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Table 1. Variables in the research model
	Variable Name
	Symbol
	Description
	Unit
	Expected Sign
	References

	Unemployment Rate
	UNP
	Unemployment rate as a percentage of the total labor force
	% of total labor force
	
	

	Renewable Energy Consumption Rate
	RE
	Proportion of renewable energy consumed out of total energy consumption
	%
	-
	Özsoy and Özpolat (2020); Bilqis et al. (2023); Borhan et al. (2023); Apergis and Salim (2015)

	GDP Growth Rate
	GDP
	Annual growth rate of Gross Domestic Product (GDP)
	%
	-
	Jamaludin et al. (2025); Haririan et al. (2010); Hassan and Nassar (2015)

	Inflation
	INF
	Annual inflation rate
	%
	-
	Malikane and Mokoka (2014)

	Labor Force Participation Rate
	LF
	Proportion of labor force participation aged 15-64
	% of population aged 15-64
	-
	Aghion et al. (2013)
Lee & Parasnis (2014)
Apergis & Arisoy (2017)

	Foreign Direct Investment (FDI)
	FDI
	Net foreign direct investment as a percentage of GDP
	% of GDP
	-
	Abor and Harvey (2008); Rong et al. (2020); Bổn and Linh (2023);

	Technology
	TECH
	Proportion of high- and medium-tech exports in total manufacturing exports
	% of total manufacturing exports
	+/-
	Manyika (2017); Sumanto et al. (2020); Abbas and Rahmawati (2020); Fuller (2019); Mokyr et al. (2015)


Source: Developed by authors








Table 2. Results of unit root test for panel data
	Variables
	Level
	First difference
	Stationary level

	
	t-statistics
	p-value
	t-statistics
	p-value
	

	UNP
	-1.5734
	0.3726
	-5.0914***
	0.0000
	I(1)

	RE
	-1.0279
	0.9817
	-4.9840***
	0.0000
	I(1)

	GDP
	-3.6401***
	0.0000
	-6.8801***
	0.0000
	I(0)

	TECH
	-2.0081
	0.1530
	-5.1239***
	0.0000
	I(1)

	INF
	-5.3738***
	0.0000
	-8.7282***
	0.0000
	I(0)

	FDI
	-2.6058***
	0.0001
	-6.1855***
	0.0000
	I(0)

	LF
	-0.7967
	0.9985
	-4.5308***
	0.0000
	I(1)


Note: *, **, *** indicate statistical significance at 10%, 5%, and 1%, respectively.
Source: Developed by authors

Table 3. Results of cointegration test
	Tests
	Statistics
	p-value

	Pedroni
	 
	 

	Modified Phillips-Perron t
	3.1439***
	0.0008

	Phillips-Perron t
	-0.4458*
	0.0643

	Augmented Dickey-Fuller t
	-2.2473**
	0.0123


Note: *, **, *** indicate statistical significance at 10%, 5%, and 1%, respectively.
Source: Developed by authors

Table 4. Results of the Hausman test
	
	MG and PMG
	DFE and PMG
	MG and DFE

	Null Hypothesis H0
	MG is more efficient than PMG
	DFE is more efficient than PMG
	MG is more efficient than DFE

	chi2
	12.75
	39.44
	5.91

	p-value
	0.0472
	0.0000
	0.4332

	Conclusion
	H0 rejected
	H0 rejected
	H0 not rejected

	Selected model
	PMG
	PMG
	MG


Source: Developed by authors









Table 5. Results of short-term and long-term impact estimations
	Variables
	Coefficients
	Standard Deviation
	p-value

	Dependent variable: unp

	Long-term effects

	re
	0.12663***
	0.03242
	0.000

	gdp
	-0.51599***
	0.13671
	0.000

	tech
	0.04535*
	0.02476
	0.067

	inf
	-0.04842***
	0.01855
	0.009

	fdi
	-0.18277*
	0.11063
	0.099

	lf
	0.06337
	0.06071
	0.297

	ECM(-1)
	-0.11561***
	0.02565
	0.000

	Short-term effects

	unp(-1)
	-0.02443
	0.08316
	0.769

	re
	0.02694
	0.02692
	0.317

	gdp
	-0.03945
	0.02450
	0.107

	tech
	0.01043
	0.01760
	0.553

	inf
	-0.00125
	0.00369
	0.734

	fdi
	0.03593
	0.04658
	0.440

	lf
	0.01001
	0.05652
	0.859

	_cons
	-0.12212
	0.24177
	0.613


Note: *, **, *** indicate statistical significance at 10%, 5%, and 1%, respectively.
Source: Developed by authors



Table 6. Results of each ASEAN Country in Short term
	Variables
	Vietnam
	Thailand
	Cambodia
	Laos
	Malaysia
	Myanmar
	Philippines
	Indonesia
	Uzbekistan
	China
	Türkiye
	Bangladesh

	Dependent variable: unp
	
	

	unp(-1)
	-0.42457**
(0.011)
	-0.14108
(0.547)
	-0.15244
(0.433)
	0.33965***
(0.000)
	-0.27260*
(0.090)
	0.24281***
(0.002)
	-0.43632***
(0.009)
	0.11253
(0.530)
	0.38503***
(0.005)
	0.16811
(0.311)
	0.11883
(0.469)
	-0.23309
(0.223)

	re
	-0.01600
(0.497)
	0.09519
(0.231)
	0.01194
(0.510)
	-0.02558
(0.134)
	0.12540
(0.120)
	0.01281
(0.250)
	0.07092*
(0.061)
	0.12389**
(0.019)
	-0.18130
(0.617)
	-0.03742
(0.245)
	0.15372
(0.241)
	-0.01031
(0.874)

	gdp
	-0.08212*
(0.053)
	0.00815
(0.801)
	0.01313
(0.191)
	-0.07782
(0.000)
	0.02712*
(0.077)
	-0.08697 ***
(0.000)
	0.05457***
(0.000)
	0.05070
(0.200)
	-0.12577
(0.113)
	-0.02912
(0.243)
	0.00775
(0.857)
	-0.23295***
(0.007)

	tech
	-0.01006
(0.697)
	0.04027
(0.515)
	-0.02910**
(0.017)
	0.02395**
(0.025)
	-0.01690
(0.170)
	0.07753 ***
(0.000)
	-0.00721
(0.512)
	-0.10524**
(0.017)
	0.03493
(0.688)
	-0.00057
(0.885)
	-0.02327
(0.873)
	-0.14089
(0.243)

	inf
	-0.00224
(0.748)
	-0.02847
(0.417)
	0.00809
(0.332)
	0.00025
(0.838)
	-0.00261
(0.684)
	-0.00437
(0.316)
	0.00715
(0.688)
	0.00399
(0.652)
	-0.01173
(0.274)
	-0.01106
(0.247)
	0.00194
(0.831)
	0.02402
(0.127)

	fdi
	0.08136*
(0.093)
	0.10750**
(0.010)
	0.07101**
(0.011)
	0.00648
(0.583)
	0.01930
(0.411)
	-0.06003***
(0.006)
	0.14529***
(0.002)
	0.14274*
(0.089)
	0.01477
(0.917)
	-0.01391
(0.814)
	-0.38568
(0.144)
	0.28120
(0.299)

	lf
	-0.11427
(0.194)
	0.11132
(0.671)
	0.08197*
(0.055)
	-0.17693***
(0.000)
	-0.13376**
(0.048)
	-0.28901***
(0.000)
	0.02413
(0.542)
	0.15895
(0.151)
	0.35559
(0.417)
	-0.18965
(0.118)
	0.08715
(0.513)
	0.26870*
(0.075)

	_cons
	-0.59162
(0.400)
	-1.29085
(0.219)
	-0.60008
(0.198)
	0.07339
(0.649)
	-0.15139
(0.860)
	-0.35752
(0.118)
	-0.80572
(0.293)
	-0.19844
(0.828)
	0.33428
(0.437)
	0.03586
(0.853)
	2.13504*
(0.071)
	-0.04835
(0.885)


Note: *, **, *** indicate statistical significance at 10%, 5%, and 1%, respectively.
Source: Developed by authors


References
Abbas, A.S.M.H.I. and Rahmawati, S.M.F. (2020), “Technological changes, investments, and unemployment in Indonesia”, KnE Social Sciences, pp. 679-691, Vol. 4 No. 14. https://doi.org/10.18502/kss.v4i14.7925
Abor, J. and Harvey, S.K. (2008), “Foreign direct investment and employment: host country experience”, Macroeconomics and Finance in Emerging Market Economies, Vol. 1 No. 2, pp. 213-225. https://doi.org/10.1080/17520840802323224
Aghion, P., Akcigit, U. and Fernández-Villaverde, J. (2013), Optimal capital versus labor taxation with innovation-led growth (No. w19086). National Bureau of Economic Research.
Apergis, N., & Arisoy, I. (2017), “Unemployment and labor force participation across the US states: New evidence from panel data”, Spoudai Journal of Economics and Business, Vol. 67 No.4, pp. 45–84.
Apergis, N. and Salim, R. (2015), “Renewable energy consumption and unemployment: Evidence from a sample of 80 countries and nonlinear estimates”, Applied Economics, Vol. 47 No. 52, pp. 5614-5633. https://doi.org/10.1080/00036846.2015.1054071
Bilqis, A., Demoral, A., Rosalia, S.A., Yurnaidi, Z., Safrina, R. and Yuniarni, D.R. (2023), “Tracking potential renewable energy jobs in ASEAN”, In IOP Conference Series: Earth and Environmental Science (Vol. 1199, No. 1, p. 012032). IOP Publishing.
Borhan, H., Ridzuan, A.R., Razak, M.I.M. and Mohamed, R.N. (2023), “The dynamic relationship between energy consumption and level of unemployment rates in Malaysia: a time series analysis based on ARDL estimation”, International Journal of Energy Economics and Policy, Vol. 13 No. 2, pp. 207-214.
Bổn, N.V. and Linh, N.T.M. (2023), “Ảnh hưởng của FDI lên tỷ lệ thất nghiệp tại các nền kinh tế đang phát triển Châu Á: Vai trò của số hóa”, Tạp chí Khoa học Đại học Mở Thành phố Hồ Chí Minh - Kinh tế và Quản trị kinh doanh, Tập 18 Số 2, tr. 31–43. https://doi.org/10.46223/HCMCOUJS.econ.vi.18.2.21
Fuller, S. (2019), “Technological unemployment as a test of the added value of being human”, In Education and Technological Unemployment (pp. 115-128), Springer Singapore.
Haririan, M., Huseyin Bilgin, M. and Karabulut, G. (2010), “The Relationship between GDP and unemployment: Evidence from MENA countries”, Zagreb International Review of Economics & Business, Vol. 13 No. 1, pp. 17-28.
Hassan, M. and Nassar, R. (2015), “Effects of debt and GDP on the unemployment rate: an empirical study”, Journal of International Business Disciplines, Vol. 10 No. 2.
Jamaludin, S., Huay, C.S., Safian, S.S.S. and Abd Aziz, M.R. (2025), “Revisiting the Beveridge Curve: Evidence from Malaysian labour market”, Environment-Behaviour Proceedings Journal, Vol. 10 SI28, pp. 195-203. https://doi.org/10.21834/e-bpj.v10iSI28.6969
Lee, S., & Parasnis, J. (2014), “Discouraged workers in developed countries and added workers in developing countries? Unemployment rate and labour force participation”, Economic Modelling, 41, pp. 90–98
Malikane, C. and Mokoka, T. (2014), “What really drives inflation?”, Applied Economics Letters, Vol. 21 No. 3, pp. 196-200. https://doi.org/10.1080/13504851.2013.848017
Manyika, J. (2017), “Technology, jobs, and the future of work”, McKinsey Insights.
Mokyr, J., Vickers, C. and Ziebarth, N.L. (2015), “The history of technological anxiety and the future of economic growth: Is this time different?”, Journal of Economic Perspectives, Vol. 29 No. 3, pp. 31-50. https://doi.org/10.1257/jep.29.3.31
Özsoy, F.N. and Özpolat, A. (2020), “The relationship between renewable energy and employment: A Bootstrap Granger causality analysis”, Uluslararası Ekonomi İşletme ve Politika Dergisi, Vol. 4 No. 2, pp. 263-280. https://doi.org/10.29216/ueip.751244
Rong, S., Liu, K., Huang, S. and Zhang, Q. (2020), “FDI, labor market flexibility and employment in China”, China Economic Review, Vol. 61, 101449. https://doi.org/10.1016/j.chieco.2020.101449
Sumanto, A., Abbas, M.H.I., Rahmawati, F. and Merlinda, S. (2020), "Do technological developments reduce unemployment in Indonesia?", 4th Padang International Conference on Education, Economics, Business and Accounting, pp. 345-350. https://doi.org/10.2991/aebmr.k.200305.089

