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СТАТИИ 
 

 

Econ Lit – I25, C5  

 

THE LONG-RUN RELATIONSHIP BETWEEN EDUCATION 

AND ECONOMIC GROWTH. THE CASE OF ROMANIA 

 

Professor Bogdan Oancea, PhD 

“Nicolae Titulescu” University of Bucharest, 

PhD Candidate Dragoescu Raluca Mariana 

The Bucharest University of Economics Studies 

 

1. Introduction 

The relationship between education and economic growth is one of the central 

areas of research in economics since the works of Adam Smith who investigated the 

relationship between investment in education and the wealth of nations. Although 

today there is a solid theoretical framework of the economic growth and its 

relationship with education (Mankiw, et al, 1992), (Barro and and Sala-i-Martin, 

1995), (Romer, 1990) (Aghion and Howit, 1998) the empirical evidences of this 

relationship are fragile (Awel, 2013).  

Education can influence economic growth in various ways: by facilitating 

individuals to accumulate knowledge and skills that are converted in higher 

productivity, by creating a flexible labor force, by facilitating the technological 

progress and innovation.  

In this paper we will investigate the long-run relationship between economic growth 

and education for Romania using data series that covers 1980-2012 period of time. The 

evolution of the educational system and especially the higher education in Romania is 

analyzed in many papers (Andrei, 2010a), (Andrei, 2010b), (Dragoescu, 2013a), 

(Dragoescu, 2013b) but we found only few papers that treats the relationship between 

economic growth and education considering only the number of students enrolled in 

higher education (Danacica, 2008), (Danacica, 2010) and (Danacica, 2011). 

The relationship between economic growth and education is analyzed in (Barro, 

2002), and (Barro, 2013) and the author found a causality from education to economic 

growth using a cross section countries. Ljunberg (2009) used data series from 1870 to 

2000 and found that human capital significantly influenced the economic growth in 

Sweden. The influence of higher education on economic growth for 1965-2000 period 
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for Taiwan is analyzed in (Lin, 2004). The author shows that higher education 

provided a positive and significant effect on Taiwan’s economic development.  

In this paper we will follow the Mankiw (1992) approach that has included the 

human capital in the production function. The Cobb-Douglas production function will 

have the following form: 

(1Y = AK H L  (1) 

where Y is the total output, K is the physical capital, H is the human capital, and L is 

the labor force or employment and A is the total factor productivity. Dividing both 

sides by L we obtain: 

α β
Y K H

= A
L L L

 (2) 

The logarithm of equation (2) gives us the production function in the following form: 

In( ) In( ) In( ) In( )y A α k β h  (3) 

where y is the output per employed person (worker), k is the capital per worker and h is the 

average human capital and we will use education as a measure for the human capital.  

2. Data 

We used annual time series for the following variables: GDP, gross capital 

formation, public education expenditure, the number of students enrolled in high 

schools (ISCED 3), the number of students enrolled in tertiary education (ISCED 5) 

for 1980-2012 in Romania. The data series were compiled from various sources. GDP 

(in constant LCU) was obtained from World Bank (2014), and EconStats 

(www.econstats.com) and the gross capital formation that we used as a measure of the 

physical capital in the production function was retrieved from Federal Reserve Bank 

of St. Louis (2014). The expenditure on education (as a % of GDP) was retrieved 

from multiple sources because neither of them cover the entire period that we 

analyze: Eurostat database (Eurostat, 2014), Eurydice (2013) and (Neagu, 2005).  The 

number of students enrolled in high schools and universities was obtained from 

National Statistics Institute. Finally, the employment data (L) were retrieved from 

Federal Reserve Bank of St. Louis (2014) and Tempo database (INS, 2014). 

We computed the output per employed person (y) as the ratio between GDP and 

the number of employed persons (L) and the capital per worker as the ratio between 

the gross capital formation (in constant LCU) and the number of workers (L). We 

considered that the expenditures on education, the number of high school students and 
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the number of student in tertiary education act as a proxy for the human capital. In 

order to obtain the average human capital we divided these values by L (the number 

of workers).  All the data series are transformed using the natural logarithm.  

Throughout the rest of the paper we will use the following notations: 

L_GDP_WORKER is ln(GDP / L), DL_GDP_WORKER is the first difference of the 

L_GDP_WORKER, L_CAPITAL_WORKER is ln(Gross Capital Formation / L) and 

DL_CAPITAL_WORKER is the first difference of L_CAPITAL_WORKER, L_ 

EDU_EXP_WORKER is ln(Public education expenditure / L) and DL_ EDU_ 

EXP_WORKER is the first difference of the L_EDU_EXP_WORKER, L_ SEC 

_WORKER is ln(Number of students in high schools / L) and DL_SEC_WORKER is 

the first difference of the L_SEC_WORKER and L_TERTIARY_WORKER is 

ln(Number of students in tertiary education/L) and DL_TERTIARY_WORKER is the 

first difference. Figures 1 to 5 shows the evolution of these variables during 1980 to 2012. 

 
 

Figure 1. The evolution of the GDP per worker during 1980-2012 

in Romania and the same time series in first difference 

 

 

Figure 2. The evolution of the gross capital formation per worker 

during 1980-2012 in Romania and the same time series in first difference 
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Figure 3. The evolution of the public education expenditure during 1980-2012 

in Romania and the same time series in first difference 

 

 

Figure 4. The evolution of the number of high school students (ISCED 3) 

during 1980-2012 in Romania and the same time series in first difference 

 

 

Figure 5. The evolution of the number of students in tertiary education 

(ISCED 5) during 1980-2012 in Romania and the same time series 

in first difference 
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As it can be seen from the above figure, all series have an increasing trend over 

the analyzed period and don’t seem to be stationary in levels but the same series in 

first difference seems to mender around 0.  In order to avoid the spurious regression 

problem we will check if the data series have unit roots. 

3. Methodology 

We tested all the data series for unit roots using the ADF and Phillips-Perron 

tests to determine the order of integration of each series. The ADF unit root test 

estimate the following equation (Enders, 2004): 

2

o 1 1

t=

p

t t i t i+ ty a yy y  

If the coefficient γ = 0 the equation is entirely in first differences and has a unit 

root. The ADF and Phillips-Perron can be applied even if the error term is not a white 

noise.  

In the next step we performed the Granger causality test between the variables 

that is a measure of ability of predicting the future values of a time series using past 

values of another time series. After we established the properties of the data series we 

can proceed to estimate the possible long-run relationship between them. We 

employed a VAR model that has become a standard approach in time series 

modeling, mainly because it makes no assumptions of what variables are exogenous, 

considering that all variables are endogenous. In order to specify the VAR models we 

have to decide how many lags to include in the model. We used information criteria 

(SBIC, AIC, HQ and FPE) as well as missspecification tests.  

Having the order of integration of the data series, the next step in our work was 

to test for cointegration between variables using Johansen-Juselius approach 

(Johansen and Juselius, 1990).  Since our data series are all I(1) we proceeded with a 

VEC model. If the general form of a VAR(p) model is given by: 

Yt = B + A1Yt – 1 + A2Yt – 2 ++ ApYt – p + εt (4) 

and all variables from the vector Yt = (Y1t, Y2t, … Ykt)  are I(1) the VAR representation 

can be put in an equivalent form called VEC: 

ΔYt = ПYt – 1 + Г1Yt – 1 +  ГpΔYt + 1– p + εt (5) 

where П is the matrix that contains information regarding the long-run effect and Гi 

are matrices that measures the short term impact. Analyzing equation (5) we can 

conclude that rank(П) = r < k because Yt – 1, … ΔYt + 1– p are stationary and ПYt – 1 



10 ИЗВЕСТИЯ – издание на Икономически университет – Варна 

 

 
 

should be stationary too, i.e. the determinant of matrix П should be zero. A matrix 

П(k, k) with rank(П) = r < k can be decomposed as a product of two matrices: 

П = αβ (6) 

where the matrix β contains r cointegration vectors while the matrix α contains the 

adjustment coefficients. We can write now the VEC model as: 

ΔYt  = αβ Yt – 1 + Г1ΔYt – 1 +  + Гp– 1ΔYt + 1– p + εt (7) 

where αβ Yt – 1 = μt – 1 is the stationary residual vector. 

4. Results 

We applied the ADF test for all variables in levels, considering three models: 

with intercept (M1), with intercept and trend (M2) and without intercept or trend 

(M3) and the results are reported in table 1. It can be easily observed that all variables 

have a unit root at 5% signification level regardless of the model used for testing. We 

can conclude that all variables are not stationary. The same results have been obtained 

using the Phillips-Perron test. 

Table 1 

The ADF test for the variables in level 

Variable Intercept (M1) 
Intercept and trend 

(M2) 
None (M3) 

 
Test 

statistics 

5% 

critical 

value 

prob 
Test 

statistics 

5% 

critical 

value 

prob 
Test 

statistics 

5% 

critical 

value 

Prob 

L_GDP_WORKER -0.812 -2.960 0.801 -1.826 -3.562 0.667 0.958 -1.952 0.906 

L_CAPITAL_WORKER -1.114 -2.960 0.697 -1.380 -3.562 0.846 0.399 -1.952 0.792 

L_EDU_EXP_WORKER -0.518 -2.957 0.874 -2.400 -3.557 0.3723 0.885 -1.951 0.895 

L_SEC_WORKER -1.267 -2.960 0.632 -0.423 -3.557 0.982 -0.844 -1.952 0.3421 

L_TERITARY_WORKER -2.622 -2.960 0.099 -2.583 -3.562 0.2898 0.0321 -1.952 0.685 

 

Next, we applied the ADF tests for the data series in first difference and the 

results are shown in table 2. We tested models M1, M2 and M3 as for the levels but 

the trend and intercept are not significant (this can be also observed visually 

inspecting the graphs in figure 1-5), so we choose the only results for M3 model. 
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Table 2 

The ADF test for the variables in the first difference (Model M3) 

Variable Test statistics 5% critical value prob 

DL_GDP_WORKER -2.687745 -1.952066 0.0089 

DL_CAPITAL_WORKER -3.197788 -1.952066 0.0023 

DL_EDU_EXP_WORKER -4.444299 -1.952066 0.0001 

DL_SEC_WORKER -2.157453 -1.952066 0.0318 

DL_TERITARY_WORKER -4.648769 -1.952473 0.0000 

 

The results show that all the data series are stationary in first difference and we 

can conclude that out variables are I(1). Similar results were obtained using the 

Phillips-Perron test. 

A possible causal relationship between variables could be foreseen using the Granger 

causality test. The results of the Granger tests are presented in table 3. These results show 

that the numbers of students enrolled in high schools and in tertiary education are both 

helpful in predicting the economic growth. There is also a causal relationship from GDP to 

the number of students in tertiary education but at 10% significance level. The physical 

capital is also an important factor that explains the economic growth. 

Table 3 

Granger causality between variables 

Null Hypothesis: 
Obs 

Prob. 
F-Statistic 

L_CAPITAL_WORKER does not Granger Cause 

L_GDP_WORKER 

31 

0.0191 
4.62702 

L_GDP_WORKER does not Granger Cause 

L_CAPITAL_WORKER 
 

2.73255 

0.0837 

L_EDU_EXP_WORKER does not Granger Cause 

L_GDP_WORKER 

31 

0.1346 
2.16812 

L_GDP_WORKER does not Granger Cause 

L_EDU_EXP_WORKER 
 

0.99407 

0.3837 

L_TERTIARY_WORKER does not Granger Cause 

L_GDP_WORKER 

31 

0.0099 
5.53839 

L_GDP_WORKER does not Granger Cause 

L_TERTIARY_WORKER 
 

2.92812 

0.0713 

L_SEC_WORKER does not Granger Cause L_GDP_WORKER 
31 

0.0178 
4.72443 

L_GDP_WORKER does not Granger Cause L_SEC_WORKER  
0.95214 

0.3990 
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L_EDU_EXP_WORKER does not Granger Cause 

L_CAPITAL_WORKER 

31 

0.1107 
2.39785 

L_CAPITAL_WORKER does not Granger Cause 
L_EDU_EXP_WORKER 

 
1.40069 
0.2644 

L_TERTIARY_WORKER does not Granger Cause 

L_CAPITAL_WORKER 

31 

0.1610 
1.96056 

L_CAPITAL_WORKER does not Granger Cause 

L_TERTIARY_WORKER 
 

3.22569 

0.0561 

L_SEC_WORKER does not Granger Cause L_CAPITAL_WORKER 
31 

0.5093 
0.69263 

L_CAPITAL_WORKER does not Granger Cause L_SEC_WORKER  
3.14251 

0.0599 

L_TERTIARY_WORKER does not Granger Cause 

L_EDU_EXP_WORKER 

31 

0.0109 
5.40596 

L_EDU_EXP_WORKER does not Granger Cause 

L_TERTIARY_WORKER 
 

3.00341 

0.0671 

L_SEC_WORKER does not Granger Cause 

L_EDU_EXP_WORKER 

31 

0.9328 
0.06974 

L_EDU_EXP_WORKER does not Granger Cause 

L_SEC_WORKER 
 

1.19221 

0.3196 

L_SEC_WORKER does not Granger Cause 

L_TERTIARY_WORKER 

31 

0.2209 
1.60120 

L_TERTIARY_WORKER does not Granger Cause 

L_SEC_WORKER 
 

1.43935 

0.2554 

 

Since we’ve established that our series are I(1) we will proceed to estimate the 

VAR model. The first step is to decide how many lags to include in the model. We 

used the sequential modified LR test statistic, final prediction error (FPE), Akaike 

information criterion (AIC), Schwarz information criterion (SC) and Hannan-Quinn 

information criterion (HQ). Although all these criteria indicate 4 lags we rejected this 

number of lags based on the missspecification of the model (the LM and Portmanteau 

tests for residuals autocorrelation rejected the models). We decreased the number of 

lags to 3 and found similar results. Finally we chose 2 lags and we tested the 

existence of a cointegration relationship between variables using the Johansen-

Juselius method. The results of the test are shown in table 4. Both the trace and max 

eigenvalue tests are presented in table 4.  
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Table 4 

Johansen test for cointegration 

Selected (0.05 level*) Number of Cointegrating Relations by Model 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Data Trend: None None Linear Linear Quadratic 

Test Type 
No Intercept Intercept Intercept Intercept Intercept 

No Trend No Trend No Trend Trend Trend 

Trace 2 1 1 2 2 

Max-Eig 2 1 1 2 2 

*Critical values based on MacKinnon-Haug-Michelis (1999)  

 

We have to choose a model from the five types of models shown in table 4. 

Since our data series in first differences have no trend (remember figures 1 to 5) we 

restrict our possibilities to model 1 or 2. Using Schwartz Criteria (SC) we chose 

model 2 that indicates that there is a single cointegrating equation between our 

variables. The values for SC are given in table 5. The existence of a cointegrating 

equation indicates that there is a long-run relationship between the variables and we 

can estimate a VEC model that will capture the long-run and short run relationship 

between our variables. The cointegration between variables is very important in 

validating the Granger causality tests presented earlier because if the variables are 

non-stationary and not cointegrated the Granger causality tests are not valid. 

 

Table 5 

The Schwartz criteria 

Schwarz Criteria by Rank (rows) and Model (columns) 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Data Trend: None None Linear Linear Quadratic 

Test Type 
No Intercept Intercept Intercept Intercept Intercept 

No Trend No Trend No Trend Trend Trend 

Rank or No. of 

Cointegrating 

equations 

     

0 -9.494848 -9.494848 -9.081254 -9.081254 -8.592166 

1 -9.500581 -9.554930* -9.247205 -9.518122 -9.139513 

2 -9.193627 -9.141466 -8.906387 -9.365146 -9.084675 

 

We estimated the VEC model and the long run and obtained the cointegration 

vector β which is presented in table 6. 
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Table 6 

The cointegration parameters (t-statistics are in [ ]) 

Cointegrating Equation Coefficients 

L_GDP_WORKER(-1) 1.000000 

L_CAPITAL_WORKER(-1) 
-0.769921 

[-8.06690] 

L_EDU_EXP_WORKER(-1) 
0.960190 

[ 5.94387] 

L_TERTIARY_WORKER(-1) 
-0.697189 

[-9.08009] 

L_SEC_WORKER(-1) 
0.490077 

[ 3.45738] 

C 
-9.857592 

[-12.0101] 

 

Inspecting t-statistics we can note that all coefficients are highly significant. The 

cointegrating equation can be written as follows: 

L_GDP_WORKERt = 9.86 + 0.77L_CAPITAL_WORKERt – 0.96L_EDU_EXP_WORKERt + 

0.69L_TERTIARY_WORKERt  – 0.49L_SEC_WORKERt (8) 

The cointegrating equation shows that a 1% increase in the number of students 

enrolled in tertiary education leads to a 0.69% increase in GDP meaning that tertiary 

education has a significant positive effect on economic growth. This is in accordance 

with other results (Danacica, 2008, 2010, 2011). An interesting result is that an 

increase in the public education expenditure leads to a decrease of the GDP. This 

result can be explained by the fact that increased education expenditure leads to an 

increased number of students who are potential workers thus the number of employed 

population decreases contributing to the decreasing of GDP.  

Figure 6 shows the residual from the estimated cointegrating relationship. 

Visually inspecting the graph, one can note that the residual is stationary. 

μt = L_GDP_WORKERt – (9.86 + 0.77L_CAPITAL_WORKERt – 0.96L_EDU_EXP_WORKERt + 

0.69L_TERTIARY_WORKERt – 0.49L_SEC_WORKERt) (9) 
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Figure 6. The residual from the cointegrating relationship 

The error correction equations are: 

1t1t1t

1t1tt

ERL_SEC_WORK0.46_WORKERL_TERTIARY0.09EXP_WORKERL_GDP_EDU_0.2

TAL_WORKERL_GDP_CAPI0.05ERL_GDP_WORK0.170.36μKERΔL_GDP_WOR

 

1t1t1t

1t1tt

ERL_SEC_WORK0.40_WORKERL_TERTIARY0.13EXP_WORKERL_GDP_EDU_0.39

TAL_WORKERL_GDP_CAPI0.30ERL_GDP_WORK0.120.07μ_WORKERΔL_CAPITAL

 

1t1t1t

1t1tt

ERL_SEC_WORK0.18_WORKERL_TERTIARY0.11EXP_WORKERL_GDP_EDU_0.19

TAL_WORKERL_GDP_CAPI0.20ERL_GDP_WORK0.260.63μ_WORKERΔL_EDU_EXP

 

1t1t1t

1t1tt

ERL_SEC_WORK0.12_WORKERL_TERTIARY0.58EXP_WORKERL_GDP_EDU_0.10

TAL_WORKERL_GDP_CAPI0.16ERL_GDP_WORK0.380.27μY_WORKERΔL_TERTIAR

  

1t1t1t

1t1tt

ERL_SEC_WORK0.76_WORKERL_TERTIARY0.29EXP_WORKERL_GDP_EDU_0.37

TAL_WORKERL_GDP_CAPI0.25ERL_GDP_WORK0.210.38μKERΔL_SEC_WOR

 

These equations show the short term dynamics of the system.  

The matrix α –0.36 –0.07 –0.63 –0.27 –0.38)  contains the adjustment 

coefficients in response to disequilibria in the cointegration equation. The speed of 

adjustment of the GDP to imbalances in the long-run is highly significant (t-stat=-

5.56). The negative sign of α indicates that the GDP per worker is an endogenous 

variable which corresponds to the theoretical framework and it also shows that the 

model is dynamically stable. 

The impulse-response function of the L_GDP_WORKER to L_EDU_EXP 

_WORKER, L_TERTIARY_WORKER and L_SEC_WORKER (the variables that 

are used as proxies for the human capital) are shown in figure 7. An impulse in 
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education expenditure causes a drop in GDP in the first three years then follows an 

increase in the long-run. An impulse in the number of students enrolled in tertiary 

education cause an increase in GDP in the long run. Also, a shock in the number of 

high school students contributes to a sharp increase of the GPD in short term in the 

long run the value stabilizes around equilibrium. 

 

Figure 7. The impulse-response function of the GDP 

5. Conclusions 

At this moment there are few studies that treats the long-run relationship 

between economic growth and education in Romania (Andrei, 2010c), (Danacica, 

2011). In this paper we examined the long run relationship between economic growth 

and education in Romania during 1980-2012. We started with the Cobb-Douglas 

production function augmented with the human capital. As a measure for the 

economic growth we considered the evolution of the GDP and as a proxy for the 

human capital we considered the public education expenditures, the number of 

students in high schools and the number of students enrolled in higher education. We 

tested the data series for unit roots in levels and in first differences and found that 

 

  
 

 
 

-.030

-.025

-.020

-.015

-.010

-.005

.000

.005

2 4 6 8 10 12 14 16 18 20

Response of L_GDP_WORKER to Cholesky
One S.D. L_EDU_EXP_WORKER Innovation

.00

.02

.04

.06

.08

.10

.12

2 4 6 8 10 12 14 16 18 20

Response of L_GDP_WORKER to Cholesky
One S.D. L_TERTIARY_WORKER Innovation

.000

.004

.008

.012

.016

.020

2 4 6 8 10 12 14 16 18 20

Response of L_GDP_WORKER to Cholesky
One S.D. L_SEC_WORKER Innovation



Статии 

 
17 

 

they are I(1). Using the Johansen-Juselius method we tested if there is a cointegration 

relationship between the variables and the test showed us that we have one 

cointegration equation. This means that on the long run there is a link between 

economic growth and education. We estimated the VEC model and from the analysis 

of the adjustment parameters we concluded that the tertiary education has a positive 

influence on the economic growth. Our results are in line with other studies (Barro, 

2002), (Danacica, 2011), (Ljundberg, 2009).  
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