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Abstract

This research paper investigates the relationship between physical and human capital accumulation and
economic growth in Indonesia using the Autoregressive Distributed Lag (ARDL) approach. Inspired by
Alam's (2023) study on India, the paper seeks to contribute to the understanding of economic dynamics
in Southeast Asia, focusing on Indonesia as a significant regional economy. Methodologically, the paper
employs the ARDL approach to analyze time series data on GDP, physical capital, and human capital in
Indonesia. The data utilized in this research are sourced from Indonesian national statistics agencies and
relevant government publications from 2010-2018. GDP, PMTB, and IPM are collected for the specified
time period and transformed. The results indicate differing impacts of physical and human capital on
GDP, both in the short and long run, underscoring the importance of investment priorities and policy
considerations for sustainable economic development.
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Abstrak

Penelitian ini menyelidiki hubungan antara akumulasi modal fisik dan sumber daya manusia dengan
pertumbuhan ekonomi di Indonesia dengan menggunakan pendekatan Autoregressive Distributed Lag
(ARDL). Terinspirasi oleh studi Alam (2023) tentang India, penelitian ini berupaya memberikan kontribusi
terhadap pemahaman dinamika ekonomi di Asia Tenggara, dengan fokus pada Indonesia sebagai
perekonomian regional yang signifikan. Secara metodologis, penelitian ini menggunakan pendekatan
ARDL untuk menganalisis data runtun waktu mengenai PDB, modal fisik, dan modal manusia di
Indonesia. Data yang digunakan dalam penelitian ini bersumber dari badan statistik nasional Indonesia
dan publikasi pemerintah terkait pada tahun 2010-2018. PDB, PMTB, dan IPM dikumpulkan untuk jangka
waktu tertentu dan diubah. Hasilnya menunjukkan perbedaan dampak modal fisik dan sumber daya
manusia terhadap PDB, baik dalam jangka pendek maupun jangka panjang, yang menggarisbawahi
pentingnya prioritas investasi dan pertimbangan kebijakan untuk pembangunan ekonomi
berkelanjutan.

Kata Kunci: ARDL, Modal Fisik, Modal Sumber Daya Manusia, PDB

INTRODUCTION

Human capital, a concept rooted in the Solow growth model and human capital
theory, is widely recognized as a fundamental driver of economic growth and development.
The Solow growth model posits that sustained economic growth is driven not only by
traditional factors like physical capital accumulation but also by investments in human
capital, which encompasses the skills, knowledge, and expertise of a country's workforce.
Human capital theory further elucidates this relationship by emphasizing the role of
education, training, and healthcare in enhancing human capital formation and,
consequently, fostering economic prosperity.

The relationship between human capital accumulation and economic growth has been
the subject of extensive empirical research, with studies exploring this dynamic across
various countries and regions. One such study, conducted by Alam (2023), delved into the
relationship between human capital and economic growth in India, employing the
Autoregressive Distributed Lag (ARDL) approach.

This paper aims to replicate Alam's empirical work, albeit with a different dataset
focusing on Indonesia. By replicating the study's methodology and adapting it to an
Indonesian context, we seek to contribute to the existing literature on human capital and
economic growth, particularly within the Southeast Asian region. The choice of Indonesia
as the focus of our analysis is driven by its significance as one of the largest economies in
the region and its ongoing efforts to promote economic development through investments

in human capital.
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In this research, we will first review the relevant literature on the relationship between
human capital and economic growth, drawing upon theoretical frameworks and empirical
findings from previous studies. Following the literature review, we will detail the
methodologies employed in both the original study and our replication, highlighting any
modifications made to accommodate the Indonesian context. Additionally, we will explain
the proxies used for variables, ensuring transparency and comparability with the original
study.

Subsequently, we will present the empirical findings of our replication, comparing
them with the results obtained by Alam (2023) for India. Through this comparative analysis,
this research aims to identify similarities, differences, and potential implications for policy
and future research. Finally, we will conclude with a discussion of the implications of our
findings and areas for further investigation in the field of human capital and economic

growth in Indonesia.

RESEARCH METHODOLOGY
Relevant Literature

The Solow (1956) growth model stands as a foundational framework for understanding
long-term economic growth and disparities in income levels among nations. According to
this model, economic output (Y1) is determined by factors such as capital stock (Kt), labor
force (Nt), and an exogenous productivity measure (At). The model posits a production
function with diminishing marginal returns to each factor input but constant returns to scale,
assuming perfect competition in input markets. A central implication of the Solow model is
the positive relationship between capital accumulation and output per worker, as well as
between technological change and output per worker. However, in this framework,
sustained increases in output per worker are primarily driven by exogenously determined
technological growth, with limited scope for government intervention or policy influence
(Solow, 1956).

Expanding upon the Solow framework, Lucas (1988) and Loening (2004) introduced
human capital as an independent factor of production in their endogenous growth models.
Mankiw et al. (1992) further modified the Solow model to incorporate human capital directly
into production functions, emphasizing the importance of adjusting the labor force for
qualitative changes over time as individuals accumulate human capital through education,
training, and experience.

Endogenous growth theories, including those proposed by Lucas (1988) and Romer

(1990), depart from the neoclassical paradigm by positing mechanisms within the model
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that generate returns to scale, potentially offsetting diminishing marginal returns. These
theories suggest that productivity growth may be endogenously determined, with
investments in human capital, skills, and technological knowledge driving sustained long-
term growth by fostering increasing returns to scale (Arrow, 1962; Romer, 1990).

Empirical studies have provided further insights into the relationship between
education, human capital, and economic growth. Lucas (1988) emphasized the crucial role
of human capital development in fostering economic growth, while Rebelo (1991) expanded
on this concept by integrating physical capital as a complementary input to the
accumulation of human capital. Romer (1990) proposed an endogenous growth model
where new ideas, emanating from human capital in the form of knowledge, fuel economic
growth through their impact on physical capital accumulation. Benhabib & Spiegel (1994)
identified human capital development as a significant driver of economic progress.

In the context of empirical evidence, De Meulemeester & Rochat (1995) utilized
Granger causality tests to explore the relationship between higher education enrollments
and economic growth across several nations, discovering bidirectional causal links in some
countries, including France, the United Kingdom, and Japan. Bils & Klenow (2000) and
Pradham (2009) found evidence of a significant causal relationship between education and
economic growth, with varying directions of causality across different countries and time
periods.

Studies focusing on specific regions, such as Abbas (2000) in Pakistan and India, and
Haldar & Mallik (2010) examining the influence of education on health investments and GNP
per capita, further underscore the importance of human capital for economic development.
Additionally, research by Tamura (2006) highlights the adverse correlation between
mortality rates and education levels, indicating the potential impact of human capital on
demographic outcomes.

Recent investigations by Hanushek (2013) and Zang & Lihuan (2011) underscore the
critical role of education in driving long-term economic prosperity, with postsecondary
education identified as particularly impactful for economic growth. Furthermore, Diebolt &
Hippe (2019) demonstrate the historical significance of regional human capital in explaining
contemporary disparities in innovation and economic development.

Methodologies

For this research, the Autoregressive Distributed Lag (ARDL) approach is employed to
analyze the relationship between GDP, physical capital (PMTB), and human capital (IPM) in
Indonesia. The ARDL methodology is chosen due to its suitability for analyzing both short-
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and long-run dynamics in a small-sample setting, making it particularly well-suited for the
limited time series data available.
Variables and Transformation:

1. Gross Domestic Product (GDP): GDP data is utilized as the primary indicator of
economic output, measured in trillion rupiah and converted to natural logarithm for
analysis.

2. Physical Capital (PMTB): PMTB, representing investment in capital goods, is used as a
proxy for physical capital accumulation. It is measured in trillion rupiah and
transformed into natural logarithm for consistency with GDP.

3. Human Capital (IPM): IPM, capturing various dimensions of human development,
including health, education, and living standards, is employed as a measure of human

capital. IPM is transformed into natural logarithm to facilitate analysis.

Methodological Approach:

In contrast to Alam (2023), who employed a comprehensive set of tests including the
Augmented Dickey-Fuller (ADF) test, Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test, Zivot-
Andrew Unit Root Test, and Toda-Yamamoto Test of Causality, this study focuses solely on
the ARDL approach. The decision to solely use ARDL is due to resource constraints and the
limited availability of data. The ARDL approach is considered appropriate for capturing both
short- and long-run relationships among variables, thus providing valuable insights into the

dynamics between GDP, physical capital, and human capital in Indonesia.

Data Limitations:

It is important to acknowledge the limitations of the data in this study. The time period
covered by the dataset is relatively short, spanning only 8 years (2010-2018) for the PMTB
variable. This short time span may limit the robustness of the analysis and the ability to draw
definitive conclusions. Additionally, the conversion of GDP, PMTB, and IPM to natural
logarithms aims to stabilize the variance and linearize the relationships, yet it may not fully

capture the underlying dynamics of the variables.

Data Source:

The data utilized in this research are sourced from Indonesian national statistics
agencies and relevant government publications. GDP data at constant 2011 national prices,
PMTB, and IPM are collected for the specified time period and transformed as described

above.
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RESULT AND DISCUSSION

Stationary Tests

Dickey-Fuller test for unit root Number of obs = 8

—————————— Interpolated Dickey-Fuller ---------

Test 1% Critical 5% Critical 10% Critical
Statistic value value value
Z(t) -3.415 -3.750 -3.000 -2.630

MacKinnon approximate p-value for zZ(t) = @.0105
. dfuller dgdp
Dickey-Fuller test for unit root Number of obs = 7

7777777777 Interpolated Dickey-Fuller ---------

Test 1% Critical 5% Critical 10% Critical
Statistic value value value
Z(t) -1.952 -3.758@ -3.000 -2.630

MacKinnon approximate p-value for Z(t) = @.3082
. dfuller dpmtb
Dickey-Fuller test for unit root Number of obs = 7

7777777777 Interpolated Dickey-Fuller ---------

Test 1% Critical 5% Critical 10% Critical
Statistic value value value
Z(t) -2.299 -3.750 -3.000 -2.630

MacKinnon approximate p-value for z(t) = ©.1723
. dfuller dipm
Dickey-Fuller test for unit root Number of obs = 7

—————————— Interpolated Dickey-Fuller ---------

Test 1% Critical 5% Critical 10% Critical
Statistic value Vvalue value
Z(t) -2.537 -3.750 -3.000 -2.630

MacKinnon approximate p-value for Z(t) = @.1068

The interpretations of the Dickey-Fuller test results for each variable:
1. gdp:

e Test Statistic (Z(t)): -3.415

e Critical Values: The critical values at 1%, 5%, and 10% significance levels are -3.750,
-3.000, and -2.630, respectively.

e MacKinnon approximate p-value: 0.0105 Interpretation: Since the test statistic (-
3.415) is less than the critical value at the 1% significance level (-3.750), we reject
the null hypothesis of a unit root. This suggests that the GDP variable is stationary
at the 1% significance level.

2. dgdp (first difference of GDP):

e Test Statistic (Z(t)): -1.952

e Critical Values: The critical values at 1%, 5%, and 10% significance levels are -3.750,
-3.000, and -2.630, respectively.

e MacKinnon approximate p-value: 0.3082 Interpretation: The test statistic (-1.952) is

greater than the critical value at the 1% significance level (-3.750). Therefore, we
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fail to reject the null hypothesis of a unit root. This suggests that the first difference
of GDP variable is non-stationary.
3. dpmtb (physical capital):

e Test Statistic (Z(t)): -2.299

e C(ritical Values: The critical values at 1%, 5%, and 10% significance levels are -3.750,
-3.000, and -2.630, respectively.

e MacKinnon approximate p-value: 0.1723 Interpretation: The test statistic (-2.299) is
greater than the critical value at the 1% significance level (-3.750). Therefore, we
fail to reject the null hypothesis of a unit root. This suggests that the physical capital
variable is non-stationary.

4. dipm (human capital):

e Test Statistic (Z(1)): -2.537

o Critical Values: The critical values at 1%, 5%, and 10% significance levels are -3.750,
-3.000, and -2.630, respectively.

e MacKinnon approximate p-value: 0.1068 Interpretation: The test statistic (-2.537) is
greater than the critical value at the 1% significance level (-3.750). Therefore, we
fail to reject the null hypothesis of a unit root. This suggests that the human capital
variable is non-stationary.

Based on the Dickey-Fuller test results, it appears that only the GDP variable is

stationary, while the first differences of the other variables (dgdp, dpmtb, and dipm) are
non-stationary. This suggests that differencing may be necessary to achieve stationarity in

these variables for time series analysis.
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Regression Results, Interpretation and Discussion

Here is the regression without derivation first:

ARDL(1,0,8) regression

Sample: 2011 - 2018 Number of obs = 8
R-squared = 9.8944
Adj R-squared = 9.8153
Log likelihood = 41.045241 Root MSE = 0.0020
D.gdp | Coef. std. Err. t P>|t| [95% conf. Interval]
_____________ o mm oo __
ADJ |
gdp |
L1. | -.6195382  .2224471 -2.79  @.0850 -1.23715  -.@819261
_____________ o mm oo
LR |
pmtb | .9896757 .0492856 1.82 @.143 -.0471632 .2265145
ipm | 4.622001 .A708997 9.82 @.001 3.314574 5.929428
_____________ o mm oo
SR |
cons | -1.57234 1.011823 -1.55 8.195 -4,381612 1.236933
note: estat btest has been superseded by estat ectest
as the prime procedure to test for a levels relationship.
(click to run)
Pesaran/shin/smith (20@1) ARDL Bounds Test
H@: no levels relationship F = 11.298
t=-2.785
Critical values (@.1-@.01), F-statistic, Case 3
| [Te] [11] | [1e] [ra] | [re] [ra] | [1e] [I1]
| L1 L1] Lwes Les | L®e25 Lexs | Lel L o1
—————— e e e
k2] 3.17 4.14 | 3.79 4.85 |  4.41 5.52 | 5.15 6.36
accept if F < critical value for I(®) regressors
reject if F > critical value for I(1) regressors
Critical values (@.1-@.01), t-statistic, Case 3
[ [1e] [11] | [10] [1_.1] | [1Te] [1.1] | [Te] [T.1]
| L1 L1|] Les Les | Le2s Le25| Le1 L_e1
—————— e i A
k2| -2.57 -3.212| -2.8 -3.53 | -3.13 -3.80 | -3.43 -4.1e

accept if t » critical
reject if t < critical

value for I(@) regressors
value for I(1) regressors

k: # of non-deterministic regressors in long-run relationship
Critical values from Pesaran/Shin/smith (2ee1)

The ARDL (1,0,0) model's R-squared indicates a strong fit, explaining about 89.44% of
the variance in the dependent variable (GDP). In the long run (AD)), lagged GDP (gdp) has
a negative coefficient, suggesting a negative relationship between past and current GDP.
However, its significance is marginal (p = 0.050). In the short run (LR), physical capital (pmtb)
does not significantly affect GDP, while human capital (ipm) has a highly significant positive

impact on GDP. The ARDL Bounds Test indicates the presence of a levels relationship

among the variables, suggesting that they are cointegrated.
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Coefficients:
1. ADJ (Long-run relationship):

e gdp (Lagged 1): The coefficient is -0.6195 with a standard error of 0.2224. It
suggests that a one-unit increase in lagged GDP is associated with a decrease of
approximately 0.6195 units in the current GDP, with a marginal significance (p-
value = 0.050).

2. LR (Short-run relationship):

e pmtb: The coefficient is 0.0897 with a standard error of 0.0493. It implies that a
one-unit increase in PMTB is associated with an increase of approximately 0.0897
units in GDP in the short run, but this relationship is not statistically significant (p-
value = 0.143).

e ipm: The coefficient is 4.6220 with a standard error of 0.4709. It indicates that a
one-unit increase in IPM is associated with a significant increase of approximately
4.6220 units in GDP in the short run (p-value < 0.007).

Constant:

e _cons: The constant term is -1.5723 with a standard error of 1.0118. It suggests the
value of GDP when all independent variables are zero. However, it's not statistically
significant at conventional levels (p-value = 0.195).

3. ARDL Bounds Test:

e F-statistic: 11.298

e t-statistic: -2.785

The results suggest that while physical capital might not have an immediate impact

on GDP, human capital plays a significant role in driving short-term economic growth in
Indonesia. However, it's essential to consider the marginal significance of lagged GDP in

the long run and the non-significance of the constant term in the short run.
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Here is the first derivatives regression:

This ARDL(1,1,0) regression model aims to analyze the relationship between GDP

(dependent variable) and two independent variables: dpmtb and dipm, which represent

ARDL(1,1,@) regression

Sample: 2012 - 2018 Number of obs = 7

R-squared = 9.8326

Adj R-squared = 9.4979

Log likelihood = 38.468802 Root MSE = 0.0019

D.dgdp | Coef. std. Err t P>|t| [95% Conf. Interval]

_____________ D m oo ___
ADJ |
dgdp |

L1. | -1.164956 467161 -2.49 @.13e -3.174988 . 8450756

,,,,,,,,,,,,, oo
LR |

dpmtb | . 1406892 .0278196 5.86 @.a37 .0209914 .2603871

dipm | -1.679881 1.98@293 -@.85 @.486 -10.20039 6.840634

,,,,,,,,,,,,, oo
SR |
dpmtb |

D1. | -.0808232 .@534979 -1.51 @.278a -.3110059 .1493595
|

cons | . 0608877 .0348015 1.75 @.222 -.0888509 .2106263

note: estat btest has been superseded by estat ectest
as the prime procedure to test for a levels relationship.
(click to run)

Pesaran/shin/smith (2@@1) ARDL Bounds Test
He: no levels relationship F= 2.797
t =-2.494

Critical values (@.1-8.01), F-statistic, Case 3

[T el [1a] | [re]l [1a] | [1e]l [I1]
L_85 Les | L.e2s L_e25 | L_el L_81

k2| 3.17 4,14 | 3.79 4.85 | 4.4 5.52 | 5.15 6.36
accept if F < critical value for I(®) regressors

reject if F » critical value for I(1) regressors

Critical values (@.1-@.01), t-statistic, Case 3

| [Te] [ra] | [re] [ra] | [1e] [1.1] | [T e] [I1]

| L1 L1] Les Les | Le2s Le2s | Lel L_e1
—————— e i i Bttt
k2] -2.57 -3.21| -2.8 -3.53 | -3.13 -3.80 | -3.43 -4.10

accept if t » critical value for I(®) regressors
reject if t < critical value for I(1) regressors

k: # of non-deterministic regressors in long-run relationship
Critical values from Pesaran/shin/smith (2ee1)

physical capital and human capital, respectively.

1. Model Fit:
R-squared: 0.8326
Adjusted R-squared: 0.4979 These statistics indicate that the model explains

approximately 83.26% of the variance in GDP, though the adjusted R-squared
suggests that when considering the number of predictors in the model, the

explanatory power decreases to 49.79%.

2. Coefficients:
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For the ADJ section (autoregressive distributed lag), the coefficient for the lagged
dependent variable (dgdp at lag 1) is -1.164956. However, it is not statistically
significant at conventional levels (p-value > 0.05).

For the LR section (long-run), the coefficient for dpomtb (which represents physical
capital) is 0.1406892 with a p-value of 0.037, indicating statistical significance at the
5% level. This suggests that a one-unit increase in physical capital leads to an
increase in GDP.

The coefficient for dipm (representing human capital) is -1.679881 with a p-value

of 0.486, indicating it is not statistically significant at conventional levels.

3. Short-Run Dynamics:

In the short-run (SR section), the coefficient for the first difference of dpmtb is -
0.0808232, indicating that an increase in physical capital in the previous period
leads to a slight decrease in GDP in the current period. However, this coefficient is

not statistically significant (p-value > 0.05).

4. Error Correction Term (ECT):

The constant term (_cons) in the SR section represents the error correction term
(ECT). Its coefficient is 0.0608877, but it is not statistically significant (p-value >
0.05). The ECT captures the speed at which the system corrects for deviations from

the long-run equilibrium relationship between the variables.

5. Pesaran/Shin/Smith Bounds Test:

This test is used to determine the presence of a long-run relationship between the
variables. The test statistic (F = 2.797) is compared to critical values to decide
whether to accept or reject the null hypothesis of no levels relationship. In this
case, the F-statistic is smaller than the critical value, indicating that we fail to reject

the null hypothesis.

The results suggest that physical capital (dpmtb) has a statistically significant positive

relationship with GDP, at least in the long run, while human capital (dipm) does not show a

statistically significant relationship.

Discussion
The difference in results between the ARDL (1,0,0) and ARDL (1,1,0) models can be

attributed to the inclusion of the first difference of the physical capital variable (dpmtb) in

the latter model. In the ARDL (1,0,0) model, human capital appears to have a significant

positive impact on GDP in the short run, while physical capital does not. This implies that

investments in human capital may lead to immediate economic growth. Conversely, in the
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ARDL (1,1,0) model, physical capital shows a statistically significant positive relationship with
GDP, while human capital does not exhibit a significant relationship. This suggests that
investments in physical capital may have a more pronounced impact on GDP, at least in the
long run. The discrepancy in results could also be due to the different specifications of the
models and the nature of the data used.

The differences in the results obtained from the ARDL approach applied to datasets
from India and Indonesia can be attributed to several factors, including structural,
institutional, and policy differences between the two countries. India and Indonesia have
different economic structures and levels of development. India is characterized by a more
diversified economy with a significant services sector, while Indonesia's economy is more
reliant on natural resources and manufacturing. The stage of economic development also
varies between the two countries, with India being at a different stage of development
compared to Indonesia. These differences can influence the relative importance of factors
such as physical capital accumulation and human capital development in driving economic
growth.

Differences in government policies and investment priorities can shape the patterns
of physical and human capital accumulation in each country. For example, Indonesia may
have different policies regarding infrastructure development, education, and healthcare
compared to India, which can affect the magnitude and significance of the relationships
between these variables and GDP. Variations in investment levels and efficiency in physical
and human capital formation can also contribute to differences in the results obtained from
the ARDL analysis.

Discrepancies in the quality and availability of data between India and Indonesia may
also influence the results. Differences in data collection methods, accuracy, and coverage
can affect the estimation of coefficients and the statistical significance of relationships in
the ARDL model.

Institutional factors, including governance quality, regulatory environments, and
institutional frameworks, can vary between India and Indonesia and influence the
effectiveness of policies aimed at promoting physical and human capital accumulation.
Differences in the efficiency of public institutions, investment climate, and ease of doing
business can impact the translation of investments in physical and human capital into
economic growth outcomes.

Cultural and social factors unique to each country can also play a role in shaping
economic dynamics and influencing the relationships between physical and human capital

accumulation and GDP growth.
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Although our finding has potential to be true which means falsify the theoretical
background, our finding can also be false because we use the index to measure the human
capital, not money value as the measure like we implemented for GDP and the physical

capital. Further correction can be made by other academical agents.

CONCLUSION

The results indicate differing impacts of physical and human capital on GDP, both in
the short and long run, underscoring the importance of investment priorities and policy
considerations for sustainable economic development. Suggestion for investment priority
is considering sustained long-term growth requires substantial investments in physical
capital to enhance productivity and competitiveness. Suggestion for policymaking is
prioritizing policies that promote both physical and human capital development in
Indonesia. Further research are warranted to explore the interactions between physical

and human capital dynamics and their implications for Indonesia's economic trajectory.

REFERENCES

Abbas, Q. (2000). The Role of Human Capital in Economic Growth: A Comparative Study
of Pakistan and India. 7he Pakistan Development Review, 394), 451-473. DOI:
https://doi.org/10.30541/v39i4llpp.451-473

Alam, F. (2023). Human Capital and Economic Growth in India: The ARDL Approach.
Amazonia Investiga, 12(68), 9-20. https://doi.org/10.34069/A1/2023.68.08.1

Arrow, K. J. (1962). The economic implications of learning by doing. Review of Economic
Studles, 29, 155-173. https://doi.org/10.2307/2295952

Asteriou, D., & Agiomirgianakis, G. M. (2001). Human capital and economic growth: Time
series evidence from Greece. Journal of Policy Modeling 23, 481-489.
https://doi.org/10.1016/S0161-8938(01)00054-0

Badan Pusat Statistik. (2019). Pendapatan masyarakat tersedia bruto (PMTB) menurut 24
jenis aset, Indonesia. Retrieved from https://www.bps.go.id/id/statistics-
table/2/MjA20SMy/pmtb-menurut-24-jenis-aset.html

Badan Pusat Statistik Provinsi Sumatera Selatan. (2019). Metode baru indeks
pembangunan manusia menurut provinsi, Indonesia. Retrieved  from
https://sumsel.bps.go.id/indicator/26/593/2/-metode-baru-indeks-pembangunan-
manusia-menurut-provinsi-.htm|

Bils, M., & Klenow, P. J. (2000). Does schooling cause growth? American Economic Review,
90, 1160-1183. https://www.aeaweb.org/articles?id=10.1257/aer.90.5.1160

Copyright @ Fathoni Nur Alami, Wily Mohammad



Bo-nai, F., & Xiong-Xiang, L. (2006). A study on the rate of contribution of education
investment to the economic growth in China. Higher Education Press and Springer-
Verlag, Front. Educ, 4, 521-532. https://doi.org/10.1007/s11516-006-0027-y

De Meulemeester, J. L., & Rochat, D. (1995). Causality analysis of the link between higher
education and development. Economics of Education Review, 14, 351-361.
https://doi.org/10.1016/0272-7757(95)00015-C

Diebolt, C., & Hippe, R. (2019). The long-run impact of human capital on innovation and
economic development in the regions of Europe. Applied Economics, 57, 542-563.
https://doi.org/10.1080/00036846.2018.1495820

Feenstra, R. C,, Robert, I, & Marcel, P. T. (2015). The next generation of the Penn world
table. American Economic Review, 105 3150-3182. available for download at
www.ggdc.net/pwt

Foster, A., & Rosenzweig, M. (1996). Technical change and human capital returns and
investments: Evidence from the green revolution. American Economic Review, 86,
931-953. https://www jstor.org/stable/2118312

Haldar, S. K., & Mallik, G. (2010). Does human capital cause economic growth? A case
study of India. /nternational Journal of Economic Sciences and Applied Research, 3,
7-25. http://ijbesar.teiemt.gr/docs/volume3_issuel/human_capital.pdf

Hanushek, E. A. (2013). Economic growth in developing countries: The role of human
capital. Economics of Education Review, 37, 204-212.
https://doi.org/10.1016/j.econedurev.2013.04.005

In, F., & Doucouliagos, C. (1997). Human capital formation and US economic growth: A
causality analysis. Applied Economics Letters, 4, 329-331.
https://www.tandfonline.com/doi/ref/10.1080/758532603?scroll=top

Kwiatkowski, D., Phillips, P. C. B., Schmidt, P., & Shin, Y. (1992). Testing the Null Hypothesis
of Stationarity Against the Alternative of a Unit Root. Journal of Econometrics, 54,
159-178.

Loening, J. L. (2004). Time series evidence on education and growth: The case of
Guatemala 1951-2002. Revista de analisis economic, 19. https://acortar.link/CeOwFR

Lucas, R. E. Jr. (1988). On the mechanics of economic development. Journal of Monetary
Economics, 22, 3-42. https://doi.org/10.1016/0304-3932(88)90168-7

Mankiw, G., Romer, D., & Weil, D. (1992). A contribution to the empirics of economic
growth. Quarterly Journal of Economics, 107, 407-438.
https://doi.org/10.2307/2118477

Copyright @ Fathoni Nur Alami, Wily Mohammad



Mincer, J. (1984). Human capital and economic growth. £conomics of Education Review,
3,195-205. https://doi.org/10.1016/0272-7757(84)90032-3

Narayan, P. K., & Smyth, R. (2004). Temporal causality and the dynamics of exports, human
capital and real income in China. /nternational Journal of Applied Economics, 1, 24-
45. https://ssrn.com/abstract=2084677

Nelson, R., & Phelps, E. (1966). Investment in humans, technological diffusion and
economic growth. American Economic Review, 56, 69-75.
https://www.jstor.org/stable/1821269

Pesaran, M. H., Shin, Y., & Smith, R. (2001). Bounds testing Approaches to the analysis of
level relationships.  Journal —of Applied Econometrics, 16, 289-326.
https:.//www.jstor.org/stable/2678547

The World Bank. (n.d.). GDP (constant 2010 US$) - Indonesia. Retrieved from
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD?end=2022&locations=ID&s
tart=2022&view=map&year=2022

Copyright @ Fathoni Nur Alami, Wily Mohammad



