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ABSTRACT

This paper uses cointegration and vector error-correction models to analyse the causal relationship between education
and development across select Indian states using annual data from 1980-81 to 2008-09. Expenditure on education per
capita is used as the proxy for education, while State domestic product per capita is the proxy for development. The
empirical results provide some evidence of bi-directional causality in Indian States such as Kerala, Karnataka, Andhra
Pradesh, Maharashtra and Tamil Nadu. There is also evidence of causation running from per capita expenditure on ed-
ucation to per capita State domestic product in either the short or long run in states such as Bihar, Arunachal Pradesh,
Uttar Pradesh, West Bengal, Punjab, Orissa, Madhya Pradesh, Gujarat, Rajasthan, Haryana and Punjab. Thus, there is
some indication that the observed positive correlation across states between expenditure on education and growth re-

flects primarily the influence of government effective intervention in the education sector.
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1. Introduction

The fundamental importance of investing in education
because of its impact on growth and development has
long been argued by Denison [1] and others. In recent
years, it has been observed that the main channel through
which investment in education can influence growth and,
hence, development, in developing countries consists of
activities that lead to catching up with foreign techno-
logical progress [2]. Interestingly empirical studies of
these issues have been mixed. Benhabeb and Spiegel [3]
for example, finds that long-term growth series confirm
that improving the level of education has contributed
significantly to the growth observed over the last three to
four decades in East Asian Economies such as Japan, Tai-
wan, South Korea, and Singapore.

In the East Asian context, for example, it is the egali-
tarian education policies which have played a pivotal role
in their economic growth [4]. It is further argued that the
increased equality has led to enhanced political and social
stability, thereby creating a better investment environ-
ment [5]. The cognitive skills, in addition to increasing
the literacy rate, may be considered as a precondition for
economic development. Lucas [6] and Stiglitz [7] illus-
trate that this pre- condition may explain the seeming
failure of capital to flow to the capital-poor countries in
spite of the higher marginal return to capital. The lack of
complementary factors such as non-availability of skilled
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labour further added to the problem of capital flow to the
capital-poor countries. Pritchett [8] examined two aspects
of quality of education and skills. In some countries,
schooling has been enormously effective in transmitting
knowledge and skills, while in others it has been essen-
tially worthless and has created no skills.

On the other hand, the study of Berthelemy et al. [2]
has not reconfirmed such argument in the context of Sene-
gal. A major implication of the mixed results concerns
the educational policy set out in both countries. In the
case of East Asian economies, a sequential policy that
assigns priority first to primary education, then to secon-
dary education, and then to higher education was imple-
mented.

In the context of the Caribbean, educational policy set
out with considerable emphasis on secondary school, and
higher education, did not bear fruit given the rise in the
number of graduates who cannot find employment, and
an economic environment that is not conducive to the
efficient use of available skilled labor [9].

There has been a dearth of empirical literature in the
Indian context analyzing the diverse pictures that relate
the transformation from manufacturing to knowledge
economy across Indian states. This is important in the
Indian context due to the fact that the country has benefited
due to positive contribution made by a select group of
states and their education system.

In this paper, we aim to examine how governments’
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investment in education affects growth and, therefore,
development, in the select Indian States such as Kerala,
Karnataka, Andhra Pradesh, Maharashtra, Tamil Nadu.
Bihar, Arunachal Pradesh, Uttar Pradesh, West Bengal,
Punjab, Orissa, Madhya Pradesh, Gujarat, Rajasthan, Har-
yana and Punjab.

Section 2 reviews pertinent literature that highlights
the possible interactions between education and devel-
opment. Section 3 presents the methodology and discuses
the data used in the paper, while Section 4 focuses on the
empirical results. Conclusions and policy implications are
presented in the final section.

2. Possible Interactions between Education
and Development

The literature offers several arguments predictive of an
interactive effect between education and development.
These arguments can be organised with reference to the
level of development reached by a given economy. The
first argument pertains to the efficiency of the educa-
tional system. Some authors imply that the efficiency of
the educational system may depend on the number of
human capital that is available in a given economy. Hence,
the demand for education rises with the level attained.
The second argument focuses on the financial constraints
facing poor economies. It is argued that the poorer the
states, the smaller the amount of expenditure on educa-
tion, interestingly, the second argument points to the fact
that a low level of human capital and growth are thus
mutually reinforcing a situation where an economy gets
stuck in a poverty trap or driven towards sustained growth

It is useful to consider a single year i.e. 2003-2004 in
order to explore the impact of education expenditure on
select state characteristics. This way we are not in a posi-
tion to interpret the time dimension of the transition. This
transition we have documented in econometric part of the
paper. Incidentally, our effort may be useful in exploring
interesting insights that are so far not available in the
existing literature in the Indian context.

Figures 1 and 2 shows the current structure of the se-
lect state economies with the help of broad primary and
secondary sectors’ contribution to state domestic product
in 2003-2004. Three clear pictures are discernible. One,
the contribution of the tertiary sector to the respective
state domestic product (SDP) appears to be dominating
for the southern states. Two, as regards the northern
states, the role of the primary sector is distinct. Gujarat
on the other hand has taken a commanding position with
the help of its secondary sector (Figure 3). This postu-
lates the possibility of convergence and divergence
across states.

Figures 4-6 reveal the beneficial effects of investment
in human capital and institutions across states. Quite sig-
nificantly, the new economy services contributed to NSDP
in southern states and hence raising their per capita in-
come. Interestingly West Bengal and Maharashtra have
recently encroached in these areas. Basic literacy on the
other hand has little role to play in raising the per capita
income (Figure 7). This implies possibility of further
investment in human capital. The cities are now hungrier
for skilled populations. The poor in backward states are
less likely at school despite the government regulation of
education till age 16. Figure 8 depicts such facets.
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Figure 1. Structure of the economy (tertiary contribution-wise).
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Figure 3. Structure of the economy (primary contribution-wise).
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Figure 7. Per capita NSDP vs %BPL.
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Interestingly, the rise of “knowledge industries” is a
new aspect of India’s future development. This is the
Indian edition of “leapfrog” where human capital in the
high technology sector has acted as a powerful engine of
growth. We find that the states (such as Gujarat, Mahara-
shtra) which are relatively well-developed due to manu-
facturing, have human capital in the low technology sector,
less intervention by the state sector and their geographi-
cal closeness to prosperous cities.

3. Econometric Methodology and Data
3.1. Econometric Methodology

Following Granger [11], the Granger-causality test has
been developed to ascertain whether or not the inclusion
of past values of a variable X do or do not help in the
prediction of present values of another variable Y. If
variable Y is better predicted by including past values of
X than by not including them, then, X is said to
Granger-cause Y. Similarly, if the past values of Y can be
used to predict X more accurately than simply using the
past values of XX, then, Y is said to Granger-cause x. If the
analysis reveals that X Granger-causes Y, and Y also
Granger-causes X, there is bi-directional causality. In
order to avoid spurious causality both of the variables
under consideration need to be stationary. The existence
of a long run equilibrium relationship between X and Y is
referred to in the literature as co integration. According
to Granger [12], standard tests for causality are valid
only if X and Y are co-integrated. Therefore, a necessary
precondition to causality testing is to check the co inte-
grating properties of the variables under consideration.
Granger [13], Engle and Granger [14], and Engle and
Yoo [15] have investigated the causal relationship be-
tween two variables when a common trend exits be-
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tween them. Granger [11] and Engle and Granger[12]
define a non-stationary time series X, to be integrated of
order d, that is, I (d), if X; becomes stationary after being
differenced d times. If d = 0, X is stationary in levels and
no differencing is necessary. However, if d = 1, first dif-
ferencing is required to convert X, to a stationary time
series. If two series X, and Y, are both I (d), Engle and
Granger op cit have shown that a linear combination, Z=
Y, — aX, will also, in general, be I (d). To be co-inte-
grated, both X; and Y, must have the same order of inte-
gration (Engle and Granger op cit, and Granger op cit).

A two-step approach to testing for causality or cointe-
gration between education (EDE) and development (GRO-
WTH) is followed. The first step requires a determination
of the time series properties of each variable based on
unit root tests. This is accomplished by performing the
augmented Dickey-Fuller (ADF) test [16]. The ADF test
based on the regression equation with the inclusion of a
constant and a trend of the form,

AX, =ay+at+0,X,_ +) BAX,  +e,
j=1
where AX, = X, — X, and X, is the variable under consid-
eration; m is the number of lags in the dependent variable,
which is chosen so as to .induce a white noise error term;
and g, is the stochastic error term. The stationarity of the
variable is tested using the null hypothesis of 6] = 1
against the alternative hypothesis of |6| < 1. The critical
values of ADF statistic as reported in Engle and Yoo op
cit and McKinnon [17] can be used to test this hypothesis.
Failure to reject the null hypothesis implies that the time
series is non-stationary at a given significance level and
therefore it requires taking first or higher differencing of
the level data to establish stationarity. [11] prefers the
ADF test due to the stability of its critical values as well
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as its power to different sampling experiments. The op-
timum lag length (m) in the ADF regression is selected
using the minimum final prediction error (FPE) criterion
developed by Akaike.

Having tested the stationarity of each time series, the
second step is to search for co-integration between the
two variables. This is accomplished by using the Engle-
Granger two step co-integration procedure. The Engle-
Granger two-stage procedure involves first testing both
variables for unit roots and estimating two co-integration
regressions (direct an reverse) between GROWTH, and
EDE; using OLS. The second step involves testing the
stationarity of the error processes of the two co integra-
tion regressions generated m the first step. According to
Engle and Granger op cit, if GROWTH, and EDE, are co
integrated, there must exist an error-correction represen-
tation that may take the following form:

ALGROWTH, =©, + y9,_, + > ®ALGROWTH,_,

J=1

+>.0©,,AEDE, , +¢,

J=1

AEDE, =w,+np, | + Za)leEDEtf ;

J=1

+> 0, AGROWTH,_, +¢,,
Jj=1

where &, , and p, , are the error-correction terms. The
inclusion of error-correction terms in Equations (2) and
(3) introduces an additional channel through which Granger
causality could be detected. According to Granger op cit,
the error-correction models produce better short run
forecasts and provide the short run dynamics necessary
to obtain long run equilibrium. However, in the absence
of co integration, a vector auto-regression (VAR) in first-
differences form can be constructed. In this case, the er-
ror-correction terms will be eliminated from Equations (2)
and (3). If the series are co-integrated, then the error-
correction models given in Equations (2) and (3) are va-
lid and the coefficients y and 77 are expected to capture
the adjustments of AGROWTH, and AEDE, towards long
run equilibrium, while AGROWTH,; and AEDE,; are
expected to capture the short run dynamics of the model.

3.2. Data

We have used data provided by the Indiastat.com. This
source is considered as the authentic source for Indian
statistics collected from the various sources for informa-
tion and statistics on India. Since this paper addresses the
education development nexus across select states of India,
the empirical methodology focuses on testing the causal
relationship between expenditure on education per head
(the proxy for education) and State Domestic Product per
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capita (the proxy for development) in all three over the
period 1980/81-2008/09.

4. Empirical Results

Table 1 presents the results of unit root tests obtained
using the augmented Dickey-Fuller test. The evidence
does overwhelmingly support the presence of unit roots
(in terms of levels) in all the series for all countries. This
is confirmed by the fact that the null hypothesis that the
series (in levels) are non-stationary is rejected in every
instance, under different assumptions. Clearly, for all
cases, both series appear to be I(1) since the null hy-
pothesis of a unit root in the first difference is rejected in
favor of the alternative hypothesis that the series, in first
difference, are stationary.

Given these results, the next step involves applying
Engle-Granger two-step co-integration procedure to de-
termine whether GROWTH and EDE are co-integrated
for select states. The optimum lag lengths are determined
using the Akaike final prediction error (FPE) criterion.
The results of the ADF test applied to the residuals of the
co integration equations are presented in Table 2. To-
gether with the results, the values of the slope coeffi-
cients and Co integration Regression Durbin Watson
(CROW) statistics are also presented’.

Based on the ADF test, the results presented in Table
2 suggest evidence of co-integration between GROWTH
and EDE in all States. This finding is confirmed by the
CRDW statistic. These results necessitate a long run re-
lationship between education and development in all of
the countries.

Furthermore, since the two variables are co-integrated
in three select states, a Vector Error Correction Model
(VECM) is estimated to determine the nature of causality
between GROWTH and EDE.

The VECM is represented by Equations (2) and (3).
The error-correction terms &;; and p,; represent the long
run impact of one variable on the other, while the chang-
es of the lagged independent variable describe the short
run causal impact.

The empirical results of the estimated VECM are pre-
sented in Table 3. This indicates a mixed set of outcomes.
In both the short and long run, the evidence suggests that
education expenditure is driving growth and develop-
ment in Kerala and Karnataka. However, development
causes expenditure on education in Rajasthan. These
results provide some evidence of bi-directional causality
in the select states.

5. Conclusion and Policy Implications

This paper applied co-integration and vector error-cor-
rection models to analyse the causal relationship between

'"We have restricted our analysis based on three states such as Rajasthan
Kerala and Karnataka.
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Table 1. Augmentad dicky-fuller unit root test.

t-Statistic Critical Value Prob Coefficient Coefficient FD

ANDHRA_EDU Trend 29179 —3.8315 1.0000 0.5834 —-1.0881
ANDHRA_EDU Trend & Intercept 0.8653 —4.5326 0.9995 0.5336 —7.3825
ANDHRA_SDP Trend 5.5990 -3.7379 1.0000 —0.0399 0.0824
ANDHRA_SDP Trend & Intercept —2.2542 —4.5326 0.4362 —0.1636 —-1.4104
ARUNA_EDU Trend 1.8878 —3.8085 0.9995 0.1584 —-1.7747
ARUNA_EDU Trend & Intercept —-5.6967 —4.4163 0.0006 -1.2274 -3.3261
ARUNA_SDP Trend 2.9240 -3.7379 1.0000 0.0549 —0.8871
ARUNA_SDP Trend & Intercept —0.9668 —4.3943 0.9303 —0.0843 —1.4009
ASSAM_EDU Trend —-1.5796 —3.8085 0.4741 —0.2952 —0.4654
ASSAM_EDU Trend & Intercept -1.0712 —4.4407 09114 —0.1005 —-1.3835
ASSAM_SDP Trend 4.7131 —3.7379 1.0000 0.0539 —0.1849
ASSAM_SDP Trend & Intercept —0.6217 —4.3943 0.9680 —0.0311 —1.2480
BIHAR_EDU Trend —0.0875 —3.7696 0.9394 —0.0056 -1.1190
BIHAR_EDU Trend & Intercept —-3.0928 —4.4163 0.1312 —0.4750 —1.1348
BIHAR_SDP Trend 1.9881 -3.8315 0.9996 0.0935 —-1.7005
BIHAR_SDP Trend & Intercept -1.0312 —4.5326 0.9147 —0.3850 —3.1426
GUJ_EDU Trend 0.8885 -3.7379 0.9935 0.0264 —0.8720
GUJ_EDU Trend & Intercept —-1.8778 —4.3943 0.6345 —0.1854 —0.9599
GUJ_SDP Trend 2.3854 -3.7379 0.9999 0.0719 —0.6766
GUJ_SDP Trend & Intercept —0.9349 —4.3943 0.9349 —0.0970 —0.9248
HAR_EDU Trend -1.0219 -3.7379 0.7284 —0.1098 —-1.2414
HAR_EDU Trend & Intercept —2.9020 —4.3943 0.1792 —0.5510 —-1.2467
HAR_SDP Trend 7.1057 -3.7379 1.0000 0.0860 0.0644
HAR_SDP Trend & Intercept 0.2490 —4.3943 0.9970 0.0110 -1.3310
KARN_EDU Trend 2.1710 -3.7379 0.9998 0.0606 —0.7204
KARN_EDU Trend & Intercept 0.1524 —4.5326 0.9953 0.0274 —7.0838
KARN_SDP Trend 4.7285 -3.7379 1.0000 0.0803 —0.1898
KARN_SDP Trend & Intercept —0.5150 —4.3943 0.9752 —0.0294 —-1.9007
KER_EDU Trend 0.3952 —3.8085 0.9774 0.0332 —-1.0090
KER_EDU Trend & Intercept —2.0742 —4.3943 0.5333 —0.3089 —2.4497
KER_SDP Trend 4.4337 —3.7379 1.0000 0.0835 —0.4150
KER _SDP Trend & Intercept —-0.6501 —4.3943 0.9657 -0.0364 -0.9705
MAH_EDU Trend 6.1231 —3.8085 1.0000 1.1172 3.0648
MAH_EDU Trend & Intercept 4.5270 —4.5326 1.0000 2.4650 2.5904
MAH_SDP Trend 3.1691 —3.7379 1.0000 0.0726 —0.6565
MAH_SDP Trend & Intercept —0.9867 —4.3943 0.9273 —0.0915 —-1.0308
MP_EDU Trend 2.5206 —3.7880 0.9999 0.4944 —-1.4724
MP_EDU Trend & Intercept -3.9547 —4.3943 0.0252 —0.8254 —4.5385
MP_SDP Trend 1.5128 —3.8085 0.9986 0.1372 -1.3812
MP_SDP Trend & Intercept —3.3938 —4.3943 0.0759 —-0.6621 —-3.6060
ORIS_EDU Trend 0.8093 —3.7696 0.9918 0.0551 -1.9727
ORIS_EDU Trend & Intercept —3.0962 —4.3943 0.1295 —0.5743 —2.0923
ORIS_SDP Trend 2.8221 -3.7379 1.0000 0.0975 —-0.7917
ORIS_SDP Trend & Intercept —0.1156 —4.3943 0.9913 —-0.0160 -1.0742
PUN_EDU Trend 3.3411 -3.8315 1.0000 0.4622 —0.9980
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Continued
PUN_EDU Trend & Intercept 0.1115 —4.5326 0.9947 0.0278 —4.4280
PUN_SDP Trend 2.4023 -3.7379 0.9999 0.0543 -0.9360
PUN_SDP Trend & Intercept —1.5163 -4.3943 0.7951 —-0.1495 -1.2307
RAJ EDU Trend 0.1087 -3.7379 0.9597 0.0050 —0.9310
RAJ EDU Trend & Intercept —2.0745 —4.3943 0.5332 —0.2788 —8.5428
RAJ_SDP Trend 1.8642 —3.8085 0.9995 0.0700 —0.9279
RAJ_SDP Trend & Intercept —1.9454 —4.4983 0.5941 —0.3022 —-1.3911
TN_EDU Trend —4.8436 -3.7379 0.0008 -1.0317 —1.4992
TN_EDU Trend & Intercept -5.0527 —4.3943 0.0024 —1.1050
TN_SDP Trend 3.8919 —-3.7379 1.0000 0.0671 —0.4467
TN_SDP Trend & Intercept -1.3024 —4.3943 0.8627 —-0.0726 -0.9307
UP_EDU Trend —4.8410 -3.7379 0.0008 -1.0311
UP_EDU Trend & Intercept —5.0566 —4.3943 0.0024 —1.1055
UP_SDP Trend 2.8912 —-3.7379 1.0000 0.0454 —0.5644
UP_SDP Trend & Intercept —2.0536 —4.3943 0.5441 —-0.1413 —0.8248
WB_EDU Trend —4.8290 -3.7379 0.0008 —-1.0286 —1.4988
WB_EDU Trend & Intercept —5.0464 —4.3943 0.0024 —-1.1037 —7.6632
WB_SDP Trend 6.9702 -3.7379 1.0000 0.0899 —0.0941
WB_SDP Trend & Intercept 0.3610 —4.3943 0.9978 -0.0135 0.9904
Table 2. Results of Engle-Granger cointegration test.
State Cointegration equation Slope CRDW Calculated ADF for Residuals
Rajasthan DEV i f(EDU) 3.4535 1.0329%** —4.4236%**
EDU = f(DEV) 0.06956 1.05876%*** —4.2314%**
Kerala DEV = f(EDU) 9.8134 0.37543%* —1.8033*
EDU = f(DEV) 0.08756 0.4569* —1.6754*
Karnataka DEV = f(EDU) 9.9832 0.6890*** —2.6678%**
EDU = f(DEV) 0.09634 0.8074*** —2.6621%**

Notes: *, ** and *** denote statistical significance at 10%, 5% and 1% level respectively. Critical values at the 1%, 5%, and 10% levels are —2.637, —1.951,
and —1.611 respectively. Sources: For critical values, see MacKinon (1991), and Engle and Yoo (1987).

Table 3. Results of vector error correction model (VECM).

State t-Statistic for ecm, F-Statistic for EDU t-Statistic for ecm, F-Statistic for DEV
Rajasthan —0.12431 1.9865 —0.85321*** 17.0521%**
Kerala 0.07896 4.5612 —0.5431%%** 4.5398%**
Karnataka 0.051986 3.2967 —0.5569%** 5.7865%**

Notes: Ecm,; denotes the error correction term. *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels respectively. The F-Statistics are
computed to test whether the variables are jointly insignificant. Source: For critical values, see Gujarati (1995).

education expenditurte and development/growth in select
Indian States using data from 1980/81 to 2008/9. Expen-
diture on education per capita was used as the proxy for
education, while state domestic product per capita was
the proxy for development. The empirical results show
that in both the short and long run, the evidence suggests
that per capita education expenditure is driving growth
and thus development in two states However, growth and
development causes per capita education expenditures in
Rajasthan in the short run.. These results provide some
evidence of bi-directional causality in the short run. This
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finding is rather interesting because it contradicts most of
the theoretical expectations.

Nonetheless, the empirical results have four policy
implications. First, the empirical results seem to be sug-
gesting that states with higher per capita education ex-
penditures are now reaping the benefit revealed in their
growth. This finding seems interesting for the other states
of India. Second, improving the level of education ap-
pears to have failed to stimulate development in some
states, a finding that is possibly reflecting the belief that
the educational systems in the some states have not been
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adequately developed and tailored towards the imple-
mentation of curriculums along the lines of technical and
scientific subjects needed for industrial growth and de-
velopment [18]. Third, to a large extent, these states ei-
ther failed to provide conducive environments for boost-
ing production, or promoted atmospheres for production
that fell far behind those in other states that are consid-
ered an ideal destination of foreign investment. Fourth,
the current level of unemployment rates in other states
suggest that improvements in the quality and level of
education has not been focused on allowing labour to
take advantage of the opportunities offered by techno-
logical progress.
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