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This article uses panel data from 94 LGAs in Tareanainland over the period 2005/06 to
2009/10, to examine the impact of Fiscal Decema#ilbn on education spending and provision
of quality education. Using local share of totaschl expenditure as a proxy for fiscal
decentralization, this article concludes that Higdacentralization exerts significant impact on
education spending and quality of education in aare
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1.0 Introduction

This study examines the impact of fiscal decergadion on education spending and provision of
quality education in Tanzania by using panel datnemetrics for the period between 2004/05
and 2009/10. Fiscal decentralization involves deeémation of local government finances by

introducing equitable and transparent revenue aptad development grants from central
government to local government authorities. Fistatentralization also involves giving local

government authorities financial powers to raisgrapriate local revenues.

The government of Tanzania has been pursuing uegeeted reforms in local government

since 1990s, of which fiscal decentralization cibatg an integral part of wider decentralization

program. Local government reform, launched in 19@8ed at transferring resources from

central to local government’s spending on publivises such as education. It also involved

devolution of power in an endeavor to create matereomy at the grassroots level. Despite all
these reforms, there is no empirical study thatdyasematically examined the nexus between
fiscal decentralization and quality of educatiomiestion spending, see for example, Fjeldstad,
(2001), Fjeldsta@t al (2002), Mbelle (2008).

The discussion on fiscal decentralization andnitpact on public spending is not new but up to
now there is no consensus on the magnitude anctidimeof the impact of fiscal decentralization
on spending, (Busemeyer, 2007). The impact of fideaentralization on public spending varies
depending on the distribution of spending acros®l$eof government. Busemeyer (2007)
developed a simple model to show that local cortipetin the provision of local/regional public
goods (e.g. education) can result in higher spendiowever, when public goods are provided
at the national level, fiscal decentralization emeges local policy pre-emption, thus lowering
spending, Busemeyer (2007).

This paper contributes to the empirical literatbgeusing panel data econometrics. It exploits
dataset from 94 LGAs in Tanzania mainland over ghdod between 2005/06 and 2009/10.
Empirically, panel data econometrics has severpéaling features compared with either cross
section or time series econometrics. First, parh c¢ontain information on both the inter-
temporal dynamics and the individuality of the ges, and therefore it is capable of controlling
the effects of unobservable. Second, Hsiao (2@08ues that panel data generates more
accurate predictions for individual outcomes by |pap the data rather than generating
predictions of individual outcomes using the datatee individual in question.

The econometric results show that Fiscal Decentitidin exerts significant impact on education
spending and quality of education in Tanzania. Témainder of this article is organized as
follows. Section 2 reviews the literature on fisdacentralization paying particular attention on
the link between fiscal decentralization and spegdn education. Section 3 presents an
econometric model and data analysis. Section 4lgdes.
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2.0 Literature Review

The conceptual framework of fiscal decentralizaismtargely based on contributions by Tiebout
(1956), Musgrave (1959) and Oates (1972). Tieb286§) argues that fiscal decentralization
enhances efficiency in the local public sector witlobility of households providing the
disciplining market force. Fiscal decentralizati®® a powerful channel for matching the
provision of public services which are commensutatihe preferences of citizens. Oates (1972)
argues that, local governments are best posititmg@dovide local public services since they can
accommodate differences in tastes; local govermnsnleatve an information advantage on tastes
over central government. In an attempt to providetiicient allocation of local public services
means that local governments provide services upagoint where the marginal utility of the
last unit of services for which citizens are wigJito pay is just equal to its marginal benefits.
This implies that local governments are obliged generate revenues to match citizens’
preferences on expenditures.

Indeed, the decentralized system of tax colleciuld be more likely to make spending
decisions at the grass root level more compatibth available resources. The decentralized
system of tax collection promotes accountabilityd aesponsibility as well as the efficient
provision of local public goods. Fiscal decentratian also encourages fiscal autonomy and tax
competition among localities. In fact, the liter&twn fiscal federalism suggests that expenditure
assignment should precede tax assignment. The n®dsehind is that tax assignment is
generally guided by expenditure requirement ofedéht levels of government and these cannot
be worked out in advance of expenditure resporitsdsl Absence of tax assignment would
result in dependence on the federal government\wgi levels of government.

2.2 Empirical Literature

Empirical evidence on the effects of decentralirgdication spending has been mixed, with
positive results reported by Barankay and Lockw(@@@D7) for Switzerland and Skoufias and

Shapiro (2006) for Mexico, but negative resultsaai#d by Di Gropello (2002) for Chile, and

more broadly for Latin American countries (Glew2802). Most of the earlier studies report a
negative association between fiscal decentralisatitd public spending (Nelson 1987; Marlow
1988; Grossmann1989;, but others find no robugcefdf fiscal decentralisation on spending
(Oates 1985 and Anderson 1998). Akai and Tan&2@7), show that decentralization in

education finance have positive effects on studgrgdormance through improvement in the

allocation of educational resources. However, iy materiorate equity in educational resources
among districts and result in low educational ooteoThe negative effect of decentralization is
larger in primary than in secondary education beeaaf large marginal products of education
and/or high complementarities among districts impry education.

Skira, (2006) postulates that expenditure decemstédn improves education output by
increasing the average years of primary schodhéntodtal population, decreasing the percentage
of no schooling in the total population, decreadimgdropout rate in primary school, decreasing
the repetition rate in primary school, increasing percentage of primary school attained in the
total population and increasing the percentage ewforsdary school attained in the total
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population. The log of expenditure decentralizatiorsignificant in all the regressions except
when the percentage of primary school attainetiertatal population is the dependent variable.

Freinkman and Plekhanov (2009) found that fiscakedé&alization has no significant impact on
key inputs into secondary education, such as caenpliiut has a significant positive impact on
examination results in Russian regions. Thesetseseiinain stable even after controlling for key
observable inputs and regional government spendmgeducation. Luo and Chen (2010)
examines the relationship between fiscal decemsitddin and public provision in china and
found negative effect of fiscal decentralizationpublic education provision which was highest
in Central and West China.

3.0  Methodology
3.1 Econometric Model for fiscal decentralization ad quality of public education

In this paper, we use two econometric models tionas¢ the impact of fiscal decentralization on
the provision of quality education. These modeks aiopted from Freinkman and Plekhanov
(2009). The first model uses school inputs as aypfor quality education and is specified as
follows:

INR, =a, + BEXR, +y,DEC, +AX; +¢&, 1)

wherelINP are the key physical inputs in districin yeart, EXPis Local government spending
in the education per puplDEC is a measure of fiscal decentralization in the L&®avernments
broadly definedX is a set of control variables, ara is the residual. Many empirical studies

describe fiscal decentralization as the share legpenditure to total government expenditure,
see for examples, Oates, (1985), De Mello (2008)etlal (2005). Analogously, the local share
of total of total government revenue is also appli®m measure the degree of fiscal
decentralization. We use number of classroomsnasasure of provision of quality of education.
The choice of this proxy is dictated by data avmliey. Unquestionably, data on teaching

materials, number of desk and computers would sess/egood proxies for the quality of

education but these data is not available.

The second specification considers performancecadis as a proxy for provision of quality
education. It is specified as follows:

PERF, =a, + B,EXR +y,DEC, + ANR, + (Z; +1, ()

WherePERFis an indicator of education performandes a set of control variableg; is the

residual, and other variables are defined as abidwe performance indicator in education is the
pass rate obtained by primary school candidatemiional examinations. The exam pass rates
are available for 2005 and 2010 from National Exeation Council of Tanzania (NECTA).
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3.2 Econometric Model for fiscal decentralization ad Spending of Public Education
In measuring the impact of fiscal decentralizat@n public education spending we used the
econometric modeling adopted from Luo and Chen@20Lis specified as follows:

Yijt =a,ta + DECIjt +a,In GDPPC‘rJt +cr3X_GDFi’jt +a'4DCijt + U U, @y (3)

Y is public education expenditure to GDP ratio. DEBfands for a measure of fiscal
decentralization in local government. LnGDPPC desi@er capita GDP to reflect economic
development. X_GDP is the Public expenditure-toFGD District level. DC stands for Local

Government dummy variables, to control idiosyncréatures of each LGA.

3.3 Data

The panel data for this study is composed of 94IiuGAs all belonging to Tanzania mainland.
Urban councils were excluded to reduce greatenkdity of data by looking at population size
and inputs, also the following LGAs were excludezhf the study due to absence of data, these
are; Longido, Bahi, Chamwino, Ludewa, Kilolo, SiHRprya, Nanyumbu, Mkinga, Chato,
Arusha rural, Dodoma rural and Misenyi.

Data were taken form the Prime Minister's Offica fRegional Administration and Local
Government Authorities (PMO-RALG, 2005-2010), asliwas logintanzania.net website,
Ministry of education and Vocation (MOEVT, 2005-2).1National Bureau of Statistic (NBS,
2005-2010), (2005-2010) and National Examinationu@d of Tanzania (NECTA, 2005-
2010).We use revenue collected by each LGA as aydy income and hence GDP. Dividing
by the population we get per capita income (GDPg#xh jurisdiction.

3.4  Models Estimation and Analysis

This section presents and discusses the empigealts of the models described in earlier. The
first part presents the descriptive statisticsh&f tlata and the univariate characteristics of the
variables. The second part presents the empiresallts which include the pooled, fixed and
random effects models of the impact of fiscal déedization on the quality of education and
education spending in Tanzania. The last part coaspthe results with other studies done in
various parts of the world.

3.4.1 Descriptive statistics of the data.

A normality test on the variables under study waseg and they were found to be not normally
distributed as seen in Table 2.H in appendices thence the variables were transformed to
natural logarithms so as to make them normallyrifisted, since normally distributed variables
give better results than variables which are notadly distributed. The descriptive statistics of
the transformed data are given in Table 1.1. Iregdrthe average statistics of all variables range
from -10.5 to 10.23, where by the growth of locavgrnment expenditure per person has the
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lowest mean statistic while the growth of distigvernment spending on education has the
highest mean statistic. All the variables excepgt gnowth rate of public expenditure to GDP
ratio, are negatively skewed indicating that, nafsthese values are lying on the left hand side
of their average value while the remaining few ealare on the right side of the mean.

Table 1.1: Descriptive statistics

Ln(DEC) Ln(EXP) Ln(INP) Ln(PERF) Ln(GDPCC) Ln(XGDP )

Max -5.40 10.23 5.63 4.56 -4.86 4.28
Min -7.91 6.99 2.48 2.75 -8.90 0.10
Mean -6.45 9.21 4.65 3.93 -6.76 2.49
Skewness -0.47 -1.09 -1.04 -0.55 -0.20 0.09

In order to ensure that the study measures whiatéaded to measure, a number of test were
performed. Hausman test were used to determin@gpeopriate model to be used. Data were
transformed to natural logarithms to make them radisndistributed. Breitung and Fischer ADF
and LLC test were used to test for presence ofronitin the data.

3.4.2 Unit Root Test

Testing for panel data unit root is quite recend amany researches applying panel data still
disregard this crucial step. This study used abatif tests to test for the presence of unit oot
the data. The study used the Levin—-Lin—Chu (LLQEi8ing, Fischer and Augmented Dickey
Fuller (Fischer-ADF) tests. The LLC and Breitungttassume that the autoregressive parameters
are common across cross sections. They use théypdthesis of a unit root. The Fischer ADF
test, however, allows the autoregressive to vargsscLGA and also for individual unit root
processes. It is computed by combining individuairdries’ unit root tests to come up with a
result that is specific to a panel. The null hyesik is that all series contain a unit root test an
the alternative is that at least one series irptres| contains a unit root. The results presemted i
Table 1.2mply that all the tests reject the null of unibtdor all variables.
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Table 1.2: Panel Unit Root Test

LLC Breitung Fischer-ADF  Order of integration
Ln(DEC) -15.11 -3.83 49.45 1(0)
Ln(EXP) -17.60 -3.06 63.67 1(0)
Ln(INP) -2.54 -5.43 58.11 1(0)
Ln(PERF) -25.15 9.45 55.93 1(0)
Ln(GDPCC) -8.36 -10.67 75.60 1(0)
Ln(XGDP) -8.86 7.69 60.69 1(0)

3.5 Empirical results

3.5.1 The impact of fiscal decentralization on quély of education.

The estimation of the impact of fiscal decentrdi@aon the quality of education provision was
done by estimating equation (1) and (2). We esthat pooled model, fixed effects model and
Random equation model for both equations. A poaiedel is the most restrictive model among
the three, since it does not allow for heterogegneitthe districts, hence it does not estimate
district specific effects. The fixed effects modetroduces heterogeneity by estimating district
specific effects. It is an unrestricted model adliws the intercept and other parameters to vary
across the districts. The F-test statistic wasgoeréd to test the ability to pool data and the
results in Table 2.A and 2.B appendix two for equation (1) and (2) respedyivindicate that
the null hypothesis of equality of individual efteds rejected. This means that a model with
individual effects is better than the pooled model.

Like the fixed effects model, the random effectsdelcalso acknowledges heterogeneity in the
cross-section. However, it differs from the fixeffeets model in the sense that the effects are
generated by a specific distribution. Althoughssames that there is heterogeneity in the cross-
section, it does not model each effect explicifyie LM test was performed and the null
hypothesis of equality of the individual effectsegected in favor of random effects specification
as seen in Table 2.C and 2.D for equation (1) 2hdeSpectively.

The Hausman statistic is used to test the null thgsis that the regressors and individual effects
are not correlated in order to distinguish betwiezd effects model and random effects model.
Failure to reject the null hypothesis implies thia random effects model will be preferred. If
the null hypothesis is rejected, the fixed effatisdel will be appropriate. The results in Table
2.E and 2.F in appendix twghow that the Hausman specification test reje@sthl hypothesis
and this indicates that district specific effeats eorrelated with regressors for equation (1) and
(2) respectively. This suggests that the fixedatffenodel is preferred for the estimation of both
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equation (1) and (2). Since the fixed effects masl¢he appropriate one for both equations (1)
and (2), interpretation of the results will focustbe fixed effects models which are presented in
the main text while the results of the random e@ffemodels and pooled regressions will be
presented in the appendix one for both equatioasmation results of the fixed effects model

for equation (1) are presented in Table 1.3.

The fixed effect model for equation (1) is sigrgfit as a whole, with F-statistic of 15.34.
Moreover it has adjusted®®f 0.59, which is moderately good. The fact tit €orr(U_i, xb)=
0.76, supports the notion that the fixed effectslehds appropriate for the estimation of equation
(6), since it indicates that the errors are higidyrelated with the regressors. Furthermore eighty
four percent of the variance in the model is duditi@rences across the districts as shown by the
value of rho which is 0.84. Due to the fact tha& are dealing with a micro panel data set the
only diagnostic test that were conducted were élsefor joint validity of fixed effects, which is
produced by default by STATA when you run a fixégéets model.

Table 1.3: Fixed effects model for equation (1)

Dependent Variable: Ln(INP)

Variable Coefficient Std. Error t-Statistic Prob.
Ln(DEC) 0.178 0.451 3.96%** 0.000
Ln(EXP) 0.065 0.028 2.36** 0.019
Cons 5.21 0.435 11.96*** 0.000
Adjusted R-squared 0.59 F-statistic 15.34

Prob(F-statistic) 0.000
F-test that all U_i=0: F(94, 378)=17.23 Prob>F=0.0000

Corr(U_i, Xb)=0.7694, rho = 0.84001
Note:*, ** *** presents 10%, 5% and 1% significamtevel respectively

The F-statistics for the joint validity of fixedfetts is statistically significant with a p-valué o
0.00, hence rejecting the null hypothesis that fiked effects are not jointly valid. Other
diagnostic tests like testing for serial correlatiwwere not of much interest in this case as we
were dealing with a micro panel data set. Neveedwlwe tested for the presence of
heteroscedasticty in the panel data set, the seaudt presented in Table 2.G in appendix two.
The results indicate that there is no presencetrbscedasticity.

Local share of government expenditure has a pesiign as expected and is statistically
significant at 5% level of signifcance. A percemagcrease in local share of government
expenditure by a district would lead to a 17% iasee in classrooms. Furthermore district
government spending in education per pupil was &dsad to be statistically significant and
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with the hypothesized sign. A percentage increasteict government spending per pupil would
bring a 6% increase in inputs in the educationsect

Estimation results for equation (2) are presentedlable 1.4. The fixed effect model for
equation (1) is significant as a whole, with Fistit of 8.28. Moreover it has adjusted &
0.69, which is moderately good. The fact that tleer@ i, xb)= 0.65, supports the notion that
the fixed effects model is appropriate for theraation of equation (6), since it indicates that the
errors are correlated with the regressors. Furtberreeventy five percent of the variance in the
model is due to differences across the districtshasvn by the value of rho which is 0.75. Due
to the fact that we are dealing with a micro padetia set the only diagnostic test that were
conducted were the test for joint validity of fixedfects, which is produced by default by
STATA when you run a fixed effects model.

The F-statistics for the joint validity of fixedfetts is statistically significant with a p-valué o
0.00, hence rejecting the null hypothesis that fiked effects are not jointly valid. Other
diagnostic tests like testing for serial correlatiwwere not of much interest in this case as we
were dealing with a micro panel data set. Neveedwlwe tested for the presence of
heteroscedasticty in the panel data set, the seaudt presented in Table 2.H in appendix two.
The results indicate that there is no presencetgfrbscedasticity.

All the variables in equation (2) were found to @ahe hypothesized signs according to the
theory. The local share of government expendituas Yound to be positive and statistically
significant at 5%. A percentage increase in thall@hare of government expenditure by a
district would lead to 18% increase in the pass.rigtoreover district government spending in
education per pupil was found to be positive aatistically significant. But it was found to be
fairly significant at 10% level of significance. percentage increase in district government
spending would increase the pass rate by 6.8 percen
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Table 1.4: Fixed Effects Model

Dependent Variable: Ln(PERF)

Variable Coefficient Std. Error t-Statistic Prob.
Ln(DEC) 0.184 0.060 3.02** 0.003
Ln(EXP) 0.068 0.037 1.82* 0.069
Ln(INP) 0.063 0.024 2.63* 0.005
St_ratio -0.562 0.251 -2.23** 0.026
Cons 4.487 0.588 7.63%+* 0.000
Adjusted R-squared 0.69 F-statistic 8.28
Prob(F-statistic) 0.003

F-testthat all U_i=0 F(94,378)=2.82 Prbb8.0000
Corr (U_i, Xb)= 0.6562, rho= 0.7561
Note:*, ** *** presents 10%, 5% and 1% significamtevel respectively

The student teacher ratio (st_ratio), was founddostatistically significant and negative, a
percentage increase in the number of pupils intioglato the teachers available would bring
about a 5.6 percent decrease in the pass rate.rtNeless the number of inputs in the
educational sector also was found to be statificsignificant and positive. A percentage
increase in the number of class rooms would lead@@®% increase in the pass rates.

Looking at the estimation results for equation byl (2), we see that both inputs in education
and education performance indicators are positivelyenced by fiscal decentralization. Hence
this implies that fiscal decentralization has pesitmpact in quality of education.

3.5.2 Impact of fiscal decentralization on educatiospending

The estimation of the impact of fiscal decentrdl@a on education spending was done by
estimating equation (3). We estimated a pooled mdéded effects model and Random equation
model for equation (3). A pooled model is the mmestrictive model among the three, since it
does not allow for heterogeneity of the distridience it does not estimate district specific
effects. The fixed effects model introduces hetenagty by estimating district specific effects. It

is an unrestricted model as it allows the intercaptl other parameters to vary across the
districts. The F-test statistic was performed & tee ability to pool data and the results in €abl

1.5indicate that the null hypothesis of equality adiindual effects is not rejected. This was also
supported by the LM test which indicated that tlelpd model is preferable to the random
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effects model. Hence the interpretation of the lteswill concentrate on the pooled regression
results on the second column.

Table 1.5: Estimation results for equation 3

Variable Pooled Regression Fixed effects Randoptedf
Constant 0.151 (1.85)* 0.221 (3.22)** 0.159 (1.94)*
Ln(DEC) 0.740 (7.40)*** 0.938 (6.86)*** 0.753 (7.66)***
Ln(GDPPC) -0.613 (3.59)** -0.877 (2.98)* -0.045 (3.73)**
Ln(XGDP) 0.191 (0.08) 0.129 (0.30) 0.134 (1.97)*
DC 1.113 (3.96)*** - 1.072 (2.56)**
Adjusted R 0.69 0.72 0.70
Chow test 45.06***

Hausman test

LM test 279.456***

Note:*, ** *** presents 10%, 5% and 1% significamdevel respectively, the standard errors
reported in the brackets are robust standard eiwdeke care of heteroscedasticity.

From the results in Table 1.5, we see that theafggowth of local government expenditure per
person which has been used as a measure of fiscahtlalization is significant and has a
positive effect on public education expenditure@DP ratio. A percentage increase in local
government expenditure per person will lead to &tcent increase in public education
expenditure to GDP ratio. Hence, meaning that Fideaentralization brings about an increase
in Education spending.

Moreover in control variables, GDP per capita digantly decreases education provision at 5%
significance level, a percentage increase in GDRcagpita will lead to a 61 percent decrease in
education spending, which indicates that, althowglonomic development could enhance
education, but to accelerate economic developmémtal government over-invest in
infrastructure, while under-invest in education.blRu expenditure-to-GDP ratio is another
important control variable, but we do not make biedaanalysis here as it was found to be not
statistically significant. City council dummy vabie significantly reduces education provision,
which indicates that "education in capital citybistter" is not correct. A district council being a
city council reduces education expenditure by THis may be attributed to the fact that in city
councils other development projects have high fyioather than investment in education.
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3.5.3 Comparison with other studies

The results obtained in this study are consistenthat Oates (1972), who concluded that fiscal
decentralization had a positive effect on the duadif public service provision, including
education. Oates (1972) reiterates that this isurprise by any means since local governments
may have superior knowledge of local preferences @eeds, thus be able to target public
spending better.

Furthermore the results of this study are condistewhat Barankay and Lockwood (2007) for
Switzerland and Skoufias and Shapiro (2006) for iEex who concluded that fiscal
decentralization, has a positive effect on eduoaspending. This is contrary to what Di
Gropello (2002) for Chile and more broadly for matAmerica by Glewwe (2002), who
concluded that fiscal decentralization has a negatpact on education spending.

Moreover, the study is also consistent with Freiaknand Plekhanov (2009), who concluded
that fiscal decentralization has a significant pesieffect on the quality of education spending.
They found fiscal decentralization to have a pesigffect on average examination results which
they used as a performance indicator.

4.0 Concluding Remarks

This study analyzed the impact fiscal decentrabrabn the quality of education provision and
education spending in Tanzania over the period0@f52to 2009. The study used panel data
analysis techniques in the estimation of the dakee data were tested for stationarity using a
battery of tests that included Levin, Lin and Castt Breitung test and Fischer ADF test, which
revealed that the variables were stationary, heotadd be estimated using Ordinary least
squares.

The equations in this study were estimated usiegliree common panel data techniques, which
are pooled regressions, fixed effects and randdectsfmodels. The chow F-statistic, Hausman
test and Breusch-Pagan LM test were used to determbdeling techniques. The fixed effects
model and pooled regression models were found t@pyropriate for the impact of fiscal
decentralization on quality of education provisiand impact of fiscal decentralization on
education spending respectively. The results redetlat fiscal decentralization has a positive
effect on the quality of education provision ande&ation spending.

The study revealed that fiscal decentralization hapositive effect on both the quality of

education provision and education spending, heee government may enhance further
decentralization in Tanzania. This will lead logavernments to have more autonomy on fiscal
matters, hence make them more accountable. Fismantralization would reduce district

council’'s dependency on central government. Farafislecentralization to be successful there
must be willingness on the part of the central govent to share power with lower tiers of

governments.
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Indicators of fiscal decentralization are numeradisang and Zou (1998) use the provincial
government budget expenditure per person (in-budgdt off-budget) over the government's
total expenditure per person as proxy for fiscaemdralization. Lin and Liu (2000) use marginal
sharing rate of provincial government in budgeterexe of the province to measure fiscal
decentralization. Further research on fiscal deaération in Tanzania should take into account
these indicators. Furthermore our study could nobriporate other control variables like school
resources, organization of schooling, student aadhily characteristics, the degree of
competition across schools when looking at the shfiacal decentralization on the quality of
education provision.
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APPENDICES
Appendix 1: Panel data models
Table 1.A: Random effects model for equation (1)

Dependent Variable: Ln(INP)
Method: Random effects model

Variable Coefficient Std. Error Z-Statistic Prob.
Ln(DEC) 0.328 0.045 7.59%** 0.000
Ln(EXP) 0.035 0.028 1.22 0.224
Cons 6.457 0.430 14.99*** 0.000
R-squared 0.51 Wald chi2(2) 67.11
Prob(Wald chi2) 0.000
Corr(U_i, Xb)=0; rho = 0.7339
Table 1.B: Pooled model for equation (1)
Dependent Variable: Ln(INP)
Method: Pooled model
Variable Coefficient Std. Error t-Statistic Prob.
Ln(EXP) 0.05 0.05 1.14 0.25
Ln(DEC) 0.81 0.45 18.02*** 0.00
Cons 6.457 0.430 14.99%** 0.000
R-squared 0.55 F-statistic 162.32
Prob(F-statistic) 0.000
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Table 1.C: Pooled model for equation (2)

Dependent Variable: Ln(PERF)
Method: Pooled model

Variable Coefficient Std. Error t-Statistic Prob.

Ln(DEC) 0.026 0.035 0.76 0.450

Ln(EXP) 0.107 0.039 2.76** 0.006

Ln(INP) 0.014 0.006 2.09** 0.021

St_ratio -0.131 0.028 -4, 72%** 0.000

Cons 2.779 0.431 6.45%** 0.000
R-squared 0.61 F-statistic 172.31
Prob(F-statistic) 0.000

Table 1.D: Random effects model for equation (2)

Dependent Variable: Ln(PERF)
Method: Random effects model

Variable Coefficient Std. Error Z-Statistic Prob.
Ln(DEC) 0.134 0.041 0.82 0.412
Ln(EXP) 0.097 0.036 2.73** 0.006
Ln(INP) 0.028 0.017 1.64
St_ratio -0.362 0.127 -2.85%** 0.001
Cons 3.256 0.452 7.20%** 0.000
R-squared 0.62 Wald chi2(2) 8.93
Prob(Wald chi2) 0.015

Corr(U_i, Xb)= 0; rho= 0.6561
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Appendix 2: Diagnostic Tests

Table 2.A: Chow Test for equation (1)

F- test 10% critical value

5% critical value

60.31 1.5065

1.69

Ho: Pooled model is appropriate

Table 2.B: Chow Test for equation (2)

F- test 10% critical value

5% critical value

60.31 1.5065

1.69

Ho: Pooled model is appropriate

Table 2.C: BP LM test for equation (1)

LM test Probability

388.61 0.0000

Ho: Pooled model is appropriate

Table 2.D: BP LM test for equation (2)

LM test Probability

55.83 0.0000

Ho: Pooled model is appropriate

Table 2.E: Hausman Test for equation (1)

Hausman Probability

140.76 0.0000

Ho: Random effects are appropriate

Table 2.F: Hausman Test for equation (2)

Hausman Probability

11.29 0.0035

Ho: Random effects are appropriate
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Table 2.G: Wald test for Heteroscedasticity for eqgation (1)

Hausman Probability

11.29 0.0035

Table 2.H: Test for multivariate normality: Doornik Hansen Test
Test statistic(Chi2) Prob>Chi2
10.150 0.0025

Ho: The variables are normally distributed
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