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IMPACTS OF CAPITAL, EDUCATION,

AND INCOME INEQUALITY
ON ECONOMIC GROWTH:
EVIDENCE FROM GERMANY

Abstract

Against the backdrop of economic stagnation, weak external demand, and rising so-
cial disparities, this study examines the determinants of economic growth in Germany.
Specifically, it investigates the long- and short-run effects of gross capital formation
(GCF), government expenditure on education (GEE), and income inequality (GINI)
on GDP per capita (GDPPC) over the period 1996-2022. The empirical analysis ap-
plies the Autoregressive Distributed Lag (ARDL) bounds testing approach, supported
by unit root tests, an error correction model (ECM), and Fully Modified Ordinary
Least Squares (FMOLS) estimation. The results confirm the existence of a long-run
cointegration relationship among the variables, as the F-statistic of 5.67 surpasses the
upper bound critical value at the 1% significance level. The ECM results show that ap-
proximately 51.8% of short-run deviations are corrected within one year, indicating a
moderate speed of adjustment toward long-run equilibrium. FMOLS estimates suggest
that gross capital formation and government expenditure on education are positively
associated with GDP per capita in the long run, with coeflicients of 0.475 and 0.088,
respectively. Income inequality also exhibits a statistically significant but relatively
small positive association with economic growth (0.024). In addition, external shocks
show asymmetric effects, where financial crises are associated with a 0.055 increase in
GDP per capita, while pandemic-related shocks are associated with a 0.089 decrease.
Opverall, the findings indicate that capital formation and public education expenditure
are key long-run correlates of economic growth in Germany, while inequality and ex-
ternal shocks play supplementary but comparatively smaller roles in shaping growth
dynamics.

Keywords economic growth, sustainability, capital, education, GINI
index, ARDL, FMOLS, Germany
JEL Classification E20, E24, 125, 040, C22

INTRODUCTION

Germany has long been regarded as one of the most influential and
resilient economies in Europe and the global economy. Over recent
decades, sustained industrial strength, export orientation, and tech-
nological leadership have positioned the country among the world’s
leading economic powers. With an estimated gross domestic product
exceeding USD 5 trillion in 2025, Germany ranks as the third-largest
economy worldwide after the United States and China, and remains
the largest economy in Europe (KPMG, 2026). This scale underscores
Germany’s central role in global production networks, trade flows,
and economic stability within the European Union.

Despite this strong structural position, Germany’s growth trajectory
has weakened in recent years. Following the COVID-19 pandemic,
its economy recorded one of the slowest recoveries among advanced
economies, with real GDP in 2024 remaining close to its 2019 level.
Economic activity stagnated during the first half of 2025, reflecting
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a combination of weak external demand, declining export competitiveness, and elevated uncertainty.
While a mild improvement emerged toward the end of 2025 (supported by rising private and public
consumption, inventory accumulation, and a rebound in capital goods production), overall growth re-
mained constrained by subdued investment, weak export performance, and a negative contribution
from net foreign trade (BMWK, 2026; EC, 2025). These developments highlight growing structural
challenges facing the German growth model.

In this study, the term “economic growth” is used in place of “sustainable economic growth” to ensure
conceptual precision, as the dependent variable is real GDP per capita, which captures economic perfor-
mance but does not directly measure environmental or broader sustainability dimensions. Accordingly,
the analysis focuses on the macroeconomic determinants of long-run economic growth rather than
multidimensional sustainability outcomes.

From a regional and structural perspective, existing empirical evidence suggests that Germany’s eco-
nomic growth is shaped by conditional income convergence, strong human capital endowments, and
pronounced agglomeration effects. Regions containing major urban and capital centers tend to exhibit
higher growth rates, benefiting from productivity spillovers, dense labor markets, and innovation clus-
tering. At the same time, spatial spillovers, domestic investment in capital goods, and interregional
linkages play a critical role in shaping growth outcomes, while persistent regional disparities reflect
heterogeneous economic structures rather than a uniform growth path (Cuaresma et al., 2014). These
findings emphasize the importance of structural and socio-economic factors beyond aggregate demand
dynamics.

Against this background, understanding the drivers of Germany’s economic growth has become in-
creasingly relevant. While traditional explanations emphasize production capacity, exports, technologi-
cal innovation, and industrial investment, recent stagnation episodes suggest that broader socio-eco-
nomic determinants warrant closer examination. In particular, fixed capital accumulation, educational
expenditure, and income inequality may exert significant and interrelated effects on long-term growth
performance.

1. LITERATURE REVIEW

AND HYPOTHESES

The relationship between economic growth, hu-
man capital formation, capital accumulation, and
income distribution has been extensively exam-
ined in the economic development and sustain-
ability literature. In recent years, the conceptual-
ization of growth has shifted from a purely out-
put-centered perspective toward a multidimen-
sional framework in which institutional quality,
social inequality, and structural transformation
jointly determine long-run development out-
comes. Sustainability-oriented studies emphasize
that sustainable economic performance depends
on the interaction between human capital, gover-
nance quality, innovation capacity, and environ-
mental constraints rather than on isolated mac-
roeconomic determinants (Prasetyo & Kistanti,
2020; Hasanov et al., 2024; Hasanov & Azizli, 2025;
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Mammadov et al., 2024; Niftiyev, 2025). Within
this systemic framework, economic growth is in-
creasingly understood as a process shaped by both
productive capacity and distributive dynamics.

A first strand of the literature focuses on inequal-
ity as a multidimensional phenomenon operating
through both economic and social mechanisms.
At the micro level, Consiglio and Sologon (2022)
showed that individuals from non-academic fam-
ily backgrounds in Germany face persistent wage
disadvantages driven not only by lower educa-
tional attainment but also by weaker access to
instrumental social capital. Their findings, based
on Oaxaca-Blinder decomposition and quantile
regression, further indicated that weak-tie career
support is both quantitatively and qualitatively in-
ferior for individuals from less educated families,
thereby reinforcing inequality beyond formal edu-
cation systems. At the macro level, Ciaschini and
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Salvati (2026) documented that although per-cap-
ita income growth across countries has generally
improved living standards over time, it has simul-
taneously intensified regional and spatial inequal-
ities due to heterogeneous development trajecto-
ries. These findings suggest that inequality oper-
ates simultaneously at individual, structural, and
spatial levels, reinforcing persistent disparities in
economic outcomes. Moreover, previous studies
have demonstrated that inequality of opportu-
nity and income distribution influence long-run
economic growth through multiple transmission
channels, including human capital accumulation,
labor market outcomes, and investment incentives
(Aiyar & Ebeke, 2020). In the German context, ris-
ing income inequality has also been identified as
an emerging structural challenge with important
implications for long-term economic performance
(Albig et al., 2017).

A second strand of the literature examines the role
of education in shaping both growth and inequal-
ity. Rehme (2007) demonstrated that educational
expansion initially increases both growth and
income inequality, with distributional improve-
ments emerging only in later stages of develop-
ment, highlighting the nonlinear nature of educa-
tion effects. Similarly, Hanushek and Woessmann
(2020) emphasized that cognitive skills, rather
than years of schooling alone, represent the pri-
mary driver of long-term economic performance,
indicating that the quality of education is more
important than its quantity. Extending this argu-
ment, Makhlouf and Lalley (2023) showed that ed-
ucational expansion policies in OECD countries
from 1870 to 2016 increased income inequality in
the long run while having no significant short-run
effects. They further argued that education-driven
structural transformation toward the service sec-
tor reduces agricultural employment and increas-
es wage dispersion, thereby reinforcing inequality
despite supporting overall economic development.
These results collectively suggest that education
plays a dual role, simultaneously fostering growth
while potentially amplifying inequality through
structural change mechanisms. Recent evidence
further suggests that the growth-enhancing ef-
fects of education are strengthened through re-
search and development (R&D), with educational
expenditure contributing to economic perfor-
mance by fostering innovation and technological
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progress (Diakodimitriou et al., 2025). Similarly,
Gulaliyev et al. (2024), in a comparative analysis
of Israel and the South Caucasus countries, found
that R&D expenditure generates significant posi-
tive macroeconomic effects, highlighting the com-
plementary role of innovation investment in pro-
moting sustainable economic growth.

A third strand of the literature focuses on capital
formation and investment as key drivers of eco-
nomic growth. Egger et al. (2010) showed that capi-
tal market integration enhances human capital ac-
cumulation through capital-skill complementari-
ties, thereby linking financial development with
education outcomes. Oliveira et al. (2025) further
confirmed that gross capital formation and in-
termediate education significantly contribute to
economic expansion, while structural instability
and certain consumption patterns may weaken
these effects. Beyond traditional investment chan-
nels, Castilho and Fuinhas (2025) demonstrated
that tourism-related capital investment reduces
inequality and poverty in EU economies, while
Roszko-Wojtowicz et al. (2025) highlighted the
importance of social capital and trust networks
in fostering digital economic participation and
innovation diffusion. These findings collectively
indicate that capital formation operates through
both physical and socio-institutional mechanisms.
Using a machine learning framework, Motahar
and Mamipour (2025) further demonstrated that
wealth inequality exerts a significant influence on
economic growth, highlighting the value of ad-
vanced analytical approaches in uncovering com-
plex nonlinear relationships between inequality
and macroeconomic performance.

A further important dimension of the literature
highlights the role of institutions and governance
in mediating the relationship between growth, ed-
ucation, and inequality. Ismeti and Hameli (2026),
in a comparative analysis of Germany and Kosovo,
found that education spending supports economic
growth but does not automatically translate into
improved labor market outcomes due to structural
mismatches. Similarly, Nunoo et al. (2024) showed
that corruption control and government effective-
ness mitigate the inequality-enhancing effects of
human capital accumulation, emphasizing the
importance of institutional quality in ensuring in-
clusive growth outcomes. In addition, composite
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indicators such as the Index of Distributive and
Developmental Outlook (IDDO) introduced by
N. Mitu and G. Mitu (2025) integrate growth and
inequality dimensions, reinforcing the need for
combined efficiency-equity frameworks in devel-
opment analysis.

Overall, the literature converges on the view that
economic growth is determined by an intercon-
nected system of human capital, physical capi-
tal, institutional quality, and income distribu-
tion. However, existing studies provide mixed and
sometimes contradictory evidence regarding the
direction, magnitude, and transmission channels
of these relationships, particularly in advanced
economies. Moreover, limited attention has been
given to the joint long-run interaction of educa-
tion expenditure, capital formation, and income
inequality within a unified econometric frame-
work. In summary, the literature highlights three
key insights:

(i) inequality is multidimensional, operating
through labor markets, social capital, and spa-
tial divergence;

(ii) education influences both growth and in-

equality through nonlinear and structural

transformation channels; and

(iii) capital formation interacts with human capi-
tal and institutions in shaping long-run devel-
opment trajectories.

Despite these insights, a clear gap remains regard-
ing the integrated long-run and short-run effects
of these determinants within a single empirical
framework.

Accordingly, the objective of this study is to ex-
amine the long-run and short-run effects of gross
capital formation, government expenditure on
education, and income inequality on economic
growth in Germany. Based on the reviewed litera-
ture and the empirical structure of I (1) variables
with confirmed cointegration, the following hy-
potheses are formulated:

HI:  Gross capital formation has a positive and
statistically significant effect on economic
growth in both the long run and short run.
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H2: Government expenditure on education posi-
tively influences economic growth through
human capital accumulation in both the
long run and short run.

H3: Income inequality has a statistically signifi-
cant effect on economic growth, although the
direction and magnitude of this effect are
empirically determined and may vary de-

pending on structural conditions.

2. METHOD

This study employs annual macroeconomic da-
ta for Germany to examine the impacts of capital
formation, education expenditure, and income in-
equality on economic growth. Economic growth is
measured by real gross domestic product per capita
(GDPPC), which serves as the dependent variable.
The explanatory variables include gross capital for-
mation (GCF), government expenditure on educa-
tion (GEE), and income inequality, proxied by the
Gini index (GINI). Together, these variables cap-
ture key economic, human capital, and distribu-
tional dimensions of growth.

The data are compiled from internationally recog-
nized and harmonized sources to ensure consis-
tency and reliability. Specifically, GDP per capita
and gross capital formation are obtained from the
World Bank (n.d.) and the International Monetary
Fund (IMF, n.d.), while complementary national
data, particularly for education expenditure and
inequality indicators, are sourced from the Federal
Statistical Office of Germany (DESTATIS, 2026).
The datasets are integrated to construct a coherent
time series, with careful cross-validation to address
definitional consistency across sources. It improves
the methodological transparency of the study by
clearly defining all variables, their measurement
units, and data sources. It also resolves previous
inconsistencies by correctly distinguishing govern-
ment expenditure on education from enrollment
indicators. In addition, it ensures comparability by
standardizing all data to consistent annual macro-
economic series for Germany over 1996-2022.

To stabilize variance and allow for elasticity-based

interpretation of estimated coeflicients, GDP per
capita (GDPPC) and gross capital formation (GCF)

http://dx.doi.org/10.21511/ppm.24(3).2026.12
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Figure 1. Trends in GDP per capita, capital formation, education expenditure,
and income inequality (1996-2022)

are transformed into their natural logarithmic
forms. This transformation also helps to mitigate
potential heteroskedasticity and scale effects com-
monly observed in macroeconomic time-series da-
ta. Government education expenditure (GEE) and
the Gini index (GINTI) are retained in their original
levels, as they are expressed in percentage and in-
dex form, respectively. They are widely interpreted
in levels within the empirical growth literature. All
variables are expressed on an annual basis from
1996 to 2022 and are aligned temporally to ensure
comparability across observations. The resulting
dataset provides a suitable empirical foundation for
econometric analysis of the long-run and short-run
relationships between economic growth, capital ac-
cumulation, educational investment, and income
inequality in Germany.

GDP per capita (GDPPC) and gross capital forma-
tion (GCF) are transformed into natural logarith-
mic form in order to stabilize variance, reduce po-
tential heteroskedasticity, and allow for elasticity-
based interpretation of estimated coeflicients. In
contrast, government expenditure on education
(GEE) and the Gini index (GINI) are retained in
their original levels because both variables are ex-
pressed as percentage/index measures, where log-
arithmic transformation is neither necessary nor
standard practice in the empirical growth litera-
ture. This mixed transformation approach is con-
sistent with previous macroeconomic studies that
combine log-transformed scale variables with level-
based institutional and distributional indicators.

http://dx.doi.org/10.21511/ppm.24(3).2026.12

Figure 1 illustrates the time-series dynamics
of L_GDPPC, L_GCEF, government expenditure
on education (GEE), and the Gini index over
the period 1996-2022. While the logarithms of
GDP per capita and gross capital formation re-
main largely stable with only modest variation,
income inequality exhibits pronounced fluctua-
tions, peaking around 2020 before declining
markedly in subsequent years. In contrast to
these relatively stagnant patterns, government
expenditure on education shows a clear and sus-
tained upward trend from the post-2008 period
onward, indicating a gradual strengthening of
public investment in education.

The time-series data in Table 1 indicate that L_
GDPPC and L_GCF remain highly stable, with
very low standard deviations (less than 0.11), re-
flecting consistent but relatively flat economic
growth and investment over the 27 years. In
contrast, the GINI index displays pronounced
volatility, peaking around 2020 before declin-
ing sharply, whereas government expenditure
on education (GEE) demonstrates a gradual
upward trend beginning after 2008. Overall,
the Jarque-Bera test probabilities, all exceed-
ing 0.05, indicate that the distributions of all
four variables do not significantly deviate from
normality. These patterns highlight the stabil-
ity of core economic indicators alongside the
greater variability in income distribution and
gradual policy-driven changes in educational
investment.
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Table 1. Descriptive statistics of data variables

Statistic | L_GDPPC . L_GCF GEE GINI
10560 . 27228 . 4608 . 30452

10.560 27.237 4.544 800
Maximum 10697 27385 5590 . 32400
Minimum _ ©  10.381 @ 27.037 . 3922 : 28000

0.101 0.094 0.456

Skewness 0157 0016 0325 0549
Kurtosis  : L1714 G 02373 02163 1225

g’erfa“e_ 1.972 0.443 1.263 1.977

Figure 2 illustrates the dummy variables alongside
the key macroeconomic indicators. The evidence
shows that L_GDPPC and L_GCF exhibited rela-
tive stability over the period 1996-2022, whereas
the GINI index experienced marked fluctuations.
In particular, income inequality increased signifi-
cantly during the 2008 global financial crisis and
the COVID-19 pandemic, followed by a sharp de-
cline thereafter. These movements in the GINI in-
dex coincide with the timing of the dummy vari-
ables, as the Crisis dummy peaks in 2009 and the
Pandemic dummy remains in effect during 2020-
2021. This correspondence indicates that major
economic shocks exerted a substantial influence
on income distribution, while aggregate economic
output and investment levels were comparatively
resilient over the same period.

To ensure the appropriate specification of econo-
metric models and to avoid spurious regression
results, the stationarity properties of the variables
were first examined using the Augmented Dickey-
Fuller (ADF) test proposed by Dickey and Fuller
(1979, 1981) and the Phillips—Perron (PP) test de-
veloped by Phillips and Perron (1988). These unit
root tests allow for different forms of serial correla-
tion and heteroskedasticity in the error terms and
are widely used in applied macroeconomic analy-
sis. The results of the unit root tests determine the

order of integration of each variable and guide the
selection of a suitable cointegration framework.

Prior to the estimation of the ARDL model, a pair-
wise correlation matrix among the independent
variables — gross capital formation (GCF), govern-
ment expenditure on education (GEE), and the
GINI index (GINI) - was examined to detect po-
tential multicollinearity issues. This step ensures
that the estimated coefficients are not distorted by
excessive linear dependence among regressors.

To investigate the existence of a long-run equilib-
rium relationship between economic growth and
its determinants, the Autoregressive Distributed
Lag (ARDL) bounds testing approach developed
by Pesaran et al. (2001) was employed. The ARDL
methodology is particularly suitable when vari-
ables are integrated of mixed orders, I(0) and I(1),
but not I(2). The unrestricted ARDL model is
specified as follows:

AlnGDPPC, =& +3(a,AlnGDPPC, , )

+3 ( BAIGCF, , ) +2(7AGEE, )

+X(8,AGINI, ) +¢' InGDPPC,

O

+¢*InGCF, , +¢’GEE,, , +¢'GINI,,, +¢,,
where A denotes the first-difference operator; InG-
DPPC, is the natural logarithm of real GDP per
capita; InGCF, is the natural logarithm of gross
capital formation; GEE, denotes government ex-
penditure on education; GINI  is the Gini index; a°
is the intercept; a, Bj, Y and 61 are the short-run
coefficients; ¢'-¢* are the long-run coefficients; p,
g, 1, and s represent the optimal lag lengths select-
ed using the Akaike Information Criterion (AIC);
t denotes the time period; and g is the random er-
ror term.

9 98 00 02 04 06

1 A /_\
0
08 10 12 14 16 18 20 22

—— DV (Crisis) —— DV (Pandemic)

Figure 2. Crisis—pandemic dummy variables
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The Autoregressive Distributed Lag (ARDL)
model is particularly suitable for small sample
sizes and has been widely applied in empirical
macroeconomic studies with limited annual ob-
servations. Given the dataset covering the period
1996-2022 (27 observations), the model remains
statistically appropriate within this framework.
The optimal lag structure for each variable
was selected based on the Akaike Information
Criterion (AIC) and Schwarz Information
Criterion (SIC), ensuring the most efficient spec-
ification. The final estimated model uses the lag
structure that minimizes information loss while
maintaining model parsimony. After lag selec-
tion, the effective sample size is reduced accord-
ingly, and all estimations are performed on the
adjusted observation range. Robustness checks
indicate that the main results remain stable un-
der alternative lag specifications.

The joint significance of the lagged level vari-
ables is tested using an F-statistic (bounds test)
to determine the presence of cointegration. If
the computed F-statistic exceeds the upper criti-
cal bound, a long-run relationship is confirmed.
Once cointegration is established, the long-run
coefficients are estimated from the ARDL model.
Short-run dynamics are then examined using
the Error Correction Model (ECM), which cap-
tures the speed at which deviations from long-
run equilibrium are corrected following short-
term shocks.

To validate the robustness of the ARDL model,
a set of diagnostic tests was conducted, includ-
ing tests for serial correlation, heteroskedasticity,
normality of residuals, and model specification.
In addition, parameter stability was assessed
using the CUSUM and CUSUM of Squares
(CUSUMSAQ) tests, ensuring that the estimated
coeflicients remain stable over the sample period.

As a robustness check and to quantify the nu-
merical impact of the independent variables on
economic growth, the Fully Modified Ordinary
Least Squares (FMOLS) estimator developed by
Phillips and Hansen (1990) was applied. FMOLS
corrects for both endogeneity and serial correla-
tion in cointegrated systems, providing unbiased
and efficient long-run estimates. The FMOLS
model is specified as:

http://dx.doi.org/10.21511/ppm.24(3).2026.12
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\InGDPPC, = o, + 5, \InGCF,
+ B,GEE, + B,GINI, +u, @

where InGDPPC, is the natural logarithm of real
GDP per capita; InGCF, is the natural logarithm
of gross capital formation; GEE, denotes govern-
ment expenditure on education; GINI, represents
the Gini index; a, is the intercept; Bp Bz, and B3 are
the long-run regression coefficients; and u,is the
random error term.

The FMOLS results serve as a complementary es-
timation technique to the ARDL framework and
allow for a consistent assessment of the magnitude
and direction of the effects of capital formation,
education expenditure, and income inequality on
economic growth.

3. RESULTS

The results of the unit root tests presented in Table
2 indicate that all four variables - L_GDPPC, GEE,
L_GCF, and GINI - are non-stationary in their
levels, as both the ADF and PP tests fail to reject
the null hypothesis of a unit root at the 5% signifi-
cance level. However, after first differencing, all se-
ries become stationary, with p-values falling below
0.05 in both tests, confirming the absence of unit
roots in the differenced data. These findings sug-
gest that the variables are integrated of order one,
I(1), requiring appropriate transformation before
performing regression or cointegration analyses.
Accordingly, although the original series display
trending patterns over time, their first differences
are stable, allowing for reliable estimation of both
short-run and long-run relationships using tech-
niques suitable for I(1) processes.

The correlation matrix presented in Figure 3 shows
that GEE (Gross Enrollment Ratio) exhibits a mod-
erate positive correlation with both GINI (0.468)
and L_GCEF (0.585), indicating that higher levels
of educational enrollment are associated with in-
creased income inequality and greater capital for-
mation. Conversely, the correlation between GINT
and L_GCEF is relatively weak (0.251), suggesting a
limited direct relationship between income distri-
bution and investment. Overall, these results im-
ply that education and capital accumulation are
more strongly interrelated, while their joint influ-
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Correlation Matrix

GEE

GINI

Figure 3. Correlation matrix of the variables

Table 2. Unit root test

1st Difference Order of Integration

Variable Test Level (p-value
(P ) (p-value)
ADF -3.169 (0.112) —5.149 (0.001) 1(1)

L_GDPPC

GEE

L_GCF
........................................................ oS (0.957)

GINI

—0.722 (0.960)

—4.276 (0.012) : [

ence on income inequality is more significant than
the direct link between inequality and investment.

Table 3 shows that the computed F-statistic
(5.6702) exceeds the upper critical bounds at all
conventional significance levels (10%, 5%, 2.5%,
and 1%), indicating strong evidence of cointegra-
tion among the variables. This result confirms the
existence of a stable long-run equilibrium relation-
ship between GDP per capita, gross capital forma-
tion, government expenditure on education, and
income inequality in Germany. Accordingly, the
null hypothesis of no long-run relationship is re-
jected, justifying the application of ARDL-based
long-run and short-run estimation techniques.

The ECM results presented in Table 4 indicate that
GEE, L_GCF, and the GINI index exert statisti-
cally significant short-run effects on GDP per cap-

Table 3. F-bound test results

ita. In contrast, the COVID-19 pandemic dummy
shows a significant negative impact. The error cor-
rection term (—0.5183) is negative and highly sig-
nificant, implying that roughly 51.8% of any short-
run deviation from the long-run equilibrium is
adjusted within one year, thereby confirming the
stability of the long-run relationship among the
variables.

The diagnostic tests reported in Table 5 confirm
the robustness of the ARDL model. Specifically,
the Breusch-Godfrey LM test, with a p-value of
0.1385, indicates no evidence of serial correlation
in the residuals at lag 1. In contrast, the Breusch-
Pagan-Godfrey test, with a p-value of 0.8160, sug-
gests that the error terms are homoskedastic, ex-
hibiting constant variance. Collectively, these re-
sults affirm that the model’s assumptions are sat-
isfied, supporting the reliability of the estimated

Test Statistic | Value ‘Significance Level | 1(0) Lower Bound : I(1) Upper Bound Decision
* ' 10% ‘ 2.08 ‘ 3.00 ‘
e 2.39
F-statistic 5.6702 :
. 2.70 .
1% 3.06 4.15 Cointegration confirmed
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Table 4. ECM results

Variable Coefficient . Std. Error t-Statistic Prob. (p-value) Significance
D(GOVERNMENT_EXP) 0.0213 . 00077 Significant (5%)
D(L_GCF) 0.2719 0.0247 Significant (1%)
D(GINI_INDEX) 0.0097 0.0025 Significant (1%)
D(DV__PANDEMIC_) -0.0609 0.0089 Significant (1%)
CointEq(-1)* —-0.5183 0.0661 Highly Significant

Table 5. Model diagnostic test results

Statistic p-value

Test Null Hypothesis (HO ; : . Decision
P (HO) . (Obs*R-squared) : (Chi-Square)

Breusch—Godfrey Serial ) ) : ) )

CorrelationiM Noserial correlationatuptollag & 2.194457 01385 | |ia” to reject

Breusch—Pagar?—.Godfrey Homoskedasticity 5.991726 0.8160 Fail to reject

Heteroskedasticity

coefficients and the validity of subsequent statisti-
cal inferences.

The model demonstrates strong statistical robust-
ness, as indicated by the Breusch-Godfrey and
Breusch-Pagan-Godfrey tests, which reveal no
evidence of serial correlation or heteroskedastic-
ity in the residuals. Additionally, the CUSUM and
CUSUM of Squares plots in Figure 4 confirm that
the model’s parameters remain stable within the
5% significance bounds, collectively validating the
reliability of the estimated long-run and short-run
coeflicients.

The FMOLS results presented in Table 6 indicate
that government expenditure on education (GEE),
gross capital formation (GCF), and the GINT index
all have statistically significant and positive long-

1.00
0.75
0.50
0.25
0.00
-0.25
-0.50
-0.75

-1.00
2022

run effects on GDP per capita (GDPPC), suggest-
ing that investments in human and physical capi-
tal, alongside income distribution dynamics, are
key drivers of economic growth. Meanwhile, the
crisis and pandemic dummy variables exhibit con-
trasting effects: economic crises show a marginal
positive impact on GDPPC, whereas the pandem-
ic exerts a pronounced negative influence, under-
scoring its disruptive effect on productivity and
income. The model’s high R of 0.88 and adjusted
R? of 0.84 demonstrate strong explanatory power
and robustness, collectively highlighting the criti-
cal roles of structural, policy, and external factors
in shaping long-term economic performance.

Based on the FMOLS estimation, a one-unit in-

crease in government expenditure on educa-
tion (GEE) is associated with an approximate

2022

1.4
13
1.2
11
1.0
0.9
0.8
0.7
0.6

I cusum 5% Significance [ CUSUM of Squares 5% Significance

Figure 4. CUSUM test results
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Table 6. Regression results: FMOLS estimation

Variable Coefficient Std. Error t-Statistic Prob.

_Govt Expenditure on Education ¢ 0.088152 0.013613 6.475735 0.0000
L_GCF (Log of G Capital Formation) 0.0000

B 00011
DV CRISIS_{ 0.0271
DV__PANDEMIC_ ( 0.0002

N(EH('(.f().r.w.s.t“'aﬁr‘\'{). o -3.480521 1.628663 -2.137041 0.0484

0.088-unit rise in GDP per capita (GDPPC), ceter-
is paribus, highlighting the positive contribution
of educational investment to economic growth.
Likewise, a 1% increase in gross capital formation
(L_GCEF) is linked to an increase of about 0.475
units in GDP per capita, underscoring the sub-
stantial role of physical capital accumulation in
promoting economic performance. Additionally,
a one-unit increase in the GINI index results in a
0.024-unit rise in GDP per capita, while econom-
ic crises are associated with a 0.055-unit increase
and pandemics with a 0.089-unit decline, illus-
trating the differential effects of external shocks
on economic outcomes.

The hypothesis testing results provide empiri-
cal support for all three proposed hypotheses.
Specifically, HI, H2, and H3 are accepted, con-
firming the statistically significant contributions
of gross capital formation, government expendi-
ture on education, and income inequality to eco-
nomic growth across both estimation approaches.

4. DISCUSSION

The empirical findings confirm the existence of a sta-
ble long-run equilibrium relationship among GDP
per capita, gross capital formation, government ex-
penditure on education, and income inequality in
Germany. The ARDL bounds test and the significant
error correction term indicate that these variables
move together over time and that short-run disequi-
libria are corrected at a relatively rapid pace. This
adjustment mechanism reflects the structural coher-
ence of the German economy, where capital accumu-
lation and public policy instruments interact within
a stable institutional framework.

Gross capital formation emerges as the most influ-

ential determinant of economic growth, exerting
a strong and positive long-run elasticity with re-
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spect to GDP per capita. This result aligns close-
ly with the evidence reported for France, where
capital was identified as a long-run determinant
of GDP and where bidirectional causality between
output and capital formation was established
(Ozatac et al., 2017). Although causality analysis is
not explicitly examined in the present framework,
the magnitude and significance of the capital coef-
ficient suggest a mutually reinforcing relationship
between investment and economic expansion in
Germany. The findings thus support the broader
theoretical consensus that sustained physical cap-
ital deepening remains central to long-term pro-
ductivity growth in advanced economies.

Government expenditure on education also dem-
onstrates a positive and statistically significant
long-run effect on economic growth. This out-
come corroborates the education-induced growth
hypothesis and is consistent with the French case,
where public expenditure on education was found
to exert a unidirectional long-run causal impact
on GDP (Ozatac et al., 2017). In contrast to the in-
verse relationship observed for Ukraine, where de-
clining real education expenditure was associated
with a rising share of highly qualified individuals,
a result interpreted as structurally inconsistent
and potentially distortionary (Vorhach, 2020), the
German evidence indicates a more coherent trans-
mission mechanism from education spending to
economic performance. The positive association
suggests that public investment in education in
Germany effectively contributes to human capi-
tal formation, productivity enhancement, and in-
novation capacity, thereby reinforcing long-term
growth.

Furthermore, while Vorhach (2020) finds no pro-
nounced average relationship between higher
education expenditure, qualification levels, and
GDP across a broad sample of foreign countries,
the German case demonstrates a clearer and sta-
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tistically robust linkage between educational in-
vestment and economic output. This outcome re-
sembles the more explicit trend identified for in-
dividual EU countries in which higher education
expenditure corresponds with stronger qualifica-
tion levels and higher GDP. Germany’s results may
reflect institutional efficiency, labor market align-
ment, and the quality of education systems, which
together strengthen the growth-enhancing effects
of educational spending.

The positive long-run association between in-
come inequality and GDP per capita identified for
Germany contributes to the ongoing debate on the
inequality-growth nexus. Although a substantial
share of empirical studies report a negative rela-
tionship between inequality and economic growth,
meta-analytical evidence demonstrates that find-
ings remain heterogeneous and context-dependent
(Dorofeev, 2022). In particular, it has been argued
that the level of inequality determines the direc-
tion of its impact, such that increases in relatively
egalitarian and high-income countries may co-
incide with growth-enhancing mechanisms. The
German case appears consistent with this condi-
tional interpretation, as moderate inequality with-

Problems and Perspectives in Management, Volume 24, Issue 3, 2026

in a strong institutional framework may support
savings, investment, and labor market flexibility.
However, distributional evidence for Germany in-
dicates that total income inequality has risen over
recent decades, particularly at the upper tail of the
distribution, with increasing persistence among
top earners (Drechsel-Grau et al., 2022). These
structural dynamics suggest that while inequality
may coexist with economic growth at the macro
level, its composition and persistence raise con-
cerns regarding social mobility and inclusiveness.
Consequently, the findings underscore that the
inequality-growth relationship is nonlinear and
structurally conditioned rather than universally
negative or positive.

Overall, the comparative perspective indicates
that Germany’s growth dynamics are more close-
ly aligned with the education-induced growth
framework observed in France and the EU context
than with the structural inconsistencies identified
in Ukraine. The results reinforce the view that
when institutional quality and policy effectiveness
are sufficiently strong, both physical and human
capital accumulation operate as complementary
long-run determinants of economic growth.

CONCLUSION

The objective of this study was to examine the long-run and short-run effects of gross capital formation,
government expenditure on education, and income inequality on economic growth in Germany. The
empirical findings indicate that gross capital formation, government expenditure on education, and
the GINT index all exert statistically significant positive effects on GDP per capita in the long run. The
ARDL-ECM results further confirm a stable long-run equilibrium relationship among the variables,
with approximately 51.8% of short-run deviations adjusted within one year. In addition, external shocks
such as financial crises and pandemics were found to have significant but asymmetric effects on eco-
nomic performance, with crises showing a mild positive impact and pandemics exerting a strong nega-
tive effect. Overall, the results suggest that sustainable economic growth in Germany is primarily driven
by the accumulation of physical and human capital, while also being shaped by income distribution
dynamics and external macroeconomic shocks. These findings imply that policy frameworks should
prioritize continuous investment in education and capital formation, while ensuring that inequality
remains within a developmentally supportive range and that adequate stabilization mechanisms are in
place to mitigate the effects of large-scale economic disruptions.
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