 8; or fy, depending on whether the region falls within a low or high level of institutional
quality.
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